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ABSTRACT

Wastewater streams are posing a serious threat to human life, plants, soil, animals and eco-systems of
receiving water bodies. One of the main causes of surface water and ground water contamination is
industrial discharge from various industries viz. pulp and paper, textile, pharmaceutical and other
chemical industries. Compounds released are quite toxic and degrade slowly in the environment.
Therefore it becomes imperative to completely degrade these toxics in order to biodegrade the efflu-
ents. The incapability of conventional wastewater treatment methods to effectively remove many bio-
recalcitrant pollutants leads to explore the new efficient and cost effective treatment systems for the

complete degradation of these pollutants.

INTRODUCTION

Recycled waste paper industry is a globally growing
industry that consures a significant amount of re-
sources, raw materials and energy. Due to this fact,
minimizing the envirommental impact of this sector is
important. The characteristics of the wastewaters gen—
erated fram various processes of the recycled pulp and
paper industry depends upon the types of processes
and raw materials, process technology applied, man—
agarent practices, intermal recirculation of the efflu-
ent for recovery and the amount of water being used
in a particular process. The majority of pollutants re-
leased in pulp and paper industry originate fram the
pulping and bleaching stages. The high organic con-

tent of pulping wastewater, coupled with the pres—
ence of chlorine, results in the production of meny
highly toxic chlorinated organic compounds (Miller
etal., 1988; Hoigne etal., 1983). Of prime concern are
chlorinated phenols, guaiacols, catechols, furans, di-
oxins, aliphatic hydrocarkbons. Some merbers of this
family are known to be toxic, mitagenic, persistent,
and bio-accumilating and are thought to cause nu-—
merous harmful disturlbances in biological systems,
and pose a human health risk through long—term ex—
posure via drinking water and through biocaccurmu-
lation along the food chain (Legrini efal., 1993; Carey
etal., 1990) . End-ofpipe treatment of wastewaters can
e accarplished by integration of traditional biologi-
cal treatment processes with chemical/advanced oxi—
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dation applications. Chemical oxidation technologies
have revealed that the goplied processes are effective
and promising applications for the treatment of pulp
and paper industry wastewaters (Beltrdn efal., 197;
Galge etal., 1987). Ozonation is efficient in removing
0D, TCC and color as well as increasing the biode—
gradability of the wastewater in meny cases (Li efal,.
1991; Andreozzi etal., 1999). However, it is rather an
expensive process. Electrochemical methods have
proved to ke an efficient treatient gotion for the treat—
nment of pulp and paper industry wastewaters. Com-
binations of two or more physicochemical processes
can be used for the enhancerent of removal efficien—
cies and design of the setup (Benitez etfal., 1995). Cur-
rently no relevant data is available on the states/pa—
raveters of the effluents released fram recycled paper
mills; the most important task seems to ke the assess-
nment of the effluents of recycled paper mills so as to
design the specific treatment systems for the recycled
mills.

The demand for paper and paperboard by the year
2006- 2007 in India was 3.8 million tons/annum and
4.9 million tons/annum at the end of the year 2010.
The Indian paper industry will ke constrained by ex-
tremely high investment costs and raw materials
shortfalls, when pitted against foreign carmpetition.
India was also the first comntry in the world to use
bamooo as a lbasic raw material for making paper.
Due to limited forest resources, other raw materials
like kagasse, straw, jute, etc. were identified and are
now extensively used in the paper product. Waste
paper is also being widely used for paper making.

At the sare time pulp and paper industry is one of
the largest and most polluting industries in the world.
At present, there are 666 pulp and paper mills in In-
dia, of which 632 units are agro—residue and recycled
fiber based units (CPPRT, 2005). Being a fiker deficient
country, two-third of the raw material cares fram non-
wood sources. These include agro-residues like rice
straw, wheat straw, sarkanda grass, bagasse, jute rags
as well as wastepaper.

To assess the pollution lead of recycled paper mills
on the enviromment, the present paper reports the in-
vestigation of the dharacteristics of effluents released
fran recycled paper mills of Punjab state.

EXPERIMENTAL
SAMPLING
Effluents Samnples

The effluents sanples were collected fram the waste—
water treatment plants of recycled paper mills of
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Punjab. There were seven treated sanples of effluents
collected from various recycled paper mills of Malwa
region of Punjab. The effluents sanples were 24-hour
carposite sanples collected in plastic bottles and con-
tainers. All sanples were refrigerated at 4°C.Prior to
treatment; the samples were warmed to room tempera—
ture (24°C -27°C). For UV Spectrophotareter analy-—
sis, the sanples were centrifuge by centrifuge equip-
ment and again filtered through 0.45 micrareter glass—
fiker filters to remove suspended solids. Effluents
samples from recycled paper mills were collected and
analyzed for the required parameters in order to evalu-
ate the pollution load of water streams. The effluents
were characterized by analyzing the physico chemi—
cal dharacteristics.

