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ABSTRAcr 

water treatment efficiency of slow sand filtration was studied under 
various design and o~rating oonditions to ascertain removal of filardia 
lamblia cysts, total ool ifonn bacteria, standard plate oount bacteria, 
particles, and turbidity. Filter ranovals were assessed at lydraulic loading 
rates of 0.04, 0.12, and 0.40 nv'hr, tan~ratures of o0

, 5°, and 11°c, 
effective sand sizes of 0.128, 0.278 and 0.615 mn, sand bed depths of 0.48 
and 0.97 m, infloont Giard:ia cyst ooncentrations of 50 to 5000 cysts/liter; 
and various oonditions of filter biological maturity and influent bacteria 
ooncentrations. Testing was oonducted from July 1981 to Decanber 1983 with 
nine pilot filters, each 1 foot in diameter. 

Results showed that slow sand filtration is an effective water treatment 
technology. Giardia cyst ranoval was virtually 100 percent for a 
biologically mature filter. Total and fecal colifonn renoval was 
approximately 99 percent. Particle renoval averaged 98 ~rcent. standard 
plate oount bacteria removal ranged fonn negative removals to 99 percent, 
depending on the influent ooncentration. 'l\lrbidity displayed a unique 
ability to pass through the filters, a characteristic not previously 
reix>rted, and ranoval. ranged from 0 to 40 percent. 

Changes in process variables resulted in decreased filter efficiency for 
increased hydraulic loading rate, increased sand size, decreased bed depth, 
and decreased biological activity. Giardia removal was influenced ~ the 
biological maturity of the filter but not ~ the variables mentioned above. 
During filter start-up, Giardia removal was 98 ~rcent; and once the filter 
was mature, removal was virtually oompl.ete. 

Slow sand filtration is effective in removing Giardia cysts and bacteria 
and should be oonsidered as an alternative to rapid sand filtration during 
treatment process selection for snall canmunities. As a general principle, 
orrsite pilot testing should precede mi:y selection or installation of a water 
tr ea tinent system. 

This report was subnitted in fulfillment of Contract No. CR808650-02 by 
Colorado State University under the six>nsorship of the U.S. Envirormental 
Protection Agency. 'Ibis reix>rt covers the period March 1, 1981 to February 
28, 1984, and work was canpleted as of February 28, 1984. 
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INVESTIGATION 

Basis for Investigation 

SEcrION 1 

INTIO>UCI'ION 

'Ibis study of Giardia lant>lia renoval. by slow sand filtration was 
initiated as one part of a cooi:erative agreanent between Colorado state 
University and the U.S. Envirormental Protection Agency (EPA). Its objective 
was to ascertain renoval.s of Giardia lamblia cysts by slow sand filtration, 
rapid sand filtration, and diatanaceous earth filtration. 'Ibis document 
describes the results of the slow sand filtration research. 

Slow sand filtration was included in the cooi:erative agreement because 
of EPA interest in ascertaining appropriate treatment technologies for snall 
cxmnunities. . outbreaks of giardiasis have been associated most often with 
snal.l camnunity water sy-stans. A frequent cause of these outbreaks has been 
problans in oi;eration of their rapid rate filtration sy-stems. Slow sand 
filtration and diatanaceous earth filtration are possible alternative 
technologies, esi;ecially appropriate for snall oamnunities. '!bough slow sand 
filtration is well established in other parts of the world as an effective 
treatment technology, it has not been used extensively in the United States, 
where it has been largely pre-empted by rapid rate filtration since atx:mt the 
turn of the century. '!bus there was interest by EPA in developing additional 
first hand knowledge about the process and in assessing its effectiveness in 
renoval of Giardia lant>lia cysts. 

Purpose 

The purpose of this study was to ascertain the suitability of slow sand 
filtration as an appropriate water treatment technology for snal.l ccmnunities 
that could have an existing or potential Giardia problen. '!be project 
included developing an understanding of the resi;ective roles of process 
variables. Iecommendations were made for design and o~rating guidelines, 
with Efnlilasis on renoval of Giardia laut>lia cysts. 

Cl>jectiye 

'!be objective of this research was to detennine the renoval efficiencies 
of slow sand filtration for Giardia cysts, colifonn bacteria, standard plate 
count bacteria, turbidity, and particles as influenced by process variables. 

l 



The process variables of interest included design p:lrameters O.ydraulic 
loading rate, sand bed depth, and sand size>, and operating oonditions Cage 
of filter sclunutzdecke, effect of schmutzdecke ranoval, age and condition of 
the biofX>pulation within the sand bed, effect of nutrient addition on 
accelerating biological developnent, ooncentrations of influent contaminants, 
and water tanperature). 

Sco_pe 

The research was a classical experimental investigation in which the 
magnitude of one independent variable was changed while the others were 
maintained constant and the res:EX>nse of the dependent variables were 
measured. '!be dependent variables were: .Gia.tdia cysts, total coliform 
bacteria, fee.al ooliform bacteria, standard plate count bacteria, turbidity 
and particles. '!he independent variables were: qydraulic loading rate, sand 
bed depth, sand size, tenperature, role of schmutzdecke, oondition of the 
biological p:>pulation within the sand bed and the effect of accelerating 
biological developnent. The "biological population" refers to the aggregate 
J:X>pulation of bacteria, protozoa, and higher organisns attached to the sand 
grains comprising the sand bed. The level of activity of this bio-mass is 
dependent UJ:X>n the nutrient loading on the filter and the time elapsed smce 
startup. 

The experimentation was performed in three piases using laboratory scale 
pilot filters. The Phase I experimentation was conducted during the period 
August 1981 to December 1982, using three 1 foot-diameter filters. The three 
filters were operated at l'wdraulic loading rates of 0.04 nv'hr, 0.12 nv'hr, and 
0.40 nv'hr. This work ascertained hCM }¥draulic loading rate, biological 
condition of the sand bed, the schmutzdecke, and influent ooncentrations of 
bacteria and cysts affected the renoval of bacteria, cysts, turbidity and 
particles. 

Based on the results of the Phase I tests, Phase II was designed to 
assess the influences of sand bed depth, sand size, biological activity in 
the sand bed, and tanperature on filter performance. To accomplish six 
additional 1 foot-diarreter pilot filters were built. One was a oontrol; the 
other five were operated the same as the control, but a difference in one of 
the process variables was im};x>sed for each of the other five filters, 
respectively. '!he Phase II testing period was fran February to septerober 
1983. 

'!be Phase II test results lead to the design of the Phase III 
e~riments, which were conducted with the same six pilot filters. '!be Phase 
III experimentation was an extension of the Phase II progran and was designed 
to improve the resolution of the influence of temperature, sand size, and 
schmutzdecke developnent on filter performan~. 

Significance 

Rapid rate filtration is the water treatment technology used most 
extensively in the United States. Often it has proved inappropriate for 



snall canmunities. Essentially, rapid-rate filtration is a "high" technology 
that requires skilled operation, which in turn means trained operators who 
are retained in service by the canmunity. Even with skilled operation, the 
process may not be effective, especially when cold, clear waters are used 
as a supply. '!his observation is borne out by the increasingly f rEquent 
outbreaks of giardiasis, many of which have been associated with improper 
oi;:eration of the rapid rate filtration process. 

Slow sand filtration, on the other hand, is a "passive" teclmology that 
requires little attention because the filter effectiveness occurs naturally 
fran the developnent of its schmutzdecke and of the bio-population within the 
sand bed. Knowledge of the relationships between ranoval effectiveness and 
process variables Cthe focus of this research) provides a basis for 
reconunending improved design and operating guidelines for . slow sand 
filtration. Fran this knowledge, design engineers, regulatory persormel, and 
water utilities have a basis for considering slow sand filtration as an 
alternative technology. 

PRINCIPLES OF SI.01 SAND FILTRATION 

Slow sand filtration is a "passive" filtration process-that is, it is 
s\JPject to very little control by an operator. 'lb.ere is no chanical addition 
or backwash. '!be raN water is i;assed through a sand bed where :Etiysical, 
chenical and biological mechanisns remove oontaninants. '!he rost import:ant 
renoval mechanisn has been recently attributed to the biological processes, 
CHuisnan and Wood 1974, van Dijk 1982, Taylor 1974). '!he first two authors 
outline general principles of ~sign and operation and have served as 
important references for practice. 

During operation, biological growth occurs within the sand bed and 
within the gravel support. '!bat this i;:henaneoon is important was a 
conclusion f ran the research reported within. Al.so, a layer of inert 
deposits and biological material, called the "schmutzdecke," fonns on the 
surface of the sand bed. '!he schmutzdecke and the biological growth 
within the sand bed, which may require weeks or ronths to develop, have the 
xoost important roles in the effectiveness of slow sand filtration. '!be 
literature en?iasizes the importance of the schnutzdecke. 

Operation of a slow sand filter ra;iuires two periodic tasks: Cl) 
renoval of the schmutzdecke and ( 2) replacing the sand. '!be schnutzdecke is 
renoved ~ scraping the top 2 an f ran the surface of the sand bed after the 
filter bed is drained. '!he procedure is Cbne when the filter headloss 
exceeds about 1 to 1.5 meters. 'lhe removal interval depends on the 
oontaninants present in the rCM water and the }:ydraulic loading rate. weeks 
or months of operation should be expected between removals. Since operating 
expenses will be affected by the frequency of schnutzdecke removal, pilot 
testing is advisable to ascertain this important operating parameter. 

Replacing sand is necessary after repeated scrapings have reduced the 
sand bed in the filter to its lowest acceptable depth, which is about 0.3 to 
0 .5 m. '!be method of replacing sand reccmnended by Huisnan U 97 4) is to 
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renove the ranaining 0.3 to O .5 m of sand <Dwn to the gravel support layer, 
add new sand to one half the design depth, and place the sand previously 
renoved on top of the new sand. This pr~ure results in clean sand being 
placed in the bottan half of the filter bed and fonnerly biologically active 
sand in the top half. It also provides for a canplete exchange of sand over 
time, which alleviates any potential problem of excessive silt accl.lllulation 
and possible clogging of the filter bed. Several years of oi:eration should 
be expected before this operation is necessary. 

The slow sand filter is designed to operate at hydraulic loading rates 
ranging fran 0.04 m'hr to 0.40 m'hr. By oontrast, the lowest expec~ed 
hydraulic loading rate in rapid rate filtration is 13 .6 m'hr C2 gpn/ft > • 
The effective sand sizes used range fran O .15 nm · to O .35 nm, with a 
unifor:mity coefficient of less than 2. In rapid rate filtration using dual 
media the ·effective sizes are about 0.45 nm for the sand and about 0.90 rrm 
for the anthracite. '!he sand bed depth ranges from 6 0 an to 120 an, and is 
supported by 30 an to 50 an of graded gravel. 

To surmarize, slow sand filtration is a "iassive" process, requiring 
developnent of biological activity within the filter. Because of the low 
hydraulic loading rates, a large filter bed area is required. 

LITERAWRE m.vnw 

Giar<lia Lamblia 

History--
The protozoan Gianiia was first observed in 16 81 by Antony van 

Leeuwenhoek CDobel, 1932). Since that time the genus and species 
nanenclature have undergone changes and are still being disputed. In 1882 
the organism was given the genus name of Giardia by Josefh Kunstler. '!he 
genus name Lamblia was used by Raphael Blanchard in 1888, and this name is 
still used to sane extent in Europe (Levine, 1979). '!he species larrblia was 
established in 1915 by Charles Stiles and prior to this was synol1Ylll0usly 
known as intestinalis, duodenalis, and enterica. 

Table 1 lists the different names used to identify Giardia cysts f ran 
different h:>sts. It is believed that the species in group 1 are the same 
and, therefore, may be cross-trananitted between host of different animal 
species. Hibler (Davies et al. 1983) has reported self infection using 
Giardia cysts obtained f ran ck>gs. The characteristics of Giardia larct>lia 
cysts and Giardia canis cysts are identical, and there is every reason to 
believe that the two are the same organism. This is corroborated in a 
different manner by Hewlett, et al. Cl982) who established that Giardia cysts 
f ran hl.mlans can infect dogs. Thus the designation Giardia lamblia is proper 
for the Giardia cysts used in this research, which were obtained f ran dog 
fecal samples. 

structure--
'Ibe organism has two life stages: a reproductive trofhozoite stage and 

a donnant cyst stage. Sketches representing these two life stages are sha-ni 
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Table 1. Different st-ecies names given to Giardia found in SE'.eCific hosts 
(Jakubowski, 1979). 

IFff:RENr §~~!ES ]:~~_I_fJ~-1.9!\J ___ ~Q?."!'_Q~g~-~-
l. Claw-like Median Bodies 

2. 

Giardia lanhlia 
Giardia intestinalis 
Giaraia enterica 
Giardia canis 
Giardia~ 
Giardia boyis 
Giaraia du~s 
Giardia silOOna± 

R>unded Medi'1'Bodies 
Giardia ruri 

-----------

Man 
Man 
Man 
~ 
cat 
ox 

Rabbit 
Rat, M:>use 

House r.t>use, Rat, 
Hamster --------------

11cross-transnittance of these si;:ecies has not been demonstrated. 

1· 5-15)1~ 

9-21µm 
Flagella 

7-IOJlm 

1 

Nuclei 

a 

Figure 1. Sketches of a) troP"iozoi te, and b) cyst stages of GianUa ·lanhl ia 
(Jakubowski and Hoff 1979) 

in Figure 1. The troP"iozoite, shown in Figure 2-la, is pear-shaped, with a 
broad anterior and a blunt, pointed posterior. '!he dorsal side is convex, 
while the ventral side contains a sucking disc and is concave. Its 
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dimensions are 9-12 µm lon;J by 5-15 µn wide and 2-4 µn thick. '!he 
troiflozoite is also bilaterally &ymmetrical with two nuclei and eight 
flagella. 

'!be cyst, shown in Figure 2-lb, is ovoid to ellipsoidal in sha~ with a 
translucent cyst wall approximately 0.3 µm thick. Its dimensions are 8-12 µm 
long by 7-10 µm wide. Ne\7ly formed cysts have two nuclei while mature cysts 
usually have 4 nuclei. It is uncertain when di vision and doubling of 
organelles occurs, but during excystation two troFbozoites energe. 

Disease--
Infection is caused by ingestion of as few as one and ten cysts 

CRendt.orff, 1954) • Giardiasis sym:r-t.ans will appear anywhere f ran two to 
thirty-five days after ingestion with one to two weeks as the most common 
incubation i;:eriod. '!he cyst is the only life stage that is infectious. It 
survives digestive processes and haroors in the snall intestine. Olce 
e~sed to Giardia lamblia the host can be a lifetime carrier. Presently, 
drugs with harmful side effects will cure the synptans but the disease can 
recur, esi;:ecially during stressful i;:eriods. '!he symp:ans of the disease 
include: diarrhea, flatulence, foul stools, cramps, distention, anorexia, 
nausea, weight loss, belching, heartburn, headache, oonstiP3-tion, vaniting, 
fever, chills, and fatigue (Jakubowski and Hoff 1979). 

wateroorne Transnission--
'lbe first oocumented waterl:orne outbreak of giardiasis in the United 

States was in Aspm, Colorado, during the winter of 1965-1966. '!he t<Mn's 
water supply was treated with chlorine only. ~re than 11 ~rcent of the 
1,094 vacationing skiers surveyed over a two-rronth ~riod developed 
giardiasis. At approximately the same time there were reports of epidemic 
giardiasis aroong travelers returning f ran the Soviet Union. '!he Center for 
Disease Control surveyed 1,419 members of 47 tour groups which visited the 
Soviet Union between 1969 and 1973. '!he CDC estimated 23 percent of the 
travelers had giardiasis (Jakubowski 1979) • 'Ibe largest outbreak of 
giardiasis in the U.S., and the first when a .Giardia lamblia cyst was 
recovered fran a municipal water supply, occurred in Rane, New York, fran 
November 1974 to June 1975 (Shaw 1977) • A total of 350 resioonts had 
laboratory-conf inned giardiasis and an estimated 5,300 others may have been 
&ymP:,ana.tic. Chlorine, again, oonstituted the only form of water treabnent. 

Outbreaks in camas, Washington, in 1976 (Kirner 1878) and Berlin, 
New Hampshire, in 1977 (Lippy 1978) were the first cases in which Giardia 
cysts were found in filtered water supplies. SUbsequent reports fran F.stes 
Park, Colorado, (Blair 1979) and Vail, Colora<X> (Blair 1980> substantiated 
the seriousness of the problen and the difficulties in adequately treating 
water to prevent Giardia cyst transnission. 
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Slow sand Filtration 

History--
Sl<M sand filtration has had a loIXJ and successful histocy of providing 

treatnent for p:>table water use. It was first practiced at the beginning of 
the 19th centucy in Europe to ranove undesirable materials f ran highly 
oontaminated surface water sources. In a short period of time it became 
apiarent that occurrences of cholera and ty}:iloid were reduced when waters 
were filtered. Consequently, l:1j the end of the 19th century roost European 
countries, and experts in the United States, were advocating filtration for 
public waters and sane required it l:1j law. Slow sand filtration is widely 
used throughout the world and is still oonsidered an excellent water 
treatment technology. '!he World Health Organization recannends it as the 
water treatment technology of choice for developing countries. 

'!'he first recorded use of slow sand filtration was in 1804 in Paisley, 
Scotland where John Gibb designed and constructed a filter to provide water 
for his bleaching business and for public purchase. <llelsea water cani;any in 
1829 provided the first slow sand filtration of a public water supply which 
was delivered through a piped distribution system (Baker, 1948). James 
Sinpson designed and constructed the filter with a hydraulic loading rate of 
0.1 mlhr which has becane the standard of design (Fox, 1978). 'lhe attributes 
of filtered water became applrent to LOndon' s populace and in 1839 the city's 
cannercial water suppliers began filtering their water. '!here were five 
successive increases in f¥ter area until 1894 when t~ total filter surface 
area had reached 470,000 m and was producing 890,000 nf of water per day. 
In 1852 the health benefits became so obvious that the London city governnent 
required filtration of many waters prior to public sale, and later 
established the 'lharnes Conservancy Board to regulate potable water quality 
(Hazen, 1913) • 

Scientific evidence that filtration reduced the occurrence of disease 
was providf!d in 1850 when Dr. John Snow ex>ncluded that cholera was 
transnitted in water l:1j "materies morbi" and that filtration could renove 
this substance. In 1892, a very graphic example of filtration benefits 
occurred in Gennany. Hamburg had over 7500 people die in a tythoid epidemic 
while Altona, Hamburg's neighbor, had only a few tythoid deaths. Both used 
the Elbe river water as their water source; hc:Mever, only Altona filtered the 
water prior to distribution CHuisnan, 1974). 

C.Ontinental Euroi;e began filtering public waters by the 1850's. 
Filtration for Berlin began in 1856, Altona in 18>0, Zurich in 1884, Hamburg 
in 1893 and Budapest in 1894. Hamburg's filter plant construction was oone 
by day and night under electric lights to canplete oonstruction as soon as 
possible and prevent another cholera epidemic. By 1899 4.7 million cubic 
meters per day were being filtered in Europe (Hazen, 1913). 

Euroi;e is still using slow sand filtration as a major canp:>nent in their 
water trect.bnent systems, e.g., LOnoon, Zurich and Amsterdam. It was not 
until 196 2 in Rotterdam that a large-scale rapid sand treatment plant, 
similar to U.S. designs, was oonstructed in Europe COk.un, 1962}. 
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The use of slow sand filtration was not and is not as wide spread in the 
United States. '!he short filter runs associated with the turbid waters found 
in th~ East and Midwest caused interest in the new rapid sand technology 
develo~ in the 1890' s. '!he first slow sand filter in the u. s. was designed 
by James P. Kirkwocx:l and built in 1872 for the town of l\)ughkeepsie, NEM 
York. This was followed by filters in Hudson, N. Y., 1874: St. Johnsbury, VT, 
187 (?), and Lawrence, MA, 1894. By 1899 filtration in 3he U.S. had reached 
1.1 million cubic meters per day but only 200 ,000 m /day was by slow sand 
filtration. 

The filters installed at Lawrence, Massachusetts were notable because of 
the extensive research conducted by the Massachusetts State Board of Heal.th 
prior to the filter design and construction. '!his was the most scientific 
approach to design yet made. 'lhree years of turbidity and bacteriological 
testing at different flow rates and sand sizes provided the proof that slow 
sand filtration would remove the tyEtioid germ which was causing up to 28 
deaths per month in Lawrence. 'lbe effective sand size selected was 0.25 mm, 
the bed depth was 1.5 m and the qydraulic loading rate was 0.08 nv'hr 
<McCarthy, 1974) which is within the s~cification recanmended by the World 
Health Organization. 

A study in 1899 for the city of Pittsburg determined that slow sand 
filtration renoved 99 percent of the influent bacteria while rapid sand 
filtration renoved 97-98 ~rcent. Even though rapid sand filtration cost 
less to install, Hazen recamtended installing slow sand based on bacterial 
evidence and the city proceeded with the construction of the slow sand 
filters. 

A recent survey conducted by Slezak <1983 > had 27 resi;x>nses to a 
questionnaire concerning practices in u.s. slow sand filter plants. Although 
this was not a large resp:mse, there are sane interesting results presented: 
1) 9 of the 27 plants are less than 25 years old, 2) 17 of the 27 plants 
serve communities of less than 10,000 people, and 3) the filtration rates are 
within recarmended guidelines, but 4) the effective sand sizes are usually 
larger than recanmended, i.e., greater than 0.3 mm. '!bis survey demonstrated 
t.hat there is still interest in the u. s. for slow sand filtration, primarily 
for snall canmunities. 

Perfonnance-
Slow sand filters have proven to be very effective in renoving bacteria 

and virus, as well as organics and inorganics. Table 2, taken from ~ .s.anQ 
Filtration .f.Q.r comnunity Water: Syp_ply .in DeyelQping CQUDtries, sununarizes 
the perfonnance characteristics of slow sand filtration. 

The data in Table 2 have been supported by a nunber of investigations. 
Organics including hunic acids, detergents, };ilenols, and sane herbicides have 
been renoved f ran 50 to greater than 99 percent (Bergling, 1981; Burman, 
1978; den Blanken 1982; Huisnan, 1974: Taylor, 1974; Miller, 1980>. 
Puranasivam Cl980) demonstrated that <DD ranoval was 67 percent with an 
influent of 7 .s mg/l. Butman (1979) and James Cl979) detennined that 
improved organic ranoval, es~cially for color and man-made comi;x>unds, can be 
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Table 2. Performance of slow sand filters (Van Dijk, 1982). 

----------- -------------- - --- - -------------- -----------
Paranet;:~!_ ______ ._ ___________ _I>.!.l!_i~_ica_t~on_~~f~ __________ _ 

organic matter slow sand filters produce a clear 
effluent, virtually free fran organic 
matter 

bacteria 

viruses 

color 

turbidity 

between 99% and 99.99% of pathogenic 
bacteria may be ranoved; cercariae of 
schistosana, cysts and ova are ranoved 
to an even higher degree; 
E. Coli are reduced ~ 99-99.9% 

in a mature slow sand filter, viruses 
are virtually completely ranoved 

color is significantly reduced 

rat1 water turbidities of 100-200 NIU 
can be tolerated for a few days only; a 
turbidity rore than SO NrU is acceptable 
only for a few weeks; preferably the raw 
water turbidity should be less than 
10 N'IU; for a properly designed and 
operated filter the effluent turbidity 

..__ _____ __,_w_il_· _1
4

_be ___ l_el!_s than 1 NTU 

achieved ~ preozonation. Total oolifonn removal to 99 percent has teen 
deoonstrated ~ al.roost ever:y investigator. In addition, fecal colifonns, the 
si;x>re of Clostridmn sporogenes, tyi:hoid bacteria, cholera bacteria, and the 
liver fluke, Scbistosome cercariae, have been shown to be renoved to the 
detection l:imit (Benarde, 1971; Folpners, 1943; Hazen, 1913; Notermand, 
1980). Virus removal in a biological mature filter was reported to be 
virtually complete (Slade, 1977; Poynter, 1977). 'l\lrbidity renoval has been 
shown nomally to be below 1 NTU, recent examples are Fox U983), Cleasby 
(1983), Paranasivam (1989), and Taylor (1974) • 

Sane inorganics are al.so renoved. Alagarsamy U981) showed that iron 
and manganese were removed fran S6 to 100 percent for influents of O.S to S3 
mg/l. Ber:yllium removal was fol.ll'ld to be virtually canplete and oopper, lead, 
chraniun, and zinc were all renoved f ran 80 to greater than 90 percent for 
influent ooncentrations of 30 to SO PID CSchottler, 1979; Schottler, 1978). 
Amlronia renoval is approximately 100 B:rcent and if preozonation is used this 
will be true for temperatures to O .1 C (Miller, 1980) • Asbestos fibers were 
removed fran 76 to 99.94 peramt (Flickinger, 1976). 

Filter effectiveness has nonnally been tested within the nonnal. design 
ranges for hydraulic loading rate of 0 .1 to 0 .2 nv'hr, effective sand size of 
O lS to 0.35 nun, sand bed depths greater than O.SO m, and tanperatures above 
s0c. Testing beyond these limits has not been prevalent. Schalekamp (1975) 
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reix>rted that rates of O .63 m/hr would not adversely affect water quality, 
and Taylor (1974) reported the same for 0.4 nv'hr while Huisnan (1974) and van 
Dijk (1982) definitely recamnend staying below 0.2 nv'hr. Sand sizes have not 
been shown to affect ranoval when they are below 0 .35 nm. '!he selection of 
size is based on contaminant i:;enetration and ease of cleaning CHuisnan, 
1974). Sand bed depths above 0.6 mare recarmended by van Dijk Cl982) while 
nonnal oi;:erations in England achieve good results at 0.46 m (Taylor, 1974). 
Temperature reduces filter efficiency but the reduction varies for each 
contaminant. Huisnan (1974) rei;:orts that .E • .c2li ranov~ will be reduced 
fran a nonnally achieved 99 i:ercent to 50 percent at 2 c. 'Ihese tests and 
plant observations were usually made within ambient ranges of influent 
contaminant concentrations. 'As a result sane of the ftmctional relationships 
were not well <Ef ined l:ecause the systans were not tested under extrane 
conditions. Also, a mmber of the tests were conducted in series rather than 
parallel and changes in influent conditions tended to mask functional 
relationships. 

Experimental and o~rating results have demonstrate the superb treatment 
efficiency which can be obtained with a well designed, operated and 
biologically mature slow sand filter. 'Ibis coupled with its ease of 
operation make it a prime candidate for installation in snall canmunities 
where higher technology techniques may not be suitable (Paramasivam, 1981; 
WHO, 19 80; Vaillant, 19 82) • 

Renoval Mechanisns--
A canbination of processes account for the ranoval of :inpurities in the 

r~ water. 'Ibey include straining, sedimentation, adsorption and chanical 
and biological activity. 

straining and sedimentation are processes normally associated with 
transport mechanisns. straining will occur when a particle is too large to 
pass through the ix>res between the sand grains. 'Ibis will occur at or near 
the surface of the sand bed and improves as the ranoved particles reduce the 
pore sizes between the surface sand grains, i.e., the schmutzdecke. 
Sedimentation is the transfer by gravity of suspmded particles to the 
surface of the sand grains throughout the bed. 

Adsorption and biological activity are closely related. Adsorption is a 
process by which mass attraction and attraction between opposite charges 
attaches inq;>urities to the sand surfaces. 'Ihese adsorption sites can occur 
naturally on the sand surface but more inq:x:>rtantly are created by the 
biological growth i.e. , zoogloeal film on the sand surface. After the 
impurity is adsorbed the biological population will assimilate it as a fooo 
source. '1."his occurs through cani;etition and die off or by predatory 
organisns which abound in the sand bed CHuisnan, 1978; Huisnan, 1974) • 

A canbination of all of the removal mechanisns occur on top, i.e., at 
the schmutz&cke, and within the sand bed. various investigators studied the 
importance of each and reached different conclusions. '!be generally accepted 
belief is that the ranoval occurring in the sand bed is most important 
(Buman, 1978; Taylor, 1974). Ranoving the schnutzdecke, however, will 
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reduce the filter's renoval capabilities for approximately one day; this is 
the reason for Huisman (1979> , Johnson Cl978) and '!he World Health 
Organization Cl980) recamnencling filtering to waste after the filter is 
scraped. 

The moount of time for the biological ?)pulation to mature in a new sand 
filter, also called rii;ening or curing, and provide stable and full treatment 
was found to vary. 'lbe world Health Organization <1980) says it can take 
fran a fs weeks to a fat m:mths. Fox (1983) found "about 30 days" were 
re:iuired to bring particle and bacterial effluents down to a stable level. 
Den Blanken (1982) found that pienol removal was canplete after 50 days of 
maturing the filter. All researchers agree that a curing time for a new 
filter is re:iuired before the filter oi;erates at its fullest potential.-

11 



SECTION 2 

SUMMARY AND CDN01JSIONS 

GIARDIA CYST REMJVAL 

Giardia cyst renoval cy- slow saoo filtration was affected only by the 
biological maturity of the filter. '!be l<Mest renovals of Giardia cysts 
occurred during start-up and were about 98 percent. cnce a filter had a 
mature microbiological J;X>pulation, removal was to the detection limit <i.e. 
approximately 100 percent). Giardia renoval was not .observed to be affected 
by }¥draulic loading rate, tenperature, sand size <below 0.278 mn>, sand bed 
depth, schmutzdecke ranoval, or sand replacement once the biological 
population was mature, as qualified by the testing ranges specified for the 
experimental progran. Whatever influences these other variables may have on 
renoval of Giardia cysts, these influances were masked by the role of the 
biological population within the sand b:!d. '!be biological pop.ilation within 
the sand bed was deemed "mature" when the renovals of colifotm bacteria were 
constant at about the 99 to 99.9 percent level or geater. 

'l.Ul'AL COLIFORM REMO/AL 

Total coliform bacteria ranoval was found to be approximately 99 percent 
for a biologically mature iilter operated at a ~draulic loading rate of 0.12 
m'hr and temperature of 15 c. '!he conditions that decrease coliform renoval 
are: 1) cold tenperature, 2) increased hydraulic loading rate, 3) large 
sand, 4) decreased sand bed depth, 5) decreased nutrient availability, 6) 
decreased level of biological activity (the chlorinated filter), 7> decreased 
influant oontaminant oonamtration, 8) renoval of the schmutzdecke, and 9) 
replacing sand. Coliform ranovals decreased to about 80 percent during 
periods when certain of these oondi tions were imposed. '!be lowest 
renoval observed was 83 percent when the filter was o~rated at s0 c and had a 
sand with an effective size of 0.618 nm. 

STANDARD PLATE COONT RElOTAL 

Standard plate count bacteria ranoval followed the same trends as 
coliform removal. '!he renoval percentage de~nd.ed, however, 5on the inflt.ent 
concentration. When the influent was greater than SxlO colonies per 
milliliter, the ranoval was greater than 99 percent. When the influent 
ooncentration was below 200 colonies per milliliter, the removal was less 
than 20 percent or negative. 
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This latter occurrence was determined to be caused by the discharge of 
100 to 200 standard plate oount bacteria per milliliter regardless of the 
influent ooncentration. '!his base level concentration of standard plate 
oount bacteria in the effluent is the result of bacteria growing and then 
being sloughed by the filter. 

'IUIBIDITY REMOJAL 

Turbidity ranoval ranged fran negative raoovals to 43 percent. '!be poor 
removal results were <.Etennined to be caused bY the snall clay particles that 
constitute the majority of the turbidity. 'lbese particles were shown to pass 
through the filter. 

Turbidity reroval followed trends similar to those of coliform renoval. 
Turbidity removal improved with increased biological activity, decreased 
hydraulic loading, and increased temperature. 

Turbidities in Horsetooth water ranged fran 4 to 10 N'!U, and filter 
effluent turbidities were naninally 3 to 7 NIU. 'Ibis is not representative 
of the normal capabilities of slow sand filtration. 'lbese results em~size 
the need to do pilot plant testing for any system before design. 

PARrICLE REMOJALS 

Particle removal in the 6.35to12.7 ~ range was approximately 98 
percent. '!bis size range was selected for routine measuranent because it 
encanpasses the naninal size of Giardia cysts, which is. 10 ~- Particle 
removal was not observed to be affected by :t¥drau1ic loading rate or 
temperature. Testing for particle removals was not conducted for any of the 
other process variables. 

ProCESS VARI.ABLES 

Figures 2 through 8 sl.Jl1narize the influences of the process variables on 
filter perfonnance as detennined by experimental work reported here. While 
removals of coliforms are illustrated, the use of this p:lrameter 
characterizes removal trends in general. '!be influences of each process 
variable on removal are enl.11lerated in the following. 

1. Figure 2 shows that increased :twdraulic loading decreases treatment 
effectiveness. 'Ibis was shown in Figure 13 for Phase I testing. 

2. Figure 3 shows that increasing sand size decreases treatment 
effectiveness. This was shown in Figure 17 for Phase II and III 
testing. 

3 • Figure 4 shows that decreasing sand bed depth decreases treatment 
effectiveness. This was shown in Table 20 for Phase II testing. 

4. Figure 5 shows that decreasing the temperature decreases treatment 
effectiveness. This was shown in Table 21 for Phase II and III testing. 

13 



I-' 
~ 

--.r=:--- -ul 
INFLU • 

10000/100 ml 

Hydraulic Loading 

0.04 m/hr 

UNFILTERED 
WATER 

u1u:.;· --.... =·.':\:, 

' SAND '\ 

\ 

Hydraulic Loading 

0.12 m/hr 

--.[ n U 
10000/100 ml 

., 

· .. ~~ .... :_ ....... 

'\ 
\ 

·: .. \':. 

Hydraulic Loading 

0.40 m/hr 

-..[urn t) 
10000/IOOmlfl I 

' \ 
{((·-, 
. \ 

1.:/33.:;;. 

·\:_:. 

\ 

GRAVEL .., ....... 1). -4- - -
.· ·...:._._ - I 33/100 ml .. o... -\ 

~- -- --- 99/IOOml 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml) 

------Al 
___.. 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml) 

..._.. ....-.....----

10000 1000 100 10 
Coliform Concentration 

( No./100 ml ) 

Figure 2. Effect of !¥draulic loading on sl~ sand filtration p:rformanre. '!he points sh<XYn 
represent experimental results in Figure 37. 'llle dotted line is l¥pothetical. 

__,. 



J-J 
(J1 

____.. L- --- --:.:I 
INFLU • 

10000/100 ml 

Effective Sand Size 
0.128mm 

UNFILTERED 
WATER 

' '\SAND 

\ 

10000 !000 100 10 
Coliform Concentration 

( No/100 ml) 

:-.\.;: 

Effective Sand Size 
0.278 mm 

-..r n Q 
10000/100 ml 

60/IOOml 
--. 

EFFLUENT 

" \ 
. \ 

·_./.-:.:_-...... 
"?·· ·.:.o ... . ·_:_._ 

10000 1000 100 10 
Coliform Concentration 

{ No./100 ml) 

·: .. \ 

Effective Sand Size 
0.615 mm 

-....---------uu 
1000011 oo mill I 

-----

\ 
\ 
\ 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml) 

.. 

Figure 3. Effect of sand size on slCM sand filtration i:erforman~. '!he points sh~m represent 
experim::ntal results in Figure 41. 'lbe dotted line is eypothetical. 

___.... 



~ 
Cl' 

Sand Bed Depth 

0.97m 

..__., .1 
INFLU 

10000/100 ml 

i}~ .. , 

Jf.:\.= .... 

UNFILTERED 
WATER 

\ SANO 

\ 
GRAVEL 

10000 1000 100 10 
Coliform Concentration 

( l'Jo/100 ml) 

:.: .. \. 

---.c:-n lJ 
10000/100 ml 

I 

' I 

Sand Bed Depth 

0.48m 

·:·. \ SAND 
: .. {:·:_ ....... 

10000 1000 100 10 
Coliform Concentration 

{ No./100 ml) 

__.,. 

Figure 4. Effect of sand bed <Epth on slow sand filtration ~rforrnance. '!he FOints shown 
represent experimental results in Table 20. '!he dotted line is }¥pothetical. 



I-A 
-...] 

---....c. l 
INFLU ' 

10000/100 ml 

Temperature 

11°c 

UNFILTERED 
WATER 

SANO 

GRAVEL 

I 
10000 1000 100 10 

Coliform Concentration 

{ No/100 ml) 

=··:\.:. 

Temperature 

5° c 

-.K n U 
10000/100 ml 

-. 

·:,. ·::·\ 
\ 

.... (:· .... \ 

10000 1000 100 10 
Coli form Concentration 

{ No./100 ml) 

·:·'\ 

~ 

Figure 5. Effect of temperature on slew sand filtration performance. The points shONn represent 
experimental results in Table 21. '!be dotted line is eypothetical. 



..... 
00 

__..,L·--- -- --, 
INFLU 

10000/100 ml 

Biological Activity 
Nutrients Added 

UNFILTERED 
WATER 

. ....._.........._ 

' SAND\ 

\ 

--....r:-----~ 

u 
10000/100 ml - -

Biological Activity 
Control 

" \ 
\ 

·;·.~y:.-

Biological Activity 
No Growth 

(Cl 2 ) 

-.i --- rn u 
10000/IOOmlfl I 

... , 
.l 
<-L. 

'\~: 

GRAVEL 300/iOOml 4300/IOOml 

10000 1000 100 10 
Coli form Concentration 

( f\Jo/100 ml) 

....,.....,._. __ _ _.,.. 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml) 

--... 
~---""' "T""...---..., 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml) 

Figure 6. Effect of biological activity on slow sand filtration ~rformana:. 'Ihe p:>ints shONn 
represent experimental results in Table 29. 'Ihe dotted line is lwPothetical. 

__.,. 



~ 

"° 

Influent 

Coliform Concentration 
100/IOOml 

-..6 ~ 
INFLU 

100/100 ml 

:_!)/ .... 

)(_:_:,' .. 

UNFILTERED 
WATER 

' I -...., 
SAND \ 

\ 
\ 

Influent 

Coliform Concentration 
1000/100 ml 

-.r nU 
1000/100 ml 

/Y::··· 

' \ 
\ 

·-.. ~~-:-:_:. .... 

·:-.\.\ 

Influent 

Coliform Concentration 
10000/100 ml 

--.• nil 
10000/IOOml 

:.?'!"!":' 
::::· '\ 

:~/:::.-

·\~: 

\ 
\ 

GRAVEL ·~-.·,·.c._ -\-.. -. ·_:_. __ _ 10/100 ml .... o -. 
...:..-2-

100/100 ml 

10000 1000 100 10 
Co Ii form Concentration 

( No/100 ml) 

--. 

10000 1000 100 IC 
Coliform Concentration 

( No./100 ml ) 

I I y-. 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml ) 

Figure 7. Effect of influent contaminant concentration on slCM sand filtration performance. '!he 
points sha.vn represent experimental results in Figure 19. '!he dotted line is IvPotheti­
cal. 

---



N 
0 

Biological Condition 

Mature 

___., .l 
INFLU 

10000/100 ml 

UNFILTERED 
WATER 

- ........... 

" SAND\ 

\ 
GRAVEL 

10000 1000 100 10 
Coliform Concentration 

(No/IOOml) 

Biological Condition 

Schmutzdecke Removed 

___.., n U 
10000/100 ml 

' \ 
\ 

.:·/·~·\· ... \ 
10/IOOml 

~-.·,.·.o .. .. _:._•_ 
__.., 

EFFLUENT 

10000 1000 tCO 10 
Coliform Concentration 

(No/IOOml} 

·."·.~·/ 

Biological Condition 

Replaced Sand 

--.i iJ 
10000/IOOmlfl I 

__.,. 

:.*::· :::·\ 

\ 
=?\.::. \ 
•. o •. 
~ 

10000 1000 100 10 
Coliform Concentration 

( No./100 ml} 

"\:: 

Figure 8. Effect of biological maturity within the filtration zones on slCM sand filtration ~r­
fonnance. '!he points shCMn represent experimental results in Figure 35. '!he dotted 
line is h¥tx>thetical. 

__. 



5. Figure 6 shows that decreasing biological activity decreases treatment 
effectiveness. This was shown in Table 29 for Phase II testing. 

6. Figure 7 shows that increasing the influent contaminant concentration 
decreases treatment effectiveness. This was shown in Figure 19 for 
Phase I testing. 

7. Figure 8 shows that a decrease in the biological maturity within the 
filtration zones Ci.e., different modes of oi:eration) will decrease 
treatment effectiveness. 'Ibis was shown in Figure 35 for Phase I 
testing. 

These figures were constructed based on the results obtained during this 
research. 'lbe effluent col ifoIJn censi ties are based on a hypothetical 
influent density listed for each figure. '!he calculated ranovals are 
averages fran testing under the oonditions stated. '!he figures were 
constructed to show trends in treatment only and to sunmarize the findings of 
this research. 

Figure 9 shows the interrelationships between sand bed depth, }¥draulic 
loading rate, sand size, tenperature, and nutrients. '!he surfaoo shown in 
this figure is a hypothesized isopleth of treatment efficiency. " An 
understanding of the canp:>site effects c1eronstrated in this figure can assist 
in developing better slow sand filter designs and in o~rations. '!he values 
given in the figure for each variable indicate the range for this 
experimentation. 

To understand the figure, consider points a,b,c and d. '!be treatment 
efficiency is the same at each of these points. '!here are differenoos, 
however, in the magnitudes of the variable mixes at each point. At point a, 
the roost stressful condition, the following represents the variable mix: high 
hydraulic loading, low tenperature, large sand and low nutrient loading. 
'lhese oonditions require a deep sand bed to canp?nsate. Point d, on the 
other hand, is the least stressful condition and r~uires the least sand ~d 
depth. As related to design and Op?ration the response surface represents 
the relevant trade-offs. 

Figure 9 sunmarizes further the findings of this research. While these 
findings are not new, thE¥ are important in that thE!f are d:>cumented by 
experimental data. Presently, design and op?rating guidelines for eydraulic 
loading, sand size, and sand depth are based on the lore accunulated ooth 
over the decades fran various investigations and f ran observations of 
practice. '!be works of Hazen (1913) and Huisnan and Wocxl (1974) have defined 
mudl of the current practice. 

APPLIC'ATICJ\IS FOR SLCl-l SAND FILTRATION 

Fran this research, it may be asserted that slow sand filtration is an 
effective water treatment technology. It is passive in nature, r~uiring 
little action on the i;art of the oi:erator. Because of its effectiveness and 
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its passive nature, slow sand filtration should be esJ;ecially appropriate for 
small carmunities. '!be selection of a water treatment process for a anal! or 
large community should be based on an econanic evaluation of the technically 
acreptable alternatives. 
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SEC.'ION 3 

EXPERIMENrATION 

'!be experimentation was carried out in three J;hases. Phase I was 
conducted using three one-foot diameter filters operated continuously fran 
July 1981 to January 1983. Phase II was conducted using six one-foot 
diameter filters operated oontinuously fran February 1983 to July 1983. 
Phase III was conducted using the same six filters o~rated fran July 1983 to 
Decanber 1983. The experimental work for the three Iilases was oonducted at 
the Engineering Research Center located adjacent to Horsetooth Reservoir at 
the Foothills carrpus of Colorado State University. A map of the reservoir 
and a description of the water source is included in Appendix K. 'Ihe filters 
were supplied with raw water fran Horsetooth Reservoir. Test runs were 
conducted at intervals during these periods to determine the efficiencies of 
the filters for renoval of Giardia cysts, turbidity, total coliform bacteria, 
fecal coliform bacteria, standard plate count bacteria, and particles. At 
the same time, the experimentation assessed the effects of design, operation 
and influent water quality on filter performance. 

A seventh filter was built and placed in operation in the chemical 
storage building at the Fort Collins water Treatment Plant No. l on the cache 
La R>udre River. Because of the proximity to the Fort Collins water supply. 
this filter was not spiked with bacteria or Giardia cysts. Also the 
operation of the filter was teIJninated after aoout two nonths of operation 
when a punp failure occurred. Because this work was deemed of lower priority 
with respect to available manpower, it was decided not to oontinue operation. 

'Ibis chapter descrires the pilot plants, filters, design of experiments, 
and testing procedures. '!he pilot plants are described first since they are 
an integral part of the experimental design. 

PIIDI' PLANTS 

Phase I 

Figure 10 is a schanatic dra-1ing of the laboratory-scale slow sand 
filtration pilot plant used for the Phase I testing. '!he pilot plant was 
comprised of three one-foot diameter filters and associated appurtenances. 
Figure 11 is a photogra:Eti of the pilot filters. '!be three slow sand filters 
were operated in parallel such that the influent water to each of the filters 
was the same. '!he filters were fed Horsetooth Reservoir water fran a 1400 
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Figure 11. Photograph of the slow sand pilot filter for :Ebase I 
experimentation. 

liter, temperature controlled milk cooler. '!he milk cooler is shown in 
Figure 12. 

Figure 13 is a cross-section dratting of one of the three pilot-scale 
slow sand filters used during :Ebase I. Fa.ch filter was oonstructed with 12-
inch dianeter, Schedule 200, WC pipe. '!be filters were enclosed as pressure 
vessels, having blind flanges for their tops and bottans. '!be top of the 
sand bed was just below the middle flange. 'Ibis allwed access to the sand 
surface for cleaning puqx:>ses. 

The filter columns were filled with 0.97 meters of sand obtained fran 
Muscatine, Iowa. '!be effective diameter, d , of the sancl, as measured ~ 
the sieve size passing 10 percent of a sample, 1-Bas O .27 nm. Figure 14 shows 
the results of a sieve analysis for this sand. All sieve analyses were 
performed with 'fyler Standard Screens. The d60 size, the size of sieve whidl 
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Figure 12. Temi;erature controlled milk cooler used as raw water storage tank 
for Phase I sl<M sand filter experimentation. 
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testing. 

i:asses 60 percent of a sample of filter media, was 0.44 nm, and the 
unifonnity ooeff icient (UC) was 1.63. '.lbese values are within the 
recanmended s~cifications of Huisnan and Wood (1974) for slow sand filter 
media, which are: 1) 0.15mn < d1n < 0.35nm, and 2) a uniformity coefficient 
< 3, with < 2 being preferable. Tne sand was supported by a graded gravel 
underdrain of approximately 0.46 meters depth. '!be gravel was supported by a 
plate, shown in Figure 15. '!be media s~cif ications for the gravel supp:> rt 
layer are given in Table 3. 

To eliminate wall effects, sand was glued to the inside of the PVC pipe 
f ran the middle flange to the supp:>rt layer. '!be sand was the same as that 
used for the sand bed. This was done by p:iinting a layer of PVC solvent glue 
on the inside wall and then EX>Uring sand over the cement. 'lbe sand retained 
by the glue provided a surface which one would expect to eliminate virtually 
all wall effects. This was Cbne for both Phase I and Phase II coltunns. 
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Figure 15. Gravel supp:>rt plate. 

Table 3. Media specifications for gravel underdrain. 

Depth of Layer ~ia Size 
(an) 

0-7 

7-15 

15-23 

23-30 

30-38 

38-46 

0.6-0.8 mm sand 

0.8-1.2 nm torpedo sand 

0.12-0.32 cm gravel 

0.32-0.64 an gravel 

0.64-1.27 cm gravel 

1.27-1.91 an s.£avel __ 
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Table 4. List of equipnent and app.irtenances used in the operation of the Phase I 
slew sand filtration pilot plant. 

&Jui anent 

Tank 
Pumps 

FlONmeter 
Mananeters 

Piezaneters 

Pressure gauges 

Temperature gauges 

Turbidimeters 

Accessor.y Ptmps 

Cooling Coils 
PVC Pipe 

PVC Flanges 

Membrane Filters 

Manbrane Filter 
holder 

Purpase 

Influent water storage 
Filter feed pllllps, 
before 2-19-82 

Filter feed pllnps 
after 2-19-82 

M:>nitoring fl<Mrate through filter 
Monitoring differential 
pressure across filters 
Monitoring differential 
pressure across filters 
Monitoring pressure on heads 
of col LmlS and on pumps 
Monitoring tanparature in 
filter colllms 
Measure turbidity 

o:>ncentrate Giardia influent 
sample 
Drain tanks, circulation 
through cooling coils 
Temperature control in filter heads 
Filter housing 

Filter housing 

Giardia cyst sampling 

Membrane filter housing 

SOOcif ications 

1400 L milk cooler 
March Mfg., Inc. piston metering pumps 

1 ea. IrOdel 210-10, 0-400 ml/min 
2 ea. model 212, 0-1000 mI.lmin 
Fluid Metering, Inc. , piston metering punps 

1 ea. 100del RP-D-1, 0-450 mI../min 
2 ea. IrOdel RP-D-2, 0-1000 mL/min 
Gilrront, 100del. F-1400, 10-850 mI../min 
75 an Hg 

180 an H
2
0 

Weiss OJrp., 0-30 psig, 0-100 psig 

Weston, mXlel 4300 

Hach ratio, f.t>del 18900-10 
HF Industries flow-through MJdel IRT 200 
March Mfg., Inc., piston metering pumps 

model 210-10 and 212 
Teel Corp., Marine utility pump 

model 1P579C 
OJpper .tubing, 3/8" O.D. 
Schedule 200 ,12" o. o. , Reeves Plastic, 

Denver, CO 
Van Stone flanges, Reeves Plastic, 

Denver, CD 
Nuclepore OJrp. , 5 ,um, 142 nm diameter 
polycarl:xmate membrane 
Millipore o:>rp., P. v.c. filter holder, 
142 rrm diameter 



In addition to the three filter columns, the pilot plant was comprised 
of ai;:purtenances to facilitate control and to provide for roonitoring. 'lhese 
are shown in Figure 10 and are listed in Table 4, which also describes the 
purpose and specifications of each. 

J?hase II And Phase III 

Figure 16 is a schenatic of the laboratocy-scale slow sand filtration 
pilot plant use for both the Phase II and III testing. '!he plant was 
comprised of six one-foot-diameter filters and associated appurtenances. 
Figure 17 is a thotograiti of the pilot plant. '!he six filters were operated 
in i;:aral.lel so that the influent water flow and the hydraulic loading rate to 
each of the filters were the same. Fach filter, however, differed in 
operation by the magnitude of one process variable, using a control filter as 
the basis for canparison. 

Figure 18 is a cross-sectional drawing of one of the six pilot-scale 
slow sand filters. '!he construction was alxoost identical to that described 
for the Phase I filters. '!he pipe, gravel support and flanges were identical 
to those used in the Phase I construction. '!he top, however, was left oi;:en 
and the filters were operated as a gravity system. Like the Phase I filters, 
the top of the sand bed in the gravity filters was just below the middle 
flange; this allowed access to the sand surface for cleaning. 

Four of the Phase II filters were packed with 0.97 meters of sand having 
a D of 0.29 mm, a D of 0.44 mm and a UC of 1.52. 'lbe fifth filter 
was tRcked with O .48 meters68f the same sand and the sixth filter was filled 
with 0 .97 meters of sand with a n10 of O .61 mm, a n60 of O .98 mm and a UC 
of 1.59. For the Phase III testing the sand in tfle seoond filter was 
replaced with sand having a D of O .13 mm, a D of O .20 nm and a UC of 
1.60. Figures 19, 20 and 21 show !Re results of si~8 analyses for the three 
types of sand used. '!he gravel support layer was the same as that specified 
in Table 3 for the Phase I filters except the oottan layer of 1/ 2 - 3/ 4" 
gravel was not used. 

The appurtenances used to facilitate o~ration, control and monitoring 
of the six pilot sand filters are shown in Figures 16 and 17. 'lhese 
appurtenances are listed aoo the function of each is described in Table 5. 

Figure 22 is a thotograJ;il of the constant head tank and orifices used to 
supply a oonstant flow to each filter. '!'his tank was constructed with 
acrylic plastic. '!he orifices used to regulate flow to the filters and 
placed in the side of the constant head tank were made with 0.2 nm brass 
plate. 

Figure 23 is a picture of the control oox used to regulate the pilot 
plant. 'lank level, water temperatures, mixing rates and pump rates were 
oontrolled with this circuitcy. 
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Figure 17. Photograph of Phase II and III slow sand filter pilot plant. 
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Figure 20. Sieve analysis of sand used for Phase II and III slow sand 
filtration testing. '!his is the large sand size used in Filter 
s. 
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Figure 21. Sieve analysis of sand used for Phase III slow sand filtration 
testing. This is the snallest sand used. It was placed in 
Filter 3. 
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Table 5. List of equipnent and appurtenances used for the Phase II and III slow 
sand filtration pilot plant. 

Ebuianent 

Tank 

Piezaneters 

Pumps 

Refrigeration Unit 

Cooling Coils 

WC Pi~ 
NC Flanges 
Membrane Filters 

Membrane Filter 
Holders 

Puroose 

Influent water storage 

Chlorine storage 
Nutrient storage 
Measure head loss 

across filters 
Pump raN water f ran 

feed tank to constant 
head tank. 

Pump chlorine 

Pump nutrient 
Cool filters for low 
tem~rature oi:;eration 

Tem:E;:erature control in 
filter heads 
Filter housing 
Filter oousing 
Giardia cyst sampling 

Membrane filter housing 
142 nm dianeter 

Specifications 

1200 L polyeth:Ylene tank, Industrial plastics, 

20 L P.{rex glass bottle, covered with aluninum foil. 
20 L P.{rex glass oottle 
120 an H20 

Fluid metering Inc., 0-1000 mL/min piston 
metering pump 

Ecodyne, 0-7 gal/day, ~c-0-Matic 
diaEhragm pump. 

Master Flex, Head K-7014 0-126 mr./min 
Neslab HX-500, R%rigerat~ Recircular tray 
Heat Exchanger, 1 C to 35 c, 53,500 B'IU. 
Co~r tubing 3/8" O.D. 

Schedule 200, 12" O.D. PJC 
Van-Stone flanges 12" PJC 
Nuclepore C.Orp. , 5 J..llll, 142 nm diameter 

polycaroonate manbrane 
Millipore Corp., NC filter holder 



Figure 22. Constant head tank used for the :Ehase II and III slON sand filter 
pilot plant. 

Figure 23. Electrical control panel used for the :Ehase II and III sla-1 sand 
filter pilot plant. 
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EXPERIMENI'ATION PROORAM 

The experimental program, which included Phase I, Phase II, and Phase 
III testing, was designed to evaluate the effectiveness of slow sand 
filtration for various design, operating, and water coooitions. 'lbe Phase I 
experiments were conducted to determine the resp:>nse of· slCM sand filters to 
several o~rating variables such as hydraulic loading rate, presence of 
schmutzdecke and biological developnent of sand bed. '!he Phase I I and III 
experimentation examined the roles of biological activity, sand bed depth, 
tenperature and sand size on treatment mechanisns and performance. 

Design of Egperiments 

The Phase I experimental program was established to determine the 
efficiency of slow sand filtration for renoval of Giardia cysts as affected 
by hydraulic loading rate. At the same time removals of total colifonn 
bacteria, fecal colifonn bacteria, standard plate count bacteria, particles, 
and turbidity were investigated. As the Phase I results were evaluated, 
hCMever, it became app:irent that the biop:>pulation within the sand bed had a 
great deal to do with filter efficiency, and that a great deal more could be 
learned a.bout this and other process variables by setting up additional 
experiments. '!be approach was to use the results of each l,ilase of tests to 
direct the design of subsequent tests. Thus Phase I was the basis for 
designing a subsequent set of experiments, which was Phase II. '!be results 
of Phase II tests were the basis for the Phase III experimental design. 

The experimental design follCMed the empirical approach of observing the 
outputs of a physical model while subjecting the model to changes in process 
variables. '!he i:hYsical model was the slow sand filter pilot plant and 
changes were imposed on the process variables affecting the efficiency of the 
filtration process. 

Table 6 , Table 7 and Table 8 sumnarize the dependent and independent 
(process) variables incorporated in the design of the Phase I, II and III 
experiments, res~ctively. '!he range for each of the inde~ndent variables, 
i.e., the testing range, is also given in the tables. 

Tables 9, 10 and 11 show in matrix form the independent variables used 
during the Phase I, II and III testing, respectively. 'lbese matrices map the 
experimental program. '!be dependent variable resp:>nses to each of the tests 
indicated in the matrices provides a set of functional res};X>nses to the range 
of testing imposed. 

Phases of Egperimentation 

For the Phase I experiments, Table 6 shows the independent variables 
examined and the range of testing for each, while Table 9 outlines the 
overall experimentation program. The three hydraulic loading rates, 0.04, 
0.12, and 0.40 m/hr, were imposed, respectively, on three filters run side by 
side over the 18 roonth period. 'lbE¥ were fed Horsetooth Reservoir water, and 
all conditions were maintained the same for the three filters, except 
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Table 6. Dependent and independent variables for Phase I testing. 

Dependent Indeperxlent 
variable variable 

Renova! of Hydraulic loading r 
Giardia cyst 

Removal of Tenperature 
coliform 

Ranoval standard Influent Giardia cy 
plate count concentration 
bacteria 

Renova! of Influent total 
turbidity coliform bacteria 

concentration 

Removal of Surface 
particles condition of filte 

Age of filter sand 
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-T-------------··--
Variable 

~~-------~~- Range 
ate 0.04, 0.12, 0.40 nv'hr 

s0c - lSC Ctempe0ature 
was lowered to 5 C only for 
selected test runs) 

st 50-5000 cysts/liter 

0-290,000 coliforrns/100 mL 

Established schmutzdecke 
r or schmutzdecke 

removed 
Newly installed sand 
to filters in continuous 
_o~~C!_t!9-JLl.or _l:_~ ron1=~--



Table 7. Dependent and independent variables for Phase II testing. 
------~---------- --------------------

Dependent Independent variable 
variable VarJ....{lble _______ -:u------;u:-~--------

Rsnoval of Giardia Tenperature 5 C, 17 C 
cysts 

Rsnoval of ooliform 
bacteria 

Ranoval standard 
pl.ate count 
bacteria 

Rsnoval of turbidity 

Filter bed sand 
depth 
sand size 

Nutrient loading 

Influent standard 
plate count 
bacteria 
concentration 

Surface condition 
of filters 

48 an, 97 an 

0.287 mn, 0.615 nm 

Lake water and lake 
water with injection 
of nutrients. '!be 
00 reduction was 
<l to Sng/L, 
respectively. 
10°/mt - 105/mt 

Establisheall schmutzdecke 
or schmutzdecke 
ranoved 

Age of filter sand Newly installed sand to 
filters in continuous 
QEf!ra;ion .J.Qr l O ioonths 

l/ All "established" schmutzdecke is not defined precisely. It could be 
defined by selecting a criterion using for example, thickness, J:wdraulic 
headloss, or peroont ranoval of colifonn bacteria. In this work we have 
used age, with a criterion of about 15 days. After 15 days of O:feration, 
naninally, a schmutzdecke seans to be in place, or measured by the other 
parameters. It takes only a few days, however, for the schmutzdecke to 
becane established again after scraping, vis a vis with a new sand bed. 
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Table a. Dependent and indetement variables for Phase III testing. 
-

Dependent 
variable -Renova! of Giardia 

cyst 

Renova! of colifonn 
bacteria 

Renoval standard 
plate count 
bacteria 

Renova! of turbidity 

--- --·---·-------------
Indetende nt variable 

_________ Rang ____ e ________ _ 

2 C, 17°c 
Variable 

Temterature 

Filter bed sa nd 0.97m 
depth 

Sand size 

Influent st andard 
plate count 
bacteria 
concentratio n 

Filters surfa ce 
oondition 

Age of filter sand 

-
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0.13nm, 0.287mn, 0.615mn 

Established schmutzdecke, 
or diatanaceous 
earth ooating, or 
schmutzdecke removed 

Filters in continuous 
o ration __ fo~_l& nont_~--



Table 9. Phase I experimentation program for slow sand filtration. 

Filter 
Cordition 

Established 

Filter:1f 

Schmu,cke 
.Renov 

Schmutzd'acke 
Renov~ 
Shock 

Resandec# 

New Sand 
and Gravel 
SuPPOrt 

-· 
Influent 

Temp. Gi9t:dia ....,__ ____ dr_aul'"'----ic ~<!_~-~ ______ . 
(OC) Concentratio n 1 M:;AD 3 M:;AD l 0 M:;AD 

-·--_ J_c,y~_sLlJtE!_~) 

5 --~_Q ___ 
- ____ 2QQ_ --·-

50 
500 

-.. --
15 1000 

2000 
379..Q_ 
5000 

5 50 
S_Q.Q __ 

15 50 
1500 -· 

15 2000 

15 3700 
·-----------

15 2000 

-

9~Q.4__n.il!_ ___ Q_. l ~ .!li_l'!_ ____ O_.j_O ___ ny'_h _ 

------~ - -·--- -·- ---~---- -· -··--·---~-- --· 
---~-----]'.C _____ - -- --~- -----

x x x 
-·-~---------,------------·---

x x x 
---;sr·------;p---·-----;?T--

---- ----
---------~---· _________ x ___________ _ 

~-----~--·------~---··­
--~---·---~---------.~- -· 
__x_ _ __ _!C_ __ ·--~---

x x x ------------------·--
x x x -+----------------·------------·-
x x x 

-+-------------~-------·---

x 

x 

l/Established filter means that there is a developed and stable bioi;x:>pulation 
within the filter and that there is an established schmutz~cke at least 2 
weeks old on the surface of the sand. 

21 Schmutzd'acke ranoved means that the schmutz~cke has b!en scra~ off just 
prior to the start of the test run. 

J/The schmutz~cke was scra~ and an attenpt was made to simulate practice 
by disturbing the sand surface. Disturing the sand surface was done by 
mixing the top 15 an and beating on the sand surface and sides of the 
filter in an attempt to simulate equipnent and men moving on the surface. 
'!he column was refilled with water fran the bottan after 48 hours. 

JI A resanded filter is one that has the sand column replaced but the gravel 
layers renain intact. 

5/Three test runs were ~rformed for these conditions. 
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Table 10. Phase II experimentation progran for slow sand filtration. 

Filter Condition 
Filter Operating Conditio 

?«>. NEW Sand Established Schmutzdecke 
Biological .Rsnoved 

-~~!ltioll._ ________ _ 

1 Control21 x x x . ___ , __________ _ 
2 48 an sand depth x - x x ________________ __. 

3 Chlorinated, i.::y 
Phvsical renoval x x 

4 NUtrients added, i.e., 
Enhan~ ~~ical x 

actlVl. 
x x 

5 0.615 mn sand size 
s0c x x x 

sUC ----
6 x 

----------------------x x ·-·-----------·-
l/All filters were operated at the same hydraulic loading rate of 0.12 

mlhr. All were fed the same raw water fran Horsetooth Reservoir, whi~ 
was first temperature equilibrated to 17°c. '!he filters operated at 5 C 
were temperature equilibrated in the head water above the sand bed. 

21 Filter No. 1, the control filter, was operated at 17°c with a sand bed of 
0.97 m, an effective sand size of 0.278 mm, and with no nutrient 
addition, i.e., <5 mg/L CDD. 

J/The i:hYsical ranoval was maintained by keeping a 5 ng/L chlorine residual 
in the filter when bacteria tests were not being performed; 
dechlorination with sodium thiosulfate was performed prior to bacteria 
testing. 

A/The biological activity was enhanced by adding nutrients in the form of 
sterile, synthetic sewage, prep:lred as outlined in Appendix P. 
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Table 11. Phase III experimental program for slow sand filtration. 

Filter 
No. 

l 

2 

3 
4 
5 

6 

---------------------------··-·-··----
oi:erating Co mitio_f? 

ntrol Other than C.o 

Filter Condition 
---------------------·-------·-· 

NEM sand Established Schmutzdecke 
Biological Removed 

----------+------Po~~~ion_ ________ _ 
l/ Control x 

Diatanaceous 
coated surf ace x earth 

----- --------------------------
0.128 mm sa nd size 

Nutrient ad9it!2 
0.615 mm sand 

wanned fran 

[l st~Q_ 
sAze, 
5 c 

__ 2_ _____ ~----------------

----------·-~- ---- -·----------
x 

.. ----------o;:;;---~--·----·--·-----~--·-----·------·-----·-··--
2 c x ---·- ---·-·- - ----- --·----·- --_ .. _ 

11 The oontrol filter CNo. 1) was operated at 17°c with a sand bed of 
0.97m, an effective sand size of 0.278nm, and with no nutrient addition, 
i.e., <5 mg/L CDD. 

hydraulic loading rate. Test runs were conducted by spiking the milk 
oooler with Giardia cysts or raw sewage. Tan~rature was maintained at 
is0 c except several test runs were conducted at 5 c (for the duration of 
the test run only> • Illring initial Giardia test runs temperature was 
maintained at 20°c, but Giardia cysts could not be recovered f ran the 
milk oooler when this tenperature was used so all further testing was 
oonducted at 15°c. A range of ooncentrations was used in the testing for 
both Giardia cysts and total ool iform bacteria. '!bis was done by 
oontrolling the dosage to the milk cooler. 'Ihe role of the schmutzdecke 
was ascertained by corrlucting test runs before and after scraping the sand 
surface to renove it. 'Ihe influence of the "age" or "biological maturity" 
of the filter sand was determined ~ merely noting the weeks elapsed since 
the start-up of the filters, and the corresp:mding rE!OOVal efficiencies. 

The Phase II program of experimentation, outlined in Tables 7 and 10, 
was inspired by the results obtained during Phase I. 1.be Phase I results 
gave a basis for determining the influences on removal efficiencies due to 
twdraulic loading rate, ooncentration of organi~, the schmutzdecke, and 
biological maturity of the sand tea. Since the 5 C tenperature was imposed 
only during selected test runs, the role of temperature was not clear. But 
the main im~tus f ran Phase I was to learn more about the role of the 
biop:>pulaion within the sand bed. 'lb do this three filters were to be 
O"perated side~ side. '!be first was to be a "oontrol", i.e. o:terated 
using rat1 water fran Horsetooth .Reservoir, maintained at 17°c. Another was 
to be o~rated the same, but a nutrient solution, preP3-red as outlined in 
Appendix P, was metered to the raw water fed to the filter. 1.be idea was 
to ascertain whether the developnent of biological maturity could be 
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accelerated by providing nutrients. At the same time the experiment would 
provide further evidence on whether the internal. biopopulation within the 
sand bed has an important role in improving renoval efficiency of the slow 
sand filtration process. 'lbe measure of efficiency used as a means to gage 
the degree of biological maturity of the sand tea was percent ranoval of 
total colifoon bacteria, which were added to the filters as pure cultures. 
The pure cultures were used, vis a vis sewage, to minimize fouling due to 
the testing itself. In order to further develop the point related to the 
role of the internal biopopulation, the third filter was chlorinated 
oontinuously. '!he chlorine was purged fran the system before test runs. 
While the role of the internal biopopulation was the principle interest in 
Phase II, the eoonOJT!{ of scale pemitted operation of three additional 
filters to examine the effects of sand bed depth, effectbve sand size, and 
tanperature. '!Wo f il.ters were operated continuously at 5 c. 

After examining results fran Phase II, sane questions were pursued 
further. '!he experimentation program for pursuing these questions was 
called Phase III, and the outline of experimentation is given in Tables 8 
and 11. To ascertain the role of straining as a mechanisn in slow sand 
filtration, a thin layer of diatanaeous earth CManv ille C-545 R ) was added 
to the surface of Filter No. 2. '!hen another point was needed to determine 
the influence of effective sand size so Filter No. 3 was repacked with sand 
having 0 .128 nun effective size. '!he nutri5nt addition was ceased for 
Filter No. 4, and Filter No. 6 was operated at 2 C instead of 5 c. 
Test Run 

A "test run" is defined as the process of daily spiking the filter 
source water with Gianlia cysts and or bacteria over a period of one to two 
weeks while sampling effluent concentrations of these organisns over the 
same time period. '!he daily spiking was done by adding an aliquot of cysts 
f ran a refrigerated stock suspension, whose concentration had been measured 
after pre:taration. Il::lta were obtained also, at times other than test runs, 
for re:novals of turbidity, coliform bacteria and standard plate count 
bacteria. 'lhese data augnented data obtained during test runs. 

Testing Period 

The testing procedures were basically the same for Giardia and 
bacteria test runs. A test run would last fran a few days to two weeks. 
During this period there was a daily routine of sampling and measuranents. 
'!be following is the testing protocol oonducted daily during a test run. 
This protocol was follCMed for the Phase I, II and III testing. 

SAMPLING PROIOCDL FOR TE&'T RUN 

1. Fill the 24 hour filter feed tank with a known volume of water fran 
Horsetooth Reservoir. 
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2. .Add a known concentration of Giardia cysts fran a stock susi;ension 
and/or bacteria to the filter feed tank. These oounts are cesignated 
as "added" cysts. 

3. Cbllect a grab sample fran the filter feed tank for colifoon bacteria, 
standard plate count bacteria, turbidity and particles. Not all of 
these para:neters were measured for every test run. 

4. Collect a grab sample fran the effluents of the slow sand filters for 
colifom, standard plate count bacteria, turbidity and particles as 
required for the test run. 

<Procedures 5, 6 , 8, and 9 are required only for Giardia testing.> 

5. Start effluent Giardia sample collection by oonnecting membrane 
filters to the effluents of the slow sand filters. 

6. collect influent Giardia cyst sample by filtering 2 to 10 liters of 
water fran the filter feed tank through a membrane filter. '!be counts 
obtained were designated as "<Etected". 

7. Record o~rating data fran slow sand filters: 

1. Temperature 
2. Head loss 
3. Flow 

8. Remove menbrane filters fran slow sand filters after a mm1mum of 4 
hours, preferably after 6 hours, or before 10 psi pressure is built up 
across the manbrane filters. 

9. Prepare samples for analysis. 

l O. Check all punps and equipnent to assure the pilot plant is oi;erating 
correctly. 

In calculating percent renovals, the influent samples were compared 
with the effluent samples obtained 24 hours later. This 24 hour time 
displacement between influent and effluent canparisons allowed for several 
volume displacements in the filters. Since the feed water to the filters 
was oonstant for 24 hours, a more accurate comparison was made by 
separating the influent and effluent samples by 24 hours. Using this 
procedure, the feed tank was sampled on the first day of a test run and the 
filter effluents were sampled on the last day of a test run. 

'resting Proceaures 

Giardia Testing and cyst Procurenent--
A basic pranise for this study was that viable Giardia lamblia cysts 

were to be used. This dictated the use of fresh, unpreserved cysts. 
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Previous research had been performed with preserved, formalin fixed, and or 
"cleaned" cysts. such processing is believed to cause changes in the 
Il¥)rlilology of the cysts and possibly in their behavior during filtration. 
Also, the viability of such cysts is questionable. A~ndix K, Cyst 
Preparation, Use and Analysis, contains a brief discussion on cyst behavior 
after fonnalin fixing and cyst cleaning. Also it has descriptions and 
evaluations of the Giar<Ua analysis techniques. 

'!be Giardia cysts used for this study were obtained f ran dog feces. 
These cysts are believed to be .GiM:di.a lamblia sp:cies, as discussed by 
Davies et al. U983) and by Hewlett et al. U982). Table 12 shows the 
8ources where cysts were collected. 

Table 12. sources used in obtaining dog fecal samples containing Giardia 
lamblia cysts. 

--------------------------------------------
source ----· 

l. Collaborative Radiological 
Health Laboratory (CH.RL) 

Conditions --· --·-·---·-----
Approximately 200 dogs 
About 10 to 3 0 dogs are 
infected at aey one time. 

2. Humane Society for Larimer County 25-50 dogs, strays, runaways 

3. veterinary Teaching Hospital 

4. Onoology-Veterinary Teaching 
Hos d.tal ---

Random samples brought into 
Parasite Diagnostic Laboratory 

12 dog pens, 10-30 dogs 

Giardia cyst procure:nent, supervised by Dr. c. P. Hibler of the 
Colorado State University Pathology Department, was accanplished by the 
following steps: 

1) Collect a fecal sample f ran a dog susp:cted of having giardiasis. 

2) Analyze a portion of the sample by the Zinc flotation procedure to 
ascertain whether Giardia cysts were present. 

3) Weigh the sample and add an equal weight of cool distilled water, -if 
cysts are present. 

4) Mix the sample to break apart aggregates. 

5) Filter the sample through cheese cloth if the sample contained an 
excessive quantity of organic matter. 

6) Detennine the cyst ooncentration in the ooncentrate by the "Stoll 
dilution" technique, described in App:ndix K. 

7) store the sample under refrigeration until use. 
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The cyst ooncentrate was used within two weeks of oollection even through 
cyst oounts have been observed to renaining oonstant in stored concentrates 
for two months or longer. 

Giardia Sampling--
The cyst sampling technique used for these experiments was i:atterned 

after the procedure develo~ by Luchtel et al. Cl980). First the sample 
was oonamtrated by passing it through a 5 , µm pore size polycaroonate 
menbrane filter. 'Ihen the membrane filter was washed with approximately 
200 mL of cool distilled water. 'lhe wash water was then stored under 
refrigeration until analysis. This was done for both the influent and 
effluent samples. Figure 24 shows the membrane filter apparatus. 

The 5 µm pore size polycaroonate membrane filter was selected as the 
method of sample concentration when it was determined that the cysts would 
not i:ass through the filter and that the cysts appeared to wash al100st 
completely off the filter, <see Api:endix K). Also of interest is the fact 
that in one of the samples the 142 diameter rnanbrane filter oould 
ooncentrated 2670 liters of slow sand filter effluent. 

'!be steps in obtaining a sample fran the influent feed tank containing 
a known concentration of Giardia cysts (described previous p:tge as step 6) 
are described in the enumeration following. '!he "known" concentration 
designation was based upon calculation of the tank contents based upon 
measurement. of cysts "added" fran the refrigerated stock solution. '!he 
procedure below describes how the tank contents were sampled to obtain a 
"detecte" cyst concentration in the tank, using the same procedure as use 
for the effluent sampling. The "detected" cyst concentration in the tank 
was the basis for percent renoval calculations. '!he steps were: 

GIARDIA SAMPLING - INFLUENI' TANK 

1. Wash manbrane filter holder with hot, soaP.f water. 
tap water. 

Rinse with cold 

2. Place membrane on stainless steel supix>rt plate, as shown in Figure 
25. Screw top securely into place. 

3. Fill menbrane filter holder chamrer with cold tap water through the 
influent and effluent rose. 

4. Mix influent tank thoroughly before sampling. Circulate water through 
pump sample for at least five minutes to assure a representative 
sample. 

5. Attach manbrane filter to punp, making sure all air is bled fran the 
system. 

6. Collect the effluent flow fran the sample filter in a calibrated 
bucket. Figure 26 sh<:Ms this process. 
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Figure 24. Assanbled 142 nm diameter filter holder used in testing for 
Giardia cysts. 

Figure 25. '!be 5 ,um pore size 142 nm diameter polycarbonate filter used 
for sampling Giardia cysts. 
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Figure 26. Menbrane filter and punp setup used to concentrate an influent 
Giardia cyst sample. 

Figure 27. Aspirator cormected to effluent piping of rnanbrane filter 
holder to draw off excess water. 
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7. Filter in this manner Wltil a m1111mum of two liters has been 
conamtrated. '!he maximum volume filtered is limited by a pressure of 
10 psi on the pllllp. 

8. After sampling is canplete, turn off pump and unhook filter fran pllllp. 
Record volune ooncentrated in log book. 

<The Giardia cysts must now be washed fran the menbrane filter.> 

9. Attach the effluent tube of the menbrane filter holder to an aspirator 
as shown in Figure 27 to renove the excess water in the chamber. 

10. Open membrane filter holder carefully so that the manbrane ranains on 
the bottan half of the api;aratus. 

11. Wash top of filter holder with distilled water fran a spray jet 
bottle, into a clean P.{rex dish, as shown in Figure 28. 

12. Lift stainless steel support plate with menbrane fran bottan half of 
filter holder and thoroughly spray wash into P.frex dish. Discard 
menbrane after washing. Figure 29 shows the menbrane filter being 
washed. 

13. Wash bottan of membrane filter holder into dish. Especially spray the 
inlet portal. Figure 30 shows this procedure. 

14. R>ur contents fran P.frex dish into a cooled mason jar labeled with the 
sample nunber, as shown in Figure 31. Spray off dish into jar to 
assure aanplete transfer of sample. Iefrigerate the sample 
inmediately. 

15. Wash menbrane filter holcer with hot, soapy water to eliminate 
oontamination. This is shown in Figure 32. 

A similar procedure is used for obtaining samples fran· the filte1 
effluents. '!he following steps describe this method. Figure 33 depicts by 
three schenatic drawings the three alternate flow paths during different 
steps of filter effluent sampling during Phase I testing. Figure 29 
depicts the menbrane filter path used during Phase II and III testing. 

GIARDIA SAMPLIK; - FILTER EFFLUENTS 

1. Wash manbrane filter holder with hot, soaP.f water. Rinse with cold 
tap water. 

2. Place manbr ane on stainless steel support plate, as shown in Figure 
3-16. ScrSt/ top securely into place. 

3. Fill membrane filter holder chamter with cold tap water through the 
influent and effluent lx>se. 
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Figure 28. Spraying the top of the manbrane filter holder with distilled 
water. 

Figure 29. Spraying the manbrane support and the manbrane filter with 
distilled water. 
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Figure 30. Spraying the oottan of the menbrane filter holder with 
distilled water. 

Figure 31. Emptying the Giardia cyst collection dish into sample jar. 
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Figure 32. Washing menbrane filter holder with hot, soaP.f water to make 
the filter Giardia "free". 
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o. NON-SAMPLING 

b. SAMPLING 

MEMBRANE 

c. FILTER BYPASS 

FOR PRESSURE 

RELIEF 

TO OVERFLOW 
CUP ANO OUT 
OF SYSTEM 

SLOW·SANO 
... ~U .. T~£t.\ .: 

VALVE I 

VALVE 3 

CONN[ CT••. A \••···iil.::.T 
CONNECT B FILTER 

TO OVERFLOW 
CUP ANO OUT 
OF SYSTEM 

VALVE 3 

VALVE I 
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Figure 33. Schenatic dradngs of the three alternate flow- paths during 
different steps of filter effluent sampling. 
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4. Slightly o~n valve No. 2, Figure 33 Cb), and allow flow to drip int'"' 
the influent tube of the manbrane filter at Point A until full. 

5. Attach the influent tute to the tul::e connector at i:t>int A and bleed 
ranaining air through air vent valve. 

6. When flow comes out of the manbrane filter tul::e at R>int B, attach 
this effluent tube to the tubing ronnector at Point B. 

7. When pressures equilibrates within the filter holoor, after atx:>Ut five 
minutes, ot-en Valve No. 3 and close Valve No. 1, the main slow sand 
filter effluent line. 'I.his forces the entire effluent flON through 
the manbrane filter. Figure 34 shows the holder. 

8. ~n Valve No. 2 canplete.1.y. Figure 33 Cb> sharls the valve p;>si tioning 
for effluent sampling. 

9. Filter in this manner for a minimun of four hours, but no longer than 
per:mitted ~ pressure increase (i.e., 10 psi on filter feed punps>. 

10. To ranove the membrane filter, slowly o~n needle valve, allowing fl0t1 
to cy-pass manbrane filter. Simultaneously watch the piezaneter or 
mananeter monitoring differential pressure on the filter colunn to be 
sure there are no abrupt changes which will cause pressure shocks to 
occur. 

11. When the pump pressure returns to its original reading, begin o~ning 
Valve No. 1, allowing flCM to canpletely t¥pass the menbrane filter. 
Es~cially watch pressure shocks at this step, as indicated by 
fluctuations in differential pressure. 

12. Onoe Valve No. 1 is completely o~ned, Valves 2, 3, and the needle 
valve can be closed. 

13. Remove menbrane filter fran sampling apparatus at Points A and B. The 
filter is now ready for washing as per Steps 10-16 of influent 
sampling procedure. 

14. The entire effluent fran the slow sand filter was passed through the 
slow sand filter. The volume of effluent fl0t1 passed through the 
menbrane filer was measured volunetric:ally using a 190 L. tank. 

15. The Giaraia samples are taken to the laboratory of Dr. c. P. Hibler, 
Colorado State University Pathology Department, where the Giaraia cyst 
oounting and analysis is ~rformed, described in A~ndix K. 

Bacteria Testing and Procurement--
Bacteria ra:noval efficiency was used as an indicator of filter 

performance. Bacterial analyses included: fecal coliform bacteria, total 
coliform bacteria, and standard plate count bacteria. Testing was 
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Figure 34. r.enbrane filter sampling for GianUa cy~ts on effl~nt of slow 
sand filter. 
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conducted using the following influent bacteria conditions: 1) naturally 
occurring bacteria concentrations which were presented in Horsetooth 
Reservoir water, 2) increased concentrations of coliform and standard plate 
count bacteria by the addition of primary settled sewage, 3) increased 
coliform aIX1 standard plate count bacteria concentrations by addition of 
cultured bacteria, and 4) decreased standard plate oount bacteria by 
chlorination and dechlorination of the filter feed water. Wide variations 
in bacteria concentrations were used to assess the effect of such 
concentrations on removal. 

Horsetooth Reservoir water contained approximately 0.6 total coliforms 
per 100 rnL, < 0 .5 fecal coliforms per 100 rnL, and from 50 to 600 standard 
plate count bacteria per milliliter. These were the natural bacteria 
concentrations which occurred in the source water. 

Fecal coliform and total coliform bacteria concentrations were 
increased by addition of primary settled sewage, or by addition of cultured 
E. coli. SEMage was used during the Phase I testing. During the Phase I 
tests it became apparent that for evaluation of the slow sand filtration 
process there was little difference between testing with sewage or with 
cultured coliforms. Both Phase II testing and Phase III testing were 
conducted with cultured coliforms. Concentrations could be controlled more 
easily than if sewage was used, and addition of nutrients and debris, which 
oould affect experiments, was not a factor. 

The .E... .Q.Qli were cultured in nutrient broth at 15°c. The culture was 
a stock culture used for oonf innation testing by the EPA certified water 
quality laboratory 6in the Microbiology Department at Colorado State 
University. Fran 10 to lOts ooliform were grown in 10 mL of nutrient broth 
and a p:>rtion of this culture was added to the filter feed tank. The 
culture was gram at 15°c to help prevent problems caused by tenperature 
variations between growth conditions and testing conditions. 

Standard plate count bacteria used in Phase III testing were obtained 
as described in the following. Fir8t, they were cultured in aerated 
nutrient broth for 24 :tx>urs at 30° to 35 c. The nutrient broth was seeded 
with raw water fran Horsetooth Reservoir. After 24 hours of growth the 
mixture was centrifuged and the excess nutrient broth was removed. 'lbe 
ooncentrated bacteria were then rinsed by resuspending than in Horsetooth 
water, recentrifuging and removing the excess ljquid. After rinsing, the 
bacteria were ad<Ed to the batch filter feed tank. This substantially 
increased the influent standard plate count bacteria ooncentration without 
significantly increasing the nutrient or debris loading to the slow sand 
filters. 

The influent standard plate count bacteria concentration was decreased 
by chlorinating and dechlorinating the water in the filter feed tank. This 
procedure was used only in Phase III testing. The filter feed tank held a 
24 hour supply of water. '!be flow into the filters was discontinued for 
approximately 45 minutes each day while the tank was filled and the Wqter 
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chlorinated; a chlorine residual of 5 mg/liter was maintained for this time 
period. Dechlorination was perfonned with approximately 700 mL of 10 
percent sodium thiosulfate. '!his procedure reduced the standard plate 
count to below 10 colonies per milliliter. 

The influent standard plate count bacteria concentration was increased 
to <Etennine filter ranoval efficiencies as well as functional 
relationships between sand sizes and tanperature. Because the filters grew 
and sloughed 100 to 200 standard plate count bacteria per milliliter and 
the rat1 water had 100 to 200 colonies per milliliter, these relationships 
could not be determined without influent spiking. 

Bacteria Sampling--
Total coliform bacteria, fecal coliform bacteria, and standard plate 

count bacteria samples were obtained fran the filter influent and effluent 
streams by grab samples collected in sterile 250 mL plastic bottles. The 
influent samples were collected fran the filter feed tank and the effluent 
samples were collected out of a sample tap indicated in Figure 13 for Phase 
I testing and Figure 18 for Phase II and III testing. One sample was taken 
at each location and analyses were performed with aliquots f ran this 
sample. "As discussed in Section 3.2.2. influent samples were canpared to 
effluent samples obtained 24 hours later. 

Turbidity and Particle Sampling--
Grab samples of influent and effluent turbidity were collected in the 

turbidimeter sample cells or in 300 mL glass bottles. '!he particle samples 
were collected in 500 mL glass bottles. '!be influent samples were 
collected fran the filter feed tank and the effluent samples were collected 
fran the same sample taps used for the bacteria sampling. Both the 
turbidity and particle bottles were washed thoroughly then rinsed with 
distilled water. '!he particle sample collection bottles were rinsed an 
additional time with particle free water, as described in A~ndix N. 

Analysis 

Giardia (¥st Analysis~ 
Analysis for Giardia cysts involved microsex>pic examination of the 

samples. Two methods of processing for microscopic counting were used 
during these tests by Dr. c. P. Hibler, who directed this work. The first 
consisted of concentrating the sample by centrifuging and then floating the 
cysts in a 1.20 specific gravity zinc sulfate solution onto a cover slip 
and ex>unting all of the cysts recovered. '!he second, called the 
micropipette technique, consisted of reducing the sample vollllle to l mL by 
centrifugation, taking a 0.05 mL aliquot, and then microscopically counting 
the cysts in the aliquot. Dr. c. P. Hibler of the Pathology ~partment of 
Colorado State University experimented with various analysis techniques and 
ultimately decided to use the micropipette technique. ~ndix K contains 
a description of the analytical techniques used and an evaluation of each 
technique. 
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Bacteriological Analyses--
The procedures of analyses used in this experimentation for 

measurement of total ooliform, fecal coliform and standard plate oount 
bacteria ooncentrations are described in Micr9bio1ogica1 ~ ..f2I: 
MQnitori.ng .the Environment. Tryptone gluoose extract agar (Difeo nunber 
DF0002-0l-l} was used as the medium for standard plate oount analyses 
instead of t.cyptone gluoose yeast agar. This medium is specified by 
Standard Methods, 15th Fii. and was in stock. 

