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APPENDIX F 

SI.1ATISTICAL ANALYSIS OF DATA 

The statistical _analyses conducted were adviSed by Professor Hariharan 
K. Iyer, Department of Statistics, Colorado State University (the authors 
assune responsibility for any misinterpretation of Professor Iyer's advice). 

'!he designations for the statistical analysis techn:iques used include '.: 
Cl) trend of relationship between variables, (2) correlation analysis, (3) 
significance of the association and (4) probability of occurrence. These 
techniques are described in the following paragraph. 

TREND OF VARIABLES 

In order to show the treoo of the relationship between two variables the 
median for each variable for each group of points was calculated. The 
median of the first few points in ascending data, was obtained first. '!his 
was followed by obtaining the median of second few points, and so on. These 
medians thus showed the overall trend in the data. Figure F-1 shows the 
trend of scattered data by connecting the median points. 

Exanple . 

Consider Figure F-1. The figure shows a plot of the percentage ranoval 
of Giardia cysts, versus percentage removal of turbidity. The total number 
of data -are seventy two points. Picking first 8 points fran left to right, 
canpute the medians of these 8 points for turbidity, and also the 8 points 
for Giargia. Then plot the median. Continue and ·.plot the median for the 
second g·roup of 8 points of data, and calculate the median for both turbidity 
and Giardia as before. Continue for third group, the fourth group, etc. 
Connect these median points by a line to shQtl the general trend of data. 

CDRRELATION ANALYSIS 

Correlation analysis provides a statistical sunmary of the strength of 
association between variables. '!he method, described as the S~annan method, 
first ranks the data used to calculate the correlation coefficients. The 
coefficient varies from - 1.0 to + 1.0. A coefficient of 0 always indicates 
that no monotone relationship exists. A coefficient of 1.0 implies a 
"perfect" J:X>Sitive nonotone relationship. A coefficient of - 1.0 indicates a 
"perfect" negative monotone relationship. '!bus to prove there is positive 
association between two variables, the coefficient should range from zero to 
+ 1.0. 

A computer package CMinitab), available on the CSU Cyber 720 can be used to 
c6mpute the correlation coefficient, rs. The Speaonan equation for computing 
r 5 is: 
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Figure F-1. Observations of percent ranoval of Giardia cysts with corresponding percent 
removal of turbidity. Data obtained fran Table A-1 and Table A-2,. 'lbe solid 
points show the median for each 8 points, connected by line. 
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where d = difference between ranks of oorres1x>nding pairs of the two 
variables, and 

N = number of observations 

The Spearman oorrelation ooef f icient for the data sh<Mn in Figure F-1 is 
0.673. This implies a :r;x>sitive relationship tetween the percent of turbidity 
ranoved and percent of Giardia cysts ranoved. '!bus when a higher i;ercent 
ranoval occurs for turbidity, a higher percent ranoval of Giardia cysts is 
expected. 

SIGNIFICANCE OF ASSOCIATION 

'!he significance of the "association" correlation coefficient, rs' data 
is determined ~ comparing the quantity, t, as defined, 

t = r N - 2 1/2 
s 1 - r2 s 

with student's t-distribution with N-2 degrees of freedom. 

Exanple 

'!he oomputed t for data figure 1 is 7 .612. 'Ibis compared with a value 
2 .65 fran t-distribution table (for one tail) at level of significance of 
0.005 for 70 degrees of freedom • '!berefore we accept the hyJX>thesis 6f 
rositive association at 0.995 level of oonfidence. 

Probability of Occurrence 

A oomplementary probability method is used to predict the "probability 
of occurence" of certain levels of renoval. Figure F-1 shows the peramtage 
ranoval of Giar<Ua cysts vs percentages renoval of turbidity. '!he 
probability of renoval of certain level of Giardia cysts due to the ranoval 
of certain levels of turbidity is predicted ~ using a complementary method. 
To detennine the probability of the i;ercent of Giardia ranoved when 80 
percent or more of turbidity ranoved is predicted as follows. Cl) Pick all 
-the points which give 80 percent or more of turbidity ranoval and put these 
JX>ints in two oolunns. '!be right oolunn is percent renoval of GianUa cysts, 
ranked in ascending order; the left column is the percent removal of the 
associated turbidity values. Table F-1 illustrates, 1lsing the data shown in 
Figure F-1. There are 35 points. calculate the estimated probability as 
first :r;x>int as 35/36, the seoond point as 34/36, the third point as 33/36 and 
so on; . the last point is 1/36. '!bese probability nunbers are in a fourth 
column in Table F-1, to the r~ght of the Giardia data. '!hen draw the 
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'!able F-1. Showing an example of calculating an estimated probability. 

IO int % Removal % Removal Estimated 
Nunl:er TUrbiditv Giardia · Probability 

l 86.00 91.250 0.9999 
2 90.79 91.690 0.9714 
3 89.47 94.150 0.9429 
4 90.00 95.320 0.9143 
5 82.03 96.720 0.8857 
6 88.00 96.850 0.8571 
7 80.00 97 .240 0.8286 
8 88.89 97.770 0 .. 8000 
9 82.41 . 98 .. 700 0.7714 

10 90.63 99.060 0.7429 
11 86.11 99.130 o. 7143 
12 87.50 99.370 0.6857 
13 88.68 99.380 0.6571 
14 85.94 99.390 0.6286 
15 82 .. 61 99.470 0.6000 
16 93.85 99.480 0.5714 
17 91.67 99.740 0 .. 5429 
18 19.20 99.750 0.5143 
19 94.55 99.810 0.4857 
20 95.20 99 .. 870 0.4571 
21 97.11 99.900 0.4286 
·22 96.70 99.900 0.4000 
23 94.21 99.910 0.3714 
24 92.65 99.920 0.3429 
25 96.84 99.940 0.3143 
26 95.03 99.950 0.2857 
27 95.91 99.950 0.2571 
28 88.89 99~960 0.2286 
29 97.60 99.970 0.2000 
30 96.00 99.970 0.1714 
31 95.00 99 .. 970 0.1429 
32 94.95 99.970 0 .. 1143 
33 95.45 99.980 0.0857 
34 97.20 99.990 0.0571 
35 96.36 99.990 0 .. 0286 

estimated probability of occurence of a given percent removal of Giardia 
cysts, designated as "estimated probability" in the ordinate, vs Giardia 
cysts renoval percentage on the abcissa, as shown in Figure F-2. To read the 
graph, consider the question of finding the probability of 95 ~rcent Giarg;i.a 
cysts ran.oval when turbidity . removal is 80 percent. 'llle procedure as . 
foll0t1s: Cl) Enter the abclssa at 95 ~rcent of Giardia cyst removal, (2) 
using the 80 . peramt turbidity 'renO'ial curve, read the oorresJ;Onding 
estimated probability of occurenoo that Gigrdi.Q removal is 93 percent. 'lhus 

·if turbidity renoval is 80 percent, the estimated probability is 93 
percent that ~Qia cyst renoval is 95 ~rcent. 
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APPENDIX G 

SJPK>R'rim GRAHIS 

In analysis of ·the resu.1.t.s, oontaineq in Table A-1, a large nunber of 
plots were generated. Because it would be to ~epi ti tious to incl u<E all of 
than in the text, th£¥ are ·pl.aced here for reference. In addition, sane were 
used as the .. basis for developing plots and tables to shCM information in 
alternative w"7s, e.g. three-dimensional histograms. 
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Figure G-1. Effect of sequence of altim-polymer additions on effluent 
turbidity, laboratory-scale pilot plant using dual media with 
Fort Collins sand, artificial low turbidity water from Horsetooth 
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APPENDIX H 

R&SULTS FR(ltt mMILIARIZMION '!EST:n«;, HORSEIOO!H 
TESTOO AND SP.Rim HJNOFF TESTIOO 

EMlLIARIZATICN TFS!'IN; 

'!he first group of· figures, Figures H-1 to H-12, show turbidity vs time 
relationships developed during a "familiarizat~on" testing period. 'lhese 
curves show that within aix>ut one-hour the . , effluent turbidity was 
"stabilized", i.e. did not change significantly with time. Fran these 
resul. ts the run time of one-hour was used as an index time for sampling in 
subsequent testing. Horsetooth Reservoir water was used for this purp:>se. 
The purposes of the familiarization {ilase were to recane familiar with the 
pilot plant, and to siz~ and calibrate chanical feed tanks, pllllps, etc. Sahe 
22 test runs were canpl.eted during the f aniliarization thase. '!he testing 
was conducted during the period 11/9/82 to 2/9/83. '!he pilot plant was 
located on the floor of the Hydraulics Latx>ratocy at the Engineering Research 
CBnter, whidl can withdraw water fran the adjacent .Horsetooth Reservoir. 

HOPSF1100'1H TESTOO 

Sixty eight tests were performed using Horsetooth Ieservoir water, 
exclusive of the faniliariza'tion testing. '!hese· 68 tests included 46 
effluent turbidity vs chenical cbse tests. Fran these data typical U-shaped 
curves were developed. Based on these curves, three categories of chenical 
oosages were designed: "zero" dose, "optimlln" dose, and "nonoptimun" dose. 
'lhese Cbse categories were used to evaluate the effectiveness of coagulant 
Cbsage on renoval of Giardia. cysts and coliform bacteria. '!he results are 
sunma.rized in Table H-1. Figures H-13 to Figure H-16 shCM the effectiveness 
of different chanica.ls on turbidity renoval.. Figures H-17, H-18, H-19 show 
various associations tetween paraneters, while Figures H-20 and H-21 sh<M the 
effect of run time on parameters. 

SPRim R.JNOFF TFS!'Il'l2 

When the 1983 spring runoff started the WATER BOY was located at Fort 
Collins Water Treatnent Plant No. 1 on the cache La R>udre River. Turbidity 
levels at this time ranged f ran 12 to 44 NIU. '!he results illustrate the 
oontrust in treating high turbidity water canpared with l<M turbidity wate~, 
the focus of the research. 
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Table H-1. Effect of ooagulant oosagee on rem°.Y7lf of oolifol:m bacteria and 
Giardia cysts for Horsetooth water • 

. . 
Coagulant Used Percent RemovalsJ.J >I · 

C.oagulant Chemical 
Run Dosage Chemical Dosage~ Gigrg,i~ 
t cateaorv.YJ/ Soecies.6/ C100/D Turbiditv Coliforrns8/12/ I CVstsA/1/.13/ 
50 None None 0 + * >99 . 
57 None None 0 14 * <l 
60 None None 0 14 * 84 
61 None None 0 11 * <l 
62 None None 0 13 * <l 
74 None None 0 9 33 ** 99 None None 0 3 27 . 41 
49 optimum sn-c 2.5 93 * ' >99 
52 optimum 8102 2.5 + 95 >99 
58 optimum 8102 5.5 94 * >99 
73 optimum · 572~ ~- ~ 2.5 93 97 ** 76 optimum alum 25 97 96 ** 
90 optimum 8102 4.0 94 >99 >99 
92 optimum alum 12 76 98 97 
98 OPtimum altml 15 84 98 94 

105 optimum alum/8102 15/4 . 89 9U 93-
106 ootirnum alum/8102 15/4 90 96 >99 
51: n9noptimum 573-C' 8.0 + >99 >99 
59 nonoptin.um 8102 11.0 86 98 >99 
75 rionoptimum 572-C 1.0 . 76 . 81 ** ·91 nonoptimum 8102 1.0 83. 96 >99 

l/ Abstracted fran Table 'B-1-
2/ 'lhree oosage categories are: i) no coagulants used, . indicated as "none"; ii> "optinun" 

coagulant oosage is with respect to turbidity removal; Hi> "nonoptimtJD" coagulant 
dosage is a dosage greater than or less than "optimllll." 

JI "Optimum" and nnonoptimum" are dosages based on Figures 3-1 to 3-4 
Al Based on ·detectedinfluent cyst concentration 
51 Alum dose reported is mg/L as Al (SO ) • 14~0 
fJ/ Nalco 8102, Magnifloc 572-C, Ma~if1Ac3573-C . 
11 Double asterisk indicates cysts used were of questionable viability 
.BJ Asterisk indicates no data: missed dilution .range - · 
~No effluent turbidity sample taken obtained 
l.Q/Data represents ranovals after one hour of filtration 
ll/Influent turbiditi levels were 7.0 N.L'U for all tests and water temperatures ranged 

between 10 and 12 C . 
.12/Influent coliform concentrations ranged f ran 220/100 ml to 30000/100 mt; median was 

8700/100 mt.a . 
.l3/Influent detected Giardia cyst concentrations ranged between 10/Lto 2000/.L; median 

was 110/L 
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Spring Runoff Testing 

The · spring runoff testing was conducted fran 4/23/83 to 6/1/83 at the 
Fort Collins water Treat:Iteilt Plant No. 1. 'lhe water used for testing was 
fran the .. cache La Poudre River during spring runoff • . 'lhe intent was to begin 
testing in early Mardi to experiment with low turbidity, ~.e. less than 1 
mu, rCM water. Disruption of electric power, however, required replacement 
of a buried cable. This delayed the . start up of the WATER BOY and the 
testing did not begin until after the start of the spring runoff in late 
April. So, when the spring runoff began, it ~~s decided to go ahead and 
treat the high turbidity water. Table . H-2 s\11111\arizes results, and Figures 
H-22 to H-27 provide results in gra}:ilical form. 

During spring runoff, the raw water turbidities of the Cache La R>udre 
River r~ged between 12 and 44 NTU, and rEftl water tenperatures ranged ·between 
7 and 10 c. '!be river's pro~rties were continually changing, rCJ/i water 
turbidity fluctuations were as much as 10 NIU per hour. 

· Ho[aetooth Testing 

'!be Horsetooth ReseIVoir testing was oonducted fran 7/3/83 to 8/31/83 at 
the Engineering Research Center at Colo~ado State University using Horsetooth 
Reservoir water as a raw water source. During the first i;art of this i:hase,• 
the oontaninant injection and sampling system was incorporated into the flow · 
schane of the WATER BOY, and tests were run to establish procedures for tests 
to detemti.ne renovals of Giardia .cysts and colifonn bacteria. Once the 
protocol for Giardj.a cysts and eoliform bacteria ranovals vs coagulant oose 
tests was established,· 22 of these teSts were oonducted with Horsetooth 
water. 

Although the .focus of this research was to determine renovals using raw 
waters with turbidities las than 1 NTU, the Horsetooth Reservoir testing 
validated testing procedures, and provided results to compare those obtained 
from low turbidity testing. Horsetooth Reservoir provided a rEM water source 
with predictable and relatively oonstant proparties. ihe turbidity and 
t~rature ranges for Horsetooth Reservoir water are 3 to 12 NW and 2 to 
15 c, respectively, over the annual cycle. 

Horsetooth Reservoir water has low turbidity when oomi;ared to water 
sources which have turbidities as high as 100 to 200 NTU. But if cani;ared to 
the water of the Olche La R>udre River during late fall and winter, 
Horsetooth Reservoir water is within a "medillll" range of turbidity. 

'!be traditional filtration practice is comprised of: i) particle 
destabilization ~ coagulation, li) . floe production, and iii) floe 
penetration into the filter. '!his practice is applicable to Horsetooth 
Reservoir water. But when the rCM water turbidity is below 1 NTU, this 
traditional practice of filtration roes not seem to work. So, since 
Horsetooth Reservoir water ooul.d be properly coagulated and filtered in 
accordance with traditional practice, the use of this water source enabled 
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Table H-2. Spring Runoff ResuJ.tJl.31 

Turbidity (NIU) 
C.Oagulant Dose of 

~ Dosage 
categor1'1 

Magnifloc 572-C 
Ef fluen# 

Percent 
No. mg/L 

34 none 0 
36 none 0 

25 optimum 8.5 
27b optimum 9.0 
28a optimum 17.0 
29 optimmn 10.5 
30 optimum 8.0 
33 optimum 6.5 
35 optimum 9.0 
37 optimum 12.5 
38 optimum 7.0 

23 nonoptimum 1.5 
24 nonoptimum 4.0 
26 nonoptimmn 30 
27a nonoptimum 4.0 
28b nonoptimum 35 
31 nonoptimum 5.0 
32 nonopt.imum 21 

ltAbstracted from Table B-1 
21Based !JIX>n results in Figure H-22 

·Influent 

23 10 
35 11 

27 1.0 
30 1.5 
30 . 1.5 
44 2.0 
44 1.5 
23 1.0 
34 1..5 
35 1.3 
16 1.1 

27 15 
27 8.5 
27 3.0 
27 3.0 
30 6.5 
44 2.5 
35 3.0 

.3/No Giardia cysts or coliform .bacteria were injected during the 
spring runoff testing phase 

JI Effluent turbidity after 60 minutes of operation 

2]j9 

Ranoval 

57 
69 

96 
95 
95 
95 
97 
96 
96 
96 
93 

44 
69 
89 
89 
78 
94 
91 
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developnent of confidence ln the WATER BOY's operation. 'Ibis confidence was 
extended to the coliform and Giardia cyst sampling protocols, respectively. 

