J. ENVIRONMENTAL SYSTEMS, Vol. 29(1) 55-70, 2002-2003

ENVIRONMENTAL ASSESSMENT OF FISHES
GROWN IN TREATED DOMESTIC SEWAGE

SURESH V. INAKOLLU
Regional Research Laboratory, Bhopal, India

ASWANI WANGANEO
Bhopal University, India

ABSTRACT

Published records on the use of effluent water from domestic sewage in fish
production date back to the early parts of the twentieth century. The present
series of investigations was aimed at assessing fish contamination from
sewage maturation ponds in tropical regions of India. Our field studies have
shown that fish prefer regions with high nutrient content. Toxicological
investigations accordingly should be carried out at very high concentrations
of wastewater contamination. The incidence of bacterial contamination was
high in all wastewater-grown fishes and virtually independent of wastewater
concentration. The toxicity of heavy metals to organisms varies widely.
Comparison of concentration ranges of heavy metals in surface waters with
acute toxicity data from these metals shows that concentrations that have been
determined to be lethal in laboratory tests may occur in nature with no
noticeable effect. The present study, carried out on bioaccumulations of
bacteria and heavy metals in three different fishes, revealed that the domestic
wastewater is in no way harmful for rearing fish.

INTRODUCTION

The main source of problems from serious ground and surface water pollution has
been improper disposal of wastewater, especially from domestic and industrial
activities [1]. A principal challenge posed in assessments of environmental
impacts is to isolate the effect of interest from spatial and temporal variability [2].
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A range of ecological responses in fish has been attributed to sewage pollution
including: increased mortality, increased or decreased abundance or diversity, and
changes to size, reproduction, contaminant levels, parasites, infections or behavior
[3-9]. Many authors have investigated the impacts of sewage on fish abundance
and/or condition [10-13].

It is well known that recycling of waste through aquaculture has great potential.
Major restraints on wastewater fish culture may include pathogenic bacteria and
toxic materials apart from parasitic disease. Although it is widely accepted that
almost all such pathogens do not cause infection of the fish [14], they may survive
and accumulate in the animals [15, 16]. Buras et al. [17] showed that high
concentrations of human enteric viruses and bacteria could be recovered from
several fish organs. Above a certain threshold concentration in the ambient water,
these microorganisms could be detected in the edible muscle as well [18]. Several
studies have shown that when fish are grown under unfavorable environmental
conditions, their defense mechanisms are affected and succumb to bacterial
infection [19, 20].

Bacteriological and heavy metal evaluation from pathological and toxicological
points of view is of paramount importance and becomes essential if the fishes are
to be commercialized for human consumption. Fish readily absorb dissolved
metals and may serve as indicators of the extent of pollution. However, wide
variations exist between species insofar as the metabolic pathways are concerned,
and no single fish species can truly be said to act as a reliable indicator of pollution
[21, 22]. This causes difficulty in assessing the significance of heavy metal levels
with respect to accumulation and exposure times in fish. In addition, considerable
intraspecific variations in heavy metal levels in fish have been found. Such
variations occur with tissue type [23], tissue location [24], and size [25]. The
purpose of this study was to investigate the effect of these parameters in three
local species of fish, in an effort to provide information on the distribution of
heavy metals within the individual species. This information, in turn is essential
in planning a monitoring study for any long-term data collection of bacterial
and heavy metal accumulation in these species of fish.

Site Description

The Bharat Heavy Electricals Limited (BHEL), Bhopal, India has an Environ-
mental Management Division to protect and promote public health and improve
the surrounding environment. A full-fledged treatment plant is operating, to
process the entire sewage generated from the residential colonies of the plant. The
treatment system consists of aerobic treatment followed by anaerobic digestion of
biosolids. The designed capacity of the sewage treatment plant is two million
gallons per day. After hydraulic retention period of the wastewater, the wastewater
is collected in a pond for growing fish and vegetables.
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Wastewater

Wastewater is mostly of domestic origin with no noticeable industrial con-
tribution. Its flow is about 4 to 5 m?/s. The raw wastewater was pretreated for
the removal of coarse material, grease, and sand, and then pumped into the
treatment plant.

