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Abstract 

The compounds of pulp paper mill effluent discharged after secondary 
treatment is a major source of environmental toxicity, which is not yet known. 
The physico-chemical analysis of discharged effluent showed various 
pollution parameters (pH, TDS, TSS, BOD, COD) beyond permissible limit. 
Furthermore, the BOD, COD ratio of discharged effluent <0.2 this indicated 
not biodegradable properties of effluent. Therefore, persistent longer in 
environment and caused toxicity to aquatic resources. The analysis of effluent 
showed the presence of endocrine disrupting chemicals along with 
genotoxicity compound i.e. hexadecanoic acid and octadecenoic acid. 
Majority of these pollutants are androgenic and mutagenic in nature derived 
from plant steroid, fatty and resin acids of the plant during pulping processes 
which were not degraded by bacterial communities during biological treatment 
of effluent. Presences of recalcitrant pollutants along with a mixture of heavy 
metals i.e. Fe (81), Zn (31), Cu (4.05), Cd (1.26), Mn (19), Ni (6.03), Cr (4.21) 
and Pb (43.61 mg L-1) beyond the permissible limit contributed BOD, COD 
and reduced DO. The seed germination test with Triticum aestivum and 
chromosomal aberration test with Allium cepa showed the inhibition and 
disturbed chromosomal segregation during cell division of metaphase and 
anaphase which showed sticky chromosome, laggard chromosome and 
polyploidy cells in Allium cepa treated with effluent. Hence, this manuscript 
will be of global interest for monitoring of recalcitrant pollutants discharged 
after biological treatment from pulp paper industry for aquatic pollution 
prevention. 

Keywords: Effluent, Chlorolignins; Heavy metals; Toxicity; Seed 
germination  
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INTRODUCTION  

Pulp paper mill effluent  is an important source of environmental pollution due to the 
high content of chlorinated compounds chlorolignins, chlorinated hydrocarbons along 
with resin acid, tannin acid, phenolics, lignosulphonic acids, various surfactants, 
plasticizers , biocides,  waxes, fatty acids, heavy metals and other complex organic, 
inorganic compounds (Chandra et al., 2012; Pokhrel et al., 2004). In India there are 
more than 800 pulp papers industries out of these 45 are large industries that 
manufacture the writing papers and uses the pulping and bleaching process (CPPRI 
2016). In general there is discharged 100-190 m3 of effluent per ton of paper 
production (Petra et al., 2015). This reflects the magnitude of the environmental 
problem caused due to pulp paper industry in India. In addition, several potentially 
toxic compounds like dibenzo-p-dioxins and dibenzofurans are 
unintentionally generated during paper production and processing. Thus, the effluents 
discharged from these industries are heavily loaded with a mixture of several 
unknown organic and inorganic compounds. Various workers have reported that pulp 
paper effluent contains more than 200 organic and 700 inorganic compounds 
(Lacorte, et al., 2003; Sunito et al., 1988).  These compounds increase the toxicity of 
effluent substances as well as Chemical Oxygen Demand (COD), Biological Oxygen 
Demand (BOD) and Total Dissolved Solids (TDS) of the receiving aquatic resources, 
which consequently imbalances the aquatic life. Therefore, globally various 
researcher have reported fish toxicity to receiving aquatic resources (Singh and 
Chandra, 2019). This revealed to delayed sexual maturation, cellular damage and 
adverse effects on biochemical parameters in fish due to oxygen depletion and anoxia 
was created due to mixing of effluent (Maria et al., 2002). The masculinization, 
androstenedione and adverse effect on the reproductive system have been observed in 
western mosquito fish (Gambusia affinis) in China. The study has revealed the 
adverse effects on health, development, and reproduction in both male and female G. 

