bj ecti ves

1. To deternine the presence and levels of Gardia lanbiia
cysts and Cryptospori di um parvum oocysts in surface supplies of
drinking water for six North Carolina piednont cities.

2. To exam ne associations of G lanbiia cyst and/or C.
parvum oocyst levels with |l evels of fecal coliforns, enterococci

and turbidity in the above waters.

| nt roducti on

G ardia lanbiia and Cryptospori di um parvum are enteric
pat hogeni ¢ protozoans which follow the fecal -oral route of
transm ssion. Their environnentally resistant forns (cysts and
oocysts, respectively) can be carried by fecally contam nat ed
wat er and may cause out breaks of enteric disease (Craun, 1984;
Craun 1985; D Antonio et al., 1985; NPDWR, 1987; Veazie, 1969).
These protozoans have the potential to be a serious public health
threat. Since 1965, approximately 100 gi ardiasis and 2-3
crypt ospori di osi s wat erborne out breaks, infecting nore than
23, 000 peopl e, have been reported in the United States
(Jakubowski, 1988).

The Environmental Protection Agency (EPA) considers all
surface waters to be at risk of contanm nation by G lanbiia
(NPDWR, 1987). The 1986 anmendnents to the Safe Drinking Water
Act (SDWA) call for the promulgation of a National Primary
Dri nking Water Rule (NPDWR) by June 1989. This will regulate G

lamblia by way of treatnent standards. The EPA has put C parvum
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on the first Drinking Water Priority List (DWPL), because it is
at least as prevalent as G lanblia in surface waters (Rose,
1988), and it may be as great a public health risk. This neans
that C. parvumw ||l be considered for regulation in the near
future (NPDWR, 1987). Projected costs to conply with these
proposed regul ati ons may reach $2.75 billion if plants now
treating with disinfection-only are required to add filtration,

t he current best avail able treatnent for renoval/inactivation of
cysts and oocysts (NPDWR, 1987). Thus, it is inportant for Water
Treatnment Plants to assess the G lanblia and C. parvum

cont am nati on of their surface source waters.

Current nethods used to assess mcrobiological quality of
drinking water with respect to fecal contam nation are now based
on a bacterial indicator system specifically the presence and
concentrati ons of total coliform bacteri a. Since G | anblia and
C. parvumare transnitted by the fecal-oral route, it is possible
and would be fortuitous if G lanblia and C. parvum presence and
concentrations could be predicted using this system especially
since detection and quantitation of these protozoans is costly
and technically difficult (NPDWR, 1987). However, no significant
associations of G lanblia or C. parvumwi th total coliforns have
been found (Akin et al., 1986; Craun and Jakubowski, 1987; Rose
et al., 1988).

It may be possible to predict or associate G |anblia and/or
C. parvum presence with the presence of other bacterial

indicators of fecal contam nation, such as fecal coliforns or
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enterococci (NPDWR, 1987). A few studi es have exam ned
associ ations of fecal colifornms with these protozoans and found
none (Craun and Jakubowski, 1987; Rose, 1988; Rose et al., 1988).
However, no studi es have been perforned on surface waters in the
sout heastern U.S., and no studi es have been perfornmed exam ni ng
associ ations of either G lanbiia or C. parvumw th enterocci.
This study exam nes the untreated (raw) and fully treated
(finished) surface drinking water supplies of six North Carolina

Pi ednont cities for the above protozoans and exan nes

associ ations of either with fecal coliforns and ent erococci.
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Literature Revi ew

Descri ptions of the Agents

Gardia lanbiia is a protozoan parasite with two stages in
its life cycle: a flagellated trophozoite and an environnental |y
resistant cyst. The first description of G lanbiia and its
first association with intestinal disease was reported in 1681 by
Anton von Leeuwenhoek, in a letter to Robert Hooke, Secretary of
t he Royal Society of London, (Dobell, 1920).

Trophozoites are notile forns which normally inhabit the
upper 1/3 of the small intestine. They are 12-15 /xm by 6-8 jum
resenble a pear cut in half |lengthwi se, and are binucleate with 4
pairs of flagella arranged in bilateral symretry. There is a
ventral disc at the wide, anterior end, by which the trophozoites
attach thenselves to the mcrovillous border of the intestinal
epithilial cells (Feely et al., 1984). As trophozoites are swept
along the intestine they are induced to encyst (Schaeffer, 1988).

Cysts are the environmental ly resistant forns which are
responsible for the spread of G lanblia to new hosts. They are
ovoid, 6-12 jLtmlong and enclosed in a cyst wall 0.3-0.5 /xmthick
(Feely et al., 1984).

C. parvumis a coccidian protozoan parasite which infects
the nucosal epitheliumof humans and various other animals,
usual l'y juveniles. (Angus, 1983; Jokipii et al., 1983; Navin and
Juranek, 1984; Tzipori, 1983; Upton and Current, 1985). The

first reported cases of human cryptosporidiosis occurred in 1976
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in a 3 year old i munoconprom sed girl (Ninme et al., 1976), and a
39 year ol d man undergoi ng chenot herapy (Meisel et al., 1976).

C. parvum goes through conpl ete devel opnent in a single host
(Soave and Arnstrong, 1986). |Its life cycle has 6 major

devel opnental events: "...excystation, merogony (asexual
reproduction), ganetogony (ganete formation), fertilization,
oocyst wall formation, and sporogony (sporozoite fornmation)."
(Current, 1987). Infection occurs via oocysts which devel op from
zygotes. Qocysts are spherical to slightly ovoid, 4-6 “"tmin

di aneter, and have a suture line which spans 1/3-1/2 of their
circunference (Jakubowski, 1988). Approxi mately 80% of these
oocysts have thick walls (Soave and Arnstrong, 1986; Current and
Reese, 1986), sporulate within the host and npbst pass through the
gut unaltered and into the environnent (Jakubowski, 1988). The
other 2 0% of oocysts develop with thin walls which rupture soon
after being released by the host cell. Free sporozoites are

rel eased and reinitiate the endogenous devel opnental cycle; they
are not excreted (Current and Reese, 1986). This is a

devel opnent al feature uni que anongst coccidia infecting warnm

bl ooded vertebrates and it gives them an enornpus potential for

host reinfection (Soave and Arnstrong, 1986; Jakubowski, 1988).

G ardiasis and Cryptosporidiosis

The effects of ingesting G lanblia cysts or C. parvum

oocysts range from severe enteric illness, to asynptonatic
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illness, to no illness (Rendtorff, 1954; Current et al., 1983;
Jokipii et al., 1985; Baxby and Hart, 1986). The clinical
synptonms of acute giardiasis and cryptosporidiosis are nearly

i ndi sti ngui shabl e and may include: profuse,watery diarrhea;

abdom nal cranping; nausea; vomting; anorexia; flu-like headache
or |l owgrade fever (Jokipii et al., 1983).

I nfecti ous doses are dependent on the host. As few as 10 G
| anmbiia cysts have proven infectious to humnans; however, the true
infective dose may be snaller as these cysts were not checked for
viability and the sanple size was only 2 (Rendtorff, 1954). No
tests have been performed on humans to determ ne an infective
dose of C. parvum 10 oocysts were infective for 2 infant non-
human prinmates (Macacas nenestrina) (Mller et al., 1986), which
suggests a simlar low infective dose for humans.

Mean i ncubation and duration tines for both di seases vary
wth the study. Incubation tines determ ned for giardiasis are: 9
days (Rendtorff, 1954), 11.3 days (Kent et al., 1988), and 7 days
(Jokipii et al., 1983). The incubation time for
cryptosporidiosis is approximately 7 days (Jokipii et al., 1983;
Joki pii and Jokipii, 1986). Acute cryptosporidiosis exhibits a
medi an duration in imunoconpetent patients of 10 days (Joki pi
et al., 1983) with a range of 1-4 weeks (Jokipii and Jokipii
1986; D Antonio et al, 1985).

G ardiasis may | ast for periods ranging fromdays to years.
The acute phase may | ast a few days, sonetines nonths, and

resol ves spontaneously. Oten a chronic-subacute stage foll ows
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with symptons that are mld to noderate expressions of the acute
stage and occur as brief episodes. These synptons may continue
for years but usually resolve sooner (Wl fe, 1984).

| munodeficient individuals are no nore likely to becone infected
t han i mmunoconpetents, but they are nore likely to exhibit

(devel op) synptons (Meyer and Radul escu, 1979).

Three drugs available in the United States are used to treat
gi ardi asis: Quinacrine (Atabrine), Metronidazole (Flagyl), and
Furazol i done (Furoxone). All have side effects that may be
troubl esome and none have a 100%cure rate; the average is 90-
95% Furazolidone, though FDA approved, has caused nmanmmary
tunmors in rats. Metronidazole is contra-indicated during
pregnancy (Wl fe, 1984).

Cryptosporidiosis nost conmmonly affects children (Soave and
Armstrong, 1986; Navin and Juranek, 1984; Hunt et al., 1984;

Wl fson et al., 1985), and it usually affects i munoconpenent and
i mmunoconprom sed individuals in different ways.

| mmunoconpet ents who experience synptons usual ly devel op an
acute, self-limting diarrheal illness simlar to cholera
(Current et al., 1983; Wl fson et al., 1985; Fletcher et al.
1982), with brown-green and of fensive watery diarrhea usually

| asting 3-12 days. Synptons may persist for 2-8 weeks (Current,
1987; Tzipori, 1988). Oten, oocysts are shed days to weeks
after synptons have resolved (D Antonio et al., 1985; Jokipii and
Joki pii, 1986).

| n i munoconprom sed individuals, cryptosporidiosis my
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develop into a chronic, life-threatening diarrheal illness
(Current et al., 1983; Jokipii et al., 1983; Navin and Juranek,
1984). This can happen to individuals with congenital
i munodeficiencies (Ninme et al., 1976; Current et al., 1983), to
i ndi vi dual s under goi ng i mmunosuppr essi ve chenot herapy (Meisel et
al., 1976) or to patients with acquired i munodeficiency syndrone
(AIDS) (Current et al, 1983; Laughon et al., 1988). Fluid Ioss
anongst AI DS patients with cryptosporidiosis is often 2-6 L/day
and has reached 17 L/day (Current et al, 1983).

This pattern of acute, self-limiting infection in
i mmunoconpet ent individuals and chronic, |ife-threatening
infection in i munoconprom sed individuals is not absolute. Sone
i munoconprom sed i ndi vi dual s have spont aneously recovered
(Berkowitz and Sidel, 1985), and sone i nmunoconpetent individuals
experience chronic synptons (lsaacs et al., 1985).

Cryptosporidiosis is |life threateni ng because so far no
ef fective chenot heraputic agent (drug) has been found ( MWR
1982a). Current (1987) has conpiled a |list of isolated reports in
whi ch at | east 45 drugs as well as serumfrom 3 individuals with
high titers of antibody to C. parvum have been tried. None of
these attenpts has proved successful. The best that can be done
is to provide supportive therapy (Soave and Arnstrong 1986;
Current, 1987a).

Many i ndi vi dual s who have been exposed to G lanbiia or C
parvum are asynptomatic yet shed cysts or oocysts (Veazie, 1969;

Meyer and Radul escu, 1979; Pickering et al., 1986; Wl fe, 1984)
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or are never infected (Smth, 1984). And finally, there is good
evi dence for imune responses to both organisnms (Akin, 1986;

Istre et al., 1984; Navin and Juranek, 1984; Smith, 1984).

Transm ssi on

G ardia lanblia and Cryptosporidi um parvumare transmtted
by the fecal-oral route. This may occur by direct contact with
contam nated fecal material from humans (Koch, 1985), e.g.
daycare centers (Casenore, 1983; Pickering et al., 1981; Soave
and Arnmstrong, 1986; Taylor et al., 1985) or sexual activity
(Kean et al., 1979; Quinn et al., 1983); or fromaninmals, e.g.
donestic animals (Current et al., 1983; Current, 1987; Ongerth,
1987), or pets (Current et al, 1983; Hahn et al., 1988).