Treatment Plant

Wastewater treatment is achieved in a train of six sections in series with overall
retention time 10.5 days. Table 1 shows the characteristics and hydraulic retention

times for each section, including a series of compartments (aerobic, facultative,
and fishpond).

MATERIALS AND METHODS

Biological and chemical examination of the samples of the treated effluent and
produced fish were analyzed by standard methods. The species of fish investi-
gated in this study were Cyprinus carpio, Clarias batrachus, and Heteropneustes
fossilis. These three species are of major economic importance to the local
fisheries industry. Samples were obtained from a local fisherman. Each fishpond,
is approximately 75m x 75m x 1.5m with water depth of one meter. No supple-
mentary feed was supplied to sewage-fed fishes. The entire fish biomass came
from the organic constituents and plankton grown in the wastewater. The average
weight and length of fingerlings at the time of stocking was 5 grams and 5 cm,
respectively. Observation on growth of fish was made periodically by catching
about 10-20 fish at random by cast netting in order to measure the weight, and
releasing them into water after measurement. Effluent samples were analyzed
according to standard methods for examination of water and wastewater [26].

Table 1. Volume, Area, and Hydraulic Retention Time of Each Element
of the Wastewater Treatment Plant

Volume Area Retention time
Stage (md) (m?) (days)
Primary clarifier 2000 800 2
Activated sludge 1000 800 1.5
Trickle filter 1500 700 2
Facultative pond 2000 400 2
Fish pond 1000 400 50-80

Total 7500 3100 57.5-87.5
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Microbiological Analysis

Bacteriological assays included aerobic plate count (APC), enterobacteria,
and fecal coliforms. In addition, the fish surface and muscles were examined for
E. coli. A prescribed area of 30 cm? of surface samples of fish was taken and
the samples were mixed with 20 ml of 0.1 percent peptone water. One ml
of the original suspension was transferred to a sterile test tube containing 9 ml
of 0.1 percent peptone water to obtain a dilution of 1/10. Serial dilutions were
then prepared in peptone water to achieve a dilution of 1/107 . For preparation of
muscle homogenate, 10 gr of muscle sample were taken from the dorsal muscle
of the fish. Muscle samples homogenate was then prepared according to tech-
niques recommended by ICMSF [27].

The surface spread plate technique was used in assaying APC; Entero-
bacteriaceae counts employed a plate count agar and violet-red bile glucose agar
as plating media. The coliform counts were determined by multiple tube method
recommended by ICMSF and APHA. Isolation of E. coli was carried out
according to ICMSF. For E. coli assays, fish organ homogenates and water
samples were diluted in PBS (phosphate buffered saline) and assayed by mem-
brane filtration, using m-TEC medium [28] supplemented with 50 ppb strepto-
mycin and nalidixic acid.

Heavy Metals Analysis

Levels of Fe, Zn, Cu, Ni, Pb, Cd, and Cr were investigated in the muscle and
skin tissues, the edible portions of the fish. Each specimen was scaled, gutted, and
filleted. All the three species of fish were used to study the effect of tissue location,
using three individuals of identical length from each species. Each fish was cut
into head, middle, and tail sections before separating the muscle from the skin. To
a chopped and weighed muscle sample (30 grams), 40 ml of distilled water was
added and the mixture was homogenized at high speed with a micro emulsifier.
The weighed skin sections (10 grams) were blended with 5 ml of distilled water.
The addition of water was necessary to achieve thorough homogenization of these
samples because of the small quantities available. Aliquots of tissue blended with
distilled water and equivalent to 10 grams of pre-blended fish muscle tissues were
weighed accurately and then oven dried at 85°C for 10 hours. The digestion of the
samples for trace metal analysis was done following the procedure as given by
Muir et al. [29]. Samples and calibration standards were prepared with the same
concentrations of digestion acids and analyzed on GBC 902 atomic absorption
spectrophotometer with background correction. Metal levels were determined as
microgram per gram wet weight of tissue. The detection limit for each of the
elements Fe, Ni, Pb, and Zn was 0.005 and the limit for cadmium and chromium
were 0.0005. Metal levels in the skin and the muscle of the three species of fish
investigated when compared statistically using pair data s-tests. The metal levels in
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muscle and skin at three different locations of the species also were analyzed using
two-way analysis of variance (ANOVA). Two group #-tests were used to compare
statistical levels of each of the detectable metals (in both muscle and skin) in
samples from the two different body size classes. All statistical comparisons were
done at the 5 percent and 1 percent confidence levels.