M:>st of the analyses were conducted by graduate microbiologists from 
the Microbiology Department at Colorado State University. Those analyses 
performed by civil engineering graduate students attached to the project 
were supervised by the graduate microbiologists who were under the 
supervision of Dr. Sumner Morrison and Mr. Kirk Martin. 

Turbidity and Particle analyses~ 
'!Wo turbiclimeters were used for the Phase I testing, an H. F. 

Instruments, M:>del DRT200 R , flow-through turbidimeter, and a Hach M:>del 
18900-10 ratio turbidimeter. Only the Hach Ratio Turbidimeter R was used 
for the Phase II and atase III testing. 

The H.F. instrument reads in ne}:.ilelanetric turbidity unit (NIU) and 
was calibrated with formazin standards. 'lhrough a systen of valves, the 
flow fran each of the Phase I filters was routed through the H.F. 
turbidimeter and nDnitored continl.X>usly. '!he influent turbidity was 
obtained as a grab sample and measured manually using a sample cell for the 
instrument. 

Beginning in July 1982 a Hach Ratio Model 18900-10 R turbidimeter was 
used for turbidity analyses. '!he Hach meter was used because of its 
stability and use in the rapid sand research Iflase of the project. The 
rapid sand work ra;iuired a turbidity sensitivity in the l N'1U or less 
range, which was provided by the Hach instrument. The Hach nephelaneter 
was standardized also against fonnazin standards. 

A ())ulter ())unter, Model TA II R was used to analyze particle 
samples. Figures 35 and 36 show this app;t.ratus. '!he Coulter ())unter 
performs its analysis by measuring a change in resistance as p;t.rticles p;t.ss 
through an orifice. A 1.5 percent by weight solution of NaCl was used as 
the oonducting and particle carrying fluid for the analyses. This was 
detellhined to be the lowest concentration that would give an acceptable 
electrical conductivity through the 140 ~ orifice. Appendix N reviews the 
operating protocol for using the Coulter Counter. 

DATA HANDLIN:; 

All operating data and analysis results were recorded on oomputer 
coding forms for data processing. Appendix o contains a COP.I of each data 
sheet used, with samples of recorded data. These forms are constructed so 
that each line contains a set of data with the run number, date, time, and 
the corres}.X>nding measurenents. 
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Figure 35. Coulter particle oounter model TA II used in slow sand 
filtration testing. 

Figure 36. Coulter Counter a~rture stand. 
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The data on the canputer-coded data sheets were entered into a master 
file in the CSU <.yber 720k canputer. This master file was then transferred 
to the ERC HP 1000, the machine used for data processing. The master file 
was then split into categories according to test (i.e., coliform, Giardia, 
etc.) and filter m1nber. A series of computer programs was written to 
extract the pertinent infoanation f ran these subfiles. After the data were 
cx:>llated and pertinent calculations were made by the appropriate programs 
the output was transferred to the OAS word processing system. This 
transfer permits printing of a clear CX>P.f of results. The tables which 
appear in Appendices A-I are the products of these programs. 

The data were also routed back to the <.yoor 720 for plotting. A 
number of the graphs in this text were produced by the Cyber 720 and a 
Tech-Tronix R graphic terminal. Examples are: Figures 55-58 and the 
graphs in Appendix I. 

QUALITY CDNI'RCL 

The quality oontrol progran for this research was designed to assure 
that valid measurenents were obtained and that the equipnent perfonned as 
intended. The folla-1ing paragraphs describe ·the methods used to 
standardize, oonitor, and provide quality assurance during the 
experimentation. Appendix J oontains the forms used for the qua.I ity 
oontrol program. 

FlQw=Measurement and Metering Punps 

Flc:M rates were toonitored daily during test runs by time-volume 
measurements and were docurcented on the operational data sheet. These data 
were used to verify the oonformity of the punps to their respective 
standardization curves for the Phase I experiments. '!be time volume 
measuranents were used to verify the fla-1 f ran the orifices used in the 
Phase II and III experiments. 

Pllnps were standardized by time-volume measuranents made at different 
fla-1 rates and at different pressures. Appendix J oontains the pump­
standardization curves in terms of fla-1 versus pump setting at various 
pressures. 

Tl.lrbidit.y Neters 

The H. F. Instruments R and the Hach Ratio Turbidimeters R were both 
calibrated with fonnazin standards as ra;iuired by the manufacturer. '!he H. 
F. Instruments model was checked daily with a 0.14 NrU manufacturer­
supplied reference standard and adjusted as needed with a reference 
adjustment knob. The Hach Ratio instrument was also checked daily with 
18 .O NTU latex factory standard Ca secondary standard) • 'lbe instrument was 
restandardized as reconunended by the manufacturer when it drifted fran 18.0 
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NIU. Ap~ndix J contains a standardization form used with the Hach and HF 
turbidimeter. 

TelJRrature 

All thermaneters were standardized against a National Bureau of 
Standards thermaneter. Discrep:uicies between the two were marked on each 
thermaneter and the correction as applied when used. Tanperature gauges in 
the filter heads were similarly standardized and these discrepmcies were 
corrected for by adjustment scra-1s on the gauges. Appendix J contains the 
N3S calibration certificate and a thennaneter standardization quality 
control fonn. 

Pressure 

Pi~aneters were not standardized, but were used as the standard for 
other pressure-measuring devices. Visual checks for air bubbles in the 
pi~aneters were made periodically. Pressure gages were standardized 
against piezaneters and variations were recorded as a correction factor for 
each pressure gauge. Ap~ndix J contains pressure gage standardization 
fonns. 

Microbiological eontrols 

Autanatic Autoclave--
The autoclave operation was checked by the manufacturer and all 

instruments and gauges were certified as operating correctly. In addition, 
the autoclave was checked each time it was used by heat-sensitive tape and 
a recording thermaneter. 

Manual Autoclave--
The autoclave was checked each time with heat sensitive tape and 

periodically by manually checking the pressure and temperature gauges. 
Appendix J contains an autoclave quality control form. 

Incubator and water Bath--
The temperatures of the incubator and water bath were checked and 

recorded evecy other day when in use. '!he incubator was allowed to 
stabilize for two hours when temperature adjustments were made. Appendix J 
contains quality cxmtrol forms for these pieces of a:;iuipnent. 

Bacterial Analysis~ 
The agars and analyses used in microbiological testing were checked 

according the the following procedures: 

1. Total Coliform Analyses 

a. Filter sterility was monitored by randomly choosing one of 
the 0 .45 ,um filters and placing it on a petri dish of the 
standard coliform media. (The procedure followed is the 
same as that for routine analysis except no water is 
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filtered.) The plate was checked for growth after 24-hour 
incubation. This was d:>ne daily during sampling process. 
Periodic checks of the dilution water were also conducted. 
Api;:endix K oontains a quality oontrol form. 

b. Whenever p:>ssible, duplicate plates of each sample dilution 
were simultaneously prepared and counted. '!he average 
nllllber between corres{X)nding plates was the nunl:Jer re{X)rted. 

c. Total coliform plates were refrigerated and kept for no 
longer than ten days. 

2. Standard Plate Count Bacteria 

a. Standard petri dishes were poured with the plate count agar 
alone (no water sample) to check sterility of the media. 
This was cbne a rninirnun of once every two days when testing. 
Api;:endix J contains a quality control_ form. 

b. Duplicate plates of each sample dilution were prep;ired, 
counted, and the average number recorded as results. 

c. Plate oount agar was refrigerated and was kept no longer 
than two weeks. 

Meut>rane Filters 

To prevent Giardia contamination fran one sample to another, the 
membrane filter holders were washed with hot soapy water and rinsed with 
oold tap water between samples. Also, the membrane filters were used for 
only one sample and then discarded. 

Data Entry 

The data were entered into the computer manually by key punch 
personnel. After the data were entered they were verified by the same key 
punch persormel. A COP.f of the data was then printed out and two people 
would check the canputer hard OOP.{ of the data against the original data 
form. 

67 



SEC'l'ION 4 

RESULTS AND DISCUSSION 

'!his chapter presents, in tables and grat:hs, the experimental results 
with a corresi;onding discussion and interpretation of the results. '!he 
discussion explains observed relationships, interprets their significance, 
and adds qualifications. '!he results are organized into four areas: 1) 
effects of process variables; 2) removal of dependent variables, e.g., 
Giardia cysts, bacteria and turbidity; 3) routine ioonitoring of filter 
operations, i.e., headloss, }¥draulic loading rate and temperature; and 4) 
removal mechanisns. 

'!he tables and grapis were constructed f ran data in Appendices A through 
H. All of the data are in these appendices and include the following number 
of analyses: 309 Giardia, 1087 total coliform bacteria, 108 fecal colifonn 
bacteria, 1309 standard plate count bacteria, 2108 turbidity and 52 particle. 

RCLE OF PROCESS VARIABLFS 

This section discusses the influence of the process variables on filter 
perfoonance. '!he process variables considered were: 1) }¥draulic loading 
rate, 2) sand size, 3) sand bed depth, 4) temperature 5) influent bacteria 
concentration, and 6) ronditions of operation. 

Hydraulic Loading Rate 

Table 13 shows the influence of lydraulic loading rate on percent 
removals for all dependent variables tested, e.g. total colifomt bacteria, 
fecal ooliform bacteria, standard plate count bacteria, turbidity, i;:articles 
and Giardia cysts. '!be data shown are average removals calculated using data 
abstracted f ran App:ndix A. '11he nunbers of data p:>ints used for each result 
are shown in Table 13 also. 

Each rCM in Table 13 is termed a "vector". Figures 37 through 40 are 
plots of vectors in Table 13 for total coliform bacteria, turbidity, standard 
plate count bacteria and Giardia cyst removals, respectively, plotted against 
:trfdraulic loading rate. '!he fecal coliform vector was not plotted but its 
trend is similar to the total ool ifoon vector. The particle removal vector 
was not plotted either. '!be filter was shedding cyst-size biological 
i;articles, as observed by Dr. Hibler during microsoopic examinations, and 
thus the i;article oount i;:arameter using the 6 .35 to 12. 7 .um size range was 
considered as an unsuitable measure of filter perfoonance. 
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Table 13. Slow sand filter treatment efficiency as effected by lwdraulic 
loading rate, Phase I testing. 

UM Rate Control High Rate Number of 
Filter 1 Filter 2 Filter 3 Samples 
0.041n/hr 0.12mlhr 0.40nv'hr 

Total Col iffJID 
Removal (%) 

99.5 98.6 95.7 81 

Fecal Col if f!ID 
Ranoval (%) 

99.7 99.5 99.1 27 

Standard Plate 
Count Removal (%)1/ 81 83 76 117 

Turbidity 39 32 27 297 Removal (%) 

Particle Removal (%) 97 99 98 13 (6.35-12. 7 ~ 
Gianiia cyst 99.991 99.994 99.981 74 Removal (%) 

l/ These ranoval values were calculated with the geanetric mean influent and 
effluent concentrations. 

Each of the four plots show that renoval decreased with increasing 
lwdraulic loading rate. '!he decrease in percent removal caused by increasing 
}¥draulic loading rate fran 0.04 m/hr to 0.40 m/hr was fran 99.5 to 95. 7 
percent for total coliforms; 82 to 76 percent for standard plate count 
bacteria; 39 to 27 percent for turbidity; and 99.995 to 99.981 percent for 
Giardia cysts. '!be low and high rate results for colifonns and turbidity 
were found to be statistically different at the 0.1 percent significance 
level Cp=0.001) for a two Wf¥ test of the variance. '!he Giardia values were 
not statistically different. Nevertheless, the trend shown is "expected," 
and it is consistent with the others. 

Table 14 is another analysis of the data, showing the "breakthroughs" of 
total colifonn bacteria at the three twdraulic loading rates, and the average 
ooncentrations for each breakthrough group. It shows that Filter 1 had only 
35 breakthroughs during the entire testing period, while Filter 2 had 59, and 
Filter 3 had 70. '!be average ooliform concentrations during the 
breakthroughs were 13.4 colifonns/100 mL, 59.6 coliforms/100 ml, and 152.5 
colifonns/100 mL for Filters 1, 2 and 3, res~ctively. 'lbese breakthrough 
data also show that removals decrease with increasing hydraulic loading rate. 

The trends in Figures 37 through 40 show clearly that filter removal 
efficiency is functionally de~ndent up:m hydraulic loading rate. 'lhese 
results oocument the accepted premise regarding the influence of this 
parameter. 'Ihe trends shown are not, however, critical to design. Removal of 
total coliform bacteria is reduced fran 99.5 percent at 0.04 m/hr to 95. 7 
percent at 0.40 nv'hr, which is a change of only 3.8 percent. '!he change in 
removal of Giardia cysts is hardly perceptible; removal approaches 100 
percent regardless of !wdraulic loading rate, albeit a trend is sham. 
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Table 14. correlation of total coliform breakthroughs to hydraulic loading. 

Hydraulic Nunber of No. Average COnamtration 
Filter Loading Breakthroughs in of of COliforms during 

Rate the Filter Effluent Tests Breakthroughs1/ 

(m/h) (No.) Ccoliforms/100 mt> 
l 0.04 35 81 13.4 
2 0.12 59 81 59.6 
3 0.40 70 81 152.5 --

l/These values are averages of coliform concentrations when breakthroughs 
occurred. 'Ibey do not include samples where the effluent concentration was 
determined to be zero. Canplete data are given in App:'ndix D. 

The cost savings in using a design at 0.40 mlhr opp:;>sed to 0.04 rrv'hr 
could be substantial, while the difference in percent ranovals is slight. 
Thus the use of the higher hydraulic loading rate should not be declined 
because of reduction in effectiveness. Other design oonsiderations may 
influence more strongly the case for a lower hydraulic loading rate. '!he 
frequency of schmutzdecke removal, for example, will increase if a higher 
}¥draulic loading rate is used. 'Ibis will cause an increase in operating 
oosts, which must be weighed against the lower capital oosts. 

The improved filter performance at a reduced hydraulic loading rate is 
due rost probably to the biological nature of the slow sand filter.. '!he 
detent~on time within the filter increases with lower hydraulic loading rate 
and thus the opportunity increases for the amtaminants to oontact and be 
retained by the adsorption sites on the filter sand. 'lhese adsorption sites 
are provided by the biop:>pulation within the filter. 

sand Size 

Table 15 shows the average ranovals of total ool iform ba.cteria, standard 
plate oount bacteria and turbidity as affected by sand size. 'lbese data were 
obtained as a i;art of the Phase III testing and consisted of nine analyses 
for each of three effective sand sizes. 

Figure 41 is a plot of the coliform removal vector in Table 15. '!he 
plot shows an increase in treatment efficiency with a decrease in sand size. 
The coliform ranoval improved fran 96 percent to 98.6 percent to 99.4 percent 
for effective sand sizes of 0.615, 0.278 and 0.128 mm, respectively. 'lbese 
ranoval values are significantly different at a significance level greater 
than 0.1 percent Cp=0.001) for a two WCfJ test of variance. 

'!he turbidity data vector in Table 15 did not show a trerx1 and neither 
did the standard plate oount data. '!be turbidity in the Horsetooth Reservoir 
water, used in all testing, is canprised of snall clay i;articles and there is 
question as to whether it is a suitable indicator of filter perfornKmce. '!be 
i;articles causing turbidity in other rat1 waters, however, ney be more 
susceptable to removal by slow sand filtration. Neither is the standard 
plate count data a suitable indicator for canparison of performance. '!he 
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Table 15. Effect of sand size on slow sand filter treatment efficiency Phase 
III testing. 

small sand Control Large sand 
Filter 3 Filter 1 Filter 5 
0.13 nm 0.29 nm 0.62 nm 

Nllnber of Samples 9 9 9 
Total Col ifonn 99.4 98.6 96 .o Removal (%) 

stard:ird Plate 0 16 12 Count Removal < %) 

TUrbidity 15 16 -26 Removal (%) 

filter continually grows and sloughs 100 to 200 standard plate COWlt bacteria 
per milliliter of effluent. '!he influent conamtrations averaged alx>ut 150 
colonies/mL. '!bus standard plate count bacteria ranoval is very low or 
negative and is not a suitable indicator for canpuison of filter perfonnance 
unless the influent concentration is sufficiently large to overwhelm the base 
level effluent ooncentration. Table 15 shCMs percent removal of O, 16, and 
12, for the three sand sizes, which do not show a trerrl, but do show that 
percent ranovals were low. 

The alx>ve idea was tested in a special. experiment designed to overwhelm 
the filter influent flows with high concentrations of standard plate count 
bacteria for each of the three filters having different effective sand sizes. 
'I.be filter influents were spiked with bacteria as described in Section 3 .3. 
Table 16 presents the data obtained, showing that there was indeed an 
increase in standard plate ex>Wlt bacteria removal for the snaller sand size. 
The effluent of the filter with large sand emitted 1054 colonies/mL while 
the filter with snall sand anitted only 470 colonies/mL. Both of these 
filters had been in o~ration for 280 days and had mature schrnutz~ckes. 

Table 16. Standard plate count bacteria removal as affected by sand size, 
Phase III testing. Filter 1 was the control. Bacteria 
concentrations are geanetric means calculated fran data abstracted 
f ran Table F-6, Ap~ndix F. 

Filter 1 Filter 2 
Sand Size (nm) 0.278 0.615 

Number of Samples 10 10 
Average Standard Plate Count 469,000 469,000 Influent Concentration (lt>./mL) 
Average Standard Plate Count 470 1,054 Effluent Concentration (lt>./mL) 

76 



The snallest sand size <d =0.128 rem) was not included in this table 
since the effluent for Filtet03 had not stabilized for standard plate count 
values prior to the test. This was <Etermined by analyzing the data in 
Api:endix F and observing that the renovals were still <Ecreasing with time. 

The influence of sand size on treatment efficiency was also evaluated 
for filters operated at s0c. Table 17 shows removal data for filters 
o~rated at s0 c with 0 .287 mn sand and 0.615 :mm sand. Coliform removal 
decreased fran 87 percent to 83 percent when the filter sand was increased 
from 0 .287 nm to O .615 mm, oonfinning the trend shown in Figure 41. Standard 
plate count bacteria showed the same trend, but the results are not 
considered significant since the influents were not spiked. 

Table 17. Effect of sand size on slow sand filter treatment efficiency while 
being operated at s0c, Phase II testing. 

control 
Filter 6 
0.278nm 

Total Coliform 87 Ra:noval ( %) 

Standard Plate 64 count Ranoval < %> 
Turbidity 8 Renova! (%) 

, __ 
Large sand 
Filter 5 
0.615mm 

83 

60 

8 
·- -

--

Nllnber of 
Sam_P!es 

82 
-

80 
--· 

87 
---

The trend shCMn, i.e., that the filter effectiveness is increased with 
snaller sand, is not due simply to increased surface straining by the snaller 
sands. The role of straining was ascertained by an experiment in which the 
sand surface of Filter 2 was coated wi~ a dei;osit of Manville C-545 R 
diatanaceous earth ca10 = O .013 nm> at 3 kg/m <which was aoout 15 nm in 
thickness) • Further, the schmutzdecke was allowed to <Evelop for 40 days on 
the diatanaceous earth. '!be results of this test, given in Table 18, show 
that the total coliform bacteria, standard plate count bacteria, and 
turbidity ranovals were improved only slightly by the diatanaceous earth 
coating. The increase in ooliform removal, fran 97.7 percent to.98.5 percent 
is no better titan that which occurred with the snal.l sand, which had a a10 of 
0.13 nm. These results then p:>int tOW'ard a ranoval mechanisn of adsorption 
on the biological. material attached to the sand grain, with ppssible 
metalx>lism of those materials adsorbed which are metalx>lizable. 

Table 19 surmarizes results of six Gianlia test runs conducted with an 
effective size of 0.615 nm. The data show that renoval is > 99.9 percent 
when the filter is biologically mature. Even with neri sand and gravel 
support, cyst breakthrough did not occur at 0.12 m/hr. Breakthrough occurred 
only at a }Wdraulic loading rate of 0.47 m/hr with neri sand and new gravel 
support. Control filters o:p=rated at the same time as each of these tests 
with 0.278 nm sand al.so had no cyst breakthrough. 'Ibese results show that 
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Table 18. Slow sand filter treatment efficiency as affected by a 
diatanaooous earth ooating of the sand surface, Phase III testing. 

- ---------
Control Diatanaceous 
Filter 1 Farth Coated 

Filter 2 

Nllnber of samples 6 6 
-----

Total Coliform Renova! (%) 97.7 98.5 
. -------------~-----··-

Standard Plate Count Rsnoval (%) 78 84 
-· ----

Turbidity Ranoval (%) 8 9 

Table 19. Giardia cyst ranoval as affected by an effective sand size of 
0.615 nun. 

----- ------- ------· 
Filter Test Biological Hydraulic 

No. No Condition Loading 
Influent Effluent Perceny 

Cyst Cyst Removal 
of Filter Rate Cone. Cone. (%) 

·--- Cnv'hr) Cc/L) _<clU_ ---------· 
1 Matur:i 0.12 

5 2 Matur 0.12 
3000 0 > 99.98 
1456 0 > 99.92 

3 Mature 0.12 1845 0 - --~_J9.9~-
1 New2 0.12 

7 2 New 0.12 
3227 0 > 99.99 
2768 0 > 99.99 

3 N&I 0.47 ·- 27613 ___ ---~~--- __99..!.QL 

11Mature refers to a biologically mature schmutzdecke, sand bed and support 
layer, i.e, the biological population is at steady state, 

21 NE.w refers to new sand and gravel support with no prior filtration, i.e., 
no biological developnent in the filter • 

.3/The "greater than" sign was used when cysts were not recovered; the i:ercent 
ranoval shown is the detection limit, calculated as shown in Ap~ndix K. 

for a }Wdraulic loading rate of O .12 nv'hr GianUa removal approaches 100 
~rcent, even for sand having d10 = 0.615 nun. 

The results in Tables 15, 16, and 17 demonstrate that <Ecreasing the 
sand size will improve filter ~rformance. But data fran the diatanaceous 
earth coating experiment shown in Table 18 indicates that the renoval 
mechanisn is not simply straining. Increased renovals can then be attributed 
to increased surface area resulting in increased adsorption sites within the 
filter, i.e., decreased sand size increases surface area for biological 
growth. 
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sand Bed Depth 

Table 20 shows the influence of sand bed depth on ranovals of total 
colifoon bacteria, standard plate rount bacteria and turbidity. 'lhese 
removals are calculated using all data, i.e., during start-up and after 
schnutzdecke renoval. '!he data show a small decrease in coliform renoval, 
e.g., 97 percent versus 95 percent, for a decrease in sand bed depth fran 
0.97m to 0.48m. A two wa.1 test of the variance shows these results to be 
significantly different at 0.2 percent significance level <p=0.002). 

Table 20. Slow sand filter treatment efficiency as affected by sand bed 
depth, Phase II testing. 

- -
Ml Sand Bed 112 Sand Bed Number o# 
Filter No. 1 Filter No. 2 sam es 

sand Bed 0.97 0.48 
Depth (m) 

Total CX>l iff!ID 97 95 
Removal (%) 

82 

Standard Plate 
Count Renoval (%)l/ 

-32 3 80 

TUrbiditv Removal (%) 13 13 87 --- ......._ _____ 
--·- ---·-

11The coliform and standard plate count renovals are calculated using 
geanetric means of influent and effluent data. 

'!he standard plate count data and the turbidity data in Table'20 show no 
trends. '!his is due to the same conditions, described in the preceding 
chapter, which preclude their use for canparison of filter performance. 'lhe 
standard plate count tests were ronducted with the law, naturally occurring, 
influent ooncentrations, i.e., without spiking. Turbidity data was not an 
appropriate indicator because of the small size clay particles whichcanprise 
the turbidity and the inability of the filter to ranove them. 

Figure 42 shows the two data IX>ints f ran Table 20 plotted as roliform 
i;ercent remaining versus sand bed depth. 'lhe·trend line shown represents the 
expected functional relationship of decreasing coliform renoval with 
decreasing sand bed depth. '!be line is anchored at 100 percent ranaining at 
a o.om bed depth. 

Giarclia removal was not affected by the decreased sand bed depth. 
Results given later Cin Table 31) show that Giardia ranoval was 100 percent 
Cqualif ied by detection limits> at the ted depth of O .48 m as well as at the 
full bed depth of O. 97 m. 

'!'he relationship shown in Figure 42 indicates that percent bacteria 
ranaining is not highly sensitive to sand bed depths above 0.48 m. In 
practice this means that a series of sdunutzdecke removals, scraping off the 
top two centitreters of the sand bed, will not seriously impair the efficiency 
of the filtration process, and that the attrition of the sand bed to a depth 
of 0.48 m is acceptable, which is consistent with the literature. 
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Figure 42. Effect of sand bed depth on slCM sand filter perfonnance. 
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Tenperature 

Table 21 shews the effect of temperature testing at 17°c, and s0 c, and 
at 17°c and 2°c on removals of total ooliform bacteria, standard plate count 
bacteria, and turbidity. 'lhese i:airs of data for Phases II and III, 
respectively, shew that percent removals of coliform bacteria are affected 
significantly by temperature. 'lhS remov~s of total coliform bacteria were 
97 percent and 87 percent gt 17 C and 5 C respectively for Phase II, and 99 
percent and 92 percent at 17 C and 2°c respectively for Phase III. 

Table 21. Bacterial and turbidity ranoval by sl.CM sand filtration as 
effected by temperature. Both filters had J:ydraulic loading rates 
of 0.12 mlhr and effective sand size of 0.278 nm. 

--------
Phase II Phase III 

--
Control Cold Number Control Cold Nunber 
Filt5r 1 Filter 6 of Filt5r 1 Filt~r 6 of 

17 c s0 c samoles 17 c 2 c ~es_ - -·-
Total Coliform 97 87 82 99 92 9 Renoval (%) -- -·--·-· -· -
standard Plate -32 64 80 17 72 9 Count Removal < %) ·-- ·-----· 
Turbidity 12 7 87 16 21 9 Renoval (%) ·-----·-------·--·-----

The effect of temperature is borne out further by the results shown in 
Table 22 which shCMs that reduced temperature decreases the removal of 
standard plate oo~t bacteria by slow sand f 9,tration. '!be effluent 
concentration at 17 C was 100 times lower than at 2 c. The influents to the 
control (Filter l> and to ~e l0t1 temperature filter (Filter 6) were spiked 
with approximately SxlO bacteria/milliliter and so these tests are 
considered valid. As discussed, this was done to offset the effects of 
bacteria proi:agat~on and release fran the filters. No specialized testing 
was perf ooned at 5 c. 

Table 22. Effects of temperature on standard plate count bacteria removal by 
slCM sand filtration, Phase III testing. 

--------
Filtsr i 

-~perature ________ . ___ .._ _______ ll.~----· 
--~Numbe~~r_o_f~Te_s_t_s~--~~~~~__.~-------19 _____ _ 

Influent Standard Plate 469,000 

Filt8r 6 
2 c -----------, _____ )._Q_ __ _ 

469,000 
Count concentration (No./mL) 

....-------------~___.;~---..;;;;;;.:_ _____ --·-··---~-------------·-· 
Effluent standard Plate 470 46,300 
Count Bacteria CNo./mI.J .~;..:;.;........;...;;......-.=.~------·· _______________ _. _______ -------

Note: These geanetric means are calculated fran data presented in Table F-6, 
Appendix F. 
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Table 23. Giardia ranOV'al cy- slOll sand filtration as effected cy- tan~rature, Phase I testing. 

--· Influent Nllllber Nlltlber of 
Hydraulic Giardia Of Effluent Cysts Effluent 

Ranovall/ Filter Loading Run Age of Cyst Effluent VollJlle ~tected <.yst 
Nunber Rate Nllllber ~P· Schmutzdecke O>ncentration samples sampled in Effluent Omcentration 

Cnv'h> ( C) (weeks) (c/L) (N:>.} (L) (N:>.) (c/L) (%) 

54 15 3 500 5 84 13 0.253 99.949 
1 0.04 60 5 5 500 5 81 0 o.ooo 100.000 

66 15 11 50 7 175 5 0.050 99.900 
69 5 12 50 5 140 8 0.116 99.772 

53 15 3 500 5 225 16 0.140 99.977 
2 0.12 59 5 5 500 5 220 5 0.035 99.993 

65 15 11 50 7 429 . 4 0.016 99.968 
68 5 12 50 5 345 7 0.041 99.918 

55 15 3 500 5 346 68 0.321 99.936 
3 0.40 61 5 5 500 5 366 26 0.111 99.978 

67 15 2 50 7 1098 7 0.011 99.978 
70 5 3 50 5 962 8 0.017 99.966 

ll Qualified cy- the detection limits sh<Mn in Table 30. 

N:>te: Data in this table were extracted fran Table 14. 



Table 23 shows the Phase I Gianiia renoval results for oi;erating 
temperatures of s0 c and is0 c. The data are organized by i!{draulic loading 
rate and by comparable schmutzdecke gges. No api;arent change in filter 
effectiveness is shown when the 5 C test runs are comi;ared with 15°c test 
runs for the same conditions. The s0c temperatures during the l:hase I 
testing were maintained only during the s0c test runs; so it is unlikely that 
the biological poJ;Allations within the filters had sufficient time to be 
affected by the change. Because of this deficiency, temperature testing was 
igcluded in the Phase II program. Two filters were operated continuously at 
5 c. 

Table 24 shows the Phase II Giardia removal results for oi;erating 
temperatures of s0 c and 17°c. Filters 5 and 6 were o~rated for the entire 
testing period at s0 c. 'As shown there were no cyst breakthroughs for these 
lCM temperature filters or for the control, Filter 1. These results 
corroborate the Phase I findings and de:oc>nstrate that tanperature has no 
observed effect on Giardia cyst removal. 

Table 24. Giardia ranoval as effected by tanperature, all filters were 
biologically mature and oi;erated at 0.12 nv'hr, Phase II testing. 

-
Filter Test Influent c.yst Effluent c.yst c.yst 

No. No. Tan~rature Concentration Concentration Removal 
C c) (cysts/liter) ---~~stsQ.iter > ___ (%) ----·-

1 17 3000 0 > 99.99 
1 2 17 19S6 0 > 99.93 

3 17 1845 0 > 99.94 -
1 5 3000 0 > 99.98 

5 2 5 19S6 0 > 99.92 
3 5 1845 0 > 99.94 ·--· --------·-·--·----- .-·-··- -·- - ---·-· ------ i--- - - - -----·--

1 5 3000 0 > 99.99 
6 2 5 1956 0 > 99.92 

3 5 1845 ·-_____ Q_ ______ ._ -~~~!.~_3 __ 

Influent COntaminant COncentration 

Figures 43 and 44 are plots of influent concentrations versus effluent 
concentrations for total coliform bacteria and standard plate count bacteria 
respectively. 'lbese data were abstracted fran Appendices D and F, and are 
fran Phase I testing. Each figure shows two log cycles of scatter for all 
the plotted data but the plots of the averages within each indicated range 
shCM that an increase in influent concentration will cause an increase in the 
effluent concentration. The scatter is due i;artially to the fact that all 
data were plotted without attempting to achieve any resolution for varying 
test conditions, e.g., microbiological maturity of the sand bed. Similar 
results were obtained for data generated for the filters operated at 0.04 nv'h 
and 0.40 nv'h. 
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Replotting the data in Figures 43 and 44 in term of percent renaining on 
the ordinate, it is seen in Figures 45 and 46 that percent remaining declined 
as the influent bacteria concentration increased. While the three J.X>ints for 
the higher influent concentrations in Figure 45 decline sharply, the trend 
line is shCMn with only a slight sloi;:e, which gives more weight to the other 
points. These data were abstracted fran Ap~ndices D and F, Phase I testing. 
Similar results were obtained for data generated at hydraulic loading rates 
of 0.04 m/hr and 0.40 nv'hr. 

Figure 47 is a time series plot of influent and effluent total coliform 
results for the first 115 ~s of Phase II testing for Filter 1, the oontrol, 
and Filter 5, operated at 5 C with 0.615 nm sand. These data were abstracted 
f ran 1\p!:endix D, Phase II testing. The influence of influent tacteria 
ooncentration on filter effluent concentrations is clearly indicated by the 
corresp:mding responses of the effluent concentrations for the two filters. 
'!be influence is evident during filter start-up, defined here as day 0 to 
approximately day 50, as well as for established operation, day 50 to day 
115. '!be same relationships can be seen in plots of total coliform 
concentration da.ta for Filters 2, 3 , 4 and 6 as well. 'Ihese plots using 
Phase II data, corroborate the interpreted trends for the Phase I data in 
Figures 43 and 44. 

Although a similar renoval relationship could exist for influent Giardia 
cyst conamtrations, none was found, for an influent range of 50 to 5000 
cysts/liter. Tests were not conducted with an influent concentration greater 
than 5000 cysts/liter because it was deaned more important to investigate 
other relationships. Also, effects caused by changes in influent 
concentrations of cysts would be extranely hard to define, or they could be 
masked by the effects of other variables • 

.MQdes_Qf QperatiQn 

Four modes of oJ:Eration are defined here as: l) filter start-up, 2> 
replaced sand, 3) removed sclJnutzetecke, and 4) steady state operation. How 
these different mo&s of slew sand filtration affect i:;ercent removals is the 
subject of this section. 

Effect of Modes of QE:eration on the Biological OJnmunity--
Based U:EX>n observations fran this work it can be asserted that the 

condition of the biological community within a slow sand filter is dependent 
on the mode of filter operation. Figure 48 is a matrix we have constructed 
which relates the state of the biological community at different filtration 
zones in the filter to the four modes of operation. 'Ihe biological canmunity 
is defined to l:e in one of two states, "gr~h" or "mature". Growth reo..fers 
to a nonsteady state oondition where the amount of biological mass is less 
than the level that can be supported by the mass nutrient loading. 
Consequently, the biological ccmnunity is growing and increasing in mass. A 
new sand. bed having no biological communit'.t is included in this definition; 
the biological carmunity is defined to be in a "grcwth" condition. '!be 
"mature!!" conmunicy is at steady state and the biological mass is in balance 
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with the available nutrients. In this state maximum contaminant renoval will 
occur. While the depiction shown in Figure 48 is oonsistent with our 
findings quantitative oocumentation would ra:iuire further research focused on 
these particlar questions. 

To illustrate, Figure 48 shows that during "filter start-up" the 
biological ccmnunities in all three filtration zones are in "growth". By 
contrast, for "steady state operations" the biological conununities are 
"mature" in all three filtration zones. 

Filter Start-up--
Figure 49 is a plot of average percent total coliform rena1n1ng for 

start-up and for established operation during the Phase II testing. 'lbe 
plotted points are weekly average values for the first l 0 weeks of filter 
operation. '!be sloping portion of each plot, except for Filter 4, is a 
linear regression of the log values for the first fEM weekly averages. 'Ihe 
regression plot Filter 4 used only the first four weeks of data. '!he 
horizontal lines, which mark steady state operation with res:p=ct to renoval, 
indicate at the same time that the filter sand bed is, cy- earlier definition, 
"mature". 'lb plotted points were calculated using 26 analyses obtained 
between 4 weeks and 10 weeks operation after start-up. '!be steady state 
rsnoval lines reflect the effect of the filter test oondition on filter 
perfonnance, i.e., Filter 4, added nutrients, achieved 99.9 percent colifonn 
rsnoval; Filter 1, oontrol, achieved 98 percent renoval; Filter 2, one half 
sand bed depth achieved 9g percent rsnoval; Filter 6, s0c, achieved 85 
percent rsnoval; Filter 5, 5 c and 0.615 mm sand, achieved 83 percent 
rsnoval; and Filter 3, chlorinated between test runs, achieved 60 percent 
removal. 'lbese percent removals can be calculated fran the respective 
intercepts of the horizontal lines Figure 49 as, 100 minus pert:""Cnt remaining. 

Fran Figure 49, the time to reach steady state operation for Horsetooth 
water, without nutrient addition, appears to be between 5 and 7 weeks. 'lbe 
trends shown illustrate the differenoes between the filters. It is clear 
that the slopes and the times to reach steady state operation, are affected 
~ nutrient availability, tanperature, and filter operations. 

The plots em};ilasize the important role of nutrient loading in reaching 
steady state operation. Filter 4, with nutrient addition, matured in 
approximately one half the time required ~ the other filters. Also, the 
stabilized percent ranaining line for mature operation is lower than for a~ 
of the other filters and shows the importance of the nutrients in increasing 
filter efficiency. 

The plots show that Filters 1, 2, 5, and 6 matured at approximately the 
same time. It was expected that the cold filters, 5 and 6, would take longer 
to mature since their rate of biological developnent would be slower due to 
the cold. However, because the steady state removal was less for the cold 
filters, the rate of biological developnent did not have to be as great to 
reach mature operation at the same time as the warm filters. 
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Figure 50 through 54 are time series plots of total ool iform 
ooncentrations for the first 115 days of Phase II operations. Each plot 
shows the influent coliform concentration history, which was common to each 
of the six filters, and the effluent a:mcentration history for Filter 1, the 
oontrol. Figure 50 shows, in addition, the effluent coliform concentration 
over time for Filter 2, which had one half the sand bed depth. Figure 51 
shows the effluent concentration for Filter 3, which was chlorinated between 
test runs. Figure S2 shows the same for Filter 4, which had ngtrients added. 
Figure S3 shows the same for Filter S, which was o~rated at S C with 0.618 
nm sand. Figure S3 ~ows the effluent coliform concentration for Filter 6, 
which was o~rated at S c. For each plot, the start-up period is indicated 
by the improvanent in percent ranoval, illustrated by an increase in 
separation between the infltEnt and effltEnt plots i.e., day 0 to 
approximately day SO,. These results also confirm the effect of time on the 
developnent of a biological p:>pulation and on filter effectiveness. '!he 
respective filter performances as depicted by the ooncentration time 
histories are similar to the canparisons shown in the plots of Figure 49. 

Figure 49 sumnarizes the outcanes of the six filters each operated with 
one variable differing in magnitude. canpared with the control, Filter 3, 
the chlorinated filter, had the highest percent ranaining of total colform 
ranoval, e.g. about SO percent, vis a vis 2 percent. This was ex~cted, of 
course, if the internal biop>pulation is as iznix:>rtant as hypothesized. By 
canparison, Filter 4, which had nutrients added, had only 0.1 percent 
ranaining. These results show that the internal biop:>pulation Cbes indeed 
have a roost important role in the rapid rate filtration process. 

The roles of sand bed depth, temperature, and sand size are indicated 
also in Figure 49. With large sand Cd 0 = O .62 mm) operated at s0 c 
tanperature, percent ranaining was al:x>Ut 20 percent, while the ~rcent 
ranaining for the d = 0.28 nm sand was still only about 18 percent when 
operating at s0 c. Filt~r No. 2 having a bed depth of only 48 an (vis a vis 
97 cm for the oontrol) still had only about S percent total coliform 
ranaining, which is significant in terms of how much the sand bed can be 
re:noved by scraping and have high ranoval e.fficiency. 

Figures SS and 56 are time series plots of influent and effluent 
turbidity analyses for Filters 1 and 4 the control filter and the nutrient 
added filter, respectively. A..c; shown, the turbidity ranoval improved fran 
day 0 to approximately day SO in the same manner as the colifonn ranoval 
improved in Figures SO through S3. But more importantly, Filter 4 with the 
nutrients added showed ranarkably lower effluent turbidities than the control 
filter, e.g. 6.S N'lU raw water to about 2.5 N'lU effluent vis a vis 6.5 N'IU to 
4 NIU, respectively. This provides evidence that turbidity ranoval for 
Horsetooth Reservoir water is influenced by the same mechanisns of ranoval as 
coliforms. If the surfaces of the sand particles are coated with bacterial 
films, it is quite likely these surfaces are "sticky" and will retain 
particles which impinge upon than as a result of transp::>rt by convection and 
diffusion along the tortuous i:ath during filtration. Further it is quite 
possible that the bacteria have natural polymers which could coagulate some 
of the clays entering the biof ilms on the sand. 
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Figure 55. Improved turbidity ranoval over time for Filter 1, Phase II testing. Filter 1 is the con­
trol filter. 
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The initial days of start-up were also analyzed with results f ran Filter 
3, Phase II, which was chlorinated retween periods of analyses. 'Ihe filter 
was dechlorinated with sodium thiosulfate 24 hours prior to biological 
analyses. This provided a filter in the "start-up mode" for repetitive 
testing periods. Figures 57 and 58 are time series plots of influent and 
effluent turbidity and standard plate oount bacteria analyses for Filter 3. 
'!be influent data for the standard plate oount were displaced 24 hours to 
canpare influent and effluent analyses. 'lhese results show four different 
"start-ups" after chlorination. For each case the turbidity and standard 
plate oount started below the influent level and then increased above the 
influent level. If the filter was not further oosed with disinfectant these 
negative renovals would have been overcane within another week and the 
ranoval steadily improve as demonstrated by Figure 50 through 54. 

Table 25 shows the Giardia renoval cai:ebilities of a filter in the 
start-up mode oompared to a filter which has been in oontinuous operation for 
80 weeks. '!be filters were operated in parallel with identical influents. 

Table 25. Giardia ranoval as effected by a filter in the start-up mode of 
operation versus a filter with a mature bioi:opulation. Phase I 
results. 

Filter Run Hydraulic Length Influent Effluent 
Condition No. U>ading of Filter c.yst Cyst 

Rate Qperation Cone~ O:mc. 
Cnv'hr) <weeks) Cc/IJ Cc/IJ 

New 118 0.40 0 2000 17 
sand ---·-·-
Mature 119 0.40 80 2000 0 
Biorop. --

l/Qualified by the detection limits shown in Table 4-18. 

Per 
Ren 

( 

9 

10 

%) 
9.2 

0 

----

For this test the filter with a mature biological p:>pulation was cap:ible 
of renoving all of the Giardia cysts, i.e., to the detectable limit. 
Probably the cysts are adsorbed by adsorption on the biological film attached 
to the sand grains, and then, it is speculated, thE¥ are metatolized by these 
organisns. '!he filter with new sand allowed 17 cysts per liter to pass fran 
an influent of 2000 cysts per liter. 'Ibis demonstrates that a filter in the 
start-up mode will not ranove all of the influent .Gia.r.Wa. cysts while a 
filter with a mature biop:>pulation will do so. It shows also that a new 
filter is still eatable of removing approximately 99 percent of the Giardia 
cysts. Asorption to the sand grains and straining must be the renoval 
mechanisms for the new sand. 

Figure 59 shows the effect of the four modes of filter oi;eration on 
effluent colifonn amamtrations, i.e., percent ranaining at lydraulic 
loading rates of 0.04, 0.12 and 0.40 mlhr. '!he effectiveness of a filter 
during start-up, can be seen by canparing the bar for tha.t condition, Run 
118, with those for the other modes of oreration. Run 118 shows that i;ercent 
total colifonns in the effluent is higher in the start-up mode than for any 
other oondition of operation. The mature filter, Run 106, had only 0.4 

103 



V•0.04 M/H 

V•0.12 M/H 

100 

10 

:Et­
a: z 
OU.I 
"- ::> 
-..J 
..Ji... 
Oi... 
(.) LIJ 

- - - - - - - - - - - - - - 0.958 - - - - - - - - - - - - - - - - -

~~ 
Oe> 
t- z 
t- z z­u..1< 
u::::E 
a: LIJ 
LIJ a: 
CL 

0.1 

0.01 

0.001 

RUN NUMBER 

2 t­
a:: z 
Ow 

100 

104 107 110 

'!: 3 
c5 ~ 

10 - - - - - - - - - - - - - ·- - - - - - - - 7009 - - -· - - - . - - . 411 ,.._ 

o..,. 
;;_ z ,_ -
Oe> .... z 
I- z 
z­
UJ < 
I.) ::::e 
a::w 
w a: 
CL 

I i---------,2..!!!- ... -
0. I ___ o 104 _ _ _ ,_. ,... __ _ 

....... ...:2 
i.:2 :30 

0.01 --- ~g ---- 82 .,. __ ..,-
0.001 ,_ ___ g 

2 

0 
0 
0 
2 

RUN NUMBER 10!5 108 

-::~--- ~5 
::.o :io 
32 ---- 8<2 
0 0 
0 0 
0 0 
.... 0 ... .... 

111 116 

NO REMOVAL 

99.999% REMOVAL 

NO REMOVAL 

99 999 % REMOVAL 

::E .... 
a::z 
OLIJ 
~ ::> 
..J..J 
0"­
(.)1.1. 

I 00 ·'" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NO REMOVAL 

10- ------------------6194 ---------- 1~ ----
2818 -

V•0.40M/H 

..J UJ 

<z 
1--

I - ---D.fili----
0(!) 
.... z 
..... -
z~ 
LIJ < 
(.) ::E 
a::w 
LIJ a: 
CL 

0.1 

0.01 

0.001 

....... 
"-::l 
:io 
oO ... -
0 
0 
0 ... 

RUN NUMBER 106 

....... 
&o.:lf 
:::io 
00 ._,-

0 
0 
0 
<It 
<'I 

109 

SIMULATED OPERATING 
CO ... OITION DURING TEST 

STEADY STATE SCHMUTZ-
OPERATION CECKE 

REMOVED 

CONDITION OF SCHMUTZ DE CKE MATURE NONE 

CONDITION OF SANO MATURE MATURE 

CONDITION OF SUPPORT LAYER MATURE MATURE 

----------

'-' ---------- ': ..J 

U..:i ...:::e 
::;o :::io 

oO 00 
v- ---------- u-

0 0 
0 0 0 0 ~--------- .,. 

1\1 

"' !!! 

112 118 

SCHMUTZ. REPLACED FILTH~ 
REMOVED/ SANO START-UP 

DISTURBED 

NONE NONE NONE 

MATURE I 
NEW NEW DISTURBED 

MATURE MATURE NEW 

99.999% REMOVAL 

Note: Quantities shown within each of the "bars" are effluent colifoan 
a:>n~ntrations calculated fran a 1'¥pothetical influent ~sity of one 
million colifonns per 100 mL. Percent ranaining are calculated fran 
data abstracted f ran Appendix D, for each of the test runs sited. 

Figure 59. Effect of conditions of schmutzaacke and sand bed on percent 
remaining of total colifonns for three lydraulic loading rates. 
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percent eoliforms remaining while the filter during start-up had 15.4 percent 
colifonns remaining. Put another way, if the influent total colifonn 
concentration was hyp:>thetically one million coliforms per 100 mL, a mature 
filter would have only 4000 coliforms/100 mL in the effluent while a start-up 
filter would have 154 ,000 colifornv'lOO mL. 

Table 26 shows that replacing sand had no effect on Giardia renoval for 
the test runs indicated. '!'he filter with replaced sand, it should be noted, 
had a "mature" gravel support layer which had been in operation 67 weeks. 
The gravel support was not disturbed when the sand was replaced. While 
perhaps in retrospect we should have found sane way to scrape the surface of 
the gravel i;articles and plate the suspensions, standard procedures are not 
available to evaluate biological films, and this was not oone. Nevertheless 
there can be little ooubt that if a biological film was present on the sand 
i;articles, it had to exist also on the gravel. 

Table 26 • Effect of sand replacement on Giardia cyst removal. 

Filter Run 
Condition No. 

Replaced 
sand on 
mature 116 
gravel 
support 

Mature 117 
(control) 

--·--------- ------
Hydraulic Length 
Loading of 

Rate Operation 
Cm/hr> <weeks) 

0.12 all 

0.12 67 

Inf lue 
Cyst 
Cone. 
Cc/Ll 

3692 

3692 

nt Effluent Percent 

-

-

Cyst 
Cone. 
Cc/Ll 
~ 

·---------·----

0 100 

0 100 

l/ The gravel support layer had been in continuous operation for 67 weeks. 

21 Qualified by the detection limits shown in Table 30. 

cani:aring the results of Run 116 with those of Run No. 118, which had 
both new sand and new gravel support, i.e., "start-up" oondition, it is seen 
that the filter with the mature gravel supp:>rt removed the cysts which 
i;assed a new sand bed. This indicates that even the modest amount of 
microbiological growth in the gravel support can provide the marginal effect 
r-=quired to cause cyst removal to approach 100 percent. 

The role of a mature gravel supp:>rt is illustrated further in Figure 59. 
It shows that replacing sand with a mature gravel support remaining, as in 
Run 116, will permit as much as 7 percent coliform bacteria remaining 
canpared with 0.1 µ=rcent for a nature filter, as in Run 105. 
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Fran these results it can be inferred that ranoval of Gianlia cysts will 
renain near 100 percent, even after the oi;:eration of replacing sand, if a 
mature gravel support ranains in place. 'lbe coliform renoval results, 
however, show that a significant decrease in filter efficiency occurs after 
sand replacement. 

Schmutzdecke Removal--
It is established practice that the schmutzdecke is renoved when the 

headloss exceeds the maximum design values of 1 to 1.5 meters. Schnutzdecke 
removal is described in a previous section. 

Table 27 shows the results of 15 Giardia test runs for filters with 
freshly scraped sand surfaces, i.e., no schmutzdecke. 'l'hese test runs are 
listed in order of the nunber of weeks of continuous filter operation, which 
ranged f ran 26 to 70 weeks. The table shows that ranoval of Giardia cysts to 
below the detection limit was achieved in all but four of these test runs. 
The key difference between those tests which achieved complete renoval and 
those that did not was the degree of microbiological. maturity within the sand 
bed and not the fact that the schmutzdecke had been renoved. All four of the 
tests in which cysts were i;assed occurred during the first 41 weeks of filter 
operation. After this period, when the microbiological p:>pulation had 
developed to "maturity", canplete ranoval of Giardia cysts occurred. Also, 
Table 27 shows that this occurs independent of }¥draulic loading rate, 
influent Giardia cyst ooncentration, and presence of a schnutzdecke. 

Table 27. Giardia renoval. ~ slow sand filtration as affected t¥ 
schnutzdecke removal. F.ach of these tests were conducted within 
one day of renoving the schmutzdecke. 

·--· Hydraulic Length Influent 
Run Loading Of cyst 
No. Rate ~ration Cone. 

Cnv'h> <weeks) Cc/Ll 
48 0.04 26 420 
49 0.40 26 420 
47 0.12 33 420 
75 0.04 41 50 
76 0.40 41 50 
81 0.04 45 50 
82 0.40 45 50 
74 0.12 48 50 
80 0.12 52 50 

107 0.04 62 1500 
109 0.04 62 1500 
100 0.04 63 1953 
112 0.40 63 1953 
108 0.12 69 1500 
111 0.12 70 1953 

11 Qualified ~ detection limits shown in Table 30. 
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2. 
5. 
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o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

014 
431 
541 
000 
002 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

Percent 

~fYf 
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98. 707 
99.633 

100.000 
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100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
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Figure 59 shows the effect of schmutzdecke renoval on percent total 
colifonns remaining in filter effluent. '!he bar graphs canparing Runs 104, 
105, 107 with Runs 107, 108, 109, respectively, show that schmutzdecke 
ranoval will result in approximately a 10 times, i.e. one log, decrease in 
treatment efficiency when <X>Inpared to operation under steady state. 

sc:tmutzdecke renoval followed by the disturbance of the sand bed was 
also investigated, as illustrated by runs 110, 111 and 112. This experiment 
was intended to simulate the effects of a full-scale filter operation in 
which the filter is drained and the sand bed is disturbed by the movenent of 
men and a:;iuipnent over the filter surface during sc:tmutzdecke ranoval. '!he 
experimental disturbance was acoomplished for each filter by: draining the 
filter for a two day :teriod, renoving the schnutzdecke, mixing the top 10 
centimeters of sand, and pounding on the sand surface. 'Ibis experiment 
caused an additional 5 to 10 times decrease in treatnent efficiency canpared 
with the schmutzdecke renoval procedure when no disruption occurred. 

To stmnarize, the Giardia results show that schmutzdecke renoval will 
not affect cyst re:noval. Coliform results indicate however, that filter 
efficiency does deteriorate by 10 to 100 t.imes .inmediately after sclmutzdecke 
ran.oval. Because of this, filtering to waste for one to two days after 
removing the scbnutzdecke is recarmended by the World Health Organization. 
While we have the feeling based ui;on this work that the filter will still 
produce acceptable effluent if this is not cbne, its use as a precautionary 
measure could be advisable. 'Ibis would provide time also for the biological 
i;opulation within the sand bed to recover also, in event the scraping i=eriod 
has caused sane determination. 

Steady state Operation--
Steady state operation occurs when the biological i;x>pulation is mature 

throughout the filter. At this stage ma.ximun contaminant renoval can be 
expected. 

Figure 49 shows that the greatest total oolifo.rm renoval occurs when 
operation is steady state, i.e., the sand bed is "mature". This is 
demonstrated by runs 104, 105 and 106 in Figure 39 which display better 
treatment efficiency than any other mode of operation. This figure shows 
also that treatment ef ficienc.y will deteriorate markedly as greater portions 
of the biological. canmunity are disrupted. 

Table 28 shows Giardia cyst renoval results for 24 test runs with 
established schmutzdeckes, listed in chronological order. 'lbese results 
demonstrate that the ranoval of cysts improved steadily with time and was 
indepmdent of schmutzdecke age, t¥draulic loading rate, or influent cyst 
concentration. Cysts p:issed through filters with 12 week old schmutzdeckes 
while they were removed to bela-1 the detectible limit with four to five week 
old schmutzdeckes when the microbiological p:>pul.ation within the filter was 
given a longer time to mature. In fact, after 49 weeks of oi;eration, cyst 
ranoval to below the detection 1 iinit was achieved in all cases, even with 
influent cyst ooncentrations as high as 5,075 cysts/liter. 'lbese results 
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Table 28. Gianiia removal ~ slow sand filtration as effected by the 
maturity of the biological tx>Pulation. Tests with established 
schrnutzdeckes. 

Influent Effluent 
Hydraulic IA!ngth Age of Cyst Cyst 

Percent1f Run Loading of Time Schmutz- conam- COncen-
Nunber Rate in Operation tEcke tration tration RE!l'IO\T al 

(m/h) (weeks> (weeks) (c/L) (c/L} Cc/L) 
54 0.04 29 3 500 0.305 99.939 
55 0.40 29 3 500 0.387 99.923 
60 0.04 31 5 500 0.000 100.000 
61 0.40 31 5 500 0.111 99.978 
53 0.12 36 3 500 0.140 99.972 
59 0.12 38 5 500 0.035 99.993 
66 0.04 38 11 50 0.050 99.900 
67 0.40 38 2 50 0.011 99.978 
69 0.04 39 12 50 0.114 99.772 
70 0.40 39 12 50 0.017 99.966 
65 0.12 45 11 50 0.016 99.968 
68 0.12 46 3 50 0.041 99.918 
87 0.04 49 4 1000 0.000 100.000 
88 0.40 49 4 1000 4.373 99.863 
90 0.04 50 5 1000 0.000 100.000 
91 0.40 50 5 1000 0.000 100.000 
86 0.12 56 4 1000 o.ooo 100.000 
89 0.12 57 5 1000 o.ooo 100.000 

101 0.04 60 16 1087 o.ooo 100.000 
103 0.40 60 16 1087 o.ooo 100.000 
104 0.04 61 17 5075 0.000 100.000 
160 0.40 61 17 . 5075 o.ooo 100.000 
102 0.12 67 16 1087 o.ooo 100.000 
105 0.12 68 17 5075 o.ooo 100.000 

J./ Qualified by detection limits shOtln in Table 30. 
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and those shown in Table 16 demonstrate that the maturity of the 
microbiological p:>pulation in the sand bed is the 100st important factor in 
cyst renoval. 

Biological canmunity Dnportance--
To further access the importance of the biological community, Filter 3 

and 4, Phase II testing, were operated under oontinuous disinfection and with 
au<,Jnented biological activity, respectively. Disinfection of Filter 3 
between test runs was Cbne to prevent a biological ccmnunity fran developing 
in the filter. For Filter 4 nutrients were added as a sterile synthetic 
sewage, as fonnulated by Piper (1962>, see Appendix P. '!he nutrient addition 
caused a decrease in dissolved oxygen across the filter of 3 to 4 mg/L. 'Ibe 
cynthetic sewage had a BOD of approximately 5 mg/L according to Piper's 
calculations. 

Table 29 sha-1s the results of these test runs. Total coliforms 
bacteria, standard plate oount bacteria, and turbidity were all improved by 
increasing the level of biological activity. Percent removals for Filter 4, 
with the nutrient addition, were 99.9, 58, and 52, respectively, canpared to 
60.1, -89, and 5, respectively for the disinfected filter. 

Table 29. Effect of the biological. carmunity on filter effectiveness. 'Ibese 
results are for established filter operations. 

NJ.I 
Biological 
Canmunity Control 
Filter 3 Filter 1 

Total Colifonn 60.1 97.5 Ranoval. ( %) 

standard Plate -89 -41 Count Removal (%) --'l\lrbidity 5 15 Ranoval (%) 

l/ This filter was chlorinated between test runs. 
2/This filter had nutrients ad&d continuously. 

Augmentea21' 
Biological Number 
Activity of 
Filter 4 SampJ..es __ 

99.9 24 

58 23 
---· --

52 26 
·---

These results leave little ooubt about the imp:>rtant role of · the 
biological p:.>pulation within the sand bed and that the slow sand filter 
renoval mechanism is strongly influenced ~ biological processes. Also, 
they- sha-1 that biological developnent oould be accelerated by nutrient 
addition. 'Ibis could be important for start-up of a neN system. The oost 
for this should be naninal. Guidance on how much should be added and for how 
long could be provided by further research, though developnent of a practice 
should not be held up for this reason. Amounts can be detennined empirically 
if dJne under the guidance of a sanitary engineer or a microbiologist. 
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Table 30. Sunmarylif results for Giat:dig cyst experiments for Phase I slow sand filtration, 2/1982 to 
1/1983. 

TISI' IDmrlFICATIOO TEST O'.H>ITIOOS ANALYSIS RESULTS 

!lll'ber of 
cysts in Effluent Effluent (.)'st 

Age of O:~~~I~n3/ ~~~~;a~: Hembrane6/ !b"lber 
j/ C.oncentration Percent Removal 

Hydraulic Filter of Effluent11 c.o~~~t ~ed ~-;;rrectec:t10/ Based ~J.11 Correct~ 
Filter Run rates LOading Schmutz- Speciall/ Analysis2/ Limit ------------- Recovecy Effluent Voll.Ille Recovecy cysts for Detection cysts for Dete1..tion 

No. No. of Runs Rate ~f· decke Conditions Teclvlique ~ Detectea.51 Efficiency Samples sampled Detected Efficiency Detected Limit Detected Limit 
(m/hl (weeks) L'l\)OSed Cc/Ll (c/L) (c/L) (\) (No.) (L) (ti;).) (~.) Cc/L) (c/L) (c/L) (c/L) 

48 2126-313 0.04 5 0 c ZF 0.085 420 196.8 :t~ 5 65 49 130.9 2.014 2.014 99.520 99.520 
54 3/18-3/23 0.04 15 3 N ZF 0.061 500 1137 .o 5 84 13 21.2 0.253 <0.290 99.949 >99.942 
60 411-416, 0.04 5 5 N ZF 0.062 500 399.3 79.9 5 81 0 o.o o.ooo <0.062 100.000 >99.988 
66 5117-S'/,24 0.04 15 11 N ZF 0.040 50 35.8 71.7 7 ll7fi. 5 8.7 0.050 <0.076 99.900 >99.848 
69 5125-5/29 0.04 5 12 N ZF 0.037 50 31.3 62.6 5 140. 8 16.0 0.114 <0.137 99. 772 >99. 725 
75 616-6125 0.04 15 0 c ZF 0.036 50 15.9 31.8 11 314 0 o.o o.ooo <0.036 100.000 >99.928 
81 7/4-7/23 0.04 5 0 c MP 0.104 50 32.2 64.3 10 344 0 o.o o.ooo <0.104 100.000 >99. 792 
87 8/1-8/6 0.04 15 4 N MP 0.993 1000 183.2 18.4 4 111 0 o.o 0.000 <0.993 100.000 >99.901 
90 8/8-8/12 0.04 15 5 N MP 0.586 1000 221.0 22.1 4 157 0 o.o o.ooo <0.586 100.000 >99.941 

101 10/20-10/25 0.04 15 11 N MP 0.200 1087 853.0 78.5 5 138 0 o.o o.ooo <0.200 100.000 >99.982 
104 10/26-10/31 0.04 15 12 N MP 0.231 5075 2705.0 53.3 5 171 0 0.0 0.000 <0.231 100.000 >99.995 
107 1113-1117 0.04 15 0 c MP 0.302 1500 726.0 48.4 4 142 0 0.0 0.000 <0.302 100.000 >99.980 
110 11112-11116 0.04 15 0 c,s MP 0.151 1953 1556.0 79.7 4 176 0 o.o 0.000 <0.151 100.000 >99.992 
116 1217-12111 0.12 15 0 R MP 0.046 3692 3470.0 94.0 4 497 0 o.o o.ooo <0.046 100.000 >99.999 
118 1118-1123 0.40 15 0 F MP 0.049 2000 1440.0 72.0 5 610 7490 10403.0 17 .050 17.050 99.150 99.150 

1--' 
1--' 47 2126-3/3 0.12 5 0 c ZF 0.030 420 196.8 :t~ 5 182 105 290.4 1.541 1.541 99.633 99.633 
0 53 3/18-3/23 0.12 15 3 N ZF 0.023 500 1137 .o 5 223 16 26.1 0.116 <0.135 99.977 >99.973 

59 4/4-416 0.12 5 5 N ZF 0.023 500 399.3 79.9 s 220 5 7 .8 0.035 <0.054 99.993 >99.989 
65 5/17-5/24 0.12 15 11 N ZF 0.016 50 35.8 71.7 7 429 4 7.0 0.016 <0.024 99.968 >99.953 
68 5125-5/29 0.12 5 12 N ZF 0.015 50 31.3 62.6 5 345 7 14.0 0.041 <0.046 99.918 >99.908 
H 6/6-6/25 0.12 15 0 c ZF 0.014 50 15.9 31.8 11 803 0 o.o 0.000 <0.140 100.000 >99.972 
80 7/4-7/23 0.12 5 0 c MP 0.042 50 32.2 64.3 10 853 0 o.o 0.000 <0.042 100.000 >99.916 
86 811-8/6 0.12 15 4 N MP 0.398 1000 183.8 18.4 4 277 0 o.o o.ooo <0.398 100.000 >99.960 
89 8/8-8/12 0.12 15 5 N MP 0.246 1000 221.0 22.1 4 374 0 o.o 0.000 <0.246 100.000 )99.975 

102 10/20-10/25 0.12 15 11 N MP 0.081 1087 853.0 78.5 s 342 0 o.o 0.000 <0.081 100.000 >99.993 
105 10/26-10/31 0.12 15 12 N MP 0.091 5075 2705.0 53.3 5 435 0 o.o o.ooo <0.091 100.000 >99.998 
108 1113-1117 0.12 15 0 c MP 0.121 1500 726.0 48.4 4 354 0 o.o 0.000 <0.121 100.000 >99.992 
111 11112-11116 0.12 15 0 c,s MP 0.059 1953 1556.0 79.7 4 454 0 o.o o.ooo <0.059 100.000 >99.997 
119 1118-1123 0.40 15 10 N MP 0.039 2000 1440.0 72.0 5 770 0 o.o 0.000 <0.039 100.000 >99.999 

49 2/26-3/3 0.40 5 0 c ZF 0.020 420 196.8 
~:~ 5 270 549 1466.3 5.431 9.431 98.7(17 98.7(17 

55 3/lB-3/23 0.40 15 3 N ZF 0.015 500 1137 .o 5 346 68 11.l 0.321 0.321 99.936 99. 936 
61 4/1-416 0.40 5 5 N ZF 0.014 500 399.3 79.9 5 366 26 40.7 0.111 <0.117 99.978 )99.977 
67 5117-5124 0.40 15 2 N ZF 0.006 50 35.8 71.7 7 1098 i 12.2 0.011 <0.014 99.978 )99.971 
70 5125-5/29 0.40 5 3 N ZF 0.005 50 31.3 62.6 s 762 8 16.0 0.011 <0.019 99.966 >99.963 
76 6/6-6/25 0.40 15 0 c ZF 0.005 50 15.9 31.8 11 2239 l 3.9 0.002 <0.006 99.996 >99.988 
8.2 7/4-4123 0.40 5 0 c MP 0.013 so 32.2 64.3 10 2671 0 o.o o.ooo <0.013 100.000 >99.974 
88 8/1-8/6 0.40 15 4 N MP 0.127 1000 183.8 18.4 4 871 220 1195. 7 1.373 <l. 407 99.863 >99.859 
91 8/8-8112 0.40 15 5 N MP 0.109 1000 221.0 22.1 4 843 0 0.0 o.ooo <0.109 100.000 >99.989 

103 10/20-10/25 0.40 15 11 N HP 0.024 1087 853.0 78.5 5 1134 0 o.o o.coo <0.024 100.000 >99.998 
106 10/26-10/31 0.40 15 12 N MP 0.027 5075 2705.0 53.5 5 1440 0 o.o o.ooo <0.027 100.000 )99.999 
109 1113-1117 0.40 15 0 c MP 0.036 1500 726.0 48.4 4 1199 0 0.0 o.ooo <0.036 100.000 >99.998 
112 11112-11/16 0.40 15 0 c,s HP 0.026 1953 1556.0 79.7 4 1020 0 0.0 0.000 <0.026 100.000 >99.999 
117 1217-12111 0.12 15 5 N HP 0.040 3692 3470.0 94.0 4 566 0 o.o 0.000 <0.040 100.000 )99.999 
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Table 30. continued. 

11 special Conditions: N-none, C-schrnutzdecke scraped just prior to test run, &-filter bed shocked 1::¥ draining, leaving dry for two days, stirring 
sand on top, beating on filter with haunier, and rapidly backfilling, R-resanded filter, 38 inches of sand replaced with new sand, gravel left 
intact. F-new filter media for entire colLD!l'I, both sand and gravel replaced. 

2/ 'I1le analysis technique is either zinc sulfate flotation CZFl or micropipette CMPl. These methods are desctibed in JIWendix J. 

3/0etection limits are explained in JIWendix K. 

V 'ttle cyst concen~rtition designated as "added" equals the nunber of cysts in the erst concentrate, as determined 1::¥ the stoll technique, divided 
1::¥ the numer of liters in the feed tank. 

SI 'Ibe cyst concentration designated as "detected" is determined 1::¥ concentrating a ~le fran the filter feed tank, with a 142 nm p:>lycarbonate 
me!!t>cane filter having a 5 j..111\ p:ire size and analyzing for G.ilw1ia cysts. 

6/The Har.brane Recovery Efficiency is calculated as: 100 (Detected cyst Concentratiol/CJ\dded cyst Concentration>. 

11 Scq?ling was 1::¥ passing effluent stream through 142 nm p:ilycarbonate merbrane filter having 5 in pore size. 

81 'l11e corrected m.rnber of cysts equals: (No. of cysts Detected> I CME!nbrane Recovery Efficiency). If the ZF method of analysis is used, the mem­
brane recovery efficiency is multiplied 1::¥ 0.8. The 80\ factor is used to correlate ZF to MP, i.e. the ZF is only 80' as effective as MP. 

VThese values were calculated 1::¥: (~r of cysts in Effluent Corrected for Recovery Efficiencyl/CEffluent Voll.Ille Salti>ledl 

lO/ These values were calculated 1::¥: [ C!Unber of cysts in Effluent Corrected for Ra::ovecy Efficiency> + (Average Detection Limit) CVolll!le Staqied 
wben "O" cysts were Detected> )/(Effluent Volt.me Salti>ledl. 

ll/11'.ese values were calculated 1::¥: 100!1 - (Effluent cyst Concentration Based on cysts Detectedl/Clnfluent cyst Concentration Added. 

12/These values were calculated 1::¥: 10011 - (Effluent cyst Concentration Corrected for Detection Limitl/(Influent cyst Concentration Added] 

lJ/nie influent cyst concentration added had an error of unkno.m origin, so tt.is test run was assi91ed an average value calculated fran the first 
13 test runs in this table. 

li/Test results (lCior to this date were not used because a cartridqe filter was used instead of a meirbrane filter for sant>J.e ~ntration. 'Ibis 
technique could not be calibrated. · -

Wl'E: Conplete data for these test runs are given in Appendix A. 
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Table 31. Sllrma.ty of results for Giardia cyst experiments for Phase II sla-1 sand filtration, 4/83 to 
8183. 

MembrarwlV 
cysts in Effluent 

Specia12/ Influent cystV Filter !littler 11 Efflue# Correctedl' 
Filterl/ Date Flow TEr..p Conditions Detection31 Concentration Recovery Effluent Vol!De cysts For Recovery 

No. !Jrt=ed Limit Added Efficiency Samples Sampled Detected Efficiency 
m/hr <°Cl !da:z:sl (c/IJ (c/Ll (\) (No.) (No.) (No.) (No.) 

5/4-8/4 0.12 10 IDNE 0.42 3000 50 3 98 0 0 
21/4-22/4 0.12 10 U)NE 1.33 1956 50 1 30 0 0 
3/5-415 0.12 10 IV!lE l.18 1845 50 1 34 0 0 

5/4-8/4 0.12 10 1/2 0.43 3000 50 3 95 0 0 
21/4-22/4 0.12 10 1/2 1.33 1954 50 1 30 0 0 
3/5-415 0.12 10 112 1.08 1845 50 l 37 0 0 

5/4-8/4 0.12 10 
<g_2 

0.58 3000 50 3 71 0 0 
\ 21/4-22/4 0.12 10 1.74 1956 50 1 35 0 0 
3/5-4/5 0.12 10 c1i l.11 1845 50 1 36 0 0 

5/4-814 0.12 10 WI' 0.33 3000 50 3 125 0 0 
2114-2214 0.12 10 lUI' 1.38 1956 50 l 29 0 0 
315-415 0.12 10 wr 1.05 1845 50 1 38 0 0 

5/4-8/4 0.12 5 LS,LT 0.47 3000 50 3 87 0 0 
5 21/4-22/4 0.12 5 LS,LT l.48 1956 50 l 26 0 0 

3/5-415 0.12 5 LS,LT l.05 1845 50 1 38 0 0 

514-8/ 4 0.12 5 LT 0.34 3000 50 3 122 0 0 
21/4-2214 0.12 s LT l.48 1956 50 1 27 0 0 
3/5-415 0.12 5 LT l.33 1845 50 1 JC 0 0 

2717-2917 0.12 10 LS 0.41 3227 50 2 100 0 0 
16/8-18/8 0.12 10 LS 0.41 2768 76 2 100 0 0 
18/8-17/8 0.47 10 LS 0.20 2768 76 1 132 2620 3434 

11 Filter l ... as the control filter; Filter 2 had one halS sand bed depth; Filter 3 was chlorinated between test runs; Filter 4 had nutrients 
adaw; Filter 5 t.ad 0.615 rm: s.aOO and was cooled to 5 C; Filter 6 was cooled to s0c; Filter 7 had 0.615 um sa'":i. 

2' Sfeeial conditions are: 112 = one hg.l.f the sar.d bed depth, a
2 

= chlorinated between test runs, ~ = nutcient addition, LS = large sand Cd10 = 0 .615 r.rnl, LT = low tac.pi=rature (5 Cl. 

l/ D<:tection l irr.its are explair.ed in Af.p:rdix K, 

ii 'll'1e ir.fh;ent cyst cor,centration e:;-..oals the n~r of cysts in the cyst concentrate, as determined ty the Stoll technique, added to the filter 
feed tank divick<I ~- the mr..ter of liters in the feed tank. 

5/The r:a:itrane filter recovery was net calci.:lated for any tests accept for Filter 7 tests. 'ftle 50 percent efficiency used is appcoximately 
equal to the average manbrane filter recovery efficiency for all the Phase I testing. 

6/'It>is is the volume of sample ~nuated fran the filter effluent with a 142 !Till ment>rane filter with 5 ;a pore size. 
VTt,e COH<."Ctc:d r.ca:«r of cysts e<jualS: (No. of Cysts Detected)/(Ma:tbrane Filter Recover Efficiency). 
ll/'lt.(:St values were calculated by: mo. of C';st:; in Effluent, Corr(·ctul fr r Ri:-crneryl I (Effluent V~\hx.e s=.plr,ll. 
9/Tt.iose values were calculated ty: ! n;::,. of cy~ts in Effluent Corri:"Cted ivr Rt<·0ve:1yl + ll.it-tc...:Lion L.L..iti (U ::luer.: ·.-olme ~led were •o• 

cysts were detected) I/ ( Efflutnt \'Qlune Sar-.pledl • 
lQ/The:se v<-11.<es were calculated ty: 100(1 - <Effluent Cyst Concentration Based on Cyst Detectedl/(lnfluent cy~t Cor..::entratit.n Addedl. 
ll/'lliese values were calculated ty: 100(1 - (Effluent Cyst Concentration Corrected for Detection Wmitl/(Influent C'yst ConQ11tration Added). 

Effluent cyst 
Concentration Percent llielDCNal 

Based on cy;m' Based on cystP Corrected Fo{!J/ <:ocrected ro--;nt 
Detected Detection Limit Detect elf Detection Limit 

c/L c/L (\) (&) 

0 <0.42 100 >99.99 
0 <1.33 100 >99.93 
0 <1.18 100 >99.94 

0 <0.43 100 >99.99 
0 <l.33 100 >99.93 
0 <1.08 100 >99.94 

0 <0.58 100 )99.98 
0 <l. 74 100 >99.91 
0 <l.11 100 >99.94 

0 <0.33 lOC >99.99 
0 <1.38 100 >99.93 
0 <1.05 100 >99.94 

0 <0.47 100 >99.98 
0 <l.48 100 >99.92 
0 <l.05 100 >99.94 

0 <0.34 100 >99.99 
0 <1.48 100 >99.92 
0 <1.33 :oo >99.93 

0 <0.41 :oo >99.99 
0 <0.41 100 >99.99 

26.0 26.0 99.06 99.06 



REMJVALS OF DEI£NDENI' VARIABIES 

'Ibis section presents the filter performance in teIInS of the dependent 
variable renovals, i.e., Giardia cysts, total colifonn bacteria, fecal 
coliform bacteria, standard plate count bacteria, p:trticles, and turbidity. 
'!he results are presented for all conditions of operation and surmarize the 
cap:lbilities of the slow sand filter for ranoval of these variables. 

Giardia CYst Renova1 

Table 3 O sumnarizes the Giardia cyst ranoval results for Phase I 
testing. Table 31 sunmarizes the Phase II results. 'Ihese two tables 
summarize the Giard.ia testing program sh.owing test conditions, cyst analysis 
techniques, and cyst data. 'lhe data were abstracted f ran Api;:endix c. 

The results show that ranovals of Gi.araia cysts were uniformly high, 
exceeding 98 i;:ercent under the rost stressful oondition imIX>sed. Gi,ardi.a 
cysts were detected in about half of the effluent sample in Phase I. Once a 
filter had a "mature" microbiological IX>Pulation, cysts were not detected in 
the effluent and ranovals were ret:0rted in terms of "detection limit". Table 
31, showing :Alase II results, indicates only one breakthrough of Giardi.a 
cysts. 'Ibis was attained only after "many" tests in which cyst breakthrough 
was expected but not attained. Finally, using a sand having a a10 = 0.615 
nm, a hydraulic loading rate of 0.47 mlhr, and a high influent cyst 
concentration, breakthrough was attained. 

These results shCM sinply that ranovals of Giardia cysts by sl.CM sand 
filtration are high even under the IOC>st stressed oonditions. Renovals 
approached 100 percent shCMing no functional resp:mses to J:wdraulic loading 
rate, tanperature, sand size (below 0. 278 mm) , sand bed depth, schnutzdecke 
ranoval, or sand replacement. While filtration through a new sand bed will 
ranove 98 percent of cysts or more, developnent of the biological 
IX>pulation within the sand bed will cause renovals to approach 100 percent. 

Total COliform Renova! 

Table 32 sunmarizes the total ooliform bacteria renoval results for 
Phase I, Phase II and Phase III testing. It presents an overview of colifonn 
testing, illustrating the experiment thanes for each J;hase and the test 
conditions for each filter. 

Table 32 shows that percent renovals of total ooliform bacteria for the 
Phase I filters, i.e. 99.957, 99.675 and 99.017 percent, were higher than for 
the Phase II and III filters. 'Ibis is due most likely to the longer 
operating period of the lbase I filters. '!he longer period of operation of 
the Phase I fil1ters which si:armed 16 IOC>nths, provided for more testing when 
the filters were biologically mature, hence, the higher percent ranovals. 
When the state of biological maturity for each filter is oonsidered the 
results between Phases I and II canpare favorably with each other. '!he 
removals shCMn are similar also to those obtained by other researchers, e.g., 
Poynter and Slade <1977) • 
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Table 32. Total ooliform ranoval l:!r7 slow sand filtration. 

RIASE Ill PHASE II2/ PHASE III'l/ ... 
Filter No. 11/ 21/ 31/ 1 2 3 4 5 6 1 2 3 4 5 6 

Sand Size (lllll.) 0.27 0.27 0.27 0.287 0.287 0.287 0.287 :!:11m1~: 0.287 0.287 ~11:111 :~~111:r o. 287 ::~:!~111::i o. 287 
\ l 

!!1!!!~1!! Sand Depth ( m) 97 97 97 97 97 97 97 97 97 97 97 97 97 97 

Hydraulic loading Cnv'hr> ;~ill\. j!lll~ ~111i 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 

Temperature c0 c> 15 15 15 17 17 17 17 ii!!:!il1!11! !!iill 17 17 17 17 l7 !~~!!~!!!! 
a.itrient h:!dition None None None None None ~!1!!1!111' 'lil~•l None None None None None i!!. None None 

tllmber of Tests 81 81 81 108 82 43 81 82 82 25 16 25 25 25 25 

Geanetric Mean 
Influent Cno./lOOmU 346 346 346 7668 7102 8286 7134 7102 7102 14389 39284 14389 14389 14389 14386 

IGeanetric Mean 
Effluent Cno./lOOmIJ I 1.7 

4.8 14.9 , 2<M; 332 3531 9 1192 914 
I 439 

1468 913 192 1042 915 

Geanetric Mean 
Removal (%) 99.5 98.6 95.7 96.8 95.3 57.4 99.9 83.2 87.1 96.9 96.3 93.6 98.7 92.8 93.6 

NJl'E A: This table was constructed fran the information contained in Appendix I>. 

B: Fhase I testing: Hydraulic loading rates were different 

Phase II Filter 1 was the control, Filter 2 had 1/2 the sand~ depth, Filter 3 had no biol29ical pop.ilation <chlorinated>, Filter 4 had 
nutrients added, Filter 5 had large sand and was operated at 5 c, Filter 6 was operated at s0c. 

Fhase III Filter 1 was the control, Filter 2 had a diatanaceou8 earth surface coating, Filter 3 had snall sand, Filter 4 was taken off of 
nutrients, Filter 5 had large sand, Filter 6 was operated at 2 c. 

C: The shading indicates the process variables of interest. 

l/ calculations were made u:.;ing only days when data were available for each of the Phase I filters. 

21This filter was coated with approximately 3-kg/nf of C545 diatanaceous earth. 



~ndix D shONs daily renovals of total ooliform bacteria for all 
filters used in each of the three p:iases of exper:imentation. It al.so has 
surmaries of ranovals for each of the filters. Tables D-1 and D-2 compue 
the Phase I results for Filters 1, 2 and 3. Table D-3 and D-4 present the 
Phase II results and Tables D-5 and D-6 present the :Ehase III results. 
Tables D-2, D-4 and D-6 shON the overall percent ranovals for each filter. 
These renovals are calculated as geanetric means of the influent and effluent 
total coliform analyzes. Two averages are presented in these tables. '!he 
first average was calculated with all available data. '!be second average for 
Phase I testing was calculated with data f ran those days when data were 
available for all three filters. '!be second average for Phase II and III 
testing was calculated with data fran days when the filter was biologically 
mature. 

'!be results shewn in Table 31 demonstrates that coliform ranoval for a 
biologically established slow sand filter exceeds 95 percent for nost 
operating conditions. It was shewn also that for various conditions of 
design and operation the renoval can vary fran 80 percent to 99.9 percent. 
The conditions which tend to decrease removal in an established filter are: 
1) cold tanperature; 2) increased }Vdraulic loading rate; 3) large sand; 4) 
decreased sand ted depth; 5) decreased nutrient availability; 6) decreased 
influent oontaminant ooncentration, 7) renoval of the schnutzdecke, and 9) 
replacing the sand. '!be biological maturity of the filter has the greatest 
influence on colifom ranovals. As the biological ccmnunity develops in the 
schmutzdecke and sand ted, ranoval improves fran about 60 percent at start-up 
to greater than 99 percent for a biologically mature filter. 

C:Oliform bacteria proved to te highly appropriate as indicators of 
filter perfotmance for three reasons. First, they will not be prop:lgated in 
the filter bed. Second, they are easy to analyze. 'lhird; they are used 
within the water industry as a standard indicator. '!be pranise has been that 
if coliforms are renoved during treatment then p:ithogens will be renoved 
also. Other researchers have shONn that virus and bacterial p:lthogen renoval 
by slow sand filtration is as good or tetter than coliform renoval, e.g., den 
Blanken <1982), McCarthy (1975), Hazen Cl913). 

Fecal COliform Renpval 

Table 33 summarizes results of fecal coliform testing, which was oone 
only ·for four xoonths during Phase I testing. Average percent renovals are 
shown, along with corresp:>nding geanetric means of influent and effluent 
ooncentrations. '!he fecal coliform renovals were about the same as total 
ooliforrn renovals. Percent ranovals were 99. 7, 99.5 and 99.1 for Filters 1, 
2 and 3, respectively. All data related to fecal colifom testing are in 
Apt:endix E. 
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Table 34. Standard plate count bacteria renoval. by slow sand filtration. 

H!ASE I PHASE II PHASE III 

Filter No. ill ill 311 1 2 3 4 5 6 1 2 3 4 5 6 

Sand Size (Illll) 0.27 0.27 0.27 0.287 0.287 0.287 0.287 ilfl 0.287 0.287 \li!lm 
::::::::::::::::::;:::::::::;:::::!: :!lii• 0.287 ~~-;•1 0.287 

Sand Depth (m) 97 97 97 97 :i[:illii 97 97 97 97 97 97 97 97 97 97 

Hydraulic Loading Cm/hr) ~ll~i :~::i11i :1i1;,:::~ 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 

Tanperature c
0 c> i1!1~l&~ '[It :~::::~:: 

15 15 15 17 17 17 17 17 17 17 17 17 ll 
' 

::::~-~ j~j~i•1 J'.!!Jl:l:!:!:.l N.Itrient Addition None None None None None None None None None None None None 

ltlmber of Tests3f 117 117 117 80 80 42 78 80 80 43 16 39 43 43 43 

Geanetric Mean 
Influent <no./mL) 2869 2869 2869 624 624 595 628 624 624 904 630 1524 904 904 904 

Geanetric Mean I Effluent <no./mL) 538 489 686 825 603 1075 352 249 223 150 141 495 170 279 1~5 

Geanetric Mean 
Rerooval (%) I 81 83 76 I -32 3 -80 44 60 64 I 83 77 68 81 69 82 

OOl'E A: This table was constructed fran the information contained in Appendix F. 

B: Iilase I testing: Hydraulic loading rates were different. 

Phase II testing: Filter 1 was the control, Filter 2 had 112 ~e sand bed depth, Filter 3 had no biological po(1llation, Filter 4 had 
nutrients added, Filter 5 had large sand and was operated at 5 c, Filter 6 was operated at s0c. 

Phase III testing: Filter 1 was the control, Filter 2 had a diatanaceous earth surface coating, Filter 3 had snall sand, Filter 4 was 
taken off of nutrients, Filter 5 had large sand, Filter 6 was operated at 2°c. 

C: The shading indicates the process variables of interest. 

D: Removals were calculated with 24 hour separation between influent and effluent values. 

l/Calculations were made using only days when data were available for each of the Iilase I filters. 

2/This filter was coated with approximately 3 kglrn2 of C545 diatanaceous earth. 

3/Nine of the Fhase III tests were spiked with greater than 5xl05 bacteria. 



Table 33. Fecal coliform renoval ~ slow sand filtration, Phase I results. 
·--------·-·-

Geanetric Geanetric 
Hydraulic Number Mean ~an 

Loading of Influent Effluent 
Filter Rate Tests Concentrations Concentrations 
Nunber 

Cnv'h> (It>.) (Col iforms/ (Col iforms/ 
100 mL) 100 mL) 

1 0.04 27 444 1.44 
2 0.12 27 444 2.08 
3 0.40 27 444 3.95 ---·-

Note: canplete fecal coliform data are given in Ap~ndix E. 

standard Plate Count Removal 

,___ ____ 

Ave rage 
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99 
99 

.7 

.5 -----
--~9 .1 ---

Table 34 summarizes the standard plate count bacteria analyzes for Phase 
I, Phase II and Phase III testing. '!he results are average renovals for all 
conditions of operation, i.e., start-up through mature operation. They were 
calculated fran data in Ap~ndix F, which contains the daily removals. 
Tables F-2, F-4 and F-6 summarize the percent removals for each filter. 'l.Wo 
averages are presented in these tables. '!he first average was calculated 
with all available data and the second was calculated with data f ran those 
days when analyzes were available for all three filters. 