affinis (Li-Ping et al., 2018). In addition, China and Germany, the study also reported 
the high COD fraction and toxic effect of effluent  after secondary treatment (Huang 
et al., 2014). The chronic toxic effects of effluent are also observed through 
the Microtox test in microbes by estimating the inhibition of bioluminescence of 
Vibrio fischeri (McMartin et al., 2002). Besides, the toxic effect has also been 
reported on the micro plankton and the benthic organisms which reduced the self-
purification capacities of rivers and other aquatic resources (Karrasch et al., 2005). 
The toxic effect of effluent has further reported on the terrestrial ecosystem (Iqbal et 
al., 2013). In the recent past due to the advancement of analytical facilities, some 
researchers have detected a complex mixture of organic and inorganic compounds as 
residual recalcitrant pollutants present in pulp paper mill effluent  after secondary 
treatment (Yadav and Chandra, 2018; Chandra et al., 2018). These compounds not 
only contribute the toxicity and increase COD, but some are even also carcinogenic, 
mutagenic and endocrine-disrupting properties (EDCs) along with metabolic 
constituents which disturb the food chain and adversely affect to human health also 
(Gustavo et al., 2015; Savant et al., 2006; USEPA 2012). The discharged pollutants 
indicated that the operating techniques in the industry are not able to degrade these 
residual pollutants. Hence, prior to its discharged after treatment it is essential for 
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complete identification of pollutants present in effluent and their toxic behaviour for 
environmental safety. Further, due to the deviation for of processing methods and raw 
materials for pulping, there are variations of discharged pollutants industry to 
industry. Therefore, the complete knowledge of residual organic and inorganic 
pollutants is still lacking and posing serious environmental issue. The A. cepa offers 
an easy to perform assay system to assess chromosomal damage and disturbance in 
the mitotic cycle because; A. cepa cells have large chromosomes and in reduced 
numbers (Levan, 1938). Hence, the study has been focused to detect the major 
residual compounds present in the discharged effluent after secondary treatment 
which is soluble and suspended in nature and investigate their toxicity. Thus, this test 
has been widely used to study the genotoxicity of a great variety of environmental 
pollutants, such as heavy metals, pesticides, aromatic hydrocarbons, and complex 
mixtures of pollutants (Leme and Marin-Morales., 2009). The industry selected for 
sampling is major source of environmental pollution in India due to discharged of 
huge amount of wastewater (200 m3 of effluent/ton of paper production) which is 
severely damaging the surface water quality. The observation have also showed that 
there is leaching of pollutants to ground water and soil which is also adversely 
affecting to human health, but the toxicity data is not published. Therefore, the study 
has focused to reveal the toxic effect on Triticum aestivum and Allium cepa as test 
model.  

 

MATERIAL AND METHODS 

Sample collection  

The sample collected from M/s K.R. pulp paper mill is the large contaminated site in 
India which is located in Shahjanpur (27°N, 15.7°E), Uttar Pradesh, India. This 
industry discharge 624 TPD (ton per day) sludge and 48768 m3 effluent in the 
environment, which ultimately mixed the Hindon river. The collected samples were 
carried to the laboratory at 4°C to maintain the original properties of pollutants 
present in effluent the analysis for all physico-chemical parameter and detection of all 
organic compounds were processed within 24 h. 

 

Physico-chemical analysis 

The Physico-chemical parameters were analysed as per standard methods described in 
standard methods for the examination of water and wastewater APHA, (2012). The 
pH, total suspended solid (TSS), BOD,COD, total dissolve solid (TDS), electric 
conductivity (EC), chloride (Cl-), sodium (Na+) and potassium (K+) of the effluent 
were also measured by using the selective ion electrode of Thermo Orion, USA 
(Model 960). Moreover, lignin and chlorophenols was done as per previous method 
described by Chandra et al., (2009). While, the heavy metals were analysed by the 
atomic absorption spectrophotometer (AAS) model (ZEEnit 700, Analytic Jena, 
Germany) as per the described standard method is given manual. 
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Extraction of residual organic pollutants by GC-MS 

Different organic solvents i.e. ethyl acetate, isopropyl alcohol, n-hexane and methanol 
were tested to compare the optimum extractability of remaining residual organic 
pollutants of effluent and ethyl acetate was showed maximum solubility for the 
pollutants of effluent. Residual organic pollutants present in effluent collected from 
sites were examined by Chandra et al., (2009). The detected residual organic 
pollutants were done by comparing their mass spectra (m/z) with the compounds 
provided in the National Institute of Standards and Technology (NIST) library, which 
was supplied with the instrument. 
 

Genotoxicity assessment by Allium cepa 

The genotoxicity evaluation of effluent with A. cepa was analysed using the 
chromosomal aberration and nucleus abnormalities bioassay tests. Genotoxicity 
assessment in A. cepa such as chromosomal break, abnormal cell cycle and 
chromosomal fragments was done as per method describe by Yadav and Chandra, 
(2018). Onion bulbs (Allium cepa L., 2n=16) of the purple variety of average size (15-
22 mm diameter) were purchased in the local market of Lucknow, India. Bulbs were 
made germinated in common portable water (without any growth factors) during the 
course of 2-4 days. Then the bulbs were carefully removed without any damage to the 
roots. The base of each of the roots was suspended on the extracts inside 100 ml 
beakers in the dark for 6 to 24 h. At the end of the exposure period, ten root tips from 
these bulbs were cut and fixed in ethanol: glacial acetic acid (3:1, v/v). These were 
hydrolysed in 1N HCl at 60°C for five minutes after which they were washed in 
distilled water. Five root tips were then squashed on each slide, stained with 2% 
haematoxylin for 10 min and cover slips carefully lowered on to exclude air bubble. 
The cover slips were sealed on the slides with clear fingernail polish as suggested by 
Fajardo et al., (2015). 
 

Phytotoxicity assessment by Triticum aestivum 

The Phytotoxicity evaluation of effluent with Triticum aestivum was analysed as per 
the guidance of OECD, (2003) using the seed germination and root length bioassay 
tests (Yadav and Chandra, 2018). For toxicity evaluation different concentrations of 
effluent i.e. 100, 75, 50, and 25 % were used along with tap water as a control. All the 
data were subjected to Statistical analysis Tukey’s test (Ott, 1984) using the Graph 

Pad software (Graph Pad Software, San Diego, CA.). 
 