RESULTS AND DISCUSSION
Effluent Quality

The treatment performances are satisfactory as shown by effluent data pre-
sented in Table 2. Based on the chemical quality, the effluent has minimum
organic load throughout the year; evaluation studies of the treatment plant have
been reported previously [30]. The most important criterion for a wastewater-fed
fishpond is total nitrogen loading. Too much or too little nitrogen results in high
variations of algal biomass in the pond, and consequently small fish yields and
sometimes fish kills due to severe dissolved oxygen depletion [31]. The optimal
nitrogen loading is approximately 4 kg N/ha/d [6] as estimated by the equation
given by Reed [32]:

C, = C, exp{-[0.064(1.039)"*"] [0 + 60.6(pH-6)
Where C, and C; = N concentrations in effluent and influent respectively
T = Temperature in degrees Celsius
0 = Retention time in days

Table 2. Chemical Quality of Influent and Effluent (Mean Values of 15)

Parameter (mg/l) Influent Effluent
pH 6.94 7.50
Conductivity (mmhos/cm) 1.45 0.786
TSS 252 165
TDS 750 380
Chloride 264 334
Calcium 75 92
Magnesium 40 51
Sodium 83 58
Potassium 51 33
Total-N 41 28
Ammonical-N 22 15

Total-P 8 3.5
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Taking C; as 40 mg/l with a design temperature of 25 degrees Celsius and
the pH as 8 gives a value of C, of 20 mg/l. The retention time was calculated to
check the excess algal growth and consequent problems. The overall performance
of the fishpond was satisfactory in terms of nitrogen loading and retention time
(Table 1).

Microbiological Assay

Results of bacteriological monitoring of the pond water during fish rearing
period are shown in Table 3. Due to the high concentrations of microorganisms,
attachment of potential pathogens to the skin of the fish and subsequently to
internal organs are possible. This is in agreement with the findings of Sedik et al.
[33] and Fattal et al. [18], who reported that the flora of fish associated with the
environment (and hence of fish caught in polluted water) may be carriers of food
poisoning microorganisms.

The fecal coliform (FC) numbers of fishpond water was calculated by the
equation of Marais [34]:

N,

i

N =
P+ 0,) (14 k0, )+ 1440, )

Where N, and N; = FC per 100 ml in effluent and influent
K = First order rate constant in d”' (= 2.6 (1.19)
0., 0,0, = Retention time of the treatment area of the plant

T-20
)

Bacteria on the surface of three different fishes are presented in Table 4. The
low bacterial counts in zero days indicate that the fingerlings used in the study
originated from uncontaminated waters. After introduction of fingerlings in the
pond, the bacterial surface load significantly increased and over a period of time

Table 3. Bacterial Counts of Treated
Wastewater during Fish Rearing Period

Days APC/100 mI  Coliform/100 ml
0? 3x 107 3x10°
50 1x108 2x10°
100 4x10* 50
150 4x10° 30
200 1x10° 35
250 2 x 102 40

@Samples before stocking in the pond.
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Table 4. Bacterial Counts on Surface of Fish Grown in Wastewater

Clarias batrachus Cyprinus carpio Heteropneustes fossilis

Days APC/cm? Coliform/cm? APC/cm? Coliform/cm? APC/cm? Coliform/cm?

