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Abstract. Effluents from a pulp and paper mill in India were
analyzed for various physicochemical parameters and heavy
metals. Multivariate statistical analysis was used to interpret
the data obtained and predict the toxicity of each component
to Cyprinus carpio L. fingerlings. The results showed that
most of these parameters exceeded recommended levels set
by various agencies, and the effluent was not suitable for
discharge into agricultural fields or water bodies without
further treatment. The results of static renewal toxicity tests
revealed median lethal concentrations at 24, 48, 72, and 96 h
to be 42, 25, 18.6 and 14.5%, respectively, and the fingerlings
exhibited severe behavioral anomalies. The sublethal dose of
2.9% (v/v) caused alterations in the gill and liver at durations
of 7, 14, 21, and 28 d. Anomalies such as mucous secretion,
leucocyte infiltration, curling of the secondary lamellae tip,
clubbing, and the fusion of the secondary lamellae, aneurism,
etc. were prominent. The liver showed inflammatory
infiltration, cytoplasmic inclusion bodies, vacuolar
degeneration, fatty degeneration, pyknosis, karyolysis,
distorted pancreatic area, and piecemeal necrosis, among
other pathological symptoms. The study concluded that the
effluent, even in greatly diluted form, was highly toxic and the
severity of responses depended on the length of exposure.
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Introduction

With more than 700 paper mills located across its
length and breadth, India’s pulp, paper, and paper
board production was 10.29 million metric tons in
2010 (Kulkarni 2013). However, the paper indus-
tries in India are not as modernized as in western
countries, with more than 55% of these mills lack ad-
equate effluent treatment facilities. Thus, paper mill
effluents (PME) are released into the environment
without any prior treatments (Devi et al. 2011,
Mishra et al. 2013). Most of these mills often dis-
charge effluents in and around water bodies and
cause aquatic pollution (Iqbal et al. 2013). PME are
also one of the most significant source of aquatic pol-
lution worldwide as they contain unknown chemical
mixtures, at times containing hundreds of com-
pounds, that often affect aquatic organisms (Pacheco
and Santos 2002). PME have often been reported to
cause steady declines in aquatic fauna, particularly
fishes (Sepúlveda et al. 2003). Several short- and
long-term studies conducted either in the field or lab-
oratory have assessed several endpoints. When
tested in high concentrations, PME affect sexual dif-
ferentiation in fish (Afonso et al. 2002), reduce sex
steroid hormone levels (Gagnon et al. 1994), gonad
size, and fecundity, delay sexual maturity, and even
cause male-biased sex ratios among fish embryos
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(Parrott and Blunt 2005). Additionally, the effects of
PME on physiology and biochemistry (Jeney et al.
1996), stress response (Afonso et al. 2003),
genotoxicity (Pacheco and Santos 1997, 1999), and
increased hepatic microsomal DNA adducts (Wilson
et al. 2001) have been documented. Work showing
that histopathology is a sensitive indicator with
which to evaluate the toxicity of PME is scarce. As an
indicator of exposure to contaminants, histology is
a useful tool for assessing the direct toxic effects of
chemical compounds on target organs of fish in labo-
ratory experiments (Costa et al. 2011). Additionally,
histopathological investigations have the capacity to
differentiate between organ lesions induced by dis-
eases from those caused by exposure to pollutants.

Cachar Paper Mill (CPM) in Assam is a bleach
kraft mill situated by the confluence of Dhaleswari
and Barak rivers (24°51’16.9”N 92°35’33.6”E). The
waters of these two rivers are used by the local people
for drinking and domestic needs and irrigation. The
mill empties its effluents into both of these rivers and
at the adjoining agricultural fields. Consequently,
there is increasing public concern regarding the
health hazards and ecological risks associated with
effluents from this mill. The present study first ana-
lyzed the physicochemical parameters of the effluent
sample from CPM using different multivariate statis-
tical techniques, such as cluster analysis (CA), the
Pearson correlation coefficient, and principal compo-
nent analysis (PCA), which helped to interpret the
complex mixtures of chemicals present in the
effluents and to better understand the water quality.
These techniques also helped identify possible fac-
tors and/or sources that influenced the water sys-
tems, and they also served as invaluable tools for
environmental monitoring and risk assessment (Lee
et al. 2001, Wunderlin et al. 2001, Reghunath et al.
2002, Simeonov et al. 2004, Devi et al. 2011). The
study then included an integrated approach to as-
sessing the short- and long-term responses of
fingerling Cyprinus carpio L. to mill effluents.
Short-term responses included mortality tests and
the behavior study, for exposure periods of 24, 48,
72, and 96 h, while the long-term response included
histopathological changes in gills and livers over the

course of 7, 14, 21, and 28 d. Common carp, C.

