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Introduction

Pulp and paper industry is believed to be one of the most 
prominent resource-intensive industries that con-

sumes great amount of water, energy and trees and in turn 
emits pollution globally (Thompson et al., 2001; Wang et 
al., 2005). Previously, very little consideration was given 
to the possible injurious/ dreadful effects of industrial 
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pollution on human health and the environment. Various 
careful estimates put the pulp and paper mills as nation’s 
third largest polluter in the United States (US) (Springer, 
2000). In Canada, it has been estimated that this industry 
is responsible for 50% of all the waste dumped into the 
nation’s waters (Sinclair, 1990) and also accounts for ap-
proximately 5.6% of the common air contaminants from 
known industrial sources (Canada. Environment canada. 
Environmental Protection Service., 1986). 

The process of paper production comprised mainly of 
two major steps namely pulping and bleaching.  In the first 
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Abstract | Industrial leachate is a brownish color liquid containing various toxic heavy metals 
and other chemicals of organic and inorganic nature which can house a variety of pathogens. 
As it drains it pollutes the groundwater table and if used for irrigation purpose represents a 
major health risk not only to humans but also to local flora and fauna. The purpose of current 
research work was to analyze the toxicity of leachate in Wistar rats. Wistar rats of about 250g 
were selected and divided into three groups namely Control, Group 1 and Group 2. Group 
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peritoneally. After 24 hours of the injection, animals were euthanized and blood was drawn for 
further studies. Data were analyzed using one way ANOVA. Serological analysis of both Group 
1 and Group 2 showed a significant decrease of various components including Cl- (P=0.0023), 
K+ (P=0.0002), Na+ (P=0.0001), total proteins (P<0.0001) and albumin (P<0.0001) when 
compared against control. Similarly, hematological analysis revealed a significant decrease in 
WBCs (P<0.0001), RBCs (P=0.0001), Hemoglobin (P<0.0001), Platelets (P<0.0001) and 
MCHC (P<0.0001) while MCV (P<0.0001) showed a remarkable positive change when 
compared with control. Hematocrit (P<0.0001) was found to be enhanced significantly in 
Group 1 but decreased in Group 2 while MCH showed exactly opposite trend to Hematocrit. 
Findings of current research confirmed that leachate is a highly toxic industrial effluent which 
leads to hematological and serological changes in biological systems so there is a need of proper 
waste treatment prior to its disposal.
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step (pulping), raw wood chips are treated in such a way 
that lignin is removed and fibers are improved for mak-
ing paper. In the last and final step which is designated 
as bleaching the pulp is made brighten and more white. 
This whole process requires energy and the utilization of 
fresh water (Ali and Sreekrishnan, 2001; Pokhrel and Vi-
raraghavan, 2004). Despite the development of a number 
of modern approaches, water expenditure in paper produc-
tion is quite high (sometimes as high as 60 m3/ ton paper 
produced) and depends upon the exact method of paper 
production (Thompson et al., 2001).

The wastewater produced as a result of this processing 
often contain sizable amount of some highly toxic and re-
active compounds including sodium hydroxide (NaOH), 
sodium sulfide (Na2S), calcium oxide (CaO), sodium car-
bonate (Na2CO3), bisulfites (containing HSO3-), hydro-
chloric acid (HCl), chlorine dioxide (ClO2) and elemental 
chlorine (Cl) etc. (Wang et al., 2005). The high organic 
contents (20-110 kg COD/ air dried ton paper), toxic pol-
lutants, dark brown coloration and adsorbable organic hal-
ide (AOX) etc. are some of the most important problems 
with this wastewater. The brown coloration of wastewater 
appears due to formation of various conjugated structures 
including chalcones, quinones, stilbenes, benzoquinones 
and complexed catechols which have the ability to absorb 
visible light (Belem et al., 2008; Ghoreishi and Haghighi, 
2007).