0? 70 85 100 67 124 25
50 8x10° 6 x 10° 8 x 10° 6x10*  6x10° 5x10°
100 8x10* 40 7 x10% 30 7x10° 19
150 3 x10* 20 1 x 10* 10 2x10* 14
200  7x10° 10 9x10° 7 7x10° 6
250  1x102 7 3 x10? 7 2x10° 23

@Samples before stocking in the pond.

was reduced tremendously. Table 5 shows the log mean concentration of E. coli.
The highest concentration was found in the digestive tract followed by the
liver. The lowest concentration was found in muscle. There were no significant
discrepancies in between the levels of E. coli in the water and fish tissues
(ANOVA, P <0.05).

The relatively high concentrations of bacteria recovered from the skin correlate
with the findings of Crause-Eisnor et al. [35]. It would seem that the bacteria are
not associated with the skin tissue but rather are attached to mucus or trapped
beneath the scales. A high correlation has been observed between bacterial
concentrations in the skin and digestive tract. These studies are also similar to the
findings of Hejkal et al. [36]. Feachem et al. [37] detected low levels of E. coli
within the muscle even when fish are exposed to very high concentrations of
bacteria levels greater than those present in water. These findings contradict the
previous studies reported by Buras et al. [16, 17] that fish muscle is always
contaminated by bacteria once the microbial biomass in the water exceeds a
limit of about 5 x 10*ml. The results of the study indicate that the fish organs,
and particularly the digestive tract, can harbor high levels of microorganisms
originating in the wastewater. Such levels of microbiological contamination may
pose a potential public health risk if fish are harvested from sewage-fed fishponds,
although the microbiological examination of fish reared in treated sewage at this
farm indicate no evidence of public health concern.

Fish Growth

Wastewater fish culture experiments conducted in developed as well as
developing countries have confirmed that domestic wastewater has tremendous
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Table 5. Log Mean of E. coli Concentrations in Water and Fish Tissues
Clarias batrachus Cyprinus carpio Heteropneustes fossilis
(cfu/cm?) (cfu/cm?) (cfu/cm?)

Water DT Liver Muscle DT Liver Muscle DT Liver Muscle

Days cfu/ml cfu/gr cfu/gr cfu/gr cfu/gr cfu/gr cfu/gr cfu/gr cfu/gr cfu/gr
0? 8.90 3.03 3.18 0.19 3.63 1.96 0.70 3.50 0.35 0.19
50 9.15 4.88 1.52 0.12 3.69 2.08 0.12 1.60 3.28 0.23
100 3.89 2.25 1.30 0.10 3.49 1.53 0.12 4.76 1.96 0.55
150 9.35 4.4 0.79 0.70 3.82 0.33 0.18 3.79 2.08 0.12
200 9.76 2.56 2.79 0.19 3.79 1.30 0.91 3.79 1.59 0.12
250 6.50 4.80 0.74 0.94 3.44 0.67 0.91 3.40 1.60 0.12

@Samples before stocking in the pond.
DT = digestive tract



TREATED DOMESTIC SEWAGE AND FISH PRODUCTION / 63

potential in fish growth and yield due to the natural amount of food present in
domestic wastewater [38-40]. The growth rates of three different fishes in the
present study represented in Figure 1 show results similar to prior work [41, 42].
The higher growth is due to rich nutrient food engulfed and higher metabolic
pressure present in these organisms [43, 44].