The use of standard plate oount bacteria as an indicator of performance 
presents a problem when interpreting results. Since there is an active 
biological community within a slow sand filter it is expected that bacteria 
will be sloughed fran the filter. 'Ihe base level effluent conamtration of 
standard plate count bacteria observed for Phase II and III testing was 100 
to 200 colonies per milliliter. '!he conamtration of standard plate count 
b3.cteria present in the raw water f ran Horsetooth Reservoir water was about 
the same. 'Ibus percent ranoval.s were usually snall or negative during day to 
day o~ration without spiking. Because of this, standard plate count 
bacteria was not considered a suitable indicator for evaluating filter 
effectiveness. When the filter influent was spiked, however, it was usefui·5 As an example, the influent to Filter 1 was spiked with approximately 5xl0 
standard plate count bacteria f ran Novenber 20 to November 2-9 during Phase 
III tests. Results showed 99 ~rcent removal. Also, during the Phase I 
testing the influent concentration of standard plate count tacteria was 
higher due to sewage addition and results· showed 76 to 83 percent removal. 

The PJ.enanenon,of bacterial. production and sloughing was studied further 
~ increasing and decreasing influent standard plate count bacteria above and 
below ambient conditions. The procedures used are described i~ a previous 
paragra:til. '!he 5influent ooncentration was varied between <lo-'" colonies per 
milliliter to >10 colonies per milliliter. Figure 60 shows the results of 
these tests for Filter 1 during Phase II and III testing. The curve 
representing the trend in the data indicates that effluent standard plate 
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INFLUENT STANDARD PLATE COUNT B~CTERIA CONCENTRATION 

Figure 60. Influent versus effluent standa.rd plate count bacteria concentrations for slCM sand fil­
tration. Values obtained fran a mature filter operating with an effectiv5 sand size of 
0.287 nm, at a hydraulic loading rate of 0.12 in/h and at a temp:rature of 17 c, Filter 1, 
Phase II and III testing. 



count bacteria concentration is inde~ndent of the influent concentration 
over a range of 1 to approximately 1000 colonies/ml. Al.so, the data indicate 
that very large influent concentrations are needed to cause an increase in 
effluent concentrations. 

Figure 61 is a representation of the trend indicated in Figure 60. '!he 
influent concentration fran point "a" to point "b" represents the range in 
which the effluent standard plate count tacteria concentration is at the 
"base level". '!he magnitude of the base level concentration is unjque for a 
given set of Op:!rating and ambient water conditions, Ce.g. nutrient 
concentration, ten~rature). Beyond point b the influent bacteria 
concentration begins to overwhelm the filter's renoval capacity. Fran this 
point on the bacteria in the effluent will be canprised of ooth generated 
bacteria and those influent bacteria which iass through the filter. Figure 
61 illustrates the bacteria "passed through" the filter, i.e., the level 
leaving al:x>ve base level, and the tacteria n renoved n, which are those 
entering less the base level. 

Figure 62 was hypothesized and constructed by Allen Hazen in 1913, lhe 
Filtration .Qf PUblic Water Sup.plies. Al though Hazen did not have the data to 
support his hypothesis it is api:arent that he believed a ranoval of influent 
bacteria was occurring with a corresI,X>nding generation and discharge of 
bacteria fran the filter. This concept explains the baseline or lower 
ooncentration of bacteria discharge fran a slow sand filter for given design, 
operating and ambient conditions. The test descrited above confirms this 
lrfpothesis. 

Turbidity Reooval 

Table 35 summarizes the turbidity renoval results for all of the slow 
sand filtration testing. '!he table shows averages of influent and effluent 
turbidities obtained during all test conditions for each Itiase of testing and 
for each filter. 

Table 35 shows that the Phase I testing demonstrated average turbidity 
removals ranging from 27 to 39 percent while average ranovals for the Phase 
II and Phase III ranged f ran 7 to 18 i:ercent. The differences occurred 
because the Phase I results included many more values obtained during 
o~rations with biologically mature filters. A high proportion of Phase II 
and Phase III results on the other hand, were obtained during start-up and 
after schmutzdecke renoval. 

Api:endix G contains all of the turbidity information oollected during 
testing. It can be seen in Table G-1, Ap~ndix G that "negative removals" 
a~ar for sane daily turbidity percent ranovals. These renovals are 
calculated by using the influent and effluent values fran the same.day. 
Therefore, if a rapid decline in influent turbidity takes place, a negative 
ranoval will result, due to an insufficient time for it to be reflected in 
the effluent; this was not a comroon occurrence. A negative removal can also 
result if biological sloughing is occurring during the effluent sample 
collection. In addition, negative removals may occur during the initial 
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Table 35. Turbidity removal ~ slow sand filtration. 

RIASE I mASE II PHASE III 

Filter No. ill' zll 311' 1 2 3 4 5 6 l 2 3 4 

Sand Size (rrrn) 0.27 0.21 0.27 I 0.278 0.278 0.278 0.278 ~i!ll!lli: 0•
218 I 0•

218 i::iil- ~llfl!~\1111 °· 218 

1111111111, 
97 97 

0.12 0.12 0.12 

17 17 17 

Sand Depth (m) 197 97 97 l 97 

Hydraulic Loa:ing Cm/hr) :iill[I iii!Illli 11111!11~ 0 •12 

Temperature ( C) 15 15 15 17 

rutrient Addition I None None None I None None i,11~ Iii~ 
:::::::::~::;:~~;: 

N.:Jmber of Test 2'Il 2'Il 2'Il 87 87 87 87 

Average Influent 'rnru> 6.01 6.01 6.01 7.2 7.2 7.2 7.2 

'Average Effluent (NI\J} 3.66 4.08 4.371 6.2 6.3 6.7 4.2 

Average Removal (%) 39 32 27 14 12 7 ~2 

tlJl'E A: This table was constructed fran the information contained in Appendix G. 

B: Fhase I testing: Hydraulic loading rate was different. 

97 97 

0.12 0.12 

~II~ !lllili 
None None 

87 87 

7.2 7.2 

6.7 6 .. 7 

7 7 

97 

0.12 

17 

None 

44 

7.1 

6.2 

1J 

97 

0.12 

17 

None 

17 

7.7 

6.3 

18 

97 97 

0.12 0.12 

17 17 

None !~il~t;::1:::~: 
43 44 

7.1 7.1 

8.2 6.6 

-15 7 

5 6 

!~1:•Jll1 0.278 

en 97 

0.12 0.12 

17 -~ None lt>ne 

44 44 

7.1 7.1 

6.2 6.0 

13 15 

Phase II testing: Filter 1 was the control, Filter 2 had 112 the sand bed ~' Filter 3 had no biologi~l (X>p.ilation, Filter 4 
had nutrients added, Filter 5 had large sand and was operated at 5 C, Filter 6 was operated at 5 c. 

Phase III testing: Filter l was the control, Filter 2 had a diatanaceous earth surface ~ting, Filter 3 had small sand, Filter 4 
was taken off of nutrients, Filter 5 had large sand, Filter 6 was operated at 2 c. 

C: The shading indicates the process variables of interest. 

ll'calculations were made using only days when data were available for each of the Phase I filters. 

2/This filter was coated with approximately 3 kglm2 of C545 diatanaceous earth. 



start-up of a filter. This can be caused by fines being washed out of the 
sand bed and by excessive bacteria sloughing. 

The process variables which were shown to affect turbidity ranoval were 
hydraulic loading rate and biological activity. As the twdraulic loading 
rate decreased turbidity renoval increased. This was shown in Figure 38. As 
the biological activity increased turbidity renoval also increased. This was 
shown by the data in Table 35, comparing Filter 1, the control, and Filters 3 
and 4, the chlorinated and nutrients added filters, resi;ectively, in which 
ranovals are 14, 7, and 42, res~ctively. 

Turbidity renoval, for those particles too anall to be strained, was 
shown to be influenced by the biological rra.turity of the filter. This can be 
seen in the start-up data presented in Figure 55 for the control filter and 
in Figure 56 for the nutrients added filter. Turbidity renoval was sham to 
increase with increasing time except for the chlorinated filter where ranoval 
never improved, i.e. no biological assistance. 

Turbidity renoval, on the whole, was not high. Turbidity renoval during 
all three ~ses of testing was insufficient to canply with a 1 N'lU standard. 
This was not expected and is not usual for slow sand filtration, e.g. Huisman 
(1974), Cleasby (1983), Fox, (1983). '!he low ranovals were due to the snall 
particles canprising the turbidity in Horsetooth reservoir water which passed 
through the slow sand filters. 

TUrbidity Olaracterization--
Turbidity renoval.s during this experimentation were much lower than 

results reported by others. Nonnally, effluent turbidity levels can be 
expected to be less than 1 NIU after slow sand filtration. The higher 
effluent turbidities experienced in this work can be attributed to the anall 
i;articles canprising the turbidity in Horsetooth Reservoir water. 

'!he sizes of the particles canprising the turbidity were c:Etennined by 
running me:nbrane filter tests on Horsetooth water. Figure 63 is a plot of 
turbidity ranoval versus manbrane pore size. As shown the turbidity is not 
ranoved to telow 1 NIU until a manbrane with a ix>re size of less than 0 .45 µm 
is used. Even a 0.22 }Jiil filter allows 0.49 NIU to pass fran an influent of 
5.2 NIU. 

The values in Table 36 provide a means to gage the relative size of the 
particles which canprise Horsetooth turbidity to particles in "natural 
waters". Horsetooth i;articles would be classified as fine turbidity or 
colloids. 
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Table 36. 'fypical size of particles in natural water (Beard, 1977) • 

Source Diameter of 

---------- ----~-r~j._£le_~-
CDarse turbidity 1-1000 
Algae 3-1000 
Silt 10 
Bacteria 0.3-10 
Fine turbidity 0.1-1 
_c_o_1_1o_i_ds~~~~~--~~---~o.~001-1 

A mineral analysis of a turbidity sample fran Horsetooth Reservoir water 
was chne by Dr. E. Robert Baumann at Iowa State University using a sample 
residual fran a 0.22 JJill manbrane filter, through which water fran Horsetooth 
Reservoir was filtered. X-ray diffraction and scanning electron microsooP.f 
were used as the analytical methods. His results are included in Appendix L. 
'!he p:t.rticles were identified as kaolinite, illite and montmorillonite in 
sizes ranging fran 6 JJill to "lots of snaller Cmuch) p:t.rticles." 

Once the size distribution and mineral nature of the turbidity pa.rticles 
were detennined, attention was directed toward learning w:tw the turbidity 
removal efficiencies were low Cas compared with others re:tX>rted in the 
literature, e.g. Cleasby, 1983). One explanation oould be that none of the 
turbidity particles were large enough to be retained on the top of the sand 
bed which could aid in the formation of a schmutzdecke. Another explanation 
was that the !CM nutrient levels C <5 ng/L CDD) in the Horsetooth water may 
not be enough to pennit ade:iuate developnent of biological activity within 
the sand bed so that the filters would function properly. '!Wo tests were 
conducted to detennine if either of these factors might contribute to poor 
turbidity renoval. 

First, diatanaceous earth, ~ille C-545 having a d = 0.013 nm, was 
de:EX>sited at the rate of 3 kg/m on the top of a biol6$ically mature slow 
sand filter. This was Filter 2, used in Phase III testing. '!'be schmutzdecke 
was given 40 days to develop on the diatanaooous earth before testing. At 
the end of this period, turbidity renoval was only 9 ~rcent for Filter 2 
while the control filter renoved 8 peroont, see Table 18. These results 
demonstrated that adding a layer of fine material to inprove retention of 
biological matter for schnutzdecke developrent did not affect turbidity 
renoval. 

The biological activity and amount of bianass was increased in Filter 4, 
Phase II, by adding sterile s,ynthetic sewage nutrients at a rate suf~icient 
to reduce the dissolved oxygen by 4 to 5 ng/L as oontrasted with l ng/L in 
the other filters. Turbidity ranoval was 42 peroont, versus 14 peroont for 
the control filter, as shown in Figure 35. '!be 4 to 5 ppn dissolved oxygen 
decrease is greater th.an rost slow sand filter installations experienoo; 
consequently, the biological activity can be asstmed to be as high as or 
higher than rrost slow sand filters producing 1 NTU water. This test showed 
that enhaced biological activity within the sand bed definitely contributed 
to improve renoval of turbidity, which is shown by canparing peroont ranovals 
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of turbidity in Figures 55 and 56 for the control and nutrients added filters 
res~ctively. Table 35 sh0t1s the same canparisons of average percent 
ranovals of turbidity. Percent ranovals of turbidity are sharply improved by 
adding nutrients to enhance biological activity. Further, Table 35 sh0t1s 
that when Filter 4 was taken off nutrients, in Phase III, the ~rcent 
ranovals of turbidity declined to only 7, vis a vis 42 with nutrients. 
Figure 57, and Table 35 also, show turbidity renovals for the -Chlorinated 
filter which is presumably devoid of biological actvitity. Turbidity 
removals are vecy low. These results corroborate the role of biological 
activity within the sand bed in turbidity renoval. As discussed previously, 
it seems likely that the turbidity particles may impinge on the biological 
film on the sand grains or are coagulated by natural polymers fran the 
microorganisms (see Pavoni et al., 1972). 

It was IX>inted out that there may be a turbidity exchange rather than 
the turbidity passing through the filter. '!he above described tests showed 
that this was not 1 ikely. 

First, if an exchange of turbidity is occurring it is reasonable to 
assume that the effluent turbidity is due to sloughing of cellular materials 
which are products of the biological process. To reiterate, filters were 
operated at: l) available nutrient levels <control Filter 1, Phase II and 
Phase III) , 2) when biologically inactive (Chlorinated Filter 3, Phase II>, 
and 3) with increased biological activity (Nutrient Addition Filter 4, Phase 
II). '!he average turbidity ranovals fran these filters, fran Table 35, were 
14, 7, and 42 percent, respectively. If a turbidity exchange occurred one 
would expect higher effluent turbidities as the biological activity 
increased, which was clearly not the case. 

second, the am.oWlt of biological material necessary to create a 
turbidity of 6 NTU, the naninal turbidity level - of the rEM water fran 
Horsetooth Reservoir, would most probably have to have standard plate count 
levelg far in excess of those detected in the filter effluents. '!be addition 
of 10 standard plate COWlt bacteria per milliliter to the influent of the 
filters r~sed the turbidity fran 6 .1 to 6. 7 NIU. 'Ibis is only a O .6 NIU 
rise for 10 bacteria per milliliter. 

Finally, a chlorine demand and disinfection test was perfonned on the 
slow sand effluent. '!'he results of these tests, Ap~ndix M, indicate that 
there is very little difference between the chlorine demand of the slCM sand 
filter effluent and that of the water being produced by the City of Fort 
Cbllins. The city noimally achieves turbidity levels below O .1 NIU. 'Ibis 
test deoonstrates that the turbidity particles being passed by the filter do 
not create a chlorine demand and are probably not organic matter being 
produced by the filter. 

In sunmary, the i;articles which canprise the majority of the turbidity 
in Horsetooth reservoir water can be characterized as very snall, i.e below 
0.5 ,um, oomposed of clay, and capable of passing a slCM sand filter. '!be 
particles comprising this turbidity are not likely to be primarily cellular 
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The start-up and final operating periods of the Phase I testing shows 
sane variations in flow rate. '!he first variations were the result of the 
pilot plant start-up and "debugging." During this period different punps and 
flow settings were tried. '!he latter fluctuations were deliberately produced 
to test extremes in operating conditions under identical flow rates. No 
Giardja testing was perfonned during variations of flow f ran the designated 
values. 

TE!JJQerature 

The temperature histories for the slow sand filters are given also in 
Figures I-1 through I-9 in Api;endix I. 'I.he Phase I filter tanperatures were 
allowed to fluctuate with ambient conditio~, except during Giardia testing. 
The ambi8nt tan~rature ranged between 10 c and 20°c. Giardia testing was 
kept at 5 c or 15 c. It was determined in preliminary tests that Giar<lia 
cysts are not stable for very long at temperatures above 15°C; consequently 
this was the upper te:nperature limit used during Gig,rdia testing. '!his is an 
area where further research is needed since the information was needed for 
our experimental work and it would be useful in practice to assess the 
viability of the cysts in warm waters. 

The Phase II and III testing on Filters 1, 2, 3 and 4 was performed at 
approximately 17°c for all but the Giardia tests; again the temperature was 
lowered to l0°-1s0c for these tests, which was done only to insure cyst 
viability. Filters

0
5 and 6

0
were operated continuously at s0c for the second 

i;tiase and then at 17 c and 2 c, respectively, for the third phase of testing, 
as indicated in Table 24. 

Headloss 

The headloss for the entire operating period of each filter is presented 
in Figures I-1 through I-9 in Ap:r;:endix I. Headloss was xronitored to follCM 
the progress of schmutzdecke developnent and also the increase in hydraulic 
resistance within the filter. 

Sharp decreases in headloss were caused by renoving the schmutzdecke. 
Figure C-3 shows, for example, that on days 70, 248 and 435 the headl.oss was 
greater than 150 an which was enough to warrant renoval of the schmutzdecke. 
'!he headl.oss dropped to 5 an after the schnutzdecke removal on day 70 and to 
about 20 an after the schmutzdecke removal on day 435. '!his increase in 
headloss was probably due to silting, which is caused by the gradual 
accumulation of inorganic and organic particles within the sand colunn. 

Sharp increases in differential pressure, as seen in Figure C-3, were 
generally a:>ncurrent with Giardia test runs. The Giardig, c,yst suspension, 
oonsisting of liquefied dog feces, increased the level of susi;ended solids 
in the influent water esi;ecially in the size range which tend to form a 
dep:>sit on the surface of the filter. Consequently, a rapid rise in headloss 
was experienced during Gia.rdia testing. 
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material, as suggested by one of the teer reviewers of the Phase I results of 
this research. 

Disinfection--
Because effluent turbidity levels f ran the slow sand filters did not 

reach the 1 N'lU standard, it was considered necessar:y to perfoon prel:i.minar:y 
disinfection testing. Api;endix M oontains the results of two test runs which 
were conducted to evaluate the effect of the turbidity fran Horsetooth 
reservoir on dllorine disinfection. '!be results indicated that there was not 
a major difference in chlorine danand nor disinfection effectiveness tetween 
the effluents fran the slow sand filters, fran a diatanaceous filter, or fran 
the rapid sand filters at Fort Collins water Treatment Plant No. 2, which 
ranoves turbidity to O .1 NIU. 'lbese results of tests indicate that the 
turbidity in the Horsetooth Reservoir water does not interfere with 
disinfection. 

Particle Renoval 

Table H-1, App!ndix H, gives the i;article counting history for the three 
slow sand filters for the period fran Februar:y to June, 1982. It includes 
daily i::article ranoval percentages for each filter. Table H-2, Appendix H, 
gives average particle ranoval percentages. 'lbe average removals for 
hydraulic loading rates of 0.04, 0.12 and 0.40 m/hr are 96 .81, 98.50, and 
98.02 percent for the 6 .35 to 12. 7 "1In size range, respectively. No 
oorrelation was found l:etween i;article ranoval and any variable tested. 

Because particles such as rotifers and bacteria are continually enitted 
by the filter during normal oi;erations, it is impossible to differentiate 
l:etween particles passing through the tilter and particles that are sloughed 
fran within the filter. Dr. Hibler observed these organisns rei;eatedly 
during microscopic exaninations of the filter effluents. Since the general 
level of ranoval had been established, i.e. 96 to 98 i;ercent for 6 .35 to 12. 7 
"1In particles, it was felt further testing was not necessary. 

M:>Nl'IDRDG OF FILTER O~RATICNS 

Hydraulic loading, temperature and headloss were monitored for each 
filter during the three phases of testing. ihese data are presented in 
gra}.l:lical form in Appendix I. 'I.be following sections review the tehavior 
exhibited. 

ijydrau1ic Ipading 

The hydraulic loading rate history for the entire operating period of 
each filter is given in Figures I-1 through I-9 in Appendix I. '!he lydraulic 
loading rate for the three Phase I filters was set at 0.04 m/hr, 0.12 m/hr 
and 0.40 m/hr for Filters 1, 2 and 3, resi;ectively. '!he rates of 0.04 m/hr, 
0.12 mlhr and 0.40 m/hr are equivalent to 1 ngd/acre, 3 ngd/acre and 10 
mgd/acre, respectively. '!he lydraulic loading rate for each of the six Fhase 
II and III filters was set at 0.12 m/hr. 
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MECHANISM 

This research has demonstrated that renovals of bacteria and Giardia 
cysts are influenced predaninantly by biological processes. '!he biological 
influence was illustrated by the Phase II testing with: l> Filter 3 which was 
chlorinated between test runs to prevent biological growth, 2) Filter 1 which 
was the control, and 3) Filter 4 which had nutrients added to increase the 
biological activity. '!he results of these tests, presented in Tables 
28,29,32, and 35 demonstrate unequivocally the improvement in ranovals of 
bacteria and turbidity as the level of biological activity increased. As 
shown in Table 29 percent colifom ranoval was 60.l for the chlorinated 
filter, 97 .5 for the oontrol filter, and 99.9 for the nutrient fed filter. 
Similarly turbidity ranovals were 5, 15, and 52 i;:ercent. ~te that 'l.1able 29 
su:rmarizes data after filter operations were "established," while Tables 32 
and 35 are for all data. 

'!he filtration ranoval processes most often hypothesized include 
straining, sedimentation, and adsorption. '!hese processes must occur to sane 
extent in a sand bed without a biological popilation. But, as seen by the 
data in Table 29, the effect of increasing the biological activity is 
pronounced. '!he micro-organisms exist attached to the surface of the sand 
grains. '!be build-up of the biological film will certainly enhance all of 
the mechanisms mentioned. It seems reasonable to hypothesize, rowever, that 
the biof ilm provides a surface cai;at>le of adsorbing particles that are 
transported to it, and that this is more important by far than straining or 
sedimentation. Once attached to this surface biof ilm on the sand grains, 
those i;articles that are organic are subject to being metalx>lized by the 
biological cannuni ty canprising the biof ilm. This mechanisn explains the 
data observed. Sane of the clays comprising the turbidty will adhere to the 
biological matter canprising the schnutzdecke and also the biof ilm on the 
sand grains. As discussed earlier, the latter was found to be most important 
in turbidity removal. '!be clays that i;:enetrate into the sand bed deeper and 
stick to the sand grain biofilm can clog the bed eventually& 

'lhe important role suggested for the internal biopopulation within the 
sand bed was supported also by the Phase I testing which measured colifom 
and Giardia cyst removals at different levels of biological maturity within 
the filter. These tests were performed with new sand and new gravel support 
Cf ilter start-up) , new sand with mature gravel support, mature sand with 
schmutzdecke ranoved, and a mature biological population. '!be results for 
these tests are sumnarized in Figure 59 as a series of bar gra[.hs. '!be 
graphs show that filter efficiency is. directly related to the maturity of the 
biological p:>pulation within the filter, i.e., the filter with new sand and 
gravel support had the poorest ranoval while the biologically mature filter 
had the best removal. 

Physical renoval at the top of the sand bed without the aid of any 
"sticky" biological substances, was discounted as a major ranoval mechanism 
based on the results of ~ase III testing with a diatanaceous earth ooated 
filter: results of this test are oontained in Table 42. If ptr{sical ranoval 
at the sand bed surface was a predaninant mechanisn, then the efficiency of 
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this filter should have been far superior to the control filter, which it was 
not. 

The increase in rE!OOV'al of bacteria and of turbidity-causing particulate 
matter such as clay in these results could be explained ~ the production of 
exocellular polymers. In their chapter entitled, "Theory of Biological 
Filtration," Huisnan and Wood <197 4) discuss attachnent mechanisns that could 
hold particles in the sand bed after the.y are renoved fran the raw water. 
'lbe.y nention electrostatic attraction and Von der Waals forces as causing the 
adhesion. Concerning adhesion, thE¥ state that a "sticky gelatinous film" 
fonns on the surfaces of the sand grains and the schmutzdecke. 'IhE¥ give no 
detailed explanation for this. '!be explanation for the sticky film could be 
caused by the production of exocellular or extracellular polymers by bacteria 
residing in the slow sand filter bed. Metcalf and Eddy Inc. (1979) state 
that polymers produced by microorganisns pranote formation of floe particles 
in the activated sludge process. FUrther, Pavoni et al. Cl972> shCMed that 
extracellular polymers produced by activated-sludge bacteria could flocculate 
Kaolin susi;:ensions. '.lhese p:>lymers could be produced by bacteria within the 
schmutzdecke and within the sand bed of a slow sand filter. sane of the 
p:>lymer material may renain within the biof ilms attached to the sand grains 
and schmutzdecke, or in the vicinity of these biof ilms. It seens quite 
plausible that these polymers could enhance chances for attachment of clays 
and bacteria when these particles impinge on the biof ilms of the sand grains 
and scbmutzdecke material. Also, trace amounts of extracellular polymer 
could be released into the water flowing through the filter and might aid in 
destablizing clays and bacteria. 

The improved turbidity and coliform ranoval results obtained in the 
biologically enhanced filter show that the biopopulation of a slow sand 
filter plays a very imp:>rtant role in the water quality improvement that 
occurs during slCM sand filtration. '!be extracellular p::>lymers, shown to be 
produced ~ activated sludge bacteria process and cause flocculation, could 
very well have a similar role in pranoting adsorption of particles on the 
biofilms in slow sand filtration, or in destablizing particles for 
coagulation and then attachlent. 

If the mechanism is attachment within the sand bed Cwith or without 
netabolism> , a mathematical description of renoval may fit an equation for 
contaminant ranovals by trickling filters, given by F,ckenfelder (1966): 

Where: L is the effluent contaminant concentration, L is the influent 
contaminant concentration, k is the mass transfer coef f i8ient (reaction rate 
constant) , A is the surface area of biological slime, d is the depth of 
filter, and v is the hydraulic loading rate. 
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'Ibis equation predicts that percent renoval will increase as the sand 
surface area, A, increases, i.e., snaller effective sand size, as the depth, 
d, increases, tem~rature increases <which increases k> and, as the hydraulic 
loading rate , v, decreases. All of these effects, as indicated by the 
equation, are in the directions observed experimentally in this research. 

Turbidity Removal--
Wide spread experience with slow sand filtration, such as reported by 

Huisnan and Wood Cl974) has deoonstrated that the slow sand filtration 
process is efficient in removal of turbidity. Also, Cleasby C1983) operated 
a pilot filter for 123 days using lake water as a source in which turbidity 
levels were reduced fran 10 NIU to less than l NIU in the filtered water. 

According to Huisman and Wood Cl974) nost of the turbidity renoval 
occurs at the surface of the sand bed. F\lrther, Cleasby C1983) has reported 
that turbidity removal for his situation reached the l NTU level within three 
days of start-up. 

'!be surface of the sand bed is, of course, different than the underlying 
sand. Aey' material susceptible to straining by the pores of the sand bed is 
likely to be renoved as it enters the bed rather than within it. 'Ibis 
acclJnulation of material on the surface, cal.led the schnutzdecke, will 
reinforce itself. 'As the mat builds, straining of finer J;articles can occur. 
'!be hydraulic gradient across the schnutzdecke will increase at a higher rate 
than within the sand bed. '!be schmutzdecke can be any combination of mineral 
and biological. material. '!he mechanisn of renoval could be straining or 
adsorption or both. 

In these experiments water fran Horsetooth Reservoir was used, having 
turbidity canprised of fine particles, as noted. Despite the developnent of 
a schmutzdecke, as evidenced by headloss increase, turbidity renoval was not 
affected by its buildup, nor by its renoval. Turbidity renoval was enhanced, 
however, by increased biological activity within the sand bed. For example, 
the turbidity renoval was about 40 percent for Filter 4 having nutrients, 
added, vis a vis 12 percent for Filter 1, the control filter. Thus in this 
research the schnutzdecke had a role less important than is generally 
attributed to it in the literature, e.g. , Huisnan and Wood C197 4) • 

'!be mechanisn operative in turbidity renoval will depmd upon the 
situation at hand. For certain kinds of turbidity, its renoval will occur at 
the surface of the filter, while for the kind present in Horsetooth Reservoir 
water, ranoval occurs within the filter and will be enhanced by an increase 
in biological IX>Pulation. 
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APFEND!X A 

Results of Phase I Experiments for Slow Sand Filtration 
7/1981 - 111983 

The follCMing three tables, Tables A-1, A-2, and A-3 contain all of the 
:Ehase I experimental results obtained £ran three laborator:y scale slCM sand 
filters, operated continoously at hydraulic loading rates of v = 0.04 m/hr, 
0.12 mlhr, and 0.40 m/hr, respectively, over the period July 1981 to Januacy 
1983. These tables oontain the raw data collected for Giardia cysts, total 
colifomt bacteria, fecal colifomt bacteria, standa.rd plate oount bacteria, 
turbidity and particle count testing. '!he tables in this a~ndix can oo 
cross-referen~ ~ date with Figures I-1, I-2, and I-3, of ApJ;endix 1, which 
contain oorresponding grap:tical. histories of temperature hydraulic loading 
rate and differential. pr:essure. 
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 1 of 9) 

/>GE OF 
Dt\TE RUN TEMP SOIMUTZ-

SfNID'\RD 
PLATE CClJNI' 

OONCENTRATIOO 
(NO./ML) 

'IUI'AL CCLIFORM 
<X>NCEN'IBATIOO 
(CCI.IF ./lOOML) 

FECAL CCLIFORM 
CONCENTRATIOO 
(CCLIF ./lOOML) 

TURBIDITY 
<mu> 

PARI'I a..E roJNT 
OONCENTRATIOO 

CNO./lOML) 

INFLUFNI' 
GIARDIA CYST 
CDNCEm'AATIOO 

CCYSTS/L) 

NO. DECKE INFLUml' EFFLUENl' INFLUENl' EFFWENI' INFLUENT EFFLUENT INFLUENl' EFFLUEN.r INFLUENT EFFLUENI' ADDED DETECTED 
DY ID YR c0 c> (WEEKS) 

27 8 81 8 15 0 4.4 1.2 
28 8 81 8 15 4.4 0.9 
29 8 81 8 15 3.9 1.6 
30 8 81 8 15 4.0 2.6 
1 9 81 8 15 4.1 2.4 
2 9 81 8 15 
3 9 81 10 15 1 92000. 6.4 3.4 

_j_--9_ll__.l.Q__li_ 1 75000. 1500. 4.2 3.6 
5 9 81 12 15 1 3100. 4.5 2.7 
6 9 81 12 15 4.4 2.8 
7 9 81 12 15 4.7 5.8 
8 9 81 12 15 4.5 8.0 
9 9 81 12 15 4.5 6.3 

10 9 81 12 15 4.6 5. 7 
11 9 81 12 15 4.6 7.8 
12 9 81 12 15 5.0 7.6 
13 9 81 12 15 4.9 5.9 

1-.J 14 9 81 12 15 5.8 4.6 
LV 17 9 81 12 15 6.0 5.4 
O'\ 18 9 81 12 15 5.8 4.3 

19 9 81 12 15 5.9 4.4 
20 9 81 12 15 5.5 4.4 
21 9 81 12 15 4 5 .4 4 .4 
23 9 81 15 15 4 5.8 4.2 
24 9 81 15 15 4 5.6 4.7 
25 9 81 18 15 4 28900. 5.7 4.7 
26 9 81 18 15 - __ 4 100000. 6. 5.8 4.6 
27 9 81 21 15 5 5.9 4. 7 
28 9 81 21 15 6.2 4.5 
29 9 81 21 15 7.0 4.0 
30 9 81 21 15 7.1 4.5 

l 10 81 21 15 6.4 4.4 
2 10 81 21 15 5 6.5 4.6 
3 10 81 24 5 5 80. 6.5 4.5 
4 10 81 24 5 390. o. 6.8 4.7 
5 10 81 24 5 290. 5. 6.6 3.8 

. 6 10 81 24 5 70. o. 6.8 3.9 
7 10 81 24 5 6 o. 1.0 4.0 

NUMBER 
OF CYSTS 

EFFLUF.Nl' IETECl'ED GI.ARDIA 
VCLUME IN RW..YSIS 

SAMPLED EFFLUENI' ME'lF.<D 

(L) (00.) 



Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 2 of 9) 

AGE OF 
tll\TE RUN TEMP SOIMtm-

STANDl\RD 
PLATE COONT 

OONCENTRATIOO 
CNO./MJ.J 

'IDI'AL CCl..IFORM 
CDNCENTRATIOO 
(<XLIF ./lOOML) 

FECAL CXLIFORM 
OONCENTRATIOO 
C<XLIF ./lOOML) 

'IURBIDI'l.Y 
(N'IU) 

PARTICLE COONT 
COOCE:NTRATION 

CNO./lOML) 

INFLUF.Nl' 
GIARDIA C'fS'r 
run:NTRATION 

(CTSTS/L) 

NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUEN'l' INFLUENT EFFLUENT INFLUENT EFF'LUFNI' INFLUENI' EFFLUENT ADDED DETEC'.Im 
DY M::> YR (oC) (WEEl<S) 

9 10 81 27 15 6 6.3 4.2 
10 10 81 27 15 6.3 4.5 
11 10 81 27 15 6.5 5.0 
12 10 81 27 15 6.9 3.7 
13 10 81 27 15 ~.6 4.2 
14 10 81 27 15 6.5 4.3 
15 10 81 27 15 6.7 4.1 
16 10 81 27 15 6.4 4.3 
17 10 81 27 15 6.8 3.8 
18 10 81 .27 15 6.8 3.9 
19 10 81 27 15 6.7 4.5 
20 10 81 27 15 6.9 4.7 
21 10 81 27 15 7.0 4.7 
22 10 81 27 15 6.8 5.3 
23 10 81 27 15 7.0 4.7 
24 10 81 27 15 6.8 4.6 
25 10 81 27 15 6.5 4.6 

I-' 26 10 81 27 15 6.6 4. 7 
w 27 10 81 27 15 6.6 5.7 
....:J 28 10 81 27 15 6.7 6.1 

29 10 81 27 15 9 6.4 5.1 
30 10 81 30 5 9 22300. 6.5 5.6 
31 10 81 30 5 24200. 6.6 5.1 
1 11 81 30 5 28000. 6.4 5.3 
2 11 81 30 5 32300. 6.1 5.5 
3 11 81 30 5 39000. 6.2 5.1 
4 11 81 30 5 10 4000. - 6.3 5.8 
6 11 81 33 15 10 6.2 4.6 
7 11 81 33 15 480. 6.3 4.7 
8 11 81 33 15 280. 6.3 4.8 
9 11 81 33 15 1900. 6.5 4.7 

10 11 81 33 15 40000. 6.3 4.8 
11 11 81 33 15 10000. 6.7 3.8 
12 11 81 33 15 IL ______ _ _____________ .. _____ ... ___________________________ 6_._7_~ __ .4. .. 0. 
13 11 81 36 15 11 6. 7 4. 7 
14 11 81 36 15 6.4 3.6 
15 11 81 36 15 6.5 4.2 
16 11 81 36 15 6.7 4.9 
17 11 81 36 15 6.4 4.7 
18 11 81 36 15 12 -- ·- - --- - ------- ---- - 6_._S ____ 4..l 

NUMBER 
OF CYSTS 

EFFLUENT IETECTED GIARDIA 
VCUJME IN ANALYSIS 

SAMPLED EFFLUENI' ME'IHCD 

(L) (00.} 



Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 3 of 9) 

JlGE OF 
IA\TE RUN TEMP srnMUTZ-

STANIY\RD 
PLATE <XlJNT 

roNCEN'IBATICN 
(NO./ML) 

'lUI'AL CTLIFORM 
<DNCENrnATIOO 
COLIF ./lOOML> 

FECAL <XLIFOOM 
cn.ICENTRATICN 
COLIF ./lOOMLl 

'IURBIDITY 
(N'RJ) 

PAR.TI CLE roJNT 
~00 

CNO./lOMLl 

INFLUENT 
GIARDIA CYST 
<DNCENTAATION 

CCYSTS/L) 

NO. 
0 

DECKE INFLUENT EFFLUENI' INFLUENT EFFLUENI' INFLUENT EFFLUFN.r INFLUFN.r EFFLllEN'l' INFUJENI' EFFLUEN'l' ADDED DETECTED 
DY ID YR ( C) (WEEl<S) 

19 11 81 39 15 12 6.2 5.4 
20 11 81 39 15 6.9 s.o 
21 11 81 39 15 6.3 4.4 
22 11 81 39 15 5.9 3.9 
23 11 81 39 15 6.3 3.9 
24 11 81 39 15 6.6 4.5 
25 11 81 39 15 6.5 4.3 
29 11 81 39 15 6.3 5.3 
30 11 81 39 15 6.4 5.3 
1 12 81 39 15 6.6 5.3 
2 12 81 39 15 7.1 3.9 
3 12 81 39 15 7 .2 4. 7 
4 12 81 39 15 6.8 3.9 
5 12 81 39 15 7.0 4.6 
6 12 81 39 15 7.0 4.7 
7 12 81 39 15 7.2 4.0 
8 12 81 39 15 6.7 5.2 
9 12 Bl 39 15 7.1 3.9 

~ liL12 81 39 15 15 7.3 4.4 
r.x;, 11 12 81 42 15 15 8.6 5.4 

12 12 81 42 15 8.8 5.4 
13 12 81 42 15 8.6 5.6 
14 12 81 42 15 16 8.9 S.7 
15 12 Bl 45 15 16 8.7 6.6 
16 12 81 45 15 8.8 6.0 
17 12 81 45 15 8.8 5.6 
18 12 81 45 15 9.1 7.0 
20 12 81 45 15 8.9 3.8 
22 12 81 45 15 8.7 3.7 
23 12 81 45 15 9.5 3.7 
27 12 81 45 15 8.9 4.5 
31 12 81 45 15 8.9 3.5 
4 1 82 45 15 8.8 3.2 
8 1 82 45 15 7 .9 2.4 

10 1 82 45 15 8.0 2.3 
15 1 82 45 15 8.2 2.8 
18 1 82 45 15 8.1 3.4 
22 1 82 45 15 8.7 3.3 
25 l 82 45 15 9.2 3.2 
28 1 82 45 15 10.5 5.0 

NUHBER 
OF CYSTS 

EFFLUFN.r IETEx::'I'ED GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFFLUENT Mt:IH<D 

CL) (00.) 
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K;E OF 
mTE RUN 'IBMP SOU·UIZ-

STANIARO 
PlJ\TE caJNT 

CONCENTAATIOO 
(NQ./ML) 

'IUI'AL CCLIFORM 
CDNCEN'l'AA'l'IOO 
CCCI.IF ./lOOML) 

FECAL CCLIFORM 
CDNCENTRATIOO 
(CXLIF ./lOOML) 

'IURBIDITY 
{NI'l.J) 

PAR'l'I CLE cam 
ruo:N'.rnATIOO 

CNO./lOML) 

INFLUFNI' 
GIARDIA CYST 
OONCENTRATIOO 

(CYSTS/IJ 

NO. DECl<E INfWENT EFfWENI' INFLUENT EFFLUENT INFliJENT EFFLUENT INFUJENT EFFLUEm' INFLUENT EFFLUmT AIDED DETECTED 
DY K> YR <0 c> (WEEKS) 

30 1 82 45 15 11.0 4.5 
2 2 82 45 15 11.0 4.2 
3 2 82 45 15 6200. 
4 2 82 45 15 9400. 840. 11.0 4.8 
5 2 82 45 15 30000. 14000. 
6 2 82 45 15 6000. 1720. 9.2 4.8 
7 2 82 45 15 4100. 470. 
8 2 82 45 15 6800. 1090. 8.5 4.5 
9 2 82 45 15 900. 5300. 

10 2 82 45 15 4400. 880. 
11 2 82 45 15 2400. 1400. 
12 2 82 45 15 1200. 630. 6.8 4.5 
13 2 82 45 15 1800. 1260. 
14 2 82 45 15 3200. 10300. 6.3 4.4 
15 2 82 45 15 200. 1200. 
16 2 82 45 15 7200. 3400. 
18 2 82 45 15 6.0 3.8 

NUMBER 
OF CYSTS 

EFFLUENI' DETECTED GIARDIA 
VCUJME IN ANALYSIS 

SAMPLED EFFLuml' 1'E':mCD 

{L) (00.) 

20 2 82 45 15 25 6.2 7.7 
._, 26 2 82 48 5 0 360. 30000. 4.0 4.3 1769. 500 413 - - ZF 
~, 27 2 82 48 5 300. 1310. 700. 110. 4. 7 4.1 1609. 112. 500 180 11 8 ZF 

28 2 82 48 5 260. 1730. 200. 28. 4.8 3. 7 1720. 208. 500 230 13 17 ZF 
1 3 82 48 5 350. 1030. 1. 6. 5.0 3.6 1738. 252. 500 138 15 3 ZF 
2 3 82 48 5 3. 4. 7 3.8 922. 206. 102 23 14 6 ZF 
3 3 82 48 5 1 960. 520. 0. 5.S 3.6 831. 112. 0 - i2 15 ZF 
4 3 82 51 15 1 3.8 3.9 
5 3 82 51 15 3. 8 3. 5 
9 3 82 51 15 1700. 35000. 4.5 4.2 

10 3 82 51 15 1. 
11 3 82 51 15 0. 
12 3 82 51 15 0. 
13 3 82 51 15 176. 500. 3.9 3.1 
14 3 82 51 15 300. 390. 1240. 1. 
15 3 82 51 15 157. 180. 160. 1. 4.1 3.0 
16 3 82 51 15 350. 270. 160. o. 4.2 3.0 
i 1 3 82 s1 15 _ __ J . -~-- 319 .___ _ uo_L_ _______ -.:____3_60 • ___ o_. 
18 3 82 54 15 3 7900. 1910. 6300. 0. 4.5 2.9 1294. 500 1262 - - ZF 
19 3 82 54 15 8500. 1840. 6100. O. 4.5 2.5 40506. 308. 500 665 14 0 .ZF 
20 3 82 54 15 17900. 4200. 4900. 0. 4.6 2.5 12591. 100. 500 656 17 0 ZF 
21 3 82 54 15 40000. 200. 3900. O. 4.4 1.9 7975. 206. 500 1965 16 6 ZF 
22 3 82 54 15 300. 410. 0. 0. 3.6 1.7 553. 109. 0 - 16 7 ZF 
23 3 82 54 15 4 460. 190. 0. 0. 4.2 1.7 62. 104. 0 - 21 0 ZF 



Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 5 of 9) 

f{;E OF 
DA.TE RUN TEMP san-urz-

STANOMD 
KJ\.TE CCUNT 

OJNQ:NTRATION 
<NO./ML) 

'IDI'AL CCLI FORM 
(l)N(l::NTR/\TION 
(CU,JF./lOOML} 

FECAL CCLI FORM 
OONCENTAATION 
CCCLIF ./lOOMJ,) 

'IURDIDI'l.Y 
(N'IU) 

PARTICLE COONT 
CXJNCENTRA.TION 

(NO./lOML) 

INFLUENT 
GIARDIA CYST 
CDNCENTRATION 

(CYSTS/L) 

NO. DECKE INFLUF.Nl' EFFLUENI' INFLUENT EFFLUENI' INFLUF.Nl' EFFLUENI' INFLUF.Nl' EFFLUF.Nl' INFLUENI' EFFLUENT AIDED DETECTED 
D':l K) YR C°Cl (WEEKS) 

24 3 82 57 15 4 3.6 1.6 
26 3 82 57 15 3.4 1.5 
29 3 82 57 15 3.4 1.3 
JL .. l.JU. 57 15 5 

?UEER 
OF CYSTS 

EFFLUENl' tETECTED GIAPDIA 
VCLUME IN NW...YSIS 

SAHR.ED EFELUENI' ME'IHOO 

(L) (00.) 

1 4 82 60 5 5 21900. 160. 4.0 1.8 5811. 500 327 - - ZF 
2 4 82 60 5 24300. 8400. 98. O. 4.1 1.9 1500. 241. 500 278 16 0 ZF 
3 4 82 60 5 19000. 1650. 130. 0. 3.7 2.8 1697. 172. 500 828 13 0 ZF 
4 4 82 60 5 15100. 1100. 70. 1. 4.0 2.4 500 164 13 0 ZF 
5 4 82 60 5 1040. 1500. 2. O. 3.7 2.4 198. 70. 0 0 18 0 ZF 
6 482 60 5 6 310. 660. 0. 0. 3.9 2.4 90. - - 21 0 ZF 
7 4 82 63 15 6 3.4 2.3 
8 4 82 63 15 3.2 2.4 

10 4 82 63 15 2.9 1.4 
12 4 82 63 15 2.8 l.6 
14 4 82 63 15 2.7 1.1 
17 4 82 63 15 3.5 1.2 
19 4 82 63 15 4.0 2.2 
21 4 82 63 15 5.0 2.2 

!;: 23 4 82 63 15 4.8 2.3 
0 26 4 82 63 15 4.9 2.4 

28 4 82 63 15 4.2 2.6 
30 4 82 63 15 5.1 2.4 
3 5 82 63 15 4.9 2.2 
5 5 82 63 15 5. 7 2.0 
7 5 82 63 15 4.4 2.0 

10 5 82 63 15 4.3 1.7 
12 s 82 63 15 4.1 1.8 
16 5 82 63 15_ 11 ----~···- - -·····~--·----- - __ 4.4 1.9 
17 5 82 66 15 12 5800. 5.0 2.5 50 66.7 - - ZF 
18 S 82 66 15 1010000. 8300. 5.2 2.6 50 53.2 7 2 ZF 
19 5 82 66 15 6400. 4300. 5.4 2.6 50 14.5 22 0 ZF 
20 5 82 66 15 8500. 670. 5.3 2.6 50 42.6 28 2 ZF 
21 5 82 66 15 23300. 9700. O. 4.5 2.8 50 10.4 25 1 ZF 
22 5 82 66 15 68000. 5. 0. 4.4 2.4 50 7.1 25 0 ZF 
23 5 62 66 15 22200. 820. 10. 0. 4.5 2.4 50 56.3 28 0 ZF 
24 5 82 66 15 13 28100. 620. 14. Q, 4.4 2.4 50 0.6 40 0 ZF 
25 5 82 69 5 13 10300. 700. 49. 0. 4.4 2.4 50 21.4 34 0 ZF 
26 S 82 69 5 13200. 8600. 26. 0. 4.3 2.6 50 95.4 29 0 ZF 
27 5 82 69 5 2900. 7400. 52. 0. 4.4 2.6 1150. 662. 50 21.1 24 0 ZF 
28 5 82 69 5 9100. 1490. 48. 1. 4.4 2.6 935. 314. 50 17 .9 28 5 ZF 
29 5 82 69 5 13 1330. 0. 4.4 2.6 12.5 - 25 3 ZF 
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 6 of 9) 

NUMBER SfMID\RD 
PLA'l'E Ca.JNI' 

CONCENTR/\TIOO 
CNO./ML) 

'IDI'J\L CCLIFORM 
illNCENTRATION 
(<XLIF ./lOOML) 

FECAL <XLIFORM 
illNCENTMTION 
CCCLIF ./lOOML) 

TURBIDITY 
(N'l'U) 

PARTIQ.E CCUNT 
illNCENTRATION 

(NO./lOML) 

INFLUENI' 
GIARDIA CYST 
illNCENJ.W\TION 

(CYSTS/IJ 

OF CYSTS 
EFFLuml' IBTECTED GIARDIA 

l\GE OF V<UJME IN ANALYSIS 
Il.l\'ffi RUN TEMP sanurz- SAMPLED EFFLUENT MEWOO 

NO. DECKE INFLUENT EFFLUENI' INFLUENT EFFLUENI' INFLUENT EFFLUENI' INFLUENI' EFFLUENT INFLUENT EFFLUENI' ADDED rEI'ECIBD 
DY KJ YR <°C) (WEEKS) 

1 6 82 72 15 
2 6 82 72 15 
3 6 82 72 15 

14 

4 682_12 _lL _ _ll 
6 6 82 75 15 0 
7 6 82 75 15 
8 6 82 7S 15 
9 6 82 75 15 

10 6 82 75 15 
11 6 82 75 15 
12 6 82 75 15 
15 6 82 75 15 

4200. 
5100. 
3020. 
2980. 

12100. 
7600. 

17 6 82 75 15 3450. 
18 6 82 75 15 5800. 
20 6 82 75 15 2670. 

640. 
30. 

6200. 
600. 
580. 

2000. 

500. 
300. 

2700. 

3100. 
2800. 
1480. 
1140. 

o. 
o. 
2. 
o. 
o. 

o. 
o. 

330. 

490. 
1100. 
1800. 
1600. 

26. 
31. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 

3.9 1.8 
3. 7 1.8 1462. 
3. 7 1.9 
3.8 1.9 
4.4 2.5 
3.7 2.3 426. 
3.8 2.7 
3.8 2.7 
3. 7 2.5 422. 
3.8 2.4 
5.8 2.4 
3.6 2.4 
3.5 2.4 

535. 

261. 

186. 

50 
50 
50 
50 
50 
50 
0 

8.7 
0.8 
0.9 

31.l 
16.6 
20.4 

3.5 1.6 so 18.0 

(L) COO.) 

33 
31 
31 
26 
25 
33 

0 
0 
0 
0 
0 
0 

21 6 82 75 15 2265. 320. 

260. 
262. 
490. 
720. 
550. 
237. 
393. 

o. 29. o. 3.5 1.6 497. 584. 50 26.9 28 0 
22 6 82 75 15 2725. 250. o. 66. o. 3.5 1.9 50 15.1 30 0 
23 6 82 75 15 2520. 350. o. 118. o. 3.3 2.0 so 19.9 27 0 
24 6 82 75 15 3910. 210. o. 190. o. 3.4 2.1 50 16. 7 26 0 
~ 82 75 15 3 1430. o. o. 3.4 2.2 0 - 24 0 
28 6 82 78 15 3 380. 145. 3.7 2.2 
29 6 82 78 15 1070. 144. 155. o. 
30 6 82 78 15 800. 273. 148. o. 4.1 2.1 

l 7 82 78 15 640. 492. 20. o. 
2 7 82 18 lS _____ 4 ___ ].300. 560. 11. o,. _____ 3..a~2 
4 7 82 81 5 0 1785. 100. 4.1 2.0 
5 7 82 81 s 2655. 4100. 67. o. 4 .1 2.3 
6 7 82 81 5 2800. 850. 71. o. 4.4 2.7 
7 1 82 81 5 2785. 1050. 31. o. 4.4 2.8 
8 7 82 81 5 2875. 1620. 37. o. 4.4 2.9 
9 1 82 81 5 1790. 350. 10. o. 4.2 2.8 

12 7 82 81 15 3.3 2.3 
14 7 82 81 15 3.4 1.9 
16 1 82 81 15 3.5 1.8 

50 
so 
50 
50 
50 
50 

34.3 
56.0 
29.1 
26.7 
28.l 

28 
26 
24 
26 
27 

0 
0 
0 
0 
0 

ZF 
ZF 
ZF 
ZF 
ZF 
ZF 
ZF 

ZF 
ZF 
ZF 
ZF 
ZF 
ZF 

MP 
MP 
MP 
MP 
MP 
MP 

18 7 82 81 5 800. 23. 3.5 1.6 50 16.6 - - MP 
19 7 82 81 5 845. 500. 18. 0. 3.5 1.7 50 30.0 24 0 MP 
20 7 82 81 5 1390. 290. 17. O. 3.5 1.9 50 15.7 23 0 MP 
21 7 82 81 5 2045. 465. 20. 0. 3.5 2.0 50 13.6 22 0 MP 
22 7 82 81 5 1290. 535. 20. 1. 3.5 2.1 SO 58.2 - - MP 
23 7 82 81 5 3 3.7 .2.3 50 45.6 144 0 MP 



Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 7 of 9) 

AGE OF 
IY\TE RUN TEMP SOIMUTZ-

STANIWID 
PLATE <XlJNl' 

~U'..N'.mATIOO 
{NO./ML} 

'lUI'l\L CCLI FORM 
mNO::m'HATION 
(CCLIF ./lOOML) 

FECl\L CCLI FORM 
<XJNCEN'l'H/\'rION 
(CCLIF ./100ML) 

WRDIDI'n' 
(N'IU} 

PARTI O,E a:mtr 
a:N:EN'I'R/\1'100 

(NO./lOML) 

INFLUENT 
GIJ\RDI/\ CYST 
mnwmATIOU 

(CYSTS/L) 

NO. DECKE INFLUl:Nl' EFFLUFNI' INFLUFNr EFFLUENI' INFLUENI' EFFLUENT INFLUENI' EFfWENT INFWENr EFFLUOO' AJD.'D DETECI'ED 
DY fol) YR (OC) (WEEKS) 

25 7 82 84 15 3 3.6 2.0 
26 7 82 84 15 20000. 270. 4400. o. 4.0 1.9 
27 7 82 84 15 4400. 230. 600. o. 
28 7 82 84 15 1600. 260. 700. o. 4.1 1.7 
29 7 82 84 15 4500. 40. 4300. 2. 4.1 1.8 
30 1 82 84 11 ____ 4 ~--A40fr.__ ___ 63D_.._ __ 650. O. 3.9 1.7 

NUMBER 
OF CYSTS 

F:FFLumr ren:crrn GIAHDIA 
VCUJME IN JVW,YSIS 

SJ\MPLED EFFLUENT ME'll!OO 

(L) (00.) 

1 8 82 87 15 4 66000. 74000. 5.0 2.0 1000 123 - - MP 
2 8 82 87 15 66000. 2620. 71000. 1. 5.0 2.0 1000 173 29 0 MP 
3 8 82 87 15 300. O. 5.0 2.1 0 - 28 0 MP 
4 8 82 87 15 15800. 290000. 5.0 2.1 1000 256 - - MP 
5 8 82 87 15 10700. 260. 210000. O. 4.8 2.1 1000 183 Z'I 0 MP 

...LJl._82 87 15 5 410. 1. 5.2 2.2 0 - 27 0 MP 
8 8 82 90 15 5 4500. 22000. 4.8 1.9 1000 167 - - MP 
9 8 82 90 15 6300. 3480. 13000. O. 5.0 1.9 1000 220 23 0 HP 

10 8 82 90 15 17100. 85. 13800. 8. 4.8 2.1 1000 160 29 0 HP 
11 8 82 90 15 17850. 390. 18000. 5. 5.6 2.2 1000 258 27 0 MP 
12 8 82 90 15 39900. 176. 17000. 2. 5.6 2.3 1000 300 78 0 MP 

~ 13 8 82 90 15 6 131 Ll 
N 16 8 82 92 15 6 7100. 2050. 5.1 1.8 

17 8 82 92 15 5800. 230. 1600. 4. 
18 8 82 92 15 550. 95. 75. 4. 5.0 2.0 
20 8 82 - 92 15 - . 7 -----------------------'~ __ _............_ ___ _ 
24 8 82 95 15 7 5.1 2.2 
27 8 82 95 15 5.2 2.0 
31 8 82 95 15 5.5 3.8 

3 9 82 95 15 6.4 3.4 
7 9 82 95 15 6.5 3.2 

10 9 82 95 15 6.7 2.9 
13 9 82 95 15 6.7 2.8 
16 9 82 95 15 6.9 2.8 
18 9 82 95 15 7.2 2.6 
21 9 82 95 15 7.5 2.7 
24 9 82 . 95 15 ___ .12_ ______________________ __........._ __ .-.u.L--------



Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 8 of 9) 

JIGE OF 
ll\TE HJN TEMP SO!Km-

Sl'ANIWID 
PLATE CTlJNl' 

CONCENTRATION 
<NO./ML) 

TOI'AL CXLI FORM 
<DNCENTRATIOO 
CCCLIF ./lOOML) 

FECAL CXLIFORM 
~CENTRATIOO 
CCXLIF ./lOO!>ll.} 

'llJimIDI'IY 
(NTU) 

PJ\RTICLE COONT 
C'ONCENTRATIOO 

CNO./lOML) 

INFLUF.Nr 
GIARDIA CYST 
<DNCENTRATIOO 

CCYSTS/Ll 

NO. rECKE INFWENT EFFLUml' INFLUEN'l' EFFLUEN'l' lNFLUENr EFFLUOO' INFUJENT EFFLUFNI' INFLUmT EFFLUFNI' ADIED · DETECTED 
DY Kl YR <°C> (WEEKS) 

28 9 82 98 15 
29 9 82 98 15 
30 9 82 98 15 
1 10 82 98 15 
2 10 82 98 15 
3 10 82 98 15 
4 10 82 98 15 
5 10 82 98 15 
6 10 82 98 15 
7 10 82 98 15 
8 10 82 98 15 
9 10 82 98 15 

10 10 82 98 15 
11 10 82 98 15 
12 10 82 98 15 
13 10 82 98 15 
14 10 82 98 15 

12 2250. 
3500. 
2700. 
3350. 
1100. 
2000. 
2675. 
2800. 
2005. 
2340. 
3600. 

10250. 
1700. 
2800. 

11200. 
390. 
220. 
120. 
330. 
605. 
366. 
197. 
660. 
860. 
210. 

1075. 

21000. 
24000. 
32000. 

7000. 
4400. 
6000. 

21000. 
26500. 
20000. 

500. 
145. 

47500. 
1150. 

12500. 

4. 
6. 
7. 

10. 
5. 
4. 
4. 
1. 
1. 
o. 
1. 

o. 

t-' 15 10 82 98 15 2350. 1080. 700. 1 • 

9.0 

7.9 
6.9 
7.2 

7.8 

7.4 
7.1 

7.1 

7.3 

8.0 

2.8 

3.4 
3.7 
3.8 

3.6 

3.7 
3.6 

3.7 

3.5 

3.6 

.r:i. 16 10 82 98 15 165. o. 
w 18 10 82 98 15 15 7.5 3.8 

NUMBER 
OF CYSTS 

EFruENr IE'I'ECim GIARDIA 
VCLUl£ IN ANN..YSIS 

SAM£UI> EFFLUENT ME'IHCD 

(L) (00.) 

20 10 82 101 15 16 19400. 600. 7 .8 3 .8 1000 720 - - MP 
21 10 82 101 15 29750. 355. 13000. 0. 7 .8 4.4 1173 986 23 0 MP 
22 10 02 lOl 15 670. no. 3. 2. 7.6 4.6 o - 38 o MP 
23 10 82 101 15 600. 120. 4. 1. 7.6 4.7 0 - 27 0 MP 
24 10 82 101 15 650. 139. 1. O. 7.6 4.5 0 - 24 0 MP 
25 10 82 101 15 16 420. 143. 2. 0. 7.7 4.6 0 - 26 0 MP 
26 10 82 104 15 16 4400. 23500. O. 8.4 4.9 5000 2060 - - MP 
21 10 02 104 15 7750. 61. 22500. 1. 0.0 4.6 5150 3350 23 o MP 
28 10 82 104 15 995. 180. 1. 2. 8.1 4.5 0 - 36 0 MP 
29 10 82 104 15 1400. 75. l. O. 8.2 4.6 0 - 48 0 MP 
30 10 82 104 15 450. 300. 3. O. 8.3 4.5 0 - 32 0 MP 
31 10 82 104 15 955. 115. 2. O. 8.0. 4.6 0 - 32 0 MP 
l 11 82 104 15 13. 122. 2. 1. 
2 11 82 104 15 17 800.. 235. 3. o. 7.8 4.7 
3 11 82 107 15 0 16500. 2750. 20000. o. 8.1 5.0 
4 11 82 107 15 27000. 525. 24000. 6. 8.1 5.2 
5 11 82 107 15 315. 35. 3. 7. 8.9 5.8 
6 11 82 107 15 126. 50. o. 1. 8.9 5.8 
7 11 82 107 15 144. 71. o. 1. 9.1 6.3 
8 11 82 107 15 111. 54. 1. 1. 

1505 
1500 

0 
0 
0 

9 11 82 107 15 l ----- 327_. __ _.;!QU ____ ..._ _ __.._.._ ______________________ _ 

784 
668 28 

45 
26 
43 

0 
0 
0 
0 

MP 
MP 
MP 
MP 
MP 
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Table A-1. Results of Experirrents for Slow Sand Filter No. 1, v = 0.04 nv'h (page 9 of 9) 

STANIWID 
PLATE CCl.JNT 

CDNCEN'mATION 
'IDI'AL CXLIFORM 
OONCENTRATICfi 

FECAL CCLIFORM 
OONCENTRATION 'IURBIDITY 

PART! CLE cx:xJNT 
OONCENTRATirn 

IN.."'ltlml' 
GIARDIA CYST 
OONCENTRATICN 

Table A-1 iesults of Experiments for Slow sand Filter No.I, v = 0.04 m/h (page 9 of 9) 

ST.ANDARD INFU.ml' 
PLATE caJNl' 'lUl'AL OLIFORM FECAL CCLIFORM PARTICLE CXlJm' GIARDIA CYST 

CDNCEN'IRATION OJNCENTRATION CDNCENI'RATION 'IURBIDITY OONCENTRATION ~"ll:."nwd'ICN 
AGE OF (NO./ML) COLIF ./lOOMLl CCXLIF ./lOOML) (N'IU) CNO./lOML> ( Ci"STSI L) 

Dl\'IB RUN TEMP SOfMUl'Z-
NO. DEX:KE INFLUENT EFFLUENT INFLUENT EFFLUENI' INFLUENl' EFFLUENI' INFLUENl' EFFLUENI' INFLUENT EFFUIENI' AI11D DETECreD 

DY M) YR C°C) (WEEKS) 

12 11 82 110 15 0 37500. 20500. 10.9 8.1 1982 1250 
13 11 82 110 15 29100. 1430. 15500. 235. 10.2 8.9 1923 1863 
14 11 82 110 15 210. 970. 6. 110. 9.9 8.4 0 -
15 11 82 110 15 10. 26. 1. 26. 9.6 7.8 0 -
16 11 82 110 15 82. 350. 1. 7. 9.7 7.4 0 -
17 11 82 110 15 no. 224. o. 3. 10.2 7.1 
18 11 82 110 15 3010. 620. o. 1. 9.5 6.7 
19 11 82 110 15 1 1120. 138. o. 2. 10.4 6.2 
22 11 82 113 15 2 9,7 5.4 
24 11 82 113 15 10.0 5.1 
26 11 82 113 15 9.6 5.2 
29 11 82 113 15 9.8 4.8 
l 12 82 113 15 10.1 4.5 

i12 a2 m l~ 3 10.t ~.3 
7 12 82 116 15 0 29500. 10.7 14.5 3692 2433 
8 12 82 116 15 11800. 166500. 24000. 2050. 10.6 12.6 3692 4507 
9 12 82 116 15 5600. 18000. 1270. 1700. 9.5 10.9 0 -

10 12 82 116 15 20300. 4400. 960. 180. 9.5 10.8 0 -
11 12 82 116 15 13700. 6100. 230. 120. 9.8 12.3 0 -
12 12 82 116 15 10800. 4110. 1. 40. 9.8 12.9 
13 12 82 116 15 2550. 2310. o. s. 
H 12 62 llfi 15 l 530. HlO. o. 2. 
18 1 83 118 15 0 19500. 39000. 10.1 10.8 2000 2100 
19 1 83 118 15 80000. 113000. 42000. 9500. 9.9 10.1 2000 1458 
20 1 83 118 15 72000. 246000. 52500. 6300. 9.9 10.2 2000 1282 
21 1 83 118 15 60000. 76000. 39000. 6500. 10.0 9.2 2000 920 
22 1 83 118 15 19500. 51500. 930. 4200. 9.6 8.9 0 -
23 1 83 118 15 3700. 2800. 180. 1100. 9.2 9.1 0 -
24 1 83 li8 15 960. 2600. o. 210. 9.7 8.9 
2fi i a3 iia 15 l 220. lfi3Q. o. 21. 

NUMBER 
OF CYSTS 

EFFLUENI' IETECI'ED GIARDIA 
IN .ANALYSIS 

NUMBER 
CF CYSTS 

EFFLUENI' DETECTED GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFFLUEN.l' ME'IHCD 

{L) cro.> 

- - MP 
26 0 MP 
37 0 MP 
75 0 MP 
38 0 MP 

- - MP 
98 0 MP 

138 0 MP 
111 0 MP 
150 0 MP 

-
1100Y 

MP 
127 MP 
115 2060 MP 
139 1920 MP 
127 1330 MP 
102 1000 MP 

!/These high m.nnbers of cysts detected in effluent ~e due to replacing the biological mature sand and gravel supp:>rt 'wi.th new sand and new gravel support. 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h (page 1 of 
10). 

N:;E OF 
Dt\TE RI.JN TEMP SOIK.JTL-

STANI:NID 
PLATE COON!' 

CDN<ENI'RATION 
(NO./ML) 

'lUI'AL CCLIFORM 
<nKENI'RATION 
(CCI.IF ./lOOML) 

FECJ\L CCLIFORM 
OONa:NI'RATION 
CCU.IF ./lOOML> 

TURBIDITY 
(N'ru) 

PARTICT.E cam 
COOCENTRATION 

CNO./lOML) 

INFLUENT 
Gii\RDIA CYST 
CDNCENTRATION 

(CYSTS/L) 

NO. DECKE INFLUmr EFFLUmr INFLUmr EFFLUmr INFLUFNr EFFLUENr IN.FLUEm' EFFLUENT INFLUFNr EFFI.JJENI' ADDED DETEC'IED 
DY ID YR C°C) (WEEKS) 

l 7 81 3 15 0 5.2 3.5 
2 7 81 3 15 7.5 3.5 
4 7 81 3 15 5.5 4.3 
6 7 81 3 15 4.2 4.3 
7 7 81 3 15 4.5 3.7 
8 7 81 3 15 L__. ___________________ __,~ __ ..._.._ 

26 7 81 4 5 4 770000. 100000. 11.0 3.8 
27 7 81 4 5 4 4.5 3.5 
28 7 81 5 15 4 20000. 3.7 3.7 
29 7 81 5 15 3.6 3.6 
30 7 81 5 15 3.9 3.8 
31 7 81 5 15 3.9 3.6 
l 8 81 5 15 3.6 3.5 
2 8 81 5 15 3 .6 3 .5 
4 8 81 5 15 3.9 3.6 
5 8 81 5 15 3. 7 3. 7 
6 8 81 5 15 3.9 3. 7 
7 8 81 5 15 4.2 3.1 
9 8 81 5 15 3. 9 3. 5 

10 8 61 5 15 3. 4 3. 3 
11 8 61 5 15 3.8 3.4 
12__6_81 5 15 6 3.6 3.3 
13 8 81 6 5 6 80000. o. 5.0 3.3 
14 6 81 6 5 6 _470jl0. __ 30DO_..___ _ ___ __s_.o ___ J,.O 
15 6 61 7 15 7 9300. 800. 4.1 3.0 
17 6 81 7 15 220. 3.7 3.9 
16 8 81 7 15 3.8 3.6 
19 6 81 7 15 3.8 3.8 
20 8 81 7 15 3 • 0 • 3 • 7 3 • 7 
21 881 7 15 3.7 3.6 
22 8 81 7 15 7. 8 3 • 4 
24 8 81 7 15 5.9 4.8 
25 8 81 7 15 6.0 3.9 
26 8 81 7 15 4.0 3.4 
27 8 81 7 15 4.0 2.5 
28 8 81 7 15 4.0 2.0 
29 8 81 7 15 3.9 1.9 
30_ 8 81 - 7_ 15 ---- - ----- 4.0 1.7 

NUMBER 
OF CYSTS 

EFFUJml' OC'IBCTED GIARDIA 
VC'LUI'£ IN ANALYSIS 

SAMPLED EFFLtnrr ME'IllCD 

(IJ coo.) 
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Table A-2. .Results of experiments for slow sand Filter No. 2, v = 0.12 rn/h <page 2 of 
10). 

.a.GE OF 
DATE RUN TEMP sauurz-

SI'ANDr\RD 
PLATE COJNI' 

CDNCDrl'RATION 
CNO./ML) 

'IUI'AL <XLI FORM 
CDNCENTRATIOO 
CCCLIF ./lOOMIJ 

FECAL ca..IFORM 
<DNCENTRATIOO 
( CCLIF ./lOOML) 

'l\JIDIDITY 
(NTlJ) 

PARTIO.E CXlJNl' 
OONCENTRATIOO 

CNO./lOMIJ 

INFLurnI' 
GIAROIA CYST 
~00 

(CYSTS/IJ 

NO. DECKE INFLUENT EFFLUENI' INFLUENT EFFLUENI' INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFUJENI' ADIEI> IETECl'ED 
DY ro YR C°C> (WEEKS) 

1 9 81 7 15 4.1 1. 7 
2 9 81 7 15 4.0 1.6 
3 9 81 7 15 4.1 1. 7 
4 9 81 7 15 4 .4 1.8 
5 9 81 7 15 4 .2 1.8 
6 9 81 7 15 4.3 1. 7 
7 9 81 7 15 4. 7 1. 7 
8 9 81 7 15 4.4 1.9 
9 9 81 7 15 4.5 1.8 

10 9 81 7 15 4.6 1.9 
11 9 81 7 15 4.6 3.4 
12 9 81 7 15 5.0 3.5 
13 9 81 7 15 4.9 4.0 
14 9 81 7 15 5.8 4.3 
17 9 81 7 15 6.0 4.6 
18 9 81 7 15 5.8 4.8 
19 9 81 7 15 5.9 4.6 
20 9 81 7 15 5.5 4.6 
21 9 81 7 15 12 5.4 4.6 
22 9 81 14 15 12 7.2 4.6 
23 9 81 14 15 5.8 2.8 
24 9 81 14 15 12_ __ - 5.6 3.3 
25 9 81 17 15 12 28900. 5. 7 5.2 
26 9 81 17 15 13 ________ __l.00000_._~-- ___ _5_.8 5.1 
I1 9 81 20 15 13 5.9 4.7 
28 9 81 20 15 6.2 4.2 
29 9 81 20 15 7.0 4.4 
30 9 81 20 15 7.1 4.1 
1 10 81 ·20 15 6.4 3.4 
21081 20_15 13 ---------~ 6.5 5.1 
3 10 81 23 5 14 80. 6.5 5.0 
4 10 81 23 5 390. 4. 6.8 5.3 
5 10 81 23 5 290. 10. 6.6 5.0 
6 10 81 23 5 70. o. 6.8 5.1 
7 10 81 23 5 14 lL_ _____l_.Q 5.2 

NUMBER 
OF CYSTS 

EFFLUENI' IETECTED GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFFLUENI' ME'lllCD 

(IJ (NO.) 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h Cpage 3 of 
10>. 

AGE OF 
Dl\'l'E RUN TEMP SffiKJTL-

srANDl\.RD 
PLATE CClMl' 

<DN<»rl'Rl\TIOO 
<NO./ML) 

'IUI'llL CXLIFORM 
illNCENTRATION 
(W..IF ./lOOf-U..) 

FECAL CCLIFORM 
<DNCENTRATION 
CCCI.IF ./lOOML) 

'IDimIDITY 
(N'IU) 

PARTICl..E caJNl' 
OONCENTRATION 

(NO./lOMLl 

INFLUENl' 
GIARDIA CYST 
OJNCEm'RATION 
(~L) 

NO. DECKE IlJFLUENI' EFFLUENI' INFLUENI' EFFLUENI' INFLUENI' EFFLUENT INFLUENT EFFLUmr INFLUENT EFFLUENT AIXED DETECTED 
DY K> YR (oC} (WEl::1<S) 

9 10 81 26 15 14 6.3 4.5 
10 10 Bl 26 15 6.3 4.5 
11 10 81 26 15 6.5 5.1 
12 10 81 26 15 6.9 5.2 
13 10 81 26 15 6.6 5.2 
14 10 Bl 26 15 6.5 5.4 
15 10 81 26 15 6.7 5.5 
16 10 81 26 15 6.4 5.4 
17 10 Bl 26 15 6.8 5.5 
lB 10 Bl 26 15 6.8 5.6 
19 10 Bl 26 15 6.7 5.7 
20 10 Bl 26 15 6.9 5.2 
21 10 81 26 15 7.0 5.5 
22 10 81 26 15 6.8 5.3 
23 10 81 26 15 7.0 5.3 
24 10 81 26 15 6.8 5.3 
25 10 Bl 26 15 6.5 5.3 
26 10 Bl 26 15 6.6 5.7 
27 10 81 26 15 6.6 6.1 
28 10 Bl 26 15 6.7 6.1 
29 10 Bl 26 15 17 6.4 5.1 
30 10 Bl 29 5 17 22300. 6.5 5.6 
31 10 81 29 5 24200. 6.6 4.8 

1 11 81 29 5 28000. 6.4 5.9 
2 11 Bl 29 5 32300. 6.1 5.9 
3 11 81 29 5 39000. 6.2 6.0 
4 11 81 29 5 18 -- 4000. 6.3 6.3 
6 11 81 32 15 18 6.2 5.6 
7 11 81 32 15 480. 6.3 5.1 
8 11 81 32 15 280. 6.3 5. 7 
9 11 Bl 32 15 1900. 6.5 5.3 

10 11 Bl 32 15 40000. 6.3 5.2 
11 11 Bl 32 15 10000. 6. 7 4.5 
12 11 Bl 32 15 19 6.7 4.6 
13 11 81 35 15 19 6.7 4.0 
14 11 81 35 15 6.4 4.0 
15 11 81 35 15 6.5 4.B 
16 11 81 35 15 6.7 5.1 
17 11 81 35 15 6.4 4.8 
18 11 81 35 15 20 6.5 4.9 

NUMBER 
OF CYSTS 

EFFLUENr IE'IBCTED GIARDIA 
VCLUME IN MW..YSIS 

SAMPLFD EFFLUENT 1£"IHCD 

(L) (00.) 



I-' 
~ 
00 

Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h <i;age 4 of 
10). 

k>E OF 
MTE .RUN TEMP SQIMOTZ-

STJ\NDt\RD 
PLATE caJNT 

CDNCENTRATIOO 
(NO./ML) 

'lUrN.. CCLIFORM 
CONCEm'RATIOO 
(CCT..IF ./lOOML> 

FECAL CCLIFORM 
OONCENTRATIOO 
(<D...IF ./lOOML) 

'lllRBIDITY 
(N'IU) 

PARTICLE <nJNT 
CDNCEN'ffiATIOO 

CNO./lOML> 

INFLUFNI' 
GIARDIA CYST 
CONCEN'J.W\TI(Jt 

(CYSTS'IJ 

NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUmr INFLUENT EFFLUENT INFLUENI' EFFLUENI' AlXED DE'l'EC'l'ED 
DY m YR (OC) {WEEKS) 

19 11 81 38 15 20 6.2 5.5 
20 11 81 38 15 6.9 5.4 
21 11 81 38 15 6.3 3.6 
22 11 81 38 15 5.9 4.0 
23 11 81 38 15 6.3 4.2 
24 11 81 38 15 6.6 4.7 
25 11 81 38 15 6.5 4.7 
29 11 81 38 15 6.3 4.8 
30 11 81 38 15 6.4 4.7 
1 12 81 38 15 6.6 4.8 
2 12 81 38 15 7.1 4.6 
3 12 81 38 15 7.2 4.9 
4 12 81 38 15 6.8 4.6 
5 12 81 38 15 7 .o 4. 7 
6 12' 81 38 15 7.0 5.0 
7 12 81 3a 15 7.2 4.1 
8 12 81 38 15 6.7 5.1 
9 12 81 38 15 7.1 4.6 

10 12 81 38 15 23 7.0 4.5 
11 12 81 41 15 23 8.6 6.8 
12 12 81 41 15 8 .8 7 .8 
13 12 81 41 15 8.6 6.1 
14 12 81 41 15 1.4._~~~~~~~~~~~~~~~~~~~~~-"':..&.l(..~~;&..t..c.. 
15 12 81 44 15 24 8.7 6.2 
16 12 81 44 15 8.8 6.0 
17 12 01 44 is a.a 6.o 
18 12 81 44 15 9.1 7.2 
20 12 81 44 15 8.9 4.0 
22 12 81 44 15 8.7 3.9 
23 12 81 44 15 9.5 3.9 
27 12 81 44 15 8.9 4.2 
31 12 81 44 15 8.9 4.5 
4 l 82 44 15 8.8 3.8 
8 1 82 44 15 7.9 3.6 

10 1 82 44 15 8.0 4.0 
15 l 82 44 15 8.2 3.6 
18 1 82 44 15 8.1 4.1 
22 l 82 44 15 8.7 3.9 
25 1 82 44 15 9.2 4.0 
28 l 82 44 15 10.5 s.o 
30 l 82 44 15 - -------- 11.0 4 .4 

NUMBER 
OF CYSTS 

EFFLUENI' DETECTED GIARDIA 
VCl1.n£ IN ANALYSIS 

SAMPLED EFF!.UF.NT ME'IHCD 

CL) CNO.) 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 nv'h Cpage 5 of 
10>. 

.AGE OF 
Dl\TE RUN TEMP SOIMUT'l-

STJ\Nnl\RD 
PLATE CUJNl' 

<:ma:N'I'RA'l'ION 
(NO./ML) 

'IUI'AL <XLI RDt 
(l)N(}:N'rnATION 
C<XLIF ./lOOML) 

FECAL Cil.IFORM 
CDNCENTRATION 
(Cil.IF ./lOOML) 

'IURBIDITY 
(NTU) 

PARTIQ.E CXlJNl' 
OOOCEN'mATION 

(NO./lOMLl 

INFLUENT 
GIARDIA CYSr 
<XJNCENl'RATIOO 

(CYSTS/L) 

NO. DECKE INFLUfNI' EFFLUENI' INFLUfNI' EFFLUENI' INFLUENT EFFLUENI' INFLUENI' EFFLUENI' INFLUfNI' EFFLUfNI' ADDED DETECTED 
DY f{) YR C°C> (WEEKS) 

2 2 82 44 15 
3 2 82 44 15 
4 2 82 44 15 
s 2 82 44 15 
6 2 82 44 15 
7 2 82 44 15 
8 2 82 44 15 
9 2 82 44' 15 

10 2 82 44 15 
11 2 82 44 15 
12 2 82 44 15 
13 2 82 44 15 
14 2 82 44 15 
15 2 82 44 15 
16 2 82 44 15 
18 2 82 44 15 
20 2 82 44 15 34 

6200. 
9400. 

30000. 
6000. 
4100. 
6800. 

900. 
4400. 
2400. 
1200. 
1800. 
3200. 

200. 
7200. 

21300. 
14000. 
20400. 
10200. 

3800. 
2960. 
2600. 
4800. 

30000. 
6000. 
5900 • 
1190. 
2300. 

11.0 3.8 

11.0 3.7 

9.2 3.6 

8.5 3.2 

6.8 3.7 

6.3 3.0 

6.0 2.9 
6.2 7.3 

NUMBER 
OF CYSTS 

EFFLUENT DETECTED GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFFLUENT ME'IHCD 

CL) (NO.) 

26 2 82 47 5 0 360. 
300. 
260. 
350. 

30000. 
700. 
200. 

1. 

4.0 5.2 1769. 500 413 - - ZF 
27 2 82 47 5 
28 2 82 47 s 

1 3 82 47 5 
2 3 82 47 5 

570. 
500. 

1710. 

1350. 4. 7 4.1 1609. 290. 500 180 33 25 ZF 
87. 4.8 4.S 1720. 89. 500 230 36 33 ZF 
16. 5.0 4.6 1738. 81. 500 138 42 14 ZF 
12. 4. 7 4.S 922. 102 28 37 5 ZF 

3 3 82 47 5 l 960. 420. 5. 5.5 4.4 831. 43. 0 - 34 28 ZF 
4 3 82 50 15 l 
5 3 82 50 15 
9 3 82 50 15 

10 3 82 50 15 
11 3 82 50 15 
12 3 82 50 15 

1700. 35000. 

13 3 82 50 15 176. 500. 

17. 
o. 
o. 

14 3 82 50 15 300. 540. 1240. o. 
15 3 82 50 15 157. 770. 160. l. 
16 3 82 so 15 350. 710. 160. o. 
17 3 82 50 15 3 319. 1050. 360--~~---0--

3.8 3.9 
3.8 3.5 
4.5 2.9 

3.9 

4.1 
4.2 

3.1 

3.1 
3.0 

18 3 82 53 15 3 7900. 980. 6300. 0. 4.5 3.0 1294. 500 1262 - - ZF 
19 3 82 53 15 8500. 400. 6100. 0.. 4.5 2. 7 40506. 88. 500 665 38 0 ZF 
20 3 82 53 15 17900. 840. 4900. l. 4.6 2.7 12591. 38. 500 656 45 0 ZF 
21 3 82 53 15 40000. 8900. 3900. O. 4.4 2.4 7975. 60. 500 1965 42 16 ZF 
22 3 82 53 15 300. 330. 0. O. 3.6 2.2 553. 75. 0 - 44 0 ZF 
23 3 82 53 15 4 460. 380. 0. 0. 4.2 2.4 62. 55. 0 - 56 0 ZF 
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'rable A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 nv'h (page 6 of 
10). 

NJE CF 
DATE RUN TF.MP SOiMlm-

S'l'ANQ\RD 
PLATE CClJm' 

c.ooa:NTRATION 
(NO./ML) 

'IUI'AL CCLIFORM 
~CENTAATION 
,C<XLIF./lOOML) 

FECAL <XLIFORM 
OJNCENTRATION 
(CCLIF ./lOOMLl 

'lURBIDI'IY 
(N'IU) 

PART! a.E a::mrl' 
OOtn:m'RATION 

CNO./lOMLl 

INFLUENr 
GIARDIA CY&'T 
CXJNCENTRATION 

(CYSI'S/Ll 

NO. DOCKE INFLUENI' EFFWENI' INFLUENT EFFLUENT INFLUFNI' EFFLUEN.l' INFLUENl' EFFLUENI' INFLUENT EFFLUENI' AIDED DETECTED 
DY Kl YR (oC) (WEEI<S) 

24 3 82 56 15 4 3.6 2.2 
26 3 82 56 15 3.4 1.9 
29 3 82 56 15 3.4 2.1 
31 3 82 56 15 5 4.2 2.3 

Nll-lBER 
CF CYSTS 

EFFLl.En' IE'IBCTED GIARDIA 
VCLUME IN ANALYSIS 

Sl\MlUl> EFFLUENr ME'IHCD 

CL) COO.) 

l 4 82 59 5 5 21900. 160. 4.0 2.8 5811. 500 327 - - ZF 
2 4 82 59 5 24300. 4400. 98. 1. 4.1 2.8 lSOO. 13S. SOO 278 46 S ZF 
3 4 82 S9 S 19000. SOOO. 130. 1. 3.7 2.6 1697. 86. 500 828 3S 0 ZF 
4 4 82 S9 5 lSlOO. 3200. 70. 3. 4.0 3.0 SOO 164 34 0 ZF 
5 4 82 S9 5 1040. 3550. 2. O. 3. 7 2.9 198. 31. 0 0 48 0 ZF 

---6.__i..82.__52 5 6 310. 1070. 0. 0. 3.9 3.0 74. 0 - 57 0 ZF 
7 4 82 62 lS 6 3.4 2.8 
8 4 82 62 15 3.2 1.8 

10 4 82 62 15 2.9 1.1 
12 4 82 62 15 2.8 1.1 
14 4 82 62 15 2.7 1.2 
17 4 82 62 15 3.5 1.9 
19 4 82 62 15 4.0 1.8 
21 4 82 62 lS 5.0 2.3 
23 4 82 62 15 4.8 2.4 
26 4 82 62 lS 4.9 2.3 
28 4 82 62 lS 4.2 2.2 
30 4 82 62 15 5.1 2.4 

3 5 82 62 15 4.9 2.3 
5 s 82 62 15 5. 7 2.3 
7 5 82 62 15 4.4 1.8 

10 5 82 62 15 4.3 1.5 
12 5 82 62 15 4.1 1.5 
16 5 82 62 15 11 4.4 1.6 
17 5 82 65 15 12 5800. S.O 1.4 50 66. 7 - - ZF 
18 5 82 65 15 1010000. 290. 5.2 2.4 50 53.2 15 0 ZF 
19 5 82 65 15 6400. 430. 5.4 2.6 50 14.5 54 0 ZF 
20 5 82 65 15 8500. 450. 5.3 2.4 50 42.6 70 2 ZF 
21 5 82 65 15 23300. 1170. 0. 4.5 2.0 50 10.4 66 0 ZF 
22 S 82 65 15 68000. 5. 0. 4.4 2.0 50 7 .1 60 0 ZF 
23 5 82 65 15 22200. 680. 10. 0. 4.5 1.9 SO 56.3 69 1 ZF 
2.L 5 82 65 15 13 28100. 650. 14. 0. 4.4 2.0 SO 0.6 95 1 ZF 
25 5 82 68 5 13 10300. 179S. 49. 0. 4.4 2.3 50 21.4 79 3 ZF 
26 5 82 68 5 13200. 540. 26. O. 4.3 2.5 50 95.4 71 2 ZF 
27 5 82 68 5 2900. 730. S2. 1. 4.4 2.6 1150. 226. 50 21.l 62 0 ZF 
28 5 82 68 5 9100. 2320. 48. 2. 4.4 2.6 93S. 48. 50 17.9 70 0 ZF 
29 5 82 68 5 13 490. 1. 4.4 2.8 12.S - 63 2 ZF 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h Cpage 7 of 
10). 

J\GE OF 
IY\TE RUN TEMP sauurz-

Sl'l\NQl\.RD 
PLATE CCXJNI' 

<ONCENTAATION 
(NO./~U..) 

