Giardia Cyst Concentrations
in River Water

Jerry E. Ongerth

Water samples from three pristine rivers in the Pacific Northwest were analyzed for Giardia
cyst presence and concentration using a membrane-filtration-immunofluorescence-assay
procedure. A total of 222 samples were collected either monthly or bimonthly over a nine-
maonth period from 17 sampling stations on three rivers and 12 tributaries. Cvst recovery
efficiency was monitored using samples seeded with cysts at levels ranging from 0.5 to 50
cysts/L. The recovery efficiency of the procedure averaged 218 percent + 6 percent through
26 sets of samples. Gidrdia cvsts were found in 94 (43 percent) of the samples. The
corresponding cyst concentrations caleulated from the recovery efficiency and the sample
valume ranged from 0.1 to 5.2 cyste/1. The distribution of cyst concentrations in positive
samples was lognormal. Both the magnitude of cyst concentrations {as indicated by the mean
value} and the variability (as indicated by the slope of the distributions) differed among the
three rivers. Mo statistically supportable seasonal variations were found, The principal
conclusion was that Gianfia cysts appear to be continuously present, though at low
concentrations, even in relatively pristing rivers.

The presence of Grardia lamblia cysts
in sources of public water supply has
been documented in many areas of the
United States and Canada.' It has been
described as one of the most common
etiological agents contributing to out-
breaks of waterborne gastroenteritis.?
Control of Giardia cysts in water treat-
ment has beenchallenging because their
removal by filtration requires consis
tently efficient operation and specialized
analytical technigues,® and because they
are relatively resistant to conventional
disinfectants.

Knowledge of Giardia cyst concen-
fratinns in water 1s relevant to public
health protection for several reasons,
yet no data on cyst concentrations in
water have been reported. First, the risk
af infection through consuming cyvst-
contaminated water must be directly
proportional to cvst concentration, as
suming uniform cyst viability and in
fectivity characteristics. Second, the
concentration of cvsts in untreated
sources of water supply undoubtedly
depends on the nature and magnitude of
sources (and sinks) throughout the
watershed, Examination of surface
streams in remote areas has shown that
the frequency of cyst discovery isdirectly
related tothe intensity of human activity
in the watershed.” High levels of Giardia
cvsts have been found in municipal
sewage treatment plant effluents,57
suggesting that cyst concentrations in
streams receiving such effluents would
he affected proportionately. Third, the
effectiveness of water treatment for
Crigrdia cyst removal or inactivation is
finite and defined by prior work®? in
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terms of a percentage of the initial cyst
concentration. Accordingly, a treatment
plant using a raw water source down
stream of 8 scwage treatment plant
discharge would be expected to have a
higher cyst concentrationin the finished
water than would the same facility
treating raw water from a watershed
with no wastewater sources.

This study was motivated by the im-

portance of cvst concentrations to water
quality planning, the current lack of
data on cvst concentrations in water,
and by preliminary work that indicated
the practicality of measuring cyst con-
centrations in relatively pristine water
sources, The work reported here was
designed to satisfy four objectives: (11 to
demonstrate the characteristics and
capabilities of a small-volume, mem
hrane-hiltration-immunafluorescence-
assay (MF-TFA) procedure for guantifi-
cation of Ciardie cysts: (21 to determing
the concentration of Grardio cvsts n
water from three Pacific Northwest
watersheds with different characterss-
tics; (31 to determing the nature ol
variations in the Giardia cyst concen-
tration as a function of time, both short
term and seazonal; and (4) to examine
the influence of watershed characrer-
1stics an cyst concentrations.

A mine-month =tudy was conducted,
including regular collection and analysis
of samples from 17 sampling stations on
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Figure 1. Cedar, Green, and Talt river watersheds
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three rivers and 12 tributaries, to ac-
complish these objectives. Samples were
collected once or twice per month from
tributaries or rom man-stem stations,
respectively. Four sets of consecutive
hihourly samples were collected toexam-
ine short-term concentration variations
over 24-h periods. Sample volumes of 40
L {10 gall were used for all routine
analyses. A few larger samples (120 and
400 L} were analvzed to determine
recoveries with larger sample valumes
and to check cvst concentrations below
the normal limit of detection, All samples
were proceszed in the laboratory using
an MF-IFA procedure for recovery,
detection, and dentification of cysts.