Heavy Metals Assessment

Apart from indicator organisms, other contaminants such as heavy metals may
pose potential health hazards in domestic wastewater. They cannot be destroyed
through biological degradation, unlike most of the organic pollutants. In view of
its importance, an analysis was made to gauge the contamination and bioaccumu-
lation of heavy metals. The levels of heavy metals in the skin were slightly higher
than in the muscle in all three species of fish investigated (Tables 6, 7, and 8). The
variations in these metals between muscle and skin may be due to the higher
degree of pigmentation in the skin tissue than in the muscle tissue. This point is
supported by studies that suggest that these metals are accumulated in the skin,
hair, and feathers of man, rat, bird, and fish in proportion to the degree of
pigmentation [45, 46]. The ANOVA treatment of the data indicated that heavy
metal levels in head, middle, and tail muscle sections were not significant.
However, variations in levels of some of the metals among the head, middle, and
tail sections of the skin tissue were shown to be real.
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Figure 1. Observed growth of fishes grown in wastewater.
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Table 6. Heavy Metal Distribution in Different Sections of the Fish
Clarias batrachus (ng/gm Wet Weight)

Fish Head section Mid section Tail section

Length Weight

Metal (cm) (grams) Tissue Skin  Tissue Skin  Tissue  Skin
Cd 15.5 325 0.05 0.90 0.07 0.70 0.08 0.50
Cu 18.5 376 0.08 1.03 0.65 1.22 0.20 0.70
Fe 21.6 435 2.89 4.87 2.58 7.90 2.78 3.67
Ni 23.8 450 0.02 0.91 0.01 0.23 0.04 0.08
Pb 17.5 375 0.09 0.96 0.002 0.087 0.07 0.10
Zn 16.5 325 0.68 1.89 1.23 2.46 0.89 2.78

Table 7. Heavy Metal Distribution in Different Sections of the Fish
Cyprinus carpio (ug/gm Wet Weight)

Fish Head section Mid section Tail section

Length Weight

Metal (cm) (grams) Tissue Skin  Tissue Skin  Tissue  Skin
Cd 25.6 400 0.09 0.12 0.005 0.17 0.07 0.16
Cu 325 435 0.82 0.98 0.82 1.35 0.60 0.89
Fe 30.7 430 5.85 6.25 6.92 8.00 2.46 3.56
Ni 28.2 400 0.08 0.08 0.08 0.10 0.09 0.13
Pb 28.5 375 0.005 0.10 0.07 0.15 0.005 0.10
Zn 30.5 400 0.69 1.95 0.96 1.21 0.68 0.92

The statistical analysis of the levels of heavy metals and fish body length and
weight by the two group #-test are given in Tables 9 and 10. The effect of size on
the muscle levels of these metals is mixed for the different species. At the
intraspecific level, if metal accumulation is dependent principally on the duration
of exposure, it seems fair to assume that it will be enhanced with age. However,
consideration must be given also to the excretion rates, as these may eventually
match or exceed uptake rates. This factor may eventually result in a decrease in
the heavy metal concentration with age [47].
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Table 8. Heavy Metal Distribution in Different Sections of the Fish
Heteropneustes fossilis (ug/gm Wet Weight)

Fish Head section Mid section Tail section

Length Weight

Metal (cm) (grams) Tissue Skin  Tissue Skin  Tissue  Skin
Cd 20.5 300 0.09 0.12 0.08 0.11 0.03 0.25
Cu 22 300 0.06 0.13 0.09 0.13 0.08 0.25
Fe 18.8 280 6.91 7.81 7.81 4.62 5.91 2.34
Ni 255 310 0.05 0.10 0.008 0.17 0.06 0.15
Pb 20 280 0.002 0.012 0.005 0.12 0.01 0.10
Zn 20 275 0.60 0.91 0.45 0.68 0.62 1.56

Table 9. Results of Statistical Analysis of Data for Effect of Fish Length

Cyprinus carpio (t;)  Clarias batrachus (t;) Heteropneustes fossilis (tg)

Metal  Muscle Skin Muscle Skin Muscle Skin

Cd 0.4212 1.6697 0.118% 3.334° 0.3187 2.363%
Cu 0.6772 3.013° 4.009° 0.1012 1.8007 4.301°
Fe 1.8672 0.169% 5.288° 0.604% 2.405% 0.469%
Ni 09132  2987°  0.614° 0.293? 0.660° 4.104°
Pb 0.2572 2.819° 0.1422 0.145% 2.1607 0.025%
Zn 0.1272 0.770% 5.335° 1.5472 1.9737 1.2012

Not significant. °Significant at 0.05 > p > 0.01. °Significant at 0.05 > p > 0.001.