In using Horsetooth Reservoir water the WATER BOY could be setup inside 
the Engineering Research Center at Colorado State university. '!bis 
facilitated developnent of procedures since there was no need to protect 
against freezing. Also the Engineering Research Center shop and supply room 
were nearby. For these reasons, Horsetooth water was used to develop the 
Giardia cyst and coliform bacteria injection and sampling procedures. 

Coagulant Dosage Determinatign 

Four chanical coagulants were used in testing witb Horsetooth Reservoir 
water to obtain curves of effluent turbidity vs dose of coagulant. Table H-1 
summarizes the overall results. Figures H-13 to H-16 show the four curves 
for Magnifloc 573-C, Nalco 8102, Magnifloc 572-C, and alum, respectively. 
The four curves all have the classical U-shape, permitting determination of 
rraoptimum" coagulant dosages. 'l'he "optimum" Cbsages so determined were then 
used during test runs in which coliform bacteria and Giardia cysts were 
injected into the influent piping of the WATER BOY. 'lbese curves also 
permitted selection of the "nonoptimum" coagulant Cbsages, which comprised 
part of the testing program in which Giardia cyst and coliform bacteria 
re:novals were evaluated. 

Each of the three polymers used had the capability to reduce turbidity 
levels from 7.0 NTU, in the raw water, to 0.5 N'lU for the product water, 
after one-hour of operation. After several hours of oi;eration the turbidity 
levels were reduced to 0.15 N'I'U. '!his indicates that the polymers were 
highly effective in turbidity renoval, using raw water fran Horsetooth 
Reservoir. Similar results were obtained in the lab-scale pilot work. 
'Iherefore these p:>lymers were expected to be effective in renoval of bacteria 
and Gj,ax;dia cysts. Alum was tested also, as seen in Figure H-16, producing 
finished water turbidity of 1.2 Nru, after one hour of operation • 

.Effect of Coagulan~e · on Filtratign 

After determination of "optimum" dosages of ooagulants, based upon 
turbidity . removal, and .after selection of "nonoptimum" Cbsages to be used in 
testing, removals of coliform bacteria and Giardia cysts were evaluated using 
tbe WATER BOY. 'Ibis evaluation was perforned using coagulant Cbsages 
categorized as "none", "optimum", and "nonoptimum". Table H-1 summarizes the 
turbidity, coliform bacteria, and Giax;dia cyst renoval data from 21 tests . 
classified according to the type of coagulant Cbsage used. 

Zero Coagulant Dose Tests-
'lb.e first seven runs of Table H-1, were tests in which "zero" coagulant 

dose was used, designated as "none".. '!bese tests were performed to establish 
a reference for evaluating Gj.ardia cyst and coliform bacteria reoovals when 
coagula.rits were used. 
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Results showed that large numbers of cysts p:issed through the WATER BOY 
filter when chenicals were not used. Removals of Giardia cysts were less 
than one percent in three of the seven tests, while two others gave renovals 
of 41 and 84 percent. Results for one of the seven tests showed a removal of 
>99 percent, which cannot be explained at this time. '!he results were 
supported by ranovals of turbidity and coliform bacteria. Turbidity renovals 
ranged from 3 to 14 percent while ooliform bacteria removals were about 30 
percent for two tests. Only two coliform removal results are reported in the 
first seven tests due to difficulties in establishing proper dilutions in the 
analyses. 'lhese results further establish the oontention that rapid rate 
filtration must be preceded by chenical coagulation to ensure effective 
treatment for production of drinking water. 

Optimum Coagulant Dosage Tests--
Ten tests in Table H-1 used "optimum" dosages of ooagulant. 'lhese ten 

runs are the second group of tests shown. '!he first eight tests used only a 
primary coagulant chanical, and the last two used alum as a primary ooagulant 
and a polymer as a secondary coagulant. '!he tests using "optimum" coagulant 
dosages were performed with expectation that high ranovals of ooliform 
bacteria and Giardia cysts would ·occur. For these "optimum" oosage tests, 
Table H-1 shows that removals of turbidity, coliform bacteria, and Giardia 
cysts all exceeded 90 percent, with only four exceptions, i.e. for turbidity 
when alum was used either alone or as the primary ooagulant. 

'!he data in Table H-1 show that removals of Giardia cysts exceeded 99 
percent in five of the eight test runs having Giardia data. Cysts were not 
detected in the product water in these cases. Removals of less than 99 
percent occurred only when alum was used; the reason is not evident. 
Removals of coliform bacteria exceeded 94 percent in all cases. Turbidity 
ranovals exceeded 90 percent with only four exceptions as noted above. 

'!he cyst ooncentrations it may be noted were 10, 30, 45, 250, 800, 2000, 
200, 75 cysts/liter for Runs 49, 52, 58, 90, 92, 98, 105, and 106, 
respectively. While alum could be less effective than the polymers, the cyst 
concentrations, which were not controlled easily, partially due to logistic 
problans, were quite high for the tests with alum. At the same time, 
however, . the turbidity vs alum dose curve, shown in Figure H-16, indicates 
that almn is less effective as a coagulant than the polymers tested (see 
Figures H-13, H-14, H-15) • These results indicate areas where further 
research effort is needed; i.e., to both better define the relationships and 
to explain the behaviors noted. 

Nonoptimum Coagulant Dosage Tests-
'Ihe "nonoptimum" coagulant dosage tests, which used polymer only, are 

the last four tests shown in Table H-1. Cysts were not detected in the 
effluent for any of these "nonoptimurn" Giaraia test runs, while turbidity 
removals ranged between 76 and 86 percent, and removals of coliform bacteria 
ranged from 81 to >99 percent. Runs Sl ·and 59 used above-optimum dosages of 
Magnifloc 573-C and Nalco 8102, respectively. Runs 75 and ·91 used below-
optimum dosages of Magnifloc 572-C and Nalco 8102, respectively. Table H-1 
shCMs the dosages used, which can be related to the turbidity-cbse curves in 
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Figures H-13 to H-16 for the purpose of ascertaining the deviation from 
optimum. '1he "nonoptimum" oose tests were run to ascertain the sensitivity 
of ranovals of turbidity, bacteria, and Giardia cysts to deviations from 
optimum ooagu.lant oosages, which could occur in practice. 'lhese results 
indicate that for Horsetooth Reservoir water, ranovals are not highly 
sensitive to ooagulant cbsage, but removals are not as high as when optimum 
oosages are used. 

Associations Between Dependent Variables 

Turbidity vs Giardia--
Table H-1 shows results for tests in which Giardia cyst ranovals were 

obtained. Figure H-17 shows these data for percent removals of Giardia cysts 
plotted against percent ranoval of turbidity. '!he plot shows that when 
ranoval of turbidity is high then renoval of Giardia cysts is high also, e.g. 
exceeding 90 percent. '!he plot shows also that low ranovals of Giardia cysts 
occurred only when removals of turbidity were low also. '!he curve shown was 
drawn to indicate an association between the group of plotted points in the 
upper right portion of the plot and a fewer number of points in the lower 
left; it has no statistical significance. '!he curve shown has a rationale, 
however, based upon the work of Al-Ani and Hendricks (1983), which shows a 
similar association in a three-dimensional histogram plot. '!heir work shows 
that generally when turbidity ranoval exceeds 80 percent, Glardia cyst 
renoval will exceed 98 percent. 'Ibis work, at the field scale, supports 
their findings, except Figure H-17 indicates that Giardia removals exceed 90 
percent (not 98 percent> when turbidity ranoval exceeds 80 percent. 'Ibis 
supports generally their contention that turbidity removal can be used as a 
surrogate for Giardia cyst removal. 

Coliform vs Giardia--
Table H-1 shows results for 10 tests in which coliform bacteria removals 

were obtained along with corresponding removals of Giardia cysts. Figure 3-6 
is a plot showing percent ranoval of Giardia cysts vs percent ranoval of 
coliform bacteria. '!he plot shows that when removals of coliform bacteria 
are high then ranovals of Giardia cysts are high also. Cilly one point was 
obtained for lcw ranovals. '!he curve shown was drawn to indicate an 
association between the one point on the left side and the group of points on 
the right. 'lhese results are consistant also with those of the laboratory-
scale testing and support the contention that renoval of coliform bacteria 
can serve as an indicator of renoval of Giardia cysts. '!he results indicate 
that when high ranovals of turbidity or coliform bacteria occur, then 
effective filtration is likely. 

Turbidity vs Coliforms--
Figure H-19 shows plotted points, also obtained from Table -1, for 

percent removal of turbidity vs percent removal of coliform bacteria. '!be 
association between the two groups of plotted points is similar to the 
previous two plots, i.e. if 80· percent renoval of turbidity occurs then 
renoval of coliform bacteria can be expected to exceed 95 percent. 
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O>liforms vs Standard Plate o:>unt--
Standard plate count measurements for the influent and effluent streams 

were made for only two runs, Runs 51 and 52. Removals were 99 percent and 98 
i;eroent, respectively with influent concentrations 29,000/mL and 15,000/mL. 
Ranovals of colifoan bacteria were >99 percent and 95 percent for these two 
runs. Standard plate OOWlts were not rWl routinely since coliform bacteria 
data were used and it was necessary to set priori ties in order to control the 
work load. 

E£fect of Run Time on Filtration Effectiveness 

Colifoon bacteria ooncentrations in the product water were measured at 
intervals of time in Run 59. '!bis was oone dtring the initial 70 minutes of 
filter operation after backwash. Figure H-20 is a plot of the data obtained. 
'!he coagulant dosage was "nono~imun", i.e. 11.0 ng/L of Naloo 8102. Figure 
H-20 shows that . coliform oounts in the efff uent water dropped to 10/100 mL 
within 20 minutes of oi;:eration; this canp:tres with 1200/100 mL in the 
influent water. 

Figure H-21 shCMs hew lx>th headloss and effluent turbidity vary with 
time during Run 78 using optimun oosage of Nalco 8102 polymer. As shown in 
Figure H-21, 10-hours were ra:iuired for the effluent turbidity to reach the 
lONest value of 0 .15 N'IU, while a turbidity level of 0 .4 NTU was reached at 
1-:hour after backwashing. Break.through occurred aoout 14-oours after the 
start of the run, as indicated ~ the steep sloi;e of ~e turbidity-t:ime 
curve. Headloss increased continuously to aJ:x:nit eight feet of water, which 
existed when breakthrough occurred. 

After 12-hours of filtering during Rm 78 Giardia cysts and colifom 
bacteria were fed into the system Cat this point the run was designated as 
Run 79). <.ysts were not detected in the effluent stream. o:>liform oounts 
were 8700/lOOmL in the influent, and 50/lOOmL in the effluent, giving >99 · 
i;ercent renoval. It was not the purix>se to have a prolonged run time, as is 
desired in practice. '!he puqx>se of Run 79 was to test the effectiveness of 
a "well-seated" filter in removing Giardia cysts and coliform bacteria. 

RESULTS mC>M Sm.IR; RJNOFF TEHrIN; AND H\MILIARIZATION TEm'DC - FIELD-SCALE 

'Ibis appendix material slll1llarizes results obtained in April and May 1983 
during spring runoff of the cache La R>udre River, when turbidity levels 
ranged fran 12 to 44 NIU. '!be results are oontained in this ap~ndix to 
illustrate the contrast in treating high turbidity water canpared with the 
low turbidity water, the focus of the research. '!he results indicate that 
although "in-line" filtration can produce water of 1 NTU, run times were only 
about two hours. Since run times of only two hours are not econanical, the 
"in-line" mode is not feasible for treating high turbidity waters. '!he 
q~stion was explored oocause of its signif ican~ if found feasible for high 
turbidity waters as well as waters having !CM turbidity. 
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SPRING RJNOFF RESULTS 

During spring runoff, turbidity levels of the cache La R>udre River 
ranged .tetween 12 and 44 NTU, changing as much as 10 NW in one hour, and 
water temperatures ranged tetween 7 and io0c. Since the WATER BOY was set up 
on the river when spring runoff oogan in late April 1983, it was decided to 
take advantage of these different a:>nditions and cx:>nduct turbidity testing. 
The idea was to ascertain whether the "in-line" mode of filtration was 
effective for high turbidity waters. 

'!here were 22 effluent turbidity vs chemical Cbse test runs using cache 
La R>udre River water during spring runoff. Table H-2 sunmarizes the spring 
runoff results acoording to coagulant dose category. Testing was not done 
using ~ cysts and coliform bacteria because of the limited sco~ of 
this };base.. Eighteen test runs were conducted using M.agnifloc 572-C. polymer 
as sole coagulant, and four tests used alum as the sole coagulant. 'Ihe alum 
test runs, Runs 39 to 42, were deemed invalid due to excessive dilution of 
the alum feed solution. '!be 18 effluent turbidity vs cb.enical Cbse tests, 
using Magnifloc 572-C as the sole coagulant involved two comparisons tetween 
the tench scale, laboratory scale, and field scale pilot plants (reported by 
McElroy and Hendricks, 1984). 'lhree headl.oss and effluent turbidity vs time 
curves were developed. 

Effect of coagulant nose on Filtration 

Figure H-22 sh~1s the effluent turbidity vs chanical c.:bse curve 
developed using Magnifloc 572-C and water fran the cache La R>udre River 
during spring nmoff. Fran this curve, the optimun dosage range for 
Magnifloc 572-C was estimated to be tetween 6 and 20 mg/L. This optimum 
dosage range is defined by turbidity removal, as shown in Figure H-22. 'Ihe 
curve shown in Figure H-22 is unjque for the particular ambient water 
conditions tested. Results, shown in Table H-2, are surmnarized in the 
following sections. 

Zero Coagulant ])Ose Tests--
Runs 34 and 36 had zero coagulant dose. Rew water turbicli ties were 23 

NW and 35 NTU, respectively. ·These are the first two runs listed in Table 
H-2. After one-hour of oparation, the effluent turbidity for these no 
che:nical runs were 10 NTU, for Run 34; and 11 NTU for Run 36. 

Optirm.m CPagulant Dose Test--
'Ihe optimum dose range ·was determined to be 6 to 20 mg/L of Magnifloc 

572--C for 27 N'IU spring runoff water. Runs 25, 27b, 28a, 29, 30, 33, 35, 37, 
and 38, had coagulation dosages within this 6 to 20 mg/L optimum dose range .. 
Turbidi cy removals for these nine optimun Cbse runs ranged between 93 and 97 
percent.· 

~noptimum Coagulant Dose Tests--
Runs 23, 24, 26, 27a, 28b, 31, and 32, all had nonoptixm.m coagulant 

Cb sages,, as detennined with 27 N'IU raw water. None of these nonoptimw rose 
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runs had effluent turbidity below 3 N'lU. Turbidity removals ranged between 
44 and 94 percent~ 

E£fect of Time on Filtration 

Five effluent turbidity and headloss vs time runs were conducted using 
spring runoff water fran the cache La Poudre River. 'Ihese were Runs 33, 35, 
36, 37, and 38. 

'!be results of Run 33, is shown in Figure H-23, which shows how effluent 
turbidity varies with time inmediately following backwashing for raw water 
having 23 Nl'U. Effluent turbidity readings declined steadily to 1.4 N'lU, 1.2 
N'l'U, and 0.9 NTU, at 10 minutes, 30 minutes, and 60 minutes, respectively. 
Figure H-24 shows the results of Run 35, which was similar to Run 33, but 
with 34 NTU water. Both Figures H-23 and H-24 illustrate the need for 
"filtering to waste". A period of about 30 minutes duration appears adequate 
based upon the curves shown. 

Figure H-25 shows how headloss varies with time without chemicals for 
the "in-line" mode of filtration, and using raw water having turbidity of 35 
NIU. Figure H-26 and H-27 show headloss · and effluent turbidity vs time 
relations using an optimum oose of Magnifloc 572-C, "in-line" filtration, and 
raw water turbidity of 16 and 35 N'IU respectively. 

Figures H-25, H-26, and H-27 are the results of Runs 36, 38, and 37, 
respectively. '!be length of run for these three runs, before backwashing was 
required, were approximately 60 min, 160 min, 60 min, respectively. 'lbese 
short runs show that "in-line" filtration is not a suitable treatment mode 
during spring runoff. Cbnventional treatnent would allow flocculation which 
would permit sedimentation, thus reducing the turbidity load on the filters. 
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APH:NDIX I 

QiEmCALS 

Coagu.lant chenicals are ·described in this appendix, which includes 
manufacturer's literature as availabl$H Also, because it is often not clear 
how. alum is ~xpressed, e.g. as mg/L AL or mg/L Al.2 <~4> 3 , etc., a chart of 
SJU1valents is shown. 

'!be alum and ·the polymers used are indicated below by manufacturer and 
brand name. 

Manufacturer 

Allied 
Nalco 

Dow . 
American Cynaid 

Brang· Name 
Liquid alum 
650 
8100 
8102 
8152 
8170 
8181 
Separan NPlO 
Magnifloc 572C 
Magnifloc 573C 

Literature 
Included 
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PROPERTIES OF LIQUID ALUM 

TECHNICAL SERVICE INDUSTRIAL Cl-1EMICALS DIVISION ~icd 
CU ST 0 M ER ENG I N .E ERIN G. 