Analysis of more than 200 samples
collected over the nine-month period
vielded wseful information about cyst
concentrations in water. Giardia cysts
wrre consistently present in the rivers
examined, at concentrations ranging
from 0.05 to 0.8 cysts/L. The average
cyst concentration differed from river to
river, although the degree of variability
in cyst concentrations was similar from
river toriver, Sampling above and below
siream impoundments with residence
times of from 30 to 200 days indicated
that cvst concentrations were not re-
duced by reservoir transit.

Materials and methods

Sample collection. Water samples of
approximately 40 L(10gal) were collected
from 17V sampling stations on or tributary
to the Cedar, Green, and Tolt rivers,
which drain the western slope of the
central Cascade Mountains in Wash-
ington (Figure 1). Sampling locations
were selected to examine cyst concen-
trations from watersheds with differing
characteristics and as a function of
transit along the main stem of each
river, including passage through an
impoundment of substantial size.

The watersheds of each river are con-
trolled by municipal water depart ments
for public water supply. Nopublic access
is permitted in the Tolt Biver watershed,
although closely supervised logging and
timber management are atlowed. In the
Cedar Kiver watershed, only very Timited
public access (such as guided educational
tours) is permitted, Other closely super-
vised activities include logging and tim-
ber management, railroad and power
transmission rights-of-way mainte-
nance, and research. Public acceas iz
permitted in the upper portion of the
Green River watershed, extending to a
limit af 23 mi above the public water
supply diversion, Public activities in the
upper Green River watershed include
camping, fishing, hunting, snowmobil-
ing, and cross-country skiing. In the
lower watershed a limited deer and elk
hunt is allowed in the fall. Logging,
timher management, and power trans.
mession rights-of way activitics also arc
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allowed under closely controlled condi.
tiong in the Green River watcrshed.
Samples were collected from well-
mixed, representative locations and
placed in new 20-L dizposable containers*
that were not reused. Samples were
delivered to the laboratory (Universily

Copyright © 1989 Amernican Water Works Association

of Washington, Seattle) within 4-6 h of
collection. Mrocessing was inilizted upon
receipt of samples and was concluded
within 48 h. This article covers the
sampling period Jan. 1 to Sept. 30, 1987,

Water sample processing. Sample pro-
cessing fur Giaradia eyst reeovery, idetti-
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fication, and countling was performed in
batches uf [ive samples, with negative
and positive controls added to each batch
for quality control and quantification of
cyst recovery efficiency. Samples were
batched according to watershed, with
negative controls processed beiween
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hatches and positive controls processed
after all other samples to aveid contam-
ination. Positive controls were prepared
by adding purified . lamblia cysts to
iseeding) 20 L of either 5-pmefiltered
distilled water or unfiltered river water
to produce @ conceniration el approesi-
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mately 50 cvsts/L, Cysts for positive
controls were of human origin, propa-
gated in gerbils inoculated from axeni-
cally cultured trophosoites. Negative
controls consisted of 20 L of distilled
water, prefilitered by a S-um pore size
membriane.

Water samples and controls were pros
cessed in accordance with the following
procedure, and all filtrations were done
with polycarbonate membranes,t Sam-
ples were mixed thoroughly and filtered
through a 293-mm-diameter, S-pm pore
membrane at 250 mm Hg vacuum, A 53-
wm monofilament rylon mesh was used
as a prefilter. After filtration, the filler
miermhrane was carefully cemoves] anmd
mounted faceup on a 30-cm * 30-cm
glags plate. Particles were recovered
from the filter surface by alternately
rinsing the filter surface from top Lo
Bottom with a siream of (L.2-pm-filtered
distilled water applied with a wash bottle
and by squeegesing with a 4-rm X% 1-mm
flexible rubber Wade, directing the rinse
water inte a collection pan. The rinse
and squeegee procedures were repeated
twice, producing a particle-containing
ligquid ringe volume of approximately
200 ml., This volume was reduced by
centrifuging in S0-ml centrifuge tubes
at 650 g for 15 min and aspirating to 14
percent of original volume. The remain-
ing material was resuspended and com
bined to form a homogeneous 40-50-ml.
concentrate. Giardia cysts were sepa-
rated from heavier and lighter debris by
layering the concentrate on a gradient of
40 peroent potassium citrate as described
elegwhere.® The cyst-containing particle
fraction was harvested from the potas-
sium-citrate-concentrate interface and
deposited by vacuum filtration (250 mm
Hghom a 13mum-diameter, S-pim pore size
membrane contained in an m-line filter
holder.y The filter was rimsed three
times with & mL of 0.2-pm-filtered dis-
tilled water and kept moist prior to
MF-IFA staining.