carpio, fingerlings were chosen since larval mortality
was naturally high in most instances, and it was es-
pecially aggravated by environmental contaminants.
Therefore, toxicological assessment of developing
fish stages had a high predictive value in the risk as-
sessment. Carp fingerlings also had the favorable ex-
perimental properties; they were of a small size, and
they were easy to collect and maintain under labora-
tory conditions. They were also chosen because of
their widespread culture in various fisheries in this
region. Additionally, long-term responses could be
very useful in assessing the chronic effects of con-
taminants at low doses, which will be very effective in
predicting natural situations.

Material and methods

Study site, collection of effluent samples,

and physicochemical analysis

CPM is a bleach kraft mill that mostly uses bamboo
plants as the pulp source. The production of this pa-
per mill for 2008-2009 was 65,012 tons
(http://www.hindpaper.in/mills/cachar.htm). The
mill uses both primary treatment, which includes the
chemo-mechanical treatment of effluents, and sec-
ondary treatment, that includes biological treat-
ments. The pulp process of the mill includes cooking,
washing, bleaching (calcium hypochloride, H2O2,
chlorine, and chlorine dioxide). The mill has several
outlets, including the one indicated in Fig 1, which
discharges near both rivers. This outlet is approxi-
mately 1.1 km from the mill, to which it is connected
by an underground drainage pipe.

Samples were collected in triplicate with clean
1 L water sampling cans. The samples were trans-
ported to the laboratory for physicochemical analysis
and stored for further use. The pH and conductivity
was measured with a Metller Toledo pH meter and
a Systronic conductivity meter. Dissolved oxygen
(DO), biological oxygen demand (BOD), chemical
oxygen demand (COD), total dissolved solids (TDS),
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total alkalinity (TA), total hardness (TH), free chlo-

rine (Cl), chloride (Cl-), sulfite, and nitrite were esti-

mated in accordance with standard methods (APHA

2005). Water samples for heavy metal analyses were

filtered and digested with 10 ml of concentrated ana-

lytical grade nitric acid to samples of 250 ml. The so-

lutions were evaporated in a crucible to

approximately 5 ml, then filtered into 20 ml standard

flasks, and made up to the mark with distilled water.

The water extract was analyzed for metals/metalloids

such as arsenic (As), cadmium (Cd), chromium (Cr),

copper (Cu), iron (Fe), lead (Pb), and zinc (Zn) in

a Vario 6 model graphite furnace atomic absorption

spectrometry (GF-AAS) by Analytik Jena. For quality

control and quality assurance, standard metal refer-

ence material (Merck, Germany) was used for cali-

bration and quality assurance for each analytical

batch. The analytical data quality of the metals were

ensured by repeated analyses of quality control sam-

ples (n = 3) and by results that were within certified

values. The detection limits for As, Cd, Cr, Cu, Fe,

Pb, and Zn, were 0.4, 0.007, 0.1, 0.19, 0.1, 0.08, and

0.002 µg L-1, respectively.

Multivariate statistical methods for effluent

sample analysis

The multivariate analysis of the effluent data sets was
performed with CA, Pearson correlation coefficient,
and PCA. CA and PCA were standardized through
z-scale transformations because of the wide differ-
ences in data dimensionality (Liu et al. 2003,
Simeonov et al. 2003). The hierarchical
agglomerative clustering approach provided intuitive
similarity relationships between any one sample and
the entire data set and was typically illustrated by
a dendrogram (McKenna 2003). The Euclidean dis-
tance usually gave the similarity between two sam-
ples and distances could be represented by the
difference between the analytical values of the sam-
ples (Otto 1998). Liu et al. (2003) classified factor
loadings as strong if the corresponding loading val-
ues were > 0.75 and moderate, if they were <
0.75-0.5 >. PCA was designed to transform the origi-
nal variables into new, uncorrected variables, re-
ferred to as principal components, which were linear
combinations of the original variables. Factor analy-
sis was performed on the principal components.
Eigenvalues > 1.0 were considered significant
(Ouyang et al. 2006) and an equal number of
varimax factors was obtained for the effluent samples
through factor analysis performed on the principal
component. All statistics were processed with SPSS
19 statistical software for Windows.