RESULTS AND DISCUSSION  

Physico-chemical characteristic  

Physico-chemical analysis showed very high level of all pollution parameter than 
permissible limit even after secondary treatment of pulp paper mill effluent as shown 
in Table.1. 
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Table 1. Physico-chemical analysis of discharged effluent from pulp paper industry 
and their heavy metals 

Parameters Pulp paper mill effluent  

 

Permissible limit  

(EPA, 2002) 

pH 8.3±0.22 5-9 
Colour  2789±127 Dark Brown  

Total solid (TS) 2159±180 - 
Total dissolved solid (TDS) 2014±41.68 - 

Total suspended solid (TSS) 85±3.08 35 
Chemical oxygen demand (COD)  20145±742 120 
Biological oxygen demand 
(BOD) 

5361±265 40 

Electrical conductivity (EC)  1985 ±82 1000 

Total Phenols 502±33.65 0.50 
Total nitrogen 364±6.01 143 

Sulphate 2156±86 250 
Phosphorus 189±6.02 200 

Cl- 6.01±0.51 1500 
Na+ 415±14.26 200 

K+ 18.02±0.68 - 
Lignin 41256±1028 - 

Chlorophenol 526±11.38 3.0 

Heavy metals (mg L-1)   

 Iron (Fe) 81 ±1.80 2.00 
Zinc (Zn) 31±1.41 2.00 

Copper (Cu) 4.05±0.15 0.50 
Cadmium (Cd) 1.26±0.08 0.01 
Manganese (Mn) 19±0.68 0.20 

Nickel (Ni) 6.03±0.33 0.10 
Chromium (Cr)  4.21±0.07 - 
Lead (Pb) 43.61±2.01 - 

All the values are means of triplicate (n=3) ±SD. Unit of all parameters are in mg L-1 except 
pH, color (Co-Pt. Unit) and EC (μmhoscm-1).  

The sample of pulp paper mill effluent collected from contaminated site of the 
discharged drain showed alkali pH (8.3) with high COD (20145 mg L-1) and BOD 
(5361 mg L-1) value are indicating the high effluent toxicity along with the presence 
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of organic compounds that are biologically impervious. The alkaline pH of sample 
might be due to presence of residual content of sodium hydroxide and sodium sulfide 
during the pulping process in industry (Yadav and Chandra, 2018). Therefore, due to 
presence of complex mixture of various pollutants the discharged pulp paper mill 
effluent contribute the high COD value and resulted in very less degradable properties 
(Huang et al., 2014). The significant of high value of phenols (502), lignin (41256), 
chlorophenols (526 mg L-1), chloride (6.01 mg L-1) and other salt were noted in the 
discharged effluent were high this revealed that the secondary treatment process in 
industry is not adequate to degrade the all complex pollutants of various residual 
organic pollutants after secondary treatment has been also reported recently by other 
researchers also (Yadav and Chandra, 2018; Chandra; Abhishek, 2011). This might be 
the source of the dark color of the effluent and adversely affected aquatic flora and 
fauna along with microorganism. Higher TDS (2014 mg L-1) and TSS (85 mg L-1) 
may be due to the high concentration of Na+ (415 mg L-1) and K+ (18.02 mg L-1) 
increase the salinity of the wastewater and thus it showed unfit for irrigation and 
drinking and also responsible for disorders of the respiratory system, alimentary 
canal, nervous system, coronary system and causing miscarriage in the aquatic 
organism (Reddy and Rao, 2001).  In addition, the polluted wastewaters contribute the 
toxicity of micro plankton which affects the food chain of aquatic ecosystem 
(Gauthier et al., 2001). Higher EC (1985 mg L-1) might be due to salt and ions content 
of pulp paper mill effluent (Deepali et al., 2009). Similarly, chloride (6.01) is the most 
troublesome anion was also found in effluent which is generally more toxic than 
sulphates to flora and fauna. This also represents the source of groundwater 
contamination in the vicinity of effluent (Nurmesniemi et al., 2005).Besides, the 
discharged wastewater also showed presence of various heavy metals i.e. Fe (81 mg 
L-1), Zn (31 mg L-1), Cu (4.05 mg L-1), Cd (1.26 mg L-1) Mn (19 mg L-1), Ni (6.03 mg 
L-1), Cr (4.21 mg L-1) and Pb (43.61 mg L-1) beyond their safe limits. The presence of 
heavy metals and organic compounds aggravate the toxicity and complexity of 
compounds (Yadav and Chandra, 2018). This observation corroborated with 
previously findings (Chandra et al., 2011; Madan et al., 2018). The heavy metal 
sources in effluent might be due to alkaline black liquor corrosion activity generated 
during wood digestion as it passes through iron pipes. Furthermore, the aquatic 
community have confirmed enhanced toxicity of Cu in the form of oxidative stress 
and genotoxicity to European eels (Anguilla L.) due to pre-exposure to 
betanaphthoflavone (Gravato et al., 2006). The inclusion of heavy metals into food 
chains could result in a level of accumulation in aquatic organisms influencing their 
biological and physiological mechanisms. Most of the heavy metals are known to be 
toxic and carcinogenic; they pose a serious threat to human flora and fauna 
(Chowdhury et al., 2000; Smith et al., 2000; Ahmad et al., 2006; Farag et al., 2006). 
Moreover, hazardous metals lead to the formation of reactive oxygen species (ROS) 
such as superoxide radicals, singlet oxygen, hydrogen peroxide and hydroxyl radicals 
(Verma et al., 2008).  

