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Abstract

Wastewater samples were collected from pulp and paper mill located in Ka-
shipur (India) and were extracted using dichloromethane (DCM), chloroform
and hexane solvents (all were HPLC-grade). The extracts were assayed for
their mutagenic potential using Ames Sa/monella mutagenicity assay. TA98
strain was found to be the most responsive, in terms of induction factor (Mi)
and slope (m) of the initial linear dose-response curve as determined by linear
regression analysis up to the increasing doses indicating the presence of frame
shift mutagens in the test samples. Mutagenicity of different extracts is ar-
ranged as follows: dichloromethane extracted water samples > hexane ex-
tracted water samples > chloroform extracted water samples. Hexane extract
exhibited maximum mutagenic index of 13.0 and induction factor (Mi) 2.48
with TA98. The order of responsiveness based on the mutagenic index and
induction factor for the test samples was in the following order: TA98 >
TA97a > TA100 > TA102 > TA104. Our findings suggest that TA97a, TA98,
TA100, TA102, TA104 were sensitive towards the wastewater extracts and
showed considerable mutagenicity.
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1. Introduction

Pulp and paper industries are water intensive industry and release effluent that
contain a variety of naturally occurring polymers such as poly aromatic hydro-
carbon, tannins, fatty acids, resin acids, lignin and its derivatives which are
known for their resistance to degradation [1]. The chemicals formed during the
process of pulping, bleaching and paper making have deleterious effect on aqua-
tic life and they ultimately bioaccumulate and biomagnify in the food chain.

Several studies have reported impaired liver and reproductive dysfunction in
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fishes exposed to pulp mill effluents [2] [3]. Some xenobiotics like organochlo-
rinated dioxins etc. which are produced during paper making have been re-
ported for their adverse health impacts such as endocrine disruption, immuno-
suppression, growth retardation, thyroid dysfunction, decreased fertility, and
tumour promotion [4].

Mutagenicity assays are used specifically to evaluate the mutagenic potential
of environmental and industrial effluent samples. In recent times growing inter-
est in mutagenicity caused by environmental pollutants has led to the develop-
ment of several biological tests for detecting and identifying mutagens in the air,
water and soil [5] [6]. The genotoxicity of the pulp and paper mill effluents was
established [7] [8]. A number of reviews have been published related to the ge-
notoxicity of the pulp and paper mill effluent and the types of assays used [9]
[10]. The Ames test, a mutagenicity assay with the bacteria Salmonella typhimu-
rium was first developed by Ames et al, (1975) [11] and then reviewed by Ma-
ron and Ames (1983) [12]. Due to its simplicity, cost effectiveness and short-
term duration, the Ames test is appropriate for evaluation of the potential geno-
toxicity of contaminated wastewaters and soil [13] [14]. Many researchers have
evaluated mutagenicty of wastewater by Ames Sa/monella assay [6] [15] [16]
[17].

The study focuses on mutagenicity of wastewater extracts by Ames Sa/monella

Mutagenicity Assay from pulp and paper industry.

2. Materials and Methods
2.1. Sample Collection

Composite wastewater samples were collected from pulp and paper industry
from Kashipur, Uttarakhand (India). The samples were composited by mixing 2

L of water collected at five different points to make 10 L composite sample.

2.2. Liquid-Liquid Extraction

All the effluents were extracted separately with three different organic solvents,
namely dichloromethane (DCM), n-hexane and chloroform (all HPLC grade).
Extraction of the effluent with a solvent was done in two parts using 500 ml ef-
fluent, which was shaken vigorously with 25 ml of the extraction solvent. When
solvent and water layers were separated, the solvent layer was collected in a
beaker. The process was repeated three times with fresh 25 ml extraction solvent.
In this way a total of 1 litre effluent per solvent was extracted. The extracted or-
ganic phase was evaporated at room temperature under reduced pressure with
the help of a vacuum pump and re-dissolved in 1 ml of DMSO. These samples
were filtered through 0.45 um membrane filter before they were used for geno-

toxicity testing.