I ndi rect transm ssion may occur by contact with contam nated
fecal matter via food or water. Foodborne transm ssion nmay occur
due to inadequate food handl er hygi ene or because uncooked food
is washed in contam nated water.(Barnard and Jackson, 1984;
Jephcott et al., 1986). WAiterborne infection can be caused by
dri nki ng contam nated water (Veazie, 1969; D Antonio et al.

1985; Jephcott et al., 1986; Craun and Jakubowski, 1987), or by

i nadvertent consunption while swming (Porter et al., 1988;
Gal | aher et al., 1989). Good evidence exists for a dose-response
to volunme of water consuned (D Antonio et al., 1985; Hopkins et

al ., 1985; Jephcott et al., 1986; Kent et al., 1988).

G lanblia cysts and C. parvum oocysts are easily dessicated
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and will not remain infective long in feces on |land (Tzipori,
1988). However, fecal matter contam nating water directly or
indirectly (i.e. washed into a water during a runoff event)
(Current, 1987a; Gallaher et all., 1989) may remain infective for
along time. Cysts have been infective after 40 days in 4° C
wat er (Schm dt and Roberts, 1977). No data exists on oocyst

survival in the environnent, though oocysts have proved 80%

infective after 4.5 no. at 4° Cin 2.5% Potassi um di chromat e
(Current, 1987).

The stool of an average infected human may contain from
3x10" to 3x10° cysts/gm (Schm dt and Roberts, 1977). Infected
calves may shed | O*-10"" oocysts/gm (Ongerth and Stibbs, 1987) .
Since infectious doses are low for G lanbiia and probably | ow
for C. parvum any contam nated fecal matter entering a body of
wat er may pose a risk of exposure and infection to humans
i ngesting the water.

Animal to human transmssion of G lanblia or C. parvum
directly or via water, is inadequately studied. There have been
no experiments confirmng that the Gardia spp. found in beaver
dogs, some rum nants and small rodents and resenbling the G
lanblia found in humans will, in fact, infect humans (Jakubowski,
1988). Sources of G lanblia in waterborne outbreaks could be
solely of human origin (Kent et al., 1988; Jakubowski, 1988a).
Recent studies by Capon et al. (1989) found no clear antigen
di fferences between stocks of G lanmblia from humans, beaver or

muskrats. These investigators noted that G lamblia is also

10


NEATPAGEINFO:id=D7FC6997-756E-419B-A928-5DB01F75B9BD


known as G intestinalls. that this "species" is considered a
subgroup of G duodenalis and that there may be no speciation

wi thin duodenalis. They suggest that the G duodenalis group may
be a species conplex. Cearly nore speciation and host range
studi es nmust be done (Jakubowski, 1988a).

Crypt ospori di um speci ati on and host range al so need
clarification, despite many attenpts to speciate. Previously, it
was thought that these coccidia were host specific (Levine,

1984). However, recent work suggests little or no host
specificity in cross-transm ssion studi es between cal ves, | anbs,
m ce, rats and humans (Anderson et al., 1982; MWWR 1982; Reese et
al., 1982).

There had been sone confusion between C. nuris and C. parvum
(Levine, 1984). They are now consi dered two separate species and
C. parvum has been deternmined to be the species that causes
severe diarrheal illness in many manmmal i an hosts (Upton and
Current, 1985). Zoonotic transm ssion of C. parvum has been
clearly shown to occur between cal ves and hunmans (Anderson et
al ., 1983; Current et al., 1983; MWR, 1982). Rodents and pets
such as dogs and cats may be reservoirs (Current et al., 1983;
Koch et al., 1985). At |east 46 nmammal s have been found to be
infected with a Cryptosporidiumspp. that can readily cross

species barriers (Current, 1987), and at |east 23 of these are

commbpn to the North Caroli na Piednont.

11
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Cccurrence of Gardia spp. and Cryptosporidi um spp.

I n Heuni nal s

Many manmmal s nay host G ardia spp. (table 1) and their cysts

have been found in the feces of sonme North American manmal s.

Until sone exact guidelines for species typing are devel oped,

det erm ning whether or not the cysts found in the environment are
pat hogenic to humans renains a probl em (Jakubowski, 1988).

Beaver have long been inplicated as G lanbiia reservoirs
(Dykes et al., 1980; Kent et al., 1988). Many watershed
managenent decisions are based on beaver or nuskrat presence and
control because some investigators believe that these rodents may
act as reservoirs of G lambiia (Dykes et al., 1980; Kent et al.,
1988; Monzingo et al., 1986). These decisions may not be based
on true cause and effect as there have been no beaver-human
cross-infection studies or cross-infection studies with any ot her
ani mal s (Jakubowski, 1988). One very limted study found no
concl usi ve association of increasing beaver populations with
I ncreased incidence of giardiasis, and that where giardiasis was
nost prevel ant, beaver popul ations were often declining (Benrick,
1984). The search continues for the organisn(s) that carry G
lanblia to a watershed in the first place (Bermck, 1984).

C. parvumis prevalent in manmals; but cryptosporidiosisis
is rare in mature mammals, probably due to imunity (Navin and
Juranek, 1984). According to Current (1987a) " Any mammal
exam ned can host C. parvunt. It is especially prevalent in

12
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TABLE 1

SOVE MAMVALS VH CH HOST G ARDI A SPP

Dogs (Canis famliaris)™ ™
Bedver (Castor canadensi§) ~'A'A'ATATEEA
Muskrat (Ondatra 2|beth|ca)A'A"A
Elk (Al ces alces)
Deer (CQdocoil eus spp)

Wt er voles (M crotus richardsoni) M'°
Long tarled voles (M' ongi caudas)”'

ow vol es ﬁNP pennsyl vani cus

Red- backed vol es (Clethrlononyg apperi )’

Deer mce (Peromyscus manicul atus
Hor ses (Equus cabal | us)
Sheep (Ovis aries)”

1 kes et al. 1980): 2) Frost et a
a99§) 4) Kent ét al), (i

acha et al., (1987); 9) Mallis et a

al .

, (1986).

1980) ;

al . S 988);_5) Met zmaker and
1986): 6) Mnzingo et al., (1986): 7) Pacha(fé

al

84): 'i)

%% Gant te
os UISt

8)

Mallls et
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cal ves (Bos taurus), 75% of which worldw de are infected with

cryptosporidiosis by 3 weeks of age (Current, 1987a). This

presents great potential for zoonotic transm ssion and

consi derabl e potential for waterborne transmssion. Studies by

Stibbs and Ongerth (1985) and Madore et al. (1987) have found

over 2 000 oocysts/L in waters downstreamfroma dairy operation
Current (1987) has conpiled a list of 46 mammal s found to be

infected wth a Cryptosporidiumspp “"that readily crosses species

barriers.”. This list includes 23 mammual s conmon to the North
Carolina Piednont (table 2).

Donestic aninmals and pets may easily pass C. parvumto
humans (Anderson et al., 1982; Current et al., 1983; MWR 1982;
Reese et al., 1982), leading to the belief that zoonotic
transmssion is the nost preval ent route by which hunans are
infected (Current, 1987). Calves have definitely passed
cryptosporidiosis to humans (Current et al. 1983). Kittens and

puppi es are often asynptomatic, but still shed oocysts (Current
et al., 1983).

I N hurmans

G lanbiia is the nost prevalent parasite in the United
States and the United Kingdom (Meyer and Jarroll, 1980), with 1-
24% infected in the U S (Healy, 1979). Gardiasis is comon in
day care centers, especially in children <3 yrs. old (Pickering

et al., 1986) .

C. parvum has a world-w de preval ence of 1-4% (Tzipori

13
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TABLE 2

SAOVE NMAMVALS CARRYI NG NON- HOST SPECI FI C CRYPTOSPORI DI UM SPP

Human (Honp sapi ens)

Cal f (Bos taurus)

Lanb (Ovis aries)

CGoat (Capra hircus)

Hor se (Equus cabal | us)

Swi ne (Sus scrofa)

Red deer (Cerous el aphus)
White-tail ed deer (Odocoll eus virgini anus)
Fox squirrel (Sciurus niger)

Gay squirrel {S "~ carolinensis)

Chi prunk (Tam as stri atus)

FIl yi ng squirrel (d auconys vol ans)
Beaver (Castor canadensi s)

Muskrat (Onoatra zi bet hi cus)
Woodchuck ( Marnota nopnax)
Cottontail rabbit (Sylvilaqus fl oridanus)
Donestic dog (Canis faniliarus)

Red fox (Vul pes vul pes)

Grey fox (Orocyon ci nereoar gent eus)
Donmestic cat (Felis catus)

Striped skunk (Mephitis nephitis)
Raccoon (Procyon | otor)

Bl ack bear (Ursus anericanus).
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1988) and a U. S. preval ence of 0.6-4.3% (Rose, 1988). This

di sease is usually nost prevalent in children (Gallgher et al.
1989). Soave and Armstrong (1986) have found that up to 7% of
children in devel oped countries and up to 16%of children in
devel opi ng countries may be infected. Cryptosporidiosis

preval ence in day care centers inthe US is 6-54% (Soave and
Armstrong, 1986). Also, it may be the nmost common parasite in
Finland, where 1% of diarrheal patients have been found positive
for C. parvum (Jokipii et al., 1983).

In surface water

Cysts and oocysts in feces may enter surface water directly
via contam nation by feces in the water, indirectly by way of
fecal ly contam nated runoff, or as effluent from wastewater
treatnent plants (WMPs).

Sone work has been done to determne G lambiia cyst
concentrations in surface waters. Cysts have been detected in
many public surface water supplies around the United States and
Canada (Akin and Jakubowski, 1986; Frost et al., 1980). The cyst
concentrations found are: 0-0.6 cysts/L in the Colorado Rockies
(Mnzingo et al., 1986), 0.05-1.0 cysts/L in Washington (Ongerth
et al., 1988), 0.03-15 cysts/L in Pennsylvania (Sykora et al,
1987), 0.005-0.05 cysts/L in Oegon (Oicker and Edwards, 1988),
and 0-6.25 cysts/L in Arizona (Rose et al., 1988). g. ianbiia
has been found but not quantified across \Mshington (Frost et
al., 1980) and in the Sierra Nevada nountains of California

14
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(Sorenson et al., 1986). A nationw de survey of surface waters
showed positive sanmples from51% of the creeks, 51%of the rivers
and 39% of the | akes tested (H bler, 1987).

Human use has been exami ned for association with cyst
presence. Some studies have found a positive association
(Monzingo et al., 1986; Sorenson et al., 1986), and some have
found none (Frost et al., 1980; Pacha et al., 1987, Rose, 1988),
whi ch suggests animal reservoirs. Pacha et al. (1987) found 82%
of small rodent fecal sanples positive for G lanbiia cysts in an
area closed to humans for 80 years.

|f a significant portion of the popul ation was sheddi ng
cysts and/or oocysts, raw sewage could be a major source of
contam nation. Jakubowski (1984) calculated that if 1% of the
popul ation were shedding cysts,..".the concentration...in raw
sewage woul d be 9.6 x 10" cysts/L.".

Determ nation of Cryptosporidiumspp. oocyst concentrations
in surface waters has only recently begun. Rose, et al (1988),
have found 0-240 oocysts/L in Arizona, Ongerth and Stibbs (1987)
have found 2-112 oocysts/L in 4 rivers in Washington and 2 in
California. Sanpling in western states shows positive sanples
in 77%of the rivers (0.02-0.08 oocysts/L) and 75% of the |akes
(0.58-0.91 oocysts/L) tested (Rose, 1988). In Arizona the oocyst
concentration was usual |y about one order of magnitude greater
than cyst concentrations in the sane waters (Rose er al., 1988).

Human use has al so been exam ned for possible associations

W th oocyst concentrations in surface water and 83% of sanples

15
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frompristine waters with no human activity were positive for
Crypt ospori di um (Rose, 1988).

Conventional WMPs nmay di scharge significant nunbers of
cysts and/or oocysts into surface waters. Cyst concentration in
treated sewage in one study was as high as 260 cysts/L, and 2
studi es found oocyst concentrations in activated sludge to
approach 1300 oocysts/L (Madore, et al., 1987). N nety-one
percent of WMP effluents tested have been positive for C. parvum
(Rose, 1988).