Characterization of pollutants 

The GC-MS chromatogram and identified compounds of ethyl acetate extracted 
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organic pollutants from the discharged effluent collected from contaminated site is 
shown in Fig.1 and Table 2.  

Table 2. Identified residual organic pollutants by GC-MS in the TMS derivatized 
ethyl acetate extracted sample of pulp paper mill effluent after secondary treatment. 

Name of Compound  Retention Time  

(RT) 

Toxicity 

Phenol-2-methoxy-4-(1-propenyl or isoeugenol)  8.05 Data not reported 

2,2-Dimethylbutanoic acid, 3-trimethylsilyloxy-, 
ether ester 

12.31 Unknown 

2-Hydroxyisocaproic acid, trimethyl ether, 
trimethylsilyl ester 

12.87 Genetic disorder 

Silanol, trimethyl-, benzoate (CAS) 17.43 Data not reported 

Propanoic acid, 2 methyl-2-[(trimethylsilyl)oxy] 21.53 Gastrointestinal Toxicity 

Butane, 1,2,3-tris(trimethyl siloxy) 25.47 Central nervous system 
and cardiac effects 

2-Methyl-1,3-bis(trimethyl siloxy)butane 27.77 Data not reported 

3,8-Dioxa-2,9-disiladecane, 2,2,4,9,9-pentamethyl-
5-[(trimethylsilyl)oxy] 

29.85 Data not reported 

2-Furanacetic acid,α[(trimethylsilyl)oxy],-
trimethylsilyl ester  

31.50 Data not reported 

3-Vanil-1,2-bis(trimethyl silyloxy)propane 32.90 Unknown 

Dl-Metanephrine, NO,O-(trimethylsilyl) 34.11 Unknown 

D-Lactic acid-DITMS 34.89 Cytotoxicity 

Hexadecanoic acid 35.69 Endocrine disrupting 
chemicals (EDCs) 

Benzyldehyde, 4-(acetyloxy)-3-methoxy  36.56 Genotoxicity, 

Octadecanoic acid, trimethylsilyl ester 37.57 EDCs, reproductive 
toxicity 

Pentadecanoic acid 38.77 EDCs 

Cinnamic acid 40.22 Ecotoxicity 

3-Trimethylsilyloxy-6-methylpyridine 42.01 Unknown 

Monapalmitic 2TMS 42.35 Data not reported 

Benzene acetic acid,α,3,4-tris[(trimethylsilyl)oxy] 48.61 Inhalation, ingestion, or 
skin absorption 

 