The most popular method for pulping process in pulp 
and paper manufacturing industry is Kraft technology be-
cause it results in improved quality of paper with respect 
to strength, thickness and brightness (Feria et al., 2011). 
However, this method has some concerns because of utili-
zation of massive quantities of chemicals to cook the pulp 
which results in the generation of perilous pollutants both 
in sludge as well as in wastewater. Bleaching process re-
sults in the generation of some bioaccumulative, mutagen-
ic, toxic and resistant to biodegradation chloro-organics 
which pose a stern threat to the environment (Bajpai and 
Bajpai, 1997; Perez et al., 2002; Roy et al., 2004). Toxic 
effects of the this waste water produced by pulp industry 
are well documented (Costigan et al., 2012; Khan, 2010; 
Orrego et al., 2011), however according to the best of our 
knowledge no studies have been carried out so far by in-
jecting the paper industry leachate intraperitoneally in rats.

So, the present study was aimed to analyze acute tox-
ic effects of paper industry leachate on hematological and 
serological parameters of Wistar rats after 24h of intra-
peritoneal treatment.

Materials and Methods

Animals
Fifteen (15) healthy male Wistar rats weighing about 

250g were obtained from the Department of Zoology, 
University of the Punjab (Lahore-Pakistan), housed in 
stainless steel cages in an animal room under standard 
conditions with 12-h light/ dark cycles and at an ambient 
temperature of 22 ± 1°C, with fresh water and food (Rat 
chow) available ad libitum. All the animals were acclima-
tized under standard laboratory condition for a period of 2 
weeks before the commencement of the experiment. Pro-
cedures involving animals and their care were conducted 
in conformity with international laws and policies.

Experimental design & animal groups
Wistar rats of about 250g were selected and random-

ly divided into three groups (n=5) viz, Control Group 
(Non-treated), Group 1 and Group 2 treated with lea-
chate. Group 1 was given 4ml/kg paper industry leachate 
while Group 2 received 4ml/ kg of 1:10 diluted leachate 
intra-peritoneally. After 24 hours of the injection, animals 
were euthanized and blood was drawn for further studies.

Analytical methods

Determination of hematological parameters
Complete blood counts (CBC) were performed of the 

samples of control and both the treated groups, using an 
automated blood cell analyzer Sysmex XT-1800i ( Japan), 
which utilizes the technology of fluorescent flow cytome-
try and hydrodynamic focusing for the count. Fluorescent 
technology is able to differentiate the normal population 
of Red blood cells (RBCs), white blood cells (WBCs) and 
platelets (plts) from abnormal populations, thereby de-
creasing the number of manual interventions.

Processing for serum quantitative assessment
Blood samples were collected and allowed to clot 

overnight at 4°C and centrifuged up to 20 min at 2000×g. 
Hemolysis-free samples were obtained under aseptic con-
ditions for quantitative in vitro assessment of certain se-
rum electrolytes including Sodium (Na+), potassium (K+), 
Chloride (Cl-) as well as various parameters of lipid profile, 
total protein and albumin using ready to use kits. Samples 
were processed according to the manufacturer’s instruc-
tions.

Ethical statement
The experimental protocol was approved by ethical 

committee of Department of Zoology, University of the 
Punjab, Lahore, Pakistan.

Statistical analysis
Values reported are means ± SEM. Data were statis-

tically analyzed using Prism Graph pad 5 software (San 
Diego, CA). Statistical significance was calculated by us-
ing one way ANOVA with P value of less than 0.05 con-
sidered significant.
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Results

Serum electrolytes (Na+, K+, Cl -)
Serum level of sodium (Na+) showed a statistically sig-

nificant hyponatremia (P=0.0001) of 13.586 and 10.913% 
in Group 1 and Group 2 respectively after 24h. Similar 
trend was shown by Potassium (K+) (P=0.0002) and Chlo-
ride (Cl-) (P=0.0023) with a significant negative change of 
29.570 and 34.409% for K+ while 12.195 and 6.707% for 
Cl-, respectively (Figure 1).

Figure 1: Level of various electrolytes in sera. Sodium 
level was found to be decreased significantly (P=0.0001) 
in both studied experimental groups as compared to the 
control group. Level of potassium and chloride were also 
decreased significantly against control. The results are 
representative of three animal series (mean ± S.E.M.).

