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ABSTRACT

The experiment was conducted for the determination of physi-
co-chemical characteristics of paper mill leachate and its effect
on seed germination and seedling growth of Cicer arietinum.
The investigation reveals reduction in seed germination and
retardation of seedling growth when exposed to leachate in
comparison to control. In case of leachate treatment on third
day, the seed germination was 72% where as in control it was
91%. The leachate influences the length of root and shoot of
young seedlings, and also retards the growth efficiency.

INTRODUCTION

Tonnes of solid wastes from Pulp and paper mill are being disposed off in
the environment annually. The chemicals present in the solid waste come in
the liquid form of leachate, which contaminate the soil surface and ground
water, posing a threat to the ecosystem. In recent times industrial activities are
constantly adding toxic substances to ground water reservoirs at an alarming
rate (Tripathy et. al., 2000) Ground water is a valuable natural resources as
it accounts for nearly 160% of water supply for many developing countries
(Mariappan, et. al., 2000) and this is also true for India. Solid wastes after
leaching become potential source of toxicity to flora and fauna by entering
into the food chain. Plants are being used as ecological monitors for assess-
ing the toxicity of pollutants. Microtox, Daphnia magna and Microalgae were
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used as test systems by several investigators to assess the acute and chronic
toxicity from water extractable fraction of various solid wastes (Lamboleze
et.al., 1994, Middaugh et.al., 1996, Munkittrick et.al., 1991; Firth et.al., 1990).
Various reports have shown that waste discharged from industries is capable
of inhibiting seed germination and seedling growth (Shukla & Pandey, 1991).
As seed germination and growth are of vital importance for continuation of
plant life and agricultural production, therefore full protection of soil is needed
from the dumping of industrial solid wastes.

Leachate contains various contaminants in the form of organic and inor-
ganic chemicals. Presence of these chemicals in large quantities in leachate
imparts detrimental effect on plant development including germination and
seedling growth. In this regards effect of different industrial pollutants and
treated or untreated waste water on seed germination were carried out by
(Woolen et. al. 1978; Powar & Dubey, 1980) and also by ( Mishra& Behera,
1991; Shukla & Pandey, 1991 and Rao & Rao, 1992). Leachtes also contain
variety of heavy metals depending on the nature of raw material and final
product produced. Presence of heavy metals poses risks to human health
because of their possible entry into the food chain and accumulation in soil
or plants (Parkhan et. al., 2002). The effects and mechanisms of metal stress
has been the subject of many studies conducted on plants (Mesmar & Jaber,
1991; Oncel et.al., 2000; Barman et.al., 2000; Nedelkoska and Doran, 2000). The
effects of metals on germination of seeds from different plants depends on
interspecies, differences in seed structure and seed coat because they have a
wide range of anatomic forms Wierzbieka & Obidziniska, 1998). The present
investigation was carried out to study the effect of Paper mill leachates on
the germination behavior and seedling growth of Cicer arietinum.

MATERIALS AND METHODS

Collection of sample

Samples of solid waste were collected from out side the dumping site of Yash
Paper mills. “Darshan Nagar” located 11 kms away from City Faizabad (U.P.)
on Lucknow- Varanasi highway. Collected samples transported to the labora-
tory immediately under the cold conditions. For Kraft paper manufacturing
this industry consist of two units and effluent is being discharged through
common drainage.

Leachate preparation

Extraction was performed by preparing a 10% leachate concentration based
on the Toxicity Characteristics Leachate Procedure (TCLP), (USEPA, 1986).
Collected solid waste samples were homogenized and weighed, 100 g of
sample of solid waste was added to 100 ml of distilled water w/v and mixed
thoroughly in a shaker for 24 hr at 30+ 1°C . The mixture was then centrifuged at
300 rpm for 15 minute and the supernatant was separated for experimentation.