MF-IFA procedure. The MF-TFA pro-
cedure used in this etudy 16 exmilar to
that described elsewhere,” with maodifi-
cations to increase processing efficiency.
The procedure was applied to parficles
rotgined on the 13-mm-diameter, 5-ym
pore =ize filter while in the in-ine filter
holder.

The first reagent used was a polyclonal
rabbit anti-Cigrdie cvat serum prepared
by procedures described elsewhere * This
serum wins diluted 1: 150 wath phosphate-
buffered saline (PBS, pH 7.6) containing
.1 percent bovine serum albumin (BSA)
(essentially fatty-acid-iree) § The MEF-
IFA was completed using fluorescein:
isothiocyamate- (FITC-) labeled goat an-
tirabhit serum immunoglobulin G {IgG)

sCabitasner, VWR Sceentific. San Francisco, Calsl
tuclepure Corp., Plesaanion, Celil.

IModel SO0 00300, Milligore Corp. Beddrrd, Mg,
whigma Lhemlcal Co. 51 Louls, Mo
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{antiheavy and light chains),* which
was diluted 1-:40 with PRS contaming
0.1 percent BSA.

The ME<IFA reagents were applied to
the filters while in the 13-mm filter
holders, using antiserum volumes of
0.25 ml.. Filter holder ports were stop-
pered to retain the serum during incu-
bation. Filters were incubated at 37°C
for 30 min for both sera. Alter incubalion,
each filter was rinsed with three 10-mL
volumes of PBS. In the final step, 0.2 mL
of ethidium bromidet at 30 pg'mL in
PBS was applied to each filter and
incubated for 10 min at 5°C. Following &
final PBS rinse, filters were mounted on
glasa alides in clvanol under a glass
coverslip as described elsewhere.®

Cyst identification and counting. Fillers
were examined by epifluorescence mi-
croscopy at <250 or ®400 magnification.g
(lardin cysts were identified by the
following criteria: size, shape, FITC
stain color and distribution, ethidium
bromide stain, and brightfield illumina-
tion appearance, All features have been
described elsewhere,® except fur Lhe
ethidium bromide feature. The addition
of ethidinm bromide consistently stained
the nucleii of Glardia cyets processed by
membrane fltration (Figure 2). This
enabled visualization of the two to four
nucleii as red-orange brightly fluores-
cing objects toward one end of the cyst.
This partly overcomes the disadvantage
of identifying cvsts on polycarbonate
filters that cannot be cleared to permit
phase contrast examination for internal
structure components. Using this pro
cedure, the entire area of each filter was
examined, The position of cystlike ob-
jects wasz recorded by the iitial ex-
aminer for reexamination by a second
cxperienced examiner for independent
corroboration,

Statistical analysis and calculations. The
number of cyers (1) counted on a filter
was consistently a fraction of the actual
nuinle of cysis (md ovcwring in the
sample. The »n, was estimated by dividing
the number of cysts counted by the
recovery percentage (p), measured in
positive controls. The actual cyst con-
centration () was then estimated by
dividing by the sample volume (vk;

o= mgre) (1]

Ina sigmbicant proportion of samples,
no cysts were found. Given a cyst
recovery efficiency that was alwave less
than 100 percent, for samples in which
nocysts were found the probability that
cysts may have been present but escaped
detection 15 finite and can be estimated
uzsing a geometric model. Thiz model
describes the distribution of the number
of mdependent trials taken before a
positive tesult (whose probability of
pccurrence 15 fp, in which 0 <= p = 1)
vccurs. For this application, the value of
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the recovery percentage pis the measure
nf the probability of accurrence p. The
geometric distribution of a random
variable & iz given by:

Fikr = gl - g (21

In this case, k& represents the number of
cysts that escaped the recovery processes
before the first one was caught. Herethe
assumption must be made that the
probability of eecape for each cyet {1 =
was not dependent on the cysl concen-
tration and does not change markedly
when the concentration is low, This was
a reasonable assumption, as shown by
Figurc 3, In other words, when there are
few cysts in a large sample, there is no
reason to believe that the probability of
any one cyst being recovered iz different
from that of any other or that this
probability is dependent on whether or
not another cyst is recovered. Thus,
when no cysts were found, the cyst
concentration was computed from the
mean of the peometric distribution de-
[ines] in Eg 2.0

k.= Bkl =1l -m/p (k1]

