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ABSTRACT: Effects of environmental conditions and standard chlorination practices on Giardia muns 
cysts were examined using infectivity of cysts to mice as a biological indicator. The eosin exclusion 
assay consistently indicated high levels of cyst v~ability, despite their total loss of infectivity. Storage of 
cysts at 4 O C  in dry fecal pellets, or soaked in sahne, reduced the infectivity of cysts markedly after 3 d .  
On the other hand, ~nfectivity of cysts was retained for 20d if they were isolated from feces by 
concentration methods, washed and stored in tapwater or wellwater. Routine chlorination procedures 
for disinfection of drinking water as performed in a modern water treatment plant had no cysticidal 
effect. This lack of efficacy was not due to a defect in the well-accepted standard procedures followed 
at this plant, but probably to the high pH of raw water These results raise important questions 
regarding the epidemiology of giardiasis, because the cysts remained infective for at least 3 wk if free 
of fecal material. Since most municipalities use only chlorine as a disinfectant, this procedure would 
favor the spreading of giardiasis if the filtration system is faulty or simply non-existent. Finally, the 
results obtained in this study confirm those obtained previously and indicate that the eosin exclusion 
assay is not reliable for determination of giardicidal effects of disinfectants. 

INTRODUCTION 

A recent report of the World Health Organization 
placed Giardia amongst the top 10 parasites affecting 
man (Schofield 1985). Giardiasis is also the most fre- 
quently diagnosed parasitic infection of humans in the 
United States and Canada (Owen 1984, Notifiable Dis- 
eases Summary 1985). The infection in man is trans- 
mitted via the fecal-oral route and frequently via con- 
taminated drinking water (Owen 1984). Dogs and 
beavers can serve as reservoirs of the infection for 
humans and, therefore, may contribute along with 
humans to pollution of waters used for drinking or 
recreational purposes (Dykes et al. 1980, Faubert et al. 
1983, Wallis et al. 1984, Kirkpatrick & Green 1985). 
Several outbreaks of giardiasis have been reported in 
North American cities where water treatment plants 
were identified as the prime candidates responsible for 
such epidemics (Brady & Wolfe 1974, Dykes et al. 1980, 
Weniger et al. 1983). Inadequate or complete lack of 

filtration of raw water was associated with these out- 
breaks. The occurrence of waterborne epidemics of 
giardiasis has spurred an interest into the effects of 
environmental conditions and standard water treat- 
ment procedures on cyst infectivity. 

Grant & Woo (1978) and Bingham et al. (1979) 
examined the effects of various environmental condi- 
tions on the viability of Giardia cysts. They reported 
that Giardia cysts were highly susceptible to damage 
by environmental factors, such as temperature, pH and 
the incubation medium. The efficacy of dfferent halo- 
gens against Giardia cysts has been recently reviewed 
by Jarroll et al. (1984). The turbidity of water, pH, 
temperature, cyst-halogen contact time and concen- 
tration should be considered in the employment of 
these chemicals as disinfectants for drinking water. 
Using the excystation method, Jarroll et al. (1981) 
found that, at 25 "C,  the cysts of G .  Iamblia are killed if 
exposed to 1.5 mg 1-' of chlorine for 10 min at pH 6, 7 
or 8. On the other hand, the cysts remained viable after 
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exposure to 1 mg 1-' of chlorine at 5°C and the same 
pH for 60 min. At this temperature, a higher concen- 
tration of chlorine (2 mg 1-l, at pH 6 or pH 7) was 
needed to kill the cysts after 60 min. 

The objectives of this study were 3-fold: (1) to deter- 
mine the infectivity of Giardia muris cysts incubated in 
different media and temperatures; (2) to examine the 
efficacy of standard chlorination of drinking water, as 
realised in a modern water treatment facihty, on cyst 
infectivity; and (3) to compare the eosin exclusion 
assay for cyst viability to a biological assay of cyst 
infectivity. 

MATERIALS AND METHODS 

Parasite. Giardia muris used in this study was origi- 
nally isolated by Roberts-Thomson et al. (1976) and 
obtained from B. J. Underdown, McMaster University. 
The parasite was maintained by 14 d passages through 
CD-1 Swiss mice. 