Fish maintenance

C. carpio fingerlings of similar lengths (4.5 ± 0.1 cm)
and weights (3.3 ± 1.0 g) were collected from a local
fishery facility with no pollution load (preliminary
tests for the presence of the common elements of As,
Cd, Cr, Cu, Pb, Zn, and Se were negative). The fish
were acclimatized under laboratory conditions seven
days prior to the experiment in 20 L glass tanks, and
they were fed commercial fish feed twice daily. Accli-
matization was conducted in a temperature con-
trolled room at 25�C, with a light-dark cycle of 12:12
h. Chlorine-free tap water was used throughout the
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Figure 1. Map of sample collection site.



experiments, and it had a pH of 6.4-6.7, a total hard-
ness (as CaCO3) of 225-282 mg L-1, and nitrite (as
NaNO2) of 385-410 mg L-1 (tested with respective
test kits procured from Himedia). DO was estimated
to be 5.5 ± 0.24 mg L-1.

Acute toxicity study – LC50 and behavior

study

The effluent collected from the discharge site was con-
sidered to be 100% and served as the stock solution.
Serial dilutions of the stock solution were prepared
using previously aerated, stored tap water. Static re-
newal acute toxicity tests were conducted with ten fish
in each graded concentration. The fish were placed in
glass aquaria containing dechlorinated tap water.
PME was added in concentrations of 10, 20, 30, 40,
50, 60, 70, 80, 90, and 100% (v/v). Fish kept in chlo-
rine free tap water served as the control. The fish were
not fed 24 h prior to the acute toxicity tests. The test
solution was replaced and mortality monitored at 24,
48, 72, and 96 h. Dead fish were removed as the tests
proceeded. The number of dead fish per group was re-
corded against the time of their death in tabular form.
The entire experiment was repeated thrice. The 24,
48, 72, and 96 h LC50 values of PME were calculated
with the Probit method (Finney 1971) and the relation
between acute dose and response (mortality) was
computed with the Pearson correlation coefficient (r)
using SPSS statistical software for Windows. The be-
havioral patterns of the fish were monitored regularly
under 100% (v/v) PME treatments. The mean preva-
lence of each behavior parameter was categorized as
none (–), mild (+, < 25% of response), moderate (+ +,
25-50% of response) and severe (+++, > 50% of re-
sponse) (Shah 2002).

Chronic Toxicity Study on Gill and Liver

Histopathology

The sub-lethal test concentration of 2.9% (v/v) PME
(1/5th of 96-h LC50 value) was selected for the
chronic studies. Five fish were kept in each test con-
centration for histopathological examinations. Gill

and liver tissues were removed after treatment periods
of 28 d. The fish were anesthetized and prepared for
histopathological analysis. Small pieces of organs
from controls and treated fish were fixed in 10% for-
malin fluid for 24 h then washed with tap water. They
were dehydrated through a graded series of ethanol,
cleared in xylene, infiltrated in paraffin, and sectioned
at a thickness of 5 µm. The sections were stained with
hematoxylin and eosin, examined by light microscopy,
and then photographed (Olympus Microscope, model
CX41RF with Olympus digital Camera, model:
E-420). The histopathological lesions in the tissues
were examined in randomly selected five sections
from 5 fish of each group. The mean prevalence of
each histopathological parameters was categorized as
none (–), mild (+, < 25% of sections), moderate (+ +,
25-50% of sections) and severe (+ + +, > 50% of sec-
tions) (Mishra and Mohanty 2008).

Results and Discussion

Effluent Quality Analysis

The physicochemical parameters of the effluent sam-
ples are presented in Table 1. The sample was reddish
brown in color which might have been due to the
lignin from the pulping of bamboo shoots, the chief
source raw material used for paper production in this
mill. This dark color of the effluent could limit feeding
efficiency in aquatic organisms (van den Heuvel et al.
2008). The sample had a foul smell and a high TDS
concentration, which could be injurious to fish. In the
present analysis, samples had 600 mg L-1 chloride
from the use of chlorine in the bleaching process.
Chloride is highly soluble in water and cannot be
eliminated by biological or chemical treatments. The
pH of the effluent was 7.3 ± 0.1. The effluent quality
was compared with the maximum tolerance limits for
discharged effluents in surface waters set by both En-
vironmental Protection Act (2002) and Indian Stan-
dards (1981) and for irrigation purposes
(Environment Studies Board 1973), but not for drink-
ing water (Indian Standards 2004). The results
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revealed that almost all the parameters, including the

heavy metal/metalloid contents, exceeded permissible

limits.