The GC-MS spectrum of ethyl acetate extracted of effluent sample exhibited seven 
major peaks at retention time 8.05, 34.89, 35.69, 36.56, 37.57 and 38.77. This showed 
above 90% probably. At RT 8.05, a compound is obtained which shows 91.10% 
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similarity with phenol-2-methoxy-4-(1-propenyl or isoeugenol)  and molecular weight 
of this compound is 380.745 g/mol-1 this is responsible for environmental toxicity. 
The RT 34.89 was showed the similarity with D-Lactic acid-DITMS (90.08%) RT 
35.69 Hexadecanoic acid was showed the similarity (93.67) with molecular mass, 
328.612 g/mol-1. These compounds have been reported as toxic and recalcitrant (Kim 
et al., 2016). Hexadecanoic acid was the most abundant, thus in agreement with 
finding as Morrison and Akin, (2001) who reported that palmitic acid was the major 
fatty acid found in the extracts from fibres of several flux cultivars. This report 
indicated that major organic toxic compounds i.e. mutagens, carcinogens and 
endocrine disrupters of the environment would have occurred in effluent The RT 
36.56 was showed similarity with benzyldehyde, 4-(acetyloxy)-3-methoxy (82.36), 
37.57 was showed similarity with octadecanoic acid, trimethylsilyl ester and RT 38.77 
was showed similarity with pentadecanoic acid (96.31). All these compounds are also 
listed under the endocrine disrupting chemicals (EDCs) and genotoxicity. The GC-
MS analysis of effluent showed the presence of N2 containing an aromatic 
heterocyclic organic compound, alkane, aromatic organics, polycyclic aromatic 
hydrocarbon, organic compounds, aromatic carboxylic acid, fatty acid, phenolic in 
which most of the pollutants are toxic and mutagenic in nature (Chandra et al., 2018). 
Moreover, some minor picks were also obtained in effluent samples collected from 
contaminated area. Some minor peak at RT 12.31 (2,2-Dimethylbutanoic acid, 3-
trimethylsilyloxy-, ether ester), RT 12.87 (2-Hydroxyisocaproic acid, trimethyl ether, 
trimethylsilyl ester), RT 17.43 (Silanol, trimethyl-, benzoate CAS), RT 21.53 
(Propanoic acid, 2 methyl-2-[(trimethylsilyl)oxy],), RT 25.47 (Butane, 1,2,3-
tris(trimethyl siloxy), RT 27.77 (2-Methyl-1,3-bis(trimethyl siloxy)butane), RT 29.85 
(3,8-Dioxa-2,9-disiladecane, 2,2,4,9,9-pentamethyl-5-[(trimethylsilyl)oxy]), RT 31.50 
(2-Furanacetic acid,α[(trimethylsilyl)oxy],-trimethylsilyl ester), RT 42.35 
(Monapalmitic 2TMS), and RT 41.68 (Benzene acetic acid,α,3,4-
tris[(trimethylsilyl)oxy]) respectively (Figure.1). All these compounds are not 
reported previously for toxicity data but their toxicity was showed in drinking water 
and other aquatic organism. This study showed that the pulp paper mill effluent 
consists of highly toxic organic pollutants can cause significant damage to body 
organs and systems, such as the nervous, respiratory, circulatory, immune, 
reproductive, sensory and endocrine systems. This finding is corroborated with 
findings of Yadav and Chandra, (2018). Some pollutants detected in effluent were 
reported as EDCs. EDCs are also known as exogenous agents that interfere with the 
synthesis, secretion, transport, action, and binding of natural hormones in the body 
that are responsible for the maintenance of development reproduction behaviour and 
homeostasis (USEPA, 2012). Study showed that effluent endocrine disruptors that 
share sufficient structural resemblance with endocrine hormones to interact with 
locations of animal endocrine receptors and cause adverse effects on reproductive 
success and long-term survival of delicate aquatic communities. A side from these 
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pollutants ester of benzoic acid was found in the effluent of might be coming from the 
raw material used by industry because Benzoic acid naturally occurs in many plants 
and functions as an intermediate in biosynthesis of several secondary metabolites. As 
per several reports, it has been causing gastric pain, nausea, vomiting and possible 
allergic reactions (USEPA, 2012). A series of n-alkanes from C16 to C29 was also 
detected in pulp paper mill effluent.  Nonacosane (C29, RT=13.73) was the most 
abundant (37%) followed by Octadecane, 3-ethyl-5-(2-ethyl butyl)-(CAS) (RT=32.13, 
25%) and Hexadecane, 2, 6, 10, 14-tetramethyl-(CAS) (RT=22.91). The presence of 
several hydrocarbon pollutants in effluent is known to lead to several health and 
environmental impacts, which are of great concern for environment and health. 
Benzene acetic acid was also detected in effluent which is 
a catabolite of phenylalanine. The phenolic and fatty acid compound was also found 
in effluent which has been reported as a highly toxic compound. It has been reported 
that stearic acid can be easily chlorinated and become toxic. 

 

 

Fig.1. Total Ion Chromatogram (TIC) of TMS derivatized detected residual organic 
pollutants from pulp paper mill effluent after secondary treatment 

  

https://en.wikipedia.org/wiki/Catabolism
https://en.wikipedia.org/wiki/Phenylalanine
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Chromosomal aberration in A. cepa 

The toxicity evaluation of pulp paper mill effluent after secondary treatment by using 
chromosomal aberration in A.cepa. The qualitative effect of effluent on chromosomes 
at distinct phases of the cell cycle in treated root meristematic cells is shown  
in (Fig. 2).  

 

Fig.2. Microscopic observation of chromosomal damage in A. cepa root meristem 
cells induced by pulp paper mill effluent after secondary treatmentat different cell 
division stages of chromosome damage (A)abnormalities of nucleus (b) abnormalities 
in chromosome at metaphase (c) fragmentation in chromosome (d) site of 
chromosome damage 

 

The genotoxicity study result showed decrease in mitotic index (MI) of A. cepa root 
tip treated with pulp paper mill effluent. Decrease and increase in MI are important 
indicators of presence of mutagenic and cytotoxic compounds. Reduced MI in A. cepa 