2.3. Bacterial Strains Used in the Study

The characteristic of S. typhimurium strains is given in Table 1. The S. typhi-
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murium strains were maintained in frozen stocks and grown as described by
Maron & Ames [12]. Each strain was tested on the basis of associated genetic

markers raising it from a single colony from the master plate [12].

2.4. Salmonella Mutagenicity Test

The preincubation test was performed as described by Maron and Ames [12]
with some modifications [18]. Five doses of each water extracts Ze. 1, 5, 10, 20
and 40 pl/plate were plated in triplicate with 0.1 ml of the bacterial culture. After
incubating the test sample and bacterial culture for 30 min at 37°C, 2.0 ml top
agar containing traces of histidine and biotin was added and contents were
poured on minimal glucose agar plates. Plates were incubated at 37°C for 48 - 72
h. Negative and positive controls were included in each assay. The negative con-
trol plates contained bacteria and solvent (DMSO) but no test sample. Methyl
methane sulphonate and sodium azide served as positive controls. The criterion
used to classify the results as positive was similar to that of Vargas et al, [19]:
number of revertants double the spontaneous yields accompanied by a repro-

ducible dose-response curve.

3. Statistical Analysis
3.1. Mutagenic Index

The number of his* revertants in the sample was compared to the negative con-

trol by its mutagenic index value.

Number of his™ revertants induced in the sample
Number of his" revertants induced in the negative control

Mutagenic index =

3.2. Mutagenic Potential (m)

The mutagenic potential of the test samples was calculated by the initial linear

Table 1. Characteristics of Salmonella typhimurium strains.

Strain designation Relevant Genetic Markers Source

Ames Tester Strains

uvrB, hisD661, bio, rfa, R-factor

TA97a
plasmid-pkM101, frame shift mutation at G-C site
TA9S uvrB, hisD3052, bio, rfa, R-factor
plasmid-pkM101 frame shift mutation at G-C site T. Nohmi,
National Institute of
TA100 uvrB, hisG46, bio, rfa, R-factor plasmid-pkM101, Hygienic Sciences,
base pair substitution mutation at G-C site Division of Genetics
and Mutagenesis,
rfa, R-factor plasmid-pkM101, multicopy plasmid Tokyo, Japan
TA102 paQ1 containing hisG428 auxotrophic marker
and Tet, transition mutation at A-T site
TAL04 uvrB, hisG428, rfa, R-factor plasmid-pkM101,

transition mutation at A-T site
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portion of the dose-response curve with tester strains. The slope (m) was ob-
tained by the least square regression of the initial linear portion of the curve of

initial dose-response.

3.3. Induction Factor (Mi)

The induction factor for various test strains for wastewater extracts was eva-

luated as follows:
Mi=Inn-c/c

where n is the number of revertant colonies in the sample and cis the number of
revertants in solvent control. The induction factor was calculated to determine
the difference between two samples if the sensitivity pattern based on the slope

(m) was similar.

3.4. ANOVA

To determine the significance of the number of his* revertants in the sample as
compared to the control, one-way analysis of variance (ANOVA) was done at P <
0.05

4. Results and Discussion

Wastewaters from pulp and paper industry have been shown largely to be accu-
mulated with organic matter recalcitrant in nature [20]. These pollutants are
mixed together and form complex coloured effluent with high chemical oxygen
demand (COD), biological oxygen demand (BOD), total dissolved solid (TDS)
and decreased dissolved oxygen (DO) due to inhibition in photosynthesis which
seriously affects aquatic flora and fauna [21]. Moreover, these pollutants are also
reported as mutagenic, carcinogenic, clastogenic and endocrinic [22].

The United States Environmental Protection Agency (USEPA) and some of its
international counter-parts have classified most of the phthalic acid esters, such
as diethyl phthalate, benzyl butyl phthalate, di-n-butyl phthalate and di-(2-
ethylhexyl) phthalate, as priority pollutants and endocrine-disrupting com-
pounds.