· (ilemical 
P.O . . BOX 6, SOLVAY, N.Y. 13209 

September 1, 1972 SHEET l OF 6 

DATA SHEET LA-1 - EQUIPMENT AND PIPING FOR LIQUID ALUM AT AMBIENT 
TEMPERATURES 

A. PHYSICAL PROPERTIES 

1. Description 

Liquid alum, an aqueous solution of aluminum sulfate, Al 2 CS04) 3 
plus H20, is a very pale green liquid. The commercial strength, 
36.5° Baume' , has 8.3% available Al20j. 

2. Physical Constants 

Density (gm/cc) at 60.°F 
Density (lb/gal) at 60°F 
Gallons/ton at 60°F · 
Viscosity {cp) at 32°F' 
Viscosity (cp) at 70°F 
Boiling point (°F) 
Freezing point ( °F) 

3. Conversion from Dry Alum 

1.34 
11.2 

180 
52 
21 

214 
5 

There are 5.4 pounds of dr~ alum (17% Al203~ per gallon of 
liquid alum. Cqnvert dry alum to liquid alum as follows: 

pounds dry basis 
5.4 pounds per gallon = gallons liquid basis 
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CALCUIATIONS SHCWING EQUIVALENT OIEMICAL EXPRESSIONS FOR ALUM CDNCENTRATION 

According to the Allied Da~a Sheet I-1, Appendix I, the density of the 
liquid alum is 1.34 gm/rnL at 60 F. The data sheet states that the density of 
dry alum is 5.4 lb dry alum Cl7 percent Al a > per gallon of liquid alum. 
The converson of these data to ooncentr~tions of Al2so4 or Al2o3 are not 
apparent. '!he conversions are explained as follows: 

1. Detennine percentage of dry alum in liquid alum solution: 

5 .4 lb acy alum gal liquid aium 
gal liquid alum x 8 34 lb . t • 1 34 lb J iguid alum 

• wa er • lb water 
_ 4,5 lb dry alum _ 0.48 gm dcy alum 
- ll.al7 lb liquid alum - gm liquid alum 

2. Deduce form of "dry alum" 

The m of Al2 cso4> 3 '14~0 is 592 

'!he Miil of Al2o3 is 102 

'!he Al2o3 equivalent weight in Al2 cso4> 3 °14820 is = ~ 

= Q .172 rtmAl {SO ) • 14ILO 
~lll.6.&.2 4 3 --.l 

in:iis.means that the "dry alum" has the form Al2 Cso4 > 3 °14~0 per gm 
liquid alum, or 

0 .48 gm Al2 CS04> 3 °1412° 1,.34 gm liquid alum 
gm liquid alum x mL liquid alum 

_ 0.643 gm alum as Al2 cso4> 3 °14Hz0 
- mL liquid alum 

3. Equivalent expressions are: 

[Al+++] - 0.643 gm A12CS04>3 ·14120 54 gm Al+++ 
- mL liquid alum x 592 gmAl.2 cso4> 3 "14HiO 

_ o.osa. gm Al+++ •. rnL liquid alum 
- mL liquid alum x 1 .. 34 gm liquid alum 
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0.64 gm Al2 <ro4>3 ·14H20 396 gm Al.2<S04>3 
Al.2 <004> 3 = mL Hquid alun x 592 gm Al2 cso4> 3 ·14~0 

0.428 gm Al2 <&>4> 3 
= mL ljquid alun 

0.64 gm Al2 <&>4> 3 ·14H2~ . 102 gm Al2°'3 
Al.2~ = mL liquid alun x 592 gm Al2 CS04> 3 ·14e2o 

- 0.11 gm Al2~ 
- mL liquid alun 

It is p>ssible that o~rators may express oonamtrations in terms of 
mg/L of liquid alum. To do this, the actual weight of liquid al.1.lll is used as 
the basis and is ad~ to water to make one liter of solution. For example, 
to make 10 mg ljquid almn/L solution we find the volune of liquid alum 
solution that has 10 mg. 'Ibis is calculated as follows: 

x mL ligpid allln _ 1 mL liQuid alun 
10 mg ljquid alllll x CJD - 1.34 gm liquid alun 

103 ng 

x = 0.00746 mL 

Of course we can not measure volunes this snall so if the liquid alun 
solution is diluted to say 1.34 gm/1000 mL the volune would be 7 .46 mL 
instead. 

'Ihe results of all of the above arithmetic are sumnarized in Figure I-3. 
'lhus, using Figure I-1 Ca>, · it is easy to oonvert fran "~ins of liquid 
al1.lll" to ar,w fom of expression desired, e.g., grains as Al , Al2 <oo4> 3 , 
etc. R>r example, if an o~rator says he uses 10 mg/L of alun, and ie ls 
ceteIInined that he or she means 1 iquid al um, one merely multiplies this 
figure ~ 0.48 to get the Cbsage in terms of Al COO > ·14a2o. Similarly, if 
we wish to meter al1111 in teDDS of sey, Al.2 coo4>~·14~0, we can consult Figure 
I-3 Cb> and note that each milliliter of l:iquid alun contain 0.643 gm of 
Al.2 <&>4? 3 ·14H2o. If the si:ecifications f.or the liquid alum are different 
than Stated In this ~ndix, the above calculations can be used as a model. 
FOr example, if the censity of liquid alun ha~s to be say 1.45 Can 
arbitrarily dlosen nunber) instead of 1.34, all preceding calculations and 
Figures I-1 Ca> and I-1 Cb) would be changed accordingly. 
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i-
one qram 
of 
liquid alum 

l_ 

1-
one mL 
of 
liquid aluri 

J_ 

n.M1 gm 
as -Al+++ 

; . : ·. : .. ,· . 
.. · .. · .. . . 

0.082 gm 
as Al 2o3 

0.319 qm 
as Al 2(so4 )3 

(a) One gram of liquid alum 

0.058 gm 
as Al+++ 

~- --.... •' 
: t : • : I • 

0.11 gm 
as Al 2o3 

0.428 gm 
as Al 2(so4 )3 

(b) One milliliter of liquid alum 

0 .11-8 gm as 
Al 2(so4)3. 
14H20 

.,_ __ _ 

0.643 qm as 
Al 2 (S0~) 3 . 
14H20 

Figure I-1. Equivalent expressions of alum in Allied Chemical Commercial 
liquid alum ba8ed upon molecular weight conversions. 
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MANUFACrtJRER'S LITERA'IURE ON roLYMERS USED 

Cl> Nalco 650 cp. 1 of l> 

NALCO 650 functions as an effective aid for adsorbing oils, clay, organics 
(including c'olorl and microorganisms. It is particularly effective whtm used 
in combination with cationic po/yelectrofyes, such as NAL CO-'IJ 6()(), 
NAL COL YTE ® 603, 605, or 607, and with inorganic coagulants, such as 
sodium aluminate. NALCO 650 rapidly forms a fast-settling floe, and should 
be considered whenever incr(!ased throughput is desired. It neither 
increases the dissolved solids content nor alters the pH of the water being 
trt1atod. S50 

PRINCIPAL USES 

NALCO 650 is a highly surface-active colloid u~ed 
principally as a complementary c:oaaulant aid :1nd 
weighting agent in water clarification and softening. 
NALCO 650 is used extensively where natural turbklity 
is insufficient to form heavy, tow water cQntent t:o;. 
The floe thus formed is more readily dewatered or dried 
than that formed by metallic salts such as al;Jm or iron 
salts. As a consequence, a decrease in alum or other 
salt dosage may result, with a lower resulting cost 

GENERAL DESCRIPTION 

A processed mcintmorillonite. Forms a uniform, 
insoluble suspension when dispersed in water. 

Form .....•.•.•.•.• • ...•.••• : • Pulverized 
Color ...•..•••.•••.••••...••••. Light buff 
Odor ..• •••...... . .•.•.•••••....... None 
Density .... • .. • ..••..••••...•• 6l lb/cu ft 

CC SAGE 

Ve1ries between 5 and 50 ppm, depending upon 
application. 

NALCO CHEMICAL COMPANY 
WATeR TReATMll!NT CHl!MlcAr..a 

2901 BUTTERFleLO R040 r. CAI( BROOK, ILLINOIS 60!521 

SUSSIOtAAtES IN AUSTRt 4 e-=-AZIL. CM•LE COLOMBtA FR4'NCI! . 
ti«lL.t....ANO. ITAt..V. Mexico PMIL.tPP1Nes SA.UOI AAABIA SP•1N SWEOEN 
VENE Z UELA ANO WEST GERMANY 0 Af=Fll .. tATES IN AUSrR-.1....1A 
CANAOA .JAPAN. SOUTM Alll=RICAi. T'AtWAN. AND UNITEO KINGOOM 

.. EECINt.6 

f-~r batch preparation, make up to a 6% slurry in water, 
by c:dding NALCO 650 through a 1" screen. To facilitate 
we~tina. lhe addition of 0.01 lb of NALCO··!' 680 sodium 
c.lu;;ninate per gallon of water, before addition of 
NALCO 650, is recommended. Feed into the vortex of a 
Lightnin' or equal mixer. Mix vigorously, initially, then 
continue slow mixing to maintain a uniform suspension. 

in dry c:iemical feeders where solids are fed 
continuously. NALCO 650 flows freely in standard 
proportioning equipment. For optimum results, intro-
duce NALCO 650 into the slurry vat via a Nalco Type Ill 
Coagulant Disperser. Make certain that the · disperser 
effluent stream is fed into the vortex of the Lightnin' 
mixer in the slurry vat. The Lightnin' mixer should have 
two standard propellers to insure adequate agitation. 

Introduce the NALCO 650 slurry into the rapid agitation 
section of the clarifier or to the suction side of the raw 
water supply pumps. 

HANDLING ANC SHIPPING 

No special precautions are required, but avoid 
prolonged contact. Does not deteriorate with age. 
Store in a dry place. NALCO 650 is shipped in bulk 
hopper bottom cars, hopper trucks, or in 50 lb multiwall 
bags. 
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(2) Nalco 8102 Cp. 1 Qf 2t 

NALCOL YTE 8102 is a moderate molecular weight, cationic polyelectrolyte 
developed for both potable· water clarification and waste rrec7tment systems. 

NALCOL YTE 8102 aids in: 

• Improving effluenr quality 

0 Reducing or eliminating the need for metal salts 

• Producing a dense, rapid-forming, easily settled floe 

• Forming a compact, easily dewatered sludge 

• Producing quality w<1t1!f in prochlorinatod systems 

• Reducin,g or eliminating the need for pH adjustment 

PRINCIPAL. USES 
NALCOL YTE 8102 is a moderate molecular weight, poly· 
cationic polymer recommended for use as a primary coagu-
lant in raw water clarification and lime softening. 
NALCOL YTE 8102 is approved by the USEPA for treat· 
ment of potable water at an application rate up to 50 ppm. 

Application Programs Use 

• Conventional 
Clarification or 
Lime Softening 

• Direct Filtration 

• Filter Aid 

• Clay/Polymer 

Primary coagulant to 
partially or completely 
replace inorganic salts 

Primary coagulant for 
low tur.bidity and 
colored water 

Secondary coagulant to 
improve filter effluent quality 

Primary coagulant in a total 
alum or iron replacement 

Your local Nalco representative can help determine the best 
clarification program for your needs, 

GENERAL DESCRIPTION 

Form . . . . . . . . . . . . . • . . . . . . . . . . . . . Liquid 
Charge in Solution ............... Cationic 
Density (Typical) .............. 9.09 lb/gal 

·Color. .. .. .......... . .. . .... . . Pale amber 
Appearance ........ •. ....... . . Slight haze 
Odor .... . ...... . ... . ............ Slight 
pH Neat (Typical) .. . .... . .. . ......... 4.5 
Viscosity .. . . . ........... . .. . See Figure 1 
Freeze Point (Neat) . ........... . .. . . . 14° F 
Freeze-Thaw Recovery . . ......... Complete 

COSAGE 
The specific dosage of NALCOL YTE 8102 will depend 011 

raw water characteristics, the type of application, equip· 
ment operation, and the results required. Your Nalco 
representative will recommend the dosage ranges expected 
for your system. 

FEEDING 
Conventional Clarification, Clay/Polymer, 
Direct Filtration 

NALCOL YTE 8102 can be fed neat or as a diluted stock 
solution. See Figure 2. Use a positive displacement pump. 
BI F 1711 Series or equivalent, to meter the product or 
solution into a water line where it can be continuously 
diluted to 0.5% or less before application. NA'LCOL YTE 
8102 should be applied prior to the rapid mix zone to 
ensure efficient distribution into the water. 

When preparing a stock solution in cold water (less th;m 
60"F) additional mixing may be required. NALCOL YH. 
8102 solutions greater than 10% concentrations are stable 
for one week. 

Filter Aid Application 

NALCOL YTE 8102 should be fed as a 10-30% solution to 
the distribution header prior to the filters. In some cases. 
better performance can be obtained by feeding each filte1 
individually at the inlet flume. The feed point should br 
selected to ensure distribution of the polymer within th1• 
water prior to filter contact. 
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Nalco 8102 Cp. 2 of 2> 

MATER1ALS OF' CONSTRUCTION 

PVC feed lines should be used when handling concentrated 
NALCOLYTE 8102. Stalnl~ss steel pump heads can. be 
used. Store NALCOLYTE 8102 in fiberglass (DK·411 or 
equivalent), polyethylene, .. or rubber-lined tanks. If existing 
mild steel tanks are used, line with Plasite 4005 or equiva-
lent. Consult your local representative for recommended 
tank designs. 

BHIPPING1 AND STCJRAGS 
NALCOL.. YTE 8102 is available In bulk or 65·gollon, non· 
returnable lined drums. Drums can be stored for one year in 
unopened containers. Although freezing is harmless, it 
should be avoided, since lower temperatures increase prod· 
uct viscosity. 
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FIGURE 1 - Typical viscosity as function of temperature 
NALCOL YTE 8102 

HANDLING 

NALCOLYTE 8102 should be handled as a mildly acidic 
product. Avoid contact with skin, eyes, and clothing. Use in 
a well ventilated area. Avoid prolonged or repeated breath· 
ing of vapors and do not take internally. In case of contact 
with skin;wash with water. For eyes, wash with water for 
15 minutes and call a physician. 

NOTE: This bulletin shall not be construed as recomrnond· 
Ing the infringement of any patent, or extending any 
license, expressed or implied or assuming any liability under 
any issued or pending patent. 

Solution 
Tank 

Calibration 
Cylinder 

To 
Feed 

t--C><l---"--t.W..,_--c:~-..... . Point 

It is always good practice to place ii strainer 
in the suction side of a positive 
displacement pump. 

FIGURE 2 - Recommended coagulant feed systems 
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(3) Na1co 8152 Cp. 1 of 1) 

NALCO 8152 is a highly sctive colloid that provides excellent performance 
in water systems where the floe is nor dense enough ro settle. NALCO 8152 
is recommended in raw water clarification of low turbidity systems or in 
waste water clarification. 

P~H\ICJ):)AL uses 
NALCO 8152 is recommended as a complementary 
coa9ulcint :;irt and weighting agent in water clarification 
wnere lne natural turbidity is insufficient to form a 
dense floe. NALCO 8152 is also used in primary and 
secondary waste clarification. NALCO 8152 is particu-
larly effective when used in combination with Nalco 
cationic polyelectrolytes. 

GENERAL CESCRIPTICN 

Forms a uniform. insoluble suspension when 
dispersed in water. 

Form .................•.....•. Pulverized 
Color ....•...........•....••. Grayish tan 
·Odor ...........•.•.•..•..••..• · •••. None 
Bulk Density: 

Loose ....................... 27 lb I cu ft 
Packed ...................... 57 lb/ cu ft 

CC SAGE 

Dosage varies between 2 and 30 ppm depending on 
application. 

NALCO CHEMICAL COMr=»ANV 
tNDUtlTRIAL C:llVll!ltON 1 : WATl!A Tttll!!ATMl!NT C>-t&MtCAL& 
:i!901 BUTl"EAFIEl...D FIOAD It OAK SFIOOK, 11...1...INOIS 60521 

sues101ARIES IN AUSTRIA, tJ""'AZIL.. COLOMSIA, F'~ANCE . ITAL.Y, ME!>CICO. 
PMILIPP!NES, S~AIN. SWEOEN, UNITEO STATES, VENEZUELA, ANO WEST 
GEf:tMANY'. Al=FILIATES IN AUSTRAL.IA, CANAOA. HOL.l..ANO, JAPAN, 
SOUTM AFRICA. TAl~AN. UNITEO KtNGOOM ANO UN•reo STATES. 