'IUrAL CCLIFORM 
roNCEN'l'RATION 
CCCLIF ./lOOML) 

FECAL <XLIFORM 
<nK:ENTRATION 
(CU.IF ./lOOML) 

TURBIDITY 
(NTU) 

PARI'ICLE CCl.lNl' 
(l)NCENTRATION 

(N0./10ML) 

INFLUENT 
GIARDIA CYST 
cnx::ENTRATION 

(CYSTS/Ll 

NO. DECKE INFLUENI' EFFLUENI' INFLUmI' EFFLUENT INFLUmr EFFLUmT INFLUENI' EFFLUml' INFf1JEN'l' EFFLUmI' ADDED DETECl'ED 
DY K> YR (OC) (WEEl<S) 

1 6 82 71 15 14 3.9 2.0 
2 6 82 71 15 3. 7 1. 9 1462. 4402. 
3 6 82 7l 15 3.7 2.0 

NUMBER 
OF CYSTS 

fJ"FWEN'l' IETECI'ED GIARDIA 
va:..ul£ IN ANALYSIS 

SMPLED EFFLUE?n' ME'IHCD 

(L) (00.) 

4 6 82 71 15 l..i._____~~~~~~-~~~~~~~~~~~~~~--....ioc...-~....M..1t.6.-~~~~~~~~~~~~~~~~~~~~~~~ 
6 6 82 74 15 0 4200. 2700. 330. 4.4 4.0 
7 6 82 74 15 5100. 830. 3.7 4.1 426. 276. 
8 6 82 74 15 3020. 350. 3100. 6. 490. 4. 3.8 3.9 
9 6 82 74 15 2980. 250. 2800. l. 1100. o. 3.8 3.6 

10 6 82 74 15 12100. 232. 1480. 2. 1800. 4. 3.7 3.4 422. 78. 
11 6 82 74 15 7600. 310. 1140. 4. 1600. o. 3.8 3.4 
12 6 82 74 15 140. O. O. S.8 3.4 
15 6 82 74 15 3 .6 2. 7 
17 6 82 74 15 3450. 260. 260. 2. 26. o. 3.5 2.8 
18 6. 82 74 15 5800. 1455. 262. 6. 31. o. 

50 
50 
50 
50 
50 
50 
50 

8.7 
0.8 
0.9 

31.1 
16.6 
20.4 

79 
79 
74 
71 
65 
84 

0 
0 
0 
0 
0 
0 

ZF 
ZF 
ZF 
ZF 
ZF 
ZF 
ZF 

20 6 82 74 15 2670. 490. 3.5 2.8 50 18.0 - - ZF 
21 6 82 74 15 2265. 236. 720. 3. 29. O. 3.5 3.0 497. 85. 50 26 .9 70 0 ZF 
22 6 82 74 15 2725. 130. 550. O. 66. O. 3.5 3.1 50 15.1 79 0 ZF 
23 6 82 74 15 2520. 181. 237. 1. 118. 0. 3.3 3.2 50 19.9 69 0 ZF 
24 6 82 74 15 3910. 161. 393. O. 190. O. 3.4 3.1 50 16.7 71 0 ZF 
25 6 82 74 15 3 280. 1. 0. 3.4 3.0 0 - 62 Q ZF 
28 6 82 77 15 3 380. 145. 3.7 2.8 
29 6 82 77 15 1070. 156. 155. 1. 
30 6 82 77 15 800. 59. 148. 2. 4.1 2.9 
l 7 82 77 15 640. 141. 20. 2. 
2 7 82 77 15 4 1300. 452•-~- __ lL_ . Q._ __ ------ -~- 3.8 2.7 
4 7 82 80 5 0 1785. 100. 4.1 3.2 
s 7 82 80 s 2655. 1330. 67. 1. 4.1 3.0 
6 7 82 80 5 2800. 550. 71. o. 4.4 3.3 
7 7 82 80 5 2785. 770. 31. o. 4.4 3.4 
8 7 82 80 5 2875. 440. 37. o. 4.4 3.4 
9 7 82 80 5 1790. 390. 10. o. 4.2 3.3 

12 7 82 80 15 3.3 2.7 
14 7 82 80 15 3.4 2.4 
16 7 82 80 15 3.5 2.4 

50 
50 
50 
50 
50 
50 

34.3 
56.0 
29.l 
26.7 
28.l 

60 
75 
67 
72 
75 

0 
0 
0 
0 
0 

MP 
MP 
MP 
MP 
MP 
MP 

18 7 82 80 5 800. 23. 3.5 2.2 50 16.6 - - MP 
19 7 82 80 5 845. 175. 18. O. 3.5 2.2 50 30.0 55 0 MP 
20 7 82 80 5 1390. 370. 17. O. 3.5 2.3 50 15.7 60 0 MP 
21 7 82 80 5 2045. 20. 1. 3.5 2.5 50 13.6 55 0 MP 
22 7 82 80 5 1290. 365. 20. 1. 3.5 2.5 SO 58.2 - - MP 
23 7 82 80 5 3 3.7 2.6 50 45.6 334 0 MP 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h (page 8 of 
10>. 

AGE OF 
IY\TE RUN TEMP SO!r-tm-

ST/INii\RD 
KATE CXXJNT 

CONCENTRATION 
(NO./ML) 

'lurAL ca..IFORM 
illNCENTRATION 
C<XLIF ./lOOML) 

FECAL ca..IFORM 
<X>NCENI'RJ\TIOO 
(ca..IF ./100ML) 

'IUffilDI'l'Y 
(N'IU) 

PART! Q.E CClJNl' 
<X>NCEm'RATION 

(NO./lOML> 

INFLUENl' 
GIARDIA CYST 
OONCENI'RATIOO 

(CYSTS/L) 

NlJ4BER 
OF CYS'IS 

EFFLl.D11' IETEX:.TED GIARDIA 
VCUJME Ill AAALYSIS 

SAMPLED EFfLum.t' r.E'llfCD 
NO. DECKE INFLUmr EFFLUENI' INFLUENT EFFLUENI' INFLUENT EFFLUENT INFWENI' EFFLUENT INFLUENT EFFLUENT ADDED DETECTED 

DY K'> YR c0 c> (WEEKS) CL) (00.) 

25 7 82 83 15 3 3.6 2. 7 
26 7 82 83 15 20000. 160. 4400. 4. 4.0 2.5 
27 7 82 83 15 4400. 40. 600. 11. 
28 7 82 83 15 1600. 126. 700. 6. 4.1 2.5 
29 7 82 83 15 4500. o. 4300. 7. 4.1 2.4 
30 _2__82_81_ 15 -- 4__ - 4400. - .190.___ 650.. 6. 3.9 2.4 

1 8 82 86 15 4 66000. 74000. 5.0 2.4 1000 123 - - MP 
2 8 82 86 15 66000. 780. 71000. 143. 5.0 2.4 1000 173 72 0 MP 
3 8 82 86 15 1100. 90. 5.0 2. 7 0 - 71 0 MP 
4 8 82 86 15 15800. 290000. 5.0 2.5 1000 256 - - MP 
5 8 82 86 15 . 10700. 150. 210000. 10. 4.8 2.5 1000 183 68 0 MP 
6 8 82 .6.L.l.S..._ 5 llO. 4. 5.2 2.6 0 - 66 O MP 
8 8 82 89 15 5 4500. 22000. 4.8 2.3 1000 167 - - MP 
9 8 82 89 15 6300. 246. 13000. 1. 5.0 2.6 1000 220 57 0 MP 

10 8 82 89 15 17100. 40. 13800. 2. 4.8 2. 7 1000 160 69 0 MP 
11 8 82 89 15 17850. 410. 18000. 6. 5.6 2.7 1000 258 61 0 MP 
12 8 82 89 15 39900. 114. 17000. 1. 5.6 2. 7 1000 300 187 0 MP 
13 JLJl2 __ .82___15______6_ 86. 1. 5. 5 2. 7 
16 8 82 93 15 6 7100. 2050. 5.1 2.4 
17 8 82 93 15 5800. 320. 1600. o. 
18 8 82 93 15 550. 113. 75. o. 5.0 2.7 
20 882 93 15 __ 7_ ---------- 5.1 2.8 
24 8 82 96 15 7 5.1 2.9 
27 8 82 96 15 5.2 2.7 
31 8 82 96 15 5.5 3.3 

3 9 82 96 15 6.4 3 .6 
7 9 82 96 15 6. 5 3 • 8 

10 9 82 96 15 6.7 3.6 
13 9 82 96 15 6. 7 3 .6 
16 9 82 96 15 6.9 3.8 
18 9 82 96 15 7.2 4.0 
21 9 82 96 15 7.5 4.1 
24 982 96--1.5 12 7.6 4.3 



Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 nv'h (page 9 of 
10). 

NiE OF 
DATE RUN TEMP sauurz-

STJ\NDr'\RD 
PLATE CXlJNl' 

CDNCENTRATION 
(NO./Ml.J 

'IUl'/\L CCLIFORM 
CDNCENTRATION 
(CCLIF ./lOOMJ,) 

FECl\L CCLIFOHM 
OONCENTRATION 
(CCLIF./lOOML) 

'IUffiIDITY 
(N'IU) 

Pl\RI'ICLE cam 
OJNQ:Nl'RATION 

(NO./lOML) 

INFLUENI' 
GIARDIA CYST 
CDNCENTRATION 

(CYSTS/L) 

NO. DOCI<E INFLUENI' EFFLUENI' INFLUENI' EFFLUmr INFLUENI' EFFLUENI' INFLUENI' EFFLUENI' INFLUmr EFFLUmr ADDEO DETECTED 
DY M) YR c0 c> (WEEKS) 

28 9 82 99 15 
29 9 82 99 15 
30 9 82 99 15 

1 10 82 99 15 
2 10 82 99 15 
3 10 82 99 15 
4 10 82 99 15 
5 10 82 99 15 
6 10 82 99 15 
7 10 82 99 15 
8 10 82 99 15 
9 10 82 99 15 

10 10 82 99 15 
...... 11 10 82 99 15 
U1 12 10 82 99 15 
w 13 10 82 99 15 

14 10 82 99 15 
15 10 82 99 15 
16 10 82 99 15 

12 2250. 
3500. 
2700. 
3350. 
1100. 
2000. 
2675. 
2800. 
2005. 
2340. 
3600. 

10250. 
1700. 
2800. 

2350. 

170. 
90. 

175. 
380. 
80. 

1060. 

43. 
143. 
143. 
430. 

255. 

6400. 

21000. 
24000. 
32000. 

7000. 
4400. 
6000. 

21000. 
26500. 
20000. 

500. 
145. 

47500. 
1150. 

12500;. 

700. 

275. 
290. 
107. 
170. 
85. 

110. 
41. 
33. 
9. 
6. 

22. 

8. 

9.0 

7.9 
6.9 
7.2 

7.8 

7.4 
7.1 

7.1 

7.3 

8.0 

4.3 

4.7 
4.7 
4.9 

4.6 

4.5 
4.6 

4.7 

4.5 

4.6 

18 10 82 99 15 15 7.5 4.8 

Nl"1BER 
OF CYSTS 

EFFLUEm' DETECTED GIARDIA 
VCLUME IN AN/\LYSIS 

SAMPLED EFFLUENT ME'IllCD 

(L) (00.) 

20 10 82 102 15 16 19400. 600. 7 .8 4.8 1000 720 - - MP 
21 10 82 102 15 29750. 1245. 13000. 4. 7 .8 5.4 1173 986 51 0 MP 
22 10 82 102 15 670. 830. 3. 17. 7 .6 5.6 0 - 87 0 MP 
23 10 82 102 15 600. 580. 4. 5. 7.6 5.4 0 - 70 0 MP 
24 10 82 102 15 650. 320. 1. 3. 7.6 5.6 0 - 66 0 MP 
25 10 82 102 15 16 420. 305. 2. 2. 7.7 5.5 0 - 68 0 MP 
26 10 82 105 15 16 4400. 23500. 1. 8.4 5. 7 5000 2060 - - MP 
27 10 82 105 15 7750. 361. 22500. 30. 8.0 5.5 5150 3350 60 0 MP 
28 10 82 105 15 995. 260. 1. 18. 8.1 5.6 0 - 95 0 MP 
29 10 82 105 15 1400. 130. 1. 4. 8.2 5.7 0 - 121 0 MP 
30 10 82 105 15 450. 80. 3. 1. 8.3 5.9 0 - 79 0 MP 
31 10 82 105 15 955. 305. 2. O. 8.0 5.9 0 - 80 0 MP 

1 11 82 105 15 13. 6. 2. o. 
2 11 82 105 15 17 800. 80. 3. O._ 7.8 6,.1 
3 11 82 108 15 0 16500. 870. 20000. o. 8.1 7.3 
4 11 02 108 15 21000. 1010. 24000. 195. 0.1 1 .8 
5 11 82 108 15 315. 560. 3. 235. 8.9 7 .8 
6 11 82 108 15 126. 180. o. 22. 8.9 8.1 
7 11 82 108 15 144. 127. o. 13. 9.1 8.3 
8 11 82 108 15 111. 84. 1. 6. 
9 11 82 108 15 1 

1505 
1500 

0 
0 
0 

784 
668 71 

113 
63 

107 

0 
0 
0 
0 

MP 
MP 
MP 
MP 
MP 
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 nv'h (page 10 
of 10>. 

Sf.AND!\RD INFLUEN!' 
PLATE <XUNT 'IUI'J\L CU.IFORM FECJ\L a:LIFORM PARTICLE COON'!' GIARDIA CYST 

COOCENTRA'l'ION illNCENTRJ\'l'ION CDNC.ENl'HA'l'ION 'IUIDIDITY CONCEW'RA'l'ION Q)NCENTRJ\TION 
AGE OF (NO./ML) (a:LIF ./lOOML) Ca:LIF ./lOOML) (N'IU) {NO./lOML) CCYSTS/Ll 

DA.TE RUN TF.MP SOI1'Un-
NO. DECKE INfUJENT EFFLUEN!' INFLUENI' EFFLUENT INFLUENT EFFLUmr INFI1JENr EFFLUENT INFLUENT EFFWmr ADDED DETECTED 

DY ro YR C°C> (WEEl<S) 

12 11 82 111 15 0 37500. 20500. 10.9 15.5 1982 1250 
13 11 82 111 15 29100. 7350. 15500. 1118. 10.2 12.9 1923 1863 
14 11 82 111 15 210. 5700. 6. 570. 9.9 11.1 0 -
15 11 82 111 15 10. 23. 1. 57. 9.6 9.7 0 -
16 11 82 111 15 82. 710. 1. 34. 9.7 9.7 0 -
17 11 82 111 15 110. 182. o. 12. 10.2 8.7 
18 11 82 111 15 3010. 1455. o. 11. 9.5 8.2 
ll..ll_82 111 lS l mo. ~10. Q. ~. 10.t 1.a 
22 11 82 114 15 2 9.7 7.7 
24 11 82 114 15 10.0 7.7 
26 11 82 114 15 9.6 7.6 
29 11 82 114 15 9.8 7.6 
l 12 82 114 15 10.1 7.6 
3 12 62 lU lS 3 10.4 1.6 

18 l 83 119 15 10 119500. 39000. 10.1 7.5 2000 2100 
19 l 83 119 15 80000. 42000. 670. 9.9 7.9 2000 1458 
20 l 83 119 15 172000. 26800. 52500. 895. 9.9 7.9 2000 1282 
21 1 83 119 15 160000. 28200. 39000. 870. 10.0 7.6 2000 920 
22 1 83 119 15 19500. 13350. 930. 630. 9.6 7.3 0 -
23 1 83 119 15 3700. 800. 180. 120. 9.2 7.4 0 -
24 1 83 119 15 960. 1000. o. 72. 9.7 7.4 
26 l 83 119 15 11 290. 720.__ o. 14. 

Nl.K3ER 
OF CYSTS 

EFFLl.En' DETIX"Im GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFFLUENT ME'llfOO 

(L) (00.) 

- - MP 
67 0 MP 
96 0 MP 

192 0 MP 
99 0 MP 

- - MP 
193 0 MP 
139 0 MP 
154 0 MP 
166 0 MP 
173 0 MP 



Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 1 of 9) 

AGE OF 
MTE RUN TEMP samm-

ST!INDl\RD 
PLATE COMl' 

CONQ;NI'RATION 
(NO./ML) 

'IUl'AL CCLIFORM 
OONO::NI'RATION 
<ca.IF ./lOOML) 

FECAL a.I.I FORM 
OONCENI'RATION 
(CU.IF ./lOOML) 

'IURBIDITY 
(NTU) 

PJ\RTICLE CUJNl' 
OONO:NrRATION 

CNO./lOML) 

INFLUENI' 
GIARDIA CYST 
OONCENI'RATION 

CCTSTS/Ll 

NO. DOCKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED IETECTED 
DY ID YR (oC) (WEEKS) 

27 8 81 9 15 0 4.4 4.4 
28 8 81 9 15 4.4 4.4 
29 8 81 9 15 3.9 3. 7 
30 8 81 9 15 4.0 3. 7 

1 9 81 9 15 4 .1 3. 7 
__l_.9_8L 9 15 l 4.1 4.0 

3 9 81 11 15 l 92000. 19000. 6.4 4.6 
4 9 81 11 15 l 75000. 1700. 4.2 5.2 
5 9 81 13 15 1 1400. 4.5 4.5 
6 9 81 13 15 4.4 4.2 
7 9 81 13 15 4. 7 5.0 
8 9 81 13 15 4.5 5.3 
9 9 81 13 15 4.5 5.5 

10 9 81 13 15 4.6 5.6 
11 9 81 13 15 4.6 5.4 
12 9 81 13 15 5.0 4.8 
13 9 81 13 15 4.9 4.7 
14 9 81 13 15 5.8 4.7 t:: 17 9 .81 13 15 6.0 5.3 

U1 18 9 81 13 15 5.8 5.5 
19 9 a1 13 15 5.9 5.5 
20 9 81 13 15 5.5 5.4 
21 9 81 13 15 4 
22 9 81 16 15 4 7 .2 4. 7 
23 9 81 16 15 5.8 5.0 
24 !! Bl__16__l5 ____ 4 5.6 3.2 
25 9 81 19 15 4 28900. 5.7 5.3 
26 9 81 19 15 4 - 100000. ___ __o_.___ _________ -- ----- - - 5.8 5.3 
21 9 81 22 15 5 5.9 5. 7 
28 9 81 22 15 6.2 5.2 
29 9 81 22 15 7.0 5.5 
30 9 81 22 15 7.1 5.5 
1 10 81 22 15 6.4 5.6 

_2_10 81 22 15 5 6.5 5.9 
3 10 81 25 5 5 80. 6.5 5.3 
4 10 81 25 5 390. 6.8 6.3 
5 10 81 25 5 290. 195. 6.6 6.1 
6 10 81 25 5 70. 121. 6.8 6.1 
7 10_ 81_ - 25 5 6 ----1...0 6.2 

NUMBER 
OF CYS'IS 

EFFLUENT IETECTED GIARDIA 
V<Ll.JME IN ANALYSIS 

SAMPLED EFFLUENI' ME'IHCD 

(L} (00.) 



Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 2 of 9) 

/£E OF 
Ill\TE ~TEMP SQlHJ'I"L-

STANI.NID 
PLATE Ca.INT 

o:>NCENTRATION 
(NO./ML) 

'IUI'AL CCLIFORM 
<DNCENTRATION 
(CCLIF./lOOML> 

FECAL CCLIFORM 
<DNCEN'lllATION 
(CCLIF ./lOOML) 

TURBIDITY 
(NIU) 

PARI'Io:..E caJNT 
Q)N(ENTRATION 

(NO./lOML) 

INFLl!fNI' 
GI.NIDIA CYST 
~IOO 

(cmrs/IJ 

NO. DOCl<E INFLUENT EFFLUENT INFLUENT EFFLUml' lNFLUmT EFFLUENl' INFLUENT EFFLUENT INFLUENT EFFLUENI' ADIE) lETECl'ED 
DY ro YR <°C) (Wfill<S) 

10 10 81 28 15 6.3 5.2 
11 10 81 28 15 6.5 5.3 
12 10 81 28 15 6.9 5.4 
13 10 81 28 15 6.6 5.5 
14 10 81 28 15 6.5 5.5 
15 10 81 28 15 6.7 5.6 
16 10 81 28 15 6.4 5.6 
17 10 81 28 15 6.8 5.8 
18 10 81 28 15 6.8 5.8 
19 10 81 28 IS 6.7 5.6 
20 10 81 28 15 6.9 5.6 
21 10 81 28 15 7 .o s.s 
22 10 81 28 15 6.8 5.4 
23 10 81 28 15 7.0 5.4 
24 10 81 28 15 6.8 5.6 
25 10 81 28 15 6.5 5.7 
26 10 81 28 15 6.6 6.1 

I-' 27 10 81 28 15 6.6 5.9 
V1 28 10 81 28 15 6.7 6.1 
O'i .2i...1Q.81 2B 15 9 6.4 6.1 

30 10 81 31 5 9 22300. 6.5 5.9 
31 10 81 31 5 24200. 6.6 s.s 
1 11 81 31 5 28000. 6.4 6.1 
2 11 81 31 5 32300. 6.1 6.1 
3 11 81 31 5 39000. 6.2 6.1 

. ...LI.l...81 31 s 10 4000. 6.3 5.9 
6 11 81 34 15 0 6.2 s. 7 
7 11 81 34 15 480. 6.3 5.1 
8 11 81 34 15 280. 6.3 6.0 
9 11 81 34 15 1900. 6.5 5.1 

10 11 81 34 15 40000. 6.3 5.1 
11 11 81 34 15 10000. 6.7 4.6 
12 11 81 34 15 1 6.7 4.8 
13 11 81 37 15 1 6.7 4.9 
14 11 81 37 15 6.4 4.0 
15 11 81 37 15 6.5 4.9 
16 11 81 37 15 6.7 s.s 
17 11 81 37 15 6.4 S.4 
18 11 8.1 37 15 2 6._5___ 1.3 

NTJMBER 
OF CYS'IS 

EFFLUENT DETEX:TED GIARDIA 
VCLUME IN ANALYSIS 

SAMPLED EFJ:l.UENT ME'lliCD 

(L) CNO.) 
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 3 of 9) 

l\GE OF 
IV\TE RUN TEMP SOIMl1.rl-

Sl'ANIWU> 
RJ\TE COJNT 

OONCENTRATIOO 
(NO./ML) 

TC1I'l\L CU..IFORM 
roN<l:NTRATIOO 
<CCLIF ./lOOML) 

FECAL CCLIFORM 
OONQ.:NTRATIOO 
CCCLIF ./lOOML) 

TURBIDITY 
(NIU) 

PARTICLE OlJNr 
cnKEN'.I'RATIOO 

CNO./lOMLl 

INFLUENT 
GIARDIA CYST 
QJNCENTRATION 

(CYSTS/L) 

NO. DECKE INFLUENT EFFLUENI' INEUJENr EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUFNl' EFFLUmr l\I)[£D IETECl'ED 
DY ID YR c0 c> (WEEKS) 

19 11 81 40 15 2 6.2 S.l 
20 11 81 40 15 6.9 4.8 
21 11 81 40 15 6.3 4.4 
22 11 81 40 15 5.9 4.5 
23 11 81 40 15 6.3 4.2 
24 11 81 40 15 6.6 5.1 
25 11 81 40 15 6.5 4.9 
29 11 81 40 15 6.3 5.4 
30 11 81 40 15 6.4 4.7 

1 12 81 40 15 6.6 5.3 
2 12 81 40 15 7.1 4.7 
3 12 81 40 15 7.2 4.8 
4 12 81 40 15 6.8 4.7 
5 12 81 40 15 7.0 4.6 
6 12 81 40 15 7.0 s.o 
7 12 81 40 15 7.2 4.8 
8 12 81 40 15 6.7 4.5 
9 12 81 40 15 7.1 4.8 

10 12 81 40 15 s 7.3 s.o 
11 12 81 43 15 5 8.6 6.2 
12 12 81 43 15 8.8 6.6 
13 12 81 43 15 8.6 7.0 
l.4...ll..81 43 15 6 8.9 7.7 
15 12 81 46 15 6 8.7 7.3 
16 12 81 46 15 8.8 6.8 
17 12 81 46 15 8.8 5.8 
18 12 81 46 15 9.1 6.8 
20 12 81 46 15 8.9 1.2 
22 12 81 46 15 8.7 2.0 
23 12 81 46 15 9.5 5.0 
27 12 81 46 15 8.9 4.8 
31 12 81 46 15 8.9 4.8 
4 1 82 46 15 8.8 4.2 
8 l 82 46 15 7 .9 3.9 

10 l 82 46 15 8.0 4.4 
15 1 82 46 15 8.2 4.0 
18 1 82 46 15 8.1 4.4 
22 1 82 46 15 8.7 4.8 
25 1 82 46 15 9.2 4.9 
28 1 82 46 15 ------------ ---------------- 10.5 6.7 

NUMBER 
OF CYS'.IS 

EFFLUENI' IETECTED GIARDIA 
VCX.UME IN ANALYSIS 

SAMPLED EFFLUENT ME'll!OO 

(L) (NO.) 
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 4 of 9) 

AGE OF 
~TE RUN TEMP SQIMUTZ-

SI'ANl1\RD 
PLATE caJNI' 

<DNCENrR/\TION 
(NO./ML) 

'IUI'AL CCLIFORM 
<DNCEN'I'RATION 
(CCLIF ./lOOML) 

FECAL CCLIFORM 
CDNa:NTRJ\TION 
(CCLIF./lOOML) 

WRBIDITY 
(N'!U) 

PARTICLE aJJNI' 
CDN<LNTRATIGN 

CNO./lOMLl 

INH .. UENI' 
GIARDIA CYST 
CDNCENI'RATJGN 

(CYSTS/Ll 

NO. DECKE INFLUENI' EFFLUENI' INFLUENT EFFLUFNI' INFLUENI' EFFLUENI' INFI1JFNr EFFLumI' INFLUENI' EFFWENl' ADDED DETECIBD 
DY ro YR C°C> (WEEKS) 

30 l 82 46 15 
2 2 82 46 15 
3 2 82 46 15 6200. 
4 2 82 46 15 9400. 990. 
5 2 82 46 15 30000. 1600. 
6 2 82 46 15 6000. 4800. 
7 2 82 46 15 4100. 640. 
8 2 82 46 15 6800. 16100. 
9 2 82 46 15 900. 6100. 

10 2 82 46 15 4400. 14100. 
11 2 82 46 15 2400. 140. 
12 2 82 46 15 1200. 1600. 
13 2 82 46 15 1800. 540. 
14 2 82 46 15 3200. 30000. 
15 2 82 46 15 200. 800. 
16 2 82 46 15 7200. 700. 

11.0 
11.0 

11.0 

9.2 

8.5 

6.8 

6.3 

6.2 
4.9 

4.9 

5.0 

5.1 

4.9 

4.8 

18 2 82 46 15 6.0 4.0 
21L2.Jl.2_46 15 15 6.2 4.2 
26 2 82 49 5 0 360. 30000. 4.0 5.3 1769. 
27 2 82 49 5 300. 940. 700. llOO. 4.7 4.1 1609. 
28 2 82 49 5 260. 3000. 200. 77. 4.8 4.9 1720. 

l 3 82 49 5 350. 3600. 1. 8. 5.0 4.6 1738. 
2 3 82 49 5 1. 4.7 4.4 922. 
3 3 82 49 s - l 960. 610...__ _____ ~---- - - ___ l. 5.5 4.2 831. 
4 3 82 52 15 1 3 .8 4 .1 
5 3 82 52 15 3.8 3.9 
9 3 82 52 15 1700. 35000. 4.5 3.2 

10 3 82 52 15 17. 
11 3 82 52 15 6. 
12 3 82 52 15 o. 
13 3 82 52 15 176. 500. 
14 3 82 52 15 300. 450. 1240. o. 
15 3 82 52 15 157. 340. 160. 10. 
16 3 82 52 15 350. 460. 160. o. 
17 3 82 52 15_ 3 319. 330. 360. o. 

3.9 

4.1 
4.2 

4.0 

3.2 
3.1 

500 
151. 500 
116. 500 

41. 500 
78. 102 
64. 0 

413 
180 
230 
138 

23 

NUMBER 
Of' CYSTS 

EFFLUENT DETECTED GI.ARDIA 
VCLUME IN NW..YSIS 

SAMPLF.D EFFLUENT ME'IHCD 

(L) (NO.) 

ZF 
28 31 ZF 
48 24 ZF 
76 176 ZF 
69 251 ZF 
49 67 ZF 

18 3 82 55 15 3 7900. 330. 6300. O. 4.5 2.9 1294. 500 1262 - - ZF 
19 3 82 55 15 8500. 750. 6100. 3. 4.5 2.5 40506. 31. 500 665 69 16 ZF 
20 3 82 55 15 17900. 980. 4900. 16. 4.6 2.5 12591. 40. 500 656 62 15 ZF 
21 3 82 55 15 40000. 1770. 3900. 7. 4.4 2.3 7975. 58. 500 1965 68 21 ZF 
22 3 82 55 15 300. 1550. O. 3. 3.6 2.1 553. 54. 0 - 77 6 ZF 
23 3 82 55 15 4 460. 1810. 0. 1. 4.2 2.2 62. 329. 0 - 70 10 ZF 



Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 5 of 9) 

l\GE OF 
DATE RUN TEMP SOU'1J'l"l-

srANIWID 
PLATE caJNT 

CDNCENTRATION 
CNO./MLl 

'IUrAL CCLI.FORM 
OONCENTRATION 
CCCLIF ./lOOMLl 

FECAL CCLI.FORM 
OONCENI'RATION 
CCCLIF ./100ML) 

'IURBIDITY 
(N'IU) 

PARTICLE cnJNT 
OONa:NI'RATION 

(NO./lOML> 

INFLUENI' 
GIARDIA CYST 
CDNCENl'RATION 

CCYSTS/Ll 

NO. DOCKE INFLUENT EFFLUENT INFLUfNI' EFFLUENT INFLUENT EFFLUENT INFLUF.NT EFFLUOO' INFLUENT EFFLUENT ADDED DETOCTED 
DY ro YR (oC) (WEEKS) 

24 3 82 58 15 4 3.6 1.8 
26 3 82 58 15 3.4 1.6 
29 3 82 56 15 3.4 2.4 
.ll_J_82 58 15 5 4.2 2.8 

NlH3ER 
OF CYSTS 

EFFLumT IETECTED GIARDIA 
VCLm£ IN NW..YSIS 

SAMPLID EFFLUDll' ME'Ill<D 

UJ COO.) 

l 4 62 61 5 5 21900. 160. 4.0 3.2 5811. 500 327 - - ZF 
2 4 82 61 5 24300. 15100. 98. 5. 4.1 3.8 1500. 63. 500 278 61 23 ZF 
3 4 82 61 5 19000. 12500. 130. 10. 3.7 2.6 1697. 61. 500 628 74 0 ZF 
4 4 82 61 5 15100. 9100. 70. 12. 4.0 3.8 500 164 68 2 ZF 
5 4 82 61 5 1040. 7600. 2. 9. 3.7 3.5 198. 30. 0 0 84 1 ZF 
6 4 82 61 5 6 310. 1350. 0. 0. 3.9 2.8 47. 0 - 79 0 ZF 
7 4 82 64 15 6 3. 4 2. 6 
6 4 82 64 15 3.2 1.9 

10 4 62 64 15 2.9 1.4 
12 4 82 64 15 2.8 1.8 
14 4 82 64 15 2.7 1.6 
17 4 82 64 15 3.5 2.3 
19 4 82 64 15 4.0 2.7 

I-' 21 4 62 64 15 5.0 2.6 
U1 23 4 82 64 15 4.8 2.5 
l..O 26 4 82 64 15 4.9 2.8 

28 4 82 64 15 4.2 2.8 
30 4 82 64 15 5.1 3.1 
3 5 82 64 15 4.9 2.7 
5 5 82 64 15 5.7 4.0 
7 5 82 64 15 4.4 3.5 

10 5 82 64 15 4.3 2.6 
12 5 82 64 15 4.1 2.5 
16 5 82 64 15 11 4.4 2.4 
17 5 82 67 15 2 S800. 5.0 3.2 SO 66.7 - - ZF 
18 5 82 67 15 1010000. 1200. 5.2 3.9 50 53.2 64 0 ZF 
19 5 82 67 15 6400. 2150. 5.4 3.4 50 14.5 79 0 ZF 
20 5 82 67 15 8500. 440. 5.3 3.9 50 42.6 149 0 ZF 
21 5 82 67 15 23300. 780. 0. 4.5 3.5 50 10.4 131 0 ZF 
22 5 82 67 15 68000. 5. 0. 4.4 3.5 50 7 .1 167 0 ZF 
23 5 82 67 15 22200. 5100. 10. O. 4.5 3.4 50 56.3 216 1 ZF 
24 5 82 67 15 3 28100. 21700. 14. 0. 4.4 3.5 SO 0.6 292 6 ZF 
25 5 82 70 5 3 10300. 1265. 49. 0. 4.4 3.3 50 21.4 245 2 ZF 
26 5 82 70 5 13200. 1795. 26. 3. 4.3 3.4 SO 95.4 184 3 ZF 
27 5 82 70 5 2900. 3200. 52. 2. 4.4 3.4 1150. 553. 50 21.1 148 3 ZF 
28 5 82 70 5 9100. 1440. 46. 6. 4.4 3.6 93S. 440. 50 17 .9 172 0 ZF 
29 5 82 70 S 4 1200. 3. 4.4 3.6 12.5 - 213 0 ZF 



Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 6 of 9) 

AGE OF 
~TE RUN TEMP SCliMlJl"l-

STANl.Y\RD 
PLJ\TE <XlMI' 

Q)NCF.N'IW\1'10N 
CNO./ML) 

'IUI'AL a.LIFORM 
CllK:EN'IW\TION 
C<XLIF ./lOOML) 

FECAL CCLIFORM 
CDNCEm'Rl\TION 
( <X.LIF ./lOOML) 

'IUmIDITY 
(NW) 

PARTICLE CClJNT 
CllK:EN'IW\TIOO 

(NO./lOML) 

INFLUENl' 
GIARDIA CYST 
<DtONrnATIOO 

(CYSTS/L) 

NO. DOCKE INFLUENI' EFf'LUENI' INFLUENI' EFFLUENI' INFLUENT EFFLUEm.1 INFLUENT EFFLUEm.' INFLUENT EFFLUOO' ADIE> DETECTED 
DY f-0 YR <°C> (WEEl<S) 

1 6 82 73 15 4 3.9 3.1 
2 6 82 73 15 3.7 3.0 1462. 472. 
3 6 82 73 15 3.7 3.1 

-4..__§_82 73 15 4 3.8 3.0 

NUMBER 
OF CYSTS 

EFF'LUENr DETECTED GIJ\RDIA 
Va.uME IN ANALYSIS 

SAMPLED EFFLUENT ME'IBOO 

(L) (NO.) 

6 6 82 76 15 0 4200. 2700. 330. 4.4 3.5 50 8. 7 - - ZF 
7 6 82 76 15 5100. 1500. 3. 7 3.8 426. 137. 50 0.8 241 0 ZF 
8 6 82 76 IS 3020. 330. 3100. 49. 490. 18. 3.8 3. 7 50 0.9 218 0 ZF 
9 6 82 76 15 2980. 800. 2800. 17. 1100. 2. 3.8 3.5 50 3I.I 230 0 ZF 

10 6 82 76 I5 12100. 620. I480. 11. I800. 2. 3.7 3.3 422. I72. SO I6.6 I72 0 ZF 
11 6 82 76 15 7600. 680. 1140. 5. I600. 5. 3.8 3.I 50 20.4 141 0 ZF 
I2 6 82 76 I5 390. 8. 0. 5.8 2.9 50 - 179 0 ZF 
15 6 82 76 I5 3.6 2.6 
17 6 82 76 IS 3450. 170. 260. I. 26. O. 3.5 2.6 
18 6 82 76 15 5800. 990. 262. 3. 31. o. 
20 6 82 76 15 2670. 490. 3.5 2.6 50 18.0 - - ZF 
21 6 82 76 15 2265. 290. 720. 4. 29. 0. 3.5 2.8 497. 200. 50 26.9 229 l ZF 
22 6 82 76 I5 2725. 340. 550. 0. 66. 0. 3.5 2.9 50 15.l 253 0 ZF 

I-' 23 6 82 76 15 2520. 245. 237. I. 118. O. 3.3 2.8 50 I9.9 228 0 ZF 
O"\ 24 6 82 76 15 3910. 160. 393. 2. I90. 0. 3.4 2.6 50 16. 7 I49 0 ZF 
0 25 6 82 76 15 3 209. 0. 0. 3,4 2,6 0 - 199 0 ZF 

28 6 82 79 15 3 380. 145. 3.7 2.7 
29 6 82 79 15 1070. 168. 155. 2. 
30 6 82 79 15 800. 265. 148. 4. 4.I 2.8 

I 7 82 79 I5 640. 275. 20. 2. 
2 7 82 79 15._ 4 1300. 130. 11. 2. 3.8 2,7 
4 7 82 82 5 0 1785. 100. 4.I 3.0 50 34.3 - - MP 
5 7 82 82 5 2655. 1620. 67. 3. 4.1 3.I SO 56.0 229 0 MP 
6 7 S2 82 5 2800. 750. 71. O. 4.4 3.2 50 29.l 225 0 MP 
7 7 82 82 5 2785. 1340. 31. 2. 4.4 3.4 50 26. 7 202 0 MP 
8 7 82 82 5 2875. IOOO. 37. I. 4.4 3.3 50 28.I 227 0 MP 
9 7 82 82 5 1790. 930. IO. O. 4.2 3.3 50 - 228 0 MP 

12 7 82 82 15 3.3 2.4 
14 7 82 82 IS 3.4 2.6 
I6 7 82 82 I5 3.5 2.3 
18 7 82 82 5 800. 23. 3.5 2.3 50 16.6 - - MP 
19 7 82 82 S 845. 605. I8. O. 3.5 2.3 50 30.0 209 0 MP 
20 7 82 82 5 1390. 270. I7. 2. 3.5 2.4 50 15. 7 200 0 MP 
21 7 82 82 5 2045. 5I5. 20. O. 3.5 2.5 50 13.6 I89 0 MP 
22 7 82 82 5 1290. 730. 20. 1. 3.5 2.6 SO 58.2 - - MP 
23 7 82 82 5 3 3,7 2,6 so 45.6 962 o MP 
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 7 of 9) 

AGE OF 
~'ft: RUN TEMP SOiMUTl-

S!ANDMD 
PLATE <XlJNl' 

OONCEm'RATIOO 
(NO./ML) 

'IUI'AL ca..IFO:RM 
CONCENTRATIOO 
Cea.IF ./IOOML) 

FECAL ca..IFORM 
au:ENTRATIOO 
Cca..IF./lOOML> 

TURBIDI'l'll' 
(N'IU) 

PARTICLE <llJNT 
cx:N:ENT.RATICR 

(N0./10ML) 

INFLUENT 
GIARDIA CYST 
roNCENTRATIOO 

(CYSTS/L) 

NO. DOCRE INFLUENI' EFFLUml' INFLUENl' EFFLUEM' INFLUfN.1' EFFLUENl' 1NFUJm'l' EFFI.Umr INFLUENl' EFFLUml' ADIED JETECl'ED 
DY l«> YR <°C> (WEEKS) 

25 1 82 85 15 3 3.6 2.8 
26 7 82 85 15 20000. 460. 4400. 150. 4.0 2.4 
27 7 82 85 15 4400. 220. 600. 300. 
28 1 82 85 15 1600. 630. 700. 135. 4.1 2.3 
29 7 82 85 15 4500. 550. 4300. 305. 4.1 2.3 
30 7 82 85 15__ 4 ____ _4400_. 130. 650. 125. 3.9 2.3 

tueER 
OF CYSTS 

EFFLUENT DE'.l'fO'fD GIARDIA 
V<LUME IN NW.YSIS 

SAMPLm EFFLlENl' ME'IHCI> 

<L> cm.> 

l 8 82 88 15 4 66000. 74000. 5.0 2.3 1000 123 - - MP 
2 8 82 88 15 66000. 5900. 71000. 2420. 5.0 2.6 1000 173 237 0 MP 
3 8 82 88 15 3600. 1200. 5.0 2.8 0 - 232 00 MP 
4 8 82 88 15 15000. 290000. 5.0 2.7 1000 256 - - MP 
5 8 82 88 15 10700. VO. 210000. 260. 4.8 2.8 1000 183 182 40 MP 
6 8 82 88 15 5 230. 0. 5.2 2.9 0 - 220 100 HP 
8 8 82 91 15 5 4500. 22000. 4.8 2.6 1000 167 - - MP 
9 8 82 91 15 6300. 500. 13000. 111. 5.0 3.0 1000 220 191 0 MP 

10 8 82 91 15 17100. 150. 13800. 76. 4.8 3.1 1000 160 233 0 MP 
11 8 82 91 15 17850. 295. 18000. 71. 5.6 3.0 1000 258 223 0 MP 
12 8 82 91 15 39900. 490. 17000. 59. 5.6 3.2 1000 300 196 0 MP 
13 8 82 9L 15___ ___ 6_____ _ ___ 256._ __ 86. 5.5 3.2 
16 8 82 94 15 6 7100. 2050. 5.1 2.9 
17 8 82 94 15 5800. 395. 1600. 12. 
18 8 82 94 15 550. 83. 75. 82. s.o 3.2 
20 8 82 94 15 _ 7 5 .1 3 .3 
24 8 82 97 15 7 5.1 3.4 
27 8 82 97 15 5.2 3.4 
31 8 82 97 15 S.5 4.5 

3 9 82 97 15 6.4 4.3 
7 9 82 97 15 6.5 4.3 

10 9 82 97 15 6.7 4.5 
13 9 82 97 15 6.7 4.6 
16 9 82 97 15 6.9 4.5 
18 9 82 97 15 7.2 4.7 
21 9 82 97 15 7.5 4.6 
24 9 82 97 15 12 7.6 4.7 
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 8 of 9) 

/>.GE OF 
Ol'\TE RUN TEMP sanvrz-

STANIWID 
EU\TE CClJNT 

CDNCENTRATION 
CNO./MLl 

'IUI'AL <XLIFORM 
CDNCENTRATION 
Cca..IF ./100ML) 

FOCAL ca..IFORM 
CDNCENTRATICN 
CCXLIF ./lOOMLl 

'lURBIDI'IY 
(N'lU) 

PARI'ICLE CllJm' 
CDNCENTRATIOO 

CNO./lOML> 

INFLCJml' 
GIARDIA CYST 
CDNCENTRATIOO 

(CYSTS/L) 

NO. DECKE INFLUENT EFFLUOO' INFLUENl' EFFLUENT INFLUENT EFFLUEm' INFLUENT EFFLUENI' INFLUEN1' EFFLUENI' ADIED DETECIED 
DY l-lJ YR c0 c> (WEEl<S) 

28 9 82 100 15 
29 9 82 100 15 
30 9 82 100 15 

1 10 82 100 15 
2 10 82 100 15 
3 10 82 100 15 
4 10 82 100 15 
5 10 82 100 15 
6 10 82 100 15 
7 10 82 100 15 
8 10 82 100 15 
9 10 82 100 15 

10 10 82 100 15 
11 10 82 100 15 
12 10 82 100 15 
13 10 82 100 15 
14 10 82 100 15 

12 2250. 
3500. 
2700. 
3350. 
1100. 
2000. 
2675. 
2800. 
2005. 
2340. 
3600. 

10250. 
1700. 
2800. 

2500. 
580. 
340. 
570. 
200. 
380. 
230. 

90. 
185. 
219. 
136. 

80. 

21000. 
24000. 
32000. 

7000. 
4400. 
6000. 

21000. 
26500. 
20000. 

500. 
145. 

47500. 
1150. 

12500. 

114. 
185. 
140. 
120. 
80. 
63. 

125. 
61. 
31. 
20. 
7. 

37. 

15 10 82 100 15 2350. 85. 700. 20. 
16 10 82 100 15 40. 10. 

9.0 

7.9 
6.9 
7.2 

7.8 

7.4 
7.1 

7.1 

7.3 

8.0 

4.2 

4.6 
4.4 
4.5 

4.1 

3.9 
3.9 

3.8 

3.8 

3.8 

18 10 82 100 15 15 7.5 4.0 

NUMBER 
CF CYSTS 

EFFLUEN!' IE'll'..C'l'ED GIARDIA 
VCLUIE IN ANALYSIS 

SAMPLED EFFLumT ME'mCD 

(L) (00.) 

20 10 82 103 15 16 19400. 600. 7.8 4.0 1000 720 - - MP 
21 10 82 103 15 29750. 1245. 13000. 5. 7 .8 4.6 1173 ·986 183 0 MP 
22 10 82 103 15 670. 1460. 3. 28. 7.6 4.8 0 - 315 0 MP 
23 10 82 103 15 600. 890. 4. 12. 7.6 4.4 0 - 216 0 MP 
24 10 82 103 15 650. 520. 1. 6. 7.6 4.7 0 - 203 0 MP 
25 10 82 103 15 16 420.- 340. 2. 3. 7.7 4.8 0 - 217 0 MP 
26 10 82 106 15 16 4400. 23500. 2. 8.4 4.9 5000 2060 - - MP 
27 10 82 106 15 7750. 105. 22500. 101. 8.0 4.8 5150 3350 193 0 MP 
28 10 82 106 15 995. 235. 1. 76. 8.1 4.9 0 - 309 0 MP 
29 10 82 106 15 1400. 165. l. 7. 8.2 4.9 0 - 401 0 MP 
30 10 82 106 15 450. 101. 3. 3. 8.3 4.9 0 - 268 0 MP 
31 10 82 106 15 955. 142. 2. 4. 8.0 5.0 0 - 269 0 MP 

l 11 82 106 15 13. 119. 2. 1. 
2 11 82 106 15 17 800. ____ U. . 3. ___ l_._______ 7.8 5.0 
311 82 109 15 0 16500. 273. 20000. 2. 8.1 8.0 
4 11 82 109 15 27000. 1940. 24000. 680. 8.1 7 .6 
5 11 82 109 15 315. 1370.; 3. 560. 8.9 7 .9 
6 11 82 109 15 126. 420. o. 152. 8.9 7 .2 
7 11 82 109 15 144. 27. o. 79. 9.1 7 .1 
8 11 82 109 15 111. 101. 1. 51. 
9 ll 82 1o.9___li___l___, 327. 155_. 1. 30. 

1505 
1500 

0 
0 
0 

784 
668 240 

382 
215 
362 

0 
0 
0 
0 

MP 
MP 
MP 
HP 
HP 

., 



Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 9 of 9) 

AGE OF 
DATE RUN TEMP SOJMln'Z-

STANDARD 
PLATE Ol.JNT 

OONCENTRATIOO 
CNO./ML) 

'IUl'AL CXLIFORM 
OONCENrRATICti 
(CXLIF ./lOOML) 

FF.CAL CXLIFORM 
caKENTRATICti 
CCXLIF ./lOOML> 

'IDRBIDI'lY 
(N'l'U) 

PARTia.E ca.JNl' 
OONCENI'RATIOO 

CNO./lOML) 

INFLUEm' 
GIMIDIA CYST 
<XICENmATICN 

(CYSTS/L) 

NO. DOCKE INFLUENT EFFLUENI' INFLUENT EFFLUEM' INFLUENI' EFFLUEM' INFLUENT EFFLUEM' INFLUENl' EFFLUEM' AlnD DETECTED 
DY t«:> YR (oC) (WEEKS) 

NUMBER 
OF CYSTS 

EFFLtmr DETOC'l'ID GIARDIA 
VCLUME IN AtW.YSIS 

SAMPLED EFFLUENT ME'IHCD 

(L) (00.) 

12 11 82 112 15 0 37500. 20500. 10.9 9.7 1982 1250 - - MP 
13 11 82 112 15 29100. 6000. 15500. 1350. 10.2 10.0 1923 1863 193 0 MP 
14 11 82 112 15 210. 6850. 6. 880. 9.9 9.5 0 - 314 0 MP 
15 11 82 112 15 10. 1220. 1. 175. 9.6 8.8 0 - 189 0 MP 
16 11 82 112 15 82. 940. 1. 105. 9.7 8.2 0 - 324 0 MP 
17 11 82 112 15 110. 225. 0. 65. 10.2 7 .8 
18 11 82 112 15 3010. 830. o. 28. 9.5 7.2 
19 11 82 112 15 1 1120. 209. o. 12. 10.4 6.6 
22 11 82 115 15 2 9.7 5.9 
24 11 82 115 15 10.0 6.0 
26 11 82 115 15 9.6 6.1 
29 11 82 115 15 9.8 6.3 
1 12 82 115 15 10.l 6.3 
3 12 82 115 15_ ____ _..,,__ ______________________ .x..a.:;.___...K.tl'"----------------------
7 12 82 117 15 4 29500. 10.7 4.8 3692 2433 - - MP 
8 12 82 117 15 11800. 100. 24000. O. 10.6 4.6 3692 4507 102 0 MP 
9 12 82 117 15 5600. 600. 1270. O. 9.5 5.3 0 - 194 0 MP 

I--' 10 12 82 117 15 20300. 210. 960. 2. 9.5 5.5 0 - 112 0 MP °' 11 12 82 117 15 13700. 112. 230. O. 9.8 5.4 0 - 157 0 MP 
w 12 12 82 117 15 10800. 247. l. 1. 9.8 5.7 

13 12 82 117 15 2550. 61. o. o. 
14 12 82 ll7 15_ __ 5 ___ .-"'"53.,..0 ...... _ ___.2..,.6CL7..._. ___ ......,. __ _....,.____ ___________________ _ 



APPENDIX B 

Results of Phase II and Phase III Experiments 
for Slow Sand Filtration 

'211983 - l '2/ 1983 

'lbe following six tables, Tables B-1, B-2, B-3, B-4, B-5, and B-6 
oontain all of the Phase II and III experimental results obtained f ran six 
laboratory scale slow sand filters, operated continuously at a hydraulic 
loading rate of 0.12 mlhr over the period February 1983 to Decenber 1983. 
'!bese tables oontain the raw data oollected for total oolifonn bacteria, 
standard plate oount bacteria, and turbidity. '!be tables in this appendix 
can be cross-referenced ~ date with Figures I-4 through I-9, in ApJ;endix I, 
which contain gra!ilical histories of temperature, }¥draulic loading rate, and 
hea.dloss. 

'lbe test condition imposed on each filter is sunmarized as follows: 

Table Filter No. Test variable 

B-1 1 control 

B-2 2 Depth of sand bed 

B-3 3 Chlorine added 

B-4 4 Nutrients added 

B-5 5 Large sand, s0c 
B-6 6 s0c 

164 



Table B-1. Phase II slow sand filter data for Filter ?\b. 1, the con-
trol filter. 

Dt\YS OF AGE OF INFLUENT EFFLUENT IN FLU ENI' EFFLUENI' INFLUENT EFFLUENT 
01\TE crm'INtXXJS SOiMlmIEO<E 'lURBIDITY 'IURBIDITY CXLIFORM CXLIFORM S'ID PLATE STD PLATE 

OPERATIOO CClJNl' CClJNl' 
~D!YR (MYS) (MYS) (Nn.J) (Nn.J) CNO/lOOML> CNO/lOOML) (NO/ML) (NO/ML) 

2 9 83 1 1 9.1 6.6 
2 10 83 2 2 9.1 8.0 2.0 240 3345 
2 11 83 3 3 8.9 8.5 51000.0 o.o 1310 65000 
2 12 83 4 4 9.0 8.4 7100.0 52000.0 755 125000 
2 13 83 5 5 9.0 8.3 3400.0 5300.0 74 24200 
2 14 83 6 6 8.7 8.1 4900.0 150.0 985 31100 
2 15 83 7 7 8.8 8.2 5000.0 390.0 3620 18250 
2 16 83 8 8 8.7 8.5 2250.0 570.0 4000 12200 
2 17 83 9 9 8.6 9.5 
2 20 83 12 12 8.6 8.5 20000.0 3850 
2 21 83 13 13 8.6 8.5 14667 .o 13600.0 365 2700 
2 22 83 14 14 8.5 8.1 21000.0 5750.0 630 2790 
2 23 83 15 15 8.6 8.3 37500.0 9200.0 635 3150 
2 24 83 16 16 8.3 8.1 20500.0 13100.0 9650 1337 
2 25 83 17 17 8.4 7.9 4550.0 150 
2 27 83 19 19 8.3 8.0 1460.0 1015 
2 28 83 20 20 8.2 7.9 990.0 140.0 395 2400 
3 1 83 21 21 8.0 7.7 6700.0 39.5 125 1320 
3 2 83 22 22 7.8 7.7 2200.0 1235.0 330 1120 
3 3 83 23 23 8.2 7.7 640.0 120.0 131 630 
3 4 83 24 24 a.a 7.7 47.0 116 
3 6 83 26 26 8.1 125.0 600 
3 7 83 Z1 Z1 7.4 7.5 48.0 7.0 44 1500 
3 8 83 28 28 7.6 7.3 126.0 3.0 3045 3155 
3 9 83 29 29 7.5 7.2 42.5 2.5 135 1060 
3 10 83 30 30 7.6 7.2 2000.0 1.5 330 1220 
3 11 83 31 31 7.6 7.1 41.5 1970 
3 14 83 34 34 7.8 7.1 2650.0 415 
3 15 83 35 35 7.8 7.1 20000.0 35.0 945 1265 
3 16 83 36 36 7.4 7.2 22000.0 1205.0 975 1040 
3 17 83 37 37 7.4 7.1 790.0 1500 
3 20 83 40 40 7.2 7.0 66000.0 595 
3 21 83 41 41 7.0 6.9 76500.0 2250.0 830 1065 
3 22 83 42 42 6.9 6.8 91500.0 2300.0 9950 1050 
3 23 83 43 43 6.8 6.7 61000.0 2500.0 700 915 
3 24 83 44 44 6.7 6.7 66500.0 750.0 775 685 
3 25 83 45 45 6.7 6.3 900.0 1130 
3 Z1 83 47 47 6.8 6.3 64000.0 850 
3 28 83 48 48 6.7 6.2 14000.0 1400.0 340 755 
3 29 83 49 49 6.7 6.2 1150.0 600 
4 5 83 56 56 7.3 6.2 3000.0 19200 
4 6 83 57 57 7.2 6.2 2200.0 4.0 1570 660 
4 7 83 58 58 7.0 5.8 1100.0 s.o 1790 1075 
4 8 83 59 59 7.0 5.8 12.0 590 
4 11 83 62 62 6.8 6.0 3950.0 690 
4 12 83 63 63 6.8 6.0 3000.0 26.0 775 345 
4 13 83 64 64 6.8 6.0 6700.0 59.0 285 415 
4 14 83 65 65 6.7 5.9 38.0 410 
4 16 83 67 1 
4 21 83 72 6 6.6 6.3 
4 22 83 73 7 6.4 5.9 
4 25 83 76 10 7.7 5.8 145000.0 1555 
4 26 83 77 11 6.9 5.8 125000.0 1500.0 1375 335 
4 27 83 78 12 6.5 5.5 215000.0 900.0 2285 160 
4 28 83 79 13 6.4 5.3 2100.0 435 
5 3 83 84 18 6.7 5.0 
5 4 83 85 19 6.6 5.0 
5 15 83 96 30 6.3 4.0 
5 16 83 97 l 6.3 3.9 113000.0 1460 
5 17 83 98 2 6.3 4.1 70500.0 450.0 755 515 
5 18 83 99 3 6.2 4.1 72500.0 330.0 840 390 
5 19 83 100 4 6.2 4.1 70000.0 425.0 965 815 
5 20 83 101 5 6.1 4.1 430.0 15 
5 23 83 104 8 6.1 4.1 63000.0 1145 
5 24 83 105 9 6.0 4.1 69000.0 240.0 820 555 
5 25 83 106 10 6.1 4.1 69000.0 180.0 390 980 
5 26 83 107 11 6.1 4.0 56500.0 330.0 670 960 
5 27 83 108 12 6.0 4.1 360.0 1265 
5 30 83 111 15 6.1 4.2 64000.0 680 
5 31 83 112 16 6.1 4.2 52500.0 190.0 710 580 

( ONI'INUED) 
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Table B-1. <continued). 

MYS OF AGE OF INFLUENT Em.VENT INFLUENT Em.UENT INFLUENT EFf'LtJENl' 
Dl\TE CXNrINUClJS SODlmDa:D 'lURBIDI'l'! 'lURBIDI'l'! CCLI FORM OLIFORM STD PLATE STD PLATE 

OPERATICN COON!' CIXJNl' 
Jfi DY YR (Dt\YS) (MYS> (N'l'U) (N'l'U) (t«l/lOOML> Ct«l/lOOML> (00/ML> (00/ML) 

6 1 83 113 17 6.2 4.2 35500.0 655.0 630 965 
6 2 83 114 18 6.1 4.2 320.0 820 
6 27 83 139 43 8.9 5.6 35000.0 515 
6 28 83 140 44 7.8 5.5 38000.0 180.0 660 895 
6 29 83 141 45 7.4 5.4 49000.0 440.0 655 975 
6 30 83 142 46 7.3 5.5 33000.0 710.0 420 760 
7 1 83 143 47 7.3 5.6 610.0 740 
7 4 83 146 so 7.0 5.8 930.0 224 
7 5 83 147 51 7.0 5.9 2300.0 30.0 155 580 
7 6 83 148 52 1.0 6.0 3200.0 73.0 150 140 
7 7 83 149 53 7.0 6.0 4250.0 82.0 515 750 
7 8 83 150 54 7.0 6.1 88.0 405 
7 11 83 153 57 7.1 6.1 35.0 3000 
7 12 83 154 58 7.l 6.l 66.0 .5 280 635 
7 13 83 155 59 6.9 6.2 76.0 .5 190 33 
7 14 83 156 60 6.8 6.2 74.0 .5 160 515 
7 15 83 157 61 6.8 6.l 31.0 .5 490 650 
7 18 83 160 64 6.8 6.2 340.0 320 
7 19 83 161 65 6.7 6.3 230.0 15.0 345 590 
7 20 83 162 66 6.6 6.2 290.0 21.0 340 590 
7 21 83 163 67 6.8 6.2 310.0 13.0 180 610 
7 22 83 164 68 6.8 6.3 2100.0 41.0 130 475 
7 23 83 165 69 7.0 6.2 2300.0 260.0 
7 24 83 166 70 7.0 6.2 2300.0 150.0 350 
7 25 83 167 7l 7.0 6.2 2000.0 210.0 307 530 
7 26 83 168 72 6.8 6.4 20500.0 170.0 325 460 
7 27 83 169 73 6.8 6.6 12000.0 820.0 485 715 
7 28 83 170 74 6.8 6.6 6600.0 650.0 205 450 
7 29 83 171 75 6.8 6.6 340.0 605 
8 1 83 174 1 6.9 6.6 34500.0 290 
8 2 83 175 2 7.1 7.1 24000.0 2400.0 365 470 
8 3 83 176 3 7.l 6.9 37500.0 5700.0 320 360 
8 4 83 177 4 7.2 6.8 25000.0 3500.0 370 471 
8 5 83 178 5 7.1 6.8 1600.0 410 
8 8 83 181 8 7.2 6.9 113500.0 1480 
8 9 83 182 9 7.2 6.7 129300.0 6900.0 1870 90 
8 10 83 183 10 7.2 6.8 280000.0 16200.0 3760 175 
8 11 83 184 11 7.2 6.7 110000.0 8000.0 1055 390 
8 12 83 185 12 7.l 6.8 7500.0 405 

'!HIS IS '!HE ~Al(r OF ~ III DATA ~ FILTER NO l, 'mE CXNl'ROL FILTER. 

8 15 83 188 15 7.6 7.l 113000.0 1080 
8 16 83 189 16 7.8 7.2 73500.0 7700.0 1360 195 
8 17 83 190 17 7.8 7.2 77000.0 7200.0 835 125 
8 18 83 191 18 7.7 7.3 6200.0 235 
8 22 83 195 22 8.7 7.3 65700.0 1085 
8 23 83 196 23 8.o 7.3 78000.0 7000.0 99 145 
8 24 83 197 24 7.9 7.3 80500.0 6300.0 720 170 
8 25 83 198 25 7.8 7.4 4600.0 140 
8 29 83 202 29 0.0 7.4 70000.0 790 
8 30 83 203 30 7.9 7.4 70000.0 4200.0 990 25 
9 1 83 204 31 8.1 7.4 4950.0 110 
9 5 83 208 35 8.1 7.4 58000.0 1025 
9 6 83 209 36 8.1 7.4 75000.0 3100.0 795 85 
9 7 83 210 37 8.0 7.4 80000.0 4850.0 790 113 
9 26 83 229 56 7.6 6.7 123000.0 3140 
9 27 83 230 57 7.8 6.9 120000.0 1050.0 1225 130 
9 28 83 231 58 7.5 7.3 70000.0 1400.0 1085 141 
9 29 83 232 59 7.5 7.1 1650.0 40 
9 30 83 233 60 7.4 7.1 

10 11 83 245 72 7.2 6.7 2.0 365 
10 12 83 246 73 7.2 6.7 4.0 1.0 584 101 
10 13 83 247 74 7.4 6.6 0.0 o.o 415 114 
10 14 83 248 75 7.5 6.6 3.4 o.o 268 101 
10 15 83 249 76 7.7 6.7 2.6 .5 172 81 
10 16 83 250 77 7.5 6.6 1.4 o.o 118 70 
10 17 83 251 78 7.5 6.6 1.3 o.o 120 86 
10 26 83 260 87 7.4 6.4 .7 96 
10 27 83 261 88 7.4 6.3 .7 o.o 56 86 
11 5 83 270 97 7.3 6.4 .6 9 
CCXNI'INUED) 
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Table B-1. (continued). 

MYS CF AGE OF INFLUENT EFFLU!Nl' INFLl»n' EFFLUENl' INFLtml' EFFLUF.Nl' 
Oi\'l'E o:Nl'INUCl.JS SOIKmDECKE 'lURBIDITY 'lURBIDITY CCLI FORM OLIFORM STD PLATE S'ID PLA'l'E 

OPERATIOO COON!' COON!' 
ftfi DY YR (Oi\YS) (l»\YS) (N'lU) (N'lU) (NO/lOOML> CNO/lOOML) (NO/ML) CNO/ML) 

11 6 83 271 98 7.2 6.4 .6 .6 67 124 
11 7 83 272 99 7.2 6.4 1540.0 .s 418 57 
11 8 83 273 100 7.1 6.5 1530.0 40.0 93 152 
11 9 83 274 101 7.2 6.5 2350.0 88.0 62 147 
11 10 83 275 102 7.3 6.6 1950.0 90.0 52 79 
11 13 83 278 105 7.3 6.7 13 
11 14 83 279 106 7.4 6.6 13 80 
11 15 83 280 107 7.8 6.7 8 63 
11 16 83 281 108 8.1 6.7 7 108 
11 17 83 282 109 7.8 6.7 7 197 
11 18 83 283 110 7.7 6.7 7 118 
11 19 83 284 111 7.6 6.6 5 95 
11 20 83 285 112 7.7 6.7 4 84 
11 21 83 286 113 7.8 6.7 173500 124 
11 22 83 287 114 8.o 6.7 205000 315 
11 23 83 288 115 8.0 6.7 630000 500 
11 24 83 289 116 7.8 6.5 525000 300 
11 25 83 290 117 6.7 6.3 130000 315 
11 26 83 291 118 7.2 6.1 108000 520 
11 27 83 292 119 6.8 5.9 1385000 175 
11 28 83 293 120 7.0 5.9 1510000 410 
11 29 83 294 121 7.3 5.8 1145000 1910 
11 30 83 295 122 7.4 5.8 1310000 580 
12 1 83 296 123 7.4 5.8 870 
12 14 83 309 136 5.3 4.3 2300.0 115 
12 15 83 310 137 5.4 4.3 2350.0 25.5 102 122 
12 16 83 311 138 5.4 4.4 2900.0 19.0 201 118 
12 17 83 312 139 5.3 4.5 2450.0 49.5 121 102 
12 18 83 313 140 5.4 4.6 2600.0 32.0 143 102 
12 19 83 314 141 5.3 4.5 2250.0 65.0 90 105 
12 20 83 315 142 5.2 4.5 2300.0 20.0 115 78 
12 21 83 316 143 5.4 4.4 2500.0 27.0 87 79 
12 22 83 317 144 5.4 4.6 2150.0 40.0 126 82 
12 23 83 318 145 5.5 4.7 65.0 115 
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Table B-2. Phase II sl0t1 sand filter data for Filter No. 2, this 
filter has 1/2 the sand depth. 

Dt\YS OF I.GE OF INFLUENT EFFLUENl' INFWENT EFFLUml' mFt.UENr EFELUFlfr 
DM'E <XNl'INUCXJS SQDIJ'l'ZI)IOCD 'IURBIDIT.i TURBIDIT.i COLIFORM COLIFORM STD PLATE STD PLATE 

OPERATICN <XlJNl' <XlJNl' 
ltiDrYR Cl:AYS) (IAYS) (Nl'U) (Nl'U) CNO/lOOML> (NO/lOOML> (NO/ML) (?«>/ML) 

2 9 83 1 1 9.l 6.6 
2 10 83 2 2 9.1 a.o 2.0 240 3445 
2 11 83 3 3 8.9 8.6 51000.0 o.o 1310 67000 
2 12 83 4 4 9.0 8.1 7100.0 55500.0 755 116000 
2 13 83 5 5 9.0 7.9 3400.0 4950.0 74 2900 
2 14 83 6 6 8.7 7.9 4900.0 845.0 985 23350 
2 15 83 7 7 8.8 8.0 5000.0 360.0 3620 12400 
2 16 83 8 8 8.7 8.6 2250.0 420.0 4000 23600 
2 17 83 9 9 8.6 9.2 
2 20 83 12 12 8.6 8.6 20000.0 3850 
2 21 83 13 13 9.6 8.5 14667.0 12350.0 365 2600 
2 22 83 14 14 8.5 8.4 21000.0 8200.0 630 4200 
2 23 83 15 15 8.6 8.3 37500.0 7100.0 635 10850 
2 24 83 16 16 8.3 8.3 20500.0 24000.0 9650 2850 
2 25 83 17 17 8.4 8.1 4750.0 320 
2 27 83 19 19 8.3 8.2 1460.0 1015 
2 28 83 20 20 8.2 8.1 990.0 75.0 395 1845 
3 l 83 21 21 a.o 7.9 6700.0 49.0 125 2350 
3 2 83 22 22 7.8 7.7 2200.0 113.5 330 625 
3 3 83 23 23 8.2 7.8 640.0 170.0 131 525 
3 4 83 24 24 8.0 7.7 58.0 240 
3 6 83 26 26 8.1 125.0 600 
3 7 83 Z1 r1 7.4 7.7 48.0 2.0 44 1160 
3 8 83 28 28 7.6 7.4 126.0 7.0 3045 7900 
3 9 83 29 29 7.5 7.2 42.5 1.0 135 1080 
3 10 83 30 30 7.6 7.1 2000.0 l.S 330 415 
3 11 83 31 31 7.6 7.0 67.0 765 
3 l4 83 34 34 7.8 7.1 2650.0 415 
3 15 83 35 35 7.8 7.1 20000.0 45.0 945 1095 
3 16 83 36 36 7.4 7.2 22000.0 2400.0 975 930 
3 17 83 37 37 7.4 7.0 1160.0 1155 
3 20 83 40 40 7.2 6.9 66000.0 595 
3 21 83 4l 41 7.0 6.9 76500.0 3300.0 830 660 
3 22 83 42 42 6.9 6.7 91500.0 3800.0 9950 810 
3 23 83 43 43 6.S 6.7 61000.0 2900.0 700 645 
3 24 83 44 44 6.7 6.7 66500.0 1700.0 775 860 
3 25 83 45 45 6.7 6.3 1400.0 770 
3 Z1 83 47 47 6.8 6.3 64000.0 850 
3 28 83 48 48 6.7 6.3 14000.0 1750.0 340 615 
3 29 83 49 49 6.7 6.3 1250.0 710 
4 5 83 56 56 7.3 6.6 3000.0 19200 
4 6 83 57 57 7.2 6.5 2200.0 8.0 1570 820 
4 7 83 58 58 7.0 6.0 1100.0 7.0 1790 1360 
4 a 83 59 59 7.0 6.1 27.0 840 
4 11 83 62 62 6.8 6.5 3950.0 690 
4 12 83 63 63 6.8 6.5 3000.0 54.0 775 455 
4 13 83 64 64 6.8 6.4 6700.0 130.0 285 460 
4 14 83 65 65 6.7 6.4 44.0 370 
4 16 83 67 l 
4 21 83 72 6 6.6 7.1 
4 22 83 73 7 6.4 6.8 
4 25 83 76 10 7.7 6.5 145000.0 1555 
4 26 83 77 11 6.9 6.6 125000.0 850.0 1375 325 
4 27 83 78 12 6.5 6.4 215000.0 510.0 2285 155 
4 28 83 79 13 6.4 6.3 1150.0 405 
s 3 83 84 18 6.7 6.0 
5 4 83 85 19 6.6 6.0 
5 15 83 96 30 6.3 4.7 
5 16 83 97 l 6.3 4.7 113000.0 1460 
5 17 83 98 2 6.3 5.5 70500.0 6050.0 755 665 
5 18 83 99 3 6.2 4.9 72500.0 4200.0 840 610 
5 19 83 100 4 6.2 4.8 70000.0 4300.0 965 630 
5 20 83 101 .s 6.1 4.6 4050.0 60 
5 23 83 104 8 6.1 4.1 63000.0 1145 
s 24 83 105 9 6.0 4.1 69000.0 1120.0 820 150 
5 25 83 106 10 6.1 4.0 69000.0 1700.0 390 320 
5 26 83 107 11 6.l 4.0 56500.0 1260.0 670 465 
5 27 83 108 12 6.0 4.0 1140.0 625 
s 30 83 lll 15 6.1 4.1 64000.0 680 
5 31 83 112 16 6.1 4.1 52500.0 430.0 710 300 

ff''('ll'l•!•T~'f!'l:'T'\\ 
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Table B-2. <continued). 
Dl\lS OF AGE OF INFLUENT EFFLUENT INFLUENl' EFFLUENl' INFLUFNI' EFFLUENl' 

DP.TE CXNl'INUWS S~DEXl<E 'ruRBIDI'l.Y 'IURBIDI'l.Y CCLI FORM <XLIFORM STD PLATE STD PLATE 
OPERATICti COONl' <XXJN1' 

ft'N DY YR CD.US) CD.US> CN'IU) CN'IU) COOllOOML) (00/lOOML> (f«>/ML) (00/ML) 

6 1 83 113 17 6.2 4.1 35500.0 2300.0 630 405 
6 2 83 114 18 6.1 4.1 715.0 310 
6 Z7 83 139 43 8.9 5.5 35000.0 515 
6 28 83 140 44 7.8 5.4 38000.0 420.0 660 775 
6 29 83 141 45 7.4 5.3 49000.0 530.0 655 450 
6 30 83 142 46 7.3 5.2 33000.0 1000.0 420 215 
7 l 83 143 47 7.3 5.2 820.0 300 
7 4 83 146 so 7.0 5.4 930.0 224 
7 s 83 147 51 7.0 5.5 2300.0 29.0 155 295 
7 6 83 148 52 7.0 5.7 3200.0 75.0 150 225 
7 7 83 149 53 7.0 5.7 4250.0 90.0 515 360 
7 8 83 150 54 7.0 5.4 79.0 295 
7 11 83 153 57 7.1 5.5 35.0 3000 
7 12 83 154 58 7.1 5.5 66.0 3.0 280 180 
7 13 83 155 59 6.9 5.5 76.0 2.0 190 145 
7 14 83 156 60 6.8 5.5 74.0 2.0 160 215 
7 15 83 157 61 6.8 5.5 31.0 2.0 490 245 
7 18 83 160 64 6.8 5.6 340.0 320 
7 19 83 161 65 6.7 5.9 230.0 16.0 345 220 
7 20 83 162 66 6.6 6.0 290.0 19.0 340 265 
7 21 83 163 67 6.8 6.0 310.0 15.0 180 260 
7 22 83 164 68 6.8 6.0 2100.0 33.0 130 230 
7 23 83 165 69 1.0 6.1 2300.0 390.0 
7 24 83 166 70 7.0 6.2 2300.0 150.0 350 
7 25 83 167 71 1.0 6.2 2000.0 200.0 307 120 
7 26 83 168 72 6.8 6.4 20500.0 140.0 325 155 
7 Z7 83 169 73 6.8 6.6 12000.0 790.0 485 180 
7 28 83 170 74 6.8 6.6 6600.0 690.0 205 75 
7 29 83 171 75 6.8 6.6 400.0 205 
8 l 83 174 l 6.9 6.6 34500.0 290 
8 2 83 175 2 7.1 7.0 24000.0 3300.0 365 195 
8 3 83 176 3 7.1 6.7 37500.0 6900.0 320 150 
8 4 83 177 4 7.2 6.6 25000.0 3000.0 370 245 
8 5 83 178 5 7.1 6.6 1800.0 175 
8 8 83 181 8 7.2 6.7 113500.0 1480 
8 9 83 182 9 7.2 6.7 129300.0 7750.0 1870 140 
8 10 83 183 10 7.2 6.7 280000.0 27000.0 3760 290 
8 11 83 184 11 7.2 6.7 110000.0 8500.0 1055 270 
8 12 83 185 12 7.1 6.7 11000.0 225 

'!HIS IS mE STMrr OF PHASE III DATA FOR FILTER NO. 2, '!HIS FILTER HA'> A DIATOMACEClJS EAR'lH Clll\TIK; 

8 15 83 188 1 7.6 7.0 113000.0 1080 
8 16 83 189 2 7.8 7.2 73500.0 11300.0 1360 635 
8 17 83 190 3 7.8 6.8 77000.0 5300.0 835 415 
8 18 83 191 4 7.7 6.1 9000.0 1380 
8 22 83 195 8 8.7 6.4 65700.0 1085 
8 23 83 196 9 8.0 6.1 78000.0 4100.0 99 150 
8 24 83 197 10 7.9 5.8 80500.0 6800.0 720 90 
8 25 83 198 11 7.8 5.6 4900.0 170 
8 29 83 202 15 8.0 5.7 70000.0 790 
8 30 83 203 16 7.9 5.6 70000.0 3000.0 990 70 
9 1 83 204 17 8.1 5.7 5050.0 190 
9 5 83 208 21 8.1 6.0 58000.0 1025 
9 6 83 209 22 8.1 6.0 75000.0 2400.0 795 85 
9 7 83 210 23 8.0 6.0 80000.0 3100.0 790 152 
9 26 83 229 42 7.6 6.3 123000.0 3140 
9 27 83 230 43 7.8 6.5 120000.0 700.0 1225 175 
9 28 83 231 44 7.5 6.9 70000.0 2300.0 1085 120 
9 29 83 232 45 7.5 6.8 1300.0 32 
9 30 83 233 46 7.4 6.8 

10 11 83 245 58 7.2 6.2 2.0 365 
10 12 83 246 59 7.2 6.2 4.0 1.0 584 75 
10 13 83 247 60 7.4 6.2 o.o o.o 415 163 
10 14 83 248 61 7.5 6.3 3.4 o.o 268 95 
10 15 83 249 62 7.7 6.3 2.6 .5 172 94 
10 16 83 250 63 7.5 6.3 1.4 1.5 118 35 
10 17 83 251 64 7.5 6.4 1.3 0.0 120 83 
10 26 83 260 73 7.4 6.7 .7 96 
10 27 83 261 74 7.4 6.7 .7 o.o 56 38 
11 5 83 270 83 7.3 6.7 .6 9 
( <XNl'INUED> 
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Table B-2. (continued) . 

MlS OF AGE OF INFLtlENT EFFLUENl' INFLUENT EFFLUENl' INFLtlENT EFFLtlENT 
Dt\'l'E CXN.l'INUOOS ~DECKB 'ruRSIDITY TURBIDITY ca.IFORM CXLIFORM Sl'O PLATE Sl'O PLATE 

Ol'ERATI~ CXXJNl' CXXJNl' 
Ill DY YR (01\YS) (Dt\YS) (tm.J) (tm.J) <I«>llOOML> CNO/lOOML) CNO/ML) (NO/ML) 

ll 6 83 271 84 7.2 6.8 .6 o.o 67 106 
ll 7 83 272 85 7.2 6.8 1540.0 o.o 418 56 
11 8 83 273 86 7.1 6.8 1530.0 24.0 93 81 
11 9 83 274 87 7.2 6.7 2350.0 34.0 62 106 
11 10 83 275 88 7.3 6.7 1950.0 33.0 52 29 
11 13 83 278 91 7.3 13 
11 14 83 279 92 7.4 13 
11 15 83 280 93 7.8 8 
11 16 83 281 94 8.1 7 
11 17 83 282 95 7.8 7 
11 18 83 283 96 7.7 7 
11 19 83 284 g'f 7.6 5 
11 20 83 285 98 7.7 4 
11 21 83 286 99 7.8 173500 
11 22 83 287 100 8.0 205000 
11 23 83 288 101 8.o 630000 
11 24 83 289 102 7.8 525000 
11 25 83 290 103 6.7 130000 
11 26 83 291 104 7.2 108000 
11 27 83 292 105 6.8 1385000 
11 28 83 293 106 7.0 1510000 
11 29 83 294 107 7.3 1145000 
11 30 83 295 108 7.4 1310000 
12 1 83 296 109 7.4 
12 14 83 309 122 5.3 2300.0 115 
12 15 83 310 123 5.4 2350.0 102 
12 16 83 311 124 5.4 2900.0 201 
12 17 83 312 125 5.3 2450.0 121 
12 18 83 313 126 5.4 2600.0 143 
12 19 83 314 127 5.3 2250.0 90 
12 20 83 315 128 s.2 2300.0 115 
12 21 83 316 129 5.4 2500.0 87 
12 22 83 317 130 5.4 2150.0 126 
12 23 83 318 131 5.5 
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Table B-3. Phase II slow sand filter data for Filter No. 3, this 
filter had chlorine added when tests were not being per-
formed. 

Di\YS <:I AGE OF INFLUENT EFn.UENT INFLtmr EFFt.t.IEm' INFLUENT EFFLU!NT 
M'.11!: <XNrINUClJS ~DfXl<E ~IOITr 'IURBIDITY CCLiroRM. CCLI FORM Sl'D PLATE Sl'D PLATE 

OPERATIOO CXXJNT CXXJNT 
lti DY YR (Dl\YS) (Ilt\YS) (N'lU) (N'l'U) (00/lOOML> COO/lOOML) (00/ML) (00/MIJ 

2 9 83 1 1 9.1 6.4 
2 10 83 2 2 9.1 7.9 2.0 240 
2 11 83 3 3 8.9 8.1 51000.0 1310 
2 12 83 4 4 9.0 8.0 7100.0 755 
2 13 83 5 5 9.0 8.1 3400.0 74 
2 14 83 6 6 8.7 7.9 4900.0 985 
2 15 83 7 7 8.8 7.9 5000.0 3620 
2 16 83 8 8 8.7 7.6 2250.0 4000 
2 17 83 g g 8.6 8.0 
2 20 83 12 12 8.6 7.6 20000.0 3850 
2 21 83 13 13 8.6 7.5 14667.0 365 
2 22 83 14 14 a.5 7.6 21000.0 630 
2 23 83 15 15 9.6 7.5 37500.0 635 
2 24 83 16 16 8.3 7.5 20500.0 9650 
2 25 83 17 17 8.4 7.4 
2 27 83 19 19 8.3 7.4 1460.0 1015 
2 28 83 20 20 8.2 7.3 990.0 395 
3 1 83 21 21 8.0 7.1 6700.0 125 
3 2 83 22 22 7.8 7.2 2200.0 330 
3 3 83 23 23 8.2 7.3 640.0 131 
3 4 83 24 24 8.0 7.2 
3 6 83 26 26 8.1 125.0 600 
3 7 83 27 27 7.4 7.1 48.0 44 
3 8 83 28 28 7.6 7.0 126.0 3045 
3 9 83 29 29 7.5 6.8 42.5 135 
3 10 83 30 30 7.6 6.9 2000.0 330 
3 11 83 31 31 7.6 6.7 
3 14 83 34 34 7.8 6.7 2650.0 415 
3 15 83 35 35 7.8 6.7 20000.0 945 
3 16 83 36 36 7.4 6.8 22000.0 975 
3 17 83 37 37 7.4 6.5 
3 20 83 40 40 7.2 6.4 66000.0 595 
3 21 83 41 41 7.0 6.3 76500.0 830 
3 22 83 42 42 6.9 6.4 91500.0 9950 
3 23 83 43 43 6.8 6.3 61000.0 700 
3 24 83 44 44 6.7 6.3 66500.0 775 
3 25 83 45 45 6.7 5.8 
3 27 83 47 47 6.8 5.8 64000.0 850 
3 28 83 48 48 6.7 5.9 14000.0 340 
3 29 83 49 49 6.7 5.9 
4 5 83 56 56 7.3 6.6 3000.0 19200 
4 6 83 57 57 7.2 7.5 2200.0 480.0 1570 10000 
4 7 83 58 58 7.0 8.0 1100.0 75.0 1790 18050 
4 8 83 59 59 7.0 10.5 540.0 24300 
4 ll 83 62 62 6.8 5.9 3950.0 690 
4 12 83 63 63 6.8 5.9 3000.0 775 
4 13 83 64 64 6.8 5.9 6700.0 285 
4 14 83 65 65 6.7 5.9 
4 16 83 67 1 
4 21 83 72 6 6.6 6.1 
4 22 83 73 7 6.4 5.8 
4 25 83 76 10 7.7 6.3 145000.0 1555 
4 26 83 77 11 6.9 6.4 125000.0 1375 
4 27 83 78 12 6.5 6.2 215000.0 2285 
4 28 83 79 13 6.4 6.1 
5 3 83 84 18 6.7 5.6 
5 4 83 85 19 6.6 5.9 
5 15 83 96 30 6.3 5.6 
5 16 83 97 1 6.3 5.7 113000.0 1460 
5 17 83 98 2 6.3 5.8 70500.0 71500.0 755 710 
5 18 83 99 3 6.2 6.0 72500.0 58000.0 840 780 
5 19 83 100 4 6.2 6.2 70000.0 69500.0 965 3650 
5 20 83 101 5 6.1 7.2 49500.0 2750 
5 23 83 104 8 6.1 5.6 63000.0 1145 
5 24 83 105 9 6.0 5.7 69000.0 51000.0 820 360 
5 25 83 106 10 6.l 5.5 69000.0 30500.0 390 310 
5 26 83 107 11 6.1 5.7 56500.0 42000.0 670 950 
5 27 83 108 12 6.0 5.9 32500.0 3850 
5 30 83 111 15 6.1 5.4 64000.0 680 
5 31 83 112 16 6.l 5.4 52500.0 24000.0 710 100 

( a::Nl'INUED) 
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Table B-3. <continued) • 

ll\!S ~ AGE~ INFLumr EFFLUENI' INFLUENI' EFFLOENr INFLuml' EFFLturr 
OM!: a:Nl'INUCXJS SQf KmOEX:KE 'l'URBIDITY 'IURBIDITY CQ.IFORM OLIFORM S'1'D PLATE S'1'D PLM'E 

OPERATIOO CXXJNl' COON1' 
tfi DY YR CDA.!S> (DA.ts) (Nl'U) (Nl'U) (?llf'lOOML> C?llf'lOOML) (?D/ML) (!()/ML) 

6 1 83 113 17 6.2 s.s 35500.0 33000.0 630 980 
6 2 83 114 18 6.1 5.7 27000.0 1480 
6 27 83 139 43 8.9 7.5 35000.0 515 
6 28 83 140 44 7.8 7.1 38000.0 12000.0 660 525 
6 29 83 141 45 7.4 6.4 49000.0 24000.0 655 1530 
6 30 83 142 46 7.3 6.9 33000.0 18000.0 420 2310 
7 1 83 143 47 7.3 8.1 20000.0 3545 
7 4 83 146 so 7.0 6.3 930.0 224 
7 5 83 147 51 7.0 6.3 2300.0 450.0 155 55 
7 6 83 148 52 7.0 6.4 3200.0 1040.0 150 930 
7 7 83 149 53 7.0 6.8 4250.0 1600.0 515 1695 
7 8 83 150 54 7.0 7.2 790.;0 3110 
7 11 83 153 57 7.1 6.1 35.0 3000 
7 12 83 154 58 7.1 6.1 66.0 19.0 280 780 
7 13 83 155 59 6.9 6.5 76.0 13.0 190 1755 
7 14 83 156 60 6.8 7.3· 74.0 7.0 160 429 
7 15 83 157 61 6.8 7.8 31.0 12.0 490 4340 
7 18 83 160 64 6.8 6.3 340.0 320 
7 19 83 161 65 6.7 6.3 230.0 130.0 345 85 
7 20 83 162 66 6.6 6.3 290.0 86.0 340 760 
7 21 83 163 67 6.8 6.9 310.0 110.0 180 1510 
7 22 83 164 68 6.8 7.3 2100.0 200.0 130 174 
7 23 83 165 69 1.0 6.0 2300.0 
7 24 83 166 70 7.0 6.0 2300.0 1300.0 350 
7 25 83 167 71 7.0 6.1 2000.0 1400.0 307 225 
7 26 83 168 72 6.8 6.6 20500.0 1500.0 325 870 
7 'Zl 83 169 73 6.8 6.8 12000.0 5300.0 485 985 
7 28 83 170 74 6.8 7.1 6600.0 4800.0 205 235 
7 29 83 171 75 6.8 6.2 
8 l 83 174 1 6.9 6.2 34500.0 290 
8 2 83 175 2 7.1 6.3 24000.0 18700.0 365 455 
8 3 83 176 3 7.1 6.8 37500.0 37500.0 320 870 
8 4 83 177 4 7.2 6.9 25000.0 36000.0 370 1305 
8 5 83 178 5 7.1 7.2 6000.0 5870 
8 8 83 181 8 7.2 6.0 113500.0 1480 
8 9 83 182 9 7.2 6.4 129300.0 58000.0 1870 560 
8 10 83 183 10 7.2 6.8 280000.0 56000.0 3760 2460 
8 11 83 184 11 7.2 7.1 110000.0 54000.0 1055 387 
8 12 83 185 12 7.1 7.3 50000.0 2580 

'!HIS IS THE Sl'ART OF FHASE III MTA FOR FILTER 3, 'mIS FILTER HAD SMALL SAND CO.l28ll'ln). 