Mice. Female CD-1 Swiss mice, aged 6 to 8 wk, were 
used in all experiments (Charles River of Canada Inc., 
St. Constant, Quebec). Upon amval from the breeder, 
mice were screened for Giardia spp. infections by 3 
consecutive fecal examinations and microscopical 
examinations of the small intestines of mice chosen at 
random. In all cases, mice were free of Giardia infec- 
tions. 

Isolation of cysts. Stools collected from individual 
mice over a period of 2 h were weighed, emulsified in 
0.85 % saline, layered on sucrose (1.1 specific gravity), 
and centrifuged at 400 g for 15 min. Cysts concentrated 
at the saline-sucrose interface were removed, washed 
in saline, and centrifuged at 600g for 10min. The 
number of cysts recovered from each sample was 
determined using a haemocytometer. 

Eosin exclusion assay. Equal volumes (0.5 rnl) of a 
0.1 % aqueous eosin solution (Eosin Y vital stain, 
Sigma Chemical Co.) and cyst suspension were com- 
bined and allowed to stand at room temperature for 5 
min. Cysts were then examined on a haemocytometer. 
The percentage of eosin exclusion was measured as 
the number of unstained cysts per 100 observed cysts. 

Use of chlorine as a disinfectant. The routine chlori- 
nation and filtration procedures employed in the treat- 
ment of drinking water at the water treatment plant for 
the city of Montreal (1'Usine Charles J. Des Baillets) 
were followed. Water used for the experiments was 
collected at the treatment facility 2.4 km above the 
Lachine Rapids section of the St. Lawrence river. At the 
time of chlorination, the raw water had pH 8.24, tem- 
perature 6 "C, turbidty 3.1 nephelometric turbidity 
units (NTU), and total organic carbon concentration 
2.73 mg ml-l. After filtration, turbidity was 0.13 NTU. 

For the study, 5 1 of water were collected after filtration 
through sand filters. Chlorine concentration used in 
the experiments was 1.18 mgl-l, added in the form of 
sodium hypochlorite to the filtered water, and was 
similar to that used in the facility on that day. Free and 
combined residual chlorine concentrations were deter- 
mined after 10, 40 and 60 min by the method of Palin 
(1967). Moreover, in order to mimic the chlorination 
procedure employed at the Charles J. Des Baillets 
facility, the laboratory-chlorinated water was kept in 
the dark in a covered water bath at 6°C. The chlorine 
effect was neutralized at the end of each contact time 
by washing the cysts 3 times in distilled water. 

Cyst infectivity. Cyst infectivity incubated under 
various environmental conditions was compared to the 
infectivity of freshly isolated cysts. In all experiments, 
mice were each inoculated with 1000 cysts. Six mice 
per group were used in all experiments, unless stated 
otherwise. The number of cysts released in feces du- 
ring the acute phase of the infection (Days 7 to 14 of the 
infection in CD-1 Swiss mice (Belosevic & Faubert 
1983]), was counted to evaluate cyst infectivity. 

EXPERIMENTAL PROTOCOL 

Incubation of cysts in different media. In the first 
experiment, fecal pellets collected over a 2 h period 
were stored at 4 "C for 30 d in 0.85 % saline. 

In the second experiment, cysts were isolated from 
the feces by sucrose flotation and were then stored at 
4 "C in tapwater or wellwater. The cysts were stored for 
various intervals ranging from 3 to 30 d. 

Chlorinated water. Cysts isolated by sucrose flota- 
tion method (specific gravity 1.1) were washed 3 times 
in distilled water to eliminate the sucrose effect on pH, 
chlorine and organic matter. Giardia muris at 
10 000 cysts ml-' were added to 3 test tubes containing 
chlorinated water at an initial concentration of 1.18mg 
ml-l. Contact time was 10, 40 and 60 min. The shortest 
time before the treated water was distributed to con- 
sumers was 40 min. 

Statistics. Data were analysed using l-way analysis 
of variance. A probability level of p C0.05 was con- 
sidered significant. 

