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Abstract: The present study was designed for the qualitative and quantitative
detection of Giardia in the Pagla Sewage Treatment Plant (PSTP) in Dhaka. The
physico-chemical parameters of the sewage water were also recorded. Total 72
raw and treated samples were collected from PSTP throughout the year 2008 and
these were processed with the Formol-Ether Concentration method and IMS
followed by microscopy to identify Giardia in the sewage water. The protozoan
parasite Giardia was abundant (2.23+1.44 x 105 cyst/]l) in the sewage water
dominating the sampling sites-Grit chamber (44%), Measuring chamber (34%)
and Outlet lagoon (38%). A low abundance of Giardia in the PSTP starting from
the first point to the last one indicates the waste water treatment efficiency for
removal of the pathogen. A significant correlation was found for log (number of
Giardia +1) with turbidity (r= 0.729) and TDS (r= 0.536) at 0.01level.

mii-msiqict eZgib MielYig XiKig Aer Z ciMjv cqteR™ ciitkvab cvbUi cubiZ Giardia
Gi ,bMZ 1 ciigibMZ Dei 1Z bYq Kiv niqiQ] eZgib Abmtb g 72 WU bgbv msMn Kiv
ng PSTP t_1K Ges G, 1jv cixlv Kiv ng difgvj B_vi iK=FZKiY cipqig Ges IMS @iiv]
Giardia cqteR1Z teik 1QJ (2.23 + 1.44 x 10°m= /ij.) hv Ab'b” bgbv msMini bl
10§ ] h_v, 44% cv_ti ciKito, 34% ciigicK ciKito Ges 38% ibMgb Rjikiq] c_g i iK
tkl cikid chS Giardia mi=i cPthi Aatpg cqteR™ ciitkiab Kii Rieb Kgitbvi
h v Zv ibi™k Kii| Turbidity (r= 0.729) Ges TDS (r= 0.536) Gi mi_ 0.01 chiig
Giardia im{=i ciigitbi log (Giardia msL'v+ 1) Gi GKiU , i‘ZcY maiK cilqviMigiQ]
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INTRODUCTION

Waterborne parasitic infections are common worldwide due to the shortage of
drinking water, and unhygienic conditions of storage and manipulation of
contaminated water in different daily purposes (WHO 1991). At least 325
reported water related outbreaks of protozoan parasites worldwide where
Cryptospordium and Giardia have been reported to account for a majority of
these outbreaks affecting millions of people ( Karanis et al. 2007).

About 200 million people have symptomatic Giardiasis worldwide, with
prevalences of 2-5% in industrialized countries and 20-30% in developing
regions of Asia, Africa and Latin America (Carmena 2010). Transmission of
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Giardia occurs by faecal-oral route of exposure and is sustained by zoonotic and
anthroponotic cycles where several species and genotypes are enrolled (Almeida
et al. 2010). Besides adults, children are highly susceptible whereas breast-fed
infants (less than 6 months of age) are not likely to be infected (EPA 1998). The
infected hosts shed a large number of transmissive and infective cysts in the
environment, contributing to an increase of environmental contamination, in
particular water courses. The cysts remain infective for long periods in natural
environment, resistant to the conventional water treatment processes and small
infectious dose, representing a serious problem of public health (Nikaeen et al.
2003).

Increased human consumption and pollution have caused a shortage of fresh
water resources worldwide forced to use of recycled waste water with a low level
of physico-chemical and biological contaminants (virus, bacteria and other
parasites) is a common practice because absolute purification of waste water is
not always possible but some type of recycling plants can be considered to
reduce the contaminations (Caccio et al 2003, Parvez et al. 2007). The
occurrence of Giardia in the sewage treatment plants varies due to the
differences in the standard and treatment technology in the respective sewage
treatment plant (Roach et al. 1993, Wallis et al. 1995, Amahmid et al. 2002,
Farias et al. 2002, Scott et al. 2003). Giardia cysts more readily (40%-100%)
penetrate through conventional waste water treatment processes depending
upon the degree of treatment (Sykora et al. 1987). Sewage treatment plants have
the potential to become a source of contamination if malfunctions or
inadequately treat the effluents before discharging into nearby water body.

To check the efficiency of any treatment plant most frequently used system is
biological or physic-chemical indicator alone or simultaneously. Public health is
not adequately protected by simply monitoring schemes based on detection of a
single indicator. It is necessary to have a look on both physico-chemical and
biological indicators simultaneously. Different organisms such as algae, fish,
microorganisms and parasites are frequently used as biological indicators.
According to the literature, to evaluate the system performance an inexpensive
method is the microscopic observation of different protozoal species, combined
with personal judgement of evaluators (Luna-Pabello et al.1990). Physico-
chemical parameters such as temperature, pH, Total Dissolved Solids (TDS),
conductivity and Total Suspended Solids (TSS) are generally used for evaluating
effluent quality. These criteria are important for monitoring and controlling
contaminations of recycled effluents repeatedly emphasized (Parvez et al. 2007).
The efficiency of sewage treatment plants to reducing the concentration of
Giardia cysts along with physico-chemical parameters has not been evaluated in
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Bangladesh so far. Probably unavailability of satisfactory methodology for
concentrating and detecting Giardia in wastewater samples is responsible.
Recent studies included microscopic evaluation coupled with IMS
(Immunomagnetic Separation).