In this study, hierarchical agglomerative CA
yielded a dendrogram (Fig. 2) that groups all 17
physicochemical parameters present in the PME into
two statistically significant clusters at (Dlink / Dmax) ×
100 < 60. The primary objective of this technique was
to assemble parameters based on the associations be-
tween them (Shrestha and Kazama 2007). The results
indicated that the CA technique was useful in offering
a reliable classification of the physicochemical param-
eters present in the mill effluent that provides valuable
information regarding the mode of action of PME and
its probable toxicities. Other reports indicate the suc-
cessful use of this technique in Indian water quality
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Table 1
Physicochemical characteristics of paper mill effluent sample collected from an effluent discharge site

Parameters Effluent sample

Maximum tolerance limits
for industrial effluents dis-
charged (1981)a Drinking

water stan-
dards
(2004)b

Effluent dis-
charge in
water
(2002)c

Irrigation
standards
(1973)d

Surface
water Agriculture

Colour Reddish brown NA NA NA Agreeable NA
Odor Pungent NA NA NA Agreeable NA
Conductivity (µS cm-1) 279.3 ± 7.2 NA NA NA NA NA
Dissolved Oxygen (mg L-1) 3.23 ± 0.180 NA NA NA NA NA
TDS (mg L-1) 382.6 ± 17.7 2100 2100 NA 2000.0 NA
pH 7.33 ± 0.1 5.5-9.0 5.5-9.0 09-maj 6.5-8.5 NA
Total alkalinity (mg L-1) 640.3 ± 6.5 NA NA NA 600.0 NA
Total hardness (mg CaCO3 L-1) 460.7 ± 4.86 NA NA NA 600.0 NA
Free chlorine (mg L-1) Absent 1.0 NA 0.5 0.2 NA
Chloride (mg L-1) 586.6 ± 13.2 750 NA 750 1000 NA
Sulfite (mg L-1) Absent NA NA NA NA NA
Nitrite (mg L-1) 5129.4 ± 111.9 1 NA 1 NA NA
BOD (mg L-1) 200.6 ± 7.81 30 100 40 NA NA
COD (mg L-1) 1675.3 ± 69.6 250 NA 120 NA NA
Cu (mg L-1) 4.06 ± 0.06 3.0 NA 0.5 1.5 0.2
Cd (mg L-1) 0.723 ± 0.02 2.0 NA 0.01 0.001 0.01
Cr (mg L-1) 34.23 ± 0.35 0.1 NA 0.05 0.05 0.1
Fe (mg L-1) 476.0 ± 0.39 2.0 5 2.0 1.0 5
Zn (mg L-1) 29.5 ± 0.13 5.0 NA 0.1 15 2
Pb (mg L-1) 3.05 ± 0.02 0.1 NA 0.05 0.05 5
As (mg L-1) 3.13 ± 0.105 0.2 0.2 0.1 0.05 0.1
aIndian standards (1981), bIndian standards (2004), cEnvironmental Protection Act (2002), dEnvironment Studies Board (1973),
NA – guideline value not available
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Figure 2. Dendrogram showing the clustering of various
physicochemical parameters of paper mill effluents using average
linkage (among groups).



monitoring (Singh et al. 2004, Singh et al. 2005,

Parashar et al. 2008, Devi et al. 2011).

Correlation coefficients among different

physicochemical parameters in effluents are pre-

sented in Table 2. Except for Cu, positive correlations

(P < 0.01) were found among different parameters

such as DO, TDS, conductivity, total hardness, total

alkalinity, nitrite, BOD, COD, and heavy metals. Cu

was positively correlated only with pH (P < 0.05) and

chloride (P < 0.01). Factor analysis was performed on

the principal components and the corresponding

variable loadings, and the explained variance is pre-

sented in Table 3. For effluent samples, only one PC

explained 94.2% of the total variance, and, except

Cu, all 16 physicochemical parameters formed a part

of a highly correlated cluster with high factor load-

ings of > 0.9. PCA analysis and the correlation matrix

(CM) have also been used as effective tools in the

source identification of heavy metals in other studies

(Han et al. 2006, Mico et al. 2006).

Acute toxicity-LC50 and behavior study

The fish held under control conditions were healthy
and normal and no mortality was recorded. The

median lethal concentrations (LC50) of paper mill ef-

fluent at 24, 48, 72, and 96 h were 42, 25, 18.6, and

14.5% (v/v), respectively (Table 4). During acute tox-

icity studies, the exposed fish showed erratic swim-

ming patterns, sudden spurts of fast swimming,

gulping air followed by lethargy, and finally death

(Table 5). In another study, 96 h LC50 for Puntius

sophore (Hamilton) was estimated to be 1.5% and

16.5% in aerated and non-aerated groups, respec-

tively (Rajendra et al. (1991). The LC50 values also

varied with the species tested. Pathan et al. (2009)

found 96-h LC50 to be 9.5% in Rasbora daniconius

(Hamilton), while Wahbi et al. (2004) found 96-h

LC50 to be 3.5% in Lithognathus mormyrus (L.). The

results of the present study showed that carp

fingerlings were sensitive to PME.