RESULTS 

Incubation of cysts in different media 

Mice infected with fresh cysts (control) passed 
2 X 106 cysts g-' feces d-' between Days 7 and 14 
postinfechon. However, cysts kept in saline at 4 "C for 
3, 6 or 15 d were less infective to mice when compared 
to freshly isolated cysts. The results also show that 
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Table 1. Ciardja muris. Time study on the infectivity of cysts Table 2. Gjarda muris. Infectivity of cysts in CD-1 mice after 
following incubation In different media incubation in chlorinated water at 6 "C. (Inltial concentration 

1.18 mg I - ' )  

Incubation Days of Mean # of Signi- 
medium storage cysts' g-l flcance' ' 

feces d-l 
(log,,) 

Fresh cysts 0 6.3 f 0.52 

Feces in 3 1.99 f 0.97 p C 0.001 
0.85 % saline 6 1.54 f 1.23 pCO.001 

15 1.48 f 1.96 pCO.001 
30 0 - 

Tapwater 15 6.57 k 0.32 ns 
20 5.08 & 1.45 ns 
30 0 - 

Wellwater 15 6.01 i 0.52 ns 
20 5.17 + 1.33 ns 
30 0 - 

Mean number of cysts released by 6 mice 
' ' Values compared to those obtained with fresh cysts 

cysts stored in sahne lost their infectivity (Table 1). On 
the other hand, cysts kept in tapwater or wellwater 
produced a normal infection when compared to the 
control group (fresh cysts). Moreover, the pattern of 
cyst release was comparable to that previously 
reported (Belosevic & Faubert 1983). It is of interest to 
note that the 6 mice infected with cysts isolated from 
the feces kept in saline at 4OC failed to develop a 
typical pattern of cyst release. 

Chlorinated water 

Despite incubation in a high concentration of free 
chlorine (1.18 to 0.79 mgl-') for 10 min, the cyst in- 
fectivity of Giardia muris was not affected. Increase of 
the cyst-chlorine contact time to 60 min did not affect 
the original infectivity of the cysts. Since the concen- 
tration of free chlorine decreases rapidly with time, the 
proportion of free and combined chlorine present in 
the water after 10, 40 or 60 min was determined (Table 
2). Water containing a concentration of free/combined 
chlorine of 0.59/0.11 mg 1-' parallels that reaching the 
consumer. This free/combined chlorine value repre- 
sents the loss after 1 h contact with the water. 

Eosin exclusion assay vs cyst infectivity 

For all groups, the eosin exclusion assay gave a 
percentage of cyst viability in excess of 50 O/O (Table 3). 
Note, however, that cysts incubated in chlorinated 
water or in feces with saline for 30 d have lost their 
infecbvity. 

Incubation Cyst-chlorine Free/combined Mean # 
medium contact time chlorine cysts' g-l 

(min) (mg 1-') feces d-l 
(log10) 

I Fresh cysts 

Chlorinated 10 0.79/0.12 5.47 f 0.56"' 
water 40 0.62/0.13 5.72 f 0.87"' 

60 0.59/0.11 6.16 f 0.50"' 

' Mean number of cysts released by 6 mlce 
ns: not significant; p>0.05 

Table 3. Ciardia muris. Comparison of viabihty of cysts deter- 
mined by eosin exclusion with cyst infectivity assay in CD-1 

mice 

Incubation Days of % of cysts Infectivity in 
medium storage viable as  per CD-1 mice 

eosin exclusion (Mean # of cysts 
g - '  d.') (log,,) 

Fresh cysts 0 95 6.30 + 0.52' 

Feces in 6 90 1.54 f 1.23' ' 
0.85% saline 15 75 1.48 f 1.96' ' 

3 0 65 0 

Chlorinated 15 95 6.57 f 0.32 
tapwater 30 90 0 

' Mean number of cysts released by 6 mice 
' ' Significant at p < 0.001 

DISCUSSION 

This study on the effect of chlorine on Giardia cysts 
differs from those reported previously (Fair et al. 1948, 
Bingham et al. 1979, Jarroll et al. 1980a, b, 1981, Rice 
et al. 1982) in that (1) action of the halogen was 
examined using filtered raw water, and (2) cyst viabil- 
ity was assessed by infecting mice. The Giardia muris 
mouse model was used because, first, Rice et al. (1982) 
suggested it to be a valid model in disinfection studies 
and, second, since its description by Roberts-Thomson 
et al. (1976), it has been accepted for the study of 
human giarlasis.  