_!,~.. at11i!t1td TrJdemar~~ of llJltO Chemical ComoJnr a Printed'" U.S.A. 11·77 

FEECING 

For batch preparation, make up a 1-5% slurry in water 
by the slow addition of NALCO 8152 into the vortex of a 
high speed mixer. Once the clay is in suspension the 
agitation can be reduced to maintain uniformity. For 
continuous feeding, meter the clay into the vortex of a 
:1igh speed meter (Double prop, 1725 rpm) which 
thoroughly wets and slurries the clay. The recom-
mended retention time is 40-60 minutes beforn the 
slurry is educted or pumped to the application point. 

HANDLING ANO SHIPPING 

Avoid prolonged or repeated breathing of dust. If 
dusting is a problem, wear an approved dust mask or 
respirator for protection against pneumocomosis. 
NALCO 8152 does not deteriorate with age. Store in a 
dry place. 

NALCO 8152 is shipped in 50 pound multi-waif bags and 
in bulk. 

237 
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MAGNIFLOC'572C 
f\o·cculant 
MAGNI FLOC~ 572C flocculant 
is a low molecular weight 
liquid cationic floccutant 
which is effective as a 
primary coagulant in raw 
water clarification and is 
especially effective on low-
turbidity/highly cnlored 
waters. 

Advantages 
•Easy to appiy, pourable 
liquid which simplifies 
dilution, feed and handling 
operations 
• Economical to use -
effectiveness at low dosage 
levels results in reduced 
handling and storage costs. 
Added savings can be 
realized in bulk deliveries 
•Works over a wide pH 
range and eliminates the 
need for post-treatment 
pH adjustment. 
• Resistant to chlorine 
•Eliminates alum or 
ferric muds when used as 
a primary coagulant 
• Forms a low volume, 
comuact, h1gr.-solids 
sludge which~,,, 
biooearadable ;:ind burnable 
•Less blow-down of sludge 
is required resulting in 
more useable water and 
increased-effective throughput 

Application 
MAGN!I F LOC 572C flocculant 
should be metered to the 
system by use of a corrosion-
resistant. positive displace· 
ment pvmp and diluted 
100:, with clean water 
prior to being fed to the 
process stream. Best results 
are obtained by dispersing 
feed stream and promoting 
high turbulence for rapid 
mixing beyond the addition 
point. 

Principal Uses 
MAGNil FLOC 572C flocculant 
is a highly effective cationic 
polyelectrolyte which 
may be used as a primary 
flocculant or as a coagulant 
aid in clarifiers and other 
types of gravity settling 
operations and in air 
flotation units. 

MAGNJ FLOC 572C flocculant 
is recommended for use in: 
•Raw water cla:ification 
and especially for low 
turbidily, highly-colored 
waters, as a total or partial 
replacement for inorganic 
coagu Ian ts. 
•Treatment of oily waste 
watersand ·emulsions as 
a demulsitier. 
•Clarification of latex wastes. 

Water 
Clarification 
Treatment 

Treatment Level 
Raw water 
clarification 1.0 · 10 ppm 
Waste water 
treatment 1.0 · 20 ppm 
Oemulsification 10 · 250 ppm 

Typical Properties 
Appearance Straw-colored 

liquid 
Specific Gravity 
(25°Cl 1.14-1.18 
Viscosity 
(25°C. cps) 100. 125 
pH 5.7 
Solubility Infinite in 

water 
Chemical 
Reactivity Non-reactive 
Shelf-Life 12-24 months 
Freezing Point 
(OF) 0 

Environmental Properties 
BOD (mg/L) 
COD (mg/Ll 

100,000 
200,000 

~- c· ..... ,.,,. "'' ,.--. • AMERICAN CYANAMIO COMPANY • Water Treating Cnemrcals • \Mtyne. N.J. 07470 • (201) 831 . 1234 
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Magni.floe 572C (~, 2 of 41 

Handling 

Animal tests have shown tl1at 
MAGNIFLOC 572C flocculant 
has a low order of toxicity, 
and is not irritating to 
skin or eyes. Consequently 
no more than crdinary 
measures of personal 
hygiene and plant house-
keeping are needed in 
handling this product . 
Spilled polymer on floors, 
etc. is very slippery and 
difficult to "rose down" 
spills should be scooped 
and/or wiped up prior to 
flushing with water. 
Storage in glc.ss, stainless 
steel. plastic or epoxy -
l~ned vessels is recommended. 
Do not use aluminum or 
iron in feed or storage systems. 
If MAGNIF:..oc 572C 
flocculant freezes during 
shipment or storage, it may be 
thawed and used after agitation 
to insure homogeniety. 

Important Caution 

Shipping 

MAGNIFLOC 57'.~C flucculant 
is shipped in 55 ~Filion nor.-
returnable steel drums. F .0.8. 
Avondnle, La. and Kalamazoo. 
Micll. For infornrntion on bulk 
del ivery, contact vour Cyannmid 
1epresentative or Sales Off;.-:e. 

Techni.-:c;; Serv~ce 
Good wa te: 11anagemen t for 
you and for .Jur environment 
depends on using ·~ he best 
products and the iatest tech-
nology in ::i totall\ balanced 
program .• ~t Cyanamid. we 
offer a fu:1 system of water 
treat men r products designed 
to meet your need~ . Your 
Cyanamid Sales Flepresentative 
stands ready to offer informa-
tion and assistance in using 
this product and helping you 
achieve our ccmmorr goal -
clean we ter. 

EPA 
MAGNI FLOC S72C flocculant 
is approved by the Environmental 
Protection Agency for use 
in the clarification uf 
potable water at dosages of 
up to 10 ppm. 

The information and statements herein are believed to be reliable but are not to be construed JS a warranty 
or representation for which we assume legal respons1b il1ty. Users should undertake sufticient verification 
and testing to determine the suitability for their own particular purpose of 1my intorrnnt1on or products 
referred to herein . NO WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE IS MADE. 

Nothing herein is to be taken as permission, inducement or recommendation to practice any patented 
invention w i thout a license. 

C:::::::::c " ... """" - ',. => AM ER I CAN CYANAMID COMPANY • lndustnal Chemicals & Plastics Otv1s1on • Wayne. N.J 074 70 • (2011 831 -T 234 

fi..l1FM 7M 1nnr:, 
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(1;.CYANAAlllD 

MATERIAL SAFETY DATA 

PROD~CT 
IDENTIFICATION 

TRADEMARK: 

SYNONYMS: 
CHEMICAL FAMILY: 
MOLECULAR FORMULA: 
MOLECULAR WGT.: 

MSDS NO. 1869-01 
CAS NO. 
DA TE: 08/03/82 

MAGNIFLOC® 572C Flocculant 
Polyquatemary amine 
Cationic polyamine 
Mixture 
Mixture 

WARNING SPILLS OF THIS PRODUCT ARE VERY SLIPPERY 

HAZARDOUS 
INGREDIENTS 

COMPONENT CAS. NO. TWA/CEILING REFERENCE 

NFPA HAZARD 
RATING 

HEALTH HAZARD 
INFORMATION 

No Permissible . 
Exposure Limits 
(PEL), have been 
established by OSHA 

Not Established 

EFFECTS OF 
OVEREXPOSURE: 

FIRST AID: 

EMERGENCY PHONE: 201/835·3100 

Acute oral (rat) and acute dermal (rabbit) LOSO values 
are 5.36 ml/kg and > 16.0 ml/kg, respectively. No eye 
irritation and no significant skin irritation were produced 
during primary irritation studies with rabbits. 
No specific first aid procedures are necessa,Y for 
accidental exposure to this product. 

AMERICAN CYANAMID ,COMPANY, WAYNE, NEW JERSEY 07470 
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FIRE AND 
EXPLOSION 
HAZARD 
INFORMATION 

REACTIVITY DATA 

PHYSICAL 
PROPERTIES 

SPILL OR LEAK 
PROCEDURES 

WASTE DISPOSAL 

SPECIAL 
PRECAUTIONS 

FLASH POINT: 
METHOD: 

FLAMMABLE LIMITS 
(%BY VOL): 

> 200 F ( > 93.3 C) 
Closed Cup 

Not Available 

MSDS NO. 1869-01 
MAGNIFLOC® 572C Flocculant 

AUTOIGNITION TEMP: , __ N_ot_Ava_ll_ab_le __ _ 
DECOMPOSITION TEMP: Not Available 

FIRE FIGHTING: Use water, carbon dioxide or dry chemical to extin~uish 
fires. Wear self-contained, positive pressure breathing 
apparatus and full firefighting protective clothing. 

STABILITY: 
CONDITIONS TO AVOID: 

POLYMERIZATION: 
CONDITIONS TO AVOID: 

INCOMPATIBLE 
MATERIALS: 

HAZARDOUS 
DECOMPOSITION 
PRODUCTS: 

APPEARANCE AND 
ODOR: 

BOILING POINT: 

MEL TING POINT: 

VAPOR PRESSURE: 

SPECIFIC GRAVITY: 
VAPOR DENSITY: 

% VOLATILE (BY VOL): 

OCT ANOL/H20 
PARTITION COEF.: 

pH: 

SATURATION IN AIR 
(BY VOL): ' 

EVAPORATION RATE: 

SOLUBILITY IN WATER: 

STEPS TO BE TAKEN IN 
CASE MATERIAL IS 
RELEASED OR SPILLED: 

Stable 
None known 

Will Not Occur 
None known 

Strong oxidizing agents. This material reacts slowly with 
iron, copper and aluminum, resulting in corrosion and 
product degradation. 

Thermal decomposition or combustion may produce 
carbon monoxide, carbon dioxide, ammonia, oxides of 
nitrogen and~ or hydrogen chloride gas. 

Straw colored liquid: slight amine odor 

Not Available 

OF(-18C) 
Not Available 

' 1.14-1.18 

Not Available 

Not Available 

5-7 as is 

Not Available 

Not Available 

Complete 

Spills of this material are very slippery. Cover spills with 
some inert absorbent material and scoop into a 
container. Wash area thoroughly with water. Repeat if 
slipperiness remains. 

Disposal must be made in accordance with applicable governmental regulations. 

HANDLING AND 
STORAGE/OTHER: 

None 

7'11 ~ ;<}. F~"""1 Marvin A. Friedman, Ph.D., Director of Toxicology and Product Safety 

This intnrma·uon is given without Clny wamrnty or representation. We do not assume <1ny legal re<;pons1hiflty tor s<imP., nor rJo wH q1ve perm1ss1on. 
inducern~mt. or rncommencJat1on to pra<;t1ce any patented invention without a license. It is offered solely tor your consideration , 11west1gahon and 
venhCation. Before using any product read its label. 
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MAGNIFLOC® 
573-C COAGULANT 

··-~··--P'ifooucT BULLETIN WTC 115 

MAGNIFLOC 573-C is a liquid cationic flocculant which works e!fectively as a primary coagulant in raw water clarification 
or as a powerful coagulant aid in the clarification of water such as surface waters common to Texas and Louisiana. 

ADVANTAGES 
• Easy to apply, pourable liquid which simplifies dilution, 

feed and handling operations. 

• Economical to use - effectiveness at low dosage levels 
results in reduced handling and storage costs, Added 
savings can be realized in bulk deliveries. 

• Works over a· wide pH range and eliminates the need for 
post treatment pH adjustment. 

• Resistant to chlorine. 

• Eliminates alum or ferric muds when used as a primary 
coagulant. 

• Forms a low volume, compact, high-solids sludge which is 
both biodegradable and burnable. 

• less blow-down of sludge is requited resulting in more 
useable water and increased effective throughput. 

APPUCATION 
MAGNIFLOC 573-C should be metered to the system by 
use of a corrosion resistant, positive displacement pump 
and diluted 100:1 with clean water prior to being fed to the 
process stream. Best results are obtained by dispersing feed 
5tream and promoting high turbulence for rapid mixing 
beyond the addition point. 

PRINCIPAL USES 
MAGNIFLOC 573-C is a highly effective cationic poly· 
electrolyte which may b.e used as a primary flocculant .or as 
a coagulant aid. 

MAGNIFLOC 573-C is recommended for use in: 

• Gravity Settling Operations - improves floe formation 
yielding larger floe size and faster settling rates. 

• Clarifiers of all types. 

• Air Flotation - Results in clearer underflows and greater 
through-put. 

Solids•liquid separation systems containing residual 
chlorine up to several ppm. 

• Settling basins. 

TREATMENT LEVEL 
When used as the primary coagulant, treatment ranges from 
1.0-10 ppm. Normally, MAGNIFLOC 573-C is more 
effective if added prior to the lime slurry. 

C::::::: c: r AN A. .n.:I' :r :a :=:> WATER TREATING .CHEMICALS, WAYNE, N. J. 07470 
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. TYPICAL PROPERTIES 
Appearance 
Specific Gravity (25°C) 
Viscosity (25tJC, cps) 
pH 
Solubility 
Chemical Reactivity 
Shelf Life (50° - ioo°Fl 

HANDLING 

Straw, liquid 
1.14-1.18 
200 - 400 
~-8 
Water -
Non-reactive 
6 Months 

PRELIMINARY 
ENVIRONMENTAL PROP ERTi ES 

BOD (mg/Ll 
COD lmg/Ll 
Odor Threshold No. 
Taste Threshold No. 

100,000 
200,000 

115 
8.500 

Animal tests have show11 that MAGNI Fl OC 573-C has a low order of toxicity, and is not irritating to skin or eves. 
Consequently, no more than ordinary measures of personal hygiene and plant housekeeping are needed in handling this 
product. Spilled polymer on floors, etc. is very slippery and difficult to "'hose down" - spills should be scooped and/or wiped 
up prior to flushing with water. 

SHIPPING 
MAGNI F LOC 573-C coagulant is shipped in 55 gallon non-returnable steel drums. F .0.B. Avondale, La. For information on 
bulk delivery, contact your Cyanamid Representative or Sales Office. 

TECHNll.AL SERVICE 
Tech· 1 service and information for making the best use of this product · are available through' your Cyanamid 
P ~ ·. lative. 

' 

..! .. .......... ~-· ·-
P.O. Box 868 
Mobile, Ala. 36601 
(205) 342-4622 

P.O. Box 8889 
Chicago, Ill. 60666 
(312) 827·8871 

SALES OFFICES 

P.O. Box 3381 
Portland, Ore. 97208 

(503) 228·6281 

1550 Tennessee Street 
San Francisco, Cal. 94107 

(415) 826·8150 

P.O. Box 31 
Linden, N.J. 07037 

(201 ) 486-6000 

4337 N. American Street 
Philadelphia, Penn. 19140 

(215) 455-0700 

This information is not to be taken as a warranty or representation for which we assume legal responsibility nor as 
permission, 1nducem1mt or recomm1mdation to pr<Jctlce any patented 1nvent1on w11hout a license. The information is 
offered solely for your considerauon, investigation and verification. 

C:::::::: c:YA.NA~.rD :::=::> INDUSTRIAL CHEMICALS AND PLASTICS DIVISION 
WAYNE, NEW JERSEY 07470 

1-1354 3M 5/71 
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(!;'CYANAMID 

MATERIAL SAFETY DATA 
MSDS NO. 1868-01 
CAS NO. ••••••••••• 
DATE: 10/ 13/82 

PRODUCT 
IDENTIFICATION 

WARNING 

HAZARDOUS 
INGREDIENTS 

NFPA HAZARD 
RATING 

HEALTH HAZARD 
INFORMATION 

TRADEMARK: MAGNIFLOC® 573C Flocculant 
SYNONYMS: Polyquaternary amine 
CHEMICAL FAMILY: Cationic polyamine 
MOLECULAR FORMULA: Mixture 

MOLECULAR WGT.: Mixture 

SPILLS OF THIS PRODUCT ARE VERY SLIPPERY 

COMPONENT CAS. NO. % TWA/CEILING REFERENCE 

No Permissible 
Exposure Limits 
(PEL), have been 
established by OSHA 

Not Established 

EFFECTS OF 
OVEREXPOSURE: 

FIRST AID: 

Acute oral (rat) LOSO value is 4.67 ml/kg. Acute dermal 
(rabbit) LOSO value for a similar product is > 10.0 ml/kg. 
No signs of irritation of sensitization were produced by 
MAGNIFLOC 573C treated paper during a repeat insult 
patch test in humans. No eye irritation was produced 
during primary irritation studies with rabbits. 

No specific first aid procedures are necessary for 
accidental exposure to this product. 

EMERGENCY PHONE: 201/835-3100 

AMERICAN CYANAMID COMPANY, WAYNE, NEW JERSEY 07470 
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FIRE AND 
EXPLOSION 
HAZARD 
INFORMATION 

REACTIVITY DATA 

PHYSICAL 
PROPERTIES 

SPILL OR LEAK 
.PROCEDURES 

WASTE DISPOSAL 

SPECIAL 
PRECAUTIONS 

FLASH POINT: 
METHOD: 
FLAMMABLE LIMITS 
(%BY VOL): 
AUTOIGNITION TEMP: 

> 200 F > 93.3 C 
Closed Cup 

Not Available 

Not Available 

MSOS NO. 1868-01 
MAGNIFLOC® 573C Flocculant 

DECOMPOSITION TEMP: Not Available 
FIRE FIGHTING: Use carbon dioxide, dry chemical, or water spray to 

extinguish fires. Wear self-contained, positive pressure 
breathing apparatus and full firefighting protectiv~ 
clothing. 