The fish in the current study exhibited abnormal
swimming and disturbed orientation. These behav-
ioral anomalies in orientation and locomotion can be
related to the impairment of sensory organ systems
particularly the mechano- and chemo-receptor sys-
tems (Gardner 1975). The opercular movements of
the dying fish became extremely slow, and they were
observed to secrete thick coats of mucus. Clotfelter et
al. (2006) observed aggressive behavior, increased
surface breathing, and opercular movements in
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Table 2
Pearson correlation matrix between different physicochemical parameters in effluent (n = 9)

Conduc-

tivity
DO TDS pH TH TA Chloride Nitrite BOD COD Cu Cd Cr Fe Zn Pb As

DO 1.0** -

TDS 0.99** 0.99** -

pH 0.99** 0.99** 0.99** -

TH 0.92** 0.92** 0.94** 0.91** -

TA 0.94** 0.94** 0.96** 0.93** 0.99** -

Chloride 0.99** 0.99** 0.99** 0.99** 0.95** 0.97** -

Nitrite 0.99** 0.99** 0.99** 0.98** 0.96** 0.98** 0.99** -

BOD 1.0** 0.94** 0.95** 0.92** 0.99** 1.0** 0.96** 0.97** -

COD 0.92** 0.92** 0.94** 0.91** 1.0** 0.99** 0.95** 0.96** 0.99** -

Cu 0.66 0.66 0.62 0.68* 0.32 0.39 0.59** 0.561 0.368 0.33 -

Cd 1.0** 1.0** 0.99** 0.99** 0.92** 0.94** 0.99** 0.99** 0.94** 0.92** 0.66 -

Cr 0.99** 0.99** 0.99** 0.98** 0.96** 0.98** 0.99** 1.0** 0.97** 0.97** 0.55 0.99** -

Fe 0.99** 0.99** 1.0** 0.99** 0.95** 0.97** 1.0** 0.99** 0.96** 0.95** 0.60 0.99** 0.99** -

Zn 0.99** 0.99** 0.99** 0.98** 0.96** 0.97** 1.0** 1.0** 0.97** 0.96** 0.57 0.99** 1.0** 0.99** -

Pb 0.98** 0.98** 0.99** 0.98** 0.97** 0.98** 0.99** 0.99** 0.98** 0.97** 0.52 0.98** 1.0** 0.99** 0.99** -

As 0.99** 0.99** 0.99** 0.99** 0.95** 0.97** 1.0** 0.99** 0.96** 0.95** 0.59 0.99** 0.99** 1.0** 1.0** 0.99** -

*Significant correlation at the level P < 0.05, **Significant correlation at the level P < 0.01



stressed Mystus vittatus (Bloch), which would indicate
sustained respiratory discomfort in the toxic whole pa-
per mill effluent. Therefore, the behavioral changes,
particularly those concerned with respiratory insuffi-
ciency, observed in the present study could have con-
tributed to mortality in these stressed fish.

Chronic study with histopathology

Gills

The results of histological examinations of gill tissues
exposed for various periods to PME are summarized
in Table 6. The gills of C. carpio under control condi-
tions at 7, 14, 21, and 28 d exhibited normal gill
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Table 3
Total variance and component matrix (one principal components selected) for effluent physicochemical parameters (n = 9)

Eigenvalues % of variance Cumulative % Parameters PC1

1 16.01 94.22 94.22 pH 0.990
2 0.982 5.78 100.0 Conductivity 0.994
3 7.25E-16 1.80 100.0 DO 0.993
4 4.8E-16 0.00 100.0 TDS 0.998
5 4.14E-16 0.00 100.0 TA 0.978
6 3.29E-16 0.00 100.0 TH 0.960
7 2.64E-16 0.00 100.0 Chloride 0.999
8 2.46E-17 0.00 100.0 Nitrite 0.999
9 6.84E-17 0.00 100.0 BOD 0.972
10 4.36E-17 0.00 100.0 COD 0.963
11 8.97E-17 0.00 100.0 Cu 0.575
12 -7.6E-17 0.00 100.0 Cd 0.993
13 -2.7E-16 0.00 100.0 Cr 0.999
14 -3.9E-16 0.00 100.0 Fe 0.999
15 -3.5E-16 0.00 100.0 Zn 0.999
16 -5.8E-16 0.00 100.0 Pb 0.998
17 -7.1E-16 0.00 100.0 As 0.999