These cyst and oocyst concentrations suggest a serious

potential for drinking water contam nation, especially because of
their ability to remain infective in waters for |ong periods of

ti nme.

Det ecti on

Detection of G lanbiia cysts and C. parvum oocysts from
environnental sanples involves 6 basic steps: concentration,
extraction, purification, detection, identification and
quantitation (Jakubowski, 1988). Methods for G lanbiia have
been available for 10 years and for C. parvumfor 3 years. There
I's no "standard method" for either protozoan. The 15th edition
of Standard Methods for the Exami nation of Water and \WAstewater
contained a tentative nethod for G lanbiia; the 16th edition
contains a consensus nethod for G lanbiia and the 17th edition

wi || have revisions of the consensus method for G lanbiia and

will introduce a consensus nethod for C. parvum (Jakubowski,

16
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1988)
Concentration fromWter (and Wastewat er)

Concentration is necessary because cysts and oocysts are

usual Iy present in | ow nunbers. Neither protozoan reproduces in

surface waters and concentrations decline over tine or distance
fromthe source of contam nation (Craun and Jakubowski, 1987,
Jakubowski, 1988). G lanbiia concentration methods have evol ved
froma sand-filled swinmmng pool filter used during the Rone, NY
out break (Shaw et al., 1977), to an algal centrifuge (Hol man et
al., 1983), resin/fiberglass conpound filters (R ggs et al.
1984; Sorenson et al., 1986a), menbrane filters (lsaac-Renton et
al., 1986; Ongerth et al., 1988; Ongerth and Stibbs, 1987; Wallis
et al., 1985), and cartridge filters conposed of orlon or
pol ypropyl ene (Jakubowski, 1984). Filters for G lanmbiia should
be <5 jum pore size (Jakubowski, 1988), and 1.0 /Ltm pore size for
C. parvum (Ongerth and Stibbs, 1987).

Menbrane filters are adequate in low turbidity waters (<2.5
NTU) (Ongerth and Stibbs, 1987; Ongerth et al., 1988),while
cartridge filters allow sanmpling greater volunes of higher
turbidity waters than nenbrane filters (Craun and Jakubowski,
1987). Oher inportant filter criteria are: filter material that
does not shed into the eluent, and filters that allow a practical
flow rate (Jakubowski, 1988).

17


NEATPAGEINFO:id=6778E896-24BB-4D0C-BBC4-E803547BF9E3


Extraction of concentrated cysts and oocysts fromfilters

Extraction is acconplished by washing (Ongerth and Sti bbs,
1987; Ongerth et al., 1988) and/or backflushing the filters using
solutions with detergent (Musial et al., 1987), or deionized (D)
wat er (Jakubowski, 1988; Ongerth and Stibbs, 1987). Particul ates
are then settled by overnight refrigerated storage or by

centrifugation (Jakubowski, 1988; Musial et al., 1987, Ongerth
and Sti bbs, 1987).

Purification of cysts and oocysts fromfilter extracts

Purification of environnental sanples is necessary because
m croscopi ¢ techniques are the only ones currently avail able and
sanpl es may contain an abundance of other material (algae, clays,
| eaf debris, invertebrates, yeasts and bacteria) which nay nask
t he presence of the protozoans (Jakubowski, 1988). Mbst
purification is done by flotation techniques involving over- or
under-layering with sugar, salt or percoll density gradients,
such as: percoll-sucrose (Kilani and Sekal, 1987; Sauch, 1985),
potassiumcitrate (Ongerth and Stibbs, 1987; Ongerth et al.
1988), zinc sulfate (Jakubowski, 1984), or Sheather's sol ution
(Rose et al., 1987).

Al'l of these techniques clean up the sanples, but none are
conpl etely effective; especially when there are materials present

in the sane size and density range as cysts and oocysts (Craun
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and Jakubowski, 1987)- "Algae can be a significant interference
problemin sone sanples"...(Jakubowski, 1988), and Ongerth, et
al . (1988) found that processing and m croscopy becane |ess

efficient when sanple turbidity was greater than 1.5 NTU.

Detection and Identification of Cysts and Qocysts from
Envi ronnment al Sanpl es

These two steps are often conbined. For G lanbiia cyst
detection, the purified concentrate may be stained with Lugol's
I odi ne (Jakubowski, 1984), however, npbst assessnents use various
I mmunof | uor escent anti body techniques to stain either G lanbiia
cysts and/or C. parvum oocysts (Jakubowski, 1984; Jakubowski,
1988; Musial, 1987; Ongerth et al, 1988; Riggs et al., 1984; Rose
et al, 1987; Sorenson et al.,1986a). The stained sanple is
either sneared on a slide and exam ned mcroscopically in a
presence- absence test (Stetzenbach et al., ), or the purified
concentrate is passed through a menbrane filter, stained
(1 abel I ed) and then viewed m croscopically (Jakubowski, 1988).
Size and shape are the criteria used for identifying cysts and
oocysts, and many | aboratories require the observation of two or
mor e nor phol ogi cal characteristics to confirmidentification
(Jakubowski, 1988; Ongerth and stibbs, 1987; Sauch, 1985).
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Fal se postives and fal se negatives in cyst and oocyst detection

Most assessnents of cyst and oocyst presence and
concentration are done using inmunofl uorescent assay (IFA)
techni gues. These have many advantages, but they al so have some

serious drawbacks. |FA technigues are nuch faster than other
stai ning nethods when it cones to detection and identification
because it takes less tinme to |ocate cysts and oocysts anongst
the debris (Sauch, 1985; Garcia et al., 1987). However, there
may be problens with cross-reactivity of the antibodies with
antigens in the walls of other cyst- and oocyst- |ike bodies
(Darlington and Bl agburn, 1988; Sauch, 1985). (Cbserving interna
nor phol ogy by phase contrast or bright field mcroscopy can
contend with this problem This is effective for G lanbiia but
C. parvumhas little visible internal norphology to distinguish
it (Ongerth et al., 1988; Sauch, 1985). Cbservers are using very
specific antibodies along wth size, shape and the suture line as
additional criteria to the FITC reaction (Ongerth and Stibbs,
1987) .

A negative cyst or oocyst result does not mean that there
are none present in the water. |t may nmean that they were not
concentrated initially, or that they were lost in one or nore of

t he processing steps.
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Quantitation of cyst and oocyst concentrations

Quantitation, the final step, is a matter of careful,
consi stent |aboratory technique and adequate record keeping of
all sanmple, subsanple and aliquot volunes handl ed. Seeded sanple
anal yses with known cyst and oocyst concentrations in various raw
and finished waters are inportant for accurate results (Ongerth
and Stibbs, 1987; Ongerth et al., 1988).

Viability

Anot her problemw th current anal ytical techniques is their
inability to determ ne cyst and/or oocyst viability
(infectivity). Cysts and oocysts may become inactivated or |ose
infectivity over tine, distance or with disinfection; but cyst
and oocyst bodies may remain intact. False positives may occur
because nost of the identification techniques use
I munof | uor escent antibodi es targeted agai nst these cyst and
oocyst walls (Jakubowski, 1988).

Viability/infectivity assessnments are thus inportant to
correctly determne risk. To be effective an ideal viability
assay would be reliable, easy to interpret, quick, easy to
perform cheap, anenable to autonation and not affected by the
i nactivation nethod (Sauch, 1988).

Infectivity can be determned by using appropriate ani nal

hosts, of proven cross-infactivity with humans, such as Mongolian
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gerbils or neonatal mce. Sterling et al. (1989) found that a
significant percentage of C. parvum oocysts disinfected with
ozone or free chlorine tested positive for viability using an
excystation assay, and that a significant percentage of oocysts
di sinfected with ozone tested positive for viability with
nmet abol i ¢ dyes. However, these oocysts did not prove infective
in neonatal mce. Thus, animal infectivity assessments have the
advantage of truly testing infectivity, not just excystation or
nmetabolic activity (Rose, 1988; Sauch, 1988; Schaeffer, 1987;
Sterling et al., 1989). However, aninmal infectivity assays have
I nportant disadvantages. One is that infectivity studies are
slow. Water treatnent operators need to know t he pathogen status
of their water quickly (NPDWR 1987). Infectivity determnations
may take days: 4-12 day incubation for C. parvumand 2-28 day
I ncubation for G lanbiia (Jokipii et al., 1983). Hosts may be
asynptomatic, giving a fal se negative unless their feces are
anal yzed for cysts and/or oocysts (Hahn et al., 1988), which
t akes speci al equi pnment and expertise or the services of an
i ndependent | aboratory. Also, animals are expensive to buy,
house and feed (Sauch, 1988; Schaeffer, 1987)

Viability can be assessed by in vitro excystation, nmetabolic
dyes or observing norphol ogi cal differences (Sauch, 1988;
Schaeffer, 1987). In vitro excystation is a frequently used
nmethod, but it takes a long tine, requires |arge nunbers of cysts
or oocysts (1-5 x 10") to get results and is currently unreliable
for G lanbiia and C. parvum (Sauch, 1988; Schaeffer, 1987;
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sterling et al., 1989). Metabolic dyes may be taken up or
excluded by netabolic processes and thus mark living cells.

Advant ages of dyes are that they are rapid, easy to apply, easy
to read, inexpensive and capable of detecting small nunbers of
cysts or oocysts. However, eosin dye exclusion does not
correlate well with excystation and fluorogenic dyes exhibit good
correlations with G _ nuris excystation, but not with G'. lanbiia
(Sauch, 1988; Schaeffer, 1987). Al so, deactivation methods nmay
affect dye uptake or exclusion (Sauch, 1988; Schaeffer, 1987;
Sterling et al., 1989). Morphologic differences can be used to
di stingui sh between living and dead cells. This is usually done
by differential interference contrast mcroscopy. Advantages are
t hat these technigues are guick, sinple to perform and
applicable to small numbers of cysts or oocysts. However, their
di sadvant ages incl ude: subjectiveness, the need for very
expensive optics, the |ack of observable differences between
viabl e and nonviable G lanbiia. and differences in norphol ogy

with inactivation method (Sauch, 1988; Schaeffer, 1987).

| ndi cator systens for Cysts and Oocysts

| ndi cator bacteria systens or turbidity nay prove useful in

predi cting the possible presence of G lanblia or C parvumin

surface waters. Little work has been done in this area. Rose,

et al (1988), found a good correlation of cysts to oocysts but
found no significant correlations of either protozoan with tota

or fecal coliforns. Oher research has exam ned correl ati ons of
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cysts with total colifornms (Akin et al., 1986; Craun and
Jakubowski, 1987; Hopkins et al., 1985; Rose et al. 1988) and
with fecal colifornms (Craun and Jakubowski, 1987; Rose et al.
1988) and none were found.

Because cysts and oocysts are particulates, turbidity,
measured as Nephelonmetric Turbidity Units (NTUs), has been
suggested as a guideline indicator of their presence in finished
wat er. (NPDWR, 1985, 1987). The current standard of 1.0 NTU is
i nadequate. Logsdon et al. (1981) suggest a maximumturbidity of
0.3 NTU to keep G lanblia concentrations at an acceptably | ow
level. This level may be too high as they found up to 200
cysts/L in finished water with a turbidity of 0.24 NTU, even wth
a small seed concentration. They also found up to 120 cysts/L in
finished water with a turbidity of 0.08 NTU. Since C* parvum
oocysts are snaller, and may have a simlar infective dose to G
| amblia. one could infer that even 0.3 NTU may be too high to
preclude their presence in finished drinking water. Cysts
(Kirner et al., 1978; NPDWR, 1987; Rose, 1988) and oocysts (Rose,
1988) have been found in finished water neeting the 1.0 NTU

turbidity limt.