STABILITY: 
CONDITIONS TO AVOID: 

POLYMERIZATION: 
CONDITIONS TO AVOID: 
INCOMPATIBLE 
MATERIALS: 

HAZARDOUS 
DECOMPOSITION 
PRODUCTS: 

APPEARANCE AND 
ODOR: 

BOILING POINT: 

MEL TING POINT: 
VAPOR PRESSURE: 
SPECIFIC GRAVITY: 
VAPOR DENSITY: 

% VOLATILE (BY VOL): 

OCTANOL/H~ 
PARTITION COEF.: 

pH: 

SATURATION IN AIR 
(BY VOL): 

EVAPORATION RATE: 

SOLUBILITY IN WATER: 

STEPS TO BE TAKEN IN 
CASE MATERIAL IS 
RELEASED OR SPILLED: 

Stable 
None known 

Will Not Occur 
None known 
Strong oxidizing agents. This material reacts slowly with 
iron, cooper and aluminum, resulting in corrosion and 
product degradation. 

Thermal decomposition or combustion may produce 
carbon monoxide, carbon dioxide, ammonia, oxides of 
nitrogen and/ or hydrogen chlorde gas. 

Amber liquid; slight amine odor 

Similar to water 
OF(-18C) 
Similar to water 
1.08-1.18 
Similar to water 

Not Available 

5-7 
Not Available 

Similar to water 

Complete 

Wear impervious boots. Spills of this material are very 
slippery. Spilled material should be absorbed onto an 
inert material and scooped up. The area should be 
thoroughly flushed with water and scrubbed to remove 
residue. 

Disposal must be made in accordance with applicable governmental regulations. 

HANDLING ANO 
STORAGE/OTHER: 

None 

}11 ~ ,;(}. ~""""' Marvin A. Friedman. Ph.D., Director of Toxicology and Product Safety 

This 1nformat1on 1s given without any warranty or representation. We do not assume any legal responsibility for same, nor do we give permission, 
inducement; or recommendation to practice any patented invention without a license. It is offered solely for your consideration, investigation and 
verification.- Before using any product read Hs label. 
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K A T E R l A L S A f E T Y 0 A ~ ~ S H· ~ E T P~GE: 1 
oo • .J CHEMICAL u.s,.A. MlDl.Al\10 MICHIG·AN '+861t0 EMCRGE:~CY PHOfl:E: 5l7-63b~'t'IOO 

EFFEClJVf OAT~: P9 OCT 79 ~ROOUCT Coor: 77~69 

P~~OUCT l~t.M.E: St:? ARAN CR> ~JPlO SYNTHETIC POLYl~EF 

lNG~EOI[~TS <TYPICAL VALurs-NOT SPECIFICATIONS> 

SL!C~TLY HYO~OLYZCn P~LYACRYLAMlDE 
f:.OL1% 
t'iCl!:TlJRf 

!'HYSICAL DATA 

MSP: 0290 

BOILING POINT: ~fCO~POSC$. : SOL. IN ~ATER: VCRY SOLUPLE 
VAF' P:{Es .s:·_cr.~r.1hG a- 20C) r·~EGLlGIBLE: ~p •. GRAVITY: ----

"YAP ~:NSlTY (l!R=l>: ~OT trFLfC. : ~ VCL~TILr SY VOL: NOT tPPLICA~LE 
li.FP~A:\t,\C[ A!!G :JC·OR: ttiI.Tt. FRf:C ru1i-.1ING Mi0i\l='H<Hl'5 ~OLID, LITTLE ("!JJR. 

Fl~t A~D EXPLOSI0N HAZA~~ ~AlA 

FLtS~ POINT: ~ONC. CTE~TEO 10 '+OOF>: FL~~K~~LE LlMllS <ST~ l~ ~IR> 

":"T'1'.H,) usrn: CL::VfL .tiJD OPfN CUP~ . . ·· .; 1...r..1.: ... l~Q.~~ ul-L: i,Jl•f.-
~}tl 1:~'$.,~~~~t1~;t~ .. ~ .. . r'.tt;-·!lh~:~~h l~:,~:~q~,~i:1t~~~~t~ - r:rfr .. ci-f£)~ ·fc A't\ · ~! P.. r:: R ;: ~, c- • 
SP~CJ!L Pl~£ FIGhTI~G tGUl~MENT . ANO HAZARDS: ~o~c. 

SE.CTI vl\i 3 P.E:iCTIVlTY DATA 

~T,f1Ll1,: SCLIJ~ SCFT~~ kT 2~-0-~30C. D~C~~POSllln~ ~vI:~~T 

n nor. F'~o:-;L.CT~ f."lJ''·'Ct''"'O!~ c:.w.PUTC COM8lJSTlO'IJ: C.~R['"~ LlCJi'I'."E., 
~~T:R, :.~n \lT~O~[~ C!tXlOE. 

11. r. 0 I·;=> t. T l H L l l'I' : ('.), 1 2 ! ZI ~: G ~·.Ai~ F ! AL • 
HLZUOO\Jf. l 1=-cc:·::-w:n10:\ ;-q:.JC.L..CTS: NlTr.OGft\ O>:Illt:~. 

~,z,~,0~~ F~LY~[UJZA1?0~: ~1LL ~CT cr:u~. 

~CTIO~ TO TAKE FOR ~PILL~ CUSE ~PP~OP~ltTE SAf~TY ~Q~JPKE~T>: S~CtP UP ANO 
SALV~Gt AS ~UCH AS PO~Sl~L~. 

t'lSP(ISAL ~.CTHN): r,u~:.; ~~ l~· Uf\Y II• hCC~KOt.r.cr "!TH LOC:.L,·SJATL, A~,o 
FEU~P~L ~~CULATIO~S. 

sE:c TI or~ :> Ht.ALTtl ~.!.ZA~D DATA 

I":f,ESTIOiJ! LC~·! I.CUTE ORt..l....,TC•XIClln L;.,so <RAH> ~~r.:.TfR T1 MJ 
2'100 r~G/K~. 

<CONTINUE~ O~ P~GK 2 > 
(R) l\DIUES r. Ht::irr:;.~K N lHt DCa.' CHE:MlCAL C(ll·'.=>A!•Y 
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~ ~ t r R l A L ~ A r E T y D A T A ~ ~ c E l FtGE: 2 
(·U't! Cti[MlCt.L u.s.t .• ~Hult.NO MlC:Ht~A-1• 4~640 t"'C.P.G.f~~c:y rHoNr-: ~17-r.~.6-4400 

r~FECTIVE DAT[: OS OCT 79 PRODUCT CODE! 776~9 

PRODU:T <C0NT'D>: SEPARAN <R) NPll SY"THETIC POLY~t~ MSP: 0290 

SECTlOU CS HEALTH HAZARD DATA <:ONTJNUED> 

EYE CONTACT: SLIGHT TRA~SJE~T IRqlTAlJON ONLY• 
SKlN CO~TACT: ESSENTIALLY ~O~-IRRITATING. 
SKIN ~fSfRPTI~N: ~OT Ll~ELY ·TO ni ~~SORnEn I~ TOYIC AMOU~T&. 
1 .. rl A L A T IC:~; : D 0 ~.1 HI ![) ( Ht M G n 3 " fJ 0 s s I Fl L E r. u l s A ~- c :: D us T • 
EFFECTS ~F OVtREX~OSURE! F~SSI~Ll TH~OAT ~~Y~E~S. 

SfCTION 6 FIRST AIC--NOTC TO PHYSJCI~N 

FIRST ~I2 P~0CEDUFES: 

E"t'f:S..: 1'f:{h''I,.{'i/ii'f"·l·it·r'i OF TH'f: ··ne. rn~·:EC'l.!.TE:LY ~1IHI \..'ATER FOR FIVE' M!i~UTES 
JS G~00 SAFETY P~~CTICE. 

SKI~: ~ASH OFF IN fLO~lNG WATER• 
lNrlt.LA TIO:\: KEl''.OVC: TO -~~,;t'~),if :A~:N '·l:f"·· t::FFE'CTs OCC,U'I'{·• CONSULT 
K(DIC~L PERSO~NEL. 

I~G~STla~~ LO~ IN TOXICITY• l~O~CE VO~ITINi IF L~~GE 4MOU~1S 
r.:.n;: l\GESTt::i$ 

NOTE TO PnYSICI~~~ 
::: ,, ( s : I·~ r. y c t L' s f. ~. l L n H P. lT A Tl 0 ,. ' • s T :. I ~: F c p :: v l :J rn c E 0 f r 0 n: E.,~ L 

11-. JU:\ Y • 
S~J\: ~Q EfFCCT lXPtCT£O • 
.:.::.sPlRt..rc.;n: UJJLJRY IS U'JL.ll<HY. 
O~~L: L~J I~ TOXICITY· 
G~N;:~tL: CO~SULT ST~NC~Rr LITER~TURE. NO SPLClFlC t~TIDC~~. 

HEAT~·'.[l\;T (.:: t.st:i' ot. Tn: sou:rn .)Uf·G .... f:VT JF. TrlE. PtiYSJ.:p.r: A'rn THE' 
?N~IVJDUAL RlACTIOhS OF T~E PATif~T. 

Sf.ClTO'J 7 

v-:inJLi-.TiC'.: ;r:u"~~··;: Cl'~Hf<Cl. OF .b.l~: T TO su~~rzr:::> {·Uli)!:. 
i'::SP~R.:T~r.Y F'~<'ltCTH:r.: lF ;;·s~L·P~~:. .• USE At. :..;:..F ·l\!J\!E.(i " '.:'·UST H~P!l:(!.TO~. 
i:'nvTC::-Tlv~: C:L.:iTHl: G: r· t:r.:t ;:[~t·l_ D::r,. 

C Y :::: ? 'l Cl E. C T JI,:·: : : , :- T ': U : :·'. d .. L f (~ ( C"U ~ ti ;; ) • S;. F E T Y G l. A $ ~ r:. S ~ 1 l HH': U T 
:::. :i ) :::: S H I !.:. l l:· S ~ Z" C' J •:, r-. : ~~ :. I D • 

SE:CTIV~ f· 

H.f.C~JTIC'·r~s T0 f( rt-11::N U~ HA1·,tiL!\1:3 :,r~c STORA"E.:: PPA.tTICf Rt:i.SO\'t.P.L:: 
C.!:.UTIO~. AN:J ?EP.::;;o·~ CLC~l\L!!~!:fiS. Pr:":::1 uCT 8CC(.'·'ir:S !fUPf'::_;;y ','HE.!\' ••ET· 
pq~CTICE GPOD ~OU~lKi~PI~G AT ~LL T:~CS TO ~REVENT SLI~PLRY FLOORSa 

< c C· \TI r: u ~ r or~ F .c. c, r :. > 
CR> l~DJCATES A TkADErAQM 0F THE DO~ CHEMICAL CO~PANY 
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M A T l R I /.. I,. S A. · f !:. T Y lJ A T. :. S H !. f: T f· AG:::: ~ 
.. •vi.' C"ft:fHCAL lJ~~;.A. •qtJLf,'\['1 "'·lCHlCJA\ ~~f..ltU t1'U<i.:!:'9CY r~o;·~: : !:117·b~6-'t'tCIO 

[fFtC1JV~ OATC: o~ OCT 79 rR~CUCT cooc: 77b69 
PRODUCT <CONT'~>: SlPARA~ Ck> NPlC SY~THETIC POLY~~R M~~: 0290 

Sf.CTlON e ~PEClAL PRECAUTIONS AND -DOJTI~~AL l~FORM~TlON CCONTINUED 

~i;irrTIONPL lfJF'C·~~~ATlt'N: Fi'E.VISIONS 10/(1.,/79 --- FL'4SH POI1H. SKIN 
CON~~cr. S~IN AijSORPTION, INHALATION, VENT1LAT10N, PROTECTIVE 
~ l.OTHING. 

(i\) prnicATES A TkADrhAR·I\ O'f TH~ i)Olr.' r.HEMICAL CCH',PH:Y 

T 11 E l !~ F 0 r. Mt. T I 0 N HERE p.: l S G l VE f~ l r-; G COD . f A I TH, c UT r, G ~. ~ r;. ~;Ar\ TY, 
~~P~~SSED OR IMPLJE~, IS MADE. 
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.APHlNDIX J 

GIABQJ:A PRCXlJREMENT, ANALYSIS AND mmcrioo LIMITS 

J-1 Processing and counting 

J-2 Menbrane Recover:y and Detection Limits 

J-3 Giargi.a Quantification Trials 

J-4 Effect of Pumping on tyst Recovery 
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APmNDIX J 

GtMDIA CYST FROOJREMENT, mALYSIS AND IE.TEC!'ION LIMITS 

'Ibis appendix cxmtains· infonnation on procuranent of Giardia cysts, 
including processing of the fecal samples obtained, sampling efficiency ~ 
manbrane filtration, technjques for processing samples washed fran manbrane 
filters for. microsoopic counting, detection limits, and an overall disrussion 
of .sample processing and cyst ex>Wlting. 'lbe material was based ui;xm the work 
of Dr. Qlarles Hibler and was written mostly ~ Dr. Hibler, with portions 
written cy- Dr. w. D. Bella:rey (e.g. the portion on cetection limits, with 
editing by the authors. 

PRCXIJREM!llf OF GIARDIA CYSTS 

Giargia cysts were · obtaned f ran fecal samples of ii'lf ected · dogs. 
~Sitive Giargia samples cammnly appear as soft to watery stools but noonal, 
finn stools shoul,d not 'l::e excluded as possibilities. Puppies about six weeks 
old are the best source · but ol~r d:>gs, bitches, and kennel oogs break 
frequenUy. 

Fecal samples were collected in baggies and securely closed with twist-
tie tyi:e closures. Samples were labeled with the ~n nunber, oog nunber, 
etc. for future reference and notifying appropriate ~rsormel of the 
results. · . 'lhe samples were placed in a cooler with ice and transported to the 
lalx>ratoiy~ · 

'lhe sources of fecal samples were: 

Cl) CliRL - Collaborative Radiological Health Laboratory 

Foothills campus - Beagle Coloey 
call Esther 491-8522 ext 29 for clothes in wanen locker 

Jim Winic 49208522 for . information on pupJ?.i liters 
Cage, births, breeding, etc.) 

(2) · H\.'ll\ane SQciety for Larimer County 

6317 RYle Ave., Fort COllins 226-3647 
Collect at 7:30 am (before cage cleaning> 

·1:00 :pn {after feeding) 
Call tef ore collecting to alert staff 
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(3) vet. Teaching Hospital 

Parasitology Lab 491-7101 ext 233 
Glenda Taton (Parasite Lab Tech) will collect 

. heavy ihf ected samples 

(4) Oncology - vet. Teaching Hospital 

Ona:>logy 491-7101 
call ~e or Sharon or Dr. Gillette 
'llley use teagles fran GIRL which break with 

Giardia when moved to the vet. Hospital 

~_ting__Qy:sts for ExperimentatiQO 

In the laboratory, zinc flotations were i;:erformed on each fecal sample 
to check for the presence of ..Gia.r .. cUa cysts. This procedure is described 
below. If cysts were presented, the sample(s) were weighed and added to an 
equal amount of cool distilled water. 'Ihe sample was then mixed thoroughly 
to break apart ~ aggregates. 

If the sample ap~ars extremely .dirty it mC¥ be filtered through cheese 
cloth or · gauze or the solution may be mixed thoroughly, quickly allowed to 
settle, :EX>ured into another container and the sediment discarded. Fa.ch of 
these procedures will, hCMever, result in the loss of sane cysts. cyst 
samples and suspensions were refrigerated at all times .. 

cyst Identification--
The zinc flotation procedure was used to ascertain the presence of cysts 

in fecal samples. '!he procedure is described follONing. A fecal sample 
a.bout the size of a pea is placed in a oentrigue tute, 5 to 6 drops of 
Lugol 's Iodine is added to the sample and is mixed well. Fill the tube half 
wey 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 tute in the centrifuge and tap the oovers.lip with a i;encil end to 
form a secure bond. *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 alweys be handled ~ its edge as body oils will prevent 
attachment of the cysts to its surface. centrifuge the samples at 1500 rpn 
for 5 minutes.. Ranove the coverslip and place on a glass slide. Examine the 
ooverslip for .Gianlia at 1-00x magnification. 