The cyst concentration was computed
by dividing thiz mean by », obtaining the
following:

r, = k1

For example, the cyst concentration for
a 40-L sample in which no cysts were
found, and from a sample batch for
which the measured cyst recovery effi-
ciency was 19 percent, would be:

£, = [ = T 0TS L
e, = 171 eysisL

Thiz can be regarded as a worst-case
estimate, which will be biased only when
there are consistently fewer cysts in a
series of samples than the value of this
distribution mean,

I order todetermine the possibility of
seasonal variations im cyst concentra-
tions, seasonal subsels of Lhie dala wers
examined, Histograms of (erdia cvst
roncentration estimates from the entire
sampling program and from geograph-
jcal and time-based subsets were ex-
amined to determine their symmetry.
Because all were skewed, the non-
parametric Kruskal-Walliz (K-W) one-
way statistic was applied for one-way
group comparisons. Pairwise compar-
isons of cyst estimates between rivers
were alzo done with a K-W test." When
such multiple comparizons were per-
formed, the critical p value, which is
usually taken to be 0.05, was divided by
the number of comparisons made ac-
cording to a Bonferroni adjustment
factor.”

Resulis

Glardia cyst recovery. The efficiency of
Cfardia cyst recovery in positive con-
trols prepared from 5-pm-prefiltered dis-
tilled water, seeded at Fhoysis/L, ranged
from 5 to 44 percent with a median value
of 218 percent. The values were log-
normally distributed, with 85 percent of
the values lving between 15 and 29
percent (n = 26). In positive controls
prepared from seeded 20-L.river water
gamples {(Cedar River, station CPR-1.
Sept. 1-0ct. 31, 1987) the recovery effi-
ciency averaged 28 percent, 5 = £13
percent, ®# = 11. In parallel (esls UsSing
20-L samples of S-pm-filtered distilled
water seeded at levele of (L5, 5, and 50
cysts/L, no dependence of recovery effi-
ciency on cvet concentration was found
(Figure 3. Based on the median recovery
efficiency (22 percent) and a typical
sample volume of 40 L, the typical limit
of detection of the procedure was 0,11
cysts/L, caleulated using Eq 1.

Giardia cyst concentrations in river water.
Atotal of 222 samples collected from the
three river systems were examined.
Cysts were found in 24 {43 percent) of
the samples. The number of cysts found
in the positive samples ranged from 1 to
24, Corresponding cyst concentrations
calculaied from the recovery effliciency
and sample volume ranged from (.1 to
5.2 evate/1. (Figure 4). Overall, and for
each of the rivers individually, no cysts
were found in half or more of the samples.
Thedistributions of cyst concentrations
wereall evidently truncated by the limit
of detection. Simple extrapolation indi-
cates that the averall median cyst con-
centration was 0.0683/L with a range
between = 1s from (D17 to ULE47L.
Median concentrations extrapolated for
the Cedar, the Green, and the Tolt rivers
were 0,04/L, 00671, and 0,003/L, respec-
tively {Figure 4).

An independent check of typical con-
centrations below the normal limit of
detection was made by processing four
series of ten 30-gal samples, one series
each on the Cedar and the Tolt rivers
and iwo series on the Green River.
Concentrations found on the Cedar River
aversged 0.077L, On the Green River,
the average concentration was (.0%/L.
Mo cvsts were [ound in the Tolt River
samples, in which the extrapolated
median concentration (0.003/L) was still
significantly below the limit of detection
for a 30-gal sample (0.04/L).

A more conservative picture was devel.
oped by calculation of an expected {most
probable) value of cyst concentration for
each zero sample using Eq 4. A compar-
ison of thedata processed in thiz way for
each of the rivers showed that although
they each had cyst concentrationsin the
same general range (0.05-0.5L) and

*Conper Binchemical, Malvern, Pa

Higma Chemical Co 51 Louis, Mo,
1 Bodel 14, Carl Zemae Inc, Thornwood, Y
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from January through September 1987

TABLE 2
Characterisiics af reservolrs on Uie Cedar, e, @id Toll #irers
i Caichment Surface Residence
Reservoir Area Volume Area Time
Hiver Name sq mei am-ﬂ'_ BETER ol
Cedar (.. Marse 143 400 LGAD {15
Green H. Hanzen e | 206,000 T =50
Talt Tali ] 1% 360 ﬂﬁ_l':l__. | Mt
TABLE 3