Wat er borne Qut breaks of G ardiasis and Cryptosporidiosis
Wat er bor ne di sease out breaks have occurred throughout hunman

history. In the United States there were 427 reported waterborne

out breaks between 1971-1983, infecting nore than 106, 000

i ndividuals (NPDWR, 1985). 49% of these were of unknown etiol ogy
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(Craun and Jakubowski, 1987), and 77 were giardi asis out breaks

i nfecting approxi mately 23,000 individuals (NPDWR, 1985). Since
1965 there have been over 100 reported waterborne giardiasis and
2-3 reported waterborne cryptosporidiosis outbreaks in the United
States (Jakubowski, 1988). Mbst giardi asis outbreaks have
occurred in the Northeast, the Northwest and the Rocky Muntain
states (Craun and Jakubowski, 1987). Waterborne cryptosporidiosis
has occurred in Texas (D Antonio et al, 1985) and Ceorgi a (Rose,
1988) .

Most wat er bor ne out breaks have occurred in small comunity
systenms using contam nated surface waters (Craun and Jakubowski ,
1987). The greatest percentages of outbreaks and cases occur in
systenms using disinfection only (Craun and Jakubowski, 1987;
NPDWR, 1985,1987)(table 3). Post-outbreak exam nation of these
systens reveal s various disinfection inadequacies, including
i nsufficient disinfectant concentration, insufficient contact
tinme, high turbidity, or no disinfectant residual in the
di stribution system (Craun and Jakubowski, 1987).

WAt er bor ne out breaks occurring in systens that use
filtration have occurred because of: | ack of chem cal
pretreatnent (i.e. no chem cal coagul ation), various physical
problems with the filters such as media |oss or disruption
(Kirner et al., 1978), filter breakthrough, or operational
m st akes such as failing to filter-to-waste (Craun and
Jakubowski, 1987)(table 3). Some outbreaks have been caused by

the use of pressure filtration systens which are not suitable for

25


NEATPAGEINFO:id=8505AA05-80D2-40D1-B3B1-534FED1AC70D


TABLE 3

WATERBORNE OUTBREAKS OF G ARDI ASI S BY TREATMENT (1965-84) *

SOURCE TREATMENT OUTBREAKS
SURFACE UNTREATED 13%
WATER

DI SI NFECTI ON 435

ONL Y

I NEFFECTI VE 17%

FI LTRATI ON

GROUND DI SI NFECTI ON 11%
WATER ONLY

DI STRI BUTI ON NA

SYSTEM

CONTAM NATI ON

* = Craun and Jakubowski, 1987, Status of Uaterborne G ardiasis Quthreaks and Monitoring Methods, j n

Int'l. Syinp. on Water-related Health |ssues

CASES

1%

5V'.

315

ND

155

. Proc.
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removi ng m crobiol ogi cal contam nants (Craun and Jakubowski ,
1987). The Carrollton, Ga., cryptosporidiosis outbreak probably
occurred because filters were used intermttently, they were not
backwashed properly before putting themon |line and they were
heavily contam nated with oocysts (Rose, 1988).

Wat er borne gi ardi asi s out breaks invol ving groundwater are
usual |y caused by contam nation of the ground water by human
sewage (table 3) (Craun and Jakubowski, 1987). This was al so
true of the Texas outbreak of cryptosporidiosis (D Antonio et al,
1985). A small percentage of outbreaks are caused by cross
contam nation of the drinking water distribution systemfromthe

wast ewat er system (table 3)(Craun and Jakubowski, 1987).

Treatnent of Water to Renove and/or Inactivate Cysts and Qocysts

Current information shows that "no properly operated water
treatment plant using conventional treatnment, direct filtration,
slow sand filtration, or diatonmaceous earth filtration wth
di sinfection has been inplicated in a waterborne giardiasis
out break." (NPDWR, 1987). The EPA proposed a MCLGof 0 G lanblia
cysts, realizing that for a MCL to be effective, there nust be a
nmet hod for determning cyst and oocyst concentrations before the
tested water enters the distribution system There is no such
nmet hod available for either G lanblia or C. parvum (Jakubowski,

1988) because there is no standard nethod. Current anal ytical
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met hods require expertise not typically available in WIPs,

i ndependent | aboratory anal yses are expensive, many | arge sanpl es
are needed to adequately test finished waters and it is not
possi bl e to guarantee that nonitoring woul d detect cysts before
adverse health effects occur due to | ess than 100% r ecovery
efficiency and unknown viability (NPDWR, 1987).

As an alternative to a MCL the EPA has al so proposed a
treatnent standard for G I|lanbiia under the 1986 SDWA anendnents
(NPDWR, 1987). C. parvumw || probably soon be addressed in a
simlar fashion since it is on the first Drinking Water Priority
Li st (DWPL) (EPA, 1988).

The proposed treatnent standard requires that water
treatnent plants attain a 99.9% G lanbiia cyst renoval/

i nactivation and a 99.99% renoval /i nacti vati on of enteric
viruses. WWPs may be excluded fromfiltration requiremants if
they can neet specific source water criteria. Raw wat er s nust
nmeet total coliform fecal coliformand turbidity standards, and
the utility nmust inplenment an effective watershed control program
including a yearly sanitary survey. There must have been no
previ ous wat er bor ne di sease out breaks, and, there nust be
redundancy in the disinfection system |If all the criteria are
met then the WIP may use disinfection only, determ ned by CT
(disinfection concentration tines contact tine) values, to
achieve a 99. 9% cyst inactivation and a 99.99% enteric virus
i nactivation (NPDWR, 1987).

States may grant tenporary exenptions fromrequirenents to
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W'Ps based on: econonic hardship, no alternate source of raw
wat er and no unreasonable health risk. |f exenptions are granted
states nust al so develop a conpliance schedul e (NPDWR, 1987).
Currently, approximtely 1400 commrercial and 153 6 non-
commercial WIPs serve unfiltered water to approxi mately 22
mllion people (NPDWR, 1985,1987). This includes parts of |arge
urban areas such as New York City, Seattle and Boston. These
utilities will require huge suns of noney to conply with the
proposed regul ations. The EPA estimates costs of neeting these
regul ations to be approximately $1.95 billion assum ng that al
WPs will not need to filter (NPDWR, 1987). This is an average
i ncreased cost of about $100/year per household by 199 6
(Mainstream 1989). If all disinfection-only WIPs have to put in
filtration systems the total cost may be $2.75 billion (NPDWR

1987) . Because all studies show disinfection alone to be
insufficient (Craun, 1988; Craun and Jakubowski, 1987; Kent et
al ., 1988; NPDWR, 1985,1987) and because watershed managenent may
be ineffective, water may beconme a nuch nore costly commodity.
However, disinfection to inactivate G lanbiia cysts may be
effective if there is redundancy in the systemand if al
vari ables are controlled. For both G lanbiia and C. parvum
ozone is the nost effective disinfectant, followed by chlorine
di oxi de, free chlorine, chloramnes and W |ight (W ckramnayake,
1986). CT values for inactivation of cysts have been conputed
(table 4) and are technically feasible. However, Sterling et.al

(1989) has found C. parvumto be 100-1000 times nore resistant
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TABLE 4

CT VALUES FOR ACHI EVI NG 99. 9% | NACTI VATI ON OF d ARDI A SPP

Tenper at ur e

Di si nf ect ant DH 0. 5° C 5° C 10° C 15°
Free chl ori ne 6 170 120 90 60
7 200 190 130 100
8 380 270 190 140
9 520 370 260 190
Ozone 6- 9 4.5 3 2.5 2
Chl ori ne di oxi de 6-9 81 54 40 27
Chl or am nes 6-9 3800 2200 1850 1500

fromthe NPDWR, (1987) .
CT values vary with free chlorine concentration, here val ues
are for 2.0 ng/L

N
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than G lanbiia. For 99.9% i nactivation 1.0 ng/L of ozone for 10
mn (CT =10 ng G-min/ L) or 80 ng free chlorine for 2 hours,

at T=25°C pH=7.0 (CT «9600 ng Aj-mn/L) . This is conpared
toa CT of 100 ng Aj-mn/L for 99.9% G lanbi ia inactivation at
15° C and a pH of 7.0.

Cysts and oocysts have been found in finished water. In
sampling fromWPs, plants that disinfect only were 17% positive
and plants using conventional treatment 5.8% positive for G
lanbiia in their finished water (Hi bler, 1987).

The best approach for achieving the required treatnment is by
using nmultiple barriers (Wckramanayake, 1986; NPDWR, 1985, 1987).
W ckramanayake (1986) found that conventional treatnment which
includes all of the following will acheive 99.99% cyst renoval:
pretreatnment with alum and/or polynmer coagul ant, sedinentation,
filtration (rapid or slow, dual nedia or sand or di at onaceous
earth (DE)), and disinfection. The EPA considers conventiona
treatnent to be the best nethod for conplying with the new
regul ations. This includes: coagulation, flocculation,
sedi mentation, rapid granular mediumfiltration and disinfection
(NPDVR, 1985, 1987). Conventional or slow sand filtration may
adequately renove C. parvum oocysts (Logsdon et al., 1988).

Chem cal pretreatnent prior to filtration is very inportant.
Filtration without chem cal pretreatnent to coagul ate cysts may
not adequately renove them (Craun, 1988; Craun and Jakubowski,

1987; NPDWR, 1985, 1987; W ckramanayake, 1986), and al t hough

current disinfection practices nmay inactivate G lanbiia cysts
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(NPDWR, 1987), these will not be effective for C. parvum oocysts.
Pretreatnent al so reduces chlorine demand, making disinfection
nore effective (Craun, 1988).

A danger in using disinfection only is that increasing
di sinfectant concentrations high enough to deactivate cysts or
oocysts increases disinfection by-product health risks. There are
positive associations between drinking chlorinated water and
bl adder and col on cancer, especially for bladder cancer (Craun,
1988). This is another reason to use filtration with chem cal
pretreat ment.

Potentially high treatnment costs nake it inportant for WPs
to assess G lanbiia and C. parvum contam nation of their surface
source waters to hel p them deci de what treatnent they nust
provide to protect public health. Part of the assessnment effort
could include a search for nore effective indicator systems. |f

one is found it may obviate the need for a treatnent standard.
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Met hods

Each sanpl e analysis had three stages: sanpling, sanple
processing and counting. Two sanples of raw and fini shed water
were taken at each of six water treatment plants (WIPs) in the
North Carolina piednont to determne concentrations of G lanbiia
cysts, C. parvumoocysts, fecal coliforms and enterococci. Raw
waters were sanpled to determne cyst and oocyst presence.

Fi ni shed waters were sanpled to determ ne whether or not the
treatment used by WIPs with cysts or oocysts in their raw waters
was sufficient to reduce cyst or oocyst |levels to bel ow detection
limts.

Sanpl es of raw water were al so anal yzed for the above
protozoans and fecal indicator bacteria to determ ne whether or
not a statistically significant positive association existed
bet ween either protozoan and either bacterial indicator system
|f a strong, consistent, positive association was found the
bacterial indicator could be used as a predictor of the presence
of that protozoan.

Sampl es of finished water were anal yzed for the above
bacterial indicators and protozoans to determ ne whether or not
either survived treatnment and, if so, would the fecal bacteria
I ndicators be adequate predictors of the presence of cysts or
oocysts.

Sanpl e processing and counting were done in the |aboratory
(School of Public Health, University of North Carolina-Chapel
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Hill).

Sanpl i ng

Sanpl es were taken at the follow ng water treatnent plants:
Ral ei gh (Johnson Plant), Durham Wllians Plant), Orange Water and
Sewer Authority (OWASA), Burlington, H gh Point and Wnston-Sal em

(Neilsen Plant). Each plant was sanpled twice to get enough data
for studies of associations of cysts or oocysts with feca

colifornms or enterococci.

Source waters for the WIPs conme fromcreeks and rivers in

the piednont. Wnston-Salemobtains its raw water froma |arge
river, the Yadkin. Raleigh obtains its raw water froma |arge

I mpounded river, the Neuse. Both of these rivers are noderately
I npacted by industrial discharges and also flow through farniand
and forests. Source waters for OMSA, Durham Burlington and

H gh Point are frominpoundnments which collect creek or smal
river waters. There is little to no inpact by industries and al
these waters flow nmostly through farmand forested | ands.