Total proteins and albumin
Serum total proteins and albumin showed a similar 

trend of decrement after 24h of the treatment of leachate. 
Total proteins level (P<0.0001) was found to be decreased 
significantly up to 49.511 and 42.345% while that of al-
bumin (P<0.0001) was found as 50.794 and 37.566% in 
Group 1 and Group 2 respectively (Figure 2). 

Total Leukocyte Count (TLC), Red Blood Cells Count (RBCs), 
and Platelets

Total leukocyte count, Red blood cell count and 
platelets count expressed a similar trend of significant neg-
ative change in both the experimental groups up to the 
studied time point. TLC (P<0.0001) were found to have 
a decrease of 42.908, 50.234% while RBCs (P=0.0001) 

as 13.974, 42.580% and Platelets (P<0.0001) showed de-
crease of 73.950 and 50.866% respectively in Group1 and 
Group 2 (Figure 3).

Figure 2: Level of total proteins and albumin in sera. 
The level of total proteins (P<0.0001) and albumin 
(P<0.0001) showed a similar trend and was found to be 
decreased significantly in both studied experimental 
groups as compared to the control group. The results are 
representative of three animal series (mean ± S.E.M.).

Figure 3: Level of WBCs, RBCs and Platelets in blood. 
WBCs, RBCs and Platelets all showed a significant neg-
ative change in the blood of both studied experimental 
groups as compared to the control group. The results are 
representative of three animal series (mean ± S.E.M.).

Hemoglobin (Hb) and Hematocrit (HCT)
Hemoglobin (P<0.0001) showed a significant de-

crease of 10.538 and 32.287% in serum respectively in 
Group 1 and Group 2 while Hematocrit (P<0.0001) 
showed a significant increase of 9.389% and a decrease of 
20.035% respectively in Group 1 and Group 2 (Figure 4). 

Alterations in Blood Cells of Wistar Rats
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Figure 4: Level of Hb and HCT in blood. Hb level was 
found to be decreased significantly (P<0.0001) in both 
experimental groups as compared to the control group. 
Level of HCT (P<0.0001) was increased significantly in 
Group 1 against control while Group 2 showed opposite 
trend to Group 1. The results are representative of three 
animal series (mean ± S.E.M.).

Mean corpuscular volume (MCV), mean corpuscular hemoglo-
bin (MCH) and mean corpuscular hemoglobin concentration 
(MCHC)

MCV (P<0.0001) showed a significant positive 
change of 20.184 and 50.983% while MCH (P<0.0001) 
showed a significant decrease of 6.010 and an increase of 
19.672% and MCHC (P<0.0001) showed opposite trend 
to MCV and showed a marked decrease of 21.853 and 
17.784% respectively in Group 1 and Group 2 (Figure 5).

 

Figure 5: Level of MCV, MCH and MCHC in blood. 
MCV level was found to be increased significantly 
(P<0.0001) in both studied groups as compared to the 
control. Level of MCH (P<0.0001) was decreased sig-
nificantly in Group 1 against control while Group 2 
showed opposite trend to Group 1. Regarding MCHC 
(P<0.0001) both experimental groups showed a signifi-
cant negative trend against control. The results are rep-
resentative of three animal series (mean ± S.E.M.). 

Discussion

Human activities have always resulted in the gen-
eration of waste. The time when human population was 
nomadic and relatively smaller, this was not a major prob-
lem. But gradually it became an extremely serious issue as 
a result of the growth of large metropolis and urbaniza-
tion. Poor waste management and waste disposal led to 
contamination of soil, water and atmosphere resulting in 
major impact on human health. Some of the well known 
direct health concerns of the mismanagement of waste can 
be observed in developing countries.

There is a huge concern about possible undesirable 
health effects caused due to disposal of wastes in landfill 
sites for populations living nearby, particularly to those 
sites where dangerous waste is dumped. In the current 
study, the effect of toxic substances found in leachate of 
paper and pulp industry were studied on Wistar rats af-
ter 24h of intra-peritoneal treatment on complete blood 
count and various serological parameters including some 
important serum electrolytes, total proteins and albumin. 