8 15 83 188 1 7.6 7.3 113000.0 1080 
8 16 83 189 2 7.8 24.0 73500.0 61000.0 1360 324 
8 17 83 190 3 7.8 23.5 77000.0 40000.0 835 750 
8 18 83 191 4 7.7 23.0 53000.0 1685 
8 22 83 195 8 8.7 15.8 65700.0 1085 
8 23 83 196 9 8.0 13.8 78000.0 33000.0 99 905 
0 24 83 197 10 7.9 12.0 80500.0 32000.0 720 285 
8 25 83 198 11 7.8 11.3 35000.0 730 
8 29 83 202 15 e.o 9.1 70000.0 790 
8 30 83 203 16 7.9 9.0 70000.0 23000.0 990 410 
9 l 83 204 17 8.1 8.1 24000.0 575 
9 5 83 208 21 8.l 7.9 58000.0 1025 
9 6 83 209 22 8.1 7.9 75000.0 7400.0 795 235 
9 7 83 210 23 0.0 7.8 80000.0 20000.0 790 295 
9 26 83 229 42 7.6 9.7 123000.0 3140 
9 27 83 230 43 7.8 9.8 120000.0 7000.0 1225 500 
9 28 83 231 44 7.5 10.0 70000.0 14000.0 1085 455 
9 29 83 232 45 7.5 10.0 9800.0 340 
9 JO 83 233 46 7.4 9.9 

10 11 83 245 58 7.2 10.l 2.0 365 
10 12 83 246 59 7.2 10.2 4.0 1.0 584 310 
10 13 83 247 60 7.4 10.5 o.o o.o 415 339 
10 14 83 248 61 7.5 10.4 3.4 o.o 268 296 
10 15 83 249 62 7.7 10.6 2.6 o.o 172 381 
10 16 83 250 63 7.5 10.5 1.4 o.o 118 372 
10 17 83 251 64 7.5 10.7 1.3 o.o 120 350 
10 26 83 260 73 7.4 10.5 .7 96 
10 27 83 261 74 7.4 10.6 .7 o.o 56 258 
11 5 83 270 83 7.3 9.4 .6 9 
(CXNl'INUED) 
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Table B-3. (continued). 

MYS OF AGE OF INFLUENT EFFLtEfl' INFLUENT EFFLUEm' INFLUENT EFFLUENT 
MT! <XM.'INtJaJS SOfKJ'l'ZOECICE 'lURBIDlTY 'lURBIDITY ca..IFORM <XLIFORM STD PlJ\TE STD PLATE 

OPERATIOO ax.JN!' <lXJNl' 
ttiDYYR CM'lS) (~) (N'l'U) (N'l'U) (NO/lOOML> (00/lOOML) (00/ML) (00/ML} 

ll 6 83 271 84 7.2 9.4 .6 o.o 67 296 
11 7 83 272 85 1.2 9.2 1540.0 o.o 418 250 
ll 8 83 273 86 7.1 9.1 1530.0 125.0 93 570 
ll 9 83 274 87 1.2 9.0 2350.0 230.0 62 414 
11 10 83 275 88 7.3 9.1 1950.0 170.0 52 157 
11 13 83 278 91 7.3 9.0 13 
11 14 83 279 92 7.4 9.1 13 444 
11 15 83 280 93 7.8 8.7 8 456 
11 16 83 281 94 8.1 8.2 1 482 
11 17 83 282 95 7.8 8.3 7 408 
ll 18 83 283 l 7.7 7 
11 19 83 284 2 7.6 8.6 5 
11 20 83 285 3 1.1 8.7 4 
11 21 83 286 4 7.8 8.5 173500 
11 22 83 287 5 8.0 8.5 205000 2800 
11 23 83 288 6 8.0 8.5 630000 3600 
11 24 83 289 7 7.8 8.5 525000 2160 
11 25 83 290 8 6.7 8.4 130000 1900 
11 26 83 291 9 7.2 7.9 108000 3700 
11 27 83 292 10 6.8 7.5 1385000 810 
ll 28 83 293 11 7.0 7.5 1510000 1280 
11 29 83 294 12 7.3 7.3 1145000 2100 
11 30 83 295 13 7.4 7.3 1310000 2800 
12 1 83 296 14 7.4 7.3 2050 
12 14 83 309 27 5.3 4.4 2300.0 115 
12 15 83 310 28 5.4 4.2 2350.0 9.5 102 105 
12 16 83 311 29 5.4 4.5 2900.0 2.5 201 155 
12 17 83 312 30 5.3 4.4 2450.0 26.0 121 92 
12 18 83 313 31 5.4 4.4 2600.0 17.0 143 142 
12 19 83 314 32 5.3 4.4 2250.0 28.5 90 103 
12 20 83 315 33 5.2 4.5 2300.0 7.0 115 116 
12 21 83 316 34 5.4 4.7 2500.0 19.0 87 120 
12 22 83 317 35 5.4 4.8 2150.0 37.5 126 123 
12 23 83 318 36 5.5 4.8 38.5 122 
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Table B-4. Phase II slow sand filter data for Filter No. 4, this 
filter had nutrients added. 

Ill\lS OF 1GE OF INPWml' EFFLUml' INFLUENI' EFFLUfNl' INFLU!Nl' EFFLUFNI' 
M'l'E CXtlt'!NtXX1S SCHMU'mOECICE 'l"URBIDIT.i TURBIDIT.i OOLif~RM <DLIFORM S'1'D PLA'n: S'1'D PLATE 

OPERATI~ coom' coom' 
ftil DY YR (D.\?S) (D.\?S) (Nl'U} (NIU) (t«>/lOOML) (00/lOOML> (tll/ML) (00/ML) 

2 g 83 1 1 9.1 6.7 
2 10 83 2 2 9.1 8.5 2.0 240 14500 
2 11 83 3 3 8.9 9.6 SlOOO.O o.o 1310 
2 12 83 4 4 9.0 5.3 7100.0 39000.0' 755 4030000 
2 13 83 5 5 9.0 S.9 3400.0 10300.0 74 12000 
2 14 83 6 6 8.7 6.9 4900.0 2350.0 985 aooo 
2 15 83 7 1 8.8 8.4 sooo.o 3620 
2 16 83 8 2 8.7 8.4 2250.0 1350.0 4000 15200 
2 17 83 9 3 8.6 10.0 
2 20 83 12 6 8.6 7.5 20000.0 3850 
2 2l 83 13 7 8.6 8.l 14667.0 100.0 365 3600 
2 22 83 14 8 a.s a.o 21000.0 12.S 630 1820 
2 23 83 15 9 8.6 8.0 37500.0 5.5 635 3000 
2 24 83 16 10 8.3 a.o 20500.0 17.0 9650 3300 
2 25 83 17 11 8.4 8.3 4.5 560 
2 27 83 19 13 8.3 8.1 1460.0 1015 
2 28 83 20 14 8.2 7.7 990.0 2.0 395 2040 
3 l 83 2l 15 8.0 6.6 6700.0 5.0 125 900 
3 2 83 22 16 7.8 6.5 2200.0 9.0 330 340 
3 3 83 23 17 8.2 6.1 640.0 o.o 131 215 
3 4 83 24 18 8.0 5.1 o.o 240 
3 6 83 26 20 8.1 125.0 600 
3 7 83 Z7 21 7.4 5.2 48.0 o.o 44 740 
3 8 83 28 22 7.6 4.8 126.0 o.o 3045 1510 
3 9 83 29 23 7.5 4.4 42.5 o.o 135 810 
3 10 83 30 24 7.6 4.8 2000.0 o.o 330 525 
3 ll 83 31 25 1.6 s.o .s 905 
3 14 83 34 28 7.8 5.1 2650.0 415 
3 15 83 35 29 7.8 5.1 20000.0 o.o 945 480 
3 16 83 36 30 7.4 S.l 22000.0 26.0 975 875 
3 17 83 37 31 7.4 4.9 12.0 1765 
3 20 83 40 34 7.2 4.3 66000.0 595 
3 2l 83 41 35 7.0 4.0 76500.0 6.0 830 480 
3 22 83 42 36 6.9 4.0 91500.0 9.0 9950 920 
3 23 83 43 37 6.8 4.l 61000.0 9.0 700 385 
3 24 83 44 38 6.7 4.1 66500.0 16.0 775 70 
3 25 83 45 39 6.7 4.0 12.0 2500 
3 Z7 83 47 41 6.8 4.0 64000.0 850 
3 28 83 48 42 6.7 4.0 14000.0 fJ'l.O 340 sos 
3 29 83 49 43 6.7 4.0 15.0 265 
4 5 83 56 so 7.3 3.5 3000.0 19200 
4 6 83 57 51 7.2 3.7 2200.0 4.0 1570 690 
4 7 83 58 52 1.0 3.4 1100.0 1.0 1790 810 
4 8 83 59 53 7.0 3.2 3.0 305 
4 11 83 62 56 6.8 4.3 3950.0 690 
4 12 83 63 57 6.8 4.3 3000.0 3.0 775 320 
4 13 83 64 58 6.8 4.3 6700.0 s.o 285 585 
4 14 83 65 59 6.7 4.2 2.0 750 
4 16 83 67 1 
4 21 83 72 6 6.6 4.9 
4 22 83 73 7 6.4 4.6 
4 25 83 76 10 7.7 4.1 145000.0 1555 
4 26 83 77 11 6.9 4.0 125000.0 7.0 1375 140 
4 27 83 78 12 6.5 3.8 215000.0 2.0 2285 85 
4 28 83 79 13 6.4 3.4 13.0 91 
5 3 83 84 l 6.7 4.3 
5 4 83 85 2 6.6 4.1 
5 15 83 96 13 6.3 2.4 
5 16 83 97 l 6.3 2.2 113000.0 1460 
5 17 83 98 2 6.3 3.1 70500.0 66.0 755 310 
5 18 83 99 3 6.2 2.8 72500.0 58.0 840 100 
5 19 83 100 4 6.2 2.8 70000.0 250.0 965 410 
5 20 83 101 5 6.1 2.8 245.0 20 
5 23 83 104 a 6.1 2.4 63000.0 1145 
5 24 83 105 9 6.0 2.5 69000.0 23.0 820 125 
5 25 83 106 10 6.1 2.4 69000.0 12.0 390 180 
5 26 83 107 11 6.1 2.4 56500.0 14.0 670 260 
5 27 83 108 12 6.0 2.5 9.0 345 
5 30 83 111 15 6.1 2.5 64000.0 680 
5 31 83 112 16 6.1 2.5 52500.0 2.0 710 205 
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Table B-4. <continued>. 

mYS OF 1GE OF INFLUF.Nl' EFFLUF.Nl' INFLtml' EFFLUEM INFLUENl' EFFLtml' 
DM'E CCNl'INUOOS ~DEX:KE TURBIDITY TURBIDITY ca.I FORM ca.I FORM STD PLATE STD PLATE 

OPERATICN CXXJNl' CXXJNl' 
*DYYR (Dt\YS) (Dt\YS) (NTU) (NTU) (t«>/lOOML> Ct«>/lOOML> (?()/ML) (NO/ML) 

6 l 83 113 17 6.2 2.4 35500.0 27.0 630 460 
6 2 83 114 18 6.1 2.4 5.0 420 
6 27 83 139 43 8.9 2.8 35000.0 515 
6 28 83 140 44 7.8 2.1 38000.0 4.0 660 255 
6 29 83 141 45 7.4 2.1 49000.0 3.0 655 185 
6 30 83 142 46 7.3 2.8 33000.0 1.0 420 115 
7 1 83 143 47 7.3 3.0 11.0 110 
7 4 83 146 50 7.0 3.2 930.0 224 
7 5 83 147 51 7.0 3.2 2300.0 o.o 155 160 
7 6 83 148 52 7.0 3.3 3200.0 o.o 150 110 
7 7 83 149 53 7.0 3.3 4250.0 .5 515 745 
7 8 83 150 54 7.0 3.3 o.o 125 
7 11 83 153 57 7.1 4.2 35.0 3000 
7 12 83 154 58 7.1 4.3 66.0 o.o 280 75 
7 l3 83 155 59 6.9 3.9 76.0 o.o 190 55 
7 14 83 156 60 6.8 3.8 74.0 o.o 160 90 
7 15 83 157 61 6.8 3.7 31.0 o.o 490 1100 
7 18 83 160 64 6.8 3.2 340.0 320 
7 19 83 161 65 6.7 3.6 230.0 .s 345 190 
7 20 83 162 66 6.6 3.6 290.0 o.o 340 205 
7 21 83 163 67 6.8 3.6 310.0 o.o 180 55 
7 22 83 164 68 6.8 3.6 2100.0 o.o 130 175 
7 23 83 165 69 7.0 3.5 2300.0 2.0 
7 24 83 166 70 1.0 3.5 2300.0 2.0 350 
7 25 83 167 71 7.0 3.4 2000.0 2.0 307 150 
7 26 83 168 72 6.8 3.6 20500.0 3.0 325 90 
7 Z'1 83 169 73 6.8 3.9 12000.0 12.0 485 roo 
7 28 83 170 74 6.8 3.7 6600.0 9.0 205 100 
7 29 83 171 75 6.8 3.8 6.0 55 
8 l 83 174 1 6.9 3.8 34500.0 290 
8 2 83 175 2 7.1 4.6 24000.0 330.0 365 85 
8 3 83 176 3 7.l 3.7 37500.0 360.0 320 90 
8 4 83 177 4 7.2 3.7 25000.0 230.0 370 70 
8 5 83 178 5 7.1 3.4 35.0 50 
a 8 83 181 8 1.2 3.4 113500.0 1480 
8 9 83 182 9 7.2 3.7 129300.0 20.0 1870 15 
a 10 83 183 10 1.2 3.8 280000.0 28.0 3760 25 
a 11 83 184 11 7.2 3.8 110000.0 260.0 1055 340 
8 12 83 185 12 7.1 3.9 51.0 295 

'!HIS IS 'IHE STMfr OF PHASE III DA.TA FCR FILTER NO 4, '!HIS FILTER WAS USED AS A SECXIID <XN!ROL. 

8 15 83 188 15 7.6 3.9 113000.0 1080 
8 16 83 189 16 7.8 5.1 73500.0 130.0 1360 120 
8 17 83 190 17 7.8 6.0 77000.0 195.0 835 25 
8 18 83 191 18 7.7 7.l 320.0 140 
8 22 83 195 22 8.7 8.1 65700.0 1085 
8 23 83 196 23 8.0 8.1 78000.0 870.0 99 130 
8 24 83 197 24 7.9 8.0 80500.0 910.0 720 110 
8 25 83 198 25 7.8 8.1 1390.0 105 
8 29 83 202 29 8.0 8.5 70000.0 790 
8 30 83 203 30 7.9 8.6 70000.0 1210.0 990 125 
9 1 83 204 31 8.1 8.2 1500.0 135 
9 5 83 208 35 8.l 8.1 58000.0 1025 
9 6 83 209 36 8.1 8.l 75000.0 1300.0 795 45 
9 7 83 210 37 s.o 8.0 80000.0 2200.0 790 75 
9 26 83 229 56 7.6 1.2 123000.0 3140 
9 27 83 230 57 7.8 a.o 120000.0 610.0 1225 110 
9 28 83 231 58 7.5 8.1 70000.0 1600.0 1085 168 
9 29 83 232 59 7.5 7.7 1300.0 80 
9 30 83 233 60 7.4 7.7 

10 11 83 245 72 7.2 6.7 2.0 365 
10 12 83 246 73 7.2 6.6 4.0 o.o 584 88 
10 13 83 247 74 7.4 6.7 o.o .5 415 394 
10 14 83 248 75 7.5 6.8 3.4 o.o 268 286 
10 15 83 249 76 7.7 6.7 2.6 o.o 172 362 
10 16 83 250 77 7.S 6.8 1.4 .5 118 88 
10 17 83 251 78 7.5 7.0 1.3 o.o 120 344 
10 26 83 260 87 7.4 6.9 .7 96 
10 27 83 261 88 7.4 6.9 • 7 o.o 56 115 
11 5 83 270 97 7.3 7.3 .6 9 
( <nll'INUE) 
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Table B-4. <continued). 
MYS CF liGE OF INFLUENT EFFLUENT INFLUEN'l' EFFLUENT INFLUEN'l' EFFLUEN'l' 

Di\TE CXNl'INtlOOS SO!KJ'l'ZDECD 'roRBIDI'lY 'lURB!DITY CQ.IFORM CQ.IFORM STD PLATE STD PLATE 
OPERATICN axmr a:xmr 

fo1NDYYR Clll\YS) (Dr\YS) om.n (NTU) CNO/lOOML> (NO/lOOML> COO/ML) (M)/ML) 

11 6 83 271 98 7.2 7.3 .6 o.o 67 176 
11 7 83 272 99 7.2 7.3 1540.0 o.o 418 143 
11 8 83 273 100 7.1 7.3 1530.0 45.0 93 234 
11 9 83 274 101 7.2 7.3 2350.0 69.0 62 273 
11 10 83 275 102 7.3 7.3 1950.0 91.0 52 117 
11 13 83 278 105 7.3 7.1 13 
11 14 83 279 106 7.4 7.0 13 271 
ll 15 83 280 107 7.8 6.8 8 217 
11 16 83 281 108 8.1 6.7 7 238 
11 17 83 282 109 7.8 6.6 7 296 
11 18 83 283 110 7.7 6.5 7 278 
11 19 83 284 111 7.6 6.6 5 215 
11 20 83 285 112 7.7 6.S 4 219 
11 2l 83 286 113 7.8 6.5 173500 285 
11 22 83 287 114 8.0 6.6 205000 195 
11 23 83 288 115 0.0 6.6 630000 485 
11 24 83 289 116 7.8 6.6 525000 620 
11 25 83 290 117 6.7 6.5 130000 310 
ll 26 83 291 118 1.2 6.5 108000 470 
11 27 83 292 119 6.8 6.6 1385000 195 
11 28 83 293 120 7.0 6.3 1510000 325 
11 29 83 294 121 7.3 6.2 1145000 510 
11 30 83 295 122 7.4 6.2 1310000 575 
12 l 83 296 123 7.4 6.3 495 
12 14 83 309 136 5.3 s.1 2300.0 115 
12 15 83 310 137 5.4 5.2 2350.0 27.5 102 92 
12 16 83 311 138 5.4 s.2 2900.0 7.0 201 108 
12 17 83 312 139 5.3 5.3 2450.0 75.5 121 117 
12 18 83· 313 140 5.4 5.4 2600.0 37.0 143 130 
12 19 83 314 141 5.3 5.4 2250.0 75.5 90 96 
12 20 83 315 142 5.2 5.5 2300.0 20.0 115 100 
12 2l 83 316 143 5.4 5.3 2500.0 21.0 87 104 
12 22 83 317 144 5.4 5.3 2150.0 68.5 126 101 
12 23 83 318 145 s.s 5.2 66.5 123 
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Table B-5. Phase II slow sand filter data for Filter No. 5, this 
filter had large sand and was operated at s0 c. 

MYS OF AGE OF INFLUENr EFFLUENT INFLUENT EFFLUENT INFLUENl' EFFLUENI' 
Ill\'IE CXN.l'IN'CJ(]JS SCXMl1l'ZDEXl<E TURBIDITY 'IURBIDITY CQ.IFORM CCLI FORM STD PLATE STD PLATE 

OPERATION CXXJNl' <lXJNl' 
?ti DY YR (MYS) (Ot\YS) (NTU) (NTU) (00/lOOML) COO/lOOML> (00/ML) (l()/ML) 

2 9 83 l l 9.1 6.8 
2 10 83 2 2 9.1 8.1 2.0 240 5150 
2 11 83 3 3 8.9 8.4 51000.0 o.o 1310 1440 
2 12 83 4 4 9.0 8.4 7100.0 79000.0 755 8300 
2 13 83 5 5 9.0 8.3 3400.0 5600.0 74 1000 
2 14 83 6 6 8.7 8.1 4900.0 100.0 985 1780 
2 15 83 7 7 8.8 8.2 5000.0 1195.0 3620 2005 
2 16 83 8 8 8.7 8.0 2250.0 2350.0 4000 2645 
2 17 83 9 9 8.6 7.8 
2 20 83 12 12 8.6 7.9 20000.0 3850 
2 21 83 13 13 8.6 7.8 14667.0 4900.0 365 1290 
2 22 83 14 14 8.5 7.7 21000.0 8050.0 630 2580 
2 23 83 15 15 8.6 7.7 37500.0 7700.0 635 410 
2 24 83 16 16 8.3 7.7 20500.0 28000.0 9650 1840 
2 25 83 17 17 8.4 7.6 4600.0 170 
2 27 83 19 19 8.3 7.6 1460.0 1015 
2 28 83 20 20 8.2 7.6 990.0 375.0 395 1950 
3 l 83 21 21 8.0 7.5 6700.0 101.0 125 1610 
3 2 83 22 22 7.8 7.6 2200.0 4300.0 330 985 
3 3 83 23 23 8.2 7.7 640.0 510.0 131 720 
3 4 83 24 24 0.0 7.7 165.0 565 
3 6 83 26 26 8.1 125.0 600 
3 7 83 27 27 7.4 7.7 48.0 13.5 44 1100 
3 8 83 28 28 7.6 7.4 126.0 20.0 3045 875 
3 9 83 29 29 7.5 7.3 42.5 28.5 135 540 
3 10 83 30 30 7.6 7.4 2000.0 13.0 330 320 
3 11 83 31 31 7.6 7.3 530.0 750 
3 14 83 34 34 7.8 7.6 2650.0 415 
3 15 83 35 35 7.8 7.7 20000.0 410.0 945 410 
3 16 83 36 36 7.4 7.9 22000.0 8400.0 975 740 
3 17 83 37 37 7.4 7.7 8150.0 690 
3 20 83 40 40 7.2 7.3 66000.0 595 
3 21 83 41 41 7.0 7.2 76500.0 36000.0 830 155 
3 22 83 42 42 6.9 7.2 91500.0 27500.0 9950 385 
3 23 83 43 43 6.8 7.1 61000.0 36500.0 700 500 
3 24 83 44 44 6.7 7.1 66500.0 16000.0 775 145 
3 25 83 45 45 6.7 6.8 25000.0 350 
3 27 83 47 47 6.8 6.9 64000.0 850 
3 28 83 48 48 6.7 6.7 14000.0 2950.0 340 435 
3 29 83 49 49 6.7 6.7 1600.0 145 
4 5 83 56 56 7.3 6.4 3000.0 19200 
4 6 83 57 57 7.2 6.5 2200.0 405.0 1570 3400 
4 7 83 58 58 7.0 6.5 1100.0 14.0 1790 4000 
4 8 83 59 59 7.0 6.2 22.0 490 
4 11 83 62 62 6.8 6.2 3950.0 690 
4 12 83 63 63 6.8 6.2 3000.0 180.0 775 25 
4 13 83 64 64 6.8 6.1 6700.0 185.0 285 110 
4 14 83 65 65 6.7 6.3 125.0 50 
4 16 83 67 l 
4 21 83 72 6 6.6 6.2 
4 22 83 73 7 6.4 6.1 
4 25 83 76 10 7.7 6.6 145000.0 1555 
4 26 83 77 11 6.9 6.6 125000.0 4200.0 1375 80 
4 27 83 78 12 6.5 6.4 215000.0 3400.0 2285 150 
4 28 83 79 13 6.4 6.3 3150.0 103 
5 3 83 84 18 6.7 6.2 
5 4 83 85 19 6.6 6.1 
5 15 83 96 30 6.3 5.7 
5 16 83 97 l 6.3 5.8 113000.0 1460 
5 17 83 98 2 6.3 5.8 70500.0 22500.0 755 215 
5 18 83 99 3 6.2 5.8 72500.0 18000.0 840 260 
5 19 83 100 4 6.2 5.8 70000.0 13450.0 965 265 
5 20 83 101 5 6.1 5.8 18000.0 155 
5 23 83 104 8 6.1 5.7 63000.0 1145 
5 24 83 105 9 6.0 5.7 69000.0 10500.0 820 155 
5 25 83 106 10 6.1 5.7 69000.0 10300.0 390 75 
5 26 83 107 11 6.1 5.7 56500.0 16000.0 670 215 
5 27 83 108 12 6.0 5.8 9870.0 70 
5 30 83 111 15 6.1 5.7 64000.0 680 
5 31 83 112 16 6.1 5.7 52500.0 4700.0 710 50 
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Table B-5. C continued) • 
MYS OF 1IGE OF INFLU!N'l' EFPLUENT IN.FLUM' EFFLU!N'l' INFLU!N'l' EFPLU!N'l' 

IWl'E <XNrINUaJS SODlmIB:KE TUBBIDIT! 'l'URBIDIT! ca.I FORM ca.I FORM STD PLATE STD PLATE 
OPERATION OXJNl' O::XJNr 

*DYYR (Di\YS) (Dt\YS) (N'rU) (N'rU) CNOllOOML) COO/lOOML> OD/ML> (00/ML) 

6 1 83 113 17 6.2 5.7 35500.0 10450.0 630 145 
6 2 83 114 18 6.1 5.7 6050.0 65 
6 27 83 139 43 8.9 7.5 35000.0 515 
6 28 83 140 44 7.8 7.0 38000.0 3100.0 660 425 
6 29 83 141 45 7.4 6.6 49000.0 5200.0 655 170 
6 30 83 142 46 7.3 6.5 33000.0 5400.0 420 35 
7 l 83 143 47 7.3 6.5 7200.0 100 
7 4 83 146 so 7.0 6.4 930.0 224 
7 s 83 147 51 1.0 6.5 2300.0 320.0 155 60 
7 6 83 148 52 7.0 6.5 3200.0 soo.o 150 25 
7 7 83 149 53 7.0 6.4 4250.0 560.0 515 60 
7 8 83 150 54 7.0 6.4 320.0 10 
7 11 83 153 57 7.1 6.2 35.0 3000 
7 12 83 154 SB 1.1 6.2 66.0 28.0 280 65 
7 13 83 155 59 6.9 6.2 76.0 25.0 190 so 
7 14 83 156 60 6.8 6.2 74.0 7.0 160 25 
7 15 83 157 61 6.8 6.2 31.0 13.0 490 155 
7 18 83 160 64 6.8 6.3 340.0 320 
7 19 83 161 65 6~7 6.3 230.0· 17.0 345 215 
7 20 83 162 66 6.6 6.3 290.0 35.0 340 300 
7 2l 83 163 67 6.8 6.3 310.0 76.0 180 100 
7 22 83 164 68 6.8 6.3 2100.0 87.0 130 400 
7 23 83 165 69 7.0 6.2 2300.0 490.0 
7 24 83 166 70 7.0 6.2 2300.0 560.0 350 
7 25 83 167 71 7.0 6.1 2000.0 520.0 307 85 
7 26 83 168 72 6.8 6.l 20500.0 475.0 325 75 
7 27 83 169 73 6.8 6.1 12000.0 1300.0 485 95 
7 28 83 170 74 6.8 6.l 6600.0 1450.0 205 25 
7 29 83 171 75 6.8 6.1 850.0 100 
8 l 83 174 l 6.9 6.1 34500.0 290 
8 2 83 175 2 7.l 6.3 24000.0 2800.0 365 580 
8 3 83 176 3 7.1 6.2 37500.0 3700.0 320 20 
8 4 83 177 4 7.2 6.2 25000.0 2900.0 370 125 
8 5 83 178 5 7.1 6.1 3850.0 140 
8 8 83 181 8 7.2 6.1 113500.0 1480 
8 9 83 182 9 1.2 6.1 129300.0 14600.0 1870 90 
8 10 83 183 10 7.2 6.1 280000.0 39000.0 3760 400 
8 11 83 184 11 1.2 6.1 110000.0 31500.0 1055 385 
8 12 83 185 12 7.l 6.2 23500.0 465 

•nus IS '!HE f!rARr OF PH>SE III Dt\TA FCR FIL'IER s, •nus FILTER HAD LAOOE SAND. 

8 15 83 188 15 7.6 6.2 113000.0 1080 
8 16 83 189 16 7.8 6.5 73500.0 14000.0 1360 57 
8 17 83 190 17 7.8 6.6 77000.0 5500.0 835 120 
8 18 83 191 18 7.7 6.7 6400.0 410 
8 22 83 195 22 8.7 7.2 65700.0 1085 
8 23 83 196 23 8.0 7.2 78000.0 10900.0 99 110 
a 24 83 197 24 7.9 7.2 80500.0 11500.0 720 315 
8 25 83 198 25 7.8 7.1 19000.0 115 
8 29 83 202 29 a.o 7.3 70000.0 790 
8 30 83 203 30 7.9 7.3 70000.0 11200.0 990 95 
9 l 83 204 31 8.1 7.1 10700.0 102 
9 s 83 208 35 8.1 6.7 58000.0 1025 
9 6 83 209 36 8.1 6.7 75000.0 5250.0 795 70 
9 7 83 210 37 8.0 6.7 80000.0 7250.0 790 145 
9 26 83 229 56 7.6 5.7 123000.0 3140 
9 27 83 230 57 7.8 6.0 120000.0 2150.0 1225 150 
9 28 83 231 58 7.5 6.2 70000.0 7350.0 1085 184 
9 29 83 232 59 7.5 6.1 2650.0 300 
9 30 83 233 60 7.4 6.1 

10 11 83 245 72 7.2 6.4 2.0 365 
10 12 83 246 73 7.2 6.4 4.0 o.o 584 277 
10 13 83 247 74 7.4 6.4 o.o .5 415 280 
10 14 83 248 75 7.5 6.5 3.4 o.o 268 127 
10 15 83 249 76 1.1 6.5 2.6 o.o 172 275 
10 16 83 250 77 7.5 6.6 1.4 1.0 118 248 
10 17 83 251 78 7.5 6.6 1.3 o.o 120 2:71 
10 26 83 260 87 7.4 6.8 .1 96 
10 27 83 261 88 7.4 6.8 • 7 .s 56 330 
11 5 83 2:70 97 7.3 6.8 .6 9 
C<XNI'INUED} 
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Table B-5. <continued). 

Di\YS OF AGE OF INFLUENI' EFFLUENT INFLUENI' Ef'FLUF.Nr INFLUENI' EFFLUENl' 
I:V\TE CXNl'INUCIJS SotM.mDl!XltE 'IDRBIDITY 'IURBIDITY CCLI FORM (."'CJ..If'ORM &'TD PLATE STD PLATE 

OPERATIOO CilUNl' CXXJN1' 
fltl DY YR (Dt\YS) (Dt\YS) (N'IU) (Nl'U) (00/lOOML) (N0/100ML) (NO/ML) (NO/ML) 

11 6 83 Z71 98 7.2 6.8 .6 o.o 67 333 
11 7 83 272 99 7.2 6.8 1540.0 o.o 418 223 
11 8 83 Z73 100 7.1 6.9 1530.0 280.0 93 408 
11 9 83 Z74 101 7.2 6.9 2350.0 305.0 62 298 
11 10 83 Z75 102 7.3 6.9 1950.0 210.0 52 191 
11 13 83 Z78 105 7.3 7.0 13 
11 14 83 Z79 106 7.4 7.0 13 373 
11 15 83 280 107 7.8 7.0 8 251 
11 16 83 281 108 8.1 7.1 7 272 
11 17 83 282 109 7.8 7.0 7 382 
11 18 83 283 110 7.7 7.1 7 363 
11 19 83 284 111 7.6 6.9 5 289 
11 20 83 285 112 7.7 6.8 4 305 
11 21 83 286 113 7.8 6.8 173500 328 
11 22 83 287 114 8.0 6.8 205000 405 
11 23 83 288 115 8.0 6.9 630000 805 
11 24 83 289 116 7.8 6.9 525000 885 
11 25 83 290 117 6.7 6.5 130000 970 
11 26 83 291 118 7.2 6.3 108000 700 
11 Z7 83 292 119 6.8 6.1 1385000 370 
11 28 83 293 120 7.0 5.9 1510000 795 
11 29 83 294 121 7.3 5.7 1145000 3535 
11 30 83 295 122 7.4 5.7 1310000 2785 
12 1 83 296 123 7.4 5.7 2985 
12 14 83 309 136 5.3 4.6 2300.0 115 
12 15 83 310 137 5.4 4.7 2350.0 85.0 102 143 
12 16 83 311 138 5.4 4.7 2900.0 45.0 201 178 
12 17 83 312 139 5.3 4.6 2450.0 133.0 121 201 
12 18 83 313 140 5.4 4.7 2600.0 105.0 143 197 
12 19 83 314 141 5.3 4.7 2250.0 120.0 90 144 
12 20 83 315 142 5.2 4.7 2300.0 74.0 115 121 
12 21 83 316 143 5.4 4.8 2500.0 86.0 87 113 
12 22 83 317 144 5.4 4.8 2150.0 139.0 126 115 
12 23 83 318 145 5.5 4 .8" 125.0 166 
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Table B-6. Phase II slow sand f iltes data for Filter No. 6, this 
filter was operated at 5 c. 

Di\!S CR AGE OF INFLUOO' EFFLUENT llm.UEN.l' EFf!.UENl' INFLt.m:r EFFLUEN.l' 
Di\'re CCM'INUaJS saDmZmx::I<E -roRBIDITY 'ruRBIDITY 0:1.IFORM ca.I FORM STD PIATE STD PLATE 

OPERATI~ cnmr cnmr 
ltiDYYR (Di\YS) (Di\YS) (N'l'U) (N'l'U) (NO/lOOML> (NO/lOOML> (00/MIJ (NO/ML) 

2 9 83 1 1 9.1 6.6 
2 10 83 2 2 9.1 8.0 2.0 240 330 
2 11 83 3 3 8.9 8.3 51000.0 o.o 1310 670 
2 12 83 4 4 9.0 8.3 7100.0 61500.0 755 1530 
2 13 83 5 5 9.0 8.1 3400.0 2700.0 74 1115 
2 14 83 6 6 8.7 s.o 4900.0 1290.0 985 1820 
2 15 83 7 7 8.8 8.1 sooo.o 1370.0 3620 2100 
2 16 83 8 8 8.7 7.9 2250.0 1800.0 4000 2230 
2 17 83 9 9 8.6 7.8 
2 20 83 12 12 8.6 8.0 20000.0 3850 
2 21 83 13 13 8.6 8.0 14667.0 3600.0 365 18300 
2 22 83 14 14 8.5 7.7 21000.0 7450.0 630 5460 
2 23 83 15 15 8.6 7.6 37500.0 6500.0 635 11250 
2 24 83 16 16 8.3 7.5 20500.0 30000.0 9650 2960 
2 25 83 17 17 8.4 7.5 4700.0 13700 
2 27 83 19 19 8.3 B.3 1460.0 1015 
2 28 83 20 20 8.2 7.5 990.0 35.0 395 6450 
3 l 83 21 21 8.0 7.4 6700.0 97.0 125 1200 
3 2 83 22 22 7.8 7.4 2200.0 2250.0 330 7000 
3 3 83 23 23 8.2 7.6 640.0 675.0 131 675 
3 4 83 24 24 8.0 7.7 165.0 970 
3 6 83 26 26 8.1 125.0 600 
3 7 83 27 27 7.4 7.8 48.0 8.0 44 2615 
3 8 83 28 28 7.6 7.6 126.0 16.S 3045 112 
3 9 83 29 29 7.5 7.6 42.5 23.S 135 110 
3 10 83 30 30 7.6 7.6 2000.0 5.5 330 550 
3 ll 83 31 31 7.6 7.5 490.0 785 
3 14 83 34 34 7.8 7.7 2650.0 415 
3 15 83 35 35 7.8 7.9 20000.0 500.0 945 680 
3 16 83 36 36 7.4 8.2 22000.0 9000.0 975 810 
3 17 83 37 37 7.4 8.0 9000.0 925 
3 20 83 40 40 7.2 7.8 66000.0 595 
3 21 83 41 41 7.0 7.6 76500.0 29500.0 830 505 
3 22 83 42 42 6.9 7.6 91500.0 34500.0 9950 630 
3 23 83 43 43 6.8 1.1 61000.0 61000.0 700 620 
3 24 83 44 44 6.7 7.7 66500.0 20000.0 775 280 
3 25 83 45 45 6.7 7.1 32500.0 310 
3 27 83 47 47 6.8 7.0 64000.0 850 
3 28 83 48 48 6.7 6.9 14000.0 2300.0 340 510 
3 29 83 49 49 6.7 6.8 1700.0 315 
4 5 83 56 56 7.3 6.4 3000.0 19200 
4 6 83 57 57 7.2 6.5 2200.0 345.0 1570 2400 
4 7 83 58 58 7.0 6.2 1100.0 4.0 1790 4200 
4 8 83 59 59 7.0 6.0 13.0 700 
4 11 83 62 62 6.8 6.0 3950.0 690 
4 12 83 63 63 6.8 6.0 3000.0 440.0 775 15 
4 13 83 64 64 6.8 6.1 6700.0 420.0 285 60 
4 14 83 65 65 6.7 6.0 100.0 70 
4 16 83 67 l 
4 21 83 72 6 6.6 6.3 
4 22 83 73 7 6.4 6.0 
4 25 83 76 10 7.7 6.4 145000.0 1555 
4 26 83 77 11 6.9 6.4 125000.0 2100.0 1375 45 
4 27 83 78 12 6.5 6.2 215000.0 2000.0 2285 15 
4 28 83 79 13 6.4 6.1 7100.0 33 
5 3 83 84 18 6.7 5.9 
5 4 83 85 19 6.6 6.5 
5 15 83 96 30 6.3 5.7 
5 16 83 97 1 6.3 5.8 113000.0 1460 
5 17 83 98 2 6.3 5.8 70500.0 3400.0 755 90 
5 18 83 99 3 6.2 5.9 72500.0 4100.0 840 55 
5 19 83 100 4 6.2 5.9 70000.0 4250.0 965 95 
5 20 83 101 5 6.1 5.8 5750.0 20 
5 23 83 104 8 6.1 5.7 63000.0 1145 
5 24 83 105 9 6.0 5.7 69000.0 3200.0 820 65 
5 25 83 106 10 6.1 5.8 69000.0 4300.0 390 55 
5 26 83 107 11 6.1 s. 7 56500.0 3550.0 670 65 
5 27 83 108 12 6.0 5.8 3200.0 245 
5 30 83 lll 15 6.1 5.8 64000.0 680 
5 31 83 112 16 6.l 5.8 52500.0 990.0 710 35 

( OONI'INUED) 
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Table B-6. <continued). 
MYS OF .AGE OF INFLUENI' EFFLUENI' INFLUENI' EFFLUENl' INFLUENI' EFFLUENT 

MTE cx::NrINUaJS S<liMtmDJ:X:KE 'IURBIDITY 'IURBIDITY CCLI FORM CXLIFORM STD PLATE STD PLATE 
OPERATI~ COON!' COON!' 

1oN DY YR (I»\YS) (I»\YS) emu> (N'l'U) (00/lOOML> COO/lOOML> COO/ML> (00/ML) 

6 1 83 113 17 6.2 5.8 35500.0 4900.0 630 105 
6 2 83 114 18 6.1 5.8 4850.0 35 
6 27 83 139 43 8.9 7.6 35000.0 515 
6 28 83 140 44 7.8 7.0 38000.0 2800.0 660 210 
6 29 83 141 45 7.4 6.6 49000.0 5000.0 655 95 
6 30 83 142 46 7.3 6.5 33000.0 6900.0 420 15 
7 1 83 143 47 7.3 6.5 6100.0 95 
7 4 83 146 50 7.0 6.4 930.0 224 
7 5 83 147 51 7.0 6.4 2300.0 265.0 155 50 
7 6 83 148 52 7.0 6.5 3200.0 590.0 150 15 
7 7 83 149 53 7.0 6.5 4250.0 670.0 515 80 
7 8 83 150 54 7.0 6.5· 1170.0 45 
7 11 83 153 57 7.1 6.3 35.0 3000 
7 12 83 154 58 7.1 6.3 66.0 39.0 280 40 
7 13 83 155 59 6.9 6.3 76.0 17.0 190 75 
7 14 83 156 60 6.8 6.3 74.0 21.0 160 15 
7 15 83 157 61 6.8 6.3 31.0 15.0 490 90 
7 18 83 160 64 6.8 6.3 340.0 320 
7 19 83 161 65 6.7 6.3 230.0 27.0 345 165 
7 20 83 162 66 6.6 6.3 290.0 28.0 340 205 
7 21 83 163 67 6.8 6.3 310.0 60.0 180 55 
7 22 83 164 68 6.8 6.3 2100.0 68.0 130 145 
7 23 83 165 69 7.0 6.2 2300.0 300.0 
7 24 83 166 70 7.0 6.1 2300.0 510.0 350 
7 25 83 167 71 7.0 6.1 2000.0 390.0 307 110 
7 26 83 168 72 6.8 6.1 20500.0 365.0 325 80 
7 27 83 169 73 6.8 6.1 12000.0 950.0 485 45 
7 28 83 170 74 6.8 6.1 6600.0 1250.0 205 45 
7 29 83 171 75 6.8 6.1 750.0 45 
8 l 83 174 l 6.9 6.1 34500.0 290 
8 2 83 175 2 7.1 6.2 24000.0 2200.0 365 260 
8 3 83 176 3 7.1 6.1 37500.0 1300.0 320 45 
8 4 83 177 4 7.2 6.1 25000.0 1100.0 370 65 
8 5 83 178 5 7.1 6.1 2250.0 85 
8 8 83 181 8 7.2 6.1 113500.0 1480 
8 9 83 182 9 7.2 6.1 129300.0 4450.0 1870 110 
8 10 83 183 10 7.2 6.1 280000.0 14500.0 3760 90 
8 11 83 184 11 7.2 6.1 110000.0 17500.0 1055 65 
8 12 83 185 12 7.1 6.2 13000.0 145 

'IBIS IS 'mE S"I'ART OF PHASE III ll\TA FOR FILTER 6, '!HIS FILTER WA.S OPERATED AT 2°c. 

8 15 83 188 15 7.6 6.2 113000.0 1080 
8 16 83 189 16 7.8 6.4 73500.0 4000.0 1360 60 
8 17 83 190 17 7.8 6.4 77000.0 3050.0 835 50 
8 18 83 191 18 7.7 6.3 4100.0 65 
8 22 83 195 22 8.7 6.6 65700.0 1085 
8 23 83 196 23 8.0 6.6 78000.0 4000.0 99 so 
8 24 83 197 24 7.9 6.5 80500.0 5300.0 720 45 
8 25 83 198 25 7.8 6.5 5300.0 65 
8 29 83 202 29 8.0 6.8 70000.0 790 
8 30 83 203 30 7.9 6.8 70000.0 6300.0 990 55 
9 1 83 204 31 8.1 6.7 4550.0 65 
9 5 83 208 35 8.1 7.7 58000.0 1025 
9 6 83 209 36 8.1 7.7 75000.0 2600.0 795 45 
9 7 83 210 37 0.0 7.7 80000.0 3000.0 790 77 
9 26 83 229 56 7.6 7.0 123000.0 3140 
9 27 83 230 57 7.8 7.1 120000.0 4450.0 1225 26 
9 28 83 231 58 7.5 7.2 70000.0 7500.0 1085 60 
9 29 83 232 59 7.5 7.2 3200.0 32 
9 30 83 233 60 7.4 7.7 

10 11 83 245 72 7.2 6.6 2.0 365 
10 12 83 246 73 7.2 6.7 4.0 8.0 584 29 
10 13 83 247 74 7.4 6.7 o.o 15.5 415 49 
10 14 83 248 75 7.5 6.8 3.4 10.0 268 46 
10 15 83 249 76 7.7 6.8 2.6 4.0 172 12 
10 16 83 250 77 7.5 6.8 1.4 6.5 118 17 
10 17 83 251 78 7.5 6.9 1.3 5.5 120 22 
10 26 83 260 87 7.4 6.8 .7 96 
10 27 83 261 88 7.4 6.8 .7 2.0 56 20 
11 5 83 270 97 7.3 6.7 .6 9 
CCXNl'INUED) 
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Table B-6. (continued>. 
Da\YS OF .AGE OF INFLt.Bn' EFFLlEfl' INFLUENT EFFLt.arr INFLt.Bn' EFFLUENT 

M'l'E CCJf.l'INUCXJS S<lMJ'l'ZDPXlCE TURBIDITY 'ruRBIDITY CXLIFORM CCLIFORM STD PLATE STD PIATE 
OPERATIOO CXlJNl' CXX1Nl' 

ffi DY YR (MYS) (Da\YS) (N'l'U) (Nl'U) (NJ/lOOML> CNJ/lOOML> {00/ML) (00/MIJ 

ll 6 83 271 98 7.2 6.7 .6 o.o 67 11 
11 7 83 272 99 7.2 6.7 1540.0 o.o 418 6 
11 8 83 273 100 7.l 6.7 1530.0 69.0 93 18 
ll 9 83 274 101 7.2 6.8 2350.0 145.0 62 10 
11 10 83 275 102 7.3 6.8 1950.0 135.0 52 4 
11 13 83 278 lOS 7.3 6.8 13 
11 14 83 279 106 7.4 6.8 13 19 
ll 15 83 280 107 7.8 6.8 8 13 
11 16 83 281 108 8.1 6.6 7 17 
11 17 83 282 109 7.8 6.7 7 18 
11 18 83 283 110 7.7 6.6 7 17 
11 19 83 284 111 7.6 6.6 5 19 
11 20 83 285 112 7.7 6.7 4 20 
11 2l 83 286 113 7.8 6.6 173500 15 
11 22 83 287 114 8.0 6.8 205000 50000 
11 23 83 288 115 a.o 6.8 630000 21830 
11 24 83 289 116 7.8 6.7 525000 66500 
11 25 83 290 117 6.7 6.6 130000 32000 
11 26 83 291 118 7.2 6.4 108000 69500 
ll 27 83 292 119 6.8 6.0 1385000 13550 
11 28 83 293 120 7.0 5.9 1510000 94000 
11 29 83 294 121 7.3 5.6 1145000 55000 
ll 30 83 295 122 7.4 5.6 1310000 84500 
12 1 83 296 123 7.4 5.7 47500 
12 14 83 309 136 5.3 3.7 2300.0 115 
12 15 83 310 137 S.4 4.1 2350.0 196.0 102 27 
12 16 83 311 138 S.4 4.2 2900~0 148.0 201 52 
12 17 83 312 139 5.3 4.2 2450.0 305.0 121 63 
12 18 83 313 140 5.4 4.2 2600.0 213.0 143 43 
12 19 83 314 141 5.3 4.3 2250.0 280.0 90 33 
12 20 83 315 142 5.2 4.1 2300.0 165.0 115 26 
12 21 83 316 143 5.4 4.2 2500.0 139.0 87 17 
12 22 83 317 144 5.4 4.3 2150.0 210.0 126 23 
12 23 83 318 145 5.5 4.2 238.0 43 
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APPENDIX C 

Giardia D:t.ta for Slow Sand Filtration 
2/1982 - 111983 

Table c-1, c-2, and C-3 contain the results of Giardia cyst testing for 
the period February 1982 to ·January 1983. 'lbe same Gianlia data shown in 
Table A-1, A-2, and A-3, Appendix A, are given here, as well as additional 
infoilllation such as the nu:nber of cysts in effluent corrected for the 
manbrane recovery factors. '!he "detection limit" is the cyst concentration 
that is theoretically cetectable, which is different for each test as it 
de~nds upon the volume of sample. '!bus when cysts are not detected, i.e. O 
numerically, it is ix>ssible that the cysts were present, but it is not likely 
that the concentration could be. greater than the <Etection limit. '!be 
"recovery factor" Cal.so called "recovery efficiency"> and the "cetection 
limit" are described more fully in A~ndix K. 
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Table c-1. Giardia Data for Slow Sand Filtration, Filter 
No. 1, v = 0.04 m/h (page 1 of 2) 

Membrane 
Influent Cyst Filter Number of cysts Ciardia 
Concentration Recovery Effluent in Effluent Detection Analysis 

Date Temp. Age of 
1 Added2 Detected3 Factor 4 Volume 

Detected 5 Corrected6 Limit7 Method 8 (1982) Run Schmuta:dec ke Sampled 
Day Mo Number (OC) (weeks) (c/L) (c/L} ( %) ( L) (No.) (No.) ( c/L) 

26 2 48 5 0 500 413 '46. 8 0.243 ZF 
27 2 48 5 500 180 11 8 21.4 0.243 ZF 
28 2 48 5 500 230 13 17 45.4 0.205 ZF 

1 3 48 5 500 138 15 3 8.0 0.78 ZF 
2 3 48 5 l 02 23 14 6 16.0 0.191 Zl" 
3 3 48 5 1 0 '46.89/ 12 15 40.l 0.223 ZF 

18 3 54 15 3 500 1262 63.4 ZF 
19 3 54 15 500 665 14 0 o.o 0.141 ZF 
20 3 54 15 500 656 17 0. 0.0 0.116 ZF 
21 3 54 15 500 1965 16 6 11.8 0.123 ZF 
22 3 54 15 0 1'6 7 13.8 0.123 ZF 
23 3 54 15 4 0 63.4 21 0 0.0 0.094 ZF 

l 4 60 5 5 500 327 79.9 ZF 
2 4 60 5 500 278 16 0 o.o 0.098 ZF 
3 4 60 5 500 828 13 0 o.o 0.120 ZF 
4 4 60 5 500 164 13 0 o.o 0.12.0 ZF 
5 4 60 5 0 0 18 0 o.o 0.087 ZF 
6 4 60 5 6 79.9 21 0 o.o 0.074 ZF 

17 5 66 15 12 50 66.7 71. 7 ZF 
18 5 66 15 50 53.2 7 2 3.5 0.249 ZF 
19 5 66 15 50 14.5 22 0 o.o 0.079 ZF 
20 5 66 15 50 42.6 28 2 3.5 0.062 ZF 
21 5 66 15 50 10.4 25 1 1.7 0.070 ZF 
22 5 66 15 50 7.1 25 0 o.o 0.070 ZF 
23 5 66 15 50 56 .310/ 28 0 o.o 0.062 ZF 
24 5 66 15 13 50 0.6 71. 7 40 0 0.0 0.044 ZF 
25 5 69 5 13 50 21.4 62.6 34 0 0.0 0.059 ZF 
26 5 69 5 50 95.4 29 0 o.o o. 069 ZF 
27 5 69 5 50 21.l 24 0 o.o 0.083 ZF 
28 5 69 5 50 17.9 28 5 10.0 0.071 ZF 
29 5 69 5 13 12 .5 62.6 25 3 6.0 0.080 ZF 
6 6 75 15 0 50 8.7 31.8 ZF 
7 6 75 15 50 0.8 33 0 o.o 0.119 ZF 
8 6 75 15 50 0.9 31 0 {l.0 0.127 ZF 
9 6 75 15 50 31.l 31 0 o.o 0.127 ZF 

10 6 75 15 50 16,6 26 0 o.o n.1 s1 ZJ.o' 
11 6 75 15 50 20.4 25 0 o.o 0.157 ZF 
12 6 75 15 0 33 0 o.o 0.119 ZF 
20 6 75 15 50 18.0 ZF 
21 6 75 15 50 26.9 28 0 0.0 0.140 ZF 
22 6 75 15 50 15.l 30 0 0.0 0.131 ZF 
23 6 75 15 50 19.9 27 0 o.o 0.146 ZF 
24 6 75 15 50 16. 7 26 0 0.0 0.151 ZF 
25 6 75 15 3 0 31.8 24 0 o.o 0.164 ZF 

4 7 81 5 0 50 34.3 64.3 MP 
5 7 81 5 50 56.0 28 0 o.o 1.11 MP 
6 7 81 5 50 29.1 26 0 o.o 1.196 MP 
7 7 81 5 50 26.7 24 0 o.o 1.296 MP 
8 7 81 5 50 28.1 26 0 o.o 1.196 MP 
9 7 81 5 50 27 0 o.o 1.152 MP 

18 7 81 5 50 16.6 MP 
19 7 81 5 50 30.0 24 0 o.o 1.296 MP 
20 7 81 5 50 15. 7 23 0 o.o 1.352 MP 
21 7 81 5 50 13.6 22 0 o.o 1.414 MP 
22 1 81 5 50 58.2 MP 
23 7 81 5 3 50 45.6 64.3 144 0 o.o 0.216 MP 

1 8 87 15 4 l 000 123 18.4 MP 
2 8 87 15 1000 173 29 0 o.o 3.748 MP 
3 8 87 15 0 28 0 o.o 3.882 MP 
4 8 87 15 1000 256 MP 
5 8 87 15 l 000 183 27 0 0.0 4.026 MP 
6 8 87 15 5 0 18.4 27 0 o.o 4.026 MP 
8 8 90 15 5 1000 167 22.1 MP 
9 8 90 15 1000 220 23 0 o.o 3.935 MP 

10 8 90 15 1000 160 29 0 0.0 3.121 MP 
11 8 90 15 1000 2 58 27 0 o.o 3.352 MP 
12 8 90 15 6 1000 300 22.1 78 0 o.o 1.160 MP 

--- ....... ------------- ... ------·. -- ----·---------~-
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Table c-1. Giardia Data for Slow Sand Filtration, Filter 
No. 1, v = 0.04 m/h (page 2 of 2) 

-~~~~--~~--~~-~-
Membrane 

Influent Cy•t Filter Number of cyats Ciardia 
Concentration Recovery Effluent in Efflupnt Detection Analysis 

Date Temp. Age of 1 Added2 Detected3 Factor-4 
Volume 

Detectr<l 5 Gorrected6 Limit7 Method 8 (1982) Run Schmutzdecke SampJ ed 
Day Mo Number (oC) (weeke) (c/t,) (c/t.) Ct) ( L) (No.) ((No.) ( c/I.) 

--·---------------·--.. ---·-·----· .. ·--·--------·-- -
20 10 101 15 16 1000 720 78.5 
21 10 101 15 1173 986 23 0 o.o 1.108 
22 10 101 15 0 38 0 o.o 0.944 
23 10 101 15 0 27 0 o.o 1.062 
24 10 101 15 0 24 0 o.o 1.062 
25 10 101 15 16 0 78.5 26 0 o.o 0.980 
26 10 104 15 16 5000 2060 53.3 
27 . 10 104 15 5150 3350 23 0 o.o 1.631 
28 10 104 15 0 36 0 o.o 1.042 
29 10 104 15 0 48 0 o.o 0.782 
30 10 104 15 0 32 0 o.o 1.173 
31 10 104 15 17 0 53.3 32 0 o.o 1.173 

3 11 107 15 0 1505 784 48.4 
4 11 107 15 1500 668 28 0 o.o 1.476 
5 11 107 15 0 45 0 o.o 0.918 
6 11 107 15 0 26 0 0.0 1.589 
7 11 107 15 1 0 48.4 43 0 o.o 0.961 

12 11 110 15 0 1982 1250 79.7 
13 11 110 15 1923 1863 26 0 o.o 0.965 
14 11 110 15 0 37 0 o.o 0.678 
15 11 110 15 0 75 0 o.o 0.335 
16 11 no 15 1 0 79.7 38 0 o.o 0.660 

7 12 116 15 0 3692 2 433 94.0 
8 12 116 15 3692 4507 98 0 o.o 0.217 
9 12 116 15 0 138 0 o.o 0.154 

10 12 116 15 0 Ill 0 o.o 0.192 
11 12 ll6 15 1 0 94.0 150 0 o.o 0.142 
18 1 118 15 0 2000 2100 72.0 
19 1 118 15 2000 1458 127 1180 1639 0.219 
20 l 118 15 2.000 1282 115 2060 2.861 0.242 
21 1 118 15 2000 920 139 1920 2667 0.200 
22 1 118 15 0 127 1330 1847 0.219 
23 1 118 15 0 72.0 1 O'l 1000 1389 0.272. 

1 Age of schmutzdecke refers to the number of weeks which have pas•ed ·since the last achmutzdecke removal. 

2 The influent cyst concentration 'added' is determined by performing multiple analyses of a cyst 
concentrate, ie. liquified dog feces. Thi• known concentration of cysts is diluted in a known volume 
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of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor. 

3 The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed 
tank. The subsample is concentrated with a membrane filter. 

4 The membrane filter recovery factor is calculated by: (Influent Cysts Detected/Influent Cysts Added). 

5 The number of cysts detected in the effluent is the actual number of cysts counted in the effluent 
sample. This value has been corrected for any dilution factor which occurred during analysis. 

6 This value is the number of cysts detected in the effluent corrected for the membrane recovery factor 
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated 
in the calculation. These two correction factors are discussed in Appendix 1. 

The calculation is: 
(Effluent cysts detected)/(Membrane recovery factor) 

With zinc floatation analysis method: 
(Effluent cysts detected)/[(Membrane recovery factor)(0.8)] 

7 Detection limits are discussed in Appendix I. 

8 Giardia analysis method: 
ZF • Zinc Floatation 
MP • Micropipette 

These analysis methods are discuseed in Appendix J. 

9 The membrane recovery factor could not be determined for this test run so an average of similar 
test runs was used. 

1°niis value is used with test runs 68, 69 and 70 since it i• used in calculations with the 
effluent value from the following day. 
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Table c-2. Giardia Data for Slow Sand Filtration, Filter 
No. 2, v = 0.12 m/h (page 1 of 2) 

Membrane 
Influent Cyst Filter Number of cysts Giardia 
Concentration Recovery Effluent in Effluent Detection Analysis 

Date Temp. Age of 
1 Added 2 Detected 3 4 Volume 

Detected 5 Corrected6 Limit7 Method 8 ( 1982) Run Schmutzdecke Factor Sampled 
Day Mo Number (oC) (weeks) (c/L) ( c/1.) (%) (L) (No.) (No.) (c/L) 

26 2 47 5 0 500 413 ii6. 8 ZF 
27 2 47 5 500 180 33 25 66.8 0.081 ZF 
28 2 47 5 500 230 36 33 88.l o. 074 ZF 

1 3 47 5 500 138 42 14 37. 4 0.064 ZF 
2 3 47 5 102 28 37 5 13.4 0.072 ZF 
3 3 47 5 1 0 46. 89/ 34 28 7 4.8 o. 079 ZF 

18 3 53 15 3 500 1262 63.4 ZF 
19 3 53 15 500 665 38 0 o.o o. 052 ZF 
20 3 53 15 500 656 45 0 o.o 0.044 ZF 
21 3 53 15 500 1965 42 16 31. 5 0.047 ZF 
22 3 53 15 0 44 0 0.0 0.045 ZF 
23 ) 53 15 4 0 63.4 56 0 o.o o. 035 ZF 

l 4 59 5 5 500 327 79.9 ZF 
2 4 59 5 500 278 46 5 7.8 o. 034 ZF 
3 4 59 5 500 828 35 0 0.0 0.045 ZF 
4 4 59 5 500 164 34 0 0.0 O. Oil> ZF 
5 4 59 5 0 0 48 0 o.o o. 033 ZF 
6 4 59 5 6 0 79.9 57 0 0.0 0.027 ZF 

17 5 65 15 12 50 66.7 71. 7 ZF 
18 5 65 15 50 53.2 15 0 0.0 0.116 ZF 
19 5 65 15 50 14. 5 54 0 o.o o. 032 ZF 
20 5 65 15 50 42 .6 70 2 3.5 0.025 ZF 
21 5 65 15 50 10.4 66 0 o.o 0.026 ZF 
22 5 65 15 50 7.1 60 0 o.o 0.029 ZF 
23 ~ 65 15 50 56.310/ 69 1 1. 7 0.025 ZF 
24 5 65 15 13 50 0.6 71. 7 95 1 1. 7 o. 018 ZF 
25 5 68 5 13 50 21. 4 62.6 79 3 6.0 0.025 ZF 
26 5 68 5 50 95.4 71 2 4.0 0.028 ZF 
27 5 68 5 50 21.1 62 0 o.o 0.032 ZF 
28 5 68 5 50 17.9 70 0 0.0 o. 02 9 ZF 
29 5 68 5 13 12 .5 62.6 63 2 4.0 0.032 ZF 

6 6 74 15 0 50 8.7 31.8 ZF 
7 6 74 15 50 0.8 79 0 o.o 0.050 ZF 
8 6 74 15 50 0.9 79 0 0.0 0.050 ZF 
9 6 74 15 50 31.1 74 0 o.o 0.053 ZF 

10 6 74 15 50 16.6 71 0 o.o 0.055 ZF 
11 6 74 15 50 20.4 65 0 o.o 0.060 ZF 
12 6 74 15 50 84 0 0.0 0.047 ZF 
20 6 74 15 50 18.0 ZF 
21 6 74 15 50 26.9 70 0 0.0 0.056 ZF 
22 6 74 15 50 15.1 79 0 0.0 0.050 ZF 
23 6 74 15 50 19.9 69 0 o.o o. 057 ZF 
24 6 74 15 50 16.7 71 0 0.0 0.055 ZF 
25 6 74 15 3 0 31.8 62 0 o.o 0.063 ZF 

4 7 80 5 0 50 34.3 64.3 MP 
5 7 80 5 50 56.0 60 0 0.0 O.Sl8 MP 
6 1 80 5 50 29.l 15 0 0.0 o. 415 MP 
7 1 80 5 50 26.7 67 0 o.o o. 464 MP 
8 7 80 5 50 28.1 72 0 o.o o. 432 MP 
9 7 80 5 50 75 0 o.o o. 415 MP 

18 1 80 5 50 16.6 MP 
19 7 80 5 50 30.0 55 0 0.0 o. 566 MP 
20 7 80 5 50 15. 7 60 0 0.0 0.518 MP 
21 7 80 5 50 13.6 55 0 o.o o. 566 MP 
22 7 80 5 50 58.2 MP 
23 7 80 5 3 50 45.6 64.3 334 0 o.o 0.093 MP 

1 8 86 15 4 1000 123 18.4 MP 
2 8 86 15 1000 173 72 0 o.o 1. 510 MP 
3 8 86 15 0 71 0 o.o 1. 531 MP 
4 8 86 15 1000 256 MP 
5 8 86 15 l 000 183 68 0 0.0 1. 598 MP 
6 8 86 15 5 0 18.4 66 0 0.0 1.6 ii6 MP 
8 8 89 15 5 1000 167 22.1 MP 
9 8 89 15 1000 220 57 0 0.0 1.588 MP 

10 8 89 15 l 000 160 69 0 0.0 1.312 MP 
11 8 89 15 1000 258 61 0 0.0 1. 484 MP 
12 8 89 15 6 1000 300 22.l 187 0 o.o 0.489 MP 
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Table c-2. Giardia Data for Slow Sand Filtration, Filter 
No. 2, v = 0.12 m/h (page 2 of 2) 

Date Temp. 
{1982) Run 
Day Mo Number (OC) 

20 10 102 15 
21 10 102 15 
22 10 102 15 
23 10 102 15 
24 10 102 15 
25 10 102 15 
26 10 105 15 
27 10 105 15 
28 10 105 15 
2.9 10 105 15 
30 10 105 15 
31 10 105 15 

3 11 108 15 
4 11 108 15 
5 11 108 15 
6 11 108 15 
7 11 108 15 

12 11 111 15 
13 11 111 15 
14 11 111 15 
15 11 111 15 
1'6 11 111 15 
18 1 119 15 
19 1 119 15 
20 1 119 15 
21 1 119 15 
22 1 119 15 
23 1 119 15 

Age of 
1 Schmutzdecke 

(weeks) 

16 

16 
16 

17 
0 

1 
0 

1 
10 

11 

Influent Cyst 
Concentration 

Added2 Detected3 

(c/L) (c/L) 

1000 720 
1173 986 

0 
0 
0 
0 

5000 2060 
5150 JHO 

0 
0 
0 

.0 
1505 784 
1500 668 

0 
0 
0 

1982 1250 
1923 1863 

0 
0 
0 

2000 2100 
2000 1458 
2000 1282 
2000 920 

0 
0 

Membrane 
Filter Number of cysts Ciardia 

Recovery Effluent in Effluent Detection Analysis 

Factor 4 Volume 
Detected 5 Corrected6 Limit7 Method S Sampled 

(%) (L) (No.) ((No.} ( c/L) 

78.5 MP 
51 0 o.o 0.500 MP 
81 0 o.o 0.293 MP 
10 0 o.o 0.364 MP 
66 0 o.o 0.375 MP 

78.5 68 0 o.o 0.375 MP 
53.3 MP 

60 0 o.o 0.625 MP 
95 0 o.o 0.395 MP 

121 0 o.o 0.310 MP 
79 0 o.o o. 475 MP 

53.3 80 0 o.o O. lt69 MP 
48.4 MP 

71 0 o.o 0.582 MP 
113 0 o.o 0.366 MP 

63 0 o.o 0.656 MP 
48.4 107 0 o.o 0.386 MP 
79.7 MP 

67 0 o.o 0.375 MP 
96 0 o.o 0.261 MP 

192 0 o.o 0.131 MP 
79.7 99 0 o.o 0.253 MP 
72.0 MP 

193 0 o.o 0.144 MP 
139 0 o.o 0.200 MP 
154 0 o.o 0.180 MP 
166 0 o.o 0.167 MP 

72.0 173 0 o.o 0.161 MP 

1 Age of scbmutzdecke refers to the number of weeks which have passed since the last achmutzdecke removal. 

2 The influent cyst concentration 'added' is determined by performing multiple analyses of a cyst 
concentrate, ie. liquified dog feces. This known concentration of cysts is diluted in a known volume 
of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor. 

3 The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed 
tank. The subsample is concentrated with a membrane filter. 

4 The membrane filter recovery factor is calculated by: (Influent Cysts Detected/Influent Cysts Added}. 

5 The number of cysts detected in the effluent is the actual number of cysts counted in the effluent 
sample. This value has been corrected for any dilution factor which occurred during analysis. 

6 This value is the number of cysts detected in the effluent corrected for the membrane recovery factor 
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated 
in the calculation. These two correction factors are discussed in Appendix I. 

The calculation is: 
(Effluent cysts detected)/(Membrane recovery factor) 

With zinc floatation analysis method: 
(Effluent cysts detected)/[{Membrane recovery factor}(0.8)] 

7 Detection limits are discussed in Appendix I. 

8 Giardia analysis method: 
ZF • Zinc Floatation 
MP • Micropipette 

These analysis methods are discussed in Appendix J. 

9 The membrane recovery factor could not be determined for this teat run so an average of similar 
test runs was used. 

lOThis value is used with test runs 68, 69 and 70 since it is used in calculations with the 
effluent value from the following day. 
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Table C-3. Giardia Data for Slow Sand Filtration, Filter 
No. 3, v = 0.40 m/h (page 1 of 2) 

------------~- ---·-------------
Membrane 

Influent Cyst Fi 1 ter Number of cysts Giardia 
Concentration Recovery Effluent in F.fl lul~llt Detection Analysis 

Date Temp. Age of 
1 Added 2 Detected 3 4 

Volume 
Detected 5 Corrected6 Limit 7 ME'thodR (1982) Run Schmutzdecke Factor Sampled 

Day Mo Number (oC) (weeks) ( c/l.} ( c/ I.) (%) (I.) (No,) (Nu.) (c/L) 

·-----·-·--------------------
26 2 49 5 0 500 413 46.8 ZF 
27 2 49 5 500 180 28 31 82 .8 0.095 ZF 
28 2 49 5 500 230 48 24 64. l 0.056 ZF 

1 3 49 5 500 138 76 176 47 0.1 0.035 ZF 
2 3 49 5 102 23 69 251 670.4 0.039 ZF 
3 3 49 5 1 0 46. 89/ 49 67 179.0 0.055 ZF 

18 3 55 15 3 500 1262 63.4 ZF 
19 3 55 15 500 665 69 16 31.5 o. 029 ZF 
20 3 55 15 500 656 62 15 29.6 0.032 ZF 
21 3 55 15 500 1965 68 21 41. 4 o. 029 ZF 
22 3 55 15 0 77 6 11.8 0.026 ZF 
23 3 55 15 4 0 63.4 70 10 19.7 0.028 ZF 

1 4 61 5 5 500 327 79.9 ZF 
2 4 61 5 500 278 61 23 36.0 0.026 ZF 
3 4 61 5 500 828 74 0 o.o o. 021 ZF 
4 4 61 5 500 164 68 2 3.1 0.023 ZF 
5 4 61 5 0 0 84 1 1.6 0.019 ZF 
6 4 61 5 6 0 79.9 79 0 o.o 0.020 ZF 

17 5 67 15 2 50 66.7 71. 7 ZF 
18 5 67 15 50 53.2 64 0 o.o 0.027 ZF 
19 5 67 15 50 14. 5 79 0 o.o 0.022 ZF 
20 5 67 15 50 42.6 149 0 o.o 0.012 ZF 
21 5 67 15 50 10.4 131 0 o.o 0.013 ZF 
22 5 67 15 50 7.1 167 0 o.o 0.010 ZF 
23 5 67 15 50 56.310/ 216 1 1. 7 0.008 ZF 
24 5 67 15 3 50 0.6 71. 7 292 6 10. 5 0.006 ZF 
25 5 70 5 3 50 21. 4 62.6 245 2 4.0 0.008 ZF 
26 5 70 5 50 95.4 184 3 6.0 o. 011 ZF 
27 5 70 5 50 21.1 148 3 6.0 o. 013 ZF 
28 5 70 5 50 17.9 172 0 o.o 0.012 ZF 
29 5 70 5 4 12.5 62.6 213 0 0.0 o. 009 ZF 

6 6 76 15 0 50 8.7 31.8 ZF 
7 6 76 15 50 0.8 241 0 o.o o. 016 ZF 
8 6 76 15 50 0.9 218 0 o.o 0.018 ZF 
9 6 76 15 50 31.1 230 0 o.o 0.017 ZF 

10 6 76 15 50 16.6 172 0 0.0 0.023 ZF 
11 6 76 15 50 20.4 141 0 o.o o. 028 ZF 
12 6 76 15 50 179 0 0.0 0.022 ZF 
20 6 76 15 50 18.0 ZF 
21 6 76 15 50 26.9 229 1 3.9 0.017 ZF 
22 6 76 15 50 15.1 253 0 o.o o. 016 ZF 
23 6 76 15 50 19.9 228 0 o.o 0.017 ZF 
24 6 76 15 50 16.7 149 0 o.o 0.026 ZF 
25 6 76 15 3 o· 31.8 199 0 o.o o. 020 ZF 

4 7 82 5 0 50 34.3 64.3 MP 
5 7 82 5 50 56.0 229 0 0.0 0.136 MP 
6 7 82 5 50 29.l 225 0 o.o 0.138 MP 
7 7 82 5 50 26.7 202 0 o.o 0.154 MP 
8 7 82 5 50 28.1 227 0 o.o 0.137 MP 
9 7 82 5 50 228 0 0.0 0.136 MP 

18 7 82 5 50 16.6 MP 
19 7 82 5 50 30. 0 209 0 o.o 0.149 MP 
20 7 82 5 so 15. 7 200 0 o.o 0.156 MP 
21 7 82 5 50 13.6 189 0 o.o 0.165 MP 
22 7 82 5 50 58.2 MP 
23 7 82 5 3 50 45.6 64.3 962 0 0.0 0.032 MP 

1 8 88 15 4 1000 123 18.4 Ml' 
2 8 88 15 1000 173 237 0 o.o 0.459 MP 
3 8 88 15 0 232 80 435 o. 469 MP 
4 8 88 15 1000 256 MP 
5 8 88 15 1000 183 182 40 217 0.597 MP 
6 8 88 15 5 0 18.4 220 100 543 0.494 MP 
8 8 91 15 5 1000 167 22.1 MP 
9 8 91 15 1000 220 191 0 o.o 0.474 MP 

10 8 91 15 1000 160 233 0 0.0 0.388 MP 
11 8 91 15 1000 258 223 0 0.0 0.406 MP 
12 8 91 15 6 1000 300 22.1 196 0 o.o o. 462 MP 
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Table c-3. Giardia Data for Slow Sand Filtration, Filter 
No. 3, v = 0.40 m/h (page 2 of 2) 

Membrane 
Influent C.:yst Filter Number of cysts Giardi.a 
Concentration Recovery Effluent in Effluent Detection Analysis 

Date Temp. Age of 
1 Added2 Detected 3 Factor 4 Volume 

Detected 5 Corrected6 Limit 7 Method 8 (1982) Run Schmutzdecke Sampled 
Day Mo Number ( oC) (weeks) (c/L) (c/ L) (%) ( L) (No.) ((No.) (c/L) 

20 10 103 15 16 1000 720 78.5 MP 
21 10 103 15 1173 986 183 0 o.o 0.139 MP 
22 10 103 15 0 315 0 o.o 0.081 MP 
23 10 103 15 0 216 0 o.o 0.118 MP 
24 10 103 15 0 203 0 0.0 0.126 MP 
25 10 103 15 16 0 78.5 217 0 o.o 0.117 MP 
26 10 106 15 16 5000 2060 53.3 MP 
27 10 106 15 5150 3350 193 0 o.o 0.194 MP 
28 10 106 15 0 309 0 o.o 0.121 MP 
29 10 106 15 0 401 0 o.o 0.094 MP 
30 10 l 06 15 0 268 0 o.o 0.140 MP 
31 10 106 15 17 0 53.3 269 0 0.0 0.140 MP 

3 11 109 15 0 1505 784 48.4 MP 
4 11 109 15 1500 668 240 0 0.0 0.172 MP 
5 11 109 15 0 382 0 o.o 0.108 MP 
6 11 109 15 0 215 0 o.o 0.192 MP 
7 11 109 15 1 0 48.2 362 0 0.0 0.114 MP 

12 11 112 15 0 1982 1250 79.7 MP 
13 11 112 15 1923 1863 193 0 o.o 0.130 MP 
14 11 112 15 0 314 0 o.o 0.080 MP 
15 11 112 15 0 189 0 o.o 0.133 MP 
16 11 112 15 1 0 79.7 324 0 o.o 0.077 MP 

7 12 117 15 4 3692 2433 94.0 MP 
8 12 117 15 3692 4507 102 0 o.o 0.208 MP 
9 12 117 15 0 194 0 o.o 0.110 MP 

10 12 117 15 0 112 0 o.o 0.190 MP 
11 12 117 15 5 0 94.0 157 0 o.o 0.136 MP 

Age of schmutzdecke refers to the number of weeks which have passed since the last schmutzdecke removal. 

2 The influent cyst concentration 'added' is determined by p~rforming multiple analyses of a cyst 
concentrate, ie. liquified dog feces. This known concentration of cysts is diluted in a known volume 
of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor. 

3 The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed 
tank. The subsample is concentrated with a membrane filter. 

4 The membrane filter recovery factor is calculated by: (Influent .Cysts Detected/Influent Cysts Added). 

5 The number of cysts detected in the effluent is the actual number of cysts counted in the effluent 
sample. This value has been corrected for any dilution factor which occurred during analysis. 

6 This value is the number of cysts detected in the effluent corrected for the membrane recovery factor 
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated 
in the calculation. These two correction factors are discussed in Appendix I. 

The calculation is: 
(Effluent cysts detected)/(Membrane recovery factor) 

With zinc floatation analysis method: 
(Effluent cysts detected)/[(Membrane recovery factor)(0.8)) 

7 Detection limits are discussed in Appendix I. 

8 Giardia analysis method: 
ZF = Zinc Floatation 
MP • Micropipette 

These analysis methods are discussed in Appendix J. 

9 The membrane recovery factor could not be determined for this test run so an average of similar 
test runs was used. 

1°'rbis value is used with test runs 68, 69 and 70 since it is used in calculations with the 
effluent value from the following day. 
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APPENDIX D 

'l'Otal Coliform Data for Slow Sand Filtration 

Tables D-1, 0-3, and D-5 contain the results of total coliform testing 
for Phase I, Phase II and Phase III testing. 'Ihese tables show the influent 
and effluent total oolifoan data, as.. in Appendix A and Appendix B, as well as 
daily ranoval percentages. 'Ihese ranovaJ.s have been calculated using the 
influent value f ran the previous day to account for residence time in the 
filter. 

Tables D-2, D-4, and D-6 are statistical summaries of the total coliform 
data. 'lbese oontain the total number of samples analyzed, the average 
influent and effluent oolifoan ooncentrations and the average removal 
percentage achieved by each filter. 'Ihese calculations were performed first 
for all data available and again including only days having data for all 
three filters, allowing canparison between filters. 
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Table D-1. Total Coliform Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 1 of 2) 

FILTER NO.I (0.04 m/11) FlLTr:RN0.2 (0.12 m/h.i FILTER NO. 3 ( O. 40 m/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUmT PERCmT SCHMUTZ- EFFLUmT PERCmT 
TEMP COLlFORH DECKE AGE COLIFORM REMOVAL DECKE ACE COLIFORM REMOVAL DECKE AGE COLil'ORM REMOVAL 

DY MO YR (oC) (N0/ 100}0...) (WEEKS) (NO/ l 00:-ll.) <:O (WEEKS) {NO/ l 001-ll.) o:) (WEEKS) (NO/l OOML) (%) 

26 7 81 5 770000. 0 4 100000.0 
28 7 81 15 4 20000. 0 
13 8 81 5 80000.0 6 o.o 
14 8 81 5 47000. 0 6 3000.0 96.25 
15 8 81 15 9300.0 7 800.0 98.30 
17 8 81 15 7 220.0 
20 8 81 15 3.0 7 o.o 

3 9 81 15 92000. 0 19000.0 
4 9 81 15 7 5000. 0 1500.0 98.37 17 00. 0 98.15 
5 9 81 15 3100.0 95.87 1400. 0 98.13 

25 9 81 15 28900. 0 
26 9 81 15 100000.0 4 6.0 99.98 13 o.o 100.00 4 o.o 100.00 

3 10 81 5 80.0 
4 10 81 5 390.0 6 o.o 100. 00 14 4.0 95.00 
5 10 81 5 290.0 6 5.0 98.72 14 10.0 97.44 6 195. 0 50.00 
6 l 0 81 5 70.0 6 o.o 100.00 14 o.o 100.00 6 121. 0 58.28 
7 10 81 5 6 o.o 1oo.00 14 3.0 95.71 

20 5 82 15 
21 5 82 15 12 o.o 12 o.o 2 o.o 
22 5 82 15 s.o 12 o.o 12 0.0 3 o.o 
23 s 82 15 1o.0 12 0.0 loo. 00 12 o.o l 00.00 3 o.o 100. 00 
24 5 82 15 14.0 13 o.o 100.00 13 o.o 100.00 3 o.o 100.00 
25 5 82 5 49. 0 13 o.o 100. 00 13 o.o 100.00 3 o.o 100. 00 
26 5 82 ; 26.0 13 o.o 100.00 13 o.o 100.00 3 2.S 94.90 
27 5 82 5 52.0 13 o.o 100.00 13 .5 98.08 3 1. 5 94.23 
28 5 82 5 48.0 13 .5 99.04 13 2.0 96.15 3 8.0 84.62 
29 5 82 ; 13 o.o 100. 00 13 .5 98.96 4 3.0 93.7 5 

8 6 82 15 3100.0 0 o.o 0 6.0 0 49.0 
9 6 82 15 2800. 0 1 o.o 100.00 1 1.0 99.97 1 17.0 99.45 

10 6 82. 15 1480. 0 1 2.0 99.93 1 2.0 99.93 1 11. 0 99.61 
11 6 82 15 1140.0 l o.o 100.00 1 4.0 99.73 1 5.0 99.66 
12 6 82 15 l o.o 100. 00 l o.o 100.00 1 8.0 99.30 
17 6 82 15 260.0 2 o.o 2 2.0 2 1.0 
18 6 82 15 262. 0 2 o.o 100.00 2 6.0 97.69 2 3.0 98.85 
20 6 82 15 490.0 
21 6 82 15 720.0 2 o.o 100.00 2 3.0 99.39 2 4.0 99.18 
22 6 82 15 550.0 2 o.o 100. 00 2 o.o 100.00 2 o.o 100.00 
23 6 82 15 237.0 3 o.o 100.00 3 1.0 99.82 3 1.0 99.82 
24 6 82 15 393.0 3 o.o 100.00 3 o.o 100. 00 3 2.0 99.16 
25 6 82 15 3 o.o l 00.00 3 1.0 99.75 3 o.o 100. 00 
28 6 82 15 145.0 
29 6 82 15 155.0 3 o.o 100.00 3 .5 99.66 3 2.0 98.62 
30 6 82 15 148. 0 4 o.o 100.00 4 1.; 99.03 4 3.5 97. 7 4 

l 7 82 15 20.0 4 o.o 100.00 4 2.0 98.65 4 2.0 98.65 
2 7 82 15 11.0 4 o.o l 00.00 4 o.o 100.00 4 2.0 90.00 
4 7 82 5 100. 0 
5 7 82 5 67.0 0 o.o 100.00 0 1.0 99.00 0 3.0 97.00 
6 7 82 5 71. 0 0 o.o 100.00 0 o.o 1oo.00 0 o.o 100.00 
7 7 82 5 31.0 1 o.o 100. 00 l o.o 100. 00 1 1. 5 97.89 
8 7 82 5 37.0 l o.o 100.00 l o.o 100.00 1 .s 98.39 
9 7 82 5 10. 0 l o.o 100.00 l 0.0 100.00 1 0.0 100.00 

18 7 82 5 23.0 
19 7 82 5 18.0 2 o.o 100.00 2 o.o 100.00 2 o.o l 00.00 
20 7 82 5 17 .o 2 o.o 100.00 2 o.o 100.00 2 2.0 88.89 
21 7 82 5 20. 0 3 o.o 100.00 3 1. 0 94.12 3 o.o 100.00 
22 7 82 5 20.0 3 I. 0 95.00 3 1. 0 95.00 3 1.0 95. 00 
26 7 82 15 4400.0 3 o.o 3 4.0 3 150.0 
27 7 82 15 600. 0 3 o.o 100. 00 3 11. 0 99.75 3 300.0 93.18 
28 7 82 15 700.0 4 o.o 100. 00 4 6.0 99.00 4 135.0 77.50 
29 7 82 15 4300.0 4 2.0 99.71 4 7.0 99.00 4 305.0 56.43 
30 7 82 15 650.0 4 o.o 100.00 4 6.0 99.86 4 125. 0 97 .09 

l 8 82 15 7 4000. 0 
2 8 82 15 71000.0 4 1.0 100.00 4 143.0 99.81 4 2420.0 96.73 
3 8 82 15 4 o.o 100. 00 4 90.0 99.87 4 1200. 0 98.31 
4 8 82 15 290000. 0 
5 8 82 15 210000.0 5 o.o 100.00 5 lo. 0 1 oo.oo ; 260.0 99.91 
6 8 82 15 5 1.0 100. 00 5 4.0 100.00 5 o.o 100.00 
B 8 82 15 22000.0 

NOTE: 1) REMOVALS ARE CALCULATED WITH THE INFLUmT VALUE FROM THE PREVIOUS DAY TO ACCOUNT FOR 
RESlDtNCE TIME IN THE FILTER 

2) NEGATIVE REMOVALS OCCUR WHm THE EFFLUENT VALUE IS REFLECTIVE OF AN INFLUENT LOADING 
TWO OR MORE DAYS PRIOR 
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Table D-1. Total Coliform Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 2 of 2) 

FILTER NO.l (0.04 111/h) FILTER N0.2 (0.12 m/h) FILTER N0.3 ( 0. 40 111/h) 

IlfFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT 
TEMP COLIFORM DECKE ACE COLIFORM REMOVAL DECKE ACE COLIFORM REMOVAL DECKE ACE COLIFORM REMOVAL 

DY MO YB. ( oC) (NO/ lOOML) (WEE.KS) (NO/ lOCH.) (%) (WEEKS) (NO/lOOML) (%) (WEEKS) (N0/100ML) (%) 

9 8 82 15 13000.0 5 o.o 100.00 5 1.0 100.00 5 111.0 99.50 
10 s 82 15 13800.0 5 8.0 99.94 5 2.0 99.98 5 76.0 99. 42 
11 8 82 15 18000.0 6 5.0 99.96 6 6.0 99.96 6 71.0 99.49 
12 8 82 15 17000. 0 6 2.0 99.99 6 1.0 99.99 6 59.0 99.o7 
13 8 82 15 6 1.0 99.99 6 1.0 99.99 6 86.0 99.49 
16 8 82 15 2050. 0 
17 8 82 15 1600.0 6 4.0 99.80 6 o.o 100.00 6 72.0 96.49 
18 8 82 15 75.0 7 4. 0 99.75 7 o.o 100.00 7 82.0 94.88 
28 9 82 15 21000.0 
29 9 82 15 24000.0 13 4.0 99.98 13 114.0 99.lth 
30 9 82 15 32000. 0 13 5.5 99.98 13 275.0 98.85 13 185.0 99.23 

1 10 82 15 7000.0 13 7.0 13 290.0 13 140.0 
2 10 82 15 4400.0 13 10.0 99.86 13 107. 0 98. 47 13 120.0 98.29 
3 10 82 15 6000.0 13 4.5 99.90 13 170.0 96.14 13 80.0 98.18 
4 10 82 15 21000.0 13 4.0 99.93 13 85.0 98.58 13 63.0 98.95 
5 10 82 15 26500.0 1l 3.5 99.98 13 110.0 99.48 13 125. 0 99.40 
6 l 0 82 15 20000.0 14 .5 100.00 14 40.5 99.85 14 61.0 99.77 
7 10 82 15 500.0 14 .5 100.00 14 33.0 99.84 14 31.0 99.85 
8 10 82 15 145.0 14 o.o 100. 00 14 8.5 98.30 14 20.0 96.00 
9 10 82 15 14 .5 99.66 14 6.0 95.86 14 7 .o 95.17 

11 10 82 15 47500.0 
12 10 82 15 1150.0 14 o.o 100.00 14 22.0 99.95 14 37.0 99.92 
15 10 82 15 700.0 15 .5 15 7.5 15 19.5 
16 l 0 82 15 15 o.o 100. 00 15 9.5 98.64 
20 10 82 15 600.0 
21 10 82 15 13000.0 16 o.o 100.00 16 3.5 99.42 16 5.0 99.17 
22 10 82 15 2.5 16 1.5 99.99 16 17.0 99.87 16 28.0 99.78 
23 10 82 15 3.5 16 .5 80.00 16 5.0 -100.00 16 11.0 -360.00 
24 10 82 15 .5 16 o.o 100.00 16 3.0 14.29 16 5.5 -57 .14 
25 10 82 15 2.0 16 o.o 100.00 16 l.5 -200. 00 16 3.0 -500.00 
26 10 82 15 23500.0 16 o.o 100.00 16 LO 50.00 16 2.0 o.oo 
27 10 82 15 22500.0 17 .5 100.00 17 30.0 99.87 17 101. 0 99.57 
28 10 82 15 1.0 17 1.5 99.99 17 18.0 99.92 17 76.0 99.66 
29 10 82 15 1.0 17 o.o 100. 00 17 3.5 -250.00 17 7.0 -600.00 
30 10 82 15 3.0 17 o.o 100.00 17 • 5 50.00 17 2.5 -150.00 
31 10 82 15 2.0 17 o.o 100.00 17 o.o 100. 00 17 3.5 -16.67 

1 11 82 15 2.0 17 .5 75.00 17 o.o 100.00 17 1.0 50.00 
2 11 82 15 3.0 18 o.o 100.00 18 o.o 100.00 18 1. 0 50.00 
3 11 82 15 20000.0 0 o.o 100.00 0 o.o 100.00 0 1.5 50.00 
4 11 82 15 24000.0 0 6.0 99.97 0 195.0 99.02 0 680.0 96;,60 
5 11 82 15 2.5 0 7.0 99.97 0 235.0 99.02 0 560.0 97.67 
6 11 82 15 o.o 1 1. 0 60.00 l 22 .o -780.00 1 152.0 -5980.00 
7 11 82 15 o.o 1 .5 1 13.0 1 79.0 
8 11 82 15 .5 1 .5 l 6.0 l 51.0 
9 11 82 15 1. 0 1 o.o 100. 00 l 7.0 -1300.00 l 29.5 -5800.00 

12 11 82 15 20500.0 
13 11 82 15 15500.0 0 235.0 98.85 0 1118. 0 94. 55 0 1350.0 93.41 
14 11 82 15 5.5 0 110.0 99.29 0 570.0 96.32 0 880.0 94.32 
15 11 82 15 1.0 1 26.0 -372.70 1 57. 0 -936 .JO l 175.0 -3081. 00 
16 11 82 15 .5 l 7.0 -600. 00 1 34.0 -3300.00 l 105. 0 -10400. 00 
17 11 82 15 o.o 1 2.5 -400.00 1 11.5 -2200.00 1 65.0 -12900.00 
18 11 82 15 o.o 1 .5 1 11. 0 1 28.0 
19 11 82 15 o.o l 1. 5 l 3.5 1 12.0 

7 12 82 15 29500.0 
8 12 82 15 24000.0 0 2050. 0 93.05 4 o.o 100.00 
9 12 82 15 1270.0 0 1700. 0 92.92 4 o.o 100.00 

10 12 82 15 960.0 1 180.0 85.83 4 2.0 99.84 
11 12 82 15 230.0 1 120.0 87 .50 4 o.o 100.00 
12 12 82 15 .5 1 40.0 82.61 4 .5 99.78 
13 12 82 15 o.o 1 4.5 -800.00 4 o.o 100.00 
14 12 82 15 o.o 1 1.5 5 o.o 
18 1 83 15 39000.0 
19 1 83 15 42000.0 0 9500.0 75.64 10 670.0 98.28 
20 1 83 15 52500.0 0 6300.0 85.00 10 895.0 97 .87 
21 1 83 15 39000.0 l 6500.0 87.62 10 870.0 98.34 
22 1 83 15 930. 0 1 4200. 0 89.23 10 630.0 98.38 
23 1 83 15 180.0 1 1100.0 -18.28 10 120.0 87 .10 
24 1 83 15 o.o l 210.0 -16.67 11 72.0 60.00 
26 l 83 15 o.o 1 20.5 11 14.0 

NOTE: 1) REMOVALS ARE CALCULATED WITH THE IlfFLUE2fT VALUE FROH THE PREVIOUS DAY TO ACCOUNT FOR 
RESID~CE TIME IN THE FILTER 

2) NEGATIVE REMOVALS OCCUR WHE2f THE EFFLUENT VALUE IS REFLECTIVE OF AN INFLUENT LOADilfC 
TWO OR MORE DAYS PR lOR 192 



Table D-2. Statistical sumnary of total oolifonn data in Table D-1. 