Labelling and storing Qi& SUape.naioM 

Jars containing suspensions of conamttated cysts were labelled with the 
da.te and the nunber of cysts per mL. 'Ihe sample should re counted at least 
every 3rd day and before used in experiments to ensure accurate counts and 
cyst condition. 
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Q{st c.ountillg Tedmiguu QJtained £mm Ment>rane Filter sanpling 
'!here are two techn.iques used to process a sample obtained fran menbrane 

filtering to con~ntrate the cysts for oounting. 'lllese are: 1) Stoll 
dil.ution, and 2> micropii;ette. For a sample with a large nunber of cysts, 
i.e. a fecal suspension, the Stoll techniqte is usually used. For a sample 
with a low . cyst J:X>pulation, the micropi~tte technique usually is used. '!be 
zinc flotation techniqte was used for the first six slow sand filter test 
runs <see report by Bellalt!f, et al. , 1984) and for idmtifying cysts in fecal 
samples. 

stoll Dilution Technique-
'lhe pr~dure for the Stoll dilution techniqte is described a~ follows. 

Add 3 mL Lugol' s Iodine to a Stoll flask and fill the flask to the 56 mL mark 
with cool distilled water. Mix the fecal s1Jspension well and renove 4 rnL 
l .iquid. Add the 4 mL to the flask and shake thoroughly. A O. 075 mL aliquot 
is re:nwed via micropipette ·and is placed in a vasel ine well. A coversl ip is 
affixed and the m:mber of cysts oounted at 400x. '!he total nunber seen on 
one slip 1s multiplied 1:¥ 200 to give the total m.mb:r ~r mL sample. A 
minimun of 2 coveralips should be -read and averaged. 

Micropipette Technique .for . Samples f .ran ExperiJnentation-
~e pro~ure for the micropit:ette technjque is described as foll<Ms. 

Samples in mason jars under ice will arrive at the laboratory and must sit 
overnight to all<M settJ.ing of the cysts and debris. 'Ihe following day the 
samples are pipetted down to approximately 200 mL liquid without disturbing 
the sediment. After the excess water is removed, mix the sample well and 
ix>ur in a 50 mL oonical centrifuge t~. Centrifuge for 5 minutes at 1500 
rpn. Pii;ette off the supernant to aoout 5 mLs and repeat the procedure until 
all the sample has been concentrated to 1 mL and the sample jar rinsed well 
with distilled water. 'lhe final volune of the ooncentrate will de~nd on the 
cmount of debris present in the sample. 

'lb a l mL conamtrate 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 remove a 0.050 mL 
aljqoot via micropipette. Place in a vaseline well, affix coverslip, and 
scan entire al.ip at 400x. Note the characteristics of the &bris present 
<protozoa, amoq:hous, fungal oodies, etc.> and comt the m.mber of cysts if 
any. If cysts are seen a minimum of two aJJquots are oounted and averaged. 

To calculate the mmber of cysts present in the entire sample the m:mber 
is multiplied cy- its corresp:mding dilution factor, i.e. 

al mt concentrate is multiplied~ 20 

a 5 mL oonamtrate is mUltiplied by 100 

and a 10 mL oon~ntrate is multiplied cy- 200 
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All results are recorded and rep>rted on the standard forms, e.g. 
Figure J-1. Information which must be included is: date, information 
included on the sample label, initials of the analyst, counts of duplicate 
sample readings, final. cyst nunber reported and the observations of the 
debris appearance. 

1$eagents and SU:Q9lies. 

Lugol Iodine 

1000 mL warm distilled water 
100 gm Potassiun Iodine 
50 gm Iodine 

Mix till Iodine crystals are in solution. store in dark oottle 
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~ion, place hydraneter into solution 
to read specific gravity. Keep adding ZnS04 till a s:r;ecific 
gravity of 1.18 or 1.20 is reached. Store in one gallon glass 
jars. 

coverslips 

VWR Micro cover glasses 1 ounce 
cat No. 48366-227 
22 x 22 mn No. 1 1/ 2 

Slides 

SCientif ic Products Micro Slides 
Plain Pre-cleaned 
1.2 nm thick Size 3 x 1 inch 
cat No.. M6130 

Micro-pipette Tips 

l-".dcro-selecta~tte pipette tips 
Siliconized - For - micro - pi:E-"etting 
50-75-100 JJL 250 pipettes 
Clay Adams Re-order No. 4711 
cat No. 53517-423 VWR 
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GIARDIA QUANTITATION Filtration 
.sYstem · 

Run Information Analysis Am' t. Cone. Analysis Counts of Cyst # Observations 
(sample label) Date in Sample by Replicates R~ported and Comments 

Figure J-1. Giardia analysis record form. 



MEMBRP.NE RECDVERY EFFICIENCY 

~ cysts sampling of filter influent and of filter effluent streams 
were obtained ~ the use of 5 micrcm=ter pore size Nucleopore R 
polycarbonate manbrane filters. '!be filters used with the laboratory-scale 
pilot plant were 142 mm diameter, while 293 mm dianeter filters were used wth 
the field-scale pilot plant. Questions about the recovery efficiency of this 
technique was addressed in brief experiments and is ooscribed hereo 

Rec<>ve~ Efficiency of 5 mi Pore Size, 142 nm Pol,yc~te 
.Memb.tane Filters 

several tests were conducted by Dr. Hibler to determine the .Giar<lia cyst 
recovery efficiency of the membrane filters. Table J-1 summarizes the test 
results. 

'I.be tests were conducted to determine if there was a difference in 
recovery resulting fran different ·cyst source or resulting fran diffetent 
sampling techniques. Tests 1 and 2 in Table J-1 comp.'lred different cyst 
sources and Tests 2 and 3 compared differences in sampling techniques, i.e .. , 
punping the sample through the membrane filter or sucking the sample through. 

'Ibese results denDnstrate that the variation in recovert of Giard.ia 
cysts is a function of the cysts and not the sampl :i.ng techniques. 'lest l 
results range from 36 to 54 i;:eroont and average 44 per~nt. Test 2 results 
{using a differe.1t source of cysts) produood recovery results ranging f ran 7 4 
to 89 percent and averaged 79 percent. This deronstrated the marked effect 
the cyst source has on recovery. Comparing Test 2 at 79 p:rcent recovery to 
Test 3 at 81 p:r~nt recovery daronstrates the minor variation caused by 
different sampling techniques. 

Tests which complement these results are those which are ~rformed 
routinely on the filter feed tank during Gia,:gia cyst test runs. Table J-2 
summarizes the recovecy information develo:ped during the slew sand filter 
tests (see BellaII¥, et al. 1984) • Each of these tests represents a different 
cyst source.. Again large variations in recovery, i.e., 18 to 80 percent 
resu.lt when different cysts · sour~s were tested, thus confinning the 
dependence of recovery on the "state" of the cyst. 

arh.e nstate'u of the cy~t and its resultant beha\vior during the sampling 
pr~dure is probably ~pamdent on a number of factors. But, based on our 
observations and Dr. Hibler' s exi;:erience, the two most apparent factors are: 
1) the source of the cyst, and 2) the age of the cysto 

:Based on these results it became apparent that the membrane recovery 
fact.or should be cleteonined for each test run and that an average recovery 
for all test nms should not be used.. When a membrane recovery factor for a 
partiC'ular run cannot be calculated, e.g", no influent sample was taken, an 
average frcm simUar tests has been used. 
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Table J-1. tyst ooncentration by rrenbrane filter sampling compared cyst ooncentration in 
source tank as determined by grab sample. Analysis by micropipette technique 
for both sampling methods. Tests oonducted in laboratocy of Dr. Charles 
Hibler, July 1982. 

Cyst Concentration 
tyst Concentration Resulting f ran 

Test Condition Based Upon Given Test Condition 
and Technique Run Number Grab Sample of Tank in the First Colt.m1Il Recovery 

Ccvsts/liter) (cysts/liter> (%) 
1. Cysts concentrated 1 3,333 1,200 36 

with a pUitp and 2 3,333 1,800 54 
membrane filter 3 3,333 1,500 .45 
Ccyst 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 punp and 2 35,000 30,000 86 
membrane filter 3 35,000 27,000 77 
Ccyst batch 2) 4 35,000 26,000 74 

5 35,000 31,000 89 
Average 35,000 27,800 79 

3. Cysts concentrated 1 35,000 26,000 74 
with a membrane 2 35,000 31,000 89 
filter and vacurnn, 3 35,000 28,000 80 
i.e., no pump --- 35,000 28~300 ar-Ccvst batch 2) Average 
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Table J-2.. COm:r;arison of cyst recovered by sampling milk cooler feed tank water using 
membrane filters with cyst concentrations in tank as conputed after adding 
cyst concentrate suspension. Analyses performed during slow sand filter 
experiments .. 

Cyst Concentration 
Determined by 

Slow Sand 
Cyst Concentration1 Subsampling the 

Filter Filter Feed Tank 2 Membrane Filter 
Rtm Number in Pil ter Feed Tank with a Membrane Filter 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 

1 Each of these results are the average of 3 to 6 analyses performed on a cyst concentrate 
of liquefied dog feces which is added to the filter feed tank on a batch basis. Cyst 
concentraton equals a number of cysts in concentrate suspension divided by volume of 
water in tank .. 

2 Each of these results are the average of 4 to 11 analyses. The samples are concentrated 
with a membrane filter.. · 



'!be mathanatical <.Etennination of the menbrane reoovery factor is: 

100 x (~tected cyst oonc.)/Cknown ("added") cyst oonc.) 

'lhe known ("added") cyst concentration is detennined by analyzing a cyst 
oonamtration, i.e., ljquified dog feces, numerous times, then adding the 
concentrate to the batch filter feed tank. '!he concentration in the tank is 
then calculated ~ the appropriate dilution factor. '!be "detected" cyst 
concentration is then determined by analyzing a sample f ran the filter feed 
tank. '!bis sample is oonoentrated with a membrane filter thus allowing for 
the membrane recovery calculation. ~e manbrane filter recovery efficiencies 
given in Table J-2 were deterJnined this WlJN. 

Passage of Q!st Through Meubrane Filter 

A s~liter glass container was filled with 4 liters of water. 'lhe water 
was cooled to s0c and oog feces oontaining Giardia cysts were added to the 
container. '!he feces ad~d contained a sufficient nunJ:er of cysts to bring 
the c..yst ooncentration up to 2500 c/L. One liter of the mixture was then 
filtered through a 5 ,um pore size J;X>lycarl:xmate membrane filter. 'lhe 
filtrate was collected in two 500 mL flasks. 

~ere were no GianUa. cysts found in either of the filtrate flasks. '!he 
entire sample volune was concentrated and analyzed by zinc flotation. 

Retention of Q{sts on surface of Membrane Filter After w.ashing 

A i;ortion of the m.anbrane filter used in the above experiment, 
approximately the area of one cover slip, was examined microsoopically after 
it had been washed1 no cysts were seen on the menbrane filter. A similar but 
more in-depth examination was ~rfomed by Luchtel et al. (1980> • This 
analysis also showed that very few cysts were retained ~ the manbrane filter 
after washing. 

DETECTION LIMIT DETERMINATIONS 

'!here are two detection limit calculations used for this 
experimentation: 1) for each individual micropii;:ette ana1yses, and 2) for an 
average cetection limit when nunerous samples are teing cdnsidered. Fa.ch of 
these methods are discussed below. 

Micro.pipette Detection Limit 

'!be micropitette method of analysis begins ~ ooncerm.rating a sample to 
one milliliter. In other words all the cysts present in the sample are 
concentrated to the 1 mL volune. A 0.05 mL (l/20 mL) aliquot is then taken 
and microsoopica.lly examined. This means that if there is only one cyst 
present in the l mL sample concentrate, there is 1120 chance that it will be 
withdrawn in the O .. OS mL aliquot. 'Ibis acoounts for the first datection 
limit factor of: (20) I CNunber of al.jqoots examined). :rn other words, 20 
cysts must be present in the 1 :mL, and uniformly distributed, to re sure that 
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one cyst will be withdrC!i\Tn by one aliquot. If the sample filtered is 100 
liters, the detection limit is 20/100, or 0.20 cysts/liter. 'Ihe total 
detection limit fot a sample on a i;.er liter basis is then calculated t.¥: 

[ (20>/Number of aliquots]/[ (Fractional membrane filter 
recovery efficiency-> <liters of sample concentra;ted) l 

'Ibis equation accounts for the analysis dilution, the membrane filter 
recovery, and the size of sample. For example: 

Sample size ~ 100 liters 
Membrane recovery eff icienC¥ = 45% 
One aliquot analyzed 
Detection limit= [(20/1)1/CC0.45) (100)] ~ 0.44 cyst/liter 

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 become api;arent when 
canparing this technique to the micropipette technique that it resulted in 
cyst oounts of approximately 20 .percent less than the micropipette method. 
Consequently, the detection limit for zinc float analyses on a per liter 
basis is calculated by: 

(l)/[(0.80) (Fractional ~rane Recovery) 
(liters of sample oonc.)] 

This calculation accounts for the 80 percent recovery ~ zinc flotation, the 
membrane 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 

The average detection limit is used when more than one analysis has teen 
performed for a test run. Rather than p:twsically canbining all of the 
samples into one container and performing one analysis, . each sample was 
analyzed separately and then the results were mathematically canbined. This 
leads to s1 :lghtly different results but both results are val id. 'llle 
mathematical approach requires an averaging of detection limits since 
individual detection limits are not suitable for . multiple analyses of . the 
same source. For example, a single source of \hater is analyzed 100 times for 
coliforms and none are found in any of the 100 mL samples.. 'Ihe true test 
accuracy is not dem:>nstrated Iqy reporting the individual test detection 
limits.,. i .. e. that the souroo has less than one coliform i;er 100 mL, · when in 
fact 10 liters of sample were analyzed and no colifonns were found. 
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'!he individual detection limit for Giardia analyses is tased on the 
probability of finding one cyst. 'ttlis can oo understood ~ envisioning the 
analysis of a thousand l mL samples, each having one cyst in than. If one 
0.05 mL al.jquot is taken fran each sample and examined it will be ~teonined, 
after oompleting all of the analyses, that there is a one in twenty chance 
of finding a cyst. '!he d:!tection limit for each analyses was 20/1 mL or the 
inverse of the probability of finding one cyst, i.e. 1/20. 'Ibis factor of 20 
is the mul.tiplication factor already discussed. 

Since the detection limits are the inverse of the probabilities of 
finding a cyst it is then appropriate to apply probability calculations to 
multiply analyses. when detennining the combined eetection limit. '!he 
fol.lowing calculations describe the analysis: 

P = Probability of finding one cyst 

N = Nunber of tests 

Cl-P) = Probability of not finding a cyst 

<l-P> N = Probability of not finding a cyst in N samples 

1-(1-P)N = Probability of finding a cyst in N samples 

l/[l-Cl-P)N] =Detection l:imit for N tests, i.e. inverse 
of probability of finding a cyst 

For example, assune 5 samples were collected with an average me:nbrane 
recovecy factor of 50 percent and that each sample was concentrated f ran 10 
liters. 

Individual detection limits = (20 cysts/! aljquot)/C0.5, 
membrane recovery factor) = 40 cysts 
Conly one aljquot was analyzed) 

Individual probability of detecting one cysts = 1/ 40 

Average detection limit for the 5 tests = l/ £1-Cl-1/40> 51 
= 8.41 cysts 

Average detection limit pe.r liter = 8.41110 = 0.841 cysts/liter 

As an alternative the 5 samples in the above example oould have been 
physically canbined and the datection l:imit would have teen: 

Individual detection limit = C20/l) /0.5 = 40 cysts 
Conly one aliquot was analyzed> 

Individual detection limit i;er liter = 40 cysts/SO liter 
= 0.8 cysts/liter 
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'Ibis result, a.s expected, is sanewhat lower than the mathanatical 
can.bination, but for each technique the detection limit is valid. 

Detection limits in this rer.ort can be for individual analyses or an 
average for a test .run; each is applied to its specific case. An average 
detect.ion limit is not applied to an individual analysis. 

c;onclusiQna 

The counting and sampling experiments conducted in July, August and 
Septanber of 1982 t¥" Dr. c. Hibler, $Stablished that the micropi:t:ette 
technique is the most suitable technique for this work" Different samples 
f.ran the same suspension, different replica.tes of the sample, and three 
P9I'SOns counting resolted in a maximum difference between any two counts of 
only about fifteen percent. Although there is no su.spmsion of known cyst 
concentration to use for a standard, it is believed that the counts by this 
technique represent the Giarclj,g cyst population in the sample counted. 

On sampling efficiency, the use of the 5 ,um p::>re size, 142 m:n 
polycarbonate · menbrane filter represents the test state-of-the-art on 
sampling at thi~ time. Sampling efficiency of th~ . pump rnanbrane filter 
system was determined to be primarily dependent on the source and age of 
cysts being used for a particular experinent. This discovery resulted in the 
detetmination of a cyst recovery factor f ran the membrane filters on a test 
run ~ test basis • 

.GIABD1A QUANTIFICATION TRIALS 

'lbis section describes the preliminary Giargia analytical evaluations 
perfonned 1:¥ Charles P. Hibler, Consetta M. Helmick and Donna G. Howell. '!he 
purpose was to deve.lop an accurate and reliable means for quantifying cysts 
of .Gi§..W_.s. 