Relationships of various metals in wastewater pond with fish samples were also
studied (Table 11). It appears that accumulations of certain metals are positively
correlated, while others are not correlated, with wastewater, as bioaccumulation
depends upon the concentration of specific forms of the metals in bioavailable
form, rather than the total metal concentration. The biologically available fraction
of a metal is that part of the total trace metal available for uptake by biota [48].
Metal uptake by aquatic organisms is generally described as involving an initial
reaction of the free metal ion with a membrane-embedded-transport system, either
a channel or ion carrier, that takes the metal across the external membranes of
the exchange surfaces [49]. Complexation with water-soluble organic ligands
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Table 10. Results of Statistical Analysis of Data for Effect of Fish Weight

Cyprinus carpio (t;)  Clarias batrachus (t;) Heteropneustes fossilis (tg)

Metal  Muscle Skin Muscle Skin Muscle Skin

Cd 1.816% 1.7867 0.768? 1.1422 3.5467 0.765%
Cu 2.376% 0.675% 0.155% 0.246° 0.987% 0.876%
Fe 0.678% 0.456% 0.303% 0.987% 0.564% 0.543%
Ni 0.345° 0.190% 1.656° 0.675% 0.765% 0.564%
Pb 4.009° 0.1342 0.2942 0.456% 0.675% 0.5642
Zn 0.1342 0.670% 0.134% 0.765% 0.987% 0.987%

@Not significant. bSignificant at0.01 >p > 0.001.

Table 11. Correlation Coefficient Values (R) between Metal
Concentrations in Wastewater and Accumulation in Fish Samples

Wastewater— Wastewater— Wastewater—
Cyprinus carpio Clarias batrachus  Heteropneustes fossilis
Metal Muscle Skin Muscle Skin Muscle Skin
Cd -0.11* -0.25* 0.19 0.61* -0.25 0.68*
Cu 0.02 -0.11* -0.24 0.27 -0.25 0.68*
Fe 0.61* 0.06 0.45* 0.11* 0.68* 0.45*
Ni 0.23* -0.25* 0.19 0.23* 0.21* 0.45*
Pb 0.06 0.22* -0.81* 0.06 0.45* 0.19
Zn 0.28* 0.46* 0.45* 0.28 0.86 0.27

*Significance at 1% level.

generally decreases the uptake of heavy metals by aquatic organisms by reducing
the activity of metal ion in the solution. Consequently, variations in metal uptake
are usually best explained on the basis of changes in free metal ion, rather than
by changes in total metal concentration.

Beveridge et al. [50] reported that, if there is too great an abundance of essential
heavy metals, the metal content in the organism could be regulated by homeostatic
control mechanisms. However, if the heavy metal concentration at the source is
too high, the homeostatic mechanisms are inhibited and accumulation proceeds,
as uptake exceeds the loss rate.
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In general, body length is not necessarily an indication of the age of the fish and
consequently, larger body length does not indicate a longer duration of exposure.
The observations of bioaccumulation studies can be based on a combination of
uptake/excretion rates, increasing or decreasing physiological needs, metabolic
turnover, and/or varying exposure times. The high metal concentration in skin
is explained by the fact the skin is one of the sites to which metabolites and waste
products are transported in fish for storage or elimination, and therefore both
increased metabolic turn over and age will tend to enhance rather than reduce
metal levels there [46].

The results indicate clear variations in the detected metal levels with respect to
tissue type, location, and the species investigated. The results give support to the
view that no single fish species can truly be said to act as a reliable indication
of pollution. This is because different species of fish will exhibit varying levels of
metals as determined by a combination of factors that operate within the individual
species. Thus, it is evident from the present study that the levels of heavy metals
found in the fish were not excessive, and indeed are several times below the
acceptable threshold levels and are safe for human consumption.
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