after exposed pulp paper mill effluent might be due to presence of metals and other 
organic pollutants. Further, the pulp paper mill effluent induced chromosome 
abnormalities in A. cepa. The observed chromosome abnormalities included, disturb 
metaphase, c-mitosis, Chromosome Bridge, sticky chromosome, laggard 
chromosome, polyploidy cell and apoptotic bodies. The reason for this impact could 
be due to the existence of toxic chemicals in the effluent that can disturb the division, 
resulting in a relatively high number of aberrations. The frequencies of cell with 
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laggard and stickiness chromosome significantly increased with increase effluent 
concentration. The organic pollutants disturbed the balance in the quantity of histones 
or other protein responsible for controlling the proper structure of nuclear chromatin. 
Some metals have been reported to produce single-strand breaks in cellular DNA, as 
well as chromosomal aberration and DNA-protein cross links. These findings indicate 
with the previous detection report of androgenic, mutagenic compounds in distillery 
sludge (Chandra and Kumar, 2017). Chromosome stickiness reflects highly toxic 
effect, probably leading to cell death (Leme et al., 2009). The enhanced stickiness 
also contributes to chromosome Bridge being formed. However, with improved 
effluent concentration, the frequency of cells with chromosome bridge improved 
substantially. It involves one or more chromosome. Chromosome bridge was 
originated from the dicentric chromosome at anaphase as shown in Figure.2 and 3. 
This may have occurred due to the misrepair of DNA, telomere end fusions or even 
from chromosome adherence. Moreover, chromosomal aberration in A. cepa due to 
municipal wastewater with constructed wetland was also evaluated by Firbas and 
Amon, (2013).  

 

Fig.3. Microscopic observation of chromosomal damage in A. cepa root meristem 
cells induced by pulp paper mill effluent after secondary treatment at different cell 
division stages of chromosome damage (A) abnormalities of chromosome and break 
(b) abnormalities in chromosome nucleus division (c) fragmentation in chromosome 
at opposite pole (d) different nucleus size 
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Inhibition of seed germination test 

A seed germination test, germination index (GI) inhibition of root elongation has been 
used as a rapid, reliable and reproducible technique to indicate the damaging effect of 
different industrial waste on plant growth. GI combines effect on germination and 
root growth has proved to be very sensitive parameters, low toxicity of waste affect 
root growth and increased toxicity affects germination. This observation corroborated 
with the earlier findings of Ilic et al., (2015). The responses of Triticum aestivum to 
the toxicity of effluent in terms of root length were found different as shown in Fig. 4. 
Root length of Triticum aestivum (2.15 cm) treated with 25% effluent and their 
respected control 2.45 and 2.20 cm respectively was almost the same. This showed a 
lower concentration of effluent may be growth supporting. This might be due to the 
presence of essential element present in low concentration in the effluent at 20% 
dilution. While >20% of effluent was significantly reduced the root length of both 
crops (Figure. 4). This might be due to a higher concentration of toxic organic 
pollutants which impair seed germination. In addition, it has also been reported that 
high salt load and metal content act as an inhibitor for plant hormones, i.e. amylases, 
auxins, gibberellins and cytokinins, which are essentially required for seed 
germination, seedling growth and plant development. This reduction was significant 
for Triticum aestivum which showed a high sensitivity.  The result showed a 
concentration-dependent GI reduction. Due to high osmotic pressure caused by high 
levels of salt in effluent, seed germination is reduced at higher effluent. This showed 
the different concentration of lead and the different degree of permeability of seed 
coat led to a different degree of germination inhibition.  Only 9.08% decrease in GI 
was found at 25% effluent, but a significant decrease (p<0.01) of 97.47% was noticed 
at 100% of the effluent concentration in comparison to control. These results clearly 
indicate that the toxicity of waste was increased as the concentration of effluent was 
increased. 

 

 

Fig.4. Seed germination test by using Triticum aestivum control (tap water) and 
Triticum aestivum treated (effluent 100, 75, 50, and 25%) 
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CONCLUSION  

This study revealed that discharged effluent contained various carcinogenic and toxic 
compounds. The predominant detected pollutants were D-Lactic acid-DITMS, 
Hexadecanoic acid, octadecanoic acid, trimethylsilyl ester, pentadecanoic acid and 
cinnamic acid. Hexadecanoic acid and octadecanoic acid as residual organic 
pollutants after secondary treatment and EDCs nature compound. This study revealed 
that detected pollutants are major source of foul odors and induce hermaphroditism, 
hepatotoxic, endocrine disrupter for aquatic fauna. Besides the persistent compounds, 
heavy metals are also present beyond the permissible limits which may contribute 
bacterial growth inhibition and toxic vulnerability of waste. The toxicity assessment 
though genotoxicity and seed germination test with Allium cepa and Triticum 

aestivum showed inhibition of reduction in a mitotic index and germination index. 
Disturb metaphase, c-mitosis, chromosome bridge, sticky chromosome, laggard 
chromosome and polyploidy cells lead to lethal effect on plant cells. Hence, study 
concluded the pollutants of the effluent are source of soil and environmental pollution 
and recommended the tertiary treatment is essential prior to discharge of waste in to 
the environment. 

 

ACKNOWLEDGMENT 

This work is financially supported by Department of Biotechnology, New Delhi, India 
vide letter no. BT/PR18896/BCE/8/1372/2016 is gratefully acknowledged.  