A variety of mechanisms work in living organisms to 
regulate different electrolytes under tight control (Coso 
et al., 2008). A significant hyponatremia and hypochlo-
remia observed in the present study is in accordance with 
a previous case-report in which a 12-year-old girl showed 
severe hyponatremia and hypochloremia upon receiving 
the treatment of oxcarbazepine (OCBZ) (Borusiak et al., 
1998). This may be due to abnormal renal sodium excret-
ing effect in rats or due to interference of certain chemicals 
found in leachate with normal anti-diuretic response to 
vasopressin by reduction of cAMP formation ultimately 
leading to loss of water and electrolytes as previously re-
ported by Musabayane et al. (2000) against chloroquine 
(Musabayane et al., 2000). This might be due to altered 
reabsorption mechanisms by renal tubules because of 
chlorinated compounds. Previously Hydrochlorothiazide 
(HCTZ) had been reported to alter the mechanisms of 
renal tubules electrolyte reabsorption. HCTZ results in 
an increase in the excretion of chloride and sodium. The 
indirect action includes reduction in the volume of plas-
ma consequently enhanced plasma renin activity, urinary 
potassium loss, aldosterone secretion, and decrease in se-
rum potassium loss (Chakraborty and Kamath, 2014). A 
marked hypokalaemia might be due to malnutrition, gas-
trointestinal fluid losses,  negative nitrogen balance and 
hyperactivity of adrenal cortex (Burtis et al., 2012).

A significant Hypoproteinemia observed in the cur-
rent study in both the experimental groups is perhaps due 
to ubiquitin-associated protein degradation as it is in-
duced by certain chemicals like thioacetamide (Al-Attar, 
2012; Galisteo et al., 2006). Decrease in the level of albu-
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min and total proteins level is suggestive of an inflamma-
tory response and an altered metabolism of carbohydrates, 
proteins and lipid or disturbed protein biosynthesis in the 
cirrhotic liver as observed in thioacetamide intoxification. 
During inflammation, various pro-inflammatory cytokines 
viz, IL-1, IL-6 and tumor necrosis factor (TNF-α) act to 
retard the albumin gene transcription and translation and 
ultimately lead to decreased levels of albumin (Brenner et 
al., 1990; Castell et al., 1990).

Some infections or nutritional deficiency of folic acid 
and iron not only affect but even can lower the production 
of RBCs in bone marrow. A significant erythrocytopenia 
and HCT in current findings is in accordance with the 
results of Abbasi et al. (2013) against Thioacetamide in 
acute conditions (Abbasi et al., 2013). Similar findings, us-
ing gold nanoparticles via intraperitoneal and oral routes 
showed highest toxicity with decrease of RBCs count are 
in accordance with the current results (Zhang et al., 2010).

A marked erythrocytopenia, leukocytopenia and de-
crease in Hb and HCT in present work is concurrent with 
the previous findings of Selvakumar, K. et al. (2013) due 
to Polychlorinated biphenyls exposure in wistar rats (Sel-
vakumar et al., 2012). These alterations are perhaps due to 
effect of leachate on the activity of specific enzymes like 
aminolevulinic acid dehydratase (ALAD) which is a major 
enzyme involved in biosynthesis of heme. 

Marked increased in the values of MCV in both ex-
perimental groups and MCH in group 2 were observed in 
current study. An increase in the size of RBCs indicates 
the change in the morphology and deformability. These re-
sults are similar to the results deduced after the induction 
of gold nano particles (Mohamed, 2012).

Guru SK et al. (2014) reported a decrease in MCH 
and MCHC in fluoride treated Air-breathing fish, Chan-
na punctatus (Bloch), which is in agreement with the pres-
ent findings against leachate treated Group 1 for MCH 
and both groups for MCHC (Guru et al., 2014).  

Conclusion

Taken together these results it could be concluded 
that leachate is a highly toxic industrial effluent which 
induce severe hematological and serological alterations 
in biological systems which is a clear reflective of damage 
to plants and animals. So, there is a need of proper waste 
treatment to leachate prior to disposal.
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