Physico-chemical analysis
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The analysis of various physico-chemical parameters like BOD, COD, DO,
pH, Cl, Ca, and SO, were conducted according to the methodology of APHA
(1989). The concentration of elements in leachates were determined with Per-
kin Elmer Atomic Absorption spectrophotometer (Model: 380).

TABLE -1
Physico-chemical characteristics of leachates of
pulp and paper mill solid wastes

S.No. Parameters Values

1. pH 8.6+ 0.15

2. }:C (lll.lll}l\)/’\.lll) G.Sni0.037
3. Temperature 0°C 30.1+1.53
4. BOD (mg/L) 115+1.52

5. COD (mg/L) 308+1.52

6. SS (mg/L) 159+6.65

7. Sulphate (mg/L) 21.4+3.44

8. Chloride (mg/L) 52.3+3.13

9. Colour Brown

10. DO (mg/L) Nil

11. Ca (mg/L) 7.2+0.3

12. Hardness (mg/L) 5.2+0.41

13. Cd (mg/L) 2.325+0.129
14. Cr (mg/L) 60.75+1.88
15. Cu (mg/L) 65+3.77

16. Fe (mg/L) 70.5+1.15
17. Ni (mg/L) 44.75+2.41
18. Pb (mg/L) 67.25+1.53
19. Zn (mg/L) 138.175+2.20

All values are expressed as mean £SD of three replicates.

TABLE -2
Germination percentage of seeds of Cider arietinum in control and leach-
ate exposed seedling at different time intervals

Control Leachate concentration 10%

HReTHRTSss HReHRTSss

S.No. Seeds 72hrs 96hrs Total Seeds 72hrs 96hrs Total
SOWn G G G Su WIT G G G

1 20 18 0 18 20 15 1 16

3 20 10 6 16 20 14 0 15

4 20 14 4 18 20 10 3 13

5 20 19 1 20 20 14 0 14

Total 100 80 11 91 100 67 5 72

Total % 80% 11% 91% 67% 5% 72%

G - Germinated

Seed Germination

For seed germination studies, petriplates for control and for leachates were
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TABLE- 3
Comparison of root and shoot length of Cicer arietinum seedlings in control and leachate of pulp and Paper mill solid
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Leachate concentration 10%

7t day
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10" day

10* day

7t day

Shoot length

c.m.

Root length

c.m.

Shoot length

c.m.

Root length

c.m.

Shoot length

c.m.

Shoot length  Root length

c.m.

Root length

c.m.

No.

c.m.

7.8+0.24
6.310.7

4.2240.69

2.5+0.69

1.5

4.460.76
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3.6£1.6
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prepared separately under the con-
trolled laboratory conditions and all
the experiments were run in triplicate.
Cotton beds were maintained on the
petri plates. Ten percent leachate
concentration was used for the ex-
periment and tap water as control.
Twenty seeds of C. arietinum (Gram)
were placed on each petriplate, after
bursting the seed coat. The germina-
tion percentage and the survival of
the seeds were counted at the interval
of 72h and 96h. Shoot and root lengths
were measured on different time
intervals with a help of meteric scale.

RESULT AND DISCUSSION

The analysis of leachate shows pH

8.6, alkaline nature of the leachate.

The leachate of the waste contains

Sulphate (21.4 mg/L), Chloride

(52.3 mg/L), Calcium (7.2 mg/L),

Hardness (5.5 mg/L) and heavy
gmetals such as Cadmium, Chromium,
";cCopper, Iron, Nickel, lead and Zinc
ietc., in different concentrations as in
Ytable-1). The presence of high oxy-
§_fgen demanding chemicals leads the
~<concentrations of dissolved oxygen
BNil'. For evaluation of toxicity seed
fsermination test was conducted and
+the germination percentage were il-
Hustrated in (table -2). After 72h, rate
qéof germination is higher in control
#91% in comparison to leachate treated
seeds 72%. The decrease in rate of ger-
@(‘ﬁnination may be due to the presence
Fof toxic substances in leachate. These
gtoxic elements causes delay in seed
Yeermination. Salinity is also responsi-