Water treatnment plants were surveyed to determ ne what
treatnent the above waters received to fully treat them If
cysts, oocysts or fecal indicator bacteria are found in finished
waters fromany of the WIPs, treatnent nethods information my
hel p point out which treatnents should be further studied to
assess their effectiveness.

Al finished water sanples were taken just prior to the

passage into the distribution systemfroma tap in each plant.
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Raw wat er sanples were taken fromtaps in the plants at OWASA,

W nston- Sal em and Hi gh Point. Raw water sanples at Ral eigh,

Dur ham and Burlington were punped fromthe raw water storage
reservoir using a negative displacenent punp (Teel) powered by an
el ectric notor.

Anal yses for G lanbiia cysts and for C. parvum oocysts were
performed simultaneously (because of time and budgetary
constraints). Initially, a method fromthe University of Arizona
was used (Miusial et al., 1987). Recovery was |ow due to
concentration and purification problens caused by high
concentrations of particulates in the waters, especially diatons
and ot her al gae. The sel ected met hod was devel oped by Sauch
(1985) and Tom Trok, of the Western Pennsylvania Water Co.. This
met hod worked well for the waters in N.C., as determ ned by
recovery studies using spiked sanples (see Methods to Eval uate
Cyst and Oocyst Recovery).

Sampl es were concentrated by filtering a volune of water
t hrough a 10 inch, polypropylene cartridge filter, Mcrownd II
nom nal pore size 1.0 jum (AMF/ CUNO Division, Meriden, CT) .

Approxi mately 100 gal l ons of raw water, as suggested by the EPA
(Craun and Jakubowski, 1987), at 5-11 gpm and 500 gal |l ons of
finished water, at 10-20 gpm were filtered each tine. Because
of the risk of cyst and oocyst contam nation, separate filter
housi ngs and hoses were used for raw and finished waters. After
each sanple was collected, the filter was renoved fromthe

housing, put in a one gallon "Zip-lock" style bag, |abeled and
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placed on ice in an insulated container for transport back to the
| aboratory. There the filters were stored at 4° C until
extracted; which was done within 7 days. Al sanpling equipnent,
except the punp and hoses, was disinfected with a 10-15 ng/L
solution of chlorine (NaOQ) for 3 0 mn., throughly scrubbed and
rinsed successively in tap and deionized (D) water. The punp
and hoses were flushed with at |east 100 gal of tap water (Rose
et al., 1986).

Sampl es for bacterial anal yses were taken simultaneously
with parasite sanples. One liter volunes of raw and finished
water were placed in sterile, wde nmouth polyethylene sanple
bottles (Nal gene), |abeled and transported back to the | aboratory
on ice. There they were processed within 6 hrs of the sanpling

tine.

Sanpl e processing
Pr ot ozoans

Processing for G lanbiia and C. parvumwas acconplished by:
extraction by backflushing and washing, concentration by
sedi nentation, and purification by flotation and a final
sedi nrent ati on.

Particulates fromeach filter were extracted by back-
flushing wth 2700 m 0.1% Tween 80 (J.T. Baker Chem cal Co.,
Phillipsburg, NJ) (figure 1). The eluent was saved and used as a

wash solution for the filter. The filter was cut off its tubular

support, torn in half, thoroughly teased apart, and each half was
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Fl GURE 1

EXTRACTI ON

Backfl ush filter

Tear in half

Wash in 1/2 eluent Wash in 1/ 2 el uent

Concentrate by centrifugation
1800 X g, 15 iiiin.

Consolidate into a 50 nl cent, tube

_ -

ToOo store To puri ft vy

Add 5 mM 10% Formalin Bring 'tt(F? 50 m
W

DI wat er

Store at 4° C Purify wthin 1 day
!

Purify within 1 no.
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washed in 1/2 of the eluent in a 4 L flask on a shaker for 10
mn. The eluent was wung by hand fromthe filter material and
poured into 4 one liter centrifuge bottles. (Rose, personal comm
1987). The bottles were centrifuged at 1800 x g for 15 mn
(Rose, personal conm 1988), the supernatant aspirated off and
di scarded, and the pellets plus a small anmount of residua
supernatant, were transferred to one 50 ml centrifuge tube. This
was either brought to 50 mM with deionized (D) water and
processed further or 5 nl 10% Formalin was added and the sanple
stored at 4° C for later processing (Trok, 1987).

Puri fication

| f the sanple had been stored in Formalin it was washed in
DI water by centrifugation as follows (figure 2): the sanple was
centrifuged (1800 x g for 15 mn), the resulting supernatant
containing the formalin was aspirated off to 6 m and di scarded,
and the centrifuge tube was filled to 50 mM with DI water and
vortexed. This was again centrifuged as above and the
supernatant aspirated off to conplete the wash. The pellet was
brought to 50 mM with DI water and vortexed. 20%of the sanple,
a 10 m subsanple, was processed further. The rest of the sanple
was preserved by adding 5 m of 10% Formalin, vortexing and
storing at 4° C

The subsample was purified by flotation and cl eaned by
washing with DI water (figure 3). The 10 ml subsanple was placed
ina50mn centrifuge tube and brought to 20 M with DI water (to
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FI GURE 2

WASHI NG BY CENTRI FUGATI ON

Sanple (+ Formalin)
|
Centrifuge at 1800 x g, 15 mn

Aspirate of f supernatant to 6 m,
di scard super nat ant

|
Fill to 50 mM with D water
I
Vor t ex

Centrifuge as above

Aspirate off supernatant to 6 nl,
di scard super nat ant

Fill to 50 ml with D water

Vor t ex
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FI GURE 3

PURI FI CATI ON

Unpreserved or washed sample (50 m)

Vort ex

I
upsanpl es 0 0 0 0 0
(Sub les) 20%  20% 20%  20% 20%
|
Transfer to 50 i
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[

Bring to 20 M with DI water
|
Vor t ex

|
Under | ayer with PerﬁoII-Sucrose, 30

Centrifuge at %/800 X g, 5mn

Retrieve top layer and interface
I

Transfer to 50 m cent, tube
i

Bring to 50 Ml with D water

Centrifuge at 18 00 x g, 15 mn
\r

Aspirate supernatant to 6 n,
di scard super nat ant

Resuspend pellet and transfer to 15 m cent, tube
|

Bring to 12 n1 with DI water
Centrifuge at 1800 X g, 15 mn

Aspirate supernatant to 3 nl,
di scard sTpernatant

Resuspend pel | et
™

Raw wat er subsanpl e Fi ni shed wat er subsanpl e
e m

Anot her fl otati on Add m 10% Fornal i n
(see fi1 gur e 42

t or e at 4 ° C
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dilute the subsanple and avoid coll apsing the density gradient)
and vortexed. Then it was under-layered with 30 ml of 1.08-1.09
g/m Percol | -Sucrose (Sauch, 1985). This was centrifuged at 1800
X g for 5 mn (Trok, 1987). The top layer and interface were
retrieved and placed in a 50 nl centrifuge tube. This was
brought to 50 M with DI water and centrifuged at 1800 x g for 15
mn. The supernatant was aspirated and discarded |eaving 6 ni.
This was resuspended, placed in a 15 m centrifuge tube and spun
as above. The supernatant was aspirated to 3 ml and the pellet
resuspended. Finished water subsanples were preserved with 2 ni
of 10% Formalin at 4° C. (Trok, 1987)

Raw wat er subsanpl es received another flotation (figure 4)
(Trok, 1987). Each 3 m solution of pellet and supernatant was
underlayered with 10 m of Percoll-Sucrose (sanme density as
above) and spun as above. The top layer and interface were
transferred to a 50 m centrifuge tube, filled to 50 mM and spun
as above. The supernatant was aspirated off to 6 m and the
pel | et was resuspended, placed in a 15 nm cent, tube, filled to
12 m and spun as above. The supernatant was aspirated off to 3
m and the pellet resuspended and stored with 2 m 10% Fornalin

at 4° C.

Detection. ldentification and Quantitation

G lanbiia cysts and C. parvum oocysts were counted using
Merifluor™*""" indirect immunofluorescent procedures. Mnoclona

anti-giardial and anti-cryptosporidial antibodies were added to
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Fl GURE 4

RAW WATER SUBSAMPLE PURI FI CATI ON

Raw wat er subsanple (3 m)

1

Underl ayer with Percoll-Sucrose (10 m)

I
Centrifuge at 1800 x g, 5 mn

Retrieve top layer and interface
|

Transfer to a 50 m cent, tube

Bring to 50 mMl with D water

Centrifuge at 1800 x g, 15 mn

Aspirate supernatant to 6 nl,
di scard super nat ant

Resuspend pell et and transfer
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|
Bring to 12 m with D water

I
Centrifuge at 1800 x g, 15 mn
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di scard super nat ant
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Add 2 M 10% Fornmal i n

Store at 4° C.
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t he sanples and these would bind to the cyst or oocyst walls.
Cysts and oocysts with bound antibodies were then reacted with a
fl uorescein isothiocyanate (FITC) -conjugated anti-species

I mmunogl obul in solution. Cysts and oocysts that were

fluorescein-labeled on their outer walls were viewed under a
fl uorescent nicroscope.

M croscopic detection, identification and guantitation of
the three aliguots of each subsanple were done on nenbrane
filters ( Nuclepore: 13 mm pol ycarbonate, 2.0 /xmporosity, black)
(figure 5). The filters were briefly soaked in DI water, then
placed while danp in in-line stainless steel filter housings
(MIlipore, Swinnex, 13 mm. Subsanples were washed once with D
water by centrifugation (1800 x g for 5 min.). The supernatant
was aspirated off to 3.0 ml and the pellet vortexed (Trok, 1987).
A3.0m syringe (3.0 nml Luer-lok) was filled with 1.0 m 0.05%
PBS/ Tween 80. A mcropipette (Pipetteman) was used to draw a 0.1
m aliquot of subsanple which was injected into the syringe.

This mxture was forced through the filter. The syringe was then
rinsed wth 3 m 0.05% PBS/ Tween 80 and this wash was forced
through the filter. If there was no back-pressure on the filter
the above subsanple filtration steps were repeated until back-
pressure occurred. |f back-pressure occurred before the ful

vol une was forced through the filter, the filter was discarded,

the housing throughly washed and the procedure was repeated wth
a fresh filter and a 0.05 m aliquot.

Primary antibody (Meridian Diagnostics Merifluor kit) was
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FI GURE 5

DETECTI ON AND | DENTI FI CATI ON
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diluted 1:10 with PBS fromthe kit, 0.15 mM was added to the
filter and the filter assenbly was sealed with parafilmand

I ncubated at roomtenperature (RT) for 30 mn.. The filter was
washed with 10 nml 0. 05% PBS/ Tween 80, then treated with 0.15 ni
FI TG anti-species antiserum also diluted 1:10. The filter
assenmbly was incubated at RT for 3 0 min., and then washed as
above.

The filter was renoved and nounted on a glass slide
(Meridian Merifluor kit) with fluorescent mounting nmedi um and
covered with a clear glass slide which acted as a cover slinp.
This thickness of glass was necessary because the objective used
(Leitz, Fluotar Phaco 2) was designed to view through 0.6-1.2 mm
of glass. The slide was viewed at 400 x under a fl uorescent
m croscope (Leitz Otholux I1).

Cysts and oocysts glow bright apple green under the
ultraviolet light of the mcroscope. Presunptive criteria for G
lambiia counts were: definite bright-apple green cyst wall,
ovoi d shape, 8-12 /imlong. Confirmative criteria were: 2-4
nuclei and wel |l defined cyst wall visible under bright field
light (Trok, 1987). Criteria for C. parvum oocysts were:
spherical to slightly ovoid shape, 4-6 /xm suture visible and
definite oocyst walls staining bright apple green (Rose, 1988)

Bacteri a
Raw waters, raw waters diluted 1:10 and fini shed waters were
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anal yzed by nenbrane filtration for two bacterial indicators of
fecal contamnation: fecal coliforms (APHA, 1985) and Enterococci
(U. S.EPA, 1985) (figure 6).