 

Conflict of Interest  

The authors declare that they have no conflict of interest 

 

REFERENCES  

Ahmad, I., Maria, V. L., Oliveira, M., Pacheco, M., Santos, M.A., 2006. Oxidative 
stress and Genotoxicity effects in gill and kidney of Anguillas Exposed to 
chromium with or withoutpre-exposuretobeta-naphthoflavone. Mutat. Res. 608, 
16–28. 

APHA (American Public Health Association) 2012. Standard Method for 
Examination of Water and Wastewater, 22nd ed. Washington, DC. 

Chandra, R., Abhishek, A., 2011. Bacterial decolorization of black liquor in axenic 
and mixed condition and characterization of metabolites. Biodegradation. 22(3), 
603–611. 

Chandra, R., Kumar, V., 2017. Detection of androgenic-mutagenic compounds and 
potential autochthonous bacterial communities during in situ bioremediation of 
post-methanated distillery sludge. Frontiers in Microbiology, 8, pp 887–.1-18 

Chandra, R., Raj, A., Yadav, S., Patel, D.K., 2009. Reduction of pollutants in pulp 



90 Pooja Sharma , Sonam Tripathi and Ram Chandra 

paper mill effluent treated by PCP- degrading bacterial strains. Environme. 
Monit. Assess. 155(1-4), 1–11. 

Chandra, R., Sharma, P., Yadav, S., Tripathi, S., 2018. Biodegradation of endocrine 
disrupting chemicals and residual organic pollutants of pulp and paper mill 
effluent by biostimulation. Front. Microbiol. 1-15. 

Chandra, R., Singh, R., Yadav, S., 2012. Effect of bacterial inoculum ratio in mixed 
culture for decolorization and detoxification of pulp paper mill effluent. J. 
Chem. Technol. Biotechnol. 87(3), 436–444. 

Chandra, R., Singh, R., Yadav, S., 2012. Effect of bacterial inoculum ratio in mixed 
culture for decolorization and detoxification of pulp paper mill effluent. J. 
Chem. Technol. Biotechnol. 87(3), 436–444. 

Chowdhury, U.K., Biswas, B.K., Chowdhury, T.R., Samanta, G., Mandal, B.K., 
Basu,G.C., Chakraborti, D., 2000. Groundwater arsenic contamination in 
Bangladesh and West Bengal, India. Environ. Health Perspect.108(5), 393–397. 

Deepali, K.K., Gangwar, R., Joshi, B.D., 2009. Comparative study of Physico-
chemical properties of effluent from tannery industries. Indian J. Environ.Sci. 
3(2), 49–50. 

Farag, A.M., May, T., Marty, G.D., Easton, M., Harper, D.D., Little, E.E., Cleveland, 
L., 2006. The effect of chronic chromium exposure on the health of Chinook 
salmon (Oncorhynchus tshawytscha). Aquat. Toxicol. 76, 246–257. 

Firbas, P. and Amon, T., 2013. Allium chromosome aberration test for evaluation 
effect of cleaning municipal water with Constructed Wetland (CW) in Sveti 
Tomaž, Slovenia. Journal of Bioremediation and Biodegradation, 4(4), p.189. 

Gauthier, Francis, Archibald, Frederick, 2001.TheEcology of “fecal 

indicator’’bacteria commonly found in pulp and paper mill watersystems.Water 

Res. 35(No.9), 2207–2218. 

Gravato, C., Teles, M., Oliveira, M., Santos, M.A., 2006. Oxidative stress, liver 
biotransformation and Genotoxicity effects induced by copper in Anguilla 

Anguilla L. the influence of pre-exposureto β-naphthoflavone.Chemosphere 65, 
1821–1830. 

Gustavo, C., Ricardo, B., Mauricio, D., Meyling, R., Paulina, B., Kelly, R., 
Munkittrick, 2015. Estrogencity and intersex in juvenile rainbow trout 
(Oncorhynchusmy kiss) exposed to Pine/ Eucalyptus pulp and paper production 
effluent in Chile. Aquat. Toxicol. 164, 126–134. 

Huang, M., Qi, F., Shi, X., Hu, H., 2015. COD fractionation and toxicity of pulp and 
paper mill wastewaters in a tertiary process. Desalination Water Treat. 56(3), 
615–621. 

Ilic, S.Z., Mirecki, N., Trajkovic, R., Kapoulas, N., Milenkovic, L., Sunic, L., 2015. 
Effect of Pb on germination of different seed and his translocation in bean seed 
tissues during sprouting. Fresenius Environ. Bull. 24(2A), 670–675. 



Environmental Impacts of Pulp Paper Mill Effluent: Potential Source… 91 

Iqbal, H.M.N., Kyazze, G., Keshavarz, T., 2013. Advances in the valorization of 
lignocellulosic materials by biotechnology: an overview. Bio Resources, 8(2), 
3157-3176. 