PC1 is the Principal Components 1. Factor loadings > 0.75 is considered as strong (as per Liu et al. 2003)

Table 4
Mortality and LC50 values of paper mill effluent on C. carpio fingerlings

Paper mill effluent
(%)

No. of alive fish

Mortality at 96 h (%)24 h 48 h 72 h 96 h

0 10 10 10 10 0
10 10 8 7 6 40
20 7 6 4 3 70
30 7 5 4 2 80
40 6 4 3 1 90
50 5 4 2 0 100
60 4 2 1 0 100
70 4 1 0 0 100
80 4 0 0 0 100
90 0 0 0 0 100
100 0 0 0 0 100
Pearson ‘r’ 0.965 0.971 0.919 0.814

LC50 (95% CI)
42.10 ± 5.21
(31.8-53.9)

25.30 ± 3.53
(18.0-32.5)

18.63 ± 2.88
(12.9, 24.4)

14.53 ± 2.07
(10.2, 18.8)

LC50 values are mean ± SE; Confidence intervals 95% (CI) are indicated in parenthesis



architecture with primary lamellae (PL), secondary

lamellae (SL), lamellar blood sinus (lbs), and pillar

and epithelial cells (Fig. 3a). However, after 7 d of ex-

posure, in comparison to the control, the gills exhib-

ited mucous secretion, sloughing of the epithelium,

leucocyte infiltration, curling of the tip of the SL, dila-

tion of lbs, and hypertrophy and clubbing of the SL

(Fig. 3b). After 14 d of exposure, the gills showed

mucous cell proliferation, sloughing of the epithe-

lium, curling of the SL, hypertrophy, hyperplasia,

clubbing of the SL, and PL hemorrhaging (Fig. 3c).

However, after 21 d of exposure, gills exhibited PL

hemorrhaging, lifting of the epithelium, mucous cell

proliferation, leucocyte infiltration, hyperplasia,

V-shaped curl of the SL, and the constriction and

congestion of lbs (Fig. 3d). After 28 d of exposure, the

gills exhibited PL hemorrhaging, mucous cell prolif-

eration, fusion of the SL, aneurism, damaged SL, leu-

cocyte infiltration, and hypertrophy of epithelium

(Fig. 3e). The responses became more severe as ex-

posure continued.

Fish gills have a large surface area through which
gaseous exchange between the fish and the external
medium occurs, and they also perform the functions
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Table 5
Impact of paper mill effluent (100%, v/v) on the behavioral pattern of C. carpio fingerlings up to 96 h of exposure

Parameters Control 24 h 48 h 72 h 96 h

Hyperactivity - ++++ +++ ++ +
Loss of balance - + ++ +++ ++++
Gulping of air - ++++ +++ ++ +
Rate of swimming - ++++ +++ ++ +
Rate of opercular activity - ++++ +++ ++ +
Mucous filled gills - + ++ +++ ++++

- indicates normal behaviour,
+ indicates increase or decrease in the level of behavioural parameters

Table 6
Semiquantitative analysis of gill leisons from paper mill effluent treatment group (2.9 %, v/v) of C. carpio fingerlings at various
exposure durations

Gill Lesion 7 d 14 d 21 d 28 d

Mucous secretion + ++ ++ +++
Mucous cell
proliferation - ++ +++ +++
Sloughing of
epithelium + + ++ +++
Leucocyte infiltration + + ++ +++
Curling of tip of SL + ++ +++ +++
Clubbing of SL + ++ +++ ++
Aneurism - - - +++
Fusion of SL - - - ++
Damaged of SL - - - +++
LBS dilation + + ++ ++
Hypertrophy + + ++ ++
Hyperplasia - + ++ ++
haemmorhage of PL - + ++ ++
lifting of epithelium - - + ++
LBS constriction - - + +
LBS conjestion - - ++ +++