Accurate quantification for eggs, larvae and cysts of i;arasitic 
organisms is extra:nely difficult because parasites do not produce eggs and 
larvae continuously, nor do the cyst.;...producing forms of protozoan parasites 
encyst Cor produce cysts, depending on the species> on a oontinuous basis. 
For example, examination of numerous dogs clinically infected with giardiasis 
has revealed that cyst production (cysts in feces) may vary from ertranely 
low numbers in a fecal sample taken in the morning, to extremely high numbers 
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¥ 
some techniques, and canpaction also results in inaccuracy o Moreover, cyst 
numters in one :EX>rtion of the fecal mass often are much higher (or lower) 
than those in anotJ:1er portion~ '!bus, unlike bacteria which frequently 
continue to multi ply as they pass the digestive system, and can be cultured 
to obtai..n accurate counts, uniform mixing of eggs, larvae or cysts Ctoes not 

261 



. occur; nor roes . multiplication occur in the intestinal oontents. 
Quantification of eggs, larvae and cysts necessitates visualization of the 
o~ganisn.. ·.Needless to say, experience is a factor, fatigue is a factor, and 
technique is a factor. If thorough mixing does not occur, or if sampling 
techniques are J:X>Or, inoonsistent, or slomr, the end result is highly 
variable chta. 

Parasi tologists use two tyi;es of techniques for rep:>rting presence or 
absence of parasites in blood, urine or stool specimens: Cl) qualitative, 
and <2> quantitative. '!he reason for ooth qualitative and quantitative 
techn.iques is t.hat the presence of parasites in i;:et~ and/or hlJllans indicates 
treatment is necessacy; however, since most danestic runinants and horses, as 
well as wild species, harbor a f~ parasites, eoonanics enter into the 
decision. · Irresi;ective of the technique used, the factors given in the 
preceding paragrai;h must be taken into consideration. Moreover, 
qualifications and experience of the iarasitologist in diagnosing parasitisn 
and reoognition of a given technique's limitations are additional. factors to 
be considered.. Although the author has had 20 years. experience diagnosing 
all of the knC:Mn types of parasites of man and animals, I will confine Il¥ 
renarks to techniques employed for ~(Jig. 

Qualitative techn.ique-s (hopefully) reveal to the parasitologist the 
presence or abSence of parasitic infection. 'Ihere are a nunber of 
qualitative techn.iques purported to be effective in . diagnosing Giardia; 
:tnTever, the actual nunrer of techniqes suitable for this purpose are 
limited. 'lhe direct snear, the Willis technique (and a 11¥riad of 
IOOdifications on the market, nost of which are made to sell rather than 
diagnose), the foonalin-ether sedimentation technique Cformalin-etl¥1 
acetate) , . and the ZnS04 centrifugal-flotation techniques are those generally 
an.ployed. 

'!be diJ:ect snear:, alt.hpugh with obvious limitations, d:>es have a place 
and can be ef fectiveJ.y used by e~rienced parasitologists, es~cially when 
seeking cysts or trotiiozoites fran clinical cases of parasitisn if the sample 
is extrenely fresh. Moi;eover, sinoo sane parasitic organisas oo not encyst 
and are too fragile for an.y flotation techniqJ.E, (Trichoroomw>, it is the 
only means available. 'lhe direct snear should not, when negative, te used as 
the only diagnostic criterion when seeking cysts, eggs, or larvae. 

'lbe Willis teclullque and its many rodifications CFecalyzer, Olassay, 
etc.> employ MgS04 ! NaCl, Na.a.'1~, or sucrose. '!hese generally are 
cx>n~ntrated to a s~ctfic gravity of 1.20 to 1.30 (depmding upon the 
chenical) to "float" eggs, larvae . and cysts to the surface of a vial, 
centrifuge tube, etc.. 'Ibey often are · allowed to attach to a microsro:te 
slide, a cover slip or, alternatively a bacterial loop is used to sample for 
the presence of organisns in the meniscus. unfortunately, the chemicals 
generally used will destroy the fragile cysts of the species of Giardia found 
in most of the animals of interest (dog, cat, man, teaver, muskrat, etc.> • 
Even if the sJ;ecific gravity is reduced .to 1.17 or 1 .. 18, the great majority 
of cyst.:.s are Clestro:.1ed. Hcwever, if the . "overlay" technique is used with 
sucrose at a sp:cific gravity of 1.13 then cyst destruction in minimal .. 
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'Ibe foonalin-ethyl acetate sedimentation techniqlE is widely anployed cy-
medical technologists, using the excuse .that since schistosane eggs are too 
heavy to .float, a sedimentation technique must re employed in the interest of 
accuracy. 'Ihe author is not aware of~ cases of schistosaniasis occurring 
among native Americans who have not left the United States; the pirasite Cbes 
not occur in the oontigoous 48 states. An advantage of formalin-et}¥! 
acetate is that preservation maintains cysts, eggs, larvae and trothozoites 
of parasites for extended periods of time, facilitating ship:nent to ? 
laboratory for diagnosis. . '!WO disadvantages are inherent: Cl) '!tie techniq1.2 
does not selectively oonoentrate anything, for 90 percent of the material 
placed in the centrifuge ture is present in the centrifugate; and (2) cysts 
of Giardia will not maintain for more than two weeks in fox:mal in. '!hereafter 
they disapi;ear <cysts probably rupture, al though reason says they should not 
d:> so in this preservative> • 'lherefore, it must be considered 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 thE!f p:>ssibly 
will have ruptured tefore examination was initiated. Nevertheless, in the 
hands of an e~rienced parasitologist this is a valuable tool; time 
oonsuning, but valuable. 

Experienced parasitologists working with Giardia have stated, on 
numerous · occasions and in a oonsiderable nanber of publications, that the 
ZnS.!J4 . centrifugal-flotation technique is the only reliable ooncentration 
tedltiique available for qualitative examination of stool samples. ZnSO is 
used as a s~cific gravity of 1.18 when examining fresh (unpreserved) saiti~es 
and at a specific gravity of 1.20 when exanining foIInalin-fixed specimens. 
'!he advantages of ZnS04 are that you obtain a selective oonamtration of 
cysts at the menisa.is {or on a ooversl ip) • A disadvantage is that some cysts 
are trapp:d in the fecal mass, or Cb not attach to the coverslip. 'Ibis is 
not a severe disadvanta~ and cbes not effect reliability of the method. 
Another disadvantage is that fomalin-fixed cysts Cif exanined before they 
rupture) are heavier Coore dense?) than fresh cysts and Cb not float as well. 
Recently, we have discovered a third disadvantage: when cysts are maintained 
in water for extended periods of time (several weeks) C is this a mature 
cyst?), while viable and infective, either rupture in ZnS04, or Cas with 
formalin) become heavier and fail to float well. R:>ssibly the cyst recanes 
more fragile, even when maintained in water at s0 c, over an extended period 
of time. Ho'Never, in the authors {limited) experience, they simply cb not 
float, indicating t.hat &nsicy has increased. Mixing fresh stool spec:i.nens 
with water (highly diluted s~cimen) , centrifuging ~nd renoving the 
supernatant, followed ~ ZnS04 oontrifugal. flotation, gives a more accurate 
estimation of the nunber Of cysts (in this case, i:;er milliliter of 
susi;:ension) than the examination of the formed stool si;ecimen - p,royiding the 
s~cimen is fresh and pmviding the ooverslip is not "greasy." Coversl.ips 
marketed by sane manufacturers are "greasy" and cysts, eggs, etc., Cb not 
attach wall. Even though this techniqu= (diluting the ~cimen with water) 

·approaches quantitative procedures (essentially i~ntical with the modified 
Stoll technique) it is at test 80 percent accurate in the hands of . an 
experienced parasitologist and · n:uch less accurate when d:me ty inexperienced 
parasitologists who are not aware of the limitations of the techniqtE. 
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'lbe ZnS04 .. amtrifugal-flotation technique, although adnittedly 
qualitative, an.a not accurate, :Qtm?:ide& .the .QnJ.y: means .Q.f selec;;ti3le 
sepatatio.n .Qf Q,Y§:ti from the dirt, debris, plant material, algae, diatans, 
pollen, nematode eggs and larvae, crustaceans and their eggs, arthropod 
parts, and the fi!Yriads of protozoa, etc., found in surface waters that are 
sources of domestic supply. CUrrently this is the only means to determine if 
Qiardia cysts are present, and in what relative nllnbers, in ratJ water or 
finished water. When the concentration of cysts is very low Cof ten 1-5 
cysts/gallon) any other analytical syste:n currently available would be like 
looking for the proverbial needle in a haystack! Indeed, in the examination 
of rert1 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 Department of Health begging for results, there are not 
enough experienced p:ople in the United States to provide the answer. 
'Iberefore, the state-of-the-art in the real world is that in surface water 
there are J¥riads of organisns, together with ~ and selective 
concentration is the only reliable means of separation of the cysts fran 
other organisms. In fact, this investigator could care less whether Giardia 
is or is not present: if organisns the size of Cor larger than) Giardi9 are 
pre~nt in the raw water, and these same organisms <in about the same 
quantity) are present in the finished water, then the system is at risk. '!he 
ZnS04 centrifugal-flotation technique is an ideal and very quick method to 
tell the Dapartment of Health and/or water treatment o:r;erator that their 
filtration and/or treatment ey-stem is not removing particulate matter the 
size of or· larger than .Giardia. 'Iberefore, the system is at risk if~. 
is introduced into the water supply .. 

Parasitologists have used, fran time to time, a nunber of quantitative 
techniques: Cl) McMaster Counting Clamber; (2) Whitlock Paracytaneter; {3) 
Stoll Dilution Technique; and {4) Modified Stoll Dilution Technique for the 
recovecy . of eggs, larvae, and cysts. Recently investigators working with 
Gisraia have initiated the use of the hemacytaneter as well as the direct 
counting procedure (use of a calibrated micropi~tte) e All of these 
procedures are simply modifications of similar techniques. All have 
advantages Cde:E;ending on the parasite and the host> and all have 
disadvantages: inaccurate mixing, inaccurate sampling, inexperienced 
parasitologists, and ~ fil.tb ..the ~a.site _the ~ .i& 
wunting can result in highly variable data. An excellent example is 
Gi~tclis. In auw given sample sane of the cysts are fresh and "plump," the 
morphology is e~ellent; sane of the cysts are not fresh, and are not 
"plunp, 111 rather they are distorted (dying or dead). over time (a short 
period of time!> a dead or dying cyst may not be recognized by the 
i:;arasitologist. When using a quantitative (dilution) technique, irrespective 
of what has been diluted (erythrocytes, leukocytes, or Giardia cysts), 
missing a f&1 can result in highly variable data. Moreover, since .Giardia 
cysts are 110t readily visualized without some fonn of stain (e.g., Lugol 's 
Iodine), then overstaining, understaining, or the ·.lAcii .9.f eXP.erience 
necessary to realize that live, dying, and dead cysts iUl §tain .Qif.feLffil.t.ly 
will result in variable data. 
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'lbe technique develoi;ed ~ stoll requires the use of a special 
<Erlen:n~er) flask :marked at 56 milliliters and at 60 milliliters. Fluid 
(generally water) is added to the 56 milliliter mark and sufficient fecal 
matter added (detennined by stoll to be 2 grams) to bring the material to the 
60 milliliter mark. 'Ibis is thoroughly shaken and a 0 .. 075 or a 0.10 
milliliter sample removed, the eggs, larvae or cysts counted and multiplied 
cy- 200 or 100, respectively, to obtain organians/gram. Sinoe the Stoll 
technique is essentially a 1:15 dilution, addition of 4 milliliters of 
susJ;.-enson provides the :r;arasitologist with the nunber of 
organisns/rnilliliter.. A modification of this technique is to mix the sample 
in the flask with a solution of high specific gravity CMgSO 4 !. NaCl , etc. ) , 
mix, ranove a specific amount, add to a centrifuge tube,, affix a. coverslip 
and oentrifuge.. 'Ibe coverslip is removed and the organisms counted.. '!he 
problems inherent in the modification of the Stoll technique are the same a.s 
the ZnS04 centrigual flotation technique. 

'lhe Md1aster Counting Chamber, and the Whitlock Paracytaneter are 
specially manufactured sli&:s containing coverslips (calibrated) :pemianeQ.tly 
affixed., '!be Chanter (or well) for these ted1niques (similar to the 
hanocytaneter) are constructed to hold a specific volune of fluid <such as 
the chanicals of high specific gr av icy previ.ou.sly mentioned) • '!he s~cimen 
is mixed with the fluid, pii;etted into the Chamber, and the organisns allowed 
to floa.t. 'lbe disadvantages are that they might not float or, as is the case 
with ~\ru':.Q,is, flotation occurs ver:y slady. 'lbose that float immediately 
(being closer to the surface) distort and become unreoognizable, only to sin!{ 
bP....fore the remainder have floated. 'Iberefore, the disadvantages of these two 
tecJmiques make than essentially of no value for oounting A3iardia. and will 
not be considered further. 

While the hanacytaneter appears to be a likely candidate for counting 
~ cysts, and will be evalmted, there are several inberent-
disadvantages that perhaps bear discussion a.t this :EX>int., '!he he:nacytaneter 
was designed for oounting blood cells; oons~tiently, the voltmte of liquid 
held in the chamter is extranely anall.. If the number of cysts in the sample 
are not in 12yf,{j,cient .Q..~at.i.on (such as might be anticipated with 
erythrocytes and/or leukocytes) to provide accurate results, the end result 
is highly variable data. Moreover, in the authors experience, oost 
p:lrasitologists do not realize that the cysts of ~~, are quite l~. 
The simple act of mixing a diluted sample, pii;etting t.his sample, and then 
transferring a snall portion to t.,.lrle hem.a.cytameter ch.amt.er generally results 
in inordinately high counts because the cys'ts settle just enough to affect 
the results. IV.breove:c, considering once again the volune of the chanter, 
extremely low cyst. numbers result in inordinately low counts. 

Since qua.ntitative procedures have not teen develored or evaluated for 
.Giar1~iig, and bec~use evaluation of experimental filtration and/or treatnent 
~1stems fox removal of .G.~ necessi.tate reliable and accurate counting 
procedures, the purpose of this experiment :ls to develop accurate procedures 
an.d e tiraluate their reliability when performed cy experienced parasitologists. 
Since all quantitative procedures offering aey hope of accuracy and 
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reliability ate dilution prO<.Edures, the techniques to te evaluated are: Cl) 
stoll Techniq~; ( 2) M.icropi~tte Technique; and < 3) He:na.cytaneter Techn:ique. 

Ma.terj.AJ,s Md Methods 
source of Gi.Atdia--

A large amount of feces was collected f ran four oogs, each with clinical 
giardiasis, and the fecal matter mixed with distilled water. '!he water level 
was adjusted to 2 liters of suspension. 'Ibis was then refrigerated at s0 c. 
Holding Vat--

A 40 liter tank was filled to the 38 liter level with tap water, the 
chlorine allowed to evaporate for l day, and the vat then refrigerated until 
the water tenperature became s0 c. 
Techniques--

As indicated in the. introductory remarks, all of the techniques to be 
evaluated are essentially dilution techniques, irrespective of their name. 
Since Giardj.a cysts must be stained to facilitate visualization, Lugol' s 
Iodine was used for this puqx:>se. Needless to say, this necessitated a 
considerable amount· of ani;:erical experimentation to determine the test 
procedure for staining cysts without interfering with accuracy, reliability, 
or. causing Wldue distortion, overstaining, or understaining that would 
likewise affect accuracy and reliablity. Ultimately it was d:!teonined that a 
concentrated solution of Lugol's Iodine Cparasitologists use many different 
modifications of this stain) must be added prior to any attempt at counting. 

For arw given sus:r;ension of material another factor needed to be 
considered: the cm)unt of organic material present which rould interf er with 
accuracy. If too much organic debris is present, and too many cysts per 
field, microscope fatigue quickly intervenes resulting in inaccuracies 
affecting the reliability. 

Micropii;ette--
A. calibrated micropipette manufactured cy- Clay Adams, with calibrations 

of 0 .05, 0. 075 ad 0 .10 milliliters (Silicone roated glass pi~ttes 14711) 
here used throughout for b:>th micropipette (MP) and Stoll dilution technique 
(SD)• 

With the MP technique, one. milliliter samples were obtained after ~ 
..tho.LQ.ugh mixing, ooncent.tated iodine added, and a 0.05 mL sample withdrawn. 
'Ibis sample was intro<iiu~d into a vaseline well, a coverslip affixed, and the 
counts i:erfomed. 'lhe nunber of cysts oounted, for the 1 mL sample, was 
multiplied cy- 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: 5 dilution. A 0 .. 05 mL sample removed (as tefore) and the nunter of cyst 
multiplied by 100 to obtain cysts/mLo If the material was still too dense, 
the sample w~ diluted to 1:10, a 0.05 IDL sample removed and the nunber of 
cysts multiplied by 200 to obtain cysts/mL. If further dilution was 
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necessary, ei th.er the SD technique (see below) was employed or the original 
suspension was diluted .. 