Ouawitles of Giardia cpsf conceritration by season in the Green, Cedar,
and Todt rivers—lanpary-Seplember 1987

Statistical
Ruantils | MH;:::-::L:; Significance
Season |0.10 ] 0.25 ] 0.50 | 0.75 | 0.80 " K-W »
Winter | 00 | 010 | 002 | 037 | 040 I 166 0.2
Spring 007 | 008 | 11 | D24 | 044 &l
Fall 008 | 008 | 010 | 046 | 058 45

although wvariations im concentration
weres similar (similar &), differences
between them could be distinguished
atatistically {Table 17,

Comparison of Cvst concentrations
among the three rivers using the K-W
test found that those on the Green River
were higher than those on both the
Cedar and the Tolt rivers ip = 0.05) but
that the Cedar Kiver cvst concentrations
could be distinguished from the Taolt
River concentrations only at g = 010,
Cyst concentrations in individual tribu-
taries were essentially comparable, They
were not statistically distinguishable
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from each other, river by river, Concen-
trations at main-stem locations were
generally higher than in the tributaries.

Cyst concenirations measured in
mainstem rivers were compared for
sampling stations above and below a
regervaolir. T he Cedar, Green, and Talt
rivers each have a major impoundment
inn the reach studied (Table 2). Using the
K-W test, the concentrations found
above and below each of the three reser-
voira could not be distinguished, even at
a significance level as low as p = 0.25,
Median cvst concentrations above and
below the Cedar, Green, and Toli reser-
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voirs were 0,12 and 0.22, 0.27 and 0.32,
amd 010 amd B2] cysisL, respectively.

Seasonal changes in cyst concentra-
tiong were examined by dividing the
data for each river into three.month
periods corresponding approximately to
months of snow cover and freezing tem-
peratures {January-March), cool tem-
peratures and high runoff (April-June),
and dry, warm conditions (July-Seplem-
ber). The median cyst concentration
decreased from 012 to O.1WL from
winter to fall; however, by the K-W rest
the changes were not significant (p =
(.26}, as shownin Table 3. A plaot of mass
loading of cvats calculated from monthly
average cyst concentrations and monthly
averape river discharges for the farthest
downstream sampling points on the
Cedar and the Green rivers shows an
irregular pattern of variation within a
relatively narrow range (Figure 3).
Discussion

This study demonstrated that Glardia
cvsis were continuously present in three
rivers in Washington at concentrations
ranging from .05 to about 1.0 cyst/L
during the pericd from January through
September 1987, These obgervations
contrast with the previous impression
that Giardia cysts were intermittently
present inwater, an impression probably
derived from the intermitient naiure of
waterborne giardiasis outbreaks.®

Several nhservatinns regarding tem-
poral variations in cyst concentrations
were made. The range of variation found
over the nine-month sampling period in
each river, i.e., from —1s to +15, is less
than a factor of 2 (Figure 4). This is
comparable to the concentration varia-
tions in dissolved water quality constit-
uents for the same rivers. The data
collected at 1-3-h intervals over daily
cycles show that cyvast concentrationa do
not vary significantly over time periods
of this length., These data should be
viewed in light of the likely sources of
cysts and location of sampling stations
i the watershed, Because hhuman acoess
and activities in the three watersheds
are strictly controlled. cyst sources are
assumed to be exclusively the animal
populations. Cvst shedding by animals
ranging from beaver, coyote, and bobcat
to deer and elk has been confirmed in
rhese watrersheds by examination of fecal
samples not reported here,