Soil Samples

As the effluents fram recycled mills enter the water
streams and also with time, the organic and inorganic
conponents enter into soil and underground water
and thus affecting the land and water streams. In or—
der to assess the impact of wastes on the envirorment,
the study has also been carried out for analysis the
soil profile near to the recycled paper mill. Various
soil sarples collected at variable distances (1, 2 and 5
km) area fram the recycled paper mills.

Instrurents used in these experiments include UV-
Spectrophotometer (HACH: DR/4000U), Water and
Soil Analyzer kit: (Model: QK- 731), COD Rnalyzer
kit (Thermo Orion COD-125 Meter), Centrifuge, Ultra—
violet Lamp Unit, BOD,daysIncubator(HACH BOD
Trak Incubator), Hot oven and Electric furnace.

RESULTS AND DISCUSSION

Analysis of Effluents Samples

The effluents generated by the mills contain high con—
centration of used chemicals in the receiving water
ladies results in reduced penetration of light, thereoy
affecting benthic growth and habitat. The high con-
centration of organic matter in the effluents contrilb-
utes to the Biochemcial oxygen demand and deple—
tion of dissolved oxygen in the receiving ecosystems.
The organic compounds may ke persistent, bio—accu-
mulative and toxic pollutants and thereby their re-
moval for the effluents is desirable. Paper and pulp
mill effluents are also major contrilutor to absorkable
organic halide (AOX) loads in the receiving ecosys—
tars. Table 1 reflects that the treated effluent dis-
charged from recycled paper mills contains high TDS
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Fig. 1 Absorption Spectra of effluents of paper mills.

and TSS. The high COD value reflects the presence of
organic and inorganic matter which may ke persis—
tent and not degraded by the treatment process estab-
lished at the industries. The physico chemical char-
acteristics of effluents are given in Table 1.

UV-VIS SPECTRA OF THE EFFLUENTS OF RE-
CYCLED PAPER MILLS

The UV/-Vis spectra of the effluents samples of recycled
paper mills were recorded ard are given in Fig. 1. The
UW-Vis spectra of the effluents show absorbance
around 210rm, which indicates the presence of ali-—

Table 1. Physico Chemical characteristics of effluents from

phatic carpounds with different functionalities as
well aramatic constituents. The most probable com—
pounds presents in the effluents steam may be phenol
and its derivatives, liquor chlorophenols,
chlorocatechols etc. The maximum absorbance val-
wes (A ) for all the samples have been recorded in
Table 3.

The very high absorbance in the region 200-300nm
value suggests the effluents are not fit to be disposed
to the water stream as these effluents will results in
increase of organic load in the water steams. The UV-
Vis spectra show the absence of any colored constitu-

recycled paper mills

S.No.Parameters Sample 1 Sample 2 Sample 3 Sample4 Sample5 Sample 6 Sample7 Indian
standard
(BIS)

1.  TDS (ppm) 2300 2800 2700 3800 3100 3260 1760 2100

2. DO (ppm) 0.4 0.6 15 0.6 0.7 0.9 2.0 5

3.  TVS(ppm) 1000 1500 400 1200 900 600 1000 -

4.  TSS(ppm) 700 1500 1200 1400 1000 940 820 100

5. TFS (ppm) 3000 2800 3700 4000 3200 3600 2000 -

6.  Total Residual

Chlorine (ppm) 3 4 3.5 5.8 6.2 5.3 4.6 1.00

7. Total Solids (ppm) 4000 4300 4100 5200 4100 4200 3000 -

8. BODS5Day (ppm) 192 188 126 152 132 168 124 30

9. COD (ppm) 1168 1120 518 1270 881 1276 961 250

10. pH 6.79 7.05 7.37 6.94 7.25 7.38 7.62 5-9

11.  Chloride (ppm) 505 448 349 647 363 508 576 600
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ents present in the effluents. The absorlance intensity
far the saple is quite hich and the A__ of absorbance
was in the range of 200-300nm for effluents.

Table 2. A _ for the effluents of recycled paper mills

Sample No. Peak Value (A__ )
Wavelength\ Absorbance

1. 211 2.893
2. 207 2915
3. 205 2.717
4. 216 3.150
5. 208 2.898
6. 212 2.867
7. 208 2.982

Analysis of Soil Samples

As the effluents fram recycled mills enter the water
streams and also with time, the organic and inorganic
components enter into soil and underground water
ard thus affecting the land and water streams. In or-—
der to assess the impact of wastes on the envirorment,
the study has also keen carried out for analysis the
soil profile near to the recycled paper mill. Variocus
soil sarples collected at variable distances (1, 2 and 5
km) area fram the recycled paper mills.

The soil has high COD values which indicate the
input of non biodegradable components in the soil,
which decrease with increase in distance. The high
QD values decrease the fertility of soil and cause
soil pollution ard also have detrimental in the envi-
ronment after long pericd.