Domestic and industrial wastes of Dhaka city primarily discharged into the
river Buriganga by different pathways where Pagla Sewage Treatment Plant
(PSTP) outfall is one of them that utilizes waste stabilization method, operated
by Dhaka Water Supply and Sewerage Authority (DWASA) situated in the
eastern part of Dhaka, Bangladesh. The PSTP covers about 18% of the city
population. The capacity of this treatment plant is only 0.12 million m3/day
while the total sewage generated by the people of Dhaka city as estimated by
DWASA is about 1.3 million m8/day (Hasan et al. 2006). No previous record
concerning sewage treatment plant with parasites and physico-chemical
parameters was found; hence the present study is very significant to assess the
health hazard of the people of Dhaka city. The qualitative and quantitative
detection of Giardia for assessing physico-chemical parameters will provide key
informations for water utilities and improve water resource management for
environmental health protection. Besides, the detection of Giardia in waste water
may provide important clues for the environmental epidemiology of the parasites
in this region.

OBJECTIVES

The present study was aimed to monitor treatment efficiency of the effluents
of Pagla Sewage Treatment Plant using selected novel and classical physic-
chemical and biological indicators. The qualitative and quantitative detection of
Giardia for assessing physico-chemical parameters were also studied.

MATERIAL AND METHODS

In the Pagla Sewage Treatment Project (PSTP) in Dhaka, 72 effluent samples
were collected fortnightly in 24 successful rounds. The samples were collected
from three separate points- raw sample from Grit Chamber, reservoir sample
from Measuring Chamber and treated sample from Outlet Lagoon of the PSTP.
From each sampling site 2L effluent samples were collected from 13t February
to 3 March 2008. All the samples were immediately transferred to the
laboratory for parasitological examination and detection of chemical parameters.

Parasitological examination: Samples were processed by Formol-Ether
Concentration Method following a light microscopy to observe the parasites. Due
to minute size, attachment to particulate matter in the sample and relatively few
in number in external environment make Giardia cysts very difficult to detect. To
overcome this problem a recent method IMS was performed. Giardia cysts were
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isolated by the method using the Dynabeads® GC-Combo IMS kit (Invitrogen
Dynal AS, Oslo, Norway) according to the manufacturer’s instruction.

Physico-Chemical parameters detection: A portion of each collected sample
was used to test different physico-chemical parameters by laboratory expertise
using standard electronic meters.

Data analysis: Data were analyzed by using Microsoft Excel and SPSS
software.

RESULTS AND DISCUSSION

The present study was designed for qualitative and quantitative detection of
Giardia spp. to insight into the physico-chemical parameters of the treatment
plant. Total 72 raw and treated samples were collected from PSTP throughout
the year (2008) and processed with Formol-Ether Concentration method and
IMS followed by microscopy to identify Giardia in sewage. Microscopic
observations revealed the presence of protozoan parasite Giardia in sewage
water. Also, Entamoeba coli, Endolymax nana, Iodoamoeba butschlii and
Balantidium coli were found (Khanum et al. 2011).

The data (Table 1) was manipulated to apply it in the population concept of
parasites according to the Crofton Model which showed the variance being much
greater than the mean value indicates that the distribution was aggregated or
clustered. The variance in case of Measuring Chamber was greater than the
mean value (Table 1). So the distribution of Giardia is also aggregated or over
dispersed in measuring chamber.

Although, the interquartile range in outlet lagoon is zero, the relation
between variance and mean remains the persistent as previous two sites due to
a few extreme values (Table 1). From the analysis of the distribution data, it is
obvious that the positive skewness increase as the treatment progresses in
PSTP.

Physico-chemical parameters: The number of Giardia increased propotionally
with turbidity. The lowest value of turbidity was associated with the lowest
occurrence of Giardia while the highest turbidity value showed the region for the
highest occurrence of Giardia in Grit Chamber. The decrease in turbidity was
related to the concentration of water content. The pattern of linear relationship
between turbidity and number of Giardia can be explained with scatter plot. As
the other two sampling sites contained water after a series of treatment process,
there might be a range of physico-chemical parameters and the occurrence of
Giardia. On the contrary, the first sampling site containing the raw sewage
before any treatment was done (Table 2).
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Pearson’s co-efficient of correlation was used to determine the correlation
between the occurrence of Giardia and the physico-chemical parameters. By
Pearson’s correlation analysis a distinct linear relation between the Giardia with
Total Dissolved Solids (TDS) and turbidity was found in the present study (Table
3). By Pearson’s bivariate correlation analysis, an effective linear correlation was
found between the number of Giardia cysts in raw sewage water with turbidity (r
= 0.729) and TDS (r = 0.597), significant at 0.01 level. The linear relationship
pointed out the fact that increasing turbidity and TDS influenced the elevation of
Giardia occurrence. Although elevated turbidity may indicate an increased
likelihood of parasites, water with low turbidity should not be considered
without risk (Robertson et al. 2001).