Routine procedures for treatment of drinking water, 
except ozonation, at  the Charles J. Des Baillets water 
treatment plant for the City of Montreal were carefully 
followed in this study. Giardia mun's cysts were infec- 
tive to CD-1 mice after incubation in concentrations of 
chlorine normally lethal to bacteria. The effects of 
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chlorine on G, lamblia cysts has been assessed pre- 
viously under laboratory conditions (Jarroll et al. 
1980a, b). According to Jarroll et al. (1980b), these 
procedures fail to destroy G. lamblia cysts not because 
of an extreme resistance of the cysts to the halogen, but 
because of insufficient halogen residuals or contact 
time. Recently, Jarroll et al. (1984) studied the 
dynamics of chlorination effects on G. lamblia cyst 
viability. Their results indicate that temperature, pH, 
clarity of water and chlorine concentration and contact 
time play a role in the inactivation of cysts. Working 
under laboratory conditions, Jarroll et al. (1981) used 
Sorensen sodium phosphate buffer to study the cystici- 
dal effect of chlorine. Treatment of cysts with 2 mg 1-' 
of chlorine at 5°C and pH 8 did not affect their viabil- 
ity. Our study, which was done under 'field conditions', 
confirms these findings, and clearly shows the ineffi- 
cacy of standard bactericidal chlorination of water. 

Chlorine gas reacts rapidly with water to form 
hypochlorous acid which in turn reacts instantly and 
reversibly with water to form hypochlorite ions (Fair et 
al. 1948). The hypochlorous acid and hypochlorite ions 
together are termed 'free chlorine', and are the princi- 
pal disinfectants. However, the percentage of free 
chlorine declines sharply above pH 7.5. The use of 
additives to control pH before, during, or after chlori- 
nation appears therefore to be an important step in the 
treatment of water for drinking purposes. The Charles 
J. Des Balllets water treatment plant does not use 
additives to adjust the pH. At the time of the experi- 
ments, the pH of raw water was 8.24. Thus, in this case, 
chlorination was performed under less than optimal 
conditions. However, coagulation, flocculation and 
sedimentation are also components of the basic tech- 
nology of water treatment and it is likely that these 
procedures used in concert with filtration will elimi- 
nate Giardia cysts from the water. Since ozonation is 
part of the routine procedure at the Charles J .  Des 
Baillets, experiments are in progress to determine the 
efficacy of the combined procedure (ozonation-chlori- 
nation) in inactivating Giardia cysts. 

Giardia muris cysts stored intact at 4 "C in moist fecal 
pellets lose their infectivity after 3 d. In contrast, cysts 
were infective after 20d of storage in tapwater or 
wellwater (4°C). Little is known about the factors 
influencing the spreading of giardiasis in humans and 
animals. Our findings indicate that 'clean water' pre- 
serves the infectivity of Giardia cysts. Thus, if Giardia 
cysts are present in stools and, by the action of rain or 
any other means, are washed free from the fecal mat- 
ter, then contamination would be greater. This might 
be of particular importance in the Canadian and U.S. 
Roclues, where waterborne outbreaks of giardiasis 
have been reported. In rocky terrains, the soil is rather 
poor in bacteria and other organisms which can break- 

down organic materials including feces. Since the soil 
cannot absorb much organic material, rainfall or flood- 
ing may create a washing effect on feces containing 
Giardia cysts, which could reach the streams or lakes 
widely used in these areas as sources of dnnhng 
water. We suggest that this phenomenon may play an 
important role in the outbreaks of giardiasis in rocky 
terrains. 

Our results indicate that the eosin exclusion assay 
for cyst viability cannot be related to a biological assay 
for cyst infectivity. Our results confirm those of Grant & 
Woo (1978), and suggest that eosin exclusion is not 
reliable in determining the efficacy of disinfectants in 
killing Giardia cysts. We believe that the giardicidal 
activity of a disinfectant can be accurately measured 
only by the capacity of treated cysts to infect laboratory 
animals. The viability of cysts does not necessarily 
indicate the capacity of Giardia to reproduce or repli- 
cate. For example, the cysts present in feces mixed 
with sahne and stored for 3 d failed to produce a full- 
fledged infection (Table 1). We have shown previously 
(Belosevic & Faubert 1983) that a normal course of 
infection with G. muris can be produced by adminis- 
tration of only 10 cysts per mouse. The Mongolian 
gerbil can also be used for determining cyst infectivity 
of the human parasite G. lamblia (Belosevic et al. 
1983). These animal models should be used for the 
determination of the efficacy of water disinfectants in 
killing Giardia cysts. 
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