- none, + mild, ++ moderate, +++ severe occurrence, SL – secondary lamellae, PL – primary lamellae; LBS – lamellar blood
sinus



of osmoregulation and excretion (Chezhian et al.
2009). However, changes in gills can become pro-
gressively worse when fish are exposed persistently
to contaminants, and eventually they compromise or-
gan function. Hence, gill histopathological changes
can be used as biomarkers in fish exposed to contam-
inants (Garmendia et al. 2010). In the present study,
common carp gills were monitored weekly and sev-
eral anomalies were observed. However, the severity
of effects increased progressively and peaked at 28 d.
Gill hyperplasia, lamellar fusion, and mucus secre-
tion serve as defense responses of the fish to effluents
(Das and Gupta 2012). Mucous is essential for fish
respiration and osmoregulation and also plays a pro-
tective role since it appears soon after effluent expo-
sure and prevents toxins from entering the gills. On
the other hand, the proliferation of inter-lamellar
cells and the consequent fusion of adjacent second-
ary lamellae that formed club-shaped lamellae and
caused aneurisms were some of the anomalies

observed only after 28 d of exposure. Similar obser-
vations were also made in European eel after 30 d in
12.5% PME treatments (Pacheco and Santos 2002).
Lamellar aneurism is characterized by blood
extravasations inside the lamellae and the rupture of
the pillar cell system, with the consequent blood ves-
sel dilation (Heath 1995). Similar incidences of dam-
aged gills were observed in rainbow trout (Couillard
et al. 1988) and perch (Lindesjöö and Thulin 1994)
that were exposed to PME. Lamellar fusion is also re-
ported in fish exposed to effluents from a bleached
paper mill (Pacheco and Santos 2002). Vascular con-
gestion, which was observed in the current study,
also impairs blood flow and compromises the basic
gill function of gas exchange (Heath 1995). Apart
from impairing this important function, congestion
also interferes with other functions such as the main-
tenance of acid-base and osmotic balances (Gar-
cia-Santos et al. 2007), which, however, was not
studied in the present investigation. Overall, the
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Figure 3. Gill of Cyprinus carpio. a) Gill of control C. carpio exhibiting primary lamellae (PL), secondary lamellae (SL), lamellar blood si-
nus (lbs) with RBC, pillar cell (pc). b) Gill after 7 d exposure to 2.9% PME exhibiting mucous secretion (a), sloughing of the epithelium (b),
leucocyte infiltration (c), curling of the tip of the SL (d), dilation of lbs (e), hypertrophy (f) and clubbing of SL (g), (× 400). c) Gill after 14 d
exposure exhibiting mucous cell proliferation(a), sloughing of the epithelium (b), leucocyte infiltration (c), curling of the SL (d), hypertro-
phy (e), hyperplasia (f), hemorrhage of the PL (g), clubbing of the SL (h), (× 400). d). Gill after 21 d exposure exhibiting hemorrhage of the
PL (a), lifting of the epithelium (b), mucous cell proliferation(c), leucocyte infiltration (d), hyperplasia (e), “V” shaped curl of the SL (f), lbs
constriction (g), congestion of lbs (h), (× 400). e) Gill after 28 d exposure exhibiting hemorrhage of the PL (a), mucous cell proliferation(b),
fusion of the SL (c), aneurism (d), damaged SL (e), leucocyte infiltration (f), and hypertrophy of the epithelium (g) (× 400).



alterations in gill histology in response to PME repre-
sent adaptive strategies for the conservation of some
physiological functions in the face of a stressor.
These histopathological alterations may have impor-
tant adverse consequences for fish health, particu-
larly from the obstruction of oxygen diffusion across
the gills and the impairment of osmoregulatory func-
tion. Several other studies report similar observa-
tions, including information regarding the gills of
Nile Tilapia, Oreochromis niloticus (L.), exposed to
treated sewage water (Fontaínhas-Fernandes et al.
2008) or cassava effluents (Wade et al. 2002), of
cunner, Tautogolabrus adspersus (Walbaum), ex-
posed to municipal and industrial effluents (Billiard
and Khan 2003), and of certain neotropical fish ex-
posed to chemical factory effluents (Camargo and
Martinez 2007).

Liver

The results of histological examinations of liver tis-
sues exposed for various periods to PME are summa-
rized in Table 7. The livers of control C. carpio

exhibited normal architecture with hepatocyte with
nuclei, central veins (CV), sinusoids, and pancreatic
areas (Fig. 4a). The livers of C. carpio after 7 d of ex-
posure exhibited inflammatory infiltration, cytoplas-
mic inclusion bodies (CIB), vacuolar degeneration,
and fatty degeneration (Fig. 4b). After 14 d of

exposure, the livers exhibited cytoplasmic inclusion

bodies, vacuolar degeneration, pyknosis, necrotic ar-

eas, blood filled central veins, CV compartmentation,

and sinusoidal congestion (Fig. 4c). After 21 d of ex-

posure, the livers exhibited cytoplasmic inclusion

bodies, fatty degeneration, necrosis, karyolysis, in-

flammatory infiltration, sinusoidal congestion and

dilation, blood filled central veins, CV

compartmentation, vacuolar degeneration, and dis-

torted pancreatic areas (Fig. 4d). After 28 d of expo-

sure, the livers exhibited hepatocyte vacuolation,

piecemeal necrosis, vacuolar degeneration, and

karyolysis along with sinusoidal congestion and dila-

tation, and inflammatory infiltration in the pancreatic

areas (Fig. 4e).