Karrasch, B., Parra, O., Cid, H., Mehrens, M., Pacheco, P., Urrutia, R., Valdovinos, 
C., Zaror, C., 2006. Effects of pulp and paper mill effluents on the 
microplankton and microbial self-purification capabilities of the Biobio River, 
Chile. Sci. Total Environ. 359(1-3), pp.194-208 

Lacorte, S., Latorre, A., Barcelo, D., Rigol, A., Malmqvist, A., Welander, T., 2003. 
Organic compounds in paper-mill process waters and effluents. TrAC Trends in 
Analytical Chem. 22(10), 725–737. 

Leme, D.M., Marin-Morales, M.A., 2009. Allium cepa test in environmental 
monitoring: a review on its application. Review Mutation Res. 682(1), 71–81. 

Leme, D.M., Marin-Morales, M.A., 2009. Allium cepa test in environmental 
monitoring: a review on its application. Review Mutation Res. 682(1), 71–81. 

Madan, S., Sachan, P., Singh, U., 2018. A review on bioremediation of pulp and paper 
mill effluent “An alternative to conventional remedial technologies. J. Appl. 
Natural Sci. 10(1), 367–374. 

Maria, S., Sepulveda, William, E., Johnson, John, C., Higman, Nancy, D., Denslow, 
Trenton, R., Schoeb, Timothy, S., Gross, 2002. An evaluation of biomarkers of 
reproductive function and potential contaminant effects in Florida largemouth 
bass (Micropterus salmoides floridanus) sampled from the St. Johns River. Sci. 
Total Environ. 289, 133–144. 

McMartin, D.W., Peru, K.M., Headley,J.V., Winkler, M., Gillies, J.A., 2002. 
Evaluation of liquid chromatography negative ion electrospray mass 
spectrometry for the determination of selected resin acids in river 
water.J.Chromatogr. A952, 289–293. 

Morrison, W. H., III and Akin, D. E. (2001). Chemical composition of components 
comprising bast tissue in flax. J. Agric. Food Chem. 49, 2333–2338. doi 
10.1021/jf001474k 

Nurmesniemi, H., Poykio, R., Peramaki, P., Kuokkanen, T.,2005.The use of a 
sequential leaching procedure for a heavy metal fraction at green liquor dregs 
from the causticizing process at a pulp mill. Chemosphere 61, 1475–1484. 

OECD Guideline for testing of chemicals, 2003. Terrestrial plant tests: 208: Seedling 
emergence and seedling growth test. 1-19. 

Petra, C., Lindholm-Lehto, Juha, S., Knuutinen, Heidi, S.J., Ahkola, Sirpa, H., Herve, 
2015. Refractory organic pollutants and toxicity in pulp and paper mill 
wastewaters. Environ. Sci. Pollut. Res. 22 (9), 6473–6499. 

Pokhrel, D., Viraraghavan, T., 2004.Treatment of pulp and paper mill wastewater-a 
review. Sci. Total Environ. 333, 37–58. 



92 Pooja Sharma , Sonam Tripathi and Ram Chandra 

Reddy, P.M., Rao, N.S., 2001. Effects of Industrial Effluents on the Groundwater 
Regime in Visakhapatnam. Pollut. Res. 20(3), 383-386. 

Savant, D.V., Abdul-Rahman, R., Ranade, D.R., 2006. Anaerobic degradation of 
adsorbable organic halides (AOX) from pulp and paper industry wastewater. 
Bioresource Technol. 97, 1092–1104. 

Singh, A.K. and Chandra, R., 2019. Pollutants released from the pulp paper industry: 
Aquatic toxicity and their health hazards. Aquatic Toxicology.pp.202-216 

Smith, A.H., Lingas, E.O., Rahman, M., 2000. Contamination of drinking-water by 
arsenic in Bangladesh: a public health emergency. Bull. World Health Organ. 78 
(9), 1093–1103. 

Suntio, L.R., Shiu, W.Y., Mackay, D., 1988. A review of the nature and properties of 
chemicals present in pulp mill effluents. Chemosphere, 17(7), pp.1249–1290. 

Suntio, L.R., Shiu, W.Y., Mackay, D., 1988. A review of the nature and properties of 
chemicals present in pulp mill effluents. Chemosphere, 17(7), pp.1249–1290. 

USEPA, U.S. Environmental Protection Agency 2012. Endocrine Disruptor Screening 
Program, Universe of Chemicals for Potential Endocrine Disruptor Screening 
and Testing, Jointly developed by the Office of Chemical Safety & Pollution 
Prevention, the Office of Water and the Office of Research and Development, 1-
176. 

Verma, K., Shekhawat, G.S., Sharma, A., Mehta, S.K., Sharma, V., 2008. Cadmium-
induced oxidative stress and changes in soluble and ionically bound cell wall 
peroxidase activities in roots of seedling and leaf stage plants of Brassica juncea 
(L.). Plant Cell Reports 27(7), 1261–1269. 

Yadav, S., Chandra, R., 2018. Detection and assessment of the phytotoxicity of 
residual organic pollutants in sediment contaminated with pulp and paper mill 
effluent. Environ. Monit. Assess. 190(10), 581–595. 

 