Salmonella/microsome reversion assay is commonly used biological parame-
ter for monitoring the toxicity of common effluent [23] [24]. The mutagenicity
of liquid-liquid extracted wastewater samples from pulp and paper mill industry
was evaluated using S. typhimurium strains. The reversion of S. typhimurium
strains with hexane, chloroform, acidic and basic fraction of dichloromethane
extract of wastewater sample are summarized in Tables 2-5. It was found that
the test extracts showed maximum response with TA98 strain. There was an in-
crease in the reversion of tester strains with increasing doses up to 20 ul/plate
and declined at a dose of 40 yl/plate. Among all the strains tested, TA98 shows
maximum mutagenic index of 13.0 with hexane fraction, while basic fraction of
DCM exhibited mutagenic index of 11.1 in the TA98 strain. Similarly, TA98

showed maximum response in terms of induction factor (Mi) and
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Table 2. Reversion of Salmonella tester strains in the presence of hexane extracted wastewater sample.

Doses (ul/plate) LSD
Strain Control 1 5 10 20 40 Mi m P<0.05
TA97a 89+6  181+10(2.0) 228+9(2.5) 284+11(3.1) 312+8(3.5) 276+8(3.1) 0.91 35 3.91
TA98 29+ 4 119+7(41) 167+8(57) 241+6(83) 377+12(13.0) 319+10(11.0)  2.48 6.7 421
TA100 124+7  208+8(1.6) 260+11(2.0) 316+8(2.5) 390+11(3.1) 338+13(27)  0.76 45 14.58
TA102 239+10 289+13(1.2) 331+10(1.3) 400+9(1.6) 468+13(1.9) 411+12(1.7) —0.04 4.0 3.26
TA104 328+ 12  371+14(L1) 427+13(1.3) 478+17(14) 523+14(1.5) 485+14(1.4) —0.52 35 3.99

Table 3. Reversion of Salmonella tester strains in the presence of chloroform extracted wastewater sample.

Doses (pl/plate) 1SD
Strain Control 1 5 10 20 40 Mi m P<0.05
TA97a 82+6 138+ 6(1.6) 162+8(l9) 221+9(2.6) 275+9(3.3) 241+9(29)  0.85 3.7 14.69
TA98 355 147+8(42) 200%7(57) 267+10(7.6) 312+14(8.9) 278+11(7.9)  2.10 48 19.48
TA100 130+9 178 +11(1.3) 243+11(1.8) 330+8(2.5) 371+12(2.8) 339+10(2.6)  0.61 4.7 10.48
TA102 241+10 283+13(L1) 325+9(1.3) 386+11(1.6) 439+13(1.8) 394+13(L6) —0.19 3.6 4.41
TA104 325+11  359+1(1.1) 418+12(12) 472+16(1.4) 516+16(1.5) 478+16(l.4) —0.53 2.9 36.13

Table 4. Reversion of Salmonella tester strains in the presence of acidic fraction of dichloromethane extracted wastewater sample.

Doses (pl/plate) LSD
Strain Control 1 5 10 20 40 Mi m P<0.05
TA97a 9% +7 194+10(2.0) 258+9(2.6) 315+10(3.2) 361+8(3.7) 307 £9(3.9) 1.01 4.08 4.80
TA98 37+4 168 +7(4.5) 203+8(54) 271+12(7.3) 400+ 14(10.8) 346+12(9.3) 2.26 6.6 5.64
TA100 131+9 236+ 11 (1.8) 295+11(2.2) 368+13(2.8) 448+12(3.4) 36010 (2.7) 0.88 4.7 3.26
TA102 238+10 346+13(1.4) 378+10(1.5) 443+11(1.8) 491+13(2.0) 430=+13(1.8) 0.06 3.63 5.92
TA104 337+ 15 408 + 12 (1.2) 448 +14(1.3) 514+16(1.5) 561+16(1.6) 526+ 14(1.5) -0.41 4.0 4.25

Table 5. Reversion of Salmonella tester strains in the presence of basic fraction of dichloromethane extracted wastewater sample.