Filter 1 Filter 2 Filter 3 
C0.04Inlhr) C0.12nv'hr> C0.40m/hr) 

Nllni:er of Sanples 99 91 91 
All Available Geanetric Average Influent 

Conamtration CNo/100mL) 502.7 464.6 433.2 
Data Geanetric Average Effluent 

Concentration CNo/lOOmL) 4.0 7.15 14.2 

Average Percent Renova! C %) 99.21 98.46 96.72 
~ 
w 

Nllnber of Samples 81 81 81 
calculations Geanetric Average Influent 

inclu<E only days Concentration (No/100mL) 345.7 345.7 345.7 
having data for Geanetric Average Effluent 

all three filters Concentration (No/lOOmL> 1.7 4.8 14.9 

Average Percent Renoval (%) 99.51 98.62 95.68 



Table D-3. Total coliform data for Phase II slow sand filtration testing. 

FU,TER 1 FILTER 2 FILTER 3 FILTER 4 FILTER 5 FILTER 6 
(O)NI'RCL) U/2 SAW BID) (OILORINATID) (Wl'RIENl'S ADDED) <s0 c, LAKSE SAW) <s0c> 

Dl\YS OF INFLUENI' EFFLUENl' EFFLUENI' EFFLUENI' EFFLUENI' EFFLUENr EFFLUENl' 
fll\TE CX>NJ.'IIDOOS OLIFORM OLIFORM OLIFORM CCLIFORM en.I FORM OLIFORM CCLIFORM 

OPERATION CDOC. CDOC. RF.MNAL rooc. RF.MN.AL CDOC. RF.MN.AL CDOC. REMJVAL rooc. RfXNAL CDOC. REMJ\TAL 
1-fi DY YR (fll\YS) (00/lOOML> (ID/lOOMLl (%} (NJ/lOOMLl (%) COO/lOOML) (%) (00/lOOML) (%) CtD/lOOMLl (%) CtD/lOOML) cu 

2 9 83 1 
2 10 83 2 2.0 100.00 100.00 100.00 100.00 100.00 
2 11 83 3 51000.0 o.o -1.96 o.o -8.82 o.o 23.53 o.o -54.90 0.0 -20.59 
2 12 83 4 7100.0 52000.0 25.35 55500.0 30.28 39000.0 -45.07 79000.0 21.13 61500.0 61.97 
2 13 83 5 3400.0 5300.0 95.59 4950.0 75.15 10300.0 30.88 5600.0 97.06 2700.0 62.06 
2 14 83 6 4900.0 150.0 92.04 845.0 92.65 2350.0 100.0 75.61 1290.0 72.04 
2 15 83 7 5000.0 390.0 88.60 360.0 91.60 73.00 1195.0 53.00 1370.0 64.00 
2 16 83 8 2250.0 570.0 420.0 1350.0 2350.0 1800.0 
2 17 83 9 
2 20 83 12 20000.0 32.00 38.25 99.50 75.50 82.00 
2 21 83 13 14667.0 13600.0 60.80 12350.0 44.09 100.0 99.91 4900.0 45.11 3600.0 49.21 
2 22 83 14 21000.0 5750.0 56.19 8200.0 66.19 12.5 99.97 8050.0 63.33 7450.0 69.05 
2 23 83 15 37500.0 9200.0 65.07 7100.0 36.00 5.5 99.95 7700.0 25.33 6500.0 20.00 
2 24 83 16 20500.0 13100.0 77.80 24000.0 76.83 17.0 99.98 28000.0 77.56 30000.0 77.07 
2 25 83 17 4550.0 4750.0 4.5 4600.0 4700.0 
2 27 83 19 1460.0 90.41 94.86 99.86 74.32 97.60 
2 28 83 20 990.0 140.0 96.01 75.0 95.05 2.0 99.49 375.0 89.80 35.0 90.20 

I-' 3 1 83 21 6700.0 39.S 81.57 49.0 98.31 5.0 99.87 101.0 35.82 97.0 66.42 
\.0 3 2 83 22 2200.0 1235.0 94.55 113.5 92.27 9.0 100.00 4300.0 76.82 2250.0 69.32 
~ 3 3 83 23 640.0 120.0 92.66 170.0 90.94 o.o 100.00 510.0 74.22 675.0 74.22 

3 4 83 24 47.0 58.0 o.o 165.0 165.0 
3 6 83 26 125.0 94.40 98.40 100.00 89.20 93.60 
3 7 83 27 48.0 7.0 93.75 2.0 85.42 o.o 100.00 13.5 58.33 8.0 65.63 
3 8 83 28 126.0 3.0 98.02 1.0 99.21 o.o 100.00 20.0 77.38 16.5 81.35 
3 9 83 29 42.5 2.5 96.47 1.0 96.47 o.o 100.00 28.5 69.41 23.5 87.06 
3 10 83 30 2000.0 1.5 97.93 1.5 96.65 o.o 99.98 13.0 73.50 5.S 75.50 
3 11 83 31 41.5 67.0 .s 530.0 490.0 
3 14 83 34 2650.0 98.68 98.30 100.00 84.53 81.13 
3 15 83 35 20000.0 35.0 93.97 45.0 88.00 o.o 99.87 410.0 58.00 500.0 55.00 
3 16 83 36 22000.0 1205.0 96.41 2400.0 94.73 26.0 99.95 8400.0 62.95 9000.0 59.09 
3 17 83 37 790.0 1160.0 12.0 8150.0 9000.0 
3 20 83 40 66000.0 96.59 95.00 99.99 45.45 55.30 
3 21 83 41 76500.0 2250.0 96.99 3300.0 95.03 6.0 99.99 36000.0 64.05 29500.0 54.90 
3 22 83 42 91500.0 2300.0 97.27 3800.0 96.83 9.0 99.99 27500.0 60.11 34500.0 33.33 
3 23 83 43 61000.0 2500.0 98.77 2900.0 97.21 9.0 99.97 36500.0 73.77 61000.0 67.21 
3 24 83 44 66500.0 750.0 98.65 1700.0 97 .89 16.0 99.98 16000.0 62.41 20000.0 51.13 
3 25 83 45 900.0 1400.0 12.0 25000.0 32500.0 
3 27 83 47 64000.0 '97 .81 97.27 99.85 95.39 96.41 
3 28 83 48 14000.0 1400.0 91.79 1750.0 91.07 97.0 99.89 2950.0 88.57 2300.0 87.86 

C OONl'INUID) 



Table D-3. (continued) . 

FILTffi l FILTffi 2 FILTffi 3 FILTF.R 4 FILT.m 5 FIL~6 
((DNI'RCL) U/2 SAND BID) (OILOR!NATID) Ol.ITRIE.Nl'S .NXfD) <s0c, I.AR;E SAl'E) (5 C> 

DAYS OF IN FLU ENI' EFFLUENI' EFFLUENI' EFFLUENI' EFFLUENT EFFLUENl' EFFLUENl' 
DATE CDNI'IlVaJS CXLIFORM CXLIFORH CXLIFORM CXLIFORM CXLIFORM CXLIFORM OLIFORM 

OPERATION O::>r'l:. OJNC. REMNAL CDNC. REMJVAL CDNC. REMJVAL CDNC. REMJITAL OONC. RfM)llAL OONC. RfKJVAL 
MN DY YR (DAYS) Cl'D/lOOMLl (00/lOOML) (%) Cl'D/lOOML) (%) OV/lOOML) {\) (H)/lOOHL> (\) (W/lOOML> (\) (t[)/100ML) (%} 

3 29 83 49 1150.0 1250.0 15.0 1600.0 1700.0 
4 5 83 56 3000.0 99.87 99.73 84.00 99.87 86.50 88.50 
4 6 83 57 2200.0 4.0 99.77 8.0 99.68 480.0 96.59 4.0 99.95 405.0 99.36 345.0 99.82 
4 7 83 58 1100.0 s.o 98.91 7.0 97.55 75.0 50.91 1.0 99.73 14.0 98.00 4.0 98.82 
4 8 83 59 12.0 27.0 540.0 3.0 22.0 13.0 
4 11 83 62 3950.0 99.34 98.63 99.92 95.44 88.86 
4 12 83 63 3000.0 26.0 98.03 54.0 95.67 3.0 99.83 180.0 93.83 440.0 86.00 
4 13 83 64 6700.0 59.0 99.43 130.0 99.34 5.0 99.'R 185.0 98.13 420.0 98.51 
4 14 83 65 38.0 44.0 2.0 125.0 100.0 
4 16 83 67 
4 21 83 72 
4 22 83 73 
4 25 83 76 145000.0 98.97 99.41 100.00 97.10 98.55 
4 26 83 77 125000.0 1500.0 99.28 850.0 99.59 7.0 100.00 4200.0 rn.28 2100.0 98.40 
4 27 83 78 215000.0 900.0 99.02 510.0 99.47 2.0 99.99 3400.0 98.53 2000.0 96.70 
4 28 83 79 2100.0 1150.0 13.0 3150.0 7100.0 
5 3 83 84 

...... 5 4 83 85 
\.0 5 15 83 96 U1 

5 16 83 97 113000.0 99.60 94.65 36.73 99.94 80.09 96.99 
5 17 83 98 70500.0 450.0 99.53 6050.0 94.04 71500.0 17.73 66.0 99.92 22500.0 74.47 3400.0 94.18 
5 18 83 99 72500.0 330.0 99.41 4200.0 94.07 58000.0 4.14 58.0 99.66 18000.0 81.45 4100.0 94.14 
5 19 83 100 70000.0 425.0 99.39 4300.0 94.21 69500.0 29.29 250.0 99.65 13450.0 74.29- 4250.0 91.79 
5 20 83 101 430.0 4050.0 49500.0 245.0 18000.0 5750.0 
s 23 83 104 63000.0 99.62 98.22 19.05 99.96 83.33 94.92 
5 24 83 105 69000.0 240.0 99.74 1120.0 97.54 51000.0 55.80 23.0 99.98 10500.0 85.07 3200.0 93.77 
5 25 83 106 69000.0 180.0 99.52 1700.0 98.17 30500.0 39.13 12.0 99.98 10300.0 76.81 4300.0 94.86 
5 26 83 107 56500.0 330.0 99.36 1260.0 97.98 42000.0 42.48 14.0 99.98 16000.0 82.53 3550.0 94.34 
5 27 83 108 360.0 1140.0 32500.0 9.0 9870.0 3200.0 
5 30 83 111 64000.0 99.70 99.33 62.50 100.00 92.66 98.45 
5 31 83 112 52500.0 190.0 98.75 430.0 95.62 24000.0 37.14 2.0 99.95 4700.0 80.10 990.0 90.67 
6 1 83 113 35500.0 655.0 99.10 2300.0 97.99 33000.0 23.94 27.0 99.99 10450.0 82.96 4900.0 86.34 
6 2 83 114 320.0 715.0 27000.0 s.o 6050.0 4850.0 
6 27 83 139 35000.0 99.49 98.80 65.71 99.99 91.14 92.00 
6 28 83 140 38000.0 180.0 98.84 420.0 98.61 12000.0 36.84 4.0 99.99 3100.0 86.32 2800.0 86.84 
6 29 83 141 49000.0 440.0 98.55 530.0 97.96 24000.0 63.27 3.0 99.99 5200.0 88.98 5000.0 85.92 
6 30 83 142 33000.0 710.0 98.15 1000.0 97.52 18000.0 39.39 7.0 99.97 5400.0 78.18 6900.0 81.52 
7 l 83 143 610.0 820.0 20000.0 11.0 7200.0 6100.0 
7 4 83 146 930.0 96.77 96.88 51.61 100.00 65.59 11.51 
7 5 83 147 2300.0 30.0 96.83 29.0 96.74 450.0 54.78 o.o 100.00 320.0 78.26 265.0 74.35 

( CDN1' IWID) 



Table D-3. (continued) . 

FILTER l FILTER 2 FILTER 3 FILTER 4 FILTER 5 FILTER 6 
((l)Nl'R(L) U/2 SAND BED) <OILORINATED) (NJTRIEN:I'S ADDf.D) cs0 c, LAI(;E SAND) (5°C> 

DAYS OF INFLUENI' EFFLUENI' EFFLUENl' EFFLUENl' EFFLUENl' EFFLUENl' EFFLUENl' 
DATE <DNI'IRJCl.JS CXLIFORM <XLIFORM <XLIFOF.M O'.LIFOF.M <XLIFORM <XLIFORM <XLIFORM 

OPERATION <DOC. (l)JC. REMJVAL <DIC. REMNAL moc. REMJVAL <DOC. REMNAL moc. RIMJVAL moc. REMJVAL 
MN DY YR (01\YS) (00/lOOML) (00/lOOMI.J (%) (00/lOOML) (%) (00/lOOML) (%) (00/lOOML> (%) (00/lOOML) (%) (00/lOOHL) (%) 

7 6 83 148 3200.0 73.0 97.44 75.0 97.19 1040.0 50.00 o.o 99.98 500.0 82.50 590.0 79.06 
7 7 83 149 4250.0 82.0 97.93 90.0 98.14 1600.0 81.41 .5 100.00 560.0 92.47 670.0 72.47 
7 8 83 150 88.0 79.0 790.0 o.o 320.0 1170.0 
7 11 83 153 35.0 98.57 91.43 45.71 100.00 20.00 -11.43 
7 12 83 154 66.0 .s 99.24 3.0 96.97 19.0 80.30 o.o 100.00 28.0 62.12 39.0 74.24 
7 13 83 155 76.0 .s 99.34 2.0 97.37 13.0 90.79 o.o 100.00 25.0 90.79 17.0 72.37 
7 14 83 156 74.0 .5 99.32 2.0 97.30 1.0 83.78 o.o 100.00 7.0 82.43 21.0 79. 73 
7 15 83 157 31.0 .5 2.0 12.0 o.o 13.0 15.0 
7 18 83 160 340.0 95.59 95.29 61.76 99.85 95.00 92.06 
7 19 83 161 230.0 15.0 90.87 16.0 91.74 130.0 62.61 .5 100.00 17.0 84.78 27.0 87.83 
7 20 83 162 290.0 21.0 95.52 u.o 94.83 86.0 62.07 o.o 100.00 35.0 73.79 28.0 79.31 
7 21 83 163 310.0 13.0 86.77 15.0 89.35 110.0 35.48 o.o 100.00 76.0 71.94 60.0 78.06 
7 22 83 164 2100.0 41.0 87.62 33.0 81.43 200.0 o.o 99.90 87.0 76.67 68.0 85.71 
7 23 83 165 2300.0 260.0 93.48 390.0 93.48 43.48 2.0 99.91 490.0 75.65 300.0 77.83 
7 24 83 166 2300.0 150.0 90.87 150.0 91.30 1300.0 39.13 2.0 99.91 560.0 77.39 510.0 83.04 
7 25 83 167 2000.0 210.0 91.50 200.0 93.00 1400.0 25.00 2.0 99.85 520.0 76.25 390.0 81.75 

t-' 
7 26 83 168 20500.0 170.0 96.00 140.0 96.15 1500.0 74.15 3.0 99.94 475.0 93.66 365.0 95.37 

\0 7 27 83 169 12000.0 820.0 94.58 790.0 94.25 5300.0 60.00 12.0 99.93 1300.0 87.92 950.0 89.58 

°' 7 28 83 170 6600.0 650.0 94.85 690.0 93.94 4800.0 9.0 99.91 1450.0 87.12 1250.0 88.64 
7 29 83 171 340.0 400.0 6.0 850.0 750.0 
8 1 83 174 34500.0 93.04 90.43 45.80 99.04 91.88 93.62 
8 2 83 175 24000.0 2400.0 76.25 3300.0 71.25 18700.0 -56.25 330.0 98.50 2800.0 84.58 2200.0 94.58 
8 3 83 176 37500.0 5700.0 90.67 6900.0 92.00 37500.0 4.00 360.0 99.39 3700.0 92.27 1300.0 97.07 
8 4 83 177 25000.0 3500.0 93.60 3000.0 92.80 36000.0 76.00 230.0 99.86 2900.0 84.60 1100.0 91.00 
8 5 83 178 1600.0 1800.0 6000.0 35.0 3850.0 2250.0 
8 8 83 181 113500.0 93.92 93.17 48.90 99.98 87.14 96.08 
8 9 83 182 129300.0 6900.0 87.47 7750.0 79.12 58000.0 56.69 20.0 99.98 14600.0 69.84 4450.0 88.79 
8 10 83 183 280000.0 16200.0 97.14 27000.0 96.96 56000.0 80.71 28.0 99.91 39000.0 88.75 14500.0 93.75 
8 11 83 184 110000.0 8000.0 93.18 8500.0 90.00 54000.0 54.55 260.0 99.95 31500.0 78.64 17500.0 88.18 
8 12 83 185 7500.0 11000.0 soooo.o 51.0 23500.0 13000.0 



......, 
\.0 
.....i 

Table D-4. statistical sunmary of total colifom data in Table D-3. 

Filter l Filter 2 Filter 3 

Nt.mber of Samples 82 82 43 
All Available Geanetric Average 

Influent Conamtration 
(No/100mL) 7102 7102 8286 

Data Geanetric Average 
Effluent Concentration 
(No/100mL) 223 333 . 3531 

Average Percent 
Ranoval (%) 96.9 95.3 57.3 

Nt.mber of Sclnples 26 26 24 
Established Geanetric Average 

Influent Concentration 
(No/100mL) 2510 2510 2429 

oi;eration Geanetric Average 
Effluent Concentration 
(No/lOOmL) 63 95 696 

Average Pera:mt 
Renova! (%) 97 .5 96.2 60.1 99.9 

Filter 4 Filter 5 Filter 6 

81 82 82 

7135 7102 7102 

9 1192 915 

99.9 83.2 87.1 

26 26 26 

2510 2510 2510 

2 418 389 

83.3 84.5 



Table D-5. Total coliform data for Phase III slow sand filtration testing. 

FILTER l FILTER 2 FILTER 3 FILTER 4 FILTERS FILbER 6 
(Q)NI'R(L) (OE. IDATFD) (SMALL SAND> (Q)Nl'R(L) CIAR'iE SNI)) <2 C) 

DAYS OF INfLUENl' EFFLUENl' EFFLUENl' EFFLUENI' EFFLUENI' EFfLUENl' EFFLUENI' 
l.Y\TE Q)NJ.'INJOOS <XLIFORM <XLIFORM <XL I FORM <XLIFORM <XLIFORM <XLIFORM <XLIFORM 

OPERATION oooc. oooc. REMJV'AL rooc. REMJVAL rooc. REMJV'AL rooc. REMJV'AL oooc. REMJITAL rooc. REMJVAL 
MN DY YR (DAYS) COO/lOOML) COO/lOOML) (%) (00/lOOML) (%) COO/lOOMLl (%) COO/lOOMLl (%) (00/lOOML) {\) CK:>/lOOML) (%) 

8 15 83 188 113000.0 93.19 90.00 46.02 99.88 87.61 96.46 
8 16 83 189 73500.0 7700.0 90.20 11300.0 92.79 61000.0 45.58 130.0 99.73 14000.0 92.52 4000.0 95.85 
8 17 83 190 77000.0 7200.0 91.95 5300.0 88.31 40000.0 31.17 195.0 99.58 5500.0 91.69 3050.0 94.68 
8 18 83 191 6200.0 9000.0 53000.0 320.0 6400.0 4100.0 
8 22 83 195 65700.0 89.35 93.76 49.77 98.68 83.41 93.91 
8 23 83 196 78000.0 7000.0 91.92 4100.0 91.28 33000.0 58.97 870.0 98.83 10900.0 85.26 4000.0 93.21 
8 24 83 197 80500.0 6300.0 94.29 6800.0 93.91 32000.0 56.52 910.0 98.27 11500.0 76.40 5300.0 93.42 
8 25 83 198 4600.0 4900.0 35000.0 1390.0 19000.0 5300.0 
8 29 83 202 70000.0 94.00 95.71 67.14 98.27 84.00 91.00 
8 30 83 203 70000.0 4200.0 92.93 3000.0 92.79 23000.0 65.71 1210.0 97.86 11200.0 84.71 6300.0 93.50 
9 1 83 204 4950.0 5050.0 24000.0 1500.0 10700.0 4550.0 
9 5 83 208 58000.0 94.66 95.86 87.24 97.76 90.95 95.52 
9 6 83 209 75000.0 3100.0 93.53 2400.0 95.87 7400.0 73.33 1300.0 97.07 5250.0 90.33 2600.0 96.00 
9 7 83 210 80000.0 4850.0 3100.0 20000.0 2200.0 7250.0 3000.0 
9 26 83 229 123000.0 99.15 99.43 94.31 99.50 98.25 96.38 
9 27 83 230 120000.0 1050.0 98.83 700.0 98.08 7000.0 88.33 610.0 98.67 2150.0 93.88 4450.0 93. 75 
9 28 83 231 70000.0 1400.0 97.64 2300.0 98.14 14000.0 86.00 1600.0 98.14 7350.0 96.21 7500.0 95.43 

I-' 9 29 83 232 1650.0 1300.0 9800.0 1300.0 2650.0 3200.0 
\0 9 30 83 233 co 10 11 83 245 2.0 50.00 50.00 50.00 100.00 100.00 -300.00 

10 12 83 246 4.0 1.0 100.00 1.0 100.00 1.0 100.00 o.o 87.50 o.o 87.50 8.o -201.so 
10 13 83 247 o.o o.o o.o o.o .5 .5 15.5 
10 14 83 248 3.4 o.o 85.29 o.o 85.29 o.o 100.00 o.o 100.00 o.o 100.00 10.0 -17.65 
10 15 83 249 2.6 .5 100.00 .5 42.31 o.o 100.00 o.o 80.77 o.o 61.54 4.0 .oo 
10 16 83 250 1.4 o.o 100.00 1.5 100.00 o.o 100.00 .5 100.00 1.0 100.00 6.5 -292.86 
10 17 83 251 1.3 o.o o.o o.o o.o o.o 5.5 
10 26 83 260 .7 100.00 100.00 100.00 100.00 28.57 -185.71 
10 Tl 83 261 .7 o.o o.o o.o o.o .s 2.0 
11 5 83 270 .6 100.00 100.00 100.00 100.00 100.00 
11 6 83 271 .6 .6 16.67 o.o 100.00 o.o 100.00 o.o 100.00 o.o 100.00 o.o 100.00 
11 7 83 V2 1540.0 .s 97.40 o.o 98.44 o.o 91.88 o.o 97.08 o.o 81;82 o.o 95.52 
11 a 83 273 1530.0 40.0 94.25 24.0 97.78 125.0 84.97 45.0 95.49 280.0 80.07 69.0 90.52 
11 9 83 274 2350.0 88.0 96.17 34.0 98.60 230.0 92.77 69.0 96.13 305.0 91.06 145.0 94.26 
11 10 83 275 1950.0 90.0 33.0 170.0 91.0 210.0 135.0 
11 13 83 278 
11 14 83 279 
11 15 83 280 
11 16 83 281 
11 17 83 282 
11 18 83 283 
C OJNl'IN:JID) 



Table D-5. (continued) . 

FILTrn 1 FILTffi 2 FILTrn 3 FILTm 4 FILTffi 5 FILTffi 6 
((DNffi(L) (DE. CDATID) (SMALL Sl\ND) <CDNrIU.) ( LAl(;E Sl\ND) (2°C> 

DAYS OF INFLUENI' EFFLUENl' EFFLUENI' EFFLUENI' EFFLUENl' EFFLUENI' EFFLUENI' 
DATE OONI'INJCUS CXLIFORM CXLIFORM CXLIFORM CXLIFORM CXLIFORM CXLIFORM CXLIFORM 

OPERATION <DOC. <DOC. REMJVAL CDOC. REKNAL rooc. REKNAL CDOC. REMJl/AL CDOC. REKNAL CDOC. RfMJIJAL 
1'tJ DY YR (DAYS) (00/lOOML) (tV/lOOMLl {\) (00/100 .. U.) (%) (00/lOOML) (%) COO/lOOMLl (%) (00/lOOML) (\) < 0011 oo~u.> (%) 

11 19 83 284 
11 20 83 285 
11 21 83 286 
11 22 83 287 
11 23 83 288 
11 24 83 289 
11 25 83 290 
11 26 83 291 
11 27 83 292 
11 28 83 293 
11 29 83 294 
11 30 83 295 
12 l 83 296 
12 14 83 309 2300.0 98.89 99.59 98.80 96.30 91.48 
12 15 83 310 2350.0 25.5 99.19 9.5 99.89 27.5 99.70 85.0 98.09 196.0 93.70 
12 16 83 311 2900.0 19.0 98.29 2.5 99.10 7.0 97.40 45.0 95.41 148.0 89.48 
12 17 83 312 2450.0 49.5 98.69 26.0 99.31 75.5 98.49 133.0 95.71 305.0 91.31 

~ 12 18 83 313 2600.0 32.0 97.50 17.0 98.90 37.0 97.10 105.0 95.38 213.0 89.23 

"° 12 19 83 314 2250.0 65.0 99.11 28.5 99.69 75.5 99.11 120.0 96.71 280.0 92.67 
"° 12 20 83 315 2300.0 20.0 98.83 7.0 99.17 20.0 99.09 74.0 96.26 165.0 93.96 

12 21 83 316 2500.0 27.0 98.40 19.0 98.50 21.0 97.26 86.0 94.44 139.0 91.60 
12 22 83 317 2150.0 40.0 96.98 37.5 98.21 68.5 96.91 139.0 94.19 210.0 88.93 
12 23 83 318 65.0 38.5 66.5 125.0 238.0 



tv 
0 
0 

Table IH>. statistical sunmary of total ooliform data in Table D-5. 

Filter 1 Filter 2 Filter 3 

NUnl:er of Samples 25 16 25 
All Available Geanetric Average 

Influent Concentration 
CNo/100mL) 14398 39284 14398 

Data Geanetric Average 
Effluent Concentration 
C:ti:>/lOOmL) 439 1469 913 

Average Percent 
Re.noval ( %) 96.9 96.3 93.6 

Number of Samples 9 6 9 
Established Geanetric Average 

Influent Concentration 
(No/100mL) 2413 13373 2413 

oi;:eration Geanetric Average 
Effluent Concentration 
CNo/lOOmL) 35 195 16 

Average Percent 
Removal < %) 98.6 98.5 99.4 

Filter 4 Filter 5 Filter 6 

25 25 25 

14398 14398 14398 

192 1043 915 

98.7 92.8 93.6 

9 9 9 

2413 2413 2413 

35 96 204 

98.6 96.0 91.6 



APPENDIX E 

Fecal Coliform Data for SlCM Sand Filtration 
2/1982 - 6/1982 

Table E-1 contains the results of fecal coliform testing for the period 
February 1982 to June 1982 for each of the Phase I filters. '!his table shows 
the influent and effluent fecal coliform data, as in Tables A;...l, A-2 and A-3, 
Appendix A, as well as daily renoval percentages. '!he removals have been 
calculated using the influent value f ran the previous day to account for 
residence time in the filter. 

Table E-2 is a statistical simnary of the fecal ooliform data in Table 
E-1. It contains the total number of samples analyzed, the average influent 
and effluent fecal colifoon concentration and the average renoval percentage 
achieved by each filter. 
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Table E-1. Fecal Coliform Data for Slow Sand Filtration, 
2/1982 - 6/1982 (page 1 of 1) 

FILTER NO.l (0,04 m/h) FILTER N0.2 (0.12 m/h) FILTER NO.J (0.40 m/h) 

INFLUENT SCHMUTZ- EFFLUENT PER.CENT SCHMUTZ- EFFLUENT PER.CENT SCHMUTZ- EFFLUENT PERCENT 
DATE ~MP COLIFORM DECKE AGE COLIFORM REMOVAL DECKE AGE COLIFORM REMOVAL DECKE AGE COLIFORM REMOVAL 

DY MO YR. ( C) (NO/lOOML) (WEEKS) (NO/lOOML)_ (%) (WEEKS) (N0/1000.) (%) (WEEKS) (NO/ l OOHL) (%) 

26 2 82 5 30000.0 
27 2 82 5 700.0 0 110.0 99.63 0 1350.0 95.50 0 1100. 0 96.33 
28 2 82 5 200. 0 0 28.0 96.00 0 87. 0 87. 57 0 77. 0 89.00 

l 3 82 5 1. 0 1 6.0 97.00 1 16.0 92.00 1 8.0 96 .oo 
2 3 82 5 
3 3 82 5 o.o s.o 1.0 
9 3 82 15 35000.0 

10 3 82 15 2 1.0 100.00 2 17.0 99.95 2 17.0 99.95 
11 3 82 15 2 o.o 2 o.o 2 6.0 
12 3 82 15 2 o.o 2 o.o 2 o.o 
13 3 82 15 500.0 
14 3 82 15 1240.0 2 1.0 99.80 2 o.o 100.00 2 o.o 100.00 
15 3 82 15 160. 0 J 1.0 99.92 J 1.0 99.92 3 10. 0 99.19 
16 3 82 15 160. 0 3 o.o 100. 00 3 o.o 100.00 3 o.o 100. 00 
17 3 82 15 360.0 3 o.o 100.00 3 o.o 100. 00 J o.o 100. 00 
18 3 82 15 6300. 0 3 o.o 100.00 3 o.o 100.00 3 o.o 100. 00 
19 3 82 15 6100.0 3 o.o 100. 00 3 o.o 100. 00 3 3.0 99.95 
20 3 82 15 4900. 0 3 o.o 100.00 3 1.0 99.98 3 16.0 99. 74 
21 3 82 15 3900.0 3 o.o 100. 00 3 o.o 100.00 3 7.0 99.86 
22 3 82 15 o.o 4 o.o 100.00 4 o.o 100.00 4 3.0 99.92 
23 3 82 15 o.o 4 o.o 4 o.o 4 1.0 

1 4 82 5 160. 0 
2 4 82 5 98.0 5 o.o 100. 00 5 1.0 99.38 5 5.0 96.88 
3 4 82 5 130.0 5 o.o 100.00 s 1.0 98.98 5 10. 0 89.80 
4 4 82 s 70.0 5 1. 0 99.23 s 3.0 97.69 5 12.0 90.77 
5 4 82 5 2.0 6 o.o 100. 00 6 o.o 100. 00 6 9.0 87 .14 
6 4 82 5 o.o 6 o.o 100.00 6 o.o 100.00 6 o.o 100.00 
8 6 82 15 490.0 0 o.o 0 4.0 0 18.0 
9 6 82 15 1100.0 1 o.o 100. 00 1 o.o 100.00 1 2.0 99.59 

10 6 82 15 1800.0 1 o.o 100.00 1 4.0 99.64 l 2.0 99.82 
11 6 82 15 1600. 0 1 o.o 100.00 1 o.o 1 oo.oo 1 5.0 99. 72 
12 6 82 15 1 o.o 100. 00 l o.o 100. 00 l o.o 100. 00 
17 6 82 15 26.0 2 o.o 2 o.o 2 o.o 
18 6 82 15 31.0 2 o.o 100. 00 2 o. 0 100. 00 2 o. 0 100. 00 
21 6 82 15 29.0 2 o.o 2 o.o 2 o.o 
22 6 82 15 66.0 2 o. 0 100. 00 2 0.0 100. 00 2 o.o 100.00 
23 6 82 15 118.0 3 o.o 100. 00 3 o.o l 00. 00 3 0.0 l 00. 00 
24 6 82 15 190. 0 3 o.o l 00. 00 3 0.0 100. 00 3 o.o 100. 00 
25 6 82 15 3 o.o 100. 00 3 o.o 100. 00 3 o.o 100. 00 

NOTE: REMOVALS ARE CALCULATED WITH THE INFLUENT FROM THE PREVIOUS DAY TO ACCOUNT FOR llESIDENCE TIME IN THE FILTER 
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Table E-2. statistical surmary of fecal coliform data in Table E-1. 

Filter 1 Filter 2 Filter 3 
C0.04Inlhr> C0.12.mlhr> (0.40nv'hr) 

Nllnber of samples 27 27 27 
Gearetric Average Influent 

Concentration (No/lOOmL> 444.2 444.2 444.2 
Geanetric Average Effluent 

Concentration CNo/100mL) 1.4 2.1 4.0 

Average Percent Renova! C %) 99.68 99.53 99.11 



APPENDIX F 

Standard Plate CoWlt Data for Slow sand Filtration 
211982 - 1/ 1983 

Tables F-1, F-3, and F-5 contain the results of standard plate count 
testing for the Phase I, Phase II, and Phase III testing. These .tables show 
the influent and effluent.standard plate COWlt bacteria data, as well as 
daily ranoval percentages. These renovals have teen calculated using the 
influent value f ran the previous day to account for residence time in the 
filter • 

. Tables F-2, F-4, and F-6 are statistical summaries of the standard plate 
count bacteria· data. They oontain the total number of samples analyzed, the 
average influent and effluent standard plate count bacteria concentrations 
and the average removal percentage achieved by each ·filter. 'Ibese 
calculations were i;erformed twp ways; first using all available data an.a 
second using only ~ys having data available for all three filters. 
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Table F-1. Standard Plate count Data for Slow Sand Filtra-
tion, 2/1982 - 1/1983 (page 1 of 3) 

FILTER NO.I (0.04 111/h) FILTER N0.2 ( 0.12 m/h) FILTER NO.J ( O. 40 m/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCl:.1lT 
T!MP BACTERIA DECKE AGE BACTERIA REMOVAL DECKE AGE BACTE!tlA REMOVAJ. DECKE AGE BACTERIA REMOVAL 

DY MO YR (UC) (NO/ lML) (WEEKS) (NO/ lML) (%) (WEEKS) (NO/ !ML) <::) (WEEKS) (NO/ lML) (%) 

3 2 82 15 6200.0 
4 2 82 15 9400.0 23 840.0 86.45 31 213(10. 0 -2 43. 50 23 990.0 84. 03 
5 2 82 15 30000. 0 23 14000. 0 -48.94 31 14000. 0 -48.94 23 16 oo. 0 82 .98 
6 2 82 15 6000. 0 23 1720.0 94.27 32 20400. 0 32.00 23 4800. 0 84.00 
7 2 82 15 4100. 0 24 470.0 92.17 32 102 00. 0 -70.00 24 640. 0 89.33 
8 2 82 15 6800. 0 24 1090. 0 73. 41 32 3800.0 7.32 24 16100. 0 -292.60 
9 2 82 15 900.0 24 5300. 0 22. 06 32 2960.0 56.47 24 6100.0 10.29 

10 2 82 15 4400.0 24 880.0 2.22 32 2600. 0 -188.80 24 14100. 0 -1466. 00 
11 2 82 15 2400. 0 24 1400. 0 68.18 32 4800.0 -9.09 24 140. 0 96.82 
12 2 82 15 12 00. 0 24 630.0 73. 7 5 32 30000. 0 -1150. 00 24 1600. 0 33.33 
13 2 82 15 1800. 0 25 1260. 0 -s.oo 33 6000. 0 -400. 00 25 540.0 55.00 
14 2 82 15 3200.0 25 10300. 0 -472.20 33 5900. 0 -227.70 25 30000. 0 -1566. 00 
15 2 82 15 200. 0 25 1200. 0 62.50 33 1190. 0 62 .81 25 800.0 75.00 
16 2 82 15 7200. 0 25 3400.0 -1600.00 33 2300.0 -1050.00 25 7 00. 0 -2 so. 00 
26 2 82 5 360. 0 
27 2 82 5 300.0 0 1310.0 -263.80 0 57 o. 0 -58.33 0 940.0 -161.10 
28 2 82 5 260.0 0 1730. 0 -476.60 0 500.0 -66.67 0 3000.0 -900. 00 

1 3 82 5 350.0 1 1030. 0 -296.10 1 171o.0 -557 .60 l 3600. 0 -1284. 00 
3 3 82 5 960.0 l 520.0 l 420. 0 1 630.0 

13 3 82 15 176. 0 
14 3 82 15 300.0 2 390.0 -121. 50 2 540.0 -206.80 2 450.0 -155.60 
15 3 82 15 157. 0 3 180.0 40.00 3 770.0 -156.60 3 340. 0 -13.33 
16 3 82 15 350.0 3 270.0 -71.97 3 710. 0 -352.20 3 460.0 -192.90 
17 3 82 15 319.0 3 110. 0 68. 57 3 1050. 0 -200. 00 3 330. 0 5. 71 
18 3 82 15 79 00. 0 3 1910.0 -498. 70 3 980.0 -207.20 3 330. 0 -3. 45 
19 3 82 15 8500.0 3 1840.0 76.71 3 400.0 94.94 3 750.0 90. 51 
20 3 82 15 17900.0 3 4200. 0 50.59 3 840.0 90.12 3 980.0 88. 47 
21 3 82 15 40000.0 3 200. 0 98.88 3 8900.0 50.28 3 177 o. 0 90.11 
22 3 82 15 300.0 4 410.0 98.98 4 330.0 99.18 4 1550. 0 96 .13 
23 3 82 15 460.0 4 190. 0 36.67 4 380.0 -26.67 4 181o.0 -503.30 

1 4 82 5 21900.0 
2 4 82 5 24300.0 5 8400.0 61.64 5 4400.0 79.91 5 15100.0 31.05 
3 4 82 5 19000. 0 5 1650.0 93.21 5 5000.0 79. 42 5 12500.0 48.56 
4 4 82 5 15100. 0 5 1100.0 94.21 5 3200.0 83 .16 5 9100.0 52 .11 
5 4 82 5 1040. 0 6 1500.0 90.07 6 3550.0 76.49 6 7600. 0 49 .67 
6 4 82 5 310.0 6 660.0 36.54 6 107 o. 0 -2.88 6 1350.0 -29.81 

17 5 82 15 5800.0 
18 5 82 15 1010000. 0 12 8300. 0 -43.10 12 290.0 95.00 2 12 oo. 0 79.31 
19 5 82 15 6400. 0 12 4300. 0 99. 57 12 430.0 99.96 2 2150. 0 99.79 
20 5 82 15 8500.0 12 670.0 89.53 12 450.0 92.97 2 440.0 93.13 
21 5 82 15 23300.0 12 9700. 0 -14.12 12 1170. 0 86.24 2 780.0 90.82 
22 5 82 15 68000.0 
23 5 82 15 22200.0 12 820.0 98. 79 12 680.0 99.00 3 5100.0 92.50 
24 5 82 15 28100.0 13 620.0 97.21 13 650.0 97. 07 3 21700.0 2.25 
25 5 82 5 10300. 0 13 700.0 97. 51 13 1795.0 93.61 3 1265. 0 95. 50 
26 5 82 5 132 00. 0 13 8600. 0 16.50 13 540. 0 94. 76 3 1795.0 82. 57 
27 5 82 5 2900.0 13 7400.0 43.94 13 730. 0 94. 47 3 3200. 0 75.76 
28 5 82 5 9100.0 13 1490. 0 48.62 13 2320. 0 20.00 3 1440. 0 50.34 
29 5 82 5 13 1330. 0 85.38 13 490.0 94.62 4 1200. 0 86 .81 

6 6 82 15 4200. 0 
7 6 82 15 5100. 0 0 640.0 84.76 0 830.0 80.24 0 1500. 0 64.29 
8 6 82 15 3020. 0 0 30. 0 99. 41 0 350.0 93.14 0 330.0 93. 53 
9 6 82 15 2980. 0 l 6200.0 -105.30 1 250.0 91.72 1 800.0 73.51 

10 6 82 15 12100.0 l 600.0 79. 87 1 232. 0 92.21 1 620. 0 79.19 
11 6 82 15 7600. 0 l 580.0 95.21 1 310.0 97. 44 1 680.0 94.38 
12 6 82 15 1 2000. 0 73.68 1 140.0 98.16 1 390.0 94.87 
17 6 82 15 3450. 0 2 500.0 2 260.0 2 170.0 
18 6 82 15 5800.0 2 300. 0 91.30 2 1455. 0 57 .83 2 990. 0 71.30 
20 6 82 15 2670. 0 
21 6 82 15 2265.0 2 320.0 88. 01 2 236.0 91.16 2 290. 0 89.14 
22 6 82 15 2725. 0 2 250.0 88.96 2 130.0 94.26 2 340.0 84.99 
23 6 82 15 2520. 0 3 350.0 87 .16 3 181. 0 93.36 3 245. 0 91. 01 
24 6 82 15 3910.0 3 210. 0 91.67 3 161.0 93.61 3 160. 0 93.65 
25 6 82 15 3 1430. 0 63.43 3 280.0 92.84 3 2 09. 0 94.65 
28 6 82 15 380.0 
29 6 82 15 107 o. 0 3 144.0 62.11 3 156. 0 58.95 3 168.0 55. 79 
30 6 82 15 800.0 4 273.0 74. 49· 4 59.0 94. 49 4 265.0 7 5.23 

l 7 82 15 640.0 4 492.0 38.50 4 141. 0 82.38 4 275.0 65.63 
2 7 82 15 1300. 0 4 560.0 12.50 4 452.0 29.38 4 130. 0 79.69 

NOTE: REMOVALS ARE CALCULATED WITH THE INFLUENT FROM THE PREVIOUS DAY TO ACCOUNT FOR RESIDENCE TIME IN THE FILTER 
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Table F-1. Standard Plate count Data for Slow Sand Filtra-
ti on, 2/1982 - 1/1983 (paqe 2 of 3) 

FILTER NO. l ( O. 04 e/h) fILTtR N0.2 (0.12 9/h) FlLtEl N0.3 (0.4011/b) 

Dtft.ODT IC'IOl'UTZ• UPLVIWT PD CDT SCHMUTZ· lr'1.UDT PllCllT SCHMUTZ· IPfLVDIT PllCDT 

~~ UCTDIA O!CKE ACI HCTlllA HM0¥AL DICl.t .ACE IAc:T!UA l!HOVAL D!CKt ACI 11.CTEllA l!MOVAI. 
DY MO YI (NO/ !KL) (V&EIS) (MO/ lKL) (l') (Wl!XS) (NO/ lML) (%) (WIEkS) (NO/ lHI.) (%) 

4 ' 82 s 1785.0 
s 1 12 5 2655.0 0 4100.0 •12'•60 0 1330.0 25.49 0 1•20.0 9.14 
6 7 82 5 2'00.0 0 850.0 67 .98 0 550.0 79.28 0 nq.o 11.1' 
7 7 82 s %785.0 l 1050.0 62.50 1 770.0 72.5(.l 1 1340.0 ~2.14 
8 7 82 5 un.o l 1620.0 4t .83 l 440.0 84.20 1 1000.0 64.19 
9 7 82 5 1790.0 1 3SO.O 11.83 1 390.0 86.43 1 930.0 67.U 

18 7 82 5 800.0 
19 7 82 5 845.0 2 ,oo.o 37.50 2 17'.0 78.13 2 605.0 24.38 
20 7 82 5 1390.0 2 290.0 65.68 2. 370.0 56.21 2 270.0 61.0S 
21 7 82 5 2045.0 3 465.0 66.55 3 515.0 62.95 
:2 7 82 5 1290.0 3 535.0 73.84 3 365.0 12.15 3 730.0 64.30 
26 7 82 15 20000.0 3 270.0 3 160.0 3 460.0 
27 7 82 15 4400.0 3 230.0 98.8S 3 40.0 99.80 3 220.0 98.90 
28 7 82 1' 1600.0 4 260.0 94.09 4 12.6. 0 97 .14 4 630.0 85.68 
%9 7 82 15 4500.0 4 40.0 97.50 4 o.o 100.00 4 sso.o 65.63 
30 7 82 .l.5 4400.0 4 630.0 86.00 4 190.0 95.78 4 130.0 97.ll 

l 8 82 lS 66000.0 
2 8 82 15 66000.0 4 2620.0 96.03 4 790.0 98.82 4 S900.0 91.06 
3 8 82 15 4 300.0 99 • .55 4 1100.0 98.33 4 3600.0 94.SS 
4 s 82 15 1'800.0 
5 8 82 lS 10700.0 s 2.60.0 98.35 ' 150.0 99.05 5 270.0 98.29 
6 8 82 l.S 5 410.0 96.17 5 11 o.o 98.97 5 230.0 97.85 
8 8 82 15 4SOO.O 
9 8 82 15 6300.0 5 3480.0 22.67 ' 2"6.0 94.'3 5 500.0 88.19 

10 8 82 15 17100.0 5 85.0 98.65 5 40.0 99.37 5 150.0 97.62 
11 e e2 15 17850.0 6 390.0 97.72 6 410.0 97.60 6 295.0 98.27 
11 8 82 15 39900. 0 6 176.0 99.01 6 114.0 99.36 6 490.0 97.U 
13 8 82 15 6 131.0 99.67 6 86.0 99.78 6 256.0 99.36 
16 8 82 15 7100.0 
17 8 82 15 5800.0 6 230.0 96.76 6 320.0 9'.4' 6 395.0 94.44 
18 $ 82 15 550.0 7 95.0 98.36 1 113.0 98.05 7 83.0 98.57 
28 9 82 l5 2uo.o 
7.9 9 82 15 3'00.0 13 11200.0 •397.70 13 170.0 92.. 44 13 2500.0 •11.11 
30 9 82 lS 2700.0 ll 390.0 88.86 13 90.0 97 .43 13 580.0 83.43 

l 10 32 l5 33.50.0 13 220.0 13 175.0 13 340.0 
2. 10 82 15 1100.0 13 120.0 96.42 13 380.0 88.66 13 570.0 81.'9 
3 10 82 l5 2000.0 13 330.0 10.00 13 80.0 92.73 13 200.0 81.82 
4 lO 82 15 2675.0 13 605.0 69.75 13 1060.0 47.00 13 380.0 81.00 
5 10 82 15 2800.0 13 366.0 86.32 13 230.0 91.40 
6 10 82 15 2005.0 14 197.0 92.96 14 43.0 "·"' 14 90.0 96.79 
7 10 82 15 2340.0 14 660.0 67.08 14 U3.0 92.87 14 185.0 90.77 
8 10 82 15 3600.0 14 860.0 63.25 14 143.0 93.89 14 219.0 90.64 
9 10 82 15 14 210.0 U.17 14 430.0 88.06 14 136.0 96.22 

11 10 82 15 lQUO.O 
12 10 82 15 1700.0 14 107S.O 89.51 14 255.0 97.51 14 80.0 99.22 
15 10 82 15 %350.0 15 1080.0 15 6400.0 15 ss.o 
16 10 82 15 15 165.0 91.98 15 40.0 98.30 
10 10 82 15 19400.0 
21 10 82 1.5 29750.0 16 355.0 98.17 16 l24S.O 93.58 16 1245.0 93.SI 
22 10 82 15 670.0 16 110.0 99.63 16 830.0 97.21 16 l "60. 0 95.09 
23 10 82 15 600.0 16 120.0 82.09 16 580.0 13.43 16 890.0 -32.84 
241082 15 650.0 16 139.0 76.83 16 320.0 46.67 16 520.0 13.33 
25 10 82 15 420.0 16 143.0 18.00 16 305.0 53.08 16 340.0 47.69 
26 10 82 15 41.00. 0 
27 10 82 1.5 1750.0 17 61.0 98.61 17 361.0 91.80 17 105.0 97.61 
28 10 82 lS 995.0 17 180.0 97 .68 17 260.0 96.65 17 235.0 96.97 
29 10 82 15 1400.0 17 75.0 92.46 17 130.0 86.93 17 165.0 83.42 
30 10 82 15 450.0 17 300.0' 78.57 17 so.o 94.29 17 101.0 92.79 
31 10 82. l5 955.0 17 ll!i.O 74.44 17 305.0 32.22. 17 142.0 68. !~4 

1 H 82 15 12 • .S l7 121 • .S 87 .28 17 6.0 99.37 17 119.0 87.54 
2 11 82 LS 800.0 18 235.0 -1780.00 18 ~o.o -S40.00 18 43.0 -244. 00 
3 11 82 l!'t 16500. 0 0 2750.0 -243.70 0 870.0 -8. 75 0 273.0 65.88 
4 11 82 1' 27000.0 0 su.o 96.82 0 101o.0 93.88 0 1940. 0 88.24 
s 11 82 15 315.0 0 3S.O 99.8? 0 '60.0 97.93 0 1370. 0 94.93 
6 11 82 15 126.0 1 50.0 84.13 l 180. 0 42.86 1 140.0 •33.33 
7 u 82 15 144.0 1 71.0 43.65 1 127 .o -0.79 1 27 .o 78. 57 
8 11 82 1S 111.0 l 54.0 62.50 1 84.0 41.67 1 101. 0 29.86 
9 11 82 lS 3l7.0 1 64.0 42.34 l 143.5 -29.28 l 155.0 -39.64 

1'0T!: REMOVALS Al! CALctn..ATID Wl'l'R THE INFLUDT HOM 'l'RE Pl!VlOUI DAY TO ACCOUKT FOl R!SlD!llC! TIM! I1' Till ru.m 
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Table F-1. Standard Plate Count Data for Slow Sand Filtra-
tion, 2/1982 - 1/1983 (page 3 Of 3) 

FILTER NO.I (0,04 m/h) FILTER N0.2 (0.12 m/h) FILTER N0.3 (0.40 mfh) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT 
TEMP BACTERIA DECKE ACE BACTERIA REMOVAL DECKE ACE BACTERIA REMOVAL DECKE AGE BACTERIA REMOVAL 

DY MO YR (oC) (NO/lML) (WEEKS) (NO/ lML) (%) (WEEKS) (NO/ lML) (%) (WEEKS) (NO/ lML) (%) 

12 11 82 15 37500.0 
13 11 82 15 29100.0 0 1430. 0 96.19 0 7350.0 80.40 0 6000. 0 84.00 
14 11 82 15 210. 0 0 970.0 96.67 0 5700. 0 80. 41 0 6850.0 7&. lt6 
15 11 82 15 10. 0 1 26.0 87 .62 1 23.0 89,05 1 1220.0 -480.90 
16 11 82 15 82.0 1 350. 0 -3400. 00 1 710.0 -7000.00 1 940. 0 -9300. 00 
17 11 82 15 110.0 1 223.5 -172.50 1 182. 0 -121.90 1 225.0 -17 4.30 
18 11 82 15 301o.0 1 620.0 -"13.60 1 1455. 0 -1222. 00 1 830.0 -654.50 
19 11 82 15 1120. 0 1 138.0 95.42 1 810.0 73. 09 1 209.0 93.06 

7 12 82 15 
8 12 82 15 11800. 0 0 166500.0 4 100.0 
9 12 82 15 5600. 0 0 18000.0 -52.54 4 600.0 94.92 

10 12 82 15 20300.0 l 4400.0 21. 43 4 210.0 96.25 
11 12 82 15 13700. 0 1 6100. 0 69.95 4 111. 5 99.45 
12 12 82 15 10800.0 1 4110.0 70.00 4 247 .o 98.20 
13 12 82 15 2550. 0 1 2310. 0 78.61 5 61.0 99.44 
14 12 82 15 530.0 1 1410. 0 44.71 5 267.0 89.53 
18 1 83 15 119500.0 
19 1 83 15 80000.0 0 113000. 0 5.44 
20 l 83 15 172000.0 0 2 "1000. 0 -207.50 10 26800.0 66.50 
21 1 83 15 160000.0 1 76000.0 55.81 10 28200. 0 83.60 
22 1 83 15 19500.0 1 51500.0 67 .81 10 13350.0 91.66 
23 1 83 15 3700.0 1 2800.0 85.64 10 800.0 95.90 
24 1 83 15 960.0 1 2600. 0 29.73 11 1000.0 72 .97 
26 1 83 15 290.0 1 1630.0 11 720.0 

NOTE: REMOVALS ARE CALCULATED WITH THE INFLUENT FROM THE PREVIOUS DAY TO ACCOUNT FOR RESIDENCE TIME JN THE FILTER 
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Table F-2. Statistical stmnar.y of standard plate count data in Table F-1. 

Filter 1 Filter 2 
(0.04m/hr) C0.12m/hr) 

Nlmber of Samples 132 122 
All Available Geanetric Average Influent 

concentration (No/mL) 3418.9 3207 .3 
Data Geanetric Average Effluent 

concentration CNo/mL) 701.3 542.4 

Average Percent Renova! C %) 79.5 83.1 

Nunber of samples 117 117 
calculations Geanetric Average Influent 

include only days Concentration CNo/mL) 2868.7 2868. 7 
having data for Geanetric Average Effluent 

all three filters Concentration CNo/mL) 538.0 489.3 

Average i=ercent Renova! C %) 81.2 82.9 

Filter 3 
(0.40m'hr) 

126 

3004.2 

625.3 

79.2 

117 

2868. 7 

686.4 

76.l 



Table F-3. Standard plate count data for Phase II slow sand filtration testing. 

FILTER l FILTER 2 FILTER 3 FILTER 4 FILTER 5 FIL6ER 6 
(CX)NI'R(L) (1/2 SAND BID) (QILORINATID) ( lUI'RIENI'S AOOFD) <s0c, LAl(;E Sl\tll) (5 C) 

DAYS OF IN FLU ENI' EFFLUENl' EFELUEN:r EFFLUENI' EFFLUENl' .EFFLUENI' EFFLUENI' 
DATE CDNrIRXXJS SPC SPC SPC SPC SPC SPC SPC 

OPERATION moc. oooc. RfHNAL <DOC. REMJV'AL moc. REMJV'AL oooc. RfHNAL CDN::. Rf.MNAL oooc. REMJVAL 
MN DY YR <DAYS) (00/lML) (00/lML> (\) (00/lML) (%) CW/lML> (%) {N'.)/lML) (%) (N'.)/lML> (%) COO/lML) (%) 

2 9 83 1 
2 10 83 2 240 3345 -26983.33 3445 -27816.67 14500.0 5150.0 -soo.oo 330.0 -179.17 
2 11 83 3 1310 65000 -9441.98 67000 -8754.96 -307533.6 1440.0 -533.59 670.0 -16.79 
2 12 83 4 755 125000 -3105.30 116000 -284.11 4030000.0 -1489.40 8300.0 -32.45 1530.0 -47 .68 
2 13 83 5 74 24200 -41927.02 2900 -31454.05 12000.0 -10710.81 1000.0 -2305.41 1115.0 -2359.46 
2 14 83 6 985 31100 -1752.79 23350 -1158.88 8000.0 1780.0 -103.55 1820.0 ,;.113.20 
2 15 83 7 3620 18250 -237.02 12400 -551.93 -319.89 2005.0 26.93 2100.0 38.40 
2 16 83 8 4000 12200 23600 15200.0 2645.0 2230.0 
2 17 83 9 
2 20 83 12 3850 29.87 32.47 6.49 66.49 -375.32 
2 21 83 13 365 2700 -664.38 2600 -1050.68 3600.0 -398.63 1290.0 -606.85 18300.0 -1395.89 
2 22 83 14 630 2790 -400.00 4200 -1622.22 1820.0 -376.19 2580.0 34.92 5460.0 -1685.71 
2 23 83 15 635 3150 .55 10850 -348.82 3000.0 -419.69 410.0 -189.76 11250.0 -366.14 
2 24 83 16 9650 1337 98.45 2850 96.68 3300.0 94.20 1840.0 98.24 2960.0 -41.97 
2 25 83 17 150 320 560.0 170.0 13700.0 
2 27 83 19 1015 -136.45 -81.77 .99 -92.12 -535.47 

N 2 28 83 20 395 2400 -234.18 1845 -494.94 2040.0 -127.85 1950.0 -307.59 6450.0 -203.80 
0 3 1 83 21 125 1320 -796.00 2350 -400.00 900.0 -172.00 1610.0 -688.00 1200.0 -5500.00 
\0 3 2 83 22 330 1120 -90.91 6~5 -59.09 340.0 34.85 985.0 -118.18 7000.0 -104.55 

3 3 83 23 131 630 11.45 525 -83.21 215.0 -83.21 720.0 -331.30 675.0 -640.46 
3 4 83 24 116 240 240.0 565;0 970.0 
3 6 83 26 600 .oo -93.33 -23.33 -83.33 -335.83 
3 7 83 27 43 1500 -7152.87 1160 60.92 740.0 -3371.26 1100.0 -1911.49 2615.0 -157 .47 
3 0 83 28 3045 3155 65.19 7900 64.53 1510.0 73.40 875.0 82.27 112.0 96.39 
3 9 83 29 135 1060 -803. 70 1080 -207 .41 810.0 -288.89 540.0 -137.04 110.0 -307 .41 
3 10 83 30 330 1220 -496.97 415 -131.82 525.0 -174.24 320.0 -127.27 550.0 -137.88 
3 11 83 31 1970 765 905.0 750.0 785.0 
3 14 83 34 415 -204.82 -163.86 -15.66 1.20 -63.86 
3 15 83 35 945 1265 -10.05 1095 1.59 480.0 7.41 410.0 21.69 680.0 14.29 
3 16 83 36 975 1040 -53.85 930 -18.46 875.0 -81.03 740.0 29.23 810.0 5.13 
3 17 83 37 1500 1155 1765.0 690.0 925.0 
3 20 83 40 595 -78.99 -10.92 19.33 73.95 15.13 
3 21 83 41 830 1065 -26.51 660 2.41 480.0 -10.84 155.0 53.61 505.0 24.10 
3 22 83 42 9950 1050 90.80 810 93.52 920.0 96.13 385.0 94.97 630.0 93.77 
3 23 83 43 700 915 2.14 645 -22.86 385.0 90.00 soo.o 79.29 620.0 60.00 
3 24 83 44 775 685 -45.81 860 .65 70.0 -222.58 145.0 54.84 280.0 60.00 
3 25 83 45 1130 770 2500.0 350.0 310.0 
3 27 83 47 850 11.18 27.65 40.59 48.82 40.00 
3 28 83 48 340 755 -76.47 615 -108.82 505.0 22.06 435.0 57.35 510.0 7.35 

COONrlNUED) 



Table F-3. (continued) . 

FILTm l FILTm 2 FILTm 3 FILTm 4 FILTm 5 FIL(;m 6 
CCDNI'RCL) U/2 SAND BID} (CHIDRINATFD) (tUI'RIENl.'S AODFD) cs0 c, I..Al{;E SAND} C5 C) 

DAYS OF INFLUENI' EFFLUENl' EFFLUENr EFFLUENI' EFFLUENI' EFFLUENl' EFFLUENI' 
DATE CDNl'IWUJS SPC SPC SPC SPC SPC SPC SPC 

OPERATION rooc. rooc. Rf.MJIJAL rooc. REMNAL rooc. REMJVJ\L rooc. RFKN1lL rooc. REM'.NAL rooc. REMJVAL 
MN DY YR (DAYS) (NJ/lML) (NJ/lML) (\) (NJ/lML) (\) (NJ/lML) (%) (NJ/lML) (%) CNJ/lMLl (%) CNJ/lML) (%) 

3 29 83 49 600 710 265.0 145.0 315.0 
4 5 83 56 19200 96.56 95.73 47.92 96.41 82.29 87.50 
4 6 83 57 1570 660 31.53 820 13.38 10000.0 -1049.68 690.0 48.41 3400.0 -154. 78 2400.0 -167.52 
4 7 83 58 1790 1075 67.04 1360 53.07 18050.0 -1257.54 810.0 82.96 4000.0 72.63 4200.0 60.89 
4 8 83 59 590 840 24300.0 305.0 490.0 700.0 
4 11 83 62 690 50.00 34.06 53.62 96.38 97.83 
4 12 83 63 775 345 46.45 455 40.65 320.0 24.52 25.0 85.81 15.0 92.26 
4 13 83 64 285 415 -43.86 460 -29.82 585.0 -163.16 110.0 82.46 60.0 75.44 
4 14 83 65 410 370 750.0 50.0 70.0 
4 16 83 67 
4 21 83 72 
4 22 83 73 
4 25 83 76 1555 78.46 79.10 91.00 94.86 97.11 
4 26 83 77 1375 335 88.36 325 88.73 140.0 93.82 80.0 89.09 45.0 98.91 
4 27 83 78 2285 160 80.96 155 82.28 85.0 96.02 150.0 95.49 15.0 98.56 
4 28 83 79 435 405 91.0 103.0 33.0 
5 3 83 84 

"' 
5 4 83 85 

....... 5 15 83 96 
0 5 16 83 97 1460 64.73 54.45 51.37 78.77 85.27 93~84 

5 17 83 98 755 515 48.34 665 19.21 710.0 -3.31 310.0 86.75 215.0 65.56 90.0 92.72 
5 18 83 99 040 390 2.98 610 25.00 780.0 -334.52 100.0 51.19 260.0 68.45 55.0 88.69 
5 19 83 100 965 815 98.45 630 93.78 3650.0 -184.97 410.0 97.93 265.0 83.94 95.0 97.93 
5 20 83 101 15 60 2750.0 20.0 155.0 20.0 
5 23 83 104 1145 51.53 86.90 68.56 89.08 86.46 94.32 
5 24 83 105 820 555 -19.51 150 60.98 360.0 62.20 125.0 78.05 155.0 90.85 65.0 93.29 
5 25 83 106 390 980 -146.15 320 -19.23 310.0 -143.59 180.0 33.33 75.0 44.87 55.0 83.33 
5 26 83 107 670 960 -88.81 465 6.72 950.0 -474.63 260.0 48.51 2.15.0 89.55 65.0 63.43 
5 27 83 108 1265 625 3850.0 345.0 70.0 245.0 
5 30 83 111 680 14.71 55.88 85.29 69.85 92.65 94.85 
5 31 83 112 710 580 -35.92 300 42.96 100.0 -38.03 205.0 35.21 50.0 79.58 35.0 85.21 
6 l 83 113 630 965 -30.16 405 50.79 980.0 -134.92 460.0 33.33 145.0 89.68 105.0 94.44 
6 2 83 114 820 310 1480.0 420.0 65.0 35.0 
6 27 83 139 515 -73.79 -50.49 -1.94 50.49 17.48 59.22 
6 28 83 140 660 895 -47.73 775 31.82 525.0 -131.82 255.0 71.97 425.0 74.24 210.0 85.61 
6 29 83 141 . 655 975 -16.03 450 67.18 1530.0 -252.67 185.0 82.44 170.0 94.66 95.0 97.71 
6 30 83 142 420 760 -76.19 215 28.57 2310.0 -744.05 115.0 73.81 35.0 76.19 15.0 77.38 
7 1 83 143 740 300 3545.0 110.0 100.0 95.0 
7 4 83 146 224 -158.93 -31.70 75.45 28.57 73.21 77.68 
7 5 83 147 155 580 9.68 295 -45.16 55.0 -500.00 160.0 29.03 60.0 83.87 50.0 90.32 

(00Nl'INJFD) 



Table F-3. (continued) . 

FIL'rER 1 FILTER 2 FILTm 3 FILTER 4 FILTER 5 FILTER 6 
(Q)Nl'RQ:..) <1/2 SAND BED) (CHU>RINATED) OUTRIENI'S ADDED) <s0c, l.AR:;E SAND} C5°C> 

DAYS OF INFLUEN.r EFELUEN.r EFELUEN.r EFELUENI' EFFLUENI' EFELUEN.r EFELUEN.r 
Dl\TE OONl'INJOOS SPC SPC SPC SPC SPC SPC SPC 

OPERATION oooc. oooc. RflO/AL <DN:. RFXNAL rooc. RFMJITAL <DOC. REMNAL OON:. RDDITAL oooc. RfM11fAL 
ftfi DY YR (DAYS) (00/lML) (00/lML) (\} <ID/lML) (%) (NJ/lML> (%) (NJ/lML) (%) CID/lML) (%) (N:>/lML> (%) 

7 6 83 148 150 140 -400.00 225 .oo 930.0 -1030.00 110.0 -396.67 25.0 60.00 15.0 46.67 
7 7 83 149 515 750 21.36 360 42.72 1695.0 -503.88 745.0 75.73 60.0 98.06 80.0 91.26 
7 8 83 150 405 295 3110.0 125.0 10.0 45.0 
7 11 83 153 3000 78.83 94.00 74.00 97.50 97.83 98.67 
7 12 83 154 280 635 88.21 180 48.21 780.0 -526.79 75.0 80.36 65.0 82.14 40.0 73.21 
1 13 83 155 190 33 -171.05 145 -13.16 1755.0 -125.79 55.0 52.63 so.o 86.84 75.0 92.11 
7 14 83 156 160 515 -306.25 215 -53.13 429.0 -2612.50 90.0 -587.50 25.0 3.13 15.0 43.75 
7 15 83 157 490 650 245 4340.0 1100.0 155.0 90.0 
7 18 83 160 320 -84.38 31.25 73.44 40.63 32.81 48.44 
7 19 83 161 345 590 -71.01 220 23.19 85.0 .29 190.0 40.58 215.0 13.04 165.0 40.58 
1 20 83 162 340 590 -79.41 265 23.53 760.0 -344.12 205.0 83.82 300.0 70.59 205.0 83.82 
7 21 83 163 180 610 -163.89 260 -27.78 1510.0 3.33 55.0 2.78 100.0 -122.22 55.0 19.44 
7 22 83 164 130 475 230 174.0 175.0 400.0 145.0 
7 23 83 165 
7 24 83 166 350 -51.43 65.71 35.71 57.14 75.71 68.57 
1 25 83 167 307 530 -49.84 120 49.51 225.0 -183.39 150.0 70.68 85.o 75.57 110.0 73.94 

N 7 26 83 168 325 460 .oo 155 44.62 870.0 -203.08 90.0 69.23 75.0 70.77 80.0 86.15 
I-' 7 27 83 169' 485 715 7.22 180 84.54 985.0 51.55 100.0 79.38 95.0 94.85 45.0 90.72 
I-' 7 28 83 170 205 450 -195.12 75 235.0 100.0 73.17 25.0 51.22 45.0 78.05 

7 29 83 171 605 205 55.0 100.0 45.0 
8 l 83 174 290 -62.07 32.76 -56.90 70.69 .oo 10.34 
a 2 83 175 365 470 1.37 195 58.90 455.0 -138.36 85.0 75.34 580.0 94.52 260.0 87.67 
8 3 83 176 320 360 -47.19 150 23.44 870.0 -307.81 90.0 78.13 20.0 60.94 45.0 79.69 
a 4 83 177 370 471 -10.81 245 52.70 1305.0 -1486.49 70.0 86.49 125.0 62.16 65.0 77.03 
8 5 83 178 410 175 5870.0 so.o 140.0 85.0 
a 8 83 181 1480 93.92 90.54 62.16 98.99 93.92 92.57 
8 9 83 182 1870 90 90.64 140 84.49 560.0 -31.55 15.0 98.66 90.0 78.61 110.0 95.19 
8 10 83 183 3760 175 89.63 290 92.82 2460.0 89.71 25.0 90.96 400.0 89.76 90.0 98.27 
8 11 83 184 1055 390 61.61 270 78.67 387.0 -144.55 340.0 72.04 385.0 55.92 65.0 86.26 
8 12 83 185 405 225 2580.0 295.0 465.0 145.0 



N 
I-' 
N 

Table F-4. statistical sumnaiy of standard plate collllt data in Table F-3. 

Filter l Filter 2 Filter 3 

Nunber of samples 80 80 42 
All Available Geanetric Average Influent 

Concentration CNo/mLl 624 624 595 
Data Geanetric Average Effluent 

Conamtration (No/mL) 825 604 1075 

Averaga .Percent Ranoval C %) -32 3 -BO 

Nunber of Samples 24 24 23 
Established Geanetric Average Influent 

Concentration CNo/mIJ 371 371 380 
~ration Geanetric Average Effluent 

Concentration CNo/mL) 524 240 719 

Average .Percent Renova! (%) -41 35 -89 

Filter 4 Filter 5 Filter 6 

78 80 80 

628 624 624 

352 249 223 

44 60 64 

24 24 24 

371 371 371 

156 80 62 

58 78 83 



Table F-5. Standard plate count data for Phase III slow sand filtration testing. 

FILTm l FILTm 2 FILTm 3 FILTm 4 FILTm 5 FIL~ 6 
CCDNI'RCL) COE. CDATED) ( SIW...L SAND) CCDNI'RCL) CLARGE SAND) C2 C) 

DAYS OF INFLUENI' EFFLUENI' EFFLUENI' EFFLUENI' EFFLUENI' EFFLUENI' EFFLUEr..~ 

DATE CDNI'IN.JClJS SPC SPC SPC SPC SPC SPC SPC 
OPERATION <D'OC. CDOC. REMNAL CDOC. ruMJITAL CDOC. REMNAL CDOC. REMNAL CDOC. REMJITAL CDOC. P.EMJl/AL 

MN DY YR (Di\YS) (00/lML) CID/lML) (%) CID/lML) (%) CID/lML) (%) CID/lML) (%) CID/lML) (\) CID/lMLl (\) 

8 15 83 188 1080 81.94 41.20 70.00 88.89 94.72 94.44 
8 16 83 189 1360 195 90.81 635 69.49 324.0 44.85 120.0 98.16 57.0 91.18 60.0 96.32 
8 17 83 190 835 125 71.86 415 -65.27 750.0 -101.80 25.0 83.23 120.0 50.90 50.0 92.22 
8 18 83 191 235 1380 1685.0 140.0 410.0 65.0 
8 22 83 195 1085 86.64 86.18 16.59 88.02 89.86 95.39 
8 23 83 196 99 145 -71.72 150 9.09 905.0 -187.88 130.0 -11.11 110.0 -218.18 50.0 54.55 
8 24 83 197 720 170 80.56 90 76.39 285.0 -1.39 110.0 85.42 315.0 84.03 45.0 90.97 
8 25 83 198 140 170 730.0 105.0 115.0 65.0 
8 29 83 202 790 96.84 91.14 48.10 84.18 87.97 93.04 
8 30 83 203 990 25 88.89 70 80.81 410.0 41.92 125.0 86.36 95.0 89.70 55.0 93.43 
9 1 83 204 110 190 575.0 135.0 102.0 65.0 
9 5 83 208 1025 91.71 91.71 11.01 95.61 93.17 95.61 
9 6 83 209 795 85 85.79 85 80.88 235.0 62.89 45.0 90.57 70.0 81.76 45.0 90.31 
9 1 83 210 790 113 152 295.0 75.0 145.0 77.0 
9 26 83 229 3140 95.86 94.43 84.08 96.50 95.22 99.17 
9 27 83 230 1225 130 88.49 175 90.20 500.0 62.86 110.0 86.29 150.0 84.98 26.0 95.10 

r-...> 9 28 83 231 1085 141 96.31 120 97.05 455.0 68.66 ~68.0 92.63 184.0 72.35 60.0 97.05 
I-' 9 29 83 232 40 32 340.0 80.0 300.0 32.0 
w 9 30 83 233 

10 11 83 245 365 72.33 79.45 15.07 75.89 24.11 92.05 
10 12 83 246 584 101 80.48 75 72.09 310.0 41.95 88.0 32.53 277.0 52.05 29.0 91.61 
10 13 83 247 415 114 75.66 163 77.11 339.0 28.67 394.0 31.08 280.0 69.40 49.0 88.92 
10 14 83 248 268 101 69.78 95 64.93 296.0 -42.16 286.0 -35.07 127.0 -2.61 46.0 95.52 
10 15 83 249 172 81 59.30 94 79.65 381.0 -116.28 362.0 48.84 275.0 -44.19 12.0 90.12 
10 16 83 250 118 70 27.12 35 29.66 372.0 -196.61 88.0 -191.53 248.0 -129.66 17.0 81.36 
10 17 83 251 120 86 83 350.0 344.0 271.0 22.0 
10 26 83 260 96 10.42 60.42 -168.75 -19. 79 -243. 75 79.17 
10 21 83 261 56 86 38 258.0 115.0 330.0 20.0 
11 5 83 270 8 -1293.26 -1091.01 -3225.84 -1877.53 -3641.57 -23.60 
11 6 83 271 67 124 14.93 106 16.42 296.0 -273.13 176.0 -113.43 333.0 -232.84 11.0 91.04 
11 7 83 272 418 57 63.64 56 80.62 250.0 -36.36 143.0 44.02 223.0 2.39 6.0 95.69 
11 8 83 273 93 152 -58.06 81 -13.98 570.0 -345.16 234.0 -193.55 408.0 -220.43 18.0 89.25 
11 9 83 274 62 147 -27.42 106 53.23 414.0 -153.23 273.0 -88.71 298.0 -208.06 10.0 93.55 
11 10 83 275 52 79 29 157.0 117.0 191.0 4.0 
11 13 83 278 13 -515.38 -3315.38 -1984.62 -2769.23 -46.15 
11 14 83 279 13 80 -384.62 444.0 -3407.69 271.0 -1569.23 373.0 -1830.77 19.0 
11 15 83 280 8 63 -1250.00 456.0 -5925.00 217.0 -2875.00 251.0 -3300.00 13.0 -112.50 
11 16 83 281 1 108 -2714.29 482.0 -5728.57 238.0 -4128.57 272.0 -5357 .14 17.0 -157 .14 
11 17 83 282 1 197 -1585.71 408.0 296.0 -3871.43 382.0 -5085.71 18.0 -142.86 
11 18 83 283 1 118 -1257.14 278.0 -2971.43 363.0 -4028.57 17.0 -171.43 
CCDNI'UUED) 



Table F-5. (continued) • 

FILTffi 1 FILTffi 2 FILTffi 3 FILTffi 4 FILTffi 5 FILTffi 6 
(Q)Nl.'R(L) {DE. CDATED) (SMALL SAND) (Q)NJ'RCL) (LARGE SAM>) <2°c> 

DAYS OF INFLUENr EFFLUENI' EFFLUENl' EFFLUENr EFFLUENr EFFLUENl' EFFLUENI' 
DA.TE CDNI'INJWS SPC SPC SPC SPC SPC SPC SPC 

OPERATION rooc. rooc. RDD'll\L CDl'C. RfMNl\L <DOC. REMJVAL rooc. REMJV'l\L rooc. RFMJl/l\L <DOC. REMJIJAL 
MN DY YR {Dl\YS) COO/lML) (00/lML) {\) (NJ/lML) (%) CID/lML) (\) (00/lML) (\) CtD/lML) {%) (00/lML) (%) 

11 19 83 284 5 95 -1580.00 215.0 -4280.00 289.0 -6000.00 19.0 -300.00 
11 20 83 285 4 84 -3000.00 219.0 -7025.00 305.0 -8100.00 20.0 -275.00 
11 21 83 286 173500 124 99.82 98.39 285.0 99.89 328.0 99.77 15.0 71.18 
11 22 83 287 205000 315 99.76 2800.0 98.24 195.0 99.76 405.0 99.61 50000.0 89.35 
11 23 83 288 630000 500 99.95 3600.0 99.66 485.0 99.90 805.0 99.86 21830.0 89.44 
11 24 83 289 525000 300 99.94 2160.0 99.64 620.0 99.94 885.0 99.82 66500.0 93.90 
11 25 83 290 130000 315 99.60 1900.0 97.15 310.0 99.64 970.0 99.46 32000.0 46.54 
11 26 83 291 108000 520 99.84 3700.0 99.25 470.0 99.82 700.0 99.66 69500.0 87.45 
11 27 83 292 1385000 175 99.97 810.0 99.91 195.0 99.98 370.0 99.94 13550.0 93.21 
11 28 83 293 1510000 410 99.87 1280.0 99.86 325.0 99.97 795.0 99.77 94000.0 96.36 
11 29 83 294 1145000 1910 99.95 2100.0 99.76 510.0 99.95 3535.0 99.76 55000.0 92.62 
11 30 83 295 1310000 580 99.93 2800.0 99.84 575.0 99.96 2785.0 99.77 84500.0 96.37 
12 1 83 296 870 2050.0 495.0 2985.0 47500.0 
12 14 83 309 115 -5.65 8.70 20.00 -24.35 76.96 
12 15 83 310 101 121 -16.26 105.0 -52.71 92.0 -6.40 143.0 -74.88 26.5 49.26 

"' 12 16 83 311 201 118 49.25 155.0 54.23 108.0 42.04 177.5 51.5 68.91 
....... 12 17 83 312 121 102 16.12 92.0 -17~36 116.5 -7.02 201.0 -62.81 62.5 64.46 
~ 12 18 83 313 143 101 26.57 142.0 27.97 129.5 33.22 197.0 -.35 43.0 76.92 

12 19 83 314 89 105 12.85 103.0 -29.05 95.5 -11.73 143.5 -35.20 33.0 71.51 
12 20 83 315 114 78 31.00 115.5 -4.37 100.0 9.17 121.0 1.75 25.5 85.15 
12 21 83 316 87 79 6.32 119.5 -41.38 104.0 -16.09 112.5 -31.61 17.0 73.56 
12 22 83 317 125 81 8.76 123.0 3.19 101.0 l.99 114.5 -31.87 23.0 65.74 
12 23 83 318 114 121.5 123.0 165.5 43.0 



l\J 
I-' 
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Table F-6. Statistical swunacy of standard plate count data in Table F-5. 

Filter 1 Filter 2 Filter 3 

Nunter of Samples 43 16 39 
All Available Geanetric Average Influent 

O>noentration CNo/mL) 904 629 1524 
Data Geanetric Average Effluent 

Conoontration CNo/mL) 150 140 495 

Average Percent Ranoval C %) 83 78 68 

Nunter of Samples 9 6 9 
F.stabl ished Geanetric Average Influent 

Conoontration CNo/mL) 118 465 118 
~ration Geanetric Average Effluent 

O>noontration CNo/mL) 99 74 118 

Average Percent Ranoval C %) 17 84 0 

Filter 4 Filter 5 Filter 6 

43 43 43 

904 904 904 

170 278 165 

81 69 82 

9 9 9 

118 118 118 

107 149 33 

10 -26 72 



APPENDIX G 

TUrbidity Data for Slow Sand Filtration 
7/1981 - 1/1983 

Tables G-1, G-3, and G-5 contain the results of turbidity mnitoring for 
the Phase I, Phase II, and Phase III testing. 'lhese tables show the influent 
and effluent turbidity data, as well as daily renoval percentages. 

Tables G-2, G-4, and G-6 are statistical surnnaries of the turbidity 
data. ~ey contain the total n\Jnber of sanples analyzed, the average 
influent and effluent turbidity, and the average removal percentage achieved 
by each filter. 'lbese calculations were performed first for all data 
available and again including only days having data for all three filters. 
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Table G-1. Turbidity Data for Slow Sand Filtration, 
7/1981 - 1/1983 (paqe 1 of 5) 

FILTER NO.l ( 0.04 m/h) JilL1'ER N0.2 ( 0.12 111/h) r'lLTER N0.3 ( 0.40 u1/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT 
DATE TEMP 'roRBIDlTY DECKE AG1': 'roRSIDITY REMOVAL DECKE ACE TURBIDITY REMOVAL DECKE ACE TURBIDITY REMOVAL 

DY MO YR (uC) (NTU) (WEEKS) (NTU) (%) (WEEKS) (NTU) {%} (WEEKS) (NTU} Ci.) 