Stoll Dilution Technique--
Iodine was added to a Stoll flask C in a00ut the same prop:>rtion as with 

the MP technique) and the flask filled to the 56 mL mark with distilled 
water. 'lb this was adCled erough suspension ( 4 mL) to bring the vol une to 60 
mL.. '!his was t.h.oroughly· shaken, and a 0. 075 mL sample removed, introduced 
into a vaseline well, a coverslip affixed and the nunber of cysts counted 
multiplied by 200 to obtain cysts/mL. 

Initial Counting-
'lhe 2 liter sus~nsion of fecal material was oounted ~ the MP and SD 

techniques before addition to the 38 liters of water. 'Ihe results were 
(expressed is cysts/mL) a 

MP (1:10 dilution) 
24rr600 
25,000 
2.5. '.400 

Average 25,000 

SD (1:15 dilution) 
24,400 
25,200 
.25_, .4.0.Q 
25,000 

'!be 2 liters of suspension, when added to tpe 38 liters of water (1::20 
dilution) should prOV"ide 50,000,000 cysts in 40,000 mL of water or 1,250 
cysts/mL.. After gddi tion of the 2 liters of susi;:ension, the vat was 
maintained at 5 Co Before ranw ing samples for analysis the vat was 
thoroug~ stir..Le.d with a large, flat paddle (12 inches wide) for 1.5-2.0 
minutes" A 1 mL sample was obtained for use with the MP technique, and a 4 
rnL sample for the SD technique. Counting of cysts were ferforrned at 450x for 
evaluation. 

Eesults 

Micropipette-
Counting by the MP technique was ~rformed at 1:1 and 1:5. All oounting 

was performed. at 450x. siwo (replicates) readings were perfomed on each 
sample. 'Ihe results with 1:1 dilution are tabulated. 

Carments-
Di rect MP counting at 1:1 is an extranely effective, but very time 

consuning procedure, primarily because of the amount of organic material 
present. With sane water, which contains a considerable amount of algae, 
diatans, pollen, protozoa, etc., it is even more time consuming and requires 
about 1 hour to Cb a thorough count. m individual can count atx:rnt 3 samples 
before the fatigue factor causes data to tecane variable. 
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Table J-3. Giardia cysts counted by three individuals using the micropipette 
technique at 1:1 dilution. 

Individual #1 Individual #2 Individual #3 
sample 1 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.Q ll.4.0.. 
Sample 5 1320 Average 1140 Average 1073 

Rep ll.6..Q_ 
Averaqe 1230 

Table J-4. Giardia cysts ex>unted by three individuals using the micropipette 
technique at 1:5 dilution. 

Individual il Individual #2 Individual #3 
Sample #1 

Replicate 1300 1000 1100 
Replicate 1100 1200 900 
Replicate 1200 1400 1100 
Replicate li.0..0. ll.0.0. l.0.0.Q. 

Average 1250 1175 1025 
Sample #2 

Replicate 1200 1000 1400 
Replicate 1400 1100 1200 
Replicate 1100 1200 1200 
Replicate ll.0.0. li.0..0. llO.O.. 
Average 1200 1200 1250 

Sampie #3 
Replicate 1500 1200 1400 
Replicate 1100 1100 1100 
Replicate 1100 1300 1400 
Replicate 12.0..0.. li.0..0. li.0..0. 
Average 1225 1250 1325 

Sample #4 
Replicate 1200 1200 
Replicate 1200 1100 
Replicate 1400 1300 
Replicate ll.0.0. ll.0.0. 
Averaqe 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 U and #2 are more experienced than individuals #3; 
moreover; #3 had another assigrment and often several days would pIBs retween 
the examination of samples. She commented that tecoming accustomed to 
looking for cysts after a 2-3 dews break fran the routine was difficult. 

'llle results, with 1:1 or 1:5, are extrenel.y consistent. As might ~ 
exi:ectea, there appears to be as much variation between individuals as within 
individuals. 

When very little organic debris was present, counting at lOOx was 
i;ossible, hooever, the individuals discovered that cysts were often missed 
causing the data to re variable. A recount at 450x in variable resuled in 
more accuracy. 

Stoll Dilution-
'Ihis is essentially the ·same techniques as the MP, but the dilution 

factor is 1:15, a rather dilute solution of material. 

Cornments--
Co unting cysts ~ the SD technique is not as fatiguing, nor is it as 

t:µne consuning as the MP technique, primarily because of the dilution factor 
of 1:15; . however, accuracy was dependent upon a sufficient nunrer of 
replicates to obtain a good average. As to te expected, considerable 
variation occurred within and ootween individuals. SUbsequent trials ~ the 
author, reducing the mmber of cysts (further dilution of the vat sample to 
an estimated 625 . cysts/nL) resulted in even more variation; .however,. 
oonamtration of the vat sample to 2500 cysts/mL indicated that variation in 
counts was reduced. Tests (replicates) similar to those al:x>ve were not 
:perfonned, but it stands to reason that increasing the nt.ml)er of cysts Cup to 
a point!) would increase sampling accuracy, while further dilution would 
decrease the accuracy. 

Considerable time (2 weeks) had elapsed before individual #3 completed 
her sample #3 .. 
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Table J-5. Giargia. cysts counted by three individuals using the Stoll 
technique. 

Individual. #1 Individual #2 Individual #3 
Sample #1 

Replicate 1200 1400 1800 
Replicate 1800 1200 
Replicate 800 1400 1600 
Replicate 2200 1800 
Replicate lO.O.O. liO.O.. liO.Q. 

Averaqe 1300 1560 1550 
Sample #2 

Replicate 1000 1400 1800 
Replicate 1600 1200 1200 
Replicate 1400 1400 1200 
Replicate 1400 1400 1200 
Replicate .a.ao.o. liO.O.. lWlO. 
Averaqe 1240 1360 1280 

.Sample #3 
Replicate 1400 1600 1000 
Replicate 2200 1800 1000 
Replicate 800 1400 1000 
Replicate 1000 1200 1000 
Replicate lO.O.O. 12.0.0. 12.0.0. 
Averaqe 1280 1440 1040 

*Cysts were old and had begun to rupture or die. 

Henacytoneter-
. Initially a 1:5 dilution of the vat sample (250 cysts/ml) was examined 

with the hanacytometer 1 however, after repeated samples, no cysts were 
obtained1 therefore, a direct examination of the vat sample (1250. cysts/ml) 
was attanped, using both stained and unstained cysts. '!he resUlts were: o, 
O, O, o, 1 cysts, o, O, 2 cysts, o, l cyst, o, O, O, o, 1 cysts, O. 

a:mments-

I 

'Ihe hemacytaneter holds a very small volume of liquid. Dilution of a. 
sample to 1000-2000 cysts/ml is far too dilute for any semblance of accuracy. 
However, 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 doubt accuracy 
will increase. Nevertheless, I question the accuracy of the he:nacytaneter 
under any circumstances unless the investigator is using extre:nely clean 
and/or highly concentrated numbers of cysts. Moreover, it was observed that 
if cysts were withdrawn from the source, and not pipetted onto the chamber 
~ QUickly, the cysts tended to settle to the tip of the pipette. When the 
Sllall volume is considered, together with the high multiplication factor, 
this would result in inordinately high numbers of cysts/ml. 
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Quantification After Passing the Push-Pull Pump and the Nucleopore Membrane--
Evaluation of data on filtration runs indicates a 60 percent loss of 

cysts, either in the counting accuracy, the vat, the pump, the membrane 
filter, or during the processing. 'lberefore, a vat, containing approximately 
38 liters of water was placed into a refrigerator at s0c. A sufficient 
quantity of cysts were added to obtain approxinately 2 cysts/ml., Results 
(see below) indicated 2.0 cysts/ml in the vat. A series of pump-filter 
examinations were made on this material. A total of 2 liters of material was 
pumpad through the filters, the pads washed, and then examined at a 1:5 
dilution by the MP technique. 

'!he procedure, during trial runs, is to pump the material through the 
filter pad then aspirate (with vacuum) the liquid remaining in the filter 
canister on through the pa.de Therefore, to determine where losses were 
occurring, some runs were aspirated, some were not. For one run, material 
was not pumped through the filter, but directly into a flasko 

Number of cysts/ml in the Vat--
To determine the number of cysts/ml in the vat 20 ml samples Cl percent 

of the proposed filtration samples-2 liters> were examined. '!he 20 ml 
samples were concentrated to 1 ml and examined by the MP technique. 

'Ibe results are given below: 

Total Cysts Recovered 
sample #1 sample #2 

Replicate 
Replicate 
Replicate 
Replicate 
Avera e 

3 3 
3 0 
2 1 

2.0.0.. 2.00. 
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. 'Ibis indicates. an average of 2 .. 0 cysts/ml. Hcwever, 
the individual reading sample #2 CCPH) had many intertuptions and he (CPH) 
questions the accuracy of his results. The results indicate 4000-5000 cysts 
should be present in 2 liters. 'IWo to 2.5 cysts/ml, with 20 ml subsamples, 
is far too dilute to obtain greater accuracy. 

Results Through the Pump and Filter-
A total of 2 liters was passed through the pump at each run. After each 

filter run, a 20 ml subsample was taken for examination. All counting for 
the filter-pump trials was done at 1:5 dilution by the MP technique: all 
co.unting for the 20 ml subsamples was done at 1:1 by the MP techniqueo The 
results are expressed as total cysts present in the sample. The average and 
percent recovery is also given. Percent recovery was determined, at the time 
of sampling, by the subsample count using the micropipette technique (Table 
J-6). 
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Table J-6. Giardia cysts recovered after passage through the push-pull pump and the 
filter. 

2 liter , :a.mole 20 ml subsamole 
#1 #2 tl #2 i3 

Run i Procedure Repli- Repli- Average (%) R.epli- Repli- Repli- Ave 
cate cate cate cate cate 

1 Aspirated 1200 1200 1200 36% 4000 4000 2000 3333 

2 Aspirated 1800 1800 1800 54% 2000 4000 4000 3333 

3 Not Aspirated 1600 1400 1500 45% 4000 2000 4000 3333 

4 Not Aspirated 1200 1400 1300 39% 0 000 6000 3333 

5 Aspirated 1700 1400 1550 46% 2000 4000 4000 3333 

6 Not Filtered 1700 1500 1600 48% 0 6000 4000 3333 



Comments--
These results indicate that 3,333 cysts should have been recovered from 

the 2 liter filter samples. Recovery percentages ranged from 36-54 percent 
(Ave: 45 percent). Losses no doubt occur in all steps of the operation as a 
result of the pump, filter and the subSSIUent centrifugation procedures to 
concentrate the filter washings. 

A series of 50 ml subsamples were obtained subsequent to the filter runs 
and concentrated to 1:1 and read by the MP technique. '!he results were: 

Sample 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. 'lbe original subsamples, taken 
2 days earlier, indicated there should be 3,333 cysts in 2 liters. 

'!he cysts, when introduced into the vat had been maintained 5 weeks and 
were excellent, morphologically. However, the results from this sample of 
cysts indicated that losses due to death and dissolution of cysts was 
occurring very rapidly. For example, oounts on the day the vat was charged 
indicated 2-2.5 cysts/ml. '!he next day results were 1.67 cysts/ml. '!Wo days 
later the results indicated 1.52 cysts/ml. Microsoopic examination indicated 
they were dying and/ or dead: no doubt many ruptured before processing was 
initiated and, as might be anticipated, processing through the pump and 
filter, followed by centrifugation, destroyed many more. It is reasonable to 
assume 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 
between individual samples. We have observed Cover the past 12 years> that 
some Giardia samples will keep for weeks and be in excellent shape; others 
are gone and/or unrecognizable in less than a week. Maintenance in water 
increases their lifg span: some cysts will look excellent (morphologically) 
for 2 months a 5 C while others are beginning to deteriorate at 2-3 weeks. 
some cysts in all samples are no doubt more fragile than others and 
processing will result in a certain amount of dissolution. 

EFFECT OF PUMPING 00 CYST RECOVERY 

Objective 

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. 

frocedur:e 

As in the preceding trial, a 10-gallon tank was filled with tap water, 
the chlorine allowed to evaporate and the water refrigerated to s0 c., The 
t~ was then charged with 30 ml of dog feces containing 31,000 ~ 
cysts/ml or 930,000 cysts (estimated). 
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'!be 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 pump, but no nucleopore filter. Three runs were made with the 
vacuum pump oonnected to the nucleopore filter and one run with the vacuum 
pump, but no nucleopore filter. As in the preceding trial, the number of 
Giardia cysts/ml was detennined prior to the trial, and subsamples from the 
vat were taken during each trial run. 

Results 

'!be results are presented in tabular form. Table G-7 lists the cysts/ml 
determined prior to the runs, Table G-8 lists the results of the push-pull 
PlUllP through the nucleopore filter, and Table G-9 lists the results using the 
vacuum pump to pull material through the nucleopore filter. At the end of 
all runs, a 2 liter 1 grab sample was oounted. '!be 2 liter sample was oounted 
by the direct micropipette technique, 1:15 dilution. A total of 78,200 cysts 
were calculated to be present in 2 liters or 39 cysts/ml. 

Table J-7. Giardia cysts/ml determined to be present in the tank prior to 
trial. Direct micropipette oounts, 1:1 dilution of 1 cc samples. 

'Ibtal (cvsts/ml) Averaqe Ccvsts/ml) 
sample 1 40 

Replicate 40 40 
sample 2 40 

Replicate 20 30 
sample 3 40 

Replicate 20 30 
sample 4 20 

Replicate 60 40 
Averaae: 35 cvsts/ml 

Discussion 

The results of this trial indicate that when fresh Gianna cysts are 
used together with the push-pull pump or the vacuum pump through the. 
nucleopore filter, there is very little cyst loss and/or destructio~ if the 
personnel are oonscientious in preparation, washing of the filter disc, and 
performing sufficient replicate counts. A comparison of the push-pull pump 
with the 50 ml grab samples indicates that results are consistent: an 
average of the six samples revealed 26.2 cysts/ml by the push-pull pump and 
26.5 cysts/ml by the grab sample. Al.though some problems developed with the 
vacuum pump, an average of four samples revealed 23.5 cysts/ml by vacuum punp 
and 22. 7 cysts/ml grab sample. 

unfortunately, examination of the material on this tank trial took an 
inordinate annunt of time to complete, possibly resulting in a loss of cysts. 
It took approximately 2 to 2.5 hours to read each sample (22 samples) because 
of the large m.nnber of cysts, debris, and microsoope fatigue. From the time 
the trial was initiated, samples taken, and samples analyzed, there was a l 
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Table J-8. Giar~Ua cysts/mL obtained following the push-pull punp and 
filtering through the nucleopore filter. All counts performed by 
direct micropipette, 1:5 dilution. 

Run # H2o Pressure O>unts <:.ysts/mL SOmL Grab Samole 
Passed Counts C.Vsts/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 
Avg.,, 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 
Avg. 44,350 30 1140 23 
3 1500 mr.. 15 lta 40,200 27 1220 24 
'Rep~ 39,500 26 1100 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 
Avg .. 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 
Avg. 45,725 31 1233 25 
6* 2000 mL 0 lts 35,800 18 1140 23 
Rep. 40f200 20 1180 24 
Rep. 28,200 14 1200 24 
Rep. 37,200 19 
Avg .. 35,350 18 1173 24 

*Used push-pull punp but not the nucl.eopore filter 
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Table J-9. Gianna cysts/JI[. obtained using the vacuum pump to pull sample 
through the nucleopore filter. All counts perfonned ty direct 
micropipette, 1:5 dilution. 

H2o 50 mL Grab Sample 
Run i Counts c.ysts/mL 

Passed Counts cysts/mL 
1 1200 mL 30,300 25 

. Rep. 33,400 28 
Rep. 30,400 25 
Fep. 31,600 26 
Averaqes 31,425 26 
2 1500 ml 31,100 21 
Rep. 30,400 25 
Rep. 30,800 21 
Rep. 31,500 21 
Averaaes 31,200 21 
3 1300 mL 26,500 20 
Rep. 29,000 22 
Rep. 27,800 21 
Rep. 29,500 23 
Averaaes 28,200 22 
4* 2000 mL 48,.800 24 
Rep. 52,600 26 
Rep. 46,200 23 
Rep. 49,600 25 
Averaaes 49.300 25 

Note: Only 4 nms were made because of p\ll\p problems. 
*Kb nucl.eopore filter, only the vacuun ptmp. 
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1020 20 
1100 22 

1053 21 
1100 22 
1180 24 
1120 22 

1133 23 
1180 24 
1200 24 
1140 23 

1173 24 
1100 22 
1160 23 
1120 22 

1126 23 



week to 10-day span which could account for cyst loss via death of cysts. 
Also centrifugation of samples could apply enough pr~ssure to fragile cysts 
to cause rupturing and cyst loss. The entire trial took 80 working hours to 
accomplish, from ·start to finish. '!he pretrial count 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. 'Ibis indicated that, over time, cyst loss 
was occurring. POssibly, 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 a>nsistent irrespective of the procedure. 
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