Table 3. Pearson correlation between Giardia and different chemical parameters.

Log Temperature pH Conductivity TDS Turbidity
(Giardiat1)

Log (Giardia +1) 1 -0.456(*) -0.052 0.441(*) 0.597(**) 0.729(**)
Temperature -0.456(*) 1 0.241 -0.078 -0.186 -0.218
pH -0.052 0.241 1 0.234 0.114 -0.316
Conductivity 0.441(*) -0.078 0.234 1 0.788(**) 0.293
TDS 0.597(**) -0.186 0.114 0.788(**) 1 0.526(**)
Turbidity 0.729(**) -0.218 -0.316 0.293 0.526(**) 1

*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-
tailed)

Assessment on treatment efficiency for removal of Giardia: To assess the
efficiency of treatment procedure in sewage treatment plant, data were analysed
using box plot. As the data covered a large range of values, a logarithmic
function was used to concise the data into a more manageable range and also to
overcome the biases due to the variable number of cysts and the larger
differences between them as recommended by Caccio et al. (2003).

The box-plot represents a noticable difference in the distribution of Giardia in
the sampling sites. The length of the box (interquartile range) increased from the
first sampling point to the second one. On the contrary, the median log (number
of Giardia spp. +1) decreased from the first to the second site and became the
least (zero) in the third site with a few extreme values. A decrease in median
indicated the efficiency of treatment procedure in the removal of Giardia (Fig. 1).

The change in box length in second site might be associated with the
increasing anomaly of distribution. The box extended towards the lower quartile,
which pointed out the fact that most of the observations were present in the
lower quartile. The overall pattern of the box-plot revealed the tendency to lower
the number of Giardia as the treatment process advances. Even though the
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median log (number of Giardia +1) in outlet lagoon is zero, a couple of extreme
values were also found which might be the result of partial infancy of treatment
procedure or secondary contamination.

Log (Number of Giardia + 1)

M= 24 24 24
Grit chamber Measuring chamber Outlet lagoon

Site of sampling

Fig. 1. Box-plot of log (Number of Giardia +1) by site of sampling (a— Upper quartile, b— Median
quartile, c— Lower quartile, a-b— Interquartile range and *— Extreme values)

An array of parasites were detected, Giardia and Entamoeba were found most
frequently than others; especially B. coli which was found seldomly. Similar
paraites were found by Lim et al. (2007) in Malaysia. Other studies conducted in
Sweden, Norway and Canada also reported of constant detection of Giardia in
sewage (Ottoson et al. 2006). The prevalence of Giardia was similar to Lim et al.
(2007). Mean intensity, abundance and dominance were also gradually
decreasing which was an indirect indication of treatment efficiency though the
effulent of outlet lagoon which will be discharged into nearby waterbody does
not meet the WHO 1989 criteria (Gerba and Rose 2003).

Among many other physico-chemical parameters, a very good relationship
between Giardia cyst occurrence and raw water quality parameters was found in
Canadian province by LeChevallier et al. (1991). The pH level of the water was
kept for avoiding corrosion in the water reutilization system. The turbidity
values contributed to assuring the removal of Giardia cysts (Bello et al. 2008).
There was a positive correlation between TDS and the number of Giardia cysts
found. The positive correlation between conductivity and the number of Giardia
cysts in the wastewater effulents; and negative correlation with temperature in
the present study was significant at 0.05 level. TDS and conductivity values



Occurrence of Giardia in the effluents of a waste water 155

indicate the presence of organic and inorganic nutrients for the organisms which
might help Giardia cysts to servive.

The results of the present study suggest that the treatment of waste water
promoted a reduction of infectious cysts of parasites when different samples
from different treatment stages were compared but it could not remove those
protozoan parasites properly, reflecting a constant risk of infection for the
environment and the community.

CONCLUSION

Environmental protection is the original motivation for water reuse, with
technologies developed for the safe reintroduction of treated waste water into the
environment. To protect the surface water from pollution and contamination
effective treatment and management of wastewater is a must. The reuse of
recycled waste water could become an important water management option both
to shore up conventional resources and to reduce the environmental impact of
discharges. From the present study a better understanding of the influence of
physico-chemical parameters on the treatment efficiency of PSTP was obtained.
As the treated water from PSTP is directly discharged into Buriganga River
which embanks Dhaka city, it’s very important.
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