1 7 81 15 5.2 0 3.5 32.69 
2 1 81 15 7.5 0 3.5 53.33 
4 7 81 15 5.5 l 4.3 21.82 
6 7 81 15 4.2 1 4.3 -2.38 
7 7 81 15 4.5 1 3.7 17.78 
8 7 81 15 5.4 1 4,1 24. 07 

26 7 81 5 11.0 4 3.8 65. 45 
27 7 81 5 4.5 4 3.5 22.22 
28 7 81 15 3.7 4 3.7 o.oo 
29 7 81 15 3.6 4 3.6 o.oo 
30 7 81 15 3.9 4 3.8 2.56 
31 7 81 15 3.9 4 3.6 7.69 

l 8 81 15 3.6 5 3.5 2.78 
2 8 81 15 3.6 5 3.5 2.78 
4 8 81 15 3.9 5 3.6 7.69 
5 8 81 15 3.7 5 3.7 o.oo 
6 8 81 15 3.9 5 3.7 5.13 
7 8 81 15 4.2 5 3.1 26.19 
9 8 81 15 3.9 6 3.5 10.26 

10 8 81 15 3.4 6 3.3 2 .94 
11 8 81 15 3.8 6 3.4 10.53 
12 8 81 15 3.6 6 3.3 8.33 
13 8 81 5 5.0 6 3.3 34.00 
14 8 81 5 5.0 6 3.0 40.00 
15 8 81 15 4.1 7 3.0 26.83 
17 8 81 15 3.7 7 3.9 -5.41 
18 8 81 15 3.8 7 3.8 o.oo 
19 8 81 15 3.8 7 3.8 o.oo 
20 8 81 15 3.7 7 3.7 o.oo 
21 8 81 15 3.7 7 3.6 2.10 
22 8 81 15 7.8 8 3.4 56.41 
24 8 81 15 5.9 8 4.8 18.64 
25 8 81 15 6.0 8 3.9 35.00 
26 8 81 15 4.0 8 3.4 15.00 
2.7 8 81 15 4.4 0 1.2 72.73 8 2.5 43.18 0 4.4 0.00 
28 8 81 15 4.4 0 .9 79.55 8 2.0 54.55 0 4.4 0.00 
29 8 81 15 3.9 0 1.6 58.97 9 1.9 51.28 0 3.7 5.13 
30 8 81 15 4.0 1 2.6 35.00 9 1.7 57.50 l 3.7 7.50 

1 9 81 15 4.1 1 2.4 41. '46 9 1.7 58.54 l 3.7 9.76 
2 9 81 15 4.1 l 2.5 39.02 9 1.6 60.98 1 4.0 2.44 
3 9 81 15 6.4 1 3.4 '46.87 9 l. 7 73.44 1 4.6 28.12 
4 9 81 15 4.2 1 3.6 14.29 9 1.8 57.14 1 5.2 -23.81 
5 9 81 15 4.5 l 2.7 40.00 10 1.8 60.00 1 4.5 o.oo 
6 9 81 15 4.4 2 2.8 36.36 10 1. 7 61.36 2 4.2 4.55 
7 9 81 15 4.7 2 5.8 -23.40 10 1.7 63.83 2 5.0 -6.38 
8 9 81 15 4.5 2 8.0 -77. 78 10 1.9 57.78 2 5.3 -17.78 
9 9 81 15 4.5 2 6.3 -40.00 10 1.8 60.00 2 5.5 -22.22 

10 9 81 15 4.6 2 5.7 -23.91 10 1.9 58.70 2 5.6 -21. 74 
11 9 81 15 4.6 2 7.8 -69. 57 10 3.4 26.09 2 5.4 -17.39 
12 9 81 15 5.0 2 7.6 -52.00 11 3.5 30.00 2 4.8 4.00 
13 9 81 15 4.9 3 5.9 -20.41 11 4.0 18.37 3 4.7 4.08 
14 9 81 15 5.8 3 4.6 20.69 11 4.3 25.86 3 4. 7 18.97 
17 9 81 15 6.0 3 5.4 10.00 11 4.6 23.33 3 5.3 11.67 
18 9 81 15 5.8 3 4.3 25.86 11 4.8 17.24 3 5.5 5.17 
19 9 81 15 5.9 3 4.4 25.42 12 4.6 22.03 3 5.5 6.78 
20 9 81 15 5.5 4 4.4 20.00 12 4.6 16.36 4 5.4 l.82 
21 9 81 15 5.4 4 4.4 18.52 12 4.6 14.81 4 5.1 5.56 
22 9 81 15 7.2 12 4.6 36.11 4 4.7 34.72 
23 9 81 15 5.8 4 4.2 27 .59 12 2.8 51.72 4 5.0 13.79 
24 9 81 15 5.6 4 4.7 16. 07 12 3.3 41. 07 4 3.2 42.. 86 
25 9 81 15 5. 7 4 4.7 17.54 12 5.2 8.77 4 5.3 7. 02 
26 9 81 15 5.8 4 4.6 20.69 13 5.1 12. 07 4 5.3 8.62 
27 9 81 15 5.9 5 4.7 20.34 13 4.7 20.34 5 5.7 3.39 
28 9 81 15 6.2 5 4.5 27 .42 13 4.2 32.26 5 5.2 16.13 
29 9 81 15 7.0 5 4.0 42 .86 13 4.4 37 .14 5 5.5 21.43 
30 9 81 15 7.1 5 4.5 36.62 13 4.1 42.25 5 5.5 22.54 

l 10 81 15 6.4 5 4.4 31.25 13 3.4 '46 .87 5 5.6 12.50 
2 10 81 15 6.5 5 4.6 29.23 13 5.1 21. 54 5 5.9 9.23 
3 l 0 81 5 6.5 5 4.5 30.77 14 5.0 23.08 5 s .. 3 18. Iii 
4 l 0 81 5 6.8 6 4.7 30.88 14 5.3 22.06 6 6.3 7.35 
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Table G-1. Turbidity Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 2 of 5) 

FILTER NO. I ( O. 04 111/h) FlLTF.R N0.2 ( 0.12 m/h) FILTER NO.J (0.40 111/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EJo'FLUENT l'ERCtl;T 
DATE TEMP TURBIDITY DECKE AGE TURBIDITY REMOVAL DECK! ACE TURBIDITY REMOVAL DECKE ACE TURBIDITY U:MOVAl. 

DY MO YR ( uC) (NTU) {WEEKS) (NTU) (%) (WEEKS} {NTU) co (WEEKS) (NTU J {%) 

5 10 81 5 6.6 6 3.8 42 .42 14 5.0 24.24 6 6.1 7.58 
6 10 81 5 6.8 6 3.9 42.65 14 5.1 25.00 6 6.1 10.29 
7 10 81 5 7 .o 6 4.0 42.86 14 5.2 25.71 6 6.2 l l. 43 
9 10 81 15 6.3 6 4.2 33.33 14 4.5 28. 57 6 5.4 14.29 

10 10 81 15 6.3 6 4.5 28. 57 15 4.5 28.57 6 5.2 17. '46 
11 l 0 81 15 6.5 7 5.0 23.08 15 5.1 21.54 7 5.3 18. '46 
12 l 0 Sl 15 6.9 7 3.7 '46. 38 15 5.2 24.64 7 5.4 21.74 
13 10 SI 15 6.6 7 4.2 36.36 15 5.2 21.21 7 5.5 16.67 
14 10 81 15 6.5 7 4.3 33.85 15 5.4 16.92 7 5.5 15.38 
15 10 81 n 6.7 7 4.1 38.81 15 5.5 17.91 1 5.6 16.42 
16 10 81 15 6.4 1 4.3 32.81 15 5.4 15.63 1 5.6 12.50 
17 10 81 15 6.8 1 3.8 44.12 16 5.5 19.12 1 5.8 14.71 
18 10 81 15 6.8 8 3.9 42.65 16 5.6 17 .65 8 5.8 14. 71 
19 l 0 81 15 6.7 8 4.5 32 .84 16 5.7 14.93 8 5.6 16. 42 
20 10 81 15 6.9 8 4.7 31.88 16 5.2 24.64 & 5.6 18.84 
21 10 81 15 7.0 8 4.7 32 .86 16 5.5 21. 43 8 5.5 21. 43 
22 10 81 15 6.8 8 5.3 22.06 16 5.3 22.06 8 5.4 20.59 
23 10 81 15 7.0 8 4.7 32 .86 16 5.3 24.29 8 5.4 22 .86 
2. 4 10 81 15 6.8 8 4.6 32..35 17 5.3 22.06 8 5.6 17 .65 
25 10 81 15 6.5 9 4.6 29.23 17 5.3 18. 46 9 5.7 12.31 
26 10 81 15 6.6 9 4.7 28.79 17 5.7 13.64 9 6.1 7.58 
27 l 0 81 15 6.6 9 5.7 13.64 17 6.1 7.58 9 5.9 10.61 
28 l 0 81 15 6.7 9 6.1 8.96 17 6.1 8.96 9 6.1 8.96 
29 l 0 81 15 6.4 9 5.1 20.31 17 S.l 20.31 9 6.1 4.69 
30 10 81 5 6.5 9 5.6 13.85 17 5.6 13.85 9 5.9 9.23 
31 10 Sl 5 6.6 9 5.1 22.73 18 4.8 27.27 9 5.5 16.67 

1 11 81 5 6.4 10 5.3 17.19 18 5.9 7 .81 10 6.1 4.69 
2 11 81 5 6.1 10 5.5 9.84 18 5.9 3.28 10 6.1 0.00 
3 11 81 5 6.2 10 5.1 17. 74 18 6.0 3.23 10 6.1 1.61 
4 11 81 5 6.3 10 5.8 7.94 18 6.3 o.oo 10 5.9 6.35 
6 11 81 15 6.2 10 4.6 25.81 18 5.6 9.68 0 5.7 8.06 
7 11 81 15 6.3 10 4.7 25.40 19 5.1 19.05 0 5.1 19.05 
8 11 81 15 6.3 11 4.8 23.81 19 5.7 9.52 0 6.0 4.76 
9 11 Sl IS 6.5 11 4.7 27.69 19 5.3 18.46 1 5.1 21. 54 

10 11 81 15 6.3 11 4.8 23.81 19 5.2 17 .46 l 5.1 19. 05 
11 11 81 15 6.7 11 3.8 43 .2 8 19 4.5 32.84 1 4.6 31.34 
12 11 81 15 6.7 11 4.0 40.30 19 4.6 31.34 1 4.8 28.36 
13 11 81 15 6.7 11 4.7 29.85 19 4.0 40.30 1 4.9 26.87 
14 11 81 15 6.4 11 3.6 43.75 20 4.0 37.50 1 4.0 37.50 
15 11 81 15 6.5 12 4.2 35.38 20 4.8 26.15 l 4.9 24.62 
16 11 81 15 6.7 12 4.9 26.87 20 5.1 23.88 2 5.5 17.91 
17 11 81 15 6.4 12 4.7 26.56 20 4.8 25.00 2· 5.4 15.63 
18 11 81 15 6.5 12 4.3 33.85 20 4.9 24.62 2 5.3 18. 46 
19 11 81 15 6.2 12 5.4 U.90 20 5.5 11.29 2 5.1 17.74 
20 11 81 15 6.9 12 5.0 27.54 20 5.4 21.74 2 4.8 30.43 
21 11 81 15 6.3 12 4.4 30.16 21 3.6 42.86 2 4.4 30.16 
22 11 Sl 15 .5.9 13 3.9 33.90 21 4.0 32.20 2 4.5 23.73 
23 11 81 15 6.3 13 3.9 38.10 21 4.2 33.33 3 4.2 33.33 
2 4 11 81 15 6.6 13 4.5 31.82 21 4.7 28.79 3 5.1 22.73 
2 5 11 81 15 6.5 13 4.3 33.85 21 4.7 27.69 3 4.9 24.62 
2 9 11 81 15 6.3 14 5.3 15.87 22 4.8 23.81 3 5.4 14.29 
30 11 81 15 6.4 14 5.3 17.19 22 4.7 26.56 4 4.7 26.56 

1 12 81 15 6.6 14 5.3 19.70 22 4.8 27.27 4 5.3 19. 70 
2 12 81 15 7.1 14 3.9 45.07 22 4.6 35.21 4 4. 7 33.80 
3 12 81 15 7.2 14 4.7 34.72 22 4.9 31.94 4 4.8 33.33 
4 12 81 15 6.8 14 3.9 42.65 22 4.6 32.35 4 4.7 30.88 
5 12 81 15 7.0 14 4.6 34.29 23 4.7 32.86 4 4.6 34.29 
6 12 81 15 7.0 15 4.7 32 .86 23 5.0 28. 57 4 5.0 28. 57 
7 12 81 15 7.2 15 4.0 44.44 23 4.1 43.06 5 4.8 33.33 
8 12 81 15 6.7 15 5.2 22.39 23 5.1 23.88 5 4.5 32.84 
9 12 81 15 7.1 15 3.9 45.07 23 4.6 35.21 5 4.8 32.39 

10 12 81 IS 7.3 15 4.4 39.73 23 4.5 38.36 5 5.0 31.51 
11 12 81 15 8.6 15 5.4 37.21 23 6.8 20.93 5 6.2 27.91 
12 12 81 15 8.8 15 5.4 38.64 24 7.8 11.36 5 6.6 25.00 
13 12 81 15 8.6 16 5.6 34.88 24 6.1 29.07 5 7.0 18.60 
14 12 81 15 8.9 16 5.7 35.96 24 4.9 44.94 6 7.7 13.48 
15 12 81 15 8.7 16 6.6 24.14 24 6.2 28.74 6 7.3 16.09 
16 12 81 15 8.8 16 6.0 31.82 24 6.0 31.82 6 6.8 22.73 
17 12 81 15 8.8 16 5.6 36.36 24 6.0 31.82 6 5.8 34.09 
18 12 81 15 9.1 16 7.0 23.08 24 7.2 20.88 6 6.8 25.27 
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Table G-1. Turbidity Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 3 of 5) 

FILTER MO.I (0.04 m/h) FILTER NO .2 ( 0.12 m/h) FILTER N0.3 (0.40 m/h) 

DI FLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- FJ'FLUENT PERCEN'f SCHMUTZ- EFFJ.UENT PERCl'l''l' 
DATE TEMP TlJRBlDITY l>F.CKF. AGF. TURB IDJTY REMOVAL DF.CKF. AGF. TIJRIHIHTY REMOVAL lll-:c!CI': AGI'~ TURBIDITY RF.MOVAL 

DY 1'10 YR ('°'C) (N'l'U) (WE!KS) (NTU) (%) (WE!~KS) (NTUi (%) (WJ.U:J<S) (NTU) (%) 

2 0 12 81 15 8.9 17 3.8 57 .30 25 4.0 55.06 6 1.2 86.52 
22 12 81 15 8.7 17 3.7 57 .47 25 3.9 55.17 7 2.0 77. 01 
23 12 81 15 9.5 17 3.7 61.05 25 3.9 58.95 7 s.o 47 .37 
27 12 81 15 8.9 18 4.5 49.44 26 4.2 s2 .a1 7 4.8 "'. 07 
31 12. 81 15 8.9 18 3.5 60.67 26 4.5 49.44 8 4.8 "'. 07 

4 1 82 15 8.8 19 3.2. 63.64 27 3.8 56.82 8 4.2 52 .27 
8 1 82 15 7.9 19 2.4 69.62 21 3.6 54.43 9 3.9 50.63 

10 1 82 15 8.0 20 2.3 71.25 28 4.0 50.00 9 4.4 45.00 
15 1 82 15 8.2 20 2.8 65.85 28 3.6 56.10 10 4.0 51.22 
18 1 82 15 8.1 21 3.4 58.02 29 4.1 49.38 10 4.4 45.68 
22 l 82 15 8.7 21 3.3 62.07 29 3.9 55.17 11 4.8 44.83 
25 1 82 15 9.2 22 3.2 65.22 30 4.0 56.52 11 4.9 ll>.74 
28 1 82 15 l 0.5 22 5.0 52.38 30 5.0 52.38 12 6.7 36.19 
30 1 82 15 11. 0 22 4.5 59.09 31 4.4 60.00 12 6.2 43.64 

2 2 82 15 11. 0 23 4.2 61.82 31 3.8 65. 45 12 4.9 55.45 
4 2 82 15 11: 0 23 4.8 56.36 31 3.7 66.36 13 4.9 55.45 
6 2 82 15 9.2 23 4.8 47 ;83 32 3.6 60.87 13 5.0 45.65 
8 2 82 15 8.5 24 4.5 47. {'h 32 3.2 62.35 13 5.1 40.00 

12 2 82 15 6.8 24 4.5 33.82 32 3.7 45.59 14 4.9 27.94 
14 2 82 15 6.3 25 4.4 30.16 33 3.0 52.38 14 4.8 23.81 
18 2 82 15 6.0 25 3.8 36.67 33 2.9 51.67 15 4.0 33.33 
20 2 82 15 6.2 25 7.7 -24.19 34 7.3 -17.74 15 4.2 32.26 
26 2 82 5 4.0 0 4.3 -7 •. 50 0 5.2 -30.00 0 5.3 -32.50 
27 2. 82 5 4.7 0 4.1 12.77 0 4.1 12.77 0 4.1 12 .77 
2.8 2 82 5 4.8 0 3.7 22.92 0 4.5 6.25 0 4.9 -2.08 

1 3 82 5 5.0 1 3.6 28.00 l 4.6 8.00 1 4.6 8.00 
2 3 82 5 4.7 l 3.8 19.15 l 4.5 4.26 I 4.4 6.38 
3 3 82 5 5.5 1 3.6 34.55 1 4.4 2.0.00 1 4.2 23.64 
4 3 82 15 3.8 l 3.9 -2.63 1 3.9 -2.63 1 4.1 -7.89 
5 3 82 15 3.8 l 3.5 7.89 1 3.5 7.89 1 3.9 -2.63 
9 3 82 15 4.5 2 4.2 6.67 2 2.9 35.56 2 3.2 28.89 

13 3 82 15 3.9 2 3.1 20. 51 2 3.1 20. 51 2 4.0 -2.56 
15 3 82 15 4.1 3 3.0 26.83 3 3.1 24.39 3 3.2 21.95 
16 3 82 15 4.2 3 3.0 28.57 3 3.0 28.57 3 3.1 26.19 
18 3 82 15 4.5 3 2.9 35.56 3 3.0 33.33 3 2..9 35.56 
19 3 82 15 4.5 3 2.5 44.44 3 2.7 40.00 3 2.5 44.44 
20 3 82 15 4.6 3 2.5 45.65 3 2.7 41.30 3 2.5 45.65 
21 3 82 15 4.4 3 1.9 56.82 3 2.4 45.45 3 2.3 47 .73 
22. 3 82 15 3.6 4 1.7 52.78 4 2.2 38.89 4 2.1 41.67 
23 3 82 15 4.2 4 1.7 60.71 4 2.4 42.86 4 2.2 48.81 
24 3 82 lS 3.6 4 1.6 55.56 4 2.2 38.89 4 1.8 50.00 
26 3 82 15 3.4 4 1.5 55.88 4 1.9 44.12 4 1.6 52.94 
29 3 82 15 3.4 5 1.3 61.76 5 2.1 38.24 5 2.4 29. 41 
31 3 82 15 4.2 5 1.4 66.67 5 2.3 45.24 5 2.8 33.33 

1 4 82 5 4.0 5 1.8 55.00 5 2.8 31.25 5 3.2 20.00 
2 4 82 5 4.1 5 1.9 53.66 5 2.8 32 .93 5 3.8 7.32 
3 4 82 5 3.7 5 2.8 24.32 5 2.6 29. 73 5 2.6 29.73 
4 4 82 5 4.0 5 2.4 40.00 5 3.0 25.00 5 3.8 5.00 
5 4 82 5 3.7 6 2.4 35.14 6 2.9 21.62 6 3.5 5.41 
6 4 82 5 3.9 6 2.4 37.18 6 3.0 23.08 6 2.8 28.21 
7 4 82 15 3.4 6 2.3 32.35 6 2.8 17 .65 6 2.6 23.53 
8 4 82 15 3.2 6 2.4 25.00 6 1.8 43.75 6 1.9 40.62 

10 4 82 15 2.9 6 1. 4 51.72 6 1.1 62.07 6 1.4 51.72 
12 4 82 15 2.8 7 1.6 42 .86 7 1.1 60.71 7 1.8 35.71 
14 4 82 15 2.7 7 1.1 59.26 7 1.2 55.56 7 1.6 40.74 
17 4 62 15 3.5 7 1.2. 65.71 7 1.9 45.71 7 2.3 34.29 
19 4 82 15 4.0 8 2.2 45.00 8 1.8 55.00 8 2.7 32.50 
21 4 82 15 s.o 8 2.2 56.00 8 2.3 54.00 8 2.6 48.00 
23 4 82 15 4.8 8 2.3 52.08 8 2.4 50.00 8 2.5 47 .92 
26 4 82 15 4.9 9 2.4 51. 02 9 2.3 53. 06 9 2.8 42.86 
28 4 82 15 4.2 9 2.6 38.10 9 2.2 47 .62 9 2.8 33.33 
30 4 82 15 5.1 9 2.4 52.94 9 2.4 52.94 9 3.1 39-22 

3 5 82 15 4.9 10 2.2 55.10 10 2.3 53.06 10 2.7 44.90 
5 5 82 15 5.7 10 2.0 64.91 10 2.3 59.65 0 4.0 29.82 
7 5 82 15 4.4 10 2.0 54.55 10 1.8 59. 09 0 3.5 20.45 

10 5 82 15 4.3 11 1. 7 60.47 11 1.5 65.12 1 2.6 39.53 
12 5 82 15 4.1 11 1.8 56.10 11 1.5 63. 41 1 2.5 39.02 
16 5 82 15 4.4 11 1.9 56.82 11 1.6 63.64 2 2.4 45.45 
17 5 82 15 5.0 12 2.5 50.00 12 1.4 72.00 2 3.2 36.00 
18 5 82 15 5.2 12 2.6 50.00 12 2.4 53.85 2 3.9 25.00 
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Table G-1. Turbidity Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 4 of 5) 

FILTER NO.l (0.04 m/h) FILTER N0.2 ( 0.12 m/h) FILTER NO.l ( 0. 40 111/h) 

llrLUblT SCMHUTZ- f:JrLUIMT PKltC!MT 9Clll1UT7.- !HLU!'IT PP.RC!NT SCRHUTZ- f:lo'FLUIMT P!ICIMT 
DATE T5HP TUUIDITY D!CKE AGE TURBIDITY R.EMOYAL DECJCE ACE TURBIDITY REMOVAL DECJCE AGE TURBIDITY REMOVAL 

DY fo'M> YR ( C) (NTU) (WEEKS) (NTU) (%) (WEEKS) (N'I11) {%) {WEEKS) (HTU) (%) 

19 5 82 15 5.4 12 2.6 51.85 12 2.6 51.85 2 3.4 37.04 
20 5 82 15 5.3 12 2.6 50.94 12 2.4 54.72 2 3.9 26.42 
21 5 82 15 4.5 12 2.8 37.78 12 2.0 55.56 2 3.5 22.22 
22 5 82 15 4.4 12 2.4 45.45 12 2.0 54. 55 3 3.5 20.45 
23 5 82 15 4.5 12 2.4 "6.67 12 1.9 57 .78 3 3.4 24.44 
24 5 82 15 4.4 13 2.4 45.45 13 2.0 5,55 3 3.5 20.45 
25 5 82 5 4.4 13 2.4 45.45 13 2.3 47 .73 3 3.3 25.00 
26 5 82 5 4.3 13 2.6 39. 53 13 2.5 41.86 3 3.4 20.93 
27 5 82 5 4.4 13 2.6 40.91 13 2.6 40.91 3 3.4 22.73 
28 5 82 5 4.4 13 2.6 40.91 13 2.6 40.91 3 3.6 18.18 
29 5 82 5 4.4 13 2.6 40.91 13 2.8 36.36 4 3.6 18.18 

1 6 82 l5 3.9 14 1.8 53.85 14 2.0 48.72 4 3.1 20.51 
2 6 82 15 3.7 14 1.8 51.35 14 1.9 48.65 4 3.0 18.92 
3 6 82 15 3.7 14 1.9 48.65 14 2.0 45.95 4 3.1 16.22 
4 6 82 15 3.8 14 1.9 50.00 14 2.1 44.74 4 3.0 21.05 
6 6 82 15 4.4 0 2.5 43.18 0 4.0 9.09 0 3.5 20.45 
7 6 82 15 3.7 0 2.3 37.84 0 4.1 -10.81 0 3.8 -2.70 
8 6 82 15 3.8 0 2.7 28.95 0 3.9 -2.63 0 3.7 2.63 
9 6 82 15 3.8 l 2.7 28.95 1 3.6 5.26 1 3.5 7.89 

10 6 82 15 3.7 1 2.5 32. 43 1 3.4 8.11 l 3.3 10.81 
11 6 82 15 3.8 l 2.4 36.84 1 3.4 10. 53 1 3.1 18.42 
12 6 82 15 S.8 1 2.4 58.62 1 3.4 41.38 1 2.9 50.00 
15 6 82 15 3.6 1 2.4 33.33 1 2.7 25.00 1 2.6 27.78 
17 6 82 15 3.5 2 2.4 31. 43 2 2.8 20.00 2 2.6 25.71 
20 6 82 15 3.5 2 1.6 54.29 2 2.8 20.00 2 2.6 25.71 
21 6 82 15 3.5 2 1.6 54.29 2 3.0 14.29 2 2.8 20.00 
22 6 82 15 3.5 2 1.9 45.71 2 3.1 11.43 2 2.9 17 .14 
23 6 82 15 3.3 3 2.0 39.39 3 3.2 3.03 3 2.8 15.15 
24 6 82 15 3.4 3 2.1 38.24 3 3.1 8.82 3 2.6 23.53 
25 6 82 15 3.4 3 2.2 35.29 3 3.0 11.76 3 2.6 23. 53 
28 6 82 15 3.7 3 2.2 40.54 3 2.8 24.32 3 2.7 27 .OJ 
30 6 82 15 4.1 4 2.1 48.78 4 2.9 29.27 4 2.8 31.71 
2 7 82 15 3.8 4 2.2 42 .11 4 2~7 28.95 4 2.7 28.95 
4 7 82 5 4.1 0 2.0 51.22 0 3.2 21.95 0 3.0 26.83 
5 7 82 5 4.1 0 2.3 43.90 0 3.0 26.83 0 3.1 24.39 
6 7 82 5 4.4 0 2.7 38.64 0 3.3 25.00 0 3.2 27.27 
7 7 82 5 4.4 l 2.8 36.36 1 3.4 22.73 1 3.4 22.73 
8 7 82 5 4.4 1 2.9 34.09 I 3.4 22.73 1 3.3 25.00 
9 7 82 5 4.2 1 2.8 33.33 1 3.3 21.43 l 3.3 21.43 

12 7 82 15 3.3 1 2.3 30.30 1 2.1 18.18 l 2.4 27.27 
14 7 82 15 3.4 2 1.9 44.12 2 2.4 29. 41 2 2.6 23.53 
16 7 82 15 3.5 2 1.8 48.57 2 2.4 31. 43 2 2.3 34.29 
18 7 82 5 3.5 2 1.6 54.29 2 2.2 37.14 2 2.3 34.29 
19 7 82 5 3.5 2 1.7 51.43 2 2.2 37 .14 2 2.3 34.29 
20 7 82 5 3.5 2 1.9 45.71 2 2.3 34.29 2 2.4 31. 43 
21 7 82 5 3.5 3 2.0 42.86 3 2.5 28. 57 3 2.5 28.57 
22 7 82 5 3.5 3 2.1 40.00 3 2.5 28. 57 3 2·.6 25. 71 
23 7 82 5 3.7 3 2.3 37.84 3 2.6 29.73 3 2.6 29.73 
25 7 82 15 3.6 3 2.0 44.44 3 2.7 25. 00 3 2.8 22.22 
26 7 82 15 4.0 3 1.9 52.50 3 2.5 37.50 3 2.4 40.00 
28 7 82 15 4.1 4 1. 7 58.54 4 2.5 39. 02 4 2.3 43.90 
29 7 82 15 4.1 4 1.8 56.10 4 2.4 41. 46 4 2.3 43.90 
30 7 82 15 3.9 4 1. 7 56. 41 4 2.4 38.46 4 2.3 41.03 

1 8 82 15 5.0 4 2.0 60.00 4 2.4 52.00 4 2.3 54.00 
2 8 82 l 5 5.0 4 2.0 60.00 ,, 2.4 52.00 4 2.6 48.00 
3 8 82 15 5.0 4 2.1 58.00 4 2.7 46.00 4 2.8 44.00 
4 8 82 15 5.0 5 2.1 58.00 5 2.5 50.00 5 2.7 46.00 
5 B 82 15 4.8 5 Z.l 56.25 s 2.5 '•7 .92 5 2.8 41.b7 
6 8 82 15 5.2 5 2.2 57 .69 5 2.6 50.00 5 2.9 44.23 
8 8 82 15 4.8 5 1.9 60. 42 5 2.3 ~2. 08 5 2.6 45.83 
9 8 82 15 5.0 5 1.9 62.00 5 2.6 48.00 5 3.0 40.00 

10 8 82 15 4.8 5 2 .1 56.25 5 2.7 43.7') 5 3.1 35. 42 
11 a 82 15 5.6 6 2.2 60.71 6 2.7 51.79 6 3.0 46.43 
12 8 82 15 5.6 6 2.3 58.93 6 2.7 51.79 6 3.2 42 .86 
13 8 82 15 5.5 6 2.3 58.18 6 2.7 50.91 6 3.2 41.82 
16 8 82 15 5.1 6 1.8 64.7 l 6 2.4 52 .94 6 2.9 43.14 
18 8 82 15 5.0 7 2.0 60.00 7 2.7 46.00 7 3.2 36.00 
20 8 82 l~ 5.1 7 2. l 5R.82 7 2.8 45.10 7 3.3 35.29 
24 8 82 15 5.1 7 2.2 '6.86 7 2.9 43.14 7 3.4 33.33 
27 8 82 IS 5.2 8 2.0 61.54 8 2.7 48.08 8 3.4 34.62 
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Table G-1. Turbidity Data for Slow Sand Filtration, 
7/1981 - 1/1983 (page 5 of 5) 

FILTER NO.I (0.04 m/h) FlLTER N0.2 (0.12 m/h) FILTER N0.3 ( 0. 40 m/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERC~T 
DATE T~MP TURBIDITY DECKE ACE TURBIDITY RE~OVAL DF.CKI='. AC:t: TURBlDJTY RE~OVAL DECY.E ACE TURBIDI1i RE~OVAL 

DY MO YR ( C) (NTU) (WEEKS) (NTU) (%) (WEEKS) (NTU) (%) (WEEKS) (NTU) (%) 

31 8 82 15 5.5 8 3.8 30.91 8 3.3 40.00 8 4.5 18.18 
3 9 82 15 6.1, 3.4 46.87 9 3.6 43. 7 5 9 4.3 32.81 
7 9 82 15 6.5 9 3.2 50.77 9 3.8 41. 54 9 4.3 33.85 

10 9 82 15 6.7 10 2.9 56.72 10 3.6 46.27 10 4.5 32 .84 
13 9 82 15 6.7 10 2.8 58.21 10 3.6 46 .27 10 4.6 31.34 
16 9 82 15 6.9 11 2.8 59. 42 11 3.8 44.93 11 4.5 34. 78 
18 9 82 15 7.2 11 2.6 63.89 11 4.0 44.44 11 4. 7 34. 72 
21 9 82 15 7.5 11 2.7 64.00 11 4.1 45.JJ 11 4.6 38.67 
24 9 82 15 7.6 12 2.6 65.79 12 4.J 43.42 12 4.7 38.16 
28 9 82 l~ 9. (I 12 2.8 68.89 12 4.3 57 .22 12 4.2 53.JJ 
30 9 82 1 s 7.9 13 3.4 56 .96 13 4. 7 40.51 13 '•·6 41. 77 

1 10 82 15 6.9 13 3.7 46.38 13 4. 7 31.88 13 4.4 36.23 
2 10 82 15 7.2 13 3.8 47 .22 13 4.9 31.94 13 4.5 37.50 
4 lO 82 15 7.8 13 3.6 53.85 13 4.6 41. 03 13 4.1 47. 44 
6 10 82 15 7.4 14 3.7 50.00 14 4.5 39.19 14 J.9 47.JO 
7 10 82 15 7 .1 14 J.6 49.30 14 4.6 35.21 14 3.9 45.07 

l 0 l 0 82 15 7.1 14 3.7 47 .89 14 4. 7 33.80 14 J.8 . 46.48 
12 10 82 15 7.3 14 3.5 52.05 14 4.5 38.36 14 3.8 . 47 .95 
1410 82 15 8.0 15 3.6 55.00 15 4.6 42.50 15 J.8 52.50 
18 l 0 82 15 7.5 15 3.8 49.33 15 4.8 36.00 15 4.0 46.67 
20 10 82 15 7.8 16 3.8 51.28 16 4.8 38. 46 . 16 4.0 48.72 
21 10 82 15 7.8 16 4.4 43.59 16 5.4 30.77 16 4.6 41. OJ 
22 l 0 82 15 7.6 16 4.6 39. 47 16 5.6 26.32 16 4.8 36.84 
23 10 82 15 7.6 16 4.7 38.16 16 5.4 28.95 16 4.4 42.11 
24 10 82 15 7.6 16 4.5 40.79 16 5.6 26.32 16 4.7 38.16 
2 5 l ll 82 15 7.7 16 4.6 40.26 16 5.5 28.57 16 4.8 37.66 
26 l 0 82 15 8.4 16 4.9 41.67 16 5.7 32.14 16 4.9 41.67 
27 l 0 82 15 8.0 17 4.6 42.50 17 5.5 31.25 17 4.8 40.00 
28 10 82 15 8.1 17 4.5 44.44 17 5.6 30.86 17 4.9 39.51 
29 10 82 15 8.2 17 4.6 43.90 17 5.7 30.49 17 4.9 40.24 
30 10 82 15 8.3 17 4.5 45.78 17 5.9 28.92 17 4.9 40.96 
31 10 82 15 8.0 17 4.6 42.50 17 5.9 26.25 17 5.0 37.50 

2 11 82 15 7.8 18 4.7 39.74 18 6.1 21.79 18 5.0 35.90 
3 11 82 1.5 8.l 0 s.o 38.27 0 7.3 9.88 0 8.0 1.23 
4 11 82 15 8.1 0 5.2 35.80 0 7.8 3. 7 0 0 7.6 6.17 
5 11 82 15 8.9 0 5.8 34.83 0 7.8 12.36 0 7.9 11.24 
6 11 82 15 8.9 1 5.8 34.83 1 8.1 8.99 1 7.2 19.10 
7 11 82 15 9.1 ] 6.3 30.77 1 8.J 8.79 1 7.1 21.98 

12 11 82 15 10.9 0 8.1 25.69 0 15.5 -42.20 0 9.7 11. 01 
13 11 82 15 10.2 0 8.9 12.75 0 12 .9 -26. 47 0 10.0 1.96 
14 11 82 15 9.9 0 8.4 15.15 0 11.1 -12.12 0 9.5 4.04 
15 11 82 15 9.6 1 7.8 18.75 l 9.7 -1.04 1 8.8 8.33 
16 11 82 15 9.7 l 7.4 23.71 l 9.7 0.00 1 8.2 15. 46 
17 11 82 15 10.2 l 7.1 30.39 1 8.7 14. 71 l 7.8 23. 53 
18 11 82 15 9.5 1 6.7 29. 47 1 8.2 13.68 1 7.2 24.21 
19 11 82 15 10.4 1 6.2 40.38 1 7.8 25.00 l 6.6 36.54 
22 ll 82 15 9.7 2 5.4 44.33 2 7.7 20.62 2 5.9 39.18 
2 4 11 ~2 15 1o.0 2 5.1 49.00 2 7.7 23.00 2 6.0 40.00 
26 11 82 15 9.6 2 5.2 45.83 2 7.6 20.83 2 6.1 36. 46 
29 11 82 15 9.8 3 4.8 51.02 3 7.6 22.45 3 6.3 35.71 

1 12 82 15 l 0.1 3 4.5 55.45 3 7.6 24.75 3 6.3 37.62 
3 12 82 15 lo. 4 3 4.3 58.65 3 7.6 26.92 3 6.3 39.42 
7 12 82 15 1 o. i 0 14.5 -35. 51 4 4.8 55.14 
8 12 82 15 l 0.6 0 12.6 -18.87 4 4.6 56.60 
9 12 82 15 9.5 0 10.9 -14. 74 4 5.3 44.21 

l 0 12 82 15 9.5 l 10.8 -13.68 4 5.5 42.11 
11 12 82 15 9.8 1 12.3 -25.51 4 5.4 44.90 
12 12 82 1~ 9.8 l 12.9 -31.63 4 5. 7 41.84 
lf. ] 83 15 l C. l 0 l 0.8 -6.93 10 7.5 2 5. 7 4 
19 1 83 15 9.9 0 10.l -2. 02 10 7.9 20.20 
20 1 83 15 9.9 0 10.2 -3.03 10 7.9 20.20 
21 1 83 15 10. 0 1 9.2 8.00 10 7.6 24.00 
22 1 83 15 9.6 l .8.9 7 .29 10 7.3 23.96 
23 l 83 l 5 9.2 l 9.1 l. 09 10 7.4 19. 57 
24 1 83 15 9.7 l 8.9 8.2 5 11 7.4 23. 71 
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Table G-2. Statistical sumnary of turbidity data in Table G-1. 

Scope Calculation Filter 1 Filter 2 Filter 3 
(0.04 m/h) ( 0.12 m/h) ( O. 40 m/b) 

Number of samples 310 339 304 

Calculations Average influent turbidity 6.18 5.96 6.10 
include all data (NTU) 
in Table G-1 Average effluent turbidity 3.96 4.11 4.39 

(NTU) 
Average percent removal 35.88 30.98 27.93 

Number of samples 297 297 297 
Calculation• 
include only daya Average influent turbidity 6.01 6.01 6.01 
having data for (NTU) 
all three filters Average effluent turbidity 3.66 3.66 3.66 

(NTU) 
Average percent removal 39.18 32.14 27 .24 
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Table G-3. Turbidity data for Phase II slow sand filtration testing. 

FILTER 1 FILTER 2 FILTm 3 FILTER 4 FILTm 5 FIL~6 
(00Nl'ROL) <l/2 SAND Bf.D) ( QUDRINATf.D) (tul'RIENI'S ADDED) ( s0 c, I.AroE SAND) (5 Cl 

Dl\.YS OF IN FLU ENI' EFFLUENI' EFFT,UENI' EFFLUENI' EFFLUENI' EFFLUENr EFFLUE?-11' 
01\TE CDNl'UlJClJS SPC SPC SPC SPC SPC SPC SPC 

OPERATION rote. rote. REMJllAL rote. RJX)VAL CDOC. REMNAL rooc. REMJllAL rote. REMJ\TAL rote. REMJJJ\L 
MN DY YR (MYS) (00/lML) (00/lML) (%) (00/lML) (%) (00/lML) (\) (00/lML) (\) (00/lML) (\) (tD/lML) (\) 

2 9 83 I 
2 10 83 2 240 3345 -26983.33 3445 -27816.67 14500.0 5150.0 -500.00 330.0 -179.17 
2 11 83 3 1310 65000 -9441.98 67000 -8754.96 -307533.6 1440.0 -533.59 670.0 -16.79 
2 12 83 4 755 125000 -3105.30 116000 -284.11 4030000.0 -1489.40 8300.0 -32.45 1530.0 -47.68 
2 13 83 5 74 24200 -41927.02 2900 -31454.05 12000.0 -10710.81 1000.0 -2305.41 1115.0 -2359.46 
2 14 83 6 985 31100 -1752. 79 23350 -1158.88 8000.0 1780.0 -103.55 1820.0 -113.20 
2 15 83 7 3620 18250 -237.02 12400 -551.93 -319.89 2005.0 26.93 2100.0 38.40 
2 16 83 8 4000 12200 23600 15200.0 2645.0 2230.0 
2 17 83 9 
2 20 83 12 3850 29.87 32.47 6.49 66.49 -375.32 
2 21 83 13 365 2700 -664.38 2600 -1050.68 3600.0 -398.63 1290.0 -606.85 18300.0 -1395.89 
2 22 83 14 630 2790 -400.00 4200 -1622.22 1820.0 -376.19 2580.0 34.92 5460.0 -1685.71 
2 23 83 15 635 3150 .55 10850 -348.82 3000.0 -419.69 410.0 -189.76 11250.0 -366.14 
2 24 83 16 9650 1337 98.45 2850 96.68 3300.0 94.20 1840.0 98.24 2960.0 -41.97 
2 25 83 17 150 320 560.0 170.0 13700.0 
2 27 83 19 1015 -136.45 -81.77 .99 -92.12 -535.47 
2 28 83 20 395 2400 -234.18 1845 -494.94 2040.0 -127.85 1950.0 -307.59 6450.0 -203.80 rv 3 l 83 21 125 1320 -796.00 2350 -400.00 900.0 -172.00 1610.0 -688.00 1200.0 -5500.00 rv 

w 3 2 83 22 330 il20 -90.91 625 -59.09 340.0 34.85 985.0 -118.18 7000.0 -104.55 
3 3 83 23 131 630 11.45 525 -83.21 215.0 -83.21 720.0 -331.30 675.0 -640.46 
3 4 83 24 116 240 240.0 565.0 970.0 
3 6 83 26 600 .oo -93.33 -23.33 -83.33 -335.83 
3 7 83 27 43 1500 -7152.87 1160 60.92 740.0 -3371.26 1100.0 -1911.49 2615.0 -157 .47 
3 8 83 28 3045 3155 65.19 7900 64.53 1510.0 73.40 875.0 82.27 112.0 96.39 
3 9 83 29 135 1060 -803.70 1080 -207.41 810.0 -288.89 540.0 -137.04 110.0 -307 .41 
3 10 83 30 330 1220 -496.97 415 -131.82 525.0 -174.24 320.0 -127 .27 550.0 -137.88 
3 11 83 31 1970 765 905.0 750.0 785.0 
3 14 83 34 415 -204.82 -163.86 -15.66 1.20 -63.86 
3 15 83 35 945 1265 -10.05 1095 1.59 480.0 7.41 410.0 21.69 680.0 14.29 
3 16 83 36 975 1040 -53.85 930 -18.46 875.0 -81.03 740.0 29.23 810.0 5.13 
3 17 83 37 1500 1155 1765.0 690.0 925.0 
3 20 83 40 595 -78.99 -10.92 19.33 73.95 15.13 
3 21 83 41 830 1065 -26.51 660 2.41 480.0 -10.84 155.0 53.61 505.0 24.10 
3 22 83 42 9950 1050 90.80 810 93.52 920.0 96.13 385.0 94.97 630.0 93.77 
3 23 83 43 700 915 2.14 645 -22.86 385.0 90.00 500.0 79.29 620.0 60.00 
3 24 83 44 775 685 -45.81 860 .65 70.0 -222.58 145.0 54.84 280.0 60.00 
3 25 83 45 1130 770 2500.0 350.0 310.0 
3 27 83 47 850 11.18 27.65 40.59 48.82 40.00 
3 28 83 48 340 755 -76.47 615 -108.82 505.0 22.06 435.0 57.35 510.0 7.35 
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Table G-3. (continued) . 

(Q)NI'ROL) U/2 SAND BfD) (OJLORINATED) UUl'RIENI'S 1\DDID) <s0c, I.AR;E SJIJI>> CS°C> 
FILTER 1 FILTm 2 FILTER 3 FILTER 4 FILTER 5 FILTER 6 

DAYS OF rnFWENl' EFFLUENI' EFEUJENI' EFFWENI' EFF'LUENI' EFFWENT EFFWENI' 
DA.TE CDm'INUOOS SPC SPC SPC SPC SPC SPC SPC 

OPERJ\TION OONC. OONC. REKJ.11\L CIJNC. REMJVAL OONC. REM'.NAL OONC. REZ.VVAL Q)OC. RFXJ\/AL oooc. REr1JVAL 
MN DY YR (01\YS) (NJ/lML) (NJ/lML) (%) {00/lML) (%) (00/lML) (%) (00/lML) (%) (00/lML} (\) COO/lML) (%) 

3 29 83 49 600 710 265.0 145.0 315.0 
4 5 83 56 19200 96.56 95.73 47.92 96.41 82.29 87.SO 
4 6 B3 S7 1570 660 31.S3 820 13.38 10000.0 -1049.68 690.0 48.41 3400.0 -154.78 2400.0 -167.52 
4 7 83 58 1790 1075 67.04 1360 53.07 18050.0 -1257.54 810.0 82.96 4000.0 72.63 4200.0 60.89 
4 8 83 59 590 840 24300.0 305.0 490.0 700.0 
4 11 83 62 690 50.00 34.06 53.62 96.38 97.83 
4 12 83 63 775 345 46.45 455 40.65 320.0 24.52 25.0 85.81 15.0 92.26 
4 13 83 64 285 415 -43.86 460 -29.82 585.0 -163.16 110.0 82.46 60.0 75.44 
4 14 83 6S 410 370 750.0 50.0 70.0 
4 16 83 67 
4 21 83 72 
4 22 83 73 
4 25 83 76 1555 78.46 79.10 91.00 94.86 97.11 
4 26 83 77 1375 335 88.36 325 88.73 140.0 93.82 80.0 89.09 45.0 98.91 
4 27 83 78 2285 160 80.96 155 82.28 85.0 96.02 150.0. 95.49 15.0 98.56 
4 28 83 79 435 405 91.0 103.0 33.0 
5 3 83 84 
5 4 83 85 

N 5 15 83 96 
N 5 16 83 97 . 1460 64.73 54.45 51.37 78.77 85.27 93.84 
.{::I. 

5 17 83 98 755 515 48.34 665 19.21 710.0 -3.31 310.0 86.75 215.0 65.56 90.0 92.72 
5 18 83 99 840 390 2.98 610 25.00 780.0 -334.52 100.0 51.19 260.0 68.45 55.0 88.69 
5 19 83 100 965 815 98.45 630 93.78 3650.0 -184.97 410.0 97 .93 265.0 83.94 95.0 97.93 
5 20 83 101 15 60 2750.0 20.0 155.0 20.0 
5 23 83 104 1145 51.53 86.90 68.56 89.08 86.46 94.32 
5 24 83 105 820 555 -19.51 150 60.98 360.0 62.20 125.0 78.05 155.0 90.85 65.0 93.29 
5 25 83 106 390 980 -146.15 320 -19.23 310.0 -143.59 180.0 33.33 75.0 44.87 55.0 83.33 
5 26 83 107 670 960 -88.81 465 6.72 950.0 -474.63 260.0 48.51 215.0 89.55 65.0 63.43 
5 27 83 108 1265 625 3850.0 345.0 70.0 245.0 
5 30 83 111 680 14.71 55.88 85.29 69.85 92.65 94.85 
5 31 83 112 710 580 -35.92 300 42.96 100.0 -38.03 205.0 35.21 50.0 79.58 35.0 85.21 
6 l 83 113 630 965 -30.16 405 50.79 980.0 -134.92 460.0 33.33 145.0 89.68 105.0 94.44 
6 2 83 114 820 310 1480.0 420.0 65.0 35.0 
6 27 83 139 515 -73.79 -50.49 -1.94 50.49 17.48 59.22 
6 28 83 140 660 895 -47.73 775 31.82 525.0 -131.82 255.0 71.97 425.0 74.24 210.0 85.61 
6 29 83 141 655 975 -16.03 450 67.18 1530.0 -252.67 185.0 82.44 170.0 94.66 95.0 97.71 
6 30 83 142 420 760 -76.19 215 28.57 2310.0 -744.05 115.0 73.81 35.0 76.19 15.0 77.38 
7 1 83 143 740 300 3545.0 110.0 100.0 95.0 
7 4 83 146 224 -158.93 -31.70 75.45 28.57 73.21 77.68 
7 5 83 147 155 580 9.68 295 -45.16 55.0 -soo.oo 160.0 29.03 60.0 83.87 50.0 90.32 

( <DNI'ItllfD) 



Table G-3. (continued) . 

FILTffi l FILTm 2 FILTm 3 FILTER 4 FILTER 5 FILt;m 6 
( Q)Nl'RCL) <l/2 SAND BED) (OiLORINATED) (R.n'RIENI'S ADDED) <s0c, IJ\R3E S~) <5 C) 

Dt\YS OF IN FLU ENI' EFFLUENI' EFFLUENI' EFFLUml' EFFLUENI' EFFLUENl' EFFLUEHI' 
DATE a:>Nl'IM.JCXJS SPC SPC SPC SPC SPC SPC SPC 

OPERATION moc. moc. REKNAL moc. REMJl/AL a:>t-C. REMNAL CDOC. R.El.l[)VAL CDOC. REMJVAL rooc. RfMNAL 
t-N DY YR (Dt\i'S) Ol>/lMLl CID/lML) (%) (MJ/lML) (%) (MJ/lML) (\) (00/lML) (%) (MJ/lML) (%} (00/lMLl {%} 

7 6 83 148 150 140 -400.00 225 .oo 930.0 -1030.00 110.0 -396.67 25.0 60.00 15.0 46.67 
7 7 83 149 515 750 21.36 360 42.72 1695.0 -503.88 745.0 75.73 60.0 98.06 80.0 91.26 
1 8 83 150 405 295 3110.0 125.0 10.0 45.0 
7 11 83 153 3000 78.83 94.00 74.00 97.50 97.83 98.67 
1 12 83 154 280 635 88.21 180 48.21 780.0 -526.79 75.0 80.36 65.0 82.14 40.0 73.21 
7 13 83 155 190 33 -171.05 145 -13.16 1755.0 -125. 79 55.0 52.63 50.0 86.84 75.0 92.11 
7 14 83 156 160 515 -306.25 215 -53.13 429.0 -2612.50 90.0 -587.50 25.0 3.13 15.0 43.75 
7 15 83 157 490 650 245 4340.0 1100.0 155.0 90.0 
7 18 83 160 320 -84.38 31.25 73.44 40.63 32.81 48.44 
7 19 83 161 345 590 -71.01 220 23.19 85.0 .29 190.0 40.58 215.0 13.04 165.0 40.58 
7 20 83 162 340 590 -79.41 265 23.53 760.0 -344.12 205.0 83.82 300.0 70.59 205.0 83.82 
7 21 83 163 180 610 -163.89 260 -27.78 1510.0 3.33 55.0 2.78 100.0 -122.22 55.0 19.44 
7 22 83 164 130 475 230 174.0 175.0 400.0 145.0 
7 23 83 165 
7 24 83 166 350 -51.43 65.71 35.71 57.14 75.71 68.57 
7 25 83 167 307 530 -49.84 120 49.51 225.0 -183.39 150.0 70.68 85.0 75.57 110.0 73.94 

N 7' 26 83 168 325 460 .oo 155 44.62 870.0 -203.08 90.0 69.23 75.0 70.77 80.0 86.15 
N 7 27 83 169 485 715 7.22 180 84.54 985.0 51.55 100.0 79.38 95.0 94.85 45.0 90.72 
U1 7 28 83 170 205 450 -195.12 75 235.0 100.0 73.17 25.0 51.22 45.0 78.CS 

7 29 83 171 605 205 55.0 100.0 45.0 
8 l 83 174 290 -62.07 32.76 -56.90 70.69 .00 10.34 
8 2 83 175 365 470 1.37 195 58.90 455.0 -138.36 85.0 75.34 580.0 94.52 260.0 87.67 
8 3 83 176 320 360 -47.19 150 23.44 870.0 -307.81 90.0 78.13 20.0 60.94 45.0 79.69 
8 4 83 177 370 471 -10.81 245 52.70 1305.0 -1486.49 70.0 86.49 125.0 62.16 65.0 77.03 
a 5 83 178 410 175 5870.0 50.0 . 140.0 85.0 
8 8 83 181 1480 93.92 90.54 62.16 98.99 93.92 92.57 
8 9 83 182 1870 90 90.64 140 84.49 560.0 -31.55 15.0 98.66 90.0 78.61 110.0 95.19 
8 10 83 183 3760 175 89.63 290 92.82 2460.0 89.71 25.0 90.96 400.0 89.76 90.0 98.T/ 
8 11 83 184 1055 390 61.61 270 78.67 387.0 -144.55 340.0 72.04 385.0 55.92 65.0 86.26 
8 12 83 185 405 225 2580.0 295.0 465.0 145.0 



N 
N 
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Table G-4. statistical stmDary of standard plate ootmt bacteria data in Table G-3. 

Filter 1 Filter 2 Filter 3 Filter 4 

Ntlnber of Samples 80 80 42 78 
All Available Geanetric Average Influent 

Concentration CNo/mIJ 624 624 595 628 
Data Geanetric Average Effluent 

Concentration CNo/mL) 825 604 1075 352 

Average Percent Ranoval C %) -32 3 -80 44 

Nunber of Samples 24 24 23 24 
Established Geanetric Average Influent 

Concentration CNo/mL) 371 371 380 371 
~ration Geanetric Average Effluent 

Concentration CNo/mL) 524 240 719 156 

Average Percent Renova! C %) -41 35 -89 58 

Filter 5 Filter 6 

80 80 

624 624 

249 223 

60 64 

24 24 

371 371 

80 62 

78 83 



Table G-5. Turbidity data for Phase III slow sand filtration testing. 

FILTER l FILTm 2 FILTER 3 FILTER 4 FILTm 5 FILt;ER 6 
((DNI'R<L) <DE. <DATED) (SMALL SAfl>) ((DN.m(L) (l.ARJE SAND) (2 C} 

Dl\YS OF INFLUENI' EFFI.UENI' EFFI.UENl' EFFI.UENl' El:YLUENl' EFELUENI' EFFI.UENI' 
DM'E CDNI'IRJOOS SPC SPC SPC SPC SPC SPC SPC 

OPERATION <DOC. <DOC. REMJVAL <DOC. REMJV'AL <DOC. REHN AL oooc. R.EMJllAL <DOC. REMJVAL <DOC. IIDDl/AL 
MN DY YR (Dl\YS} (ID/lML} (00/lML} (%} (ID/lML} (%) (00/lML) (%) (00/lML) (%) (rollML) cu (ID/lML) (%) 

8 15 83 188 1080 81.94 41.20 70.00 88.89 94.72 94.44 
8 16 83 189 1360 195 90.81 635 69.49 324.0 44.85 120.0 98.16 57.0 91.18 60.0 96.32 
8 17 83 190 835 125 71.86 415 -65.27 750.0 -101.80 25.0 83.23 120.0 50.90 50.0 92.22 
8 18 83 191 235 1380 1685.0 140.0 410.0 65.0 
8 22 83 195 1085 86.64 86.18 16.59 88.02 89.86 95.39 
8 23 83 196 99 145 -71.72 150 9.09 905.0 -187.88 130.0 -11.11 110.0 -218.18 50.0 54.55 
8 24 83 197 720 170 80.56 90 76.39 285.0 -1.39 110.0 85.42 315.0 84.03 45.0 90.97 
8 25 83 198 140 170 730.0 105.0 115.0 65.0 
8 29 83 202 790 96.84 91.14 48.10 84.18 87.97 93.04 
8 30 83 203 990 25 88.89 70 80.81 410.0 41.92 125.0 86.36 95.0 89.70 55.0 93.43 
9 1 83 204 110 190 575.0 135.0 102.0 65.0 
9 5 83 208 1025 91.71 91.71 77.07 95.61 93.17 95.61 
9 6 83 209 795 85 85.79 85 80.88 235.0 62.89 45.0 90.57 70.0 81.76 45.0 90.31 
9 7 83 210 790 113 152 295.0 75.0 145.0 77.0 
9 26 83 229 3140 95.86 94.43 84.08 96.50 95.22 99.17 
9 27 83 230 1225 130 88.49 175 90.20 500.0 62.86 110.0 86.29 150.0 84.98 26.0 95.10 
9 28 83 231 1085 141 96.31 120 97.05 45~.o 68.66 168.0 92.63 184.0 72.35 60.0 97.05 

(\J 9 29 83 232 40 32 340.0 80.0 300.0 32.0 (\J 9 30 83 233 ....,] 
10 11 83 245 365 72.33 79.45 15.07 75.89 24.11 92.05 
10 12 83 246 584 101 80.48 75 72.09 310.0 41.95 88.0 32.53 T/7.0 52.05 29.0 91.61 
10 13 83 247 415 114 75.66 163 77.11 339.0 28.67 394.0 31.08 280.0 69.40 49.0 88.92 
10 14 83 248 268 101 69.78 95 64.93 296.0 -42.16 286.0 -35.07 127.0 -2.61 46.0 95.52 
10 15 83 249 172 81 59.30 94 79.65 381.0 -116.28 362.0 48.84 275.0 -44.19 12.0 90.12 
10 16 83 250 118 70 27.12 35 29.66 372.0 -196.61 88.0 -191.53 248.0 -129.66 17.0 81.36 
10 17 83 251 120 86 83 350.0 344.0 271.0 22.0 
10 26 83 260 96 10.42 60.42 -168.75 -19. 79 -243.75 79.17 
10 27 83 261 56 86 38 258.0 115.0 330.0 20.0 
11 5 83 270 8 -1293.26 -1091.01 -3225.84 -1877.53 -3641.57 -23 .60 
11 6 83 271 67 124 14.93 106 16.42 296.0 -273.13 176.0 -113.43 333.0 -232.84 11.0 91.04 
11 7 83 T/2 418 57 63.64 56 80.62 250.0 -36.36 143.0 44.02 223.0 2.39 6.0 95.69 
11 8 83 273 93 152 -58.06 81 -13.98 570.0 -345.16 234.0 -193.55 408.0 -220.43 18.0 89.25 
11 9 83 274 62 147 -27.42 106 53.23 414.0 -153.23 273.0 -88.71 298.0 -208.06 10.0 93.55 
11 10 83 275 52 79 29 157.0 117.0 191.0 4.0 
11 13 83 278 13 -515.38 -3315.38 -1984.62 -2769.23 -46.15 
11 14 83 279 13 80 -384.62 444.0 -3407.69 271.0 -1569.23 373.0 -1830.77 19.0 
11 15 83 280 8 63 -1250.00 456.0 -5925.00 217.0 -2875.00 251.0 -3300.00 13.0 -112.50 
11 16 83 281 7 108 -2714.29 482.0 -5728.57 238.0 -4128.57 272.0 -5357 .14 17.0 -157 .14 
11 17 83 282 7 197 -1585.71 408.0 296.0 -3871.43 382.0 -5085.71 18.0 -142.86 
11 18 83 283 7 118 -1257 .14 278.0 -2971.43 363.0 -4028.57 17.0 -171.43 
( CDNI' HUED) 



Table G-5. (continued). 

FILTER l FILTI:ll 2 FILTm 3 FILTER 4 r'ILTI:ll 5 FILTffi 6 
(O)t{['R(L) (DE. CDATl:D) (SMALL SAND) (OONI'ROL) (LARGE SAND) <2°C> 

DAYS OF INFLDENI' EFfl..UENl' EFFLUENI' EFFLUEm' EFFLUENr EFfl..UENl' EFFLUEt-."'I' 
DA.TE roNrill.JaJS SPC SPC SPC SPC SPC SPC SPC 

OPERATION CDOC. moc. REMJIJAL CDOC. RF.MJITAL moc. REMJITAL CDOC. REMJllAL <DOC. REMJllAL moc. REM:NAL 
MN DY YR (DAYS) (00/lML) {ID/lML) (%) (ID/lML) (\) CM>/lML) (%) CW/lML) (%) <W/lML> (%) (Nl/lHL> (\) 

11 19 83 284 5 95 -1580.00 215.0 -4280.00 289.0 -6000.00 19.0 -300.00 
11 20 83 285 4 84 -3000.00 219.0 -7025.00 305.0 -8100.00 20.0 -275.00 
11 21 83 286 173500 124 99.82 98.39 285.0 99.89 328.0 99.77 15.0 71.18 
11 22 83 287 205000 315 99.76 2800.0 98.24 195.0 99.76 405.0 99.61 50000.0 89.35 
11 23 83 288 630000 500 99.95 3600.0 99.66 485.0 99.90 805.0 99.86 21830.0 89.44 
11 24 83 289 525000 300 99.94 2160.0 99.64 620.0 99.94 885.0 99.82 665CO.O 93.90 
11 25 83 290 130000 315 99.60 1900.0 97.15 310.0 99.64 970.0 99.46 32000.0 46.54 
11 26 83 291 108000 520 99.84 3700.0 99.25 470.0 99.82 700.0 99.66 69500.0 87.45 
11 Z7 83 292 1385000 175 99.97 810.0 99.91 195.0 99.98 370.0 99.94 13550.0 93.21 
ll 28 83 293 1510000 410 99.87 1280.0 99.86 325.0 99.97 795.0 99.77 94000.0 96.36 
11 29 83 294 1145000 1910 99.95 2100.0 99.76 510.0 99.95 3535.0 99.76 55000.0 92.62 
11 30 83 295 1310000 580 99.93 2800.0 99.84 575.0 99.96 2785.0 99.77 84500.0 96.37 
12 1 83 296 870 2050.0 495.0 2985.0 47500.0 
12 14 83 309 115 -5.65 8.70 20.00 -24.35 76.96 
12 15 83 310 101 121 -16.26 105.0 -52.71 92.0 -6.40 143.0 -74.88 26.5 49.26 
12 16 83 311 201 118 49.25 155.0 54.23 108.0 42.04 177.5 51.5 68.91 

f\,) 12 17 83 312 121 102 16.12 92.0 -17.36 116.5 -7.02 201.0 -62.81 62.5 64.46 
f\,) 12 18 83 313 143 101 26.57 142.0 27.97 129.5 33.22 197.0 :...35 43.0 76.92 co 12 19 83 314 89 105 12.85 103.0 -29.05 95.5 -11. 73 143.5 -35.20 33.0 71.51 

12 20 83 315 114 18 31.00 115.5 -4.37 100.0 9.17 121.0 1.75 25.5 85.15 
12 21 83 316 87 79 6.32 119.S -41.38 104.0 -16.09 112.5 -31.61 17.0 73.56 
12 22 83 317 125 81 8.76 123.0 3.19 101.0 1.99 114.S -31.87 23.0 65.74 
12 23 83 318 114 121.s 123.0 165.S 43.0 
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Table G-6. Statistical sumnacy of turbidity data in Table G-5. 

Filter 1 Filter 2 

Nt.mber of Samples 44 17 
All Available Geatetric Average Influent 

O:mamtration (No/ml) 7.2 7.8 
Data Geanetric Average Effluent 

Conamtration (No/ml) 6.3 6.4 

Average Percent Renova! < %) 12.2 18.0 

Nt.mber of Samples 9 7 
Established Geanetric Average Influent 

Concentration (No/ml) 5.3 7.4 
Op!ration Geanetric Average Effluent 

Concentration (No/ml) 4.5 6.7 

Average Percent Renewal ( %) 15.8 9.1 

Filter 3 Filter 4 Filter 5 Filter 6 

43 44 44 44 

1.2 7.2 7.2 1.2 

9.0 6.7 6.2 6.1 

-25.8 6.7 12.8 14.2 

9 9 9 9 

5.3 5.3 5.3 5.3 

4.5 5.3 4.7 4.2 

15.4 0.6 11.6 21.4 



APPENDIX H 

Particle Count Data for Slow Sand Filtration 
2/1982 - 6/1982 

Table H-1 contains the results of partical counting for the period 
February 1982 to June 1982. Particle counting was oone with a Coulter 
Counter, l«>del TA II. '!he operating protocol for this instrument is given in 
Appendix N. Table H-1 sh<Ms the influent and effluent particle data, as in 
Tables A-1, A-2, and A-3, Appendix A, as well as daily ran.oval percentages. 
These rsnovals have been calculated using the influent value f ran the 
previous day to acoount for residence time in the filter. 

Table·e-2 is a statistical suunaty of the particle count data of Table 
H-1. It contains the total nllnber of sample analyzed, the average influent 
and effluent particle concentrations, and the average renoval percentage 
achieved by each filter. 
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Table H-1. Particle count data for slow sana·filtration, 2/1982 - 6/1982 
(IJ'.ge l of l). 

FILTER NO.l (0.04111/h) FILTER NO .2 ( 0.12 m/h) FILTER N0,3 (0,40 111/h) 

INFLUENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- EFFLUENT PERCENT SCHMUTZ- F.FFLUf)IT PERCEHT 
DATE !!"' PARTICLES DECIO: AGE PARTJ CLES kF.HOV AL Df<;CK& AGE PARTlCl.E.'i 1u;HoVAJ. DF.C:KF. AGE PARTlCl.F.S U:MOVAI. 

DY MO Yl ( C) (N0/ 1 OMJ.) (WEEKS) (N0/10ML) (%) (WEEKS) (N0/ 10.U.) (%) (WEEKS) (NO/ l OHL) C:'O 

26 2 82 5 1769. 0 
27 2 82 5 16 09. 0 0 112.0 93,67 0 290.0 83.61 0 151. 0 91."' 
28 2 82 5 1720.0 0 208.0 87 .07 0 89.0 94. 47 0 116.0 92. 79 

1 3 82 5 1 2'52 .o 85.35 1 81.0 95.29 1 41.0 97.62 
2 3 82 5 922.0 
3 3 82 5 831.0 112.0 87.85 43.0 95.34 64.0 93.06 

18 3 82 15 1294;0 
19 3 82 15 40506.0 3 308.0 76.20 3 88.0 9;3.20 3 31.0 97 .60 
20 3 82 15 12591. 0 3 100.0 99.75 3 38.0 99.91 3 40.0 99.90 
21 3 82 15 7975.0 3 206.0 98.36 3 60.0 99.52 3 58.0 99.54 
22 3 82 15 553.0 4 109.0 98.63 4 15.0 99.06 4 54.0 99.32 
23 3 82 15 62.0 4 104.0 81.19 4 55.0 90.05 4 329.0 40.51 

l 4 82 5 5811.0 
2 4 82 5 1500.0 5 241. 0 95.85 5 135.0 97.68 5 63.0 98.92 
3 4 82 5 1697. 0 5 172 .o 88.53 5 86.0 94.27 5 61.0 95.93 
4 4 82 5 
5 4 82 5 198.0 6 70.0 6 31.0 6 30.0 
6 4 82 5 6 90.0 54.55 6 74.0 62.63 6 47.0 76.26 

27 5 82 5 1150.0 13 662.0 13 226.0 3 553.0 
28 5 82 5 935.0 13 314.0 72.70 13 48.0 95.83 3 440.0 61.74 

2 6 82 15 l lil2. 0 14 535.0' 14 44QZ .o 4 472.0 
7 6 82 15 "26.0 0 261.0 0 276.0 0 137 .o 

10 6 82 15 "22.0 1 186.0 1 78.0 l 172.0 
21 6 82 15 497.0 2 584.0 2 85.0 2 200.0 

NOTE: REMOVALS ARE CALCULATED WITH THE INFLUmtT FROM THE PREVIOUS DAY TO ACCOUNT FOR R!Sil>mtCE TIME IN THE FILTER 
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Table H-2. statistical smunary of i;article count data in Table H-1. 

Calculation 

Number of samples 

Average influent cone. 
(no./ 1 Oml) 

Average effluent cone. 
(no./lOml) 

Average percent removal 

Filter 1 
( o. 04 m/h) 

13 

6013. 5 

179.l 

97 .02 

Filter 2 Filter 3 
( 0.12 m/h) (0.40 m/h) 

13 13 

6013. 5 6 013. 5 

89. 4 115. 0 

98.51 98.09 

Note: Data was available for all three filters every day that particle 
counting was performed, therefore, only one method of 
calculation was necessary. 
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APPENDIX I 

Grai;ilical Operating Histories for Tanperature, 
Headloss, and Hydraulic Loading Rate 

7/1981 - 1/1983 

'!be nine figures that follow oontain grapucal histories of }Wdraulic 
loading rate, temperature, and headloss. 'lbese figures can be cross­
referenced by cate with an;y of the tables in Appendices A-H. 'Ihey are 
arranged by filter m.mber and i;hase_, with graJ;ils for filters 1, 2, and 3 of 
Ihase I given first. 'Ihe gra:r;ils for the six :Alase II and Phase III are given 
next. 
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Figure I-1. Graphical operating history of temperature, headless and 
hydraulic loading rate for Filter 1 Phase I operation. 
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Figure I-2. Graphical operating history of temperature, headloss and 
hydraulic loading rate for Filter 2 Phase I operation. 
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Figure I-3. Gra~ical operating history of temperature, headloss and 
hydraulic loading rate for Filter 3 Phase I operation. 
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Figure I-4. Graphical operating history of temperature, headloss and 
hydraulic loading rate for Filter 1 Phase II and Phase III 
operation. 
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Figure I-5. Graphical operating history of temperature, headloss and 
hydraulic loading rate for Filter 2 Phase II and Phase III 
operation. 
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Figure I-7. Graphical operating history of temperature, headloss and 
hydraulic loading rate for Filter 4 Phase II and Phase III 
operation. 
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Figure I-8. Graphical operating history of tenperature, headloss and 
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APPENDIX J 

Quality O:>ntrol ll:lta Sheets 

'lbe following ex>ntains samples of the data sheets used for .quality 
oontrol. Included are punp calibration curves for the FMI and the March 
piston pumps, standardization foons for pressure gauges, tenperaure gauges, 
mercury thermaneters, incubators and turbidity meters. 
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Figure J-1. Calibration curve for Fluid Metering Inc. Pump, Model 
RPO. 
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Figure J-2. calibration curve for March Piston Pump, Model 212. 
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Figure J-3. calibration curve for March Piston Pump, Model 210-lOR. 
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Table J-1. Pressure gauge standarization data sheet. 

PRESSURE GAGE 

STANDARDIZATION SHEET 

Manufacturer ____ l/\_Ji-=6.;;;;-·_f..;;;5;,_.5:--_______ _ 

Model No. C--73 ?o - Z-L-

Serial No. I 

Manometer Readings 
Date Gage Pressure 

(PSIG) cm Hg Pressure equiv. 

b- Z...?.) I 4, 3 {), 8 
0> -z..:~ S' 24-.7 4.B 
~ -i--~ /0 ~-r. 7 /o, o 

Take at least 3 different pressure readings during 
each standardization. 
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Table J-2. Dial thermometer standarization data sheet. 

DlAL THERMOMETER STANDARDIZATION 

Dial Thermometer 
Serial No. ___ /..;.0...-../ ___ _ 

Standardization Thermometer 
Standardization Dial Thermometer 

Date Temp. (°C) Temp.(°C) Serial No. Model No. 

7/8 0 0 s-
l!3. 1-1 Sa rtf(I e,.,." .,_ 
c.S -a/')zf 1)-e 
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Table J-3. Mercury thermaneter standarization data sheet. 

MERCURY THERMOMETER REFERENCE 

Reference Thermometer 

Serial No. __ 7_.8..;..J.'/__..7;...:l~.:".?111..----

Thermometer Difference in 
Reference and Thermometer 

Date Serial No. Model No. Values (± °C) 

7-30- ~' I 
vwK. + I I) .,f 'I tk. +. "-/ vf 2n,_ -./11/ /....1,../,/. _.,,,_,R 
~w(. 

I 

7-~o- Pi/ 2 / "'· 1L-'7i"I& -r I ,,, /. '"''! .,. L/ ,, / 7~ .,.... -.Jn/ , 
7 ... -u, - Jll/ -~ 

V""'R.. 
/.J/11~ - 0'/0 +I~ <f~'°"' +_ 9,,,12t1•r.: .J. ,/,,./ 

7-·M-/3/ '-/ 
Vwil. 

"1 J . .t::° ,,,/"//)"I" ..,. /. !) ,,; 7t' "/ 4,, L i" i-P - t::>'I l'J + 

7- "2''°' - PI ,r:;-
t::llSn,,,..~r-

5 · Al"\2//)-P - . 1 .. .1 I/~';, y. jn/20'r . tl'J ... /. . 
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Table J-4. National Bureau of Standards calibration certi­
ficate. 

WALTER H. KESSLER COMPANY. INC. 

THl!AMOMt:Tt!RS 

ON••SIXTY HICKS STRe•T • Wl!STOURV, LONG ISL.ANO, Nt:W YORK• 518 EDGIEWOOO ••4084 

MANUFACTURERS CERTIFICATE OF CALIBRATION 
This is t<l certify that the in51rumenc li5ted belt'I"'-' hns been te5ted in our temperature calibration laboratory 

in accordance ""'ith the lntesc procedures in lhe finelil constant temperature equipment availal'lle. against 
Nacional Bureau of Standards ccrrificd master standards. 

Fisher Scientific Co Certifiecl for: _______________________________________ _ 

Thermometer -1/SlC in 0.1° Div totalimm 
Detcription=----------------------------------------

784 715 April 20, 1978 lutrv1tient S•riol No.------------ Dot• C•rtifi•d: _________________ _ 

Rcadin9 of Thi• lnsttumenl Ruding oE N.B.S. St1nd1rd 
(True T empereture) 

+O.OlC o.ooc 

9.98C 10.00C 

20.0lC 20.ooc 

30.00C 30.00C 

40.00C 40.00C 

50.04C so.ooc 

The taflulatt:"d rea<linµs apply pro\'idcd 1hc i1.:c·point reading lal..en after C:\posure for not less than .) 
d:iys 10 a 1cmpcrn1urc of alwur 2Y' C 177• Fl is +O. OlC . If the ice·pmnt readin~ is found 10 he 
hi,!!her tor lowerl than state<.!. all other readings will l:te higher 1or lowerl hy 1he same amount. 

Serial .!ii Test numhers of National Ourcau of Standards certified insrrumenrs referenced in certification 
of rhe thermometer Iii.red atim·e: 

NBS Standard 09762 

NBS Test No 187318 

WALTER H. KESSLER COMPANY. INC. 

t2C.=;f 
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Table J-5. F.quipnent operation record data sheet. 

EQUIPMENT OPERATION RECORD l 

Instrument 1rt'µ b a.. -/mr Mode I No. (,, 
·----

Date I I Time I 1 Tempera tu re I I Desired 
Temperature 

DY I I MO I IYR I I HR I lttN I I CC) ("C} 

Serial No. /(Q,1 

I I Desired I Pressure I Pressure 
(PSIG) (PSIG) 

+-+-·-...-.+-t-·-+- - - --~-f-1--1-l~L--

• . - " -- -L.f-1-1--1--J-l-1-

' -- -•ttIJit: 

- - • •. . - L- -R 
·~~+-+-·++4-+• -

I 

- 11m----~-·--......-·+-·- - _.j__ l-J-1 



Table J-6. Turbidity neter sta.ndarization data sheet. 

TURBIDITI METER STANDAROIZATION * 
Instrument HfAc.h Hodel No. Serial No. __ _ 

I 
r---

I I [Heter Rca~ing 
--- l 

Date Time ·Reference Stnndartl Meter Rending 
-...... -............. ... __ 

Value I !Prior to Adjustment After Adjustment 
DY m YR HR MN (N1'U) I (NTU) (NTU) 
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APPENDIX K 

GIJ\RPIA CYST PROOJREMEN'J.', ANALYSIS AND DETECl'ION LIMITS 

This api;endix oontains infoIIDation on procurerent of Giardia cysts, 
including processing of the fecal samples obtained, sampling efficiency ~ 
me:nbrane filtration, techniques for processing samples:,washed fran membrane 
filters for microsoopic oounting, detection limits, and an overall disaission 
of sample processing and cyst oounting. '!be naterial was based U:EX>n the work 
of Dr. Olarles Hibler and was written mostly by Dr. Hibler, with i;x>rtions 
written by Dr. w. D. Bella11¥ <e.g. the i;x>rtion on <Etection limits, with 
editing by the authors. 

PROCtJREMENl' OF GIARDIA CYSTS 

securing Giar<Ua Q{sts 

Giardia cysts were obtaned f ran fecal samples of infected dogs. 
Positive Giardia samples camr:mly appear as soft to water:y stools but noonal, 
firm stool.a should not be excluded as p:>ssibilities. Puppies about six weeks 
old are the best source but older dogs, bitches, and kennel dogs break 
frequently. 

Fecal samples were oollected in baggies and securely closed with twist­
tie tyi;e closures. Samples were labeled with the i:;en m:mber, dog nunber, 
etc. for future reference and notifying appropriate i:;ersonnel of the 
results. '!be samples were placed in a oooler with ice and transp:>rted to the 
laboratory. 

The sources of fecal samples were: 

Cl) CliRL - Collaborative Radiological Health Latorator:y 

FOothills Campus - Beagle Colony 
call Esther 491-8522 ext 29 for clothes in wanen locker 

Jim Winic 49208522 for information on puppy liters 
Cage, births, breeding, etc.) 

( 2) Hunane SOCiety for Larimer Q:>unty 

6317 Kyle Ave., Fort Collins 226-3647 
Collect at 7:30 am (before cage cleaning) 

1:00 pn (after feeding) 
call before collecting to alert staff 
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C 3) vet. Teaching Hospital 

Parasitology Lab 491-7101 ext 233 
Glenda Taton (Parasite Lab Tech). will collect 

heavy infected samples 

(4) Oncology - Vet. Teaching Hospital 

Oncology 491-7101 
call Dee or Sharon or Dr. Gillette 
'!hey use beagles f ran OIRL which break with 

Giardia when moved to the vet. Hospital 

Preparing QTsts for Experimentation 

In the latx>ratocy, zinc flotations were performed on each fecal sample 
to check for the presence of Giardia cysts. This procedure is &scribed 
bel<:M. If cysts were presented, the sampleCs> were weighed and added to an 
aiual aroount of cool distilled water. 'lhe sample was then mixed thoroughly 
to break ap:s.rt any aggregates. 

If the sample appears extrenely dirt¥ it may be filtered through cheese 
cloth or gauze or the solution may be mixed thoroughly, quickly allowed to 
settle, p:>ured into another oontainer and the sediment discarded. Fach of 
these procedures will, hc:Mever, resW.t in the loss of sane cysts. Cyst 
samples and suspmsions were refrigerated at all times. 

Cyst I&ntif ication--
The zinc flotation procedure was used to ascertain the presence of cysts 

in fecal samples. '!he pro~ure is described foll<Ming. A fecal sample 
aJ:out the size of a pea is placed in a centrigue tube, 5 to 6 drops of 
Lugol' s Iodine is added to the sample and is mixed well. Fill the tube half 
way with zinc sulfate solution Cspgr 1.18 or 1.20) and mix well. Fill the 
tube with more solution until the meniscus buldges and affix a coverslip. 
Place the tube in the centrifuge and tap the coverslip with a pencil end to 
form a secure b:>nd. *If the coverslip is not firmly in place it will cane 
off during centrifugation and the procedure will have to be repeated. *The 
coverslip must always be handled by its edge as body oils will prevent 
attachment of the cysts to its surface. ~ntrifuge the samples at 1500 rpn 
for 5 minutes. Renove the coverslip and place on a glass slide. Examine the 
coverslip for Giardia at lOOx magnification. 

Labelling and storing Q{st SUspensions 

Jars containing suspensions of concentrated cysts were labelled with the 
date and the mmber of cysts per ml. '!he sample should be counted at least 
every 3rd day and before used in experiments to ensure accurate counts and 
cyst condition. 
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Q,!St Counting Technig,ues Obtained from Membrane Filter Salqpling 

'!here are two techniques used to process a sample obtained f ran membrane 
filtering to ooncentrate the cysts for oounting. 'lhese are: 1) Stoll 
dilution, and 2) micropipette. For a sample with a large nunber of cysts, 
i.e. a fecal suspension, the Stoll technique is usually used. For a sample 
with a l<ltl cyst I,X>pulation, the micropipette technique usually is used. '!he 
zinc flotation technique was used for the first six slow sand filter test 
runs (see report by Be.llanrf, et al., 1984) and for identifying cysts in fecal 
samples. 

stoll Dilution Technique--
The procedure for the Stoll dilution technique is ~scribed as follows. 

Add 3 ml LUgol's Iodine to a Stoll flask and fill the flask to the 56 ml mark 
with oool distilled water. Mix the fecal susp:msion well and renove 4 ml 
liquid. Add the 4 ml to the flask and shake thoroughly. A O. 075 ml aliquot 
is ranoved via ,micropipette and is placed in a vaseline well. A coverslip is 
affixed and the mmber of cysts oounted at 400x. '!he total nunber seen on 
one slip is multiplied by 200 to give the total mmber per ml sample. A 
minimun of 2 coverslips should be read and averaged. 

Micropipette Technique for Samples f ran Experimentation--
'lbe procedure for the micropipette technique is ~scribed as follcws. 

Samples in mason jars under ice will arrive at the laboratory and must sit 
overnight to al.low settling of the cysts and debris. '!be follcwing day the 
samples are pipetted down to appr<;>ximately 200 ml liquid without disturbing 
the sediment. After the excess water is renoved, mix the sample well and 
p:>ur in a 50 ml oonical centrifuge tube. Centrifuge for 5 minutes at 1500 
rpn. Pipette off the supernant to ab:>ut 5 mls and repeat the procedure until 
all the sample has been ooncentrated to l ml and the sample jar rinsed well 
with distilled water. '!he final volune of the ooncentrate will ~pend on the 
amount of debris present in the sample. 

To al ml ooncentrate add 5 to 6 mls Lugol's Iodine and to a 5 ml sample 
add 10 to 15 mls Iodine. Mix the sample thoroughly and renove a 0 .050 ml 
aliquot via micropipette. Place in a vaseline- well, affix coverslip, and 
scan entire slip at 400x. Note the characteristics of the debris present 
(protozoa, amoq:hous, fungal bodies, etc.> and count the nunber of cysts if 
any. If cysts are seen a minimum of two aliquots are oounted and averaged. 

To calculate the nunber of cysts present in the entire sample the m:rnber 
is multiplied by its corresI,X>nding dilution factor, i.e. 

a 1 ml ooncentrate is multiplied by 20 

a 5 ml oonoentrate is multi plied by 100 

and a 10 ml oonoentrate is multiplied by 200 
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All results are recorded and reported on the standard forms, e.g. 
Figure K-l. Information which must be included is: date, infonnation 
incl.uaad on the sample label, initials of the analyst, counts of duplicate 
sample readings, final cyst nunber reported and the observations of the 
debris appearance. 

Reagents and SUp,plies 

Lugol Iodine 

l 000 ml warm distilled water 
100 gm Potassiun Iodine 
50 gm Iodine 

Mix till Iodine ccystals are in solution. Store in dark bottle -
light will deactivate the solution. 

ZnS04 Solution 

2-3 gallons distilled water 
3 kg or 1-6.6 lb jar of ZnSO crystals 
Mix till crystals are in sol~tion, place hydraneter into solution 
to read specific gravity. Keep adding ZnS04 till a specific 
gravity of 1.18 or 1.20 is reached. Store in one gallon glass 
jars. 

Coverslips 

VWR Micro cover glasses l ounce 
cat No. 48366-227 
22 x 22 mn No. l l/ 2 

Slides 

Scientific Products Micro Slides 
Plain Pre-cleaned 
1.2 mn thick Size 3 x 1 inch 
cat No. M6130 

Micro-pi~tte Tips 

Micro-selectai;:ette pipette tips 
Siliconized - For - micro - pipetting 
50-75-100 u1 250 pipettes 
Clay Adams Re-order No. 4711 
cat No. 53517-423 VWR 
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MEftBRANE REXDlERY EFFICIENCY 

Giardia cysts sampling of filter influent and of filter effluent streams 
were obtained by the use of ·s micrareter pore size Nucleopore R 
i:x>lycarlxmate menbrane filters. '!be filters used with the laboratory-scale 
pilot plant were 142 mm dianeter, while 293 mm diarreter filters were u5ed wth 
the field-scale pilot plant. Questions a.rout the recovery efficiency of this 
techn.igue was addressed in brief experinents and is described here. 

Recovery Efficiency of 5 wn Pore Size. 142 nm Polycarbonate 
Membrane Filtera 

Several tests were conducted by Dr • .Hibler to determine the Giardia cyst 
recovery efficiency of the membrane filters. Table K-1 smmarizes the test 
results. 

'!he tests were conducted to determine if there was a difference in 
recooecy resulting fran different cyst source or resulting fran different 
sampling techniques. Tests 1 and 2 in Table K-1 compued different cyst 
sources and Tests 2 and 3 canpared differences in sampling technjques, i.e., 
punping the sample through the membrane filter or sucking the sample through. 

'lhese results datc>nstrate that the variation in recooery of Giaraia 
cysts is a function of the cysts and not the sampling techniques. Test 1 
results range from 36 to 54 percent and average 44 percent. Test 2 results 
<using a different source of cysts) produced reoovery results ranging fran 74 
to 89 percent and averaged 79 percent. This deronstrated the marked effect 
the cyst source has on recovery. Olnpuing Test 2 at 79 percent recovery to 
Test 3 at 81 percent recooery deronstrates the minor variation caused by 
different sampling techniques. 

Tests which complement these rsults are those which are performed 
routinely on the filter feed tank during Giardia cyst test runs. Table K-2 
sunmarizes the recovery information developed during the slow sand filter 
tests <see Bellaiey", et al. 1984) • Each of these tests represents a different 
cyst source. Again large variations in reoovery, i.e., 18 to 80 percent 
result when different cysts sources were tested, thus oonfinning the 
dependence of recovery on the "state" of the cyst. 

'!be "state" of the cyst and its resultant behavior during the sampling 
procedure is probably dependent on a nunber of factors. But, based on our 
observations and Dr. Hibler' s experience, the two roost api;arent factors are: 
l> the source of the cyst, and 2) the age of the cyst. 

Based on these results it became api;arent that the menbrane recooery 
factor should be determined for each test run and that an average recovery 
for all test runs should not be used. When a me:nbrane recooecy factor for a 
particular run caIUlOt 1::e calculated, e.g., no influent sample was taken, an 
average f ran similar tests has been used. 
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Table K-1. cyst concentration l::!t' membrane filter sampling canpared cyst concentration 
in source tank as detellllined l::!t' grab sample. Analysis l::!t' micropipette 
technique for both sampling methods. Tests oonructed in laboratocy of Dr. 
Charles Hibler, July 1982. 

cyst Concentration 
cyst Concentration Resulting fran 

Test Coooition Based Up>n Given Test Condition 
and Technique Run Nunber Grab Sample of Tank in the First Colunn Recovecy 

Ccvsts/liter> Ccvsts/liter > (%) 

1. cysts ooncentrated 1 3,333 1,200 36 
with a pump and 2 3,333 1,800 54 
membrane filter 3 3,333 1,500 45 
(cyst batch 1) 4 3,333 1,300 39 

5 3,333 1,550 46 

Average 3,333 1,470 -4-

2. cysts ooncentrated 1 35,00 25,000 71 
with a pump and 2 35,000 30,000 86 
manbrane filter 3 35,000 27,000 77 
(cyst batch 2) 4 35,000 26,000 74 

5 35,000 31,000 89 
Average 3S,OOO 27,800 -79 

3. cysts ooncentrated l 35,000 26,000 74 
with a menbrane 2 35,000 31,000 89 
filter and vacuum, 3 35,000 28,000 80 
i.e., no pump Average 3S,OOO 28,300 ar-Ccvst batch 2) 
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Table K-2. canparison of cyst recovered by sampling milk cooler feed tank water using 
menbrane filters with cyst concentrations in tank as canputed after adding 
cyst concentrate suspension. Analyses perfonned during slow sand filter 
experiments. 