The 1:10 raw water was diluted by mxing 100 M raw water
into 900 mM of 0.1% peptone water. Ei ght 100 m aliquots of each
sanpl e were passed through separate 47 nmO0.45)um porosity filters
(CGel man) by vacuum Four replicate filters fromeach sanple were
pl aced on nFC agar and incubated at 37° C for 24 hrs. Shiny,
bl ue col onies were scored as positive colony formng units
(CFUs). Four replicate filters fromeach sanple were placed on
nE agar and incubated at 41.5° Cfor 48 hrs. Filters with shiny,
dark red col onies were considered presunptive positives and
placed on plates of esculin iron agar substrate (ElA) and
I ncubated at the same tenperature for 1 hr. Confirmation as
enterococcus was a black ring around the colony fromesculin
hydrol ysis and iron reduction.

CFU counts for each group of four replicate filters were

averaged to conpute the nunber of fecal coliforns and enterocci
per 100 m .

Met hods of Identifying Cyst and Qocyst sources in Watersheds
Wastewater treatment plants (WAMPs) can be a significant

source of G lanbiia cysts and C. parvum oocysts (Rose et al.

1987). To assess possible contamnation by WATPs, map and record

searches were perforned to determne: WMPs in each watershed,

di stance from WAMP discharge to WP intake, average daily vol ume
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FI GURE 6

PROCESSI NG FOR FECAL COLI FORVS AND ENTEROCOCC

Raw wat er sanpl e Fi ni shed water sanple
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of effluent fromWMPs, and average daily flow volune of

recei ving waters.
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Met hods to Eval uate Cvst and Oocyst Recovery Procedures Using
Seeded Seunpl es

Seeded sanpl e studies were done with raw water coll ected
from Durhamon 7/5/88, a water considered representative.

Al t hough sonme studi es have done seeded runs with each water

sanpled (Ongerth and Stibbs, 1987; Ongerth et al., 1988), in this

present study it was not possible to do that due to time and

mat eri al constrai nts.

Sanpl es of the selected water were seeded with known
quantities of G lanblia cysts and C* parvum oocysts and then
processed t hrough the recovery and detection steps used for
environnent al sanples (see Methods) to determ ne: (1) nean cyst
and oocyst recovery efficiencies; (2) recovery efficiency
variance; (3) and representativeness of 2 0% subsanples relative

to each other and to the entire sanple.

Counting Sanpl e Seeds of Cysts and Qocysts

The seed cyst and oocyst preparation was 2.5 m of a
solution of contam nated calf feces (Meridian Diagnostics,
Merifluor kit) containing an unknown concentration of Glanblia
cysts and C. parvum oocysts. To determ ne the nmean cyst and
oocyst concentrations and variances of this preparation, six
aliquots of the preparation (four of 0.10 M and two O 0.05 m)
were passed through menbrane filters using the same methodol ogy
as for field sanples (see identification and detection in
Met hods). To avoi d doubl e counting, which mght occur during a
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conpl ete scan of the filter, 100 randomfields were viewed at
400x and all cysts and oocysts identified in each field were
counted. Cyst and oocyst concentrations were estimted by
statistical neans (appendix A).

To determ ne cyst and oocyst recovery efficiencies fromraw
water, two 150 L (40 gal) field sanples (A and B) collected from
the Durhamraw water supply on 7/5/88 were each seeded with 0.6
m of seed solution (figure 7). Cysts were seeded at a
concentration of 117 cysts/gal (33 cysts/L). Qocysts were seeded
at a concentration of 5.05 x 10" oocysts/gal (1.33 x 107
oocysts/L). To avoid contam nation, equi pment separate fromthat
used for field sanpling was used for the seeded sanples (Misia
et al., 1987; Rose, 1988) A 378.5 L (100 gal) unseeded raw water
sanple (C) was collected sinultaneously as a control. A B and C

were then processed through all the assessment steps in the

met hods secti on.

After extraction. A B and C were vortexed and two 20%
subsanpl es, by volune, were withdrawn fromeach sanple for
further processing. To test for reproducibility of subsanples,
each sanple was transferred to another 50 m centrifuge tube and
the first and |ast subsanples of each sanple (A", A5, B* ,B5,C' and

C5) were processed through the purification steps. Aiquots of
these subsanpl es were then processed through the detection,

identification and quantitation steps.
Fromthe control, 6 aliquots, representing 2 gal (2% of the
total) each, were |abeled and counted, three fromeach 20%
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Fl GURE 7
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subsample (C g, C*AJ, C», g», C™, and C") . FromA and B, five

filters, representing 1 gal (2.5% of the total) each, were
counted; two fromthe first subsanple and three fromthe second.
To determine the reproducibility of the aliquots, the entire
subsanpl e vol une was transferred to a new 15 m centrifuge tube
and the first, mddle and [ast aliquots were filtered (A'g, A\A,
Ale/ A53, A, Agh, B13, Bi(,, Bi", B53, B51,, and B*') . Aliquot flow
through the filter housings holding A" and B short-circuited

and the results were di scarded.

Recovery Efficiency Results and Di scussion

The results were statistically analyzed using a conponents
of variance approach (appendix B). An Analysis of Variance
(ANOVA) of the data showed that the variance between each sanple
occurred nostly in the last step, the menbrane filtration, not in
the concentration/extraction or purification steps. This neans
that (1) there is reproducibility between sanples; (2) there is
reproduci bility between 20% subsanpl es; and (3) there is not
reproducibility between aliquots. On the basis of this analysis
it was decided to wthdraw, |abel and count the first, m ddle and
| ast aliquot of each subsanple.

Recovery efficiency was determ ned on only one raw source

water due to tinme and material constraints. G lanbiia cyst
recovery efficiency was 46.4% + 26.6% std. err.. C. parvum

oocyst recovery efficiency was 37.6% + 13.6%std. err..

a2
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I n conparison, the range of recovery efficiencies for C
parvum oocysts fromfive studies in the literature is 9-59% wth
only one of the anal yses being done with untreated water (Ongerth
and Stibbs, 1987); the rest of the seeded sanple anal yses were
done with tap water (Rose, 1988). Ongerth and Stibbs seeded with
107- 10" oocysts/L and attained 5-22%recovery efficiency. This
s less than the recovery efficiency of this present study,
despite the fact that waters in Washington are general |y nuch
less turbid than those in North Carolina. Reasons for this
result may be: (1) this present study seeded only one water which
had very low turbidity (2.5 NTU) for North Carolina Piednont
waters (table IR) and there may not have been as high a
concentration of masking particulates; (2) this nethod may be
more efficient in general; and (3) the sanple size may be too
smal| to be considered representative.

G lanmbiia cyst recovery efficiency reported in the
literature ranges from 10-85%in a conpilation of studies
(H bler, 1987) and from5-44% mean 21.8% in another study
(Ongerth et al., 1988). In this present study recovery is in the
md-range of H bler's conpilation and on the high side of the
range of Ongerth et al. (1988). The reasons for higher G
lambiia recovery efficiency than Ongerth et al. may be the sane

as noted above for C. parvum oocyst recovery.
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Resul ts and Di scussi on

Treatnent used to renove/inactivate the above protozoans and
bacterial indicators varies little fromtreatnent plant to
treatnment plant (table 5). Al of the WIPs in this study
prechl orinate, coagul ate, sedinment, filter and disinfect their
source waters. The only najor difference is in the coagul ation
step where OMSA coagul ates with alum caustic and polymer, the
Johnson plant in Raleigh uses just alumand the rest of the

plants use nostly alun using caustic if necessary to control pH

Raw wat er s

G lanbiia cysts and/or C. parvum oocysts were detected in
raw wat er sanples from3 WPs: OWASA, Dur ham and W nst on- Sal em
(table 6). No cysts or oocysts were detected in raw water
sanpl es from Ral eigh, Burlington or Hgh Point. Turbidity (as
NTUs) ranged from1.0 to 45, with one value of questionable
validity fromRaleigh on 7/28/88 (table 6). This sanple gave the
most turbid pellet after purification processing, yet it had a
reading of only 1.0 NTU on the WIP | aboratory turbidineter.

Al'l WIPs had raw water fecal coliformand enterococci
concentrations of > 1/100 nl in at |east one sanple. One sanple
each from Raleigh (3/18) and OMSA (3/23) had fecal colifornms and
enterococci concentrations of < 1/100 m (table 6). Feca
coliformranges were from0.25-97 /10O m, and enterococci
concentrations ranged from0-79 /10O m. One sanple (OMSA

44


NEATPAGEINFO:id=AA1C6821-E4F8-4294-9AA8-53457BA89C78


TABLE 5

TREATMENT USED BY THE SI X WATER TREATMENT PLANTS IN TH S STUDY

Pl ant Sour ce wat er P. C Coag. Sed. Filt. D s,
ONASA Uni v. Lake Y C S A G
Nei | sen Yadkin R Y B S A G
(WS)

Johnson Neuse R Y A S A G
(Ral .)

WIllians Lake M chi e Y B s A G
(Dur.)

H P Deep R. N B s A G
Ed Thonmas Stoney Ck. Y B S A G
P. C. Prechlorination: Y = yes

Coag. Coagul ation: A = Alum
B = Alum and Caustic
C = Alum Caustic and Pol ymer.
Sed. = Sedi nentation rate: S = Standard rate
Filt. = Filtration: A = rapid sand/anthracite
Di s. = Disinfection: G = Chlorine gas
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TABLE 6

CONCENTRATI ONS OF PROTQOZOANS, BACTERI A AND TURBI DI TY | N RAW WATERS

Anal yte and Concentrati on*

Sanple Date cyst s/ oocyst s/ CFU/ CFU/ NTU
L L 100 m 100 m
OMASA 1/ 11/ 88 0. 63 ND 97 79 16. 7
(0. 90) (NY) (NA)
HP 1/ 15/ 88 ND ND 12.8 22. 2 18
(9.4) (5.0)
Dur . 2/ 15/ 88 ND (0. 03) 17.8 6.8 45
(0. 09) (14. 1) (1.9)
Burl . 2/ 19/ 88 ND ND 2.5 1.2 33
(3.8) (3.8)
\WES 3/ 04/ 88 0. 09 ND 37.5 3.0 6.0
(0. 15) (25.2) (2.3)
Ral . 3/ 18/ 88 ND ND 0. 25 ND 5.0
(1.0)
onasA 3/ 23/ 88 0. 26 0. 26 1.0 0. 25 4.4
(0.92) (0.92) (1.6) (1.0)
Dur . 7/ 05/ 88 0. 04 0. 05 4.0 1.5 2.5
(0.14) (0.14) (4.3) (3.5)
\WYES 7/ 18/ 88 0. 02 0. 02 40. 8 48. 5 27
(0. 08) (0. 08) (13.1) (4.2)
HP 7/ 18/ 88 ND ND 7.8 8.2 9.0
(4.7) (4.4)
Ral . 7/ 28/ 88 ND ND 23.3 5.0 1**
(15.7) (2.8)
Burl . 7/ 28/ 88 ND ND 9.0 0. 75 18
(8.7) (1.9

R Sk Sk ek kb S Ik S b bk bk S b b S I Sk Ik o bk S S R IRk S kb S

* - Mean concentration above, (x) = 2 std. dev.
** = Probably instrunental error
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1/ 11/ 88) gave bacterial colony counts that were too-numerous-to-
count (TNTC) in the undiluted sanple and nuch too [owin the 10

dilution. Using a technique derived by Haas (1987), approximte
val ues for fecal colifornms and enterococci concentrations were

determ ned (table 6).

Because recovery efficiencies for both protozoans was |ess
than 100% sone adj ustments nmust be made to correctly interpret
their concentrations in raw water sanples (table 7).
Concentrations determned by counting cysts and oocysts were
divided by the appropriate nmean recovery efficiency to correct
for inevitable losses during processing. Corrected cyst
concentrations ranged fromO0-1.36 cysts/L (0-5.2 cysts/gal) and
corrected oosyst concentrations ranged fromO0-0.7 0 oocysts/L (0-
2.6 oocysts/gal). This conpares to results of previous studies
giving 0-15 cysts/L (Mnzingo et al., 1986; Ongerth et al.