The liver plays an important role in vital func-
tions, basic metabolism, and the accumulation,
transformation, and excretion of contaminants
(Figueiredo-Fernandes et al. 2006). Inflammatory
cell infiltrates, detected in the sinusoids of carp liver
might be a generalized reaction to contaminant expo-
sure. Such infiltrates often caused sinusoidal conges-
tion. Necrosis indicated the degeneration of
structural proteins in the hepatocyte membrane, and
pyknosis signified altered protein synthesis. Previ-
ously, several investigators linked these cellular dete-
riorations to PME exposure (Santos et al. 1990,
Axelsson and Norrgren 1991, Pacheco and Santos
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Table 7
Semiquantitative analysis of liver leisons from paper mill effluent treatment group (2.9 %, v/v) of C. carpio fingerlings at various
exposure durations

Liver Lesion 7 d 14 d 21 d 28 d

Inflammatory infiltration + ++ +++ +++
Vacoular degeneration + + ++ +++
Fatty degeneration + ++ ++ +++
Cytoplasmic inclusion bodies + ++ +++ -
Pycnotic nucleus - + + +
Necrotic areas - + ++ +++
Karyolysis - - + +++
Compartmentation of central vein - + ++ +++
Blood filled central vein + + ++ +++
Conjestion of sinusoid + + ++ +++
Dilated sinusoid - + ++ +++
Distorted pancreatic area - - + +

- none, + mild, ++ moderate, +++ severe occurence



2002). In the current study, single cell necrosis that
was observed at the shorter exposures later occurred
along widespread necrotic areas, which imparted
a piecemeal appearance to the tissues. Liver vacuol-
ization was also detected in this study, and similar
anomalies were also observed in PME-treated fish
(Axelsson and Norrgren 1991). Winter flounder,
Pleuronectes americanus (Walbaum) exposed to
PME had focal vacuolation and enlarged livers (Khan
et al. 1994). Similar hepatic damage was also ob-
served in gudgeon, Gobio gobio (L.) and mullet,
Mugil cephalus L. exposed to contaminants from
a wastewater treatment plant (Pinto et al. 2010). The
high incidence of CIB might be correlated with in-
creased metal exposure in tissues (Peplow and
Edmonds 2005) and the metallothionein-based
hepatic sequestration of tissue metals (Greenfield et
al. 2008). Similar CIBs were also observed in the liv-
ers of splittail fish, Pogonichthys macrolepidotus

(Ayres), and were highly correlated with contami-
nants containing Ag, Cu, Mo, and Zn (Greenfield et

al. 2008). The chlorine in the effluents might also
contribute to histopathological alterations.

Thus, from the present study, it is concluded that
the paper mill effluent was extremely toxic to fish even
in very low concentrations. Such contaminants
weaken fish rendering them more susceptible to mor-
tality from other causes. Although the mill performs
both primary and secondary treatments before dis-
charging effluents, these processes are inadequate.
Therefore, better treatment of effluents prior to their
release into the environment is recommended.
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Figure 4. Liver of Cyprinus carpio. a) Liver of control C. carpio exhibiting pancreatic areas (pa) (× 400). b) Liver 7 d after exposure to 2.9%
PME exhibiting inflammatory infiltration (a), cytoplasmic inclusion bodies (b), vacuolar degeneration (c), fatty degeneration (d), (× 400).
c) Liver 14 d after exposure exhibiting cytoplasmic inclusion bodies (a), vacuolar degeneration (b), pyknosis (c), necrotic areas (d), blood
filled central vein (e), CV compartmentation (f), sinusoidal congestion (g) (× 400). d) Liver 21 d after exposure exhibiting cytoplasmic in-
clusion bodies (a), fatty degeneration (b), necrosis (c), karyolysis (d), inflammatory infiltration (e), sinusoidal congestion and dilation (f),
blood filled central vein (g), CV compartmentation (f), and distorted pancreatic area (pa) (× 400). e) Liver 28 d after exposure exhibiting
hepatocyte vacuolation (a), piecemeal necrosis (b), vacuolar degeneration (c), karyolysis (d), inflammatory infiltration (e) in the pancreatic
area (pa) (× 400).
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