Cyst Concentration 
Determined by 

Slow Sand 
cyst Concentration1 SUbsampling the 

Filter Filter Feed Tank Membrane Filter 
Run Number in Filter Feed Tank with a Me!Dbrane Filter2 Percent Recoverv 

48 420 196.8 46.8 
60 500 399.3 79.9 
66 50 35.8 71.7 
69 50 31.3 62.6 
75 50 15.9 31.8 
81 50 32.2 64.3 
87 1,000 183.8 18.4 
90 1,000 221.0 22.1 

1rach of these results are the average of 3 to 6 analyses performed on a cyst concen­
trate of liquefied cbg feces which is added to the filter feed tank on a batch basis. 
Q{st concentraton Equals a nunber of cysts in ooncentrate sus~sion divided by 
volt.Ille of water in tank. 

2rach of these results are the average of 4 to 11 analyses. '!'he samples are ooncen­
trated with a menbrane filter. 



'!be mathematical determination of the membrane recovery factor is: 

100 x (detected cyst oonc.)/Cknonwn ("added"> cyst oonc.> 

'!he k.n0t1n ("added") cyst concentration is determined by analyzing a cyst 
oonoentration, i.e., l.iquified dog feces, numerous times, then adding the 
ooncentrate to the batch filter feed tank. '!he ooncentration in the tank is 
then calculated by the appropriate dilution factor. '!be "dete~ed" cyst 
ooncentration is then determined by analyzing a sample fran the filter feed 
tank. 'Ibis sample is ooncentrated with a membrane filter thus allowing for 
the membrane recovery calculation. '!be membrane filter recovery efficiencies 
given in '!able K-2 were cetemtined this way. 

Passage of Q{st Through Membrane Filter 

A 5-liter gl~s container was filled with 4 liters of water. '!he water 
was oooled to 5 C and d:>g feces oontaining Giardia cysts were added to the 
oontainer. '!be feces added contained a sufficient nllllber of cysts to bring 
the cyst oonoentration up to 2500 ell. One liter of the mixture was then 
filtered through a 5 .tW pore size polycarbonate membrane filter. 'lhe 
filtrate was oollected in two 500 ml flasks. 

'!here were no Giardia cysts found in either of the filtrate flasks. '!he 
entire sample vollllle was ooncentrated and analyzed ~ zinc flotation. 

aetention of cysts on SUrface of Membrane Filter After Washing 

A portion of the membrane filter used in the above experiment, 
approximately the area of one cover slip, was exanined microsoopically after 
it had been washed; no cysts were seen on the membrane filter. A similar but 
more in-depth exanination was performed by Luchtel. et al. (1980). This 
analysis also showed that very few cysts were retained ~ the membrane filter 
after washing. 

IETECI'ION LIMIT DETERMINATIONS 

'!here are two detection limit calculations used for this 
experinentation: l> for each individual micropipette analyses, and 2) for an 
average detection limit when nunerous samples are being considered. E:ach of 
these methods are discussed below. 

Micropipette Detection Limit 

The micropipette method of analysis begins by ooncentrating a sample to 
one milliliter. In other words all the cysts present in the sample are 
ooncentrated to the 1 ml volune. A 0.05 ml Cl/20 ml> aliquot is then taken 
and microsoopically exanined. This means that if there is only one cyst 
present in the l ml sample concentrate, there is l/20 chance that it will be 
withdra3wn in the O .05 ml aliquot. 'Ibis acoounts for the first cetection 
limit factor of: (20) /CNUnber of aliquots examined). In other words, 20 
cysts must be present in the l ml, and uniformly distributed, to be sure that 
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one cyst will be withdrawn by one aliquot. If the sample filtered is 100 
liters, the cetection limit is 20/100, or 0 .20 cysts/liter. '!he total 
detection limit for a sample on a per liter basis is then calculated 1¥: 

[(20)/Nunber of aliquotsl/[(Fractional. menbrane filter 
recovery efficiency) (liters of sample concentrated)] 

'Ibis a;iuation accounts for the analysis dilution, the menbrane filter 
recovery, and the size of sample. .For example: 

Sample size = 100 liters 
Membrane recovecy efficiency = 45% 
One aliquot analyzed 
Detection limit= [ (20/1)]/[(0.45> (100)] = 0.44 cyst/liter 

Zinc SUlfate Detection Limit 

The zinc float method of analysis is characterized by microscopically 
examining the entire sample for Giardia cysts. '!here is no· dilution factor 
associated with this analysis technique. It did becane app:trent when 
canparing this technique to the micropi~tte technique that it resulted in 
cyst counts of approximately 20 percent less than the micropipette method. 
C.Onsa;iuently, the detection limit for zinc float analyses on a per liter 
basis is calculated 1¥: 

Cl)/[(0.80) (Fractional Membrane Recovery) 
(liters of sample cone.)] 

This calculation accounts for the 80 percent recovery by zinc flotation, the 
rnenbrane filter recovery and the size of sample. For example 

sample size = 50 liters 
Manbrane recovery = 35% 
Detection limit= l/[(0.80) C0.35) (50)] = 0.07 cysts/liter 

Average Detection Limit 

'!he average detection 1 imit is used when more than one analysis has been 
performed for a test run. Rather than ptwsically canbining all of the 
samples into one oontainer and performing one analysis, each sample was 
analyzed separately and then the results were mathanatically canbined. This 
leads to s1 ightly different results but ooth results are val id. '!he 
mathanatical. approach requires an averaging of detection limits since 
individual detection 1 ilnits are not suitable for mu! tiple analyses of the 
sane source. For example, a single source of water is analyzed 100 times for 
ooliforrns and none are fotmd in arw of the 100 ml samples. '!he true test 
accuracy is not dE!IOnstrated by reporting the individual test <Etection 
limits, i.e. that the source has less than one colifonn per 100 ml, when in 
fact 10 liters of sample were analyzed and no colifonns were found. 
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'!he individual eetection limit for Giardia analyses is based on the 
probability of finding one cyst. This can be understood by envisioning the 
analysis of a thousand l ml samples, each having one cyst in then. If one 
0.05 ml aliquot is taken fran each sample and exanined it will be <Eteonined, 
after completing all of the analyses, that there is a one in twenty chance 
of finding a cyst. 'lhe cetection limit- for each analyses was 20/l ml or the 
inverse of the probability of finding one cyst, i.e. 1/20. '.Ibis factor of 20 
is the multiplication factor already discussed~ 

Since the cetection limits are the inverse of the probabiltes of finding 
a cyst it is then appropriate to apply probabilty calculations to multiply 
analyses when cetermining the oombined cetection limit. 'lhe following 
calculations cescribe the analysis: 

P = Probability of finding one cyst 

N = Nl.lnber of tests 

Cl-P) = Probability of not finding a cyst 

Cl-P>N = Probability of not finding a cyst in N samples 

1-Cl-P)N = Probability of finding a cyst in N samples 

11 [1-Cl-P)N] = Detection limit for N tests, i.e. inverse 
of probability of finding a cyst 

For example, assune 5 samples were collected with an average .membrane 
recovecy factor of 50 percent and that each sample was concentrated f ran 10 
liters. 

Individual cetection limits = (20 cysts/l aliquot)/(0.5, 
menbrane recovery factor> = 40 cysts 
Conly one aliquot was analyzed) 

Individual probability of cetecting one cysts = 1/40 

Average cetection limit for the 5 tests = l/ [l-Cl-1/40) 51 
= 8.41 cysts 

Average <Etection limit per liter = 8.41/10 = 0.841 cysts/liter 

As an alternative the 5 samples in the above example could have been 
p~sically canbined and the <Etection limit would have been: 

Individual cetection limit = (20/1) /0.5 = 40 cysts 
Conly one aliquot was analyzed) 

Individual cetection limit per liter = 40 cysts/SO liter 
= 0.8 cysts/liter 
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'Ibis result, as expected, is sanewhat lower than the mathenatical 
canbination, but for each technique the detection limit is valid. 

Detection limits in this report can be for individual analyses or an 
average for a test run; each is applied to its specific case. An. average 
detection limit is not applied to an individual analysis. 

Omclusions 

'!be cx>lmting and sampling experiments oonducted in July, August and 
Septenber of 1982 cy- Dr. c. Hibler, established that the micropi~tte 
technique is the most suitable technique for this work. Different samples 
f ran the same suspension, different replicates of the sample, and three 
persons counting resulted in a maximum difference between &'¥ two counts of 
only about fifteen peroont. Although there is no sust:ension of knam cyst 
ooncentration to use for a standard, it is believed that the counts cy- this 
technique represent the Giardia cyst :fX>pulation in the sample oounted. 

On sampling efficiency, the use of the 5 J.lill p:>re size, 142 nm 
:fX)lycarlx>nate manbrane filter represents the best state-of-the-art on 
sampling at this time. sampling efficiency of the pump menbrane filter 
system was determined to be primarily dependent on the source and age of 
cysts being used for a p:u:ticular e~riment. 'Ibis discovery resulted in the 
detennination of .a cyst recovery factor fran the membrane filters on a test 
run cy- test basis. 

GIAIIDIA QUANTIFICATION TRIALS 

'!his section describes the preliminary Giardia analytical evaluations 
perfo:cmed ~ Charles P. Hibler, O:msetta M. Helmick and D:mna G. Howell. '!be 
purpose was to develop an accurate and reliable means for quantifying cysts 
of Giardia. 

Introduction 

Accurate quantification for eggs, larvae and cysts of parasitic 
organisns is extrenely difficult because :t:arasites do not produce eggs and 
larvae continuously, nor Cb the cyst-producing forms of protozoan :t:arasites 
encyst Cor produce cysts, depending on the species> on a oontinuous basis. 
For example, examination of nunerous dogs clinically infected with giardiasis 
has revealed that cyst production <cysts in feces) may vary fran extremely 
low mmbers in a fecal sample taken in the morning, to extremely high nunters 
in a sample taken at noon: results are inoonsistent and vary fran hour to 
hour and day to day. Diarrhea causes dilution, resulting in inaccuracy t¥­
sane techniques, and canpaction also results in inaccuracy. Moreover, cyst 
mmbers in one ix>rtion of the fecal mass often are much higher Cor lower> 
than tlx>se in another portion. Thus, unlike bacteria which fra:;iuently 
oontinue to multiply as they p;iss the digestive systan, and can be cultured 
to obtain accurate counts, uniform mixing of eggs, larvae or cysts does not 
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occur; nor <bes multiplication ocair in the intestinal contents. 
Quantification of eggs, larvae and cysts necessitates visualization of the 
orga.nis:n. Needless to say, experience is a factor, fatigue is a factor, and 
technique is a factor. If thorough mixing Ck>es not occur, or if sampling 
techniques are p:><>r, inconsistent, or sloPP.f, the em result is highly 
variable data. 

Parasitologists use two types of techniques for reporting presence or 
absence of parasites in blood, urine or stool specinens: Cl> qualitative, 
and (2) quantitative. '!he rea.son for both qualitative and quantitative 
techniques is that the presence of parasites in pets and/or htJnans indicates 
treatment is necessary; hOW'ever, since most cbrnestic rl.lninants and horses, as 
well as wild species, hartx>r a f&1 p:irasites, econanics enter into the 
decision. Irrespective of the technique used, the factors given in the 
preceding paragra{il must be taken into consideration. ftt>reover, 
qualifications and experience of the p:t.rasitologist in diagnosing parasitis:n 
and recognition of a given technique• s limitations are additional factors to 
be oonsidered. Although the author has had 20 years experience diagnosing 
all of the knOW'n typas of parasites of man and animals, I will confine I1!f 
remarks to techniques employed for Gianiia. 

Qualitative techniques (hopefully> reveal to the parasitologist the 
presence or absence of parasitic infection. 'lb.ere are a nunber of 
qualitative techniques purported to be effective in diagnosing Giardia; 
however, the actual nunber of techniqes suitable for this purpose are 
limited. '!he di.rect s:near, the Willis technique Cand a nyriad of 
m.Xlifications on the market, m:>st of which are made to sell rather than 
diagnose), the foonalin-ether sedimentation technique Cfoonalin-et:t¥1 
acetate>, and the ZnS04 centrifugal-flotation techniques are those generally 
anployed. 

'!he direct snear, although with obvious limitations, c:bes have a place 
and can be effectively used by experienced parasitologists, especially when 
seeking cysts or trop:iozoites fran clinical cases of parasitisn if the sample 
is extranely fresh. ftt>reover, since sane pa.rasi tic organisns do not encyst 
and are too fragile for any flotation technique, CTrichoronas>, it is the 
only .means available. '!he direct snear should not, when negative, be used as 
the only diagnostic criterion when seeking cysts, eggs, or larvae. 

'!he Willis technique and its maey modifications (Fecalyzer, OVassay, 
etc.) employ Mgso4, Na.Cl, NaNOu or sucrose. 'lhese generally are 
oonoentrated to a specific gravity- of 1.20 to 1.30 (depending upon the 
chanical) to "float" eggs, larvae and cysts to the surface of a vial, 
centrifuge tube, etc. 'Ibey often are allOW'ed to attach to a microscope 
slide, a coverslip or, alternatively a bacterial loop is used to sample for 
the presence of orga.nisns in the meniscus. unfortunately, the chemicals 
generally used will destroy the fragile cysts of the species of Gianlia found 
in most of the animals of interest <dog, cat, man, beaver, nuskrat, etc.). 
Even if the specific gravity is reduced to 1.17 or 1.18, the gre.<ilt majority 
of cysts are <Est.rayed. HOW'ever, if the "overlay" technique is used with 
sucrose at a specific gravity of 1.13 then cyst destruction in minimal. 
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'!be formalin-ethyl acetate sedimentation technique is widely employed ~ 
medical technologists, using the excuse that since schistosane eggs are too 
heavy to float, a sedimentation technique must be employed in the interest of 
accuracy. '!be author is not aware of lUll cases of schistosaniasis occurring 
among native Americans who have not left the United States; the i;arasite ooes 
not occur in the oontiguous 48 states. An advantage of formalin-et}¥! 
acetate is that preservation maintains cysts, eggs, larvae and tro};ilozoites 
of parasites for extended periods of time, facilitating shipnent to a 
laboratocy for diagnosis. '!Wo disadvantages are inherent: Cl) The technique 
does not selectively ooncentrate anything, for 90 percent of the material 
placed in the centrifuge tube is present in the centrifugate; and (2) Cysts 
of GianUa will not maintain for more than two weeks in formalin. '!hereafter 
they disa~ar (cysts probably rupture, although reason says they should not 
oo so in this preservative>. 'lherefore, it must be oonsidered that if only a 
few cysts are present they would be difficult to find in the centrifugate, 
due either to the lack of selective ooncentration or because they possibly 
will have ruptured before examination was initiated. Nevertheless, in the 
hands of an experienced parasitologist this is a valuable tool; time 
oonslliling, but valuable. 

Experienced parasitologists working with Giardia have stated, on 
n1.1nerous occasions and in a oonsiderable mmber of publications, that the 
ZnS04 centrifugal-flotation technique is the only reliable concentration 
techiiique available for qualitative examination of stool samples. ZnSO is 
used as a si:ecific gravity of 1.18 when examining fresh (unpreserved) samiles 
and at a specific gravity of 1.20 when exanining formalin-fixed specimens. 
'!he advantages of ZnSO are that you obtain a selective ooncentration of 
cysts at the meniscus 1or on a covers! ip) • A disadvantage is that some cysts 
are trapped in the fecal mass, or oo not attach to the coverslip. 'Ibis is 
not a severe disadvantage and does not effect reliability of the method. 
Another disadvantage is that formalin-fixed cysts Cif examined before they 
rupture) are heavier Cnore dense?) than fresh cysts and oo not float as well. 
Recently, we have discovered a third disadvantage: when cysts are maintained 
in water for extended periods of time (several weeks) Cis this a mature 
cyst?), while viable and infective, either rupture in ZnS04, or Cas with 
formalin) become heavier and fail to float welb· R?ssibly the cyst becomes 
more fragile, even when maintained in water at 5 c, over an extended period 
of time. HQtlever, in the authors Climited) experience, they simply oo not 
float, indicating that density has increased. Mixing fresh stool specimens 
with water (highly diluted specimen), centrifuging and ranoving the 
supernatant, follQtled ~ ZnS04 centrifugal flotation, gives a more accurate 
estimation of the nunber Of cysts Cin this case, per milliliter of 
suspension) than the exanination of the fonned stool specimen - providing the 
si:ecimen is fresh and providing the covers! ip is not "greasy." Covers! ips 
marketed ~ sane manufacturers are "greasy" and cysts, eggs, etc., oo not 
attach well. Even though this technique (diluting the si:ecimen with water) 
approaches quantitative pro~ures (essentially identical with the modified 
Stoll technique) it is at best 80 percent accurate in the hands of an 
experienced parasitologist and much less accurate when cbne ~ inexperienced 
i;arasitologists who are not aware of the limitations of the technique. 
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'!be ZnSO centrifugal-flotation technique, although adnittedly 
qualitative, ii'd not aca.irate, provides .the ~ means .Qf selective 
separation .Qf cysts f ran the dirt, debris, plant material, algae, diatans, 
pollen, nematode eggs and larvae, crustaceans and their eggs, arthrop:>d 
parts, and the nyriads of protozoa, etc., found in surface waters that are 
sources of cbnestic supply. Currently this is the only means to detemine if 
Giardia cysts are present, and in what relative nunbers, in raN water or 
finished water. When the concentration of cysts is very low (often 1-5 
cysts/gallon) any other analytical systen currently available would be like 
looking for the prO\Terbial needle in a haystack! Indeed, in the examination 
of raw or finished water obtained during epidenics of giardiasis, any 
procedure other than the selective concentration technique would be an 
exercise in futility because when you have 8, 16, or 32 water filters to be 
examined and the ~partment of Health begging for results, there are not 
enough experienced ~ple in the United States to provide the an&Wer. 
'lherefore, the state-of-the-art in the real world is that in surface water 
there are nyriads of organisns, together with Giardia and selective 
concentration is the only reliable means of separation of the cysts fran 
other organisns. In fact, this investigator could care less whether Giardia 
is or is not present: if organisns the size of Cor larger than) Giardia are 
present in the rCM water, and these same organisns Cin about the same 
quantity) are present in the finished water, then the systen is at risk. '!he 
znao4 centrifugal-flotation technique is an ideal and very quick method to 
tell the ~partment of Health and/or water treatment operator that their 
filtration and/or treatment systen is not ranoving particulate matter the 
size of or larger than Giardia. 'Iherefore, the systan is at risk if Giarciia 
is introduced into the water supply. 

Parasitologists have used, fran time to time, a mmber of quantitative 
techn:iques: Cl> McMaster <:bunting <llamber; (2) Whitlock Paracytaneter; (3) 
Stoll Dilution Technique; and (4) Modified Stoll Dilution Technique for the 
recovex:y of eggs, larvae, and cysts. Reamtly investigators working with 
Giardia have initiated the use of tjle henacytaneter as well as the direct 
counting procedure Cuse of a calibrated micropi~tte) • All of these 
procedures are simply IOOdifications of similar techniques. All have 
advantages (depending on the i;arasite and the host> and all have 
disadvantages: inaca.irate mixing, inaccurate sampling, inexperienced 
parasitologists, and inexperience llitb .the parasite .the individual .is. 
counting can result in highly variable data. An excellent example is 
Giardia. In any given sample sane of the cysts are fresh and "plump," the 
rnoqtiology is excellent; sane of the cysts are not fresh, and are not 
"plump," rather thE¥ are distorted (dying or dead). Oler time Ca short 
period of time!) a cead or dying cyst may not be recognized by the 
parasitologist. When using a quantitative (dilution) technique, irrespective 
of what has been diluted (erythrocytes, leukocytes, or Giardia cysts) , 
missing a few can result in highly variable data. Moreover, since Giardia 
cysts are not readily visualized without sane fom of stain Ce.g., Lugol' s 
Iodine), then overstaining, understaining, or the lgQk ..Qf e~rience 
necessary to realize that live, dying, and &ad cysts .all stain differently 
will result in variable data. 
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'!he technique develop:Kl l:!r' Stoll rEqui res the use of a s~cial 
(Erlermeyer> flask marked at 56 milliliters and at 60 milliliters. Fluid 
(generally water> is added to the 56 milliliter mark and sufficient fecal 
matter added Ccetemined by Stoll to be 2 grams> to bring the material to the 
60 milliliter mark. '!his is thoroughly shaken and a 0.075 or a 0.10 
milliliter sample renoved, the eggs, larvae or cysts oounted and multiplied 
~ 200 or 100, respectively, to obtain orga.nisns/gram. Since the Stoll 
technique is essentially a 1:15 dilution, addition of 4 milliliters of 
sus~nson provides the parasitologist with the nunber of 
orga.nisns/milliliter. A modification of this techn:ique is to mix the sample 
in the flask with a solution of high s:r;ecific gravity . CMgS04 ~ NaCl, etc.>, 
mix, ranove a s:r:ecif ic amount, add to a centrifuge tube, atfix a ooverslip 
and amtrifuge. '!he coverslip is renoved and the organisns counted. '!he 
problems inherent in the modification of the Stoll technique are the same as 
the ZnS04 centrigual flotation technique. 

'!be Mc.Master O>unting Chamber, and the Whitlock Paracytaneter are 
specially manufactured slides oontaining coverslips (calibrated) pennanently 
affixed. '!be Chamber Cor well) for these techniques (similar to the 
herocytaneter) are oonstructed to hold a specific volume of fluid (such as 
the che:nicals of high s~cific gravity previously mentioned). '!he s~cimen 
is mixed with the fluid, pi:r:etted into the Chamber, and the orgaisms allowed 
to float. '!be disadvantages· are that they might not float or, as is the case 
with Giardia, flotation occurs very slowly. 'lbose that float immediately 
(being closer to the surface) distort and becane unrecognizable, only to sink 
before the remainder have floated. 'lberefore, the disadvantages of these two 
techniques make then essentially of no value for collllting Giardia and will 
not be oonsidered further. 

While the henacytaneter api;ears to be a likely candidate for oounting 
Giardia cysts, and will be evalua.ted, there are several inherent 
disadvantages that perhaps bear discussion at this p:>int. '!he henacytaneter 
was designed for oounting blood cells; oonsEGuently, the vol1.1ne of l:iquid 
held in the chamber is extrenely snall. If the nunber of ·cysts in the sample 
are not in sufficient concentration (such as might be anticip:ited with 
erythrocytes and/or leukocytes) to provide accurate results, the end result 
is highly variable &ta. Moreover, in the authors experience, nost 
p:irasitologists d> not realize that the cysts of Giardia are quite beav.y. 
'Ihe simple act of mixing a diluted sample, pi~tting this sample, and then 
transferring a snall portion to the hanacytaneter chaml:er generally results 
in inordinately high oounts because the cysts settle just enough to affect 
the results. Moreover, oonsidering once again the volt:me of the dlamter, 
extrenely low cyst nt.Jnbers result in inordinately low oounts. 

Since quantitative procedures have not been develoi;:ed or evaluated for 
Giar<lia, and because evalua.tion of experimental filtration and/or treatment 
systems for ranoval of Giardia necessitate reliable and accurate oounting 
procedures, the purp:>se of this experiment is to develop accurate procedures 
and evaluate their reliability when :r;erformed ~· experienced parasitologists. 
Since all quantitative procedures offering any ho:pe of accuracy" and 
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reliability are dilution procedures, the techniques to be evaluated are: Cl) 
stoll Technique; (2) Micropi{2tte Technique; and (3) Henacytareter Technique. 

f\aterials and Methods 

source of Giardia--
A large amount of feces was collected fran four dogs, each with clinical 

giardiasis, and the fecal matter mixed with distilled water. 'lhe water bevel 
was adjusted to 2 liters of suspension. '!his was then refrigerated at S c. 

Holding vat--
A 40 liter tank was filled to the 38 liter level with tap water, the 

chlorine allowed to evaporate for 1 day, and the vat then refrigerated until 
the water temperature became s0c. 
Techniques--

As indicated in the introductory remarks, all of the techniques to te 
evaluated are essentially dilution techniques, irrespective of their name. 
Sinoe Giardia cysts must oo stained to facilitate visualization, LUgol 's 
Iodine was used for this puqx>se. Needless to say, this necessitated a 
oonsiderable amount of enperical experimentation to determine the best 
procedure for staining cysts without interfering with accuracy, reliability, 
or causing undue distortion, overstaining, or understaining that would 
likewise affect accuracy and reliablity. Ultimately it was detemined that a 
concentrated solution of Lugol's Iodine Cparasitologists use many different 
modifications of this stain) must be added prior to aey attenpt at counting. 

For any given suspension of material. another factor needed to be 
considered: the aroount of organic material present which could interfer with 
accuracy. If too much organic &bris is present, and too many cysts t:er 
field, microscope fatigue quickly intervenes resulting in inaccuracies 
affecting the reliability. 

MicropiJ;ette--
A calibrated micropipette manufactured ~ Clay Adams, with calibrations 

of o.os, 0.07S ad 0.10 milliliters CSilioone coated glass piJ;ettes #4711> 
here used throughout for both micropipette (MP) and Stoll dilution technique 
(SD)• 

With the MP technique, one milliliter samples were obtained after Y!f:J:::/. 
thorough mixing, oonamtrated iodine ad&d, and a O .OS ml sample withdrawn. 
'Ibis sample was introduced into a vaseline well, a coverslip affixed, and the 
oounts performed. '!he number of cysts oounted, for the 1 ml sample, was 
multiplied ~ 20 to obtain cysts/ml. 

If the amount of organic debris, and the nunber of cysts, was too 
concentrated for accuracy, an additional 4 ml of water was added, making a 
1: S dilution. A O .OS ml sample ranoved {as before) and the nunber of cyst 
multiplied by 100 to obtain cysts/ml. If the material was still too d:nse, 
the sample was diluted to 1:10, a O.OS ml sample renoved and the nunber of 
cysts multiplied by 200 to obtain cysts/ml. If further dilution was 
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necessacy, either the SD technique (see 001.ow) was employed or the original 
susp:msion was diluted. 

Stoll Dilution Technique--
Iodine was added to a Stoll flask Cin about the same prop:>rtion as with 

the MP technique) and the flask filled to the 56 ml mark with distilled 
water. 'lb this was added eoough sus~nsion (4 ml) to bring the volune to 60 
ml. This was thoroughly shaken, and a 0. 075 ml sample renoved, introduced 
into a vaseline well, a coverslip affixed and the nunber of cysts oounted 
multiplied by 200 to obtain cysts/ml. 

Initial Counting--
'lhe 2 liter suspmsion of fecal material was counted ~ the MP and SD 

techniques before addition to the 38 liters of water. '!he results were 
{expressed is cysts/ml): 

MP {1:10 dilution> 
24,600 
25,000 
.25., .4.0.0. 

Average 25,000 

SD Cl:l5 dilution> 
24,400 
25,200 
.25.,J.O.O. 
25,000 

'!he 2 liters of susp:msion, when added to the 38 liters of water {1:20 
dilution> should provide 50,000,000 cysts in 40,000 ml of water or 1,250 
cysts/ml. After gddition of the 2 liters of suspmsion, the vat was 
maintained at 5 c. Before renov ing samples for analysis the vat was 
tOOroughl,,y stirred with a large, flat piddle Cl2 inches wide) for 1.5-2.0 
minutes. A 1 ml sample was obtained for use with the MP technjque, and a 4 
ml sample for the SD technique. Counting of cysts were ~rformed at 450x for 
evaluation. 

Results 

Micropipette--
Counting by the MP technique was performed at 1:1 and 1:5. All oounting 

was performed at 450x. '1.WO {replicates) readings were performed on each 
sample. '!he results with 1: 1 dilution are tabulated. 

cam:ents--
Direct MP oounting at 1:1 is an extremely effective, but very time 

oonsuning procedure, primarily because of the axrount of organic material 
present. With sane water, which contains a oonsiderable amount of algae, 
diatans, pollen, protozoa, etc., it is even more time oonsuning and requires 
about 1 hour to Cb a thorough count. An individual can oount about 3 samples 
before the fatigue factor causes data to becane variable. 
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Table K-3. Giardia cysts oounted cy- three individuals using the micropipette 
technique at 1:1 dilution. 

Individual #1 Individual #2 Individual #3 
Sample l 1180 1140 640 

Rep 1180 1160 1680 
Sample 2 1240 1120 1100 

Rep 1240 1160 1080 
Sample 3 1300 1160 1000 

Rep 1160 1100 940 
Sample 4 1340 1160 1000 

Rep 1160 ll2.0. lliO. 
Sample 5 1320 Average 1140 Average 1073 

Rep .llB.O. 
Averaqe 1230 

Table K-4. Giardia cysts counted cy- three individuals using the micropipette 
technjque at 1:5 dilution. 

Individual #1 Individual #2 Individual #3 
Sample #1 

Replicate 1300 1000 1100 
Replicate 1100 1200 900 
Replicate 1200 1400 1100 
Replicate .l.4.0.0. ll.0.0. l.0.00 
Average 1250 1175 1025 

Sample #2 
Replicate 1200 1000 1400 
Replicate 1400 1100 1200 
Replicate 1100 1200 1200 
Replicate ll..0..0. .l.4.0.0. llO.O. 
Average 1200 1200 1250 

Sample #3 
Replicate 1500 1200 1400 
Replicate 1100 1100 1100 
Replicate 1100 1300 1400 
Replicate .l.2.0.0. .l.4.0.0. .l.4.0.0. 
Averaqe 1225 1250 1325 

Sample i4 
Replicate 1200 1200 
Replicate 1200 1100 
Replicate 1400 1300 
Replicate ll..0..0. ll.0.0. 
Average 1225 1175 
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Dilution of the sample to 1:5 resulted in less debris, rEquired less 
time and the fatigue factor was lower. 

Individuals #1 and #2 are more experienced than individuals #3; 
moreover, i3 had another assigrment and often several days would pass between 
the examination of samples. She oommented that becoming accustaned to 
looking for cysts after a 2-3 ~s break fran the routine was difficult. 

'!be results, with l: l or l: 5, are extrenely oonsistent. As might be 
expected, there appears to be as nuch variation between individuals as within 
individuals. 

When very little organic debris was present, oounting at lOOx was 
p:>ssible, however, the individuals discovered that cysts were often missed 
causing the data to be variable.· A recount at 450x in variable resuled in 
more accuracy. 

stoll Dilution-
'lhis is essentially the same techniques as the MP, rut the dilution 

factor is 1:15, a rather dilute solution of material. 

Omnents--
Counting cysts ~ the SD technique is not as fatiguing, nor is it as 

time oonsuning as the MP technique, primarily because of the dilution factor 
of 1:15; however, accuracy was dependent upon a sufficient nunber of 
replicates to obtain a g:>od average. As to be expected, oonsiderable 
variation oca.irred within and between individuals. SUbsa;iuen:t trials by the 
author, reducing . the nunber of cysts (further dilution of the vat sample to 
an estimated 625 cysts/ml) resulted in even more variation; however, 
ooncentration of the vat sample to 2500 cysts/ml indicated that variation in 
oounts was reduced. Tests (replicates) similar to those above were not 
perfooned, but it stands to reason that increasing the n\Jllber of cysts Cup to 
a J,X>int!) would increase sampling aca.iracy, while further dilution would 
decrease the accuracy. 

Considerable tine (2 weeks) had elapsed before individual #3 completed 
her sample #3. 
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Table K-5. Giardia cysts counted by three individuals using the Stoll 
techn.ique. 

Individual #1 Individual #2 Individual #3 
Sample #1 

Replicate 1200 1400 1800 
Repl ic.ate 1800 1200 
Replicate 800 1400 1600 
Replicate 2200 1800 
Replicate .l.0.0.0. l.4.0.0.. l6.0.0. 
Averaqe 1300 1560 1550 

Sample #2 
Replicate 1000 1400 1800 
Replicate 1600 1200 1200 
Replicate 1400 1400 1200 
Replicate 1400 1400 1200 
Replicate .o.s.c.o. l.4.0.0.. lO.Q.Q 

Averaae 1240 1360 1280 
Sample #3 

Replicate 1400 1600 1000 
Replicate 2200 1800 1000 
Replicate 800 1400 1000 
Replicate 1000 1200 1000 
Replicate .l.0.0.0. 12.0.0. 12.0.0. 
Average 1280 1440 1040 

*Cysts were old and had begun to rupture or die. 

Henacytaneter--
Ini ti ally a l: 5 dilution of the vat sample (250 cysts/ml) was examined 

with the he:nacytaneter; h<JWever, after repeated samples, no cysts were 
obtained; therefore, a direct examination of the vat sample (1250 cysts/ml) 
was attenped, using both stained and unstained cysts. -ihe results were: o, 
O, O, O, l cysts, O, O, 2 cysts, O, 1 cyst, O, O, O, O, l cysts, O. 

Omnents-
The hanacytaneter holds a very snall volune of l.iquid. Dilution of a 

sample to 1000-2000 cysts/ml is far too dilute for a.ey sanblance of accuracy. 
HOA'ever, if the sample is more concentrated Cto what extent I do not know but 
I suspect in the neighborhood of 10,000-20,000 cysts/ml) no d>ubt accuracy 
will increase. Nevertheless, I question the accuracy of the henacytaneter 
under aey circumstances unless the investigator is using extrenely clean 
and/or highly concentrated m.mbers of cysts. r.t:>reover, it was observed that 
if cysts were withdrawn fran the source, and not pi~tted onto the chamber 
~ guick].y, the cysts tended to settle to the tip of the pipette. When the 
snall volume is considered, together with the high multiplication factor, 
this would result in inordinately high nunbers of cysts/ml. 
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Quantification After Passing the Push-Pull Pump and the Nucleoi;x>re renbrane--
ENaluation of data on filtration runs indicates a 60 ~rcent loss of 

cysts, either in the counting accuracy, the vat, the punp, the manbrane 
filter, or during the processing. 'lberefore, a vat, contai:ibng approximately 
38 liters of water was placed into a refrigerator at 5 c. A sufficient 
quantity of cysts were added to obtain approximately 2 cysts/ml. Results 
Csee below) indicated. 2.0 cysts/ml in the vat. A series of pllllp-filter 
examinations were maae on this material. A total of 2 liters of material was 
pllilped through the filters, the pads washed, and then exanined at a 1:5 
dilution by the MP technique. 

'lhe procedure, during trial runs, is to pt.Jnp the material through the 
filter pad then aspirate <with vacuum> the liquid remaining in the filter 
canister on through the pad. 'lheref ore, to detennine where losses were 
occurring, sane runs were aspirated, sane were not. For one run, material 
was not p.:mped through the filter, but directly into a flask. 

Number of cysts/ml in the vat--
To detem.ine the nunber of cysts/ml in the vat 20 ml samples Cl percent 

of the prop:>sed filtration samples-2 liters> were exanined. 'lhe 20 ml 
samples were concentrated to 1 ml and examined by the MP technique. 

'!he results are given belCM: 

Total cysts Recovered 
Sample #1 Sample #2 

Replicate 
Replicate 
Replicate 
Replicate 

Avera e 

3 3 
3 0 
2 l 

20..0. 2.0.D. 
2.5 1.5 

For a 1:1 MP the correction factor is X20; therefore in Sample #1, the 
average is 50 cysts in 20 ml or 2.5 cysts/ml and in Sample #2 is 30 cysts in 
20 ml or 1.5 cysts/ml. '!his indicates an average of 2.0 cysts/ml. HCMever, 
the individual reading sample #2 CCPH) had many interruptions and he CCPII) 
questions the accuracy of his results. '!he results indicate 4000-5000 cysts 
should te present in 2 liters. '!Wo to 2.5 cysts/ml, with 20 ml subsamples, 
is far too dilute to obtain greater accuracy. 

Results 'Itlrough the Punp and Filter--
A total of 2 liters was passed through the punp at each run. After each 

filter run, a 20 ml subsample was taken for examination. All counting for 
the filter-punp trials was oone at 1:5 dilution by the MP technique; all 
counting for the 20 ml subsamples was d:me at 1:1 by the MP techn.ique. '!he 
results are expressed as total cysts present in the sample. '!he average and 
percent recovery is also given. Percent recovery was retennined, at the time 
of sampling, bl' the subsample count using the micropipette technique (Table 
K-6). 
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Table K-6. Giardia cysts recovered after J:BSSage through the push-pull punp and the 
filter. 

2 liter samole 20 ml S••: .ie 
il 12 il #2 13 

.Run I Pr~ure Repli- Repli- Average (%) Repli- Rep1i- Repli-
cate cate cate cate cate 

1 Aspirated 1200 1200 1200 36% 4000 4000 2000 

2 Aspirated 1800 1800 1800 54% 2000 4000 4000 

3 Not Aspirated 1600 1400 1500 45% 4000 2000 4000 

4 t-k>t Aspirated 1200 1400 1300 39% 0 000 6000 

5 Aspirated 1700 1400 1550 46% 2000 4000 4000 

6 Not Filtered 1700 1500 1600 48% 0 6000 4000 

Ave 

3333 

3333 

3333 

3333 

3333 

3333 



Qxnments--
'lbese results indicate that 3,333 cysts should have reen recovered fran 

the 2 liter filter samples. Recovez:y percentages ranged fran 36-54 p:rcent 
CAve: 45 percent). Losses no <bubt occur in all ste:ps of the oi;eration as a 
result of the pmp, filter and the subs~uent centrifugation procedures to 
concentrate the filter washings. 

A series of 50 ml sutsamples were obtained sW:s~uent to the filter runs 
and concentrated to l: 1 and read by the MP technique. '!be results were: 

Bample Size #1 #2 #3 #4 #5 Ave 
50 ml 100 80 60 80 60 76 

An average of 76 cysts in 50 ml = 152 cysts/100 ml or 1.52 cysts/ml, 
which extrapolates to 3040 cysts in 2 liters. '!be original subsamples, taken 
2 days earlier, indicated there should re 3,333 cysts in 2 liters. 

'!be cysts, when introduced into the vat had been maintained 5 weeks and 
were excellent, rori;tiologically. However, the results f ran this sample of 
cysts indicated that losses due to death and dissolution of cysts was 
occurring vecy rapidly. For example, counts on the da.y the vat was charged 
indicated 2-2.5 cysts/ml. '!be next day results were 1.67 cysts/ml. 'IWo days 
later the results indicated 1.52 cysts/ml. Microsoopic examination indicated 
thf:¥ were dying and/or dead: no Cbubt maey ruptured before processing was 
initiated and, as might re anticipated, processing through the pump and 
filter, followed by centrifugation, destroyed maey more. It is reasonable to 
assune that dying/dead cysts are more fragile than fresh cysts. Yet there is 
little way to predict when cysts are going to die, for this seems to vary 
retween individual samples. we have observed (over the past 12 years) that 
sane Giardia samples will keep for weeks and be in excellent shai;:e; others 
are cpne and/or unrecognizable in less than a week. Maintenance in water 
increases their lifS spm: sane cysts will look excellent (moq:hologically) 
for 2 m:mths a 5 C while others are reginning to deteriorate at 2-3 weeks. 
sane cysts in all samples are no ooubt more fragile than others and 
processing will result in a certain aroount of dissolution. 

EFFECI' OF P£.JMPm; CN CYST REXDV'ERY 

Cbjective 

To determine if a loss and/or destruction of Giardia cysts occurs in the 
process of pumping cysts through the push-pull pump or the nucleopore filter, 
or if the loss occurs as a result of counting error. 

Procedure 

As in the preceding trial, a IQ-gallon tank was filled with tap water, 
the chlorine allowed to evaporate and the water refrigerated to s0 c. '!be 
tam.. was then charged with 30 ml of Cbg feces containing 31,000 Giardia 
cysts/ml or 930,000 cysts Cestima.ted). 
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'!he trials were initiated on 9/16/82. A total of five runs were made 
with the push-pull pump and the nucleopore filter, and one run with the 
push-pull punp, but no nucleopore filter. 'lhree runs were made with the 
vacuun punp ex>rmect.ed to the nucleoi;x::>re filter and one run with the vaculll\ 
punp, but oo nucl.eopore filter. As in the preceding trial, the nunter of 
Giardia cysts/ml was cetermined prior to the trial, and subsamples f ran the 
vat were taken during each trial run. 

Results 

'lhe results are presented in tabular form. Table K-7 lists the cysts/ml 
cetexmined prior to the runs, Table K-8 lists the results of the push-pull 
pllilp through the nucleopore filter, and Table K-9 lists the results using the 
vaculJI\ pump to pull material through the nucleopore filter. At the end of 
all runs, a 2 liter grab sample was oounted. 'lbe 2 liter sample was oounted 
~ the direct micropi~tte technU;{ue, 1:15 dilution. A total of 78,200 cysts 
were calculated to be present in 2 liters or 39 cysts/ml. 

Table K-7. Giardia cysts/ml cetemdned to be present in the tank prior to 
trial. Direct micropii;ette counts, 1:1 dilution of l cc. samples. 

Total Ccvsts/m.1.) Averaae Ccvsts/ml) 
Sample 1 40 

Reol.icate 40 40 
Sample 2 40 

Reolicate 20 30 
Sample 3 40 

.Reolicate 20 30 
Sample 4 20 

Reolicate 60 40 
Averaae: 35 cvsts/m.1. 

Discu:;;sion 

The results of this trial indicate that when fresh Gj.ardia cysts are 
used together with the push-pull pu:np or the vacuun pllnp through the 
nucleop:>re filter, th.ere is vecy little cyst loss and/or destruct.ion if the 
persormel are ex>nscientious in preparation, washing of the filter disc, and 
i;erforming sufficient replicate counts. A oomparison of the push-pull punp 
with the 50 ml grab samples indicates that results are ex>nsistent: an 
average of the six samples revealed 26.2 cysts/ml ~ the push-pull punp and 
26. 5 cysts/ml cy the grab sample. Al though sane problems developed with the 
vacuu:n punp, an average of four samples revealed 23.5 cysts/ml cy vacuum punp 
and 22. 7 cysts/ml grab sample. 

Unfortunately, examination of the material on this tank trial took an 
inordinate aroount of time to canplete, ix>ssibly resulting in a loss of cysts. 
It took approximately 2 to 2.5 h:>urs to read each sample (22 samples) because 
of the large m:mber of cysts, debris, and microsoope fatigue. Fran the time 
the trial was initiated, samples taken, and samples analyzed, there was a l 

277 



Table K-8. GiardiA c..ysts/ml obtained following the push-pull punp and 
filtering through the nucleopore filter. All oounts perfonned b,y 
direct micropipette, 1:5 dilution. 

Run I H20 Pressure Counts Cysts/ml 50ml Gi ab samn1e 
PaSSed Counts C\Tsts/ml 

1 2000 ml 10 lbs 50,700 25 1600 32 
Rep. 49,800 25 1640 33 
Rep. 49,500 25 1680 34 
Rep. 50,300 25 
Avq. 50,050 25 1640 33 
2 1500 ml 15 lbs 45,400 30 1100 22 
Rep. 44,700 30 1200 24 
Rep. 43,600 29 1120 22 
Rep. 43,700 29 
Ava. 44,350 30 1140 23 
3 1500 ml 15 lbs 40,200 27 1220 24 
Rep. 39,500 26 ilOO 22 
Rep. 39,800 27 1200 24 
Rep. 40,500 27 
Avq. 40,000 27 1173 24 
4 1500 ml 15 lbs 39,200 26 1400 28 
Rep. 39,800 27 1560 31 
Rep. 40,300 27 1500 30 
Rep. 39,600 26 
Avq. 39,725 26 1486 30 
5 1500 ml 20 lbs 45,700 30 1240 25 
Rep. 45,500 30 1160 23 
Rep. 45,700 30 1300 26 
Rep. 46,000 31 
Avq. 45,725 31 1233 25 
6* 2000 ml 0 lbs 35,800 18 1140 23 
Rep. 40,200 20 1180 24 
Rep. 28,200 14 1200 24 
Rep. 37,200 19 
Avq. 35,350 18 1173 24 

*Used push-pull punp but not the nucleopore filter 
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Table K-9. Giardia cysts/ml obtained using the vacumn pump to pull sample 
through the nucleopore filter. All oounts performed ~ direct 
micropipette, 1:5 dilution. 

H20 50 ml Grab sample 
Run t Counts Cysts/ml 

Passed Counts <..vsts/ml 
1 1200 ml 30,300 25 1040 
Rep. 33,400 28 1020 20 
Rep. 30,400 25 1100 22 
Rep. 31,600 26 
Averaqes 31,425 26 1053 21 
2 1500 ml 31,100 21 1100 22 
Rep. 30,400 25 1180 24 
Rep. 30,800 21 1120 22 
Rep. 31,500 21 
Averaaes 31,200 21 1133 23 
3 1300 ml 26,500 20 1180 24 
Rep. 29,000 22 1200 24 
Rep. 27,800 21 1140 23 
Rep. 29,500 23 
Averacies 28,200 22 1173 24 
4* 2000 ml 48,800 24 1100 22 
Rep. 52,600 26 1160 23 
Rep. 46,200 23 1120 22 
Reo. 49,600 25 
- Aa_':lnn .,~ 11?1!\- ~~ -- -

Note: Only 4 runs were made because of pump problems. 
*No nucleopore filter, only the vacuum pump. 
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week to lo-day spm which could accx>lmt for cyst loss via death of cysts. 
Also amtrifugation of samples oould apply enough pressure to fragile cysts 
to cause rupturing and cyst loss. '!he entire trial took 80 working hours to 
accanplish, fran start to finish. '!he pretrial oount indicated 30-40 
<Average 35) cysts/ml, and the 2 liter grab sample, analyzed shortly after 
the trial, indicated 39 cysts/ml; yet all oounts after a 2-day lag were 
within the 23-33 cyst/ml range. '!his indicated that, over time, cyst loss 
was occurring. R>ssibly, this was due to increased fragility because of age 
of cysts or that a certain percentage of cysts are fragile initially. 
Nevertheless, cyst loss was oonsistent irrespective of the procedure. 
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APPENDIX L 

HORSE!OOIH RESERVOIR WATER 
AND PARTICLE ANALYSIS 

Horsetooth reservoir water originates fonn snow melt on the west slope 
of the Rocky r-t>untains above Granby Colorado. '!he water is transfered by 
turmel across the oontinental divide, through three power plants, then by 
canal to Horsetooth reservoir. Figure L-1 is a inotograph of Horsetooth 
reservoir. 

'!he turbidity of this water source consistently passed through even 
mature filters; oonse;ruently, it was thought to be canprised of fine 
particles. In June, 1982, Dr. E. R. Baumann of Iowa State University visited 
the research project and returned to Ames with a sample of Horsetooth 
Reservoir solids, obtained by filtering reservoir water through a 0.2 JJin 
nenbrane filter. 'lhese samples were analyzed by X-ray diffraction and 
electron microsooP.{ as described in the following letter. The figures 
referred to in this letter are not included here. However, the conclusions 
of the solids analysis are presented. '!he turbidity causing particles were 
identified as very snall Illite, Kaolinite and Montmorillonite clay 
particles. 
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Figure L-1. Horsetooth reservoir looking fran the north to south. 
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~partment nf Civil F. n1t1neenn11 
Ame\. lo"'a ~fm I 

August 12, 1982 

Dr. David W. Hendricks 
Professor of Civil Engineering 
Colorado State University 
Fort Collins, CO 80523 

RE: Samples returned to !SU 

Dear Dave: 

I brought back to Ames for analysis four 0.2 micrometer 
Millipore filters which were used to filter samples of water from 
the Horsetooth Reservoir as follows: 

Sample No. Source Amt. Filtered 

lA] 18 

Reservoir water filtered through 
1. 0 m AMF Cu no Mi cro-Wynd I I 
filter cartrirlge and then the 
0. 2 µm Mil 1 i po re 

ZA } Horsetooth Reservoir water 
filtered through a 0.2 µm 28 Millipore 

185 ml 
165 ml 

195 ml 
200 ml 

Note that the water filtered through the 1.0 µm Cuno 
moved material that reduced the ability to get water 
micrometer Millipore. 

prefilter re­
through the 0.2 

At Ames, the ERI - Materials Research lab processed the samples 
for me with the following results: 

1. 

2. 

3. 

4. 

Figure 1 shows the x-ray pattern caused by a new 
Millipore filter (1 .2 µm) so that we could subtract 
the effect of the membrane from the effect of the 
membrane plus the suspended solid retained on it. 

Figure 2 shows the x-ray pattern caused by 
sample 2b (the non-prefiltered reservoir water). 
The two peaks at 8.8 and 12.3 indicate the presence 
of I11ite and J(aolinite, respectively. 

Figures 3 and 4 show the x-ray patterns caused by 
samples lb and la, respectively (the prefiltered 
reservoir water). The peaks at 12.3 indicate once 
more the presence of kaolinite. The peaks for Illite 
are still present at 8.8, but are reduced, indicating 
that the illite particles are larger and probably 
more effective1y removed by prefiltration. 

Samples 18 and 28 were prepared fo~ study on the SEM 
by sputtering them with about 200 A of gold. Then, 
a photomicrograph of representative sections of the 
0.2 µm Millipore filter were taken at magnifications 
of lOOOX and 5,000X. 
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Or. Hendricks 
August 12, 1982 
page 2 

Note: The lB samples (Exposure No. 1) contain 
some particles (diatoms) that have a 
diameter of 8 to 9 µr.1 even though the 
sample was prefi ltered through a 1. 2 µr.1 
Cuno (?). The 18 samples {Exposure No. 2) 
at SOOOX shows typical clay particles with 
a length in the range of 3 to 6 µm. A lot 
of these particles look like clays, but 
there is some other debris. 
The 28 samples (Exposure No. 3) contain 
solids that are about 2- 4 um in size and 
look like clay particles. The 28 samples 
(Exposure No. 4) contain solids that 1ook 
like clay and have sizes of 2 to 6 µm, with 
1ots of smaller (much) particles. The 
1arger particles would not significantly 
contribute to filter clogging as compared 
to the smaller particles (0.5 µm). 

5. We a1so used the elemental analysis capacity of the SEM 
to produce th.e pattern from the 18 and 2B samples. · 
Note that the element pattern for sample lB {Figure 5) 
shows the presence of aluminum, silica, gold (from 
sputtering), potassium, calcium and iron. These are 
summarized in Figure 6. These are indications of 
presence of aluminosilicates. The elemental analysis 
for sample 2B shows similar results except that there 
is far less calcium present (Figures 1 and 8):- We 
hypothesize that removal of potassium associated 
with the 1llite means that the prefiltered sample 
has less K and therefore the Calcium shows up. 

Conclusion: 

There is evidence of.the presence of kaolinite, i1lite and 
montmorillonite. The ill1te is removed in large part by prefi1tra­
tion. The kaolinite and montmori11onite seem to be the fine particles 
your group has referred to. The montmorillonite presence has to be 
accepted because of peak changes in the 2 - 4 range in (Figure 2 -
Figure·l). A11 in all, it looks mainly inorganic which would suggest 
non-ionic polymer use such as Percol LT-20 on Separan NT-10. 

Good luck. 

Sincerely, 

VL~~~ 
E. Robert Baumann 
Professor. Civil Engineering 

RB/jnw 

P.S.: I am not keeping copies of the photomicrographs 
and fTg\jres. They are for your use. You might 
want one of your staff to interpret them also. 
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APmNDIX M 

DISINFECl'IOO BY CE:DRINATION 

'I.his appendix presents the results of two disinfection tests on the 
efflll!nts fran a slOW' sand filter and a diatanaceous earth filter. 

This appendix presents the results of two chlorination tests performed 
on the effluent fran a slOW' sand filter and a diatanaoeous earth filter, 
i.e., Section M-2 and M-3 respectively. Both tests indicate that: 1) the 
chlorine de:nand is not excessive, e.g. 0.75 mg/1 and 1.6 mg/1 chlorine demand 
often 24 hours, even for turbidities >7 NIU; 2) 1 pp:n chlorine effectively 
killed all coliforms; and 3) the menbrane and MPN methods were canparable. 

The reason these waters are effectively treated with chlorine, even at 
elevated turbidities, is due to the· nature of the turbidity. '!be turbidity 
exhibits very little chlorine demand and it is unable to provide a place for 
bacteria to "hide." '!he turbidity which passes a slOW' sand filter or 
diatanaoeous earth filter is going to be canprised mostly of snall particles, 
i.e. , <12 ~ as determined ~ ptrticle analyses. 

'!he results f ran both of these tests support the contention .that slCM 
sand filtration and diatanaoeous earth filtration should be considered for a 
waiver of the turbidity standard when conditions warrant. A waiver should be 
granted, hOW'ever, only after pro~r testing has confianed that the source 
under consideration behaves in a similar marmer to Horsetooth water. 

M-2 QfIORTNE DISINFECI'ION TES!' OF &Qi SAN[) FILTER EFFUJENI' 

The follOW'ing is a meno written ~ Dr. Keith Elmund of the City of Fort 
Collins to D. w. Hendricks: 

The original CslOW' sand filter effluent> sample was split with half 
being chlorinated to approximately 2.5 mg/L free available chlorine CFAC>. 
The renaining portion served as an untreated control. Split samples were run 
simultaneously using the MJst Probable Nunber CMPN> and Membrane Filtration 
CMF) teclmiques. 

'!he relationships between elapsed time between sample analyses, chlorine 
residual, MPN and MF dilutions used are shown below: 
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Time FAC Cm;/Ll Mm MF 
colonies/100 ml) Ccolonies/100 ml) 

O hrs 2.5 0 0 0 0 0 0 
0.5 hrs 2.0 0 0 0 0 0 0 
1.0 hrs 2.0 0 0 0 0 0 0 
5.0 hrs 1.5 0 0 0 0 0 0 
24 hrs 0.9 0 0 0 0 0 0 -- --~----

Vol1.1ne tested (ml) 10 1.0 0.1 100 10 ___ _l_ 
Note: The samples turbidity was 7.1 mu. 

The results of the total coliform analyses (adjusted count) on the 
unchl.orinated Coontrol) sample using the manbrane filtration technique are 
given below: 

Time Total Ck>lifornv'lOO ml Atypicals/100 ml 
O hrs 26 76 
0.5 hrs 18 118 
1.0 hrs 22 105 
5.0 hrs 7 88 
24 hrs 9 127 

The oorresponding Mm results for the unchlorinated control were as 
follows: 

-
Time Presumptive Q>nfiDned Mm Index/100 ml 95% CI 

O hrs 5-1-0 5-1-0 33 11-93 
0.5 hrs 5-1-0 4-1-0 17 5-46 
1.0 hrs 5-1-1 4-1-1 17 5-46 
5.0 hrs 5-0-0 5-0-0 23 7-70 
24 hrs 5-0-0 5-0-0 23 7-70 

Presumptive: no additional positives observed after 24 hrs. MENs carried 
through the oonfioned step only. 

No growth was observed f ran any of the chlorinated samples using either 
the Mm or MF techniques. All ne(Jative oontrols for both the MF plates and 
MPN tubes were negative Cno growth). 

M-3 CEDRINE DISJNFOCTION TES!' QF DIAIDMACEX)US F.ARIE FILTER EFFLIJENI' 

It became appuent during the diatanaceous earth filtration testing that 
normal water treatnent grades of diatanaceous earth, such as Celite 503 and 
Celite 545, would not meet l NIU turbidity standard when treated Horsetooth 
.Reservoir water. This is due to the snall particle sizes which canprise the 
majority of the turbidity, e.g., about 30 percent of the turbidity ranains in 
NW after filtration through a 0.45 ,um membrane filter. 'Ibis residual 
turbidity was identified tentatively cy- Dr. E. R. Baumann as kaolinite and 
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m::>ntrnorillonite clay p:trticles. Because the turbidity renaining after 
diatanaceous earth filtration exceeds the l N'lU standard, it was decided that 
a preliminary disinfection study would be performed to deter:mine if this ty~ 
of residual turbidity caused a large chlorine demand or interfered with 
bacterial inactivation in meeting the bacterial standards for drinking water. 

'!able M-1 surmarizes the test conditions and results. 'llle water tested 
was Hor~tooth Reservoir water which had been filtered through Celite 503 at 
1 gplV'ft • '!be water had been spiked with sewage prior to filtration. '!he 
total coliform tests were performed by manbrane filtration with a modified 
de.1.ayed incubation, i.e., conventional media was used with an overlay of 
tcyptone glucose extract agar. 'these were prepared just prior to analysis. 
'l'bis nethod allows for bacterial stabilization prior to being subjected to 
excessive inhibitocy chenicals f ran the Encb-type medilJn. 'lhe chlorine 
ex>ncentrations were measured by titration with a Hach digital titrator. '!be 
chlorine source was sodiun !¥i;x>chlorite (bleach) • A 10 percent sodium 
thiosulfate solution was anployed to inactive all chlorine residual upon 
collection of the total coliform samples. 

As demonstrated by the results in Table M-1, it is evident that there is 
not an excessive chlorine danand. Further testing is required under more 
controlled oonditions, i.e., closed containers, to find the true chlorine 
demand. Also, it is apparent that disinfection for total colifor:ms is ver.y 
good. Qle put per million chlorine effectively reduced the colifonn count 
to the l<Mer detectable limit in 20 minutes at 19°c and at 7 .2 pH. Also, 
these results compue favorably with those observed on a routine basis at a 
municiple water treatnent plant using the same water source but reducing the 
turbidity to below l mu. 

287 



Table M-1. Disinfection of effluent water £ran diatanaceous earth fil­
tration test, Celite 503. 

Time Control Chlorine <lllorine 
(min) (No Chlorine} (1 nan) (5 Ptm) 

0 Cl2 = 0 Cl2 = 1 ppJI Cl2 = 5 ppJI . 
Colif=2100/100ml Colif=2900/100ml.3/ Colif=2200/100ml.3/ 

- . 
20 Cl2 = 0 Cl2 = 0.46 Cl2 = 5.15 ppn 

Colif=2100/100ml Col if=<ll lOOml SI Colif=<lllOOml 

80 Cl2 = 0 Cl2 = 0.27 Cl.2 = 5 .10 ppn 

Colif=2400/100ml Colif=<lllOOml Colif=<lllOOml - . 
24 Cl2 = 0 Cl2 = 0.25 Cl2 = 3.6 pptt2I 

<hrs> Colif=2300/100ml. Colif=<lllOOml. Colif=<lllOOml 

l/The water for these tests is the filtrate fran a D.E. filtration test 
run oonducted with Horsetooth Reservoir water which had been Spiked 
with ~age. The D.E. filter operating conditions were: 13 c, 1 
gpn/ft , Celite 503, influent turbidity of 9.9 NlU and effluent of 8. 7 
mu • 

.2/These chlorine concentrations were based on calculations. A known 
concentration of sodium }¥pochlorite was added to each test volume of 
filtrate. '!he sodium }filx>chlorite concentration was checked by adding 
a known quantity to a knam volume of distilled-deionized water.and 
inmediately measuring the chlorine oontent • 

.3/These samples were taken just prior to adding the chlorine • 

.4/These chlorine measurenents were made with a Hach digital titrator and 
meter • 

.sJ Numerous atypical oolonies were seen on the plate, but confluent 
growth of atypical colonies does not allow us to conclude absence of 
coliforms on these plates. 'Ibey must. be reported as "confluent growth" 
and specify as •presence or absence of sheen." For potable waters, 
confluent growth ra:iuires resampling and retesting. This must be con­
sidered in this report • 

.6./These experiments were performed in open top containers, this value is 
probably due to loss of CJ.2 to the atmosi;ilere. 
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.APH:NDIX N 

PARTia.E CDtJNrm; PRa.rocDL 

'!be following is a list describing the protocol used for particle 
counting with the Model TA II, Coulter Counter. It discussed only th:>se 
step.; used to prepare samples for counting and not the actual Op!rating 
procedure for the instrunent. 'l'hese can be found in the amer's manual for 
the COul ter Counter, Model TA II. 

Figure N-1 in this ap_pendix is a manufacturer's worksheet for recording 
apperture information, calibration settings and the particle size ranges 
oorresp:>nding to the sixteen counting channels. '!he size range of greatest 
interest to this research was 7-12 IJJll, i.e., Giardia sized particles, roughly 
approximated by charmels 7, 8 and 9, or 6 .35-12. 7 IJJll· '!he actual recording 
of. sample data was not done on this worksheet but on the worksheet and 
canputed coding form presented in Appendix o. 
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,Appe~ix N 

PARTICLE-<DUNI'Iro PROIOCX>L 

1. '!'Urn on machine and vacuum pump and allCM than to warm up for atx>ut 30 
minutes prior to using. 

2. Collect filter samples in 500 ml glass bottles, wash with 0.2 JJlll 
filtered, distilled water to make "particle free. n 

3. Fill a "particle free" sample beaker to 207 ml with sample. 

4. Add 15 ml of 0.2 JJlll filtered, 20 percent NaCl. solution to give a 1.5 
percent by weight electrolyte solution. 

5. Place sanple in Coulter Counter and stir sample with the glass mixer 
provided until the solution is hanogeneous. Mix slowly to prevent 
fomation of air bubbles. 

6. Run sample for 500 secoms. Follow operating instructions in Coulter 
Counter, Model TAII, CMner's Manual. 

7. Print out particle totals fran channel 3-16. Corresponding .particle 
size ranges for each channel are given in Table N-1. 

8. Between samples ·spray off aperture tube and electrode with a particle 
free 1.5 percent by weight NaCl. solution to prepare for next sample. 

9. Repeat Steps 3 - 8 for each sample. 

10. Before and after filter samples, run a blank sample of 0.2 IJlTl filtered, 
distilled water with added electrolyte solution for background counts. 

11. Before and after samples have been counted, switch machine to "mananeter 
m:>de" and check flow rate of liquid through the apperture. 

12. TUrn off machine and vacuum pump and leave electrode and aperture tube 
sul:Jnersed in sample beaker to preserve until next use. 
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Table N-1. Coulter Counter calibration worksheet. 

~; COULTER COUNTER4D Model T & TA Worksheet 
SAMPLE 

El.ECTROL VTE /.S% N4CI DISPERSANT A /1m,,. 
EQUIPMENT /A rt- SERIAL Ap•t. s ... CALIBRATION "•"· w ti• ... 01•. No. DATA 01•. 

ORGANIZATIO~ -~I) - l"'..E /l.J/) M,c"tv:J~. /6,"J-Z. q Z.i; 5.'71 
OPERATOR OATE 

rr ~ ·{~ )~ 2 \nz ·WiJ For Model T 
TIA 

~,,(.2.J.)" 2lWz·Wi) For Model TA k=d 
CALIB. A 1 dz 

FOR MODEL T APERTURE DIA. SAMPLE DATA 

Geometric Mean JI. 3 Volume }43 Diameter IA Channel IW) 

.00575 .004091 .198 

.0115 .008181 .250 

.0231 .01636 .315 

.0462 .03272 .397 

.0925 .06545 .500 

.1851 .1309 ,630 

.3702 .2618 .794 

.7405 .5238 1,00 

1.481 1.047 1.26 

2.962 2.094 1.59 

5.924 4.189 2.00 ., 
11.85 8.378 2.52 ., 
23.70 16.76 3.17 LI 

47.39 33.51 4.00 -
94.78 67.02 S.04 t:. 

189.6 134.0 6.35 ., 
379.1 268.1 8.00 • 
758.3 536.2 10.08 4 

1518. 1072. 12.7 J/j 

3033. 2145. 16.0 j I 

6066. 4289. 20.2 l' 
12.13xt03 8579. 25.4 J' 
24.27 x 103 17.16 II 103 32.0 '" 48.54 x 103 34.31x103 40.3 1:c-
97.18 x 103 68.63 x 103 S0.8 J L.. 

194.411103 137.3 )( 103 64.0 
388.7 x 103 274.5 x 103 80.6 

777.4 )( 10 3 549.0 x 103 101.6 
1.555 lC 106 1.098. 106 128. 

3.109 x 106 2.196• 106 161, 

6.219 )( 106 4.392 x 106 203. 

12.4411106 S.784 x 106 256. 

24.88 )( 106 '7.57 )( 10° 322 . 

.!9.75,. 106 35.14 • 106 406. -· 99.50 IC 106 70.27" 106 517. 

'.')9.0x 10 6 140.6 I( 106 64!:>. I 

398.0 lC t06 :?81.1 • 106 812. 

798.0. 10° 562.2 • 10u 1024 ! 

291 



APPENDIX 0 

IV\TA SHEETS AND .OOMPOTER CDDnr.; R>RMS 

'1be data sheets used to record experinental. data are presented in the 
tables that follow. '!WO kinds of data sheets were used; canputer coding 
forms and worksheets. worksheets were used for all microbiological testing, 
Giardia cyst counting, and particle counting. 'l'bese sheets oontain rat1 data 
as well as the reported results, i.e. , the total coliform worksheet shows the 
dilutions used for each sample, the count f ran each dilution and the reported 
result fran each sample. '!be sample results, as detennined fr;an these 
worksheets, are transferred to the canputer coding forms for further data 
processing. Dally operational data such as temperatures, pressures, flow 
rates, and turbidities are recorded directly onto a canputer coding fonn atr 
the time of the reading. 
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Table 0-1. O~rational data canputer coding form, Phase I. 

DATA COLLECTION SHEET 3 SLOW SAND FILTRATION 
Filter ColUJJln No. (SSF) paa•_ of --- --4> 

Date Time u ... 
~ 

.M :3 • ... G .... Ill ! f! 0 :3 G ... Cll Ill ; • )., k ... Ill ... ;J .... 0 ... 1 .o-c Cl .:.t ~ ;J ~"' Ill :s Ill ....... ·; >. ·- .a .. 0 § c ...... c ... C+> 0 ... "' i::: Q. ... ... . • - ... ,.... 
'1~ ........ <II co "' al Cll Cll•M.-. ... Cll e 0 .... ,..,, 

!~ ... Ill ..... .. s:: 0 ... 0 ... 4> k ... J.,,....., £--'1:J::> Q. 8 
,.. ,..,..., ,..,..,.... ks..- u. ~(:? r! I t .. ,._ ........ ..... d :z: .r::. ... 

'"d § ~ Cl u -o:.8~ 4> Ill u l'l. 0 C) oox lt~ k 4> u 3:.-!! :3 ... Q k ... k f.-q- ;JO '"d e::.o Q. .... ~ ~~ ....... (H t.>U .oz ...... 
~it.. 

.. .... 
~ 8. r: "' c fC ::l"-1 c'° 0..,. -M 111 E"-' Ill f.< '-' 3 ~. ~ .... tll fH ~.._,lei ... '-' 0 ........... -...oa ... t:: 

~ g :e Cl 01 ·MI 4> 0 .... Q Cl £~ .... 4> 0 .... A. ........ ?. ...... .... o .... a !::! ,.,,.o >- =o :::e=o ""> '-' P.E-- Q. ....., J:.1- f- ti. ..... Q u. 1!:. "-'""' i:z.>- t:l.f-o (.JCl.._, 

·~~~~~unu~~H~nnxttnu~~~~~a2~~~~i~~-~~~~~·-~~~u~~"~"~~UMH~~~~u1nn~~-

I I - LI.. L l ~~~~-~-~ ~· I'~~ ,_ - :':·i 
-~-!~~L-~~~~ B ~ ·- ,. ·- • ~- -g 
L~-~ ~ ei~~-~~l----~-- '• ' 1- ~~~[~ 
.. )_Z-._~ ~ .. f~i•_'~ .. ~----L ----"--------~--,_.. ~~~t~ 

' . 2 ~ '1 I i~ ~ . ~ - J ~ ~ ~ ,~ ~ 
... !"' -- .. [1 - !~ .. - -- - ~ •. - _, ·-·- - ,_ ._,_ -- - - ... • • • 

• ~,_1.~-~&~~ ~ Z - - ~c~1~ 
- ~- ... - ..... - t- , .... - -~ i~ ·- - l- - ... ..... • 1.. ;-

~ - . .... - -- a... - - ·- _, • - • ~- ·- . - t.a.. - - -~ t-- 1-- i --- t- ~ t""- ... 

w ....... _ -- •~-t--•-;--..A --··- ... ~-- '• '• 

- ~ .._ - - -· _.. - I- ·- ~ - - 1-- L . ,___ - - .. ,_ - - ,__ >- ' - Ll--l--l--fLl--t--i-1• I I I I I •-1-1 
-·--"- ----• - -- -"-~·--"--~ - ·----- -·-•-·. -·-·-i.._,_ __ ,_..__, 

~ - • . .. • - - I- .&..t-- t- . •- fc- - ,& t- , _ - I A IA. : : :- : l-l--......._.._1---1-1-1--1--1 

VCLUM 
FLOW 

TEMPERATURE L....2 

OIFFEAENTIAL 
PRESSURE 

TURBIDITY 

FILTRATE TANK FLOW METER TURB. METER MANCMETER 

TOP PRESSURE 
G)ll TEMPERATURE 

PUMi: PKESSUl\E VCLUt-.!E 

FILT::R 
2-J TEMPERATURE 

DAMPENER PUMP FEED TANK 

* D.P. fluid 
If- Water 
H- Mercury 

1!n::_Yn-t)ti Fl ** Calculate the flow by dividing either the difference of the feed tank volume or filtrate tank voluae by the elapsed tlae, • • ow 
(T0 -Tn-1)un 
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Table 0-2. Giardia data canputer codmg form, Phase I. 

Filter Column No. _/_ 
I 

SAMPLE COLLECTION AND ANALYSIS SHEET 

GIARD IA 

SLOW SAND FILTR.~TION 

(SSF) 

- - - - - - - -- - - - - -- - -

--·~ ~ ~ -~l = -- - ~- -~ - - ~ ~- ~ ~- ~ -- _- ~ -- ---- ~ = -~ -~ ---- ~ -- ~1- --- j 

@ EFFLUENT 3) 

VOLUME 

© 
FUMP PR~SSURE 

-~ FLOW 

TEMPERATURE I 0 I 

(. 

AnalysiS 
By 

Initials 

. -·_ ~~J If:~ 
~-· -. - _ = - ~ : ~l±rnn 

'/CLUJ.'.~ 

@ 

--·--·- ~- ·---1--1-1- •-1-------

GIAROIA(D 

INFLUENT© 

2,_ __ I TEMPERATURE 
FILTRATE TANK FLOW METER TURB. MC::TC:f\ MANOt.1C:TER FILER DAMFENER PUMP FEED TANK 

* Type of Sample 

CF - Cartridge Filter 
f.IF - Hembrane Filter 
G - Grab Sample page _of_ 
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Table 0-3. 'lbtal colifonn data canputer coding fo:rm, Phase I. 

h (~ G,l~~n No. I 
SAHPLE COLLECTION AND ANALYSIS SHEET 

COLIFORM 

SLOW SAND FILTRATION 

.---- Date of Time of Analysis Collected Analysis 
Mode of Run Sample. Sample location Sample Results By By 

Operation No. DY MO YR HR P.U~ Number Number ~o./100 ml l:':itials Initials 
llll' S • 1If 18 lllt . ..:,!~..:.!_J!_~~~.2.!.~ll C21314aJ.H.:1~~~-?I :H:U!.4-!5:~_~8!...!!~" G-Cll.11•.tJ441 .. '9SQS1-'~~5•H!1,:1U!161(,f&:~;t• 6$6#.£'*ft•1011121J.Jlt7!'1171~7t . ..,J 

. ·s s F ,')(/) z -- ,_ 1'111 Ir: iJ' v If~ t- IJ l'.2 { !IJ D V'Wl "~ c Q ! ,_ - - -__ ,__,_ - ~!O !Wit: I~ - -·-- - J 
5Sf ~~'- l/'~~~1£~~( ~~~l~~.----'~i-·---~~~-~,_ ___ ~~~ ~~if ----~ 

---~!F ~c~ __ Le~~§~~l __ LQ~~~----Q~~--- -~~~ ~ ____ _ ,_.~~--~11____ D 
_ _ _ ~ ~ E _ .-- ~- ~ ~~ _ _ l ~ v 1 ~ ~ ll ~ J ___ L 1 t ~ rz ~ . _ _ __ ~ ~ 1 . _ _ _ c 1<;: ~ _ . _ _ __ l 19 1&_ .. J~ r ~ ___ ,_ _ ,__ ~ __ ,_ c- _ _ .... _ _ _ _ _ 

--.--~.?~- Por1 __ 1~~r-~V~J ... U4VL~.,---D~-m _____ c~s ___ ----~- DL __ (;_f2 __ "" __ ,_ __ ,_ __ ,_.-__ 
s s ~ 0 b I I B ll KJ ~ ll ~ lL >- .-- J 1. ~ IL5 - f) u . _,_ - -c t2 ~ - - - . - - -- ~ I c ~ f 15 I I 

s s ~ If- ~17 J,il k':'. ~~ ~ IU - - ~ ~ v ~~ ~ t:ID ~ - >- - - - c ~ ! - - - - - - -1-- ~ · ___ ,_ ,lN £ ~ -

t:Itlm-~~~:~.~= ~~~.:!~:~I~:~~~::~.=~~~·~ I -_ =~ ~~: . - - ~ ~ ~~~~/:,_ -- -·- ~~ -- JJ_ 
W~-- - _ _ _ _ --""" l-l-+-1-4-t--+-J--+-•-4---4 

.--t--.-1-- t-l---+-t--1----1-~-.J-~+- ~-J-l--t--1-l-l-l-1--14--1-1-~ -1--1-1~--·-·-- - • - . ·-- • -· ---t-1 -1--1--l--l-+-J--t-l- l--f -1--1--1- l--+-+-1-··-l-t-+--1-+-+-t-1 

t--~t--l-.J-l-l-l-1--l-l--l--J-1---l--l-l---l---l--1-1-+-l-l--1--f--l~--1--1--1--l-~-.J-l-1--l--1--l --I -1--1-1-1-.J- ~ 1- -I-•. •- . 

.. •- •--• -..l.---&.-..1.-L-...l-L.-L- ___ 

@ GIAROIA (i) 
EFFLUENT 0 I TOP Pf\ESSURE J . INFLUENT ~ 

0 I FFERE N TIAL Q TEMPERATUR~ . L 
VOLUM1 PRESSURE i PUMP PRESSURE VOLUME 

TEMPERATURE l~~---
FLOW 

TURBIDITY n @ I fc)) @ @ 4 o I TEMPERATURE 
FILTRA'rE TANK FLOW METER TURB. METER MANCl.1ETER FILER DAMPENER PUMP FEED TANK 

~ • Sample of dilution and rinse water for negative Colifora control f°'~ ~ oJ- I 



Table 0-4. 

filter Column No. _/_ 

ssw 
SSF 

s 6 f' 

SSF 

~ r 111;~ ~ O'\ 

ti 

Standard plate col.mt da1;a canputer coding fonn, Phase I. 

SAltPLE COLLECTION AND ANALYSIS SllEET 

TOTAL PLATE COUNT (T) 
SLOlf SANO fIURATION 

(SSF) 

Analysis 
.J~cwHL_ 

--hJ" ....... _ 

- .... - ·-----~----~ .. ......._._ 

Co 11 ec ted I k~a 1 y$1"$ 

h flTaTSl . I 01 ~~Ts 
~IPr¥i~P~f .... l~l~~-1~·r111f1j?·~1~·­_L~ . _ I. LI.LI LU __ . _ JLLU 

-·~·r ·. 
. -

-~-

~-! ............... •--·-· J .. 
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Table 0-5. Particle cmm.t data canputer coding fonn, Phase I. 

Filter Column No. J_ 
Run 

ssr 

t I I 1: ~ ~ 

ll 

Date of 
Sample 

Time of 

SAllPLE COLLECTION AND ANALYSIS SHEET 

PARTICULATE COUNT (P) 

Location 

SLOW SAND FILTRATION 

(SSP) 

Analysis 
Results 

Analysis 
By 

--·11·1~ 
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Table 0-6. Qf:erational data, total colifonn, standard plate count, Giardia, dissolved 
oxygen, and particle data computer coding for Phases II and III. 

I PArE l jTuRsj Effr\PI lR-owll~r; lsA~ra I ca..1F 11e1R llACT G:RD,) oo !~ART L 
Fi.~~~--~-J. D-~:,1~'~§1~-/i~~.,~~~1&~ -~~·· ~i~~-·~~-r~~-~@-· .. ~1 
~TJ\rJ6- -1 ·;_tfl._ 3~.- . .. 7. --~ _ ' ; ~r ( 2 0 : . · . --------=-J ~hT1.tC ;, , e3. / Ju /~2 d ,, :;;::_~~~ : -~}~ ~- _ -~~ 
I ' I 11 
f~T-(i-~.T 'i ·" ~-,, .. . I (p • .5 "IL :> Is IP r:rl 71~ 

~~:: ~. ~I~::.: 1::: :.~-~J · 1 ;J 1 ·: J I id I : 13 -= 
r~~ ~~ 2'i . l5 .o . II,,.,_ I.< vr-r.1 :<ll'J~ I !blOD~ I /4'..51 L 7 .9. . 

fl r 1- r =f61 ·H z;. c 11 '14 .~ 2 IPf-'rf ,~ rl I 2uiDC1 · 280 · 7. 91 I . 

·1-~31 L -·-- ---· - . . . ·. . . . 
: I 
; ... ,_ ----·· - -··--· -· ·--·· - -~---- ___ , ___ t---- -

Jl7N 11 AA IL<> 

I · --· --·- ; ' : . : " " : I I .. I .. I i i 

l =--- ---~··· ·-- ' ' . : I • ; •• : • ; : ; ; ! I I I ' ~ ! . I I . . ! • 

--- - --- --·- - ------11------r----~----+-------t . 

t · ,,-.-, , : ~: " ., " ,, ., " ,. " •• J, n " " J • ., • " J, • " • J .' ,; •· " .I.: • ., u •• • ., u • ,o ,, .. ,,..,. .- " -., • ,. < " • • " • u ., • •• • n " I'> •• " " .. " • •· 

; • ! ~ 

·-. - ··- -····;· co,a·c:•t:.·• 1:•.··•'''1#\;(..i:~. ''""!"' ... ,.,. .... Y"_ .... ~ .. ~ ........... ,, . .,... .... ~,v-
• •Ntpnber ol '°""" ,,., oJMf "'91 ~•'J •'•r-r 
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Table 0-7. Giardia data analysis worksheet, all phases. 

. GIARDI/\ cvsr.. ·~~'!!! ~ ~ ~ 
r-~, I ._, t -~ 

Run Sample Analysis Amt. Water Cone. Sample J Analysis 
Number Number Date/Time in Sample 

gg'0
1

S7-
/ 

g~ I GS° 

9.ff0/ Kt-
/ 

"SS I 60 

g>b I G 

RS7 

g 

R8 G~ 

g:g 6 

1~8~/ ft? I ,. 
6/ I 

J'/r/P;;_ 

K/9/K:J.. 

3:[0...-?lf\,. 

e //0/00>. 

/t?: fJD 

;?/;tJ/f>::z. 

/(:/ltJc:."""' 

R~/J'02. 

I .I: /S-4 ""-

S//t-/.9.;l.. 

// : J tJ .:r ,....,.._ 

&/10/8~ 

/d : (JO p ro. 

S//IJ/B:i 

/'tJO r-

t~ . 'f,s-..l. 
18 a.o r.,y.Jf( .l 

~. '1L 

/ce'tJ cy!.fjp 

-
'"°'"I:.~'"'­

QJt reci'fJ 

/~O')';,/-/L 

(On(. 'j L 

Count by 

0 

0 

() 

1700 
/ .lt' 0 

dll~0(f/s~ 

(I'll( f-,l 

Corrments i 

d Q- /~J-
~ (2,0 ~-- cPYzL. 

dQJ. ,P- /:r ~# ~ 
,,a.n~~~'° ,,,_./)'~ CJ1= / 1~· ,, -

';d~A,Q~ ~. 

pa4.·~ ~~ ,Jn-!#7--1/'t~ ~~eA/, -?'i~~ 
~<..,. ~~ ~ .U~-t ~n. //J-4U ,, 

D6 ~_p,~..!~ 

2a~ ~ R ? " .6 :tz. 

k~ .~ 12-Ybb"r 
~~ ~/~ 

4~:,r ~;¢ ~~ ~ .d- ~ 
/'S- . . ~~ ?1&~.n4 -"'-7-~/-o/ 
-~tt~Ld<,~~~h _fa-,,1~-l _/1~~: 

-? - 4,;C*' ~kef"'-='1=--~ 

~ .. ~-;rld~e7 ~~"!~'<A~"':.-~~ 
;~ dt:I ~',S-: hPn~. d/~~~ 
A'~u:./-~ ..&~""- ~~ /~--<· 
4-e~b.A-... , t7~ r _;...._ ~/ -~?..:'.P • 

M .fl- /-~ ~--*" ) n-,_:~. 
4. ~417~ ~~?i~ 

1>4~/ .. c/ ~~ . ~~ct.IL"' /i·., ct e;r'> f'ull:; 4~M I ~9 
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cr3 

qq 
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C/-? qc, 
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SAMPLE 
NUMBER 
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Table 0-8. Total coliform data analysis \\Orksheet, all phases. 

ANALYSIS Uo. Ml s 
START 

S/\!~PLE 

TIME DATE FILTERED 

~ ~lf I 
J ..n:JA-

: I ".;e& 
I 

,, I 
I 

1>'1° '%1 I 
I 

,. / 
I I 

%\) /() 

/:>O 
!cD 

'f/ro /0 
10 
/rx·1 

l /() 

/() 
/~ /00 

I 

~ 
,,/ 

.. \J _, 
, j 

I 0/ 

TOTAL COLIFORH 
ANALYSIS SHEET 

SLOW SW:J FIL T~ATJ<',U 

COUNT (colonies} AT 
INCUBATION (hr) 

24 48 72 96 

7 .£.., 

I~ ; 
i 

-r1-1r( .... 

flyt-C. 

z..L/ 
z,,1.'; 

I 

\ 
I 
t...i 

I 

-:C\ 
?b 

-0-lff_, 

,<; 
I':'\ 

1.NtA--

:-J-i~ 
~.:.... 
~., .J 

Z~" 
ti 

~-'( 

RESULTS ANALYSIS 
REPORTED BY COMMENTS 

(no • /1 OIJm l ) (initials) 

I(,~® o_f},/ 
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Table 0-9. St.aniard plate count data analysis \\Orksheet, all i;tiases. 

RUT: 
HUi!,8ER 

70TAL PLATE COUNT 
i\W\L YSJ S SHEET 

{SLOW Sl\!m FILTRATION)_ 

SAMPLE I AflALYSIS No. l1ls COUNT (colonies) AT RESULTS l MlALYSJS 
HUMBER START WCUBAT JOH (hr) REPOP.TEC l BY 

~-

COMMENTS 
SAMPLE { I 1) I ( . • . 1 ) L TIME DATE • 24 48 72 96 no. m i ~n 1 t 1 a 5 
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Table 0-10. Particle count data analysis worksheet, all phases. 

PARTICLE COUNT RESULTS 

Date ------------Sample Rate 

Run No. Run No. 
Sample No. Sample No. 
Vol. Cone. (L) Vol. Cone. (L) 

Bkgnd. Avg. Net Count Bkgnd. Avg. Net Count 
Ch Count Count Count (No./lOml) Count Count Count (No./lOml) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1.4 
15 
16 

rime 

Run No. Run No. 
Sample No. Sample No. 
Vol. Cone. (L) Vol. Cone. (L) 

Bkgnd. Avg. Net Count Bkgnd. Avg. Net Count 
Ch Count Count Count (No. /lOml) Count Count Count (No./lOml) 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
l1 
12 
13 
14 
1.5 
16 

fime 

Count [ Vol W.W. J [ 260ml J lL 
~"" lOml ;.; Vol. Cone. Time x Flow x Count x 100 

Vol W.W. in ml, Vv.l. C1Jnc. in L, Time in $ec, Flow in m ti sec 
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Table 0-11. F,qUipn;mt list and experilrental variable record, Phase I. 

EQUIPMENT LIST 
AND 

EXPERU£NTAL VARIABLES 
SLOW SANO FILTRATION 

(SSF) 
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V A R I A B L E S 

TEMPERATURr: LJ !..'.';. 
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·~~~~~~~~~~~~~~ 

GIA R D I A F E E o c o N c • I I tlopjl?I cyst~_L-~it_er ____ _ 

1 Source of Water 

HORS - Horsetooth Water 

CITY - City Water 

2 Water Condition 

NATR - Natural 

FILT - Filtered 

TURB - AdJed Turbidity 



APPENDIX P 

SYN'IHETIC SEWl!GE ro:RMUIA 

This appendix contains the formula for the nutrient mixture which was 
added to Filter 4 during the Phase II testing. '!he nutrients were added to 
increase the biological activity·~ 
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Table P-1 shows the synthetic sewage recipe used to add nutrients to 
slow sand Filter 4. This is a modified version of Pipers &ynthetic sewage 
recipe (196 2) • 

Table P-1. Nutrient recipe for additon to slow sand Filter 4. 

-
Chanical Graus Added Chemical Formula 

Milk Solids 15.9 Milk Soli ds 

Urea 1.59 Urea 

I<H2ro4 0.54 RH2ID4 

K2Hro4 0.69 K2HOP4 

I<HCD3 15.20 KHCD3 

MgS04 0.49 MgS04 7Hi0 

EDrA 0.40 IDI'A 

Fe 0.24 FeC1.2 6H20 

Zn 0.48 ZnC1.2 

Mn 0.28 MnC12 4H20 

cu 0.37 CUCJ.2 2H20 

Cb 0.25 CbCJ.2 6H20 

B 0.18 ~B0:3 

Notes: 
1) These chenicals are dissolved in 18 liters of distilled water and then 

autoclaved. 
2) The nutrient mixture is added to Filter 4 in sufficient quantity to 

depress the D.O. approximately 2 to 5 ppn, i.e., at approximately 1 
1 iter per day. 
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