1988; Rose et al., 1988; Sykora et al., 1987) and 0-240 oocysts/L
(Ongerth and Stibbs, 1987; Rose, 1988; Rose et al., 1988)

Raw wat er sanples in which no cysts or oocysts were detected
shoul d not be considered free of protozoans. A nore accurate
interpretation of the results would be that about 46% and 38% of
the time, cysts and oocysts, respectively, would be found if
present. Limts of detection were calculated for each sanple in
whi ch no protozoans were detected (table 7), these range from
< 0.03 - <1.76 cysts or oocysts / L in raw water sanples.

The portion of each total sanple anal yzed depended on the
final pellet turbidity and available time for anal yses. Studies
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TABLE 7

CORRECTED CONCENTRATI ONS AND LIM TS OF DETECTI ON
OF PROTQZOANS | N RAW WATER SAMPLES

Anal yte and Concentrati on*

G 1. C p.

Sanpl e bDate cysts/ oocyst s/
L L

OMSA  1/11/ 88 1.36 < 0.17
HP 1/ 15/ 88 < 0. 28 < 0. 35
Dur . 2/ 15/ 88 < 0.03 0. 07
Burl . 2/ 19/ 88 < 0. 30 < 0. 37
wW s 3/ 04/ 88 0. 19 < 0.12
Ral . 3/ 18/ 88 < 0.57 < 0.70
OWASA 3/ 23/88 0.57 0. 70
Dur . 7/ 05/ 88 0. 10 0.17
WS 7/ 18/ 88 0. 05 0. 06
HP 7/ 18/ 88 < 0.57 < 0.70
Ral . 7/ 28/ 88 < 1.42 < 1.76
Burl . 7/ 28/ 88 < 0.57 < 0.70
* = if cyst or oocyst concentration was bel ow

the T[imts of detection, the value is given
as less than (<) the detection limt
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in Arizona exam ned at |east 10% of the total sanple vol umes
(Musial et al., 1987). In Washington entire 20L sanples were
exam ned for cysts and oocysts (Ongerth and Stibbs, 1987; Ongerth
et al., 1988). In general, "(s)anple size and frequency have
been based on practical and econom c considerations."(Craun and

Jakubowski, 1987). In this case the practical consideration was

the amount of tine it took to scan each | FA | abelled 13 mm
menbrane filter. Average time per filter was 1-1.5 hrs. Thus,
each set of 3 filters took 3-4.5 hrs. Wth very turbid sanpl es,
exam ning 10% of the total could take a week or nore.

The worst case was the Ral eigh sanple of 7/28/88. Using the
establ i shed protocol a set of three filters was exam ned, but
this conprised only 0.4%of the total sanple. To exam ne 10% of
the total would have taken 75-112 hrs of mcroscope time and 38-
50 hrs of processing tine for a total of 113-162 hrs for this one
sample. This anount of time was not available. Considering tine
limtations and the recovery efficiency of the processing

protocol, it was decided to process and count as many sanples as

tine all owed.

Statistical Analyses

Cursory exam nation of the data for associations anong G
| anmbiia and/or C. parvum fecal colifornms or enterococci, and
turbidity reveal ed no apparent relationships (fig. 9-10).
Therefore, various statistical nmethods were used to exam ne

associ ations of the paraneters in question and to determ ne
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whet her or not the % of total sanple anal yzed had any effect on
the ability to detect protozoan cysts or oocysts.

A Pearson correlation matrix (table 8) showed good
correlations of G lanbiia cysts with fecal coliforms (r = 0.771)
and enterococci (r = 0.710). These correlations were highly
significant because at p = 0.05, r > 0.576 (Neave, 1978).
However, an exam nation of the data (table 6) and scatterplots
(fig. 9-10) shows an outlier (OMSA 1/11/88). This would
strongly affect the test because the test does not correct for
outliers. There are two additional problens with using Pearson
correlation coefficients for these data. This analysis requires
bi variate normal distributions; which these are not, and the
sanple size is very small.

Jackni fe analysis, a nonparanetric conputer intensive
resanpling technique that provides asynptotically valid tests of
significance, was also perfornmed (Sokal and Rohlf, 1981; Wi,
1986). The chief drawbacks of Jacknife are that it works best
for sanples n>50 and it is affected by outliers. |Its strength is
that it is robust to violations of nbst distributional
assunmptions (i.e. it doesn't require bivariate nornmnal
di stribution). This analysis showed no significant association
bet ween cysts or oocysts and either fecal coliformnms or
enterococci. However, there was a significant association of
fecal coliforms and enterococci (t = 2.709; if t > 2.201, p <
0.05) (table 9).

The next two nmethods do not need linearity for association.

a7
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TABLE 8

PEARSON CORRELATI ON MATRI X OF RAW WATER SAMPLES

Gl. C p. F. C E. NTU %
G . 1. 000
C p. 0. 256 1. 000
F.C 0. 771* -0. 265 1. 000
E. 0. 710* -0. 200 0. 892 1. 000
NTU -0.116 -0. 238 0. 098 0. 205 1. 000
% - 0. 089%.0686. 0610. 061189 0.13¥y 3 0.068B8* 1. 000

* = Significant correlation (if r > 0.576, p < 0.05)

TABLE 9

JACKNI FE SI GNI FI CANCE TESTS FOR CORRELATI ON OF RAW WATER SAMPLES

Dependent var. | ndependent var. t

G| Cc . pP- O. Boos
G 1 . <o O. 9 3
G | = _ o _ =S = =
G | ~N~ST UJ - O. SO
G| oo - O EBEuo e
Cp —_. <. - O. 686
Cp | == - . O= 1
Cp ~~ST ULJ - O . S =
C.p s - O, =B0OoO =
ST U — . <. O . = A 7
—r T L _>» —_ > _ — s =
& nmT L >’ <> == _ 0 &  ~ =
— . <. —_ = . IO >
— _ < _—_ <o O L = 7~ A

 _ —= <> <> _ = =

* = Significant correlation (if t > 2.201, p < 0.05)
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They exam ne whether the paraneters neasured increase or decrease
t oget her (Bhattacharyya and Johnson, 1977). The Spearman matri X
of correlation coefficients (table 10) shows a significant
rel ati onship between fecal coliforms and enterococci only (rgp =
0.804, for p <0.01, r > 0.708). The weak point with the
Spearnman analysis is that the mnimumn = 10 and the n = 12 of
this study is near this m nimm

The final nonparanetric nethod enpl oyed was the Kendal |l tau-
B matrix of coefficients (table 11). This analysis showed a
significant association of fecal coliforns with enterococci (r/A"A
= 0.63 6; for p <0.05 r”~ > 0.455 and for p < 0.01, rArrAn >
0.576). There was no significant association of cysts or oocysts
wWith either bacterial indicator systemor with turbidity.

O her studi es have exam ned associations of fecally
associ ated bacterial indicators with G lanbiia cysts and C
parvum oocysts in surface water sanples. Associations of cysts
with total colifornms were not significant (Akin and Jakubowski ,
1986; Craun and Jakubowski, 1987; Lippy and Logsdon, 1984; NPDWR,
1987); and associations of cysts with fecal coliforns were not
significant (Craun and Jakubowski, 1987; Rose et al., 1988).
Finally, associations of oocysts with fecal coliforns (D Antonio
er al., 1985; Rose et al., 1988) and with total coliforns (Rose
et al., 1988) were not significant. Thus, this present study
agrees with other studies in finding fecally associ ated bacteri al
i ndi cator systens to not be adequate predictors of G lanbiia

cyst or C. parvum oocyst presence in surface waters.
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TABLE 10

MATRI X OF SPREARNMAN CORRELATI ON COEFFI Cl ENTS OF RAW WATER SAMPLES

G|
G . 1. 000
Cp 0. 399
F.C 0. 304
E. 0. 156
NTU -0.297
% 0. 329

* = significant

C.

- 0.
- 0.

correl

MATRI X OF KENDALL

G|
G . 1. 000
C. p. 0. 387
F. C 0. 239
E. 0. 128
NTU -0.203
% 0. 192

p. F.C. E. NTU %
. 000
179 1. 000
125 0. 804* 1. 000
. 079 0. 235 0. 340 1. 000
. 430 0. 434 0. 452 0. 497 1. O00

ation (if r > 0.708, p < 0.01)
(if r*p > 0.576, p < 0.05)

TABLE 11

TAU- B COEFFI Cl ENTS OF RAW WATER SAMPLES

p. F.C. C. NTU %
. 000
. 160 1. 000
. 120 0. 636* 1. 000
. 000 O. 168 0. 229 1. 000
. 356 0. 318 0. 350 0. 368 1. 000

* = significant correlation (if rAA" > 0.576, p < 0.

01
(if r," > 0.455, p < o.05§
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To test whether or not sanple volume had any effect on cyst
or oocyst detection, the correlations and associations of cysts
and oocysts with the percent of the total sanple counted (% were
exam ned. None of the these tests showed significant

correlations or associations (tables 8-11).

Fi ni shed Waters

No G lanbiia cysts or C. parvum oocysts were detected in
any of the finished water sanples (table 12). Cysts and oocysts
were found in a sanple from Durham (2/15/88), but carefu
exam nation of 2 other 2 0% subsanples found none. |t was
determ ned that contam nation of the nmenbrane filters in the
first aliquots exam ned occurred by way of the tweezers used in
handling them as these tweezers were al so used to handle the
menbrane filters used for determning cyst and oocyst
concentrations in the seed preparation. This points out the need
for very thorough cleaning of all equipnent used in these
st udi es.

Limts of detection of cysts and oocysts were cal culated for
all of the finished water sanples (table 13). These ranged from

< 0.005 - < 0.034 cysts or oocysts / L. Because these

cal cul ations were based on the recovery efficiencies of cysts and
oocysts fromthe raw water in the seeded sanple nmethods section,
the actual limts of detection are probably nmuch | ower.

No fecal colifornms or enterocci were detected in any of the

finished water sanples (table 12). This may be because of an
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TABLE 12

CONCENTRATI ONS OF PROTOZOANS, BACTERI A AND
TURBI DI TY I N FI Nl SHED WATER SAMPLES

Anal yte and Concentrati on*

G 1l. C. p. FC E

Sanple Date cysts/ oocyst s/ CFU/ CFU/ NTU
L L 100 mi 100 m

OWVWASA 1/ 11/ 88 ND ND ND ND 0. 31
HP 1/ 15/ 88 ND ND ND ND 0. 20
Dur . 2/ 15/ 88 ND ND ND ND 0. 05
Burl . 2/ 19/ 88 ND ND ND ND 0. 44
W S 3/ 04/ 88 ND ND ND ND 0. 20
Ral . 3/ 18/ 88 ND ND ND ND 0. 07
OMWASA 3/ 23/ 88 ND ND ND ND 0. 07
Dur . 7/ 05/ 88 ND ND ND ND 0. 05
W S 7/ 18/ 88 ND ND ND ND 0. 43
HP 7/ 18/ 88 ND ND ND ND 0. 23
Ral . 7/ 28/ 88 ND ND ND ND 0.17
Burl . 7/ 28/ 88 ND NO ND ND 0. 07

Fok ok Kk Kk kK Kk Kk hkh ok ko ok kk ok hkk ok ko hk ko khk ok ko ko ok ko ko ko ok ko ko ok ok ko ok ok ok ok k ke ke ke ok ok ok ke ke kK

* = ND i ndi cates none det ect ed
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TABLE 13

LIMTS OF DETECTI ON OF PROTQZOANS
I N FI NIl SHED WATER SAMPLES

Anal yt e and Concentrati on*

GI. C. p.
Sanpl e Date cysts/ oocyst s/
L L
OMSA  1/11/ 88 < 0.005 < 0.008
HP 1/ 15/ 88 < 0. o006 < 0.o008
Dur . 2/ 15/ 88 < 0.005 < 0.005
Burl . 2/ 19/ 88 < 0.029 < 0.034
(WES 3/ 04/ 88 < 0.005 < 0.o008
Ral . 3/ 18/ 88 < 0.013 < 0.018
ONASA 3/ 23/ 88 < 0.005 < 0.008
Dur . 7/ 05/ 88 < 0. 005 < 0.008
(WES 7/ 18/ 88 < 0.005 < 0.008
HP 7/ 18/ 88 < 0.005 < 0.008
Ral . 7/ 28/ 88 < 0. 005 < 0. 008
Bur | 7/ 28/ 88 < 0. 005 < 0.008
* = these limts of detection are probably

hi gh as recovery efficiency assessments
were perforned on raw, nore turbid, waters,
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oversight by the investigator wherein no sodiumthiosulfate was
added to the finished water sanples to inactivate the chlorine
di si nfectent. However, water treatnent plant operators reported

no total coliforns in the sane waters and it is probably

reasonabl e to assune that if there were no total coliforns that
t here woul d have been no fecal coliforns and perhaps no enterocci
present.