The 1 of soil decreases very rear to the site i.e.,
1km from paper mill, which show that the effluents
are sare acidic in nature and hence affect the fertility
of soil and cause soil pollution. H varies fram 6.72 to
8.14 with variation of distance from lkm to Skm.

Table 3. Parameters of Soil Samples At Different Distances
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which is shown in the Table 3. The decrease in pH
near the mills was due to the acidic nature of efflu-
ents, which affect the P of soil.

The DO in soil increases with increase in distance
which show that the effluents contains chemical load
which affect the DO value of soil and hence decreases
the fertility of soil and also affect the production and
cause soil pollution. The DO value varies fram 2.0pom
to 4.1pom as the distance varies fram lkm to 5km,
which is shown in the Table 3.

The TDS value in soil decreases with increase with
distance, which indicates that effluents contains big
load of organic and inorganic components and non
biodegradable components in the soil. The high TDS
valte of soil affects the fertility of soil and cause the
soil pollution. The TDS values vary from 0.3040ct to
0.136ppt with the distance varies from lkm to Skm,
which is shown in the Table 3.

CONCLUSION

The results of the present study are sumarized as:

Treated industrial effluents released fram recycled
paper mills have high COD (1270ppm) and BOD
(192p0m) contents.

The UV/VIS spectra show the presence of organic
compounds i.e. may ke the chloro/methoxy deriva-—
tives of phenol.

The soil samples from various distances fraom pa—
per mills are collected and analysed, which shows
that COD and TDS of effluents reduced with distance
and pH and DO increase with increase in distance as
we move away from paper mills.

The present study suggests incgpability of waste
water treatment plant to effectively remove many bio—
recalcitrant pollutants. Thus there is need to explore
the new efficient and cost effective treatment systems
and to explore the coupled technologies to ke incor—
porated for oamplete degradation of these pollutants.

S.No. Parameters Soil (1km) Soil (2km) Soil (5km)
1. Temperature 14.6°C 14.6°C 14.6°C

2. pH 6.72 8.02 8.14

3. ORP 670mV 530mV 630mV

4. DO 2.0ppm 3.4ppm 41ppm

5. Conductivity 0.602mS 0.286mS 0.268mS
6. TDS 0.304ppt 0.142ppt 0.136ppt
7. Salinity 000.3ppt 000.2ppt 000.2ppt
8. COD 133ppm 113ppm 90ppm




ENVIRONMENTAL ASSESSMENT AND REMEDIAL STRATEGIES FOR TREATMENT OF

ACKNOWLEDGEMENTS

The authors are thankful to Dr. Kamlesh Kumari, Head
of the Department of Chemical Technology, S.L.I.E.T,
Longowal, for the facilities given in her department
and her constant help and encouragement.

REFERENCES

Andreozzi, R., Caprio, V., Insola, A. and Martota, R. 1999.
Advanced oxidation processes (AOP) for water pu-
rification and recovery. Catalysis Today. 53 : 51-59.

Beltrédn, F., Gonzalez, M. and Alvarez, P. 1997.
Tratamiento de aguas mediante oxidacion avanzada
(I) : Procesos con ozono, radiacion ultravioleta y
combinacién ozono/radiacién ultraviolet’.
Ingenieria Quimica. 331 : 161-168.

Benitez, F.]J., Beltran-Heredia, J., Gonzalez, T. and Real, F.
1995. Photooxidation of carbofuran by a polychro-
matic UV irradiation without and with hydrogen
peroxide. Ind. Eng. Chem. Res. 34 : 4099-4105.

189

Carey, ].H. 1990. An introduction to AOPs for destruction
of organics in waste water. In: Proceedings of the Sym-
posium on Oxid. Processes Treat. Contam. Water Air,
Waste Water Technol. Cent. Adv. Paper No.1,
Burlintgton, Ontario, pp. 13.

Galze, W.H., Kang, ].W and Chapin, D.H. 1987. The chem-
istry of water treatment processes involving ozone,
hydrogen peroxide and ultraviolet radiation. Ozone
Sci. Eng. 9 : 335-352.

Hoigne, J. and Bader H. 1983. Rate constants of reactions
of ozone with organic and inorganic compounds in
water-II. Water Res. 17 : 173-183.

Legrini, O., Oliveros, E. and Braun, A.M. 1993. Photochemi-
cal processes for water treatment. Chem. Rev. 93 :
671-698.

Li, L., Peishi, C. and Earnest, F.1991. AICKE ]. 37 : 1687-
1697.

Miller, R.M. Singer, G.M., Rosen, ].D. and Bartha, R. 1988.
Sequential degradation of chlorophenols by pho-
tolytic and microbial treatment. Environ. Sci. Technol.
22 (10) : 1215-1219.