The cyst concentration levels in the
three mivers were statistically dishin-
guishahle even though the differences in
median concentration were only 10 to 20
percent. Although differences in char-
acteristics of the three watersheds can
be described in terms of features that
may be relevant to levels and distribution
of animal and human activity, the amall
differences in cyst concentrations among
the three watersheds did not justify
efforts to identify causal relationships.
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The eyst concentrations found in this
spdy may be compared with (ose
reported for the Youghiogheny River at
McKeesport, Pa.® Analysis of 37 samples
of 10 gal each by the US Environmental
Protection Agency (USEPA) method"
reaulted in finding cysts in each of the
samples with numbers ranging from 1 to
438 Quality contral results indicated an
average cyst recovery efficiency of 7.7
percent irange from 3 to 13.8 percent).
Using the average recovery efficiency,
the cyst concentration range for that
study was 0.03 to 15/L. The author
made a limited compartson {not reported
here) of the USEPA method and the
method reported here. Samples were
taken from a single source at the same
time and were processed independently
by the two methods, Based on the results,
the authors believe that the USEPA
method underestimates cyst concentra-
tion. In 15 samples processed over atwor
munth period, no cysts were found in
100-gal samples uzing the USEPA
method, Cvsts were found in six of the
fifteen 20-zal samples processed by the
method reported here; the median con-
cemtration was 0.057L, wilth the ramge
between + 1s from 0,03 to 0.107L, Based
an this comparison of limited data. the
authors expect that examination will
reveal significantly higher cyst concen-
trations inrivers elsewhere, particularly
where wastewater cysl sources are
present as described for the Youghio
ghemy Kiver® and where water tempera-
ture and physical conditions permit cyst
gurvival.

The procedures described in this
article proved effective and practical for
finding and quantifying Giardia cystsin
a project of major magnitude. The
method has several advantages. Its
applicability to small samples permits
processing in the laboratory. It alzn
permits examining the enlire particle
concentrate with reasonable efficiency.
These features lend a degree of control
not possible in procedures requiring fiekd
application and the processing of large

particle volumes, resulting in examina-,

tion of aliguots that must be assumed
representative. Although this procedure
has advantages, it 1s not entirely without
problems. Wariations in cyst recuvery
ranged from 7 to 44 percent. These
vartationes could not he accnunted for
except in terms of features of test
materials, including cyst antigen chat-
acteristics, stain reactivity, processing
solution variations, and variations in
the particle composition of the water
being processed.

The limit of detection of the procedure
used in this study was 0.11 cysts/L for
the median recovery efficiency (22 per-
cent) uzing a 40-L sample. Consistent
regults were achievahle when pruceaainﬁ
waters with turbidities up to 2.5 ntu,
Sample processing and microscopic ex-
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amination were increasingly difficall
for Lurbidil y values greater than 1.5 ntw.
Turbidity resulting from silt during
periods of runoff was separated effi-
ciently by centrifuging and density
gradient sedimentation. High algae
counts presented the most inderference
because their setiling velocities are such
that they are retained alomg with the
cyst-containing particle fraction. The
procedure as described can easily be
applied to achieve & lower limil of detec-
tHon by increasing the sample volume.
This may require distributing the final
particle concentrate o more than one
13-mm-diameter final filter. The concen-
tration is determined irom the total
number of cysts identified, the total
sample volume, and the cyst recovery
efficiency for that batch of zamples. An
appropriate sample volume can be deter-
mined by conducting a pilet study in
which 20 to 40-L aliquots of a single
large sample (100 gal, for cxample) are
processed along with one or more seeded
contrals, This will establish the approx-
imate cyst concentration and recovery
efficiency.

The Lime and cost of processing 40-L
samples hased on examination of a single
1 3mm-diameter filter were determined
in the course of the project. This can he
expressed in terms of time and materials,
Ome experienced technician can process
a complete batch of five water samples,
plus negative and positive controls, ina
40-h week, Including the cost of lahor,
chemicals, 293- and 13-mm filters, and
amortization of an epi-illumination V-
microscope (at a first cost of $10,0007,
the total cost per sampls was betwean
$250 and 5300, Thiz included 25 percent
indirect labor costs and overhead costs
of 23 percent.

Conclusions and recommendations

Based on application of the small
volume MF-IFA method used in this
study, the concentration of (sardia cysts
present in relatively pristine waters was
in the range of 05 to LOVL, Further
work 15 needed to better define factors
contributing to variations in cyst recov-
ery using this procedure. Better under-
standing of this aspect should help to
improve the limit of detection.

(riardia cysts should be considered Lo
be present in surface waters at a rela-
tively constant concentration that may
depend on the magnitude of sources in
the watershed and on factors affecting
cyst persistence in water, Further work
& required to identify the nature and
effect on cyst concentrations of such
factors as watershed characteristics,
animal population characteristics, and
the influence of human activities, in-
cluding urban runoff and wastewater
discharges. Previous work shows that
cysts are subject to degradation in the
environment, particularly in warmer
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water (data not reported here). It appears
from this study that cysts arc not re
moved by passage through a reservoir,
even one of appreciable size. Further
work 15 needed to identify conditions
that would contribute to cyst removal or
degradation with downstream passage.
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