This study shows that this type of "conventional" treatnent
(NPDWR, 1987) is adequate to renopve/inactivate G lanbiia cysts,

C. parvum oocysts, fecal colifornms and enterococci to bel ow the

limts of detection.

WAst ewat er Treat nent Pl ant Locati ons

Wast ewat er treatnent plants (WMPs) discharging into the
wat er sheds studied were identified from Di vi si on of Environnment al
Management (DEM) nmaps and files which were conpil ed from NPDES
permts. WAMPs discharge into the source waters of three of the
community water systenms in this study: Wnston-Salem Raleigh and
Burlington. One WMP in the Wnston-Sal em watershed and one in
the Burlington watershed di scharged into surface waters other
than the ones sanpled by this study (table 13).

This present study shows no strong association of WMP
di scharge into surface waters with cyst or oocyst presence. Only
2 source waters sanpled had WMPs upstream and in only one
(Wnston-Salem) were cysts or oocysts detected (table 14). The

concentrations of cysts and oocysts found in Wnston-Salemraw
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TABLE 14

WASTEWATER TREATNVENT PLANTS | N WATER TREATMENT PLANT WATERSHEDS

M| es
Recei vi ng downstr eam
wrr, VWP Nanme stream to WIP
Ral . Dur ham Eno R Eno R 60
D. Little Lick Ck Little Lick Ck. 35
D. Nort hsi de El | er be Ck. 50
Hi | | sbor ough Eno R 85
W S Kernersvill e Salem Ck. * Sal em Ck. 10
WAayne poul try** Chapman Ck. 80
Dobson Cody Ck. 80
El ki n Yadki n R 80
Jonesvill e Sandberry Ck. 80
Boonvill e Tanyard Ck. 65
Yadki nvi |l | e Haw Br anch 30
King Sanitary Dist. Yadki n R 35
N. W/ kesboro Yadki n R 120
W'| kesbor o Cub Ck. 125
Warrior Ck. Park (new Yadkin R 150
Warrior Ck. Park (old) Yadki n R 150
N. W1 kesboro (not built)? Mul berry Ck. 120
Burl. G bsonvill e* Cedar Ck. 15
* = Not mthe watershed tested, though does feed into

di stribution systemvia another WP
** = May contribute C. neleagridis oocysts
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wat ers were not higher than the concentrations found in waters
not receiving WMP di scharge (table 15) suggesting that WMP
di scharges did not have a detectabl e inpact on cyst or oocyst
concentrations at the tine of sanpling.

There is not enough data to deternine what influence WWMP
di scharges had on the presence of cysts and/or oocysts in these
waters. All that can be said at present is (1) WMPs nay not be
di schargi ng detectable quantities of cysts and/or oocysts into
surface waters, (2) WMPs nay be di schargi ng cysts and/or
oocysts, but input to them may not be constant, thus discharge
may not be constant and these events nmay have been m ssed by the
limted sanpling schedule, and (3) cysts and/or oocysts may be
bei ng di scharged in detectable quantities, but they nay be
destroyed or inactivated over tine and distance to the extent

that they are not detectable.

O her Possible Cyst of Qocyst Inputs

All of these watersheds have agricultral inpacts including
dairy farnms which may directly and/or indirectly contam nate
surface waters. Also, all of these watersheds are i nhabited by
beaver, muskrat and nmany other manmmal s which may act as
reservoirs. No systematic studi es have been done on either of

t hese possi bl e cyst or oocyst sources in these areas.
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TABLE 15

CONCENTRATI ONS OF PROTQZOANS AND BACTERI A | N RAW WATERS
W TH WASTE WATER TREATNMENT PLANT PRESENCE

Anal yte and Concentrati on

Gl. C. p. FC E VAT P

Sanple Date cysts/ oocyst s/ CFU/ CFU/ upstream

L L 100 m 100 m (Y/'N)
ONWASA 1/ 11/ 88 0. 63 ) 97 79 N
HP 1/ 15/ 88 o o} 12.8 22. 2 N
Dur . 2/ 15/ 88 0 0. 03 17.8 6.8 N
Burl . 2/ 19/ 88 0 o 2.5 1.2 N
W s 3/ 04/ 88 0. 09 0 37.5 3.0 Y
Ral . 3/ 18/ 88 o o 0. 25 o Y
ONASA 3/ 23/ 88 0. 26 0. 26 1.0 . 25 N
Dur . 7/ 05/ 88 0. 04 0. 05 4.0 1.5 N
W S 7/ 18/ 88 0. 02 0. 02 40. 8 48. 5 Y
HP 7/ 18/ 88 o 0 7.8 8.2 N
Ral . 7/ 28/ 88 o 0 23. 3 5.0 Y
Burl . 7/ 28/ 88 o o} 9.0 0.75 Ng

one WMP does discharge into Burl, source waters, but not

into the water tested

Fromthe NC Dept. of Nat. Res. and Com Dev., Div. of Env. WMhg. 198
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Concl usi ons

Based on the |limted anal yses conducted in this study:

1) G lanbiia cysts and C. parvum oocysts are present at | ow
concentrations in selected surface waters of the North
Car ol i na Pi ednont.

2) Conventional water treatnment, including prechlorination,
coagul ation, sedinentation, rapid sand/anthracite filtration

and disinfection with chlorine gas, reduces cyst, oocyst

fecal coliform and enterococci concentrations to
undet ect abl e | evel s.
3) In raw waters, levels of cysts or oocysts detected were not

significantly associated with levels of fecal coliforns or

ent er ococci .

Recomendat i ons
1) Develop a standard nethod for detection and quantitati on of
i nfectious cysts and oocysts.
2) Survey sout heastern surface drinking water sources:
a) to deternine cyst and oocyst concentrations,
b) if found, to determ ne what the nmgajor contam nation
sources are: point or non-point sources.
3) Explore other predictor systens attenpting to find one(s)
that will exhibit a consistent, positive association with
i nfectious cyst and/or oocyst presence.
4) Determ ne recovery efficiencies of cysts and oocysts with

each wat er sanpl ed.
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APPENDI X A

Seed Concentration Deteirm nati on

The following is the stastical nethod used to determ ne the
concentration of cysts and oocysts in the preparatlon from
Neri di an Db agnosti cs.

Li st of wvari abl es and definiti ons

K=2.5nmM =the total volune of the (00)cyst contani nated
prepar ati on provided by Meridian D agnhosti cs.

k = 0.5 nmM = the volune of the preparation analyzed to determn ne
average (oo)cyst concentrations. This was done in 6
al i quot s.

j =1,...,6 = aliquot nunbers. Each aliquot was filtered through
a nenbrane filter, | abel ed, nmounted, viewed, and (00)cysts
in each field mere count ed.

n=1,..., 100 = nunber of each fi el d.

s = standard devi ation of counts of (oo)cysts in 100 fields.

r = actual (o0)cyst concentration as #/ m.

Vi, = volume of aliquot analyzed spread over 13 mmfilter (1290

flelds)

V] ~ volume of aliquot / field =Y-, [ 1290 fields
X = mean count of (oo)cysts per field, from 100 fields.
X

(éﬂo [ 1290 f|elds) * r (o00) cysts, actual nunber of

)cysts per field.

Xi = actual counts of (oo)cysts / field.
Xi,1' X.2 ---"2.m[(Vj./1290) * r,j~], and V» = V., /1290
By the Central Limt Theorem j =1,...,6

X Mi{ Vir, 0" /100
The estimator of (00)cyst concentrationr is

r =X /Vj = nmean # (o00) cysts / volune

with variance V (r) = a.' [/ {V.» /100
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Now we pool the rs for each filter | = 1,..., 6
XIvj = T/I™N ( r, aW'*100), wuse §* for a-"
and, V() = 4. W00

After weighting the nmean by the inverse of the variance we

get:
r =SV, X/S~ as an estimate of the true [(00)cyst]
and: n t
v» (r) =[100 2 VjVS ™' ]
95% confi dence i nterval s for 'II'A
r+23 V(T

Because of the limted size of the initial preparation it is
possible to use a Finite Sanple Adjustnent (FSA) to get a nore
accurate estinate of the distribution, variance and the 95% Cl :

V(r)p3® = (i-kiIKy(V (F)) thus, r-N( r, v {v),")2

and t he 95% Cl :

[+ 2/(|-k/K) (100 S ViVs,' )

For G | anblia
r = 4668 cysts / ni
V* (r)ps™ = 106,980 cysts / m
s (r)p5™ = 327 cysts / ni
95% Cl = (4014, 5322)
For C. parvum
V = 2.02 X 10 oocysts / nl
N (Mfsa ="7-94 X 10" oocysts / m
S (;\)pg" = 8,909 oocysts / ni
95% Cl = (2.003 X 107, 2.039 X 10%)
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APPENDI X B

Recovery efficiency determni nati on

The estinmate of % recovery is based on the seeded
concentration T, estimated as f z rv(r). Then %recovery is
given by /i/lr xI OO where /i is the overall nmean count of cysts or

oocysts on each filter, and % recovery is estimted by:
/i/lr X 100, where /i and r are independent.

The estimated standard devi ation of recovery as a %is:
100 3 U(1i11) « L00Fv(1i) + 17 1h)¥(T)

Val ues for G ardia |l anbii a;
/i = estimate of nean recovered cyst concentration
= 26 cysts/ 0.8 gal =32.5 cysts/gal

estinmate of cyst concentration in seed

,
I

4668 cysts/mnml seed

(4668 cysts/mM seed) x (0.6 nmM seed) x (1/40 gal)

=70 cyst s/ gal

A
V (r) vari ance of cyst concentration in seed

106, 980 cysts/ nl seed

(106,980 cysts/mM seed) x (0.6 nl seed) x (1/40 gal)

1605 cyst s/ gal

V(/i) = 0.748 cystsvVgal~ / from Conponents of Variance
(Snedecor and Cochran, 1967)

Recovery efficiency

filr = [(32.5 cysts/gal)/(70 cysts/gal) ] x 100 = 46.4 %

St andard devi ati on as %
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oo/ r) v(M + ([lvrly(r) =
= 100 gal/ 70 cysts 0.748 cystsVgal' + (1056.3/4900) (1605)

=26. 620

Val ues for Cryptosporidi um parvum

jLt = estimate of nean recovered oocyst concentration
= 91. 3 oocysts/ 0.8 gal = 114.1 oocysts/ gal
r = estimate of oocyst concentration in seed
=2.02 X 10 " oocysts/m seed
= (2.02 X 10" oocysts/m seed)x(0.6 m seed)x(I1/40 gal)
= 303 oocyst s/ gal
V (r) = variance of oocyst concentrati on m seed
= 7.94 X 10" oocysts/m seed
=(7.94 X 10" oocysts/m seed)x(0.6 m seed)x(1/4 0 gal)
= 11, 910 oocyst s/ gal
V(jLi) - 0.23.11 oocysts/gal”, from Conponents of Variance

(Snedecor and Cochran, 1967)

Recovery efficiency

Mr = [(114.1 oocysts/gal)/ (303 oocysts/gal)] x 100 = 37.6%

St andard devi ati on as %

100 § (/i) + (W )v(r) =
=100gal / 303 oocysts 23. 77o0ocystsVvgal' + (12966/91809) (11, 910)

= 13.6 %
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