Doses (ul/plate) LSD
Strain Control 1 5 10 20 40 Mi m P <0.05
TA97a 93+6 190 £ 11 (2.0) 238+11(2.5) 302+11(3.2) 345+10(3.7) 310+9(3.3) 0.99 4.3 1.22
TA98 35+3 130+ 6 (4.3) 197+7(6.5) 258+10(7.3) 390+9(11.1) 338+10(9.6) 2.31 6.8 9.60
TA100 129+10 215+10(1.7) 265+10(2.0) 336+8(2.6) 400+12(3.1) 34711 (2.6) 0.74 4.6 3.76
TA102 241 £11 317+9(1.3) 354+12(1.4) 414+11(1.7) 473+11(1.9) 418%13(1.7) -0.03 4.4 7.34
TA104 334+13  394+13(1.1) 430+15(1.2) 492+14(1.4) 536+13(1.6) 500+ 15(1.4) -0.50 3.6 291

slope (m) of the initial linear dose-response curve as determined by linear re-
gression analysis up to the increasing doses. The order of responsiveness based
on the mutagenic index and induction factor for samples was in the following
order: TA98 > TA97a > TA100 > TA102 > TA104 for wastewater samples
(Tables 2-5).

The response of different strains in terms of slope (m) of the initial linear dose

<3
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response curve was obtained by the least square regression analysis. It was found
that TA98 shows maximum value of the slope followed by TA100 in all the ex-
tracts of the wastewater samples. The order of responsiveness of different strains
in terms of slope for hexane extract of effluent was as under: TA98 > TA100 >
TA102> TA97a > TA104 (Table 2 and Table 5), while for chloroform, acidic
and basic fraction of dichloromethane extracts were as follows: TA98 > TA100 >
TA97a > TA104 > TA102 (Table 3 and Table 4). Analysis shows that reversion
of the strains increases significantly in comparison to the negative control with
increasing doses.

Our findings suggest that TA97a, TA98, TA100, TA102, TA104 are sensitive
towards the extracted samples from wastewaters and show considerable mutage-
nicity, these results are in agreement with the previous findings thus establishing
the validity of this test system in the genotoxicity determination of complex en-
vironmental mixtures [13] [14] [25].

Effluents from pulp and paper mills are highly toxic and are a major source of
aquatic pollution. More than 250 chemicals have been identified in effluents
which are produced at different stages of papermaking. Their toxic nature is de-
rived from the presence of several naturally occurring and xenobiotic com-
pounds which are formed and released during various stages of paper making
[9]. The present findings suggest that the test wastewater possess mutagenic po-
tential which may be due to its contamination with organic compounds. There-
fore the study suggests that the common practice of application of untreated

wastewater to agricultural land should be strictly restricted.

5. Conclusion

Pulp and paper mill wastewater samples are characterized by high BOD and
COD levels and are heavily contaminated with various organic compounds such
as lignosulphonic acids, chlorinated hydrocarbons, chlorolignins, chlorinated
resin acids, chlorinated phenols, various surfactants, plasticizers and biocides
which can be suspected for mutagenic and genotoxic activity. Mutagenicity of
WW samples is arranged as follows: dichloromethane extracted water samples >
hexane extracted water samples > chloroform extracted water samples. TA98
was found to be the most responsive strain in terms of mutagenic index, muta-
genic potential and induction factor, indicating the presence of frame shift mu-
tagens in the test samples. The evaluation of hazardous wastes and effluents by
mutagenicity assay may provide data useful not only for hazard identification
but also for comparative risk assessment. The effluents from the paper and pulp
industries are extensively used for irrigation of agricultural field causing delete-
rious impacts on environment and demand the need for continuous monitoring

to provide a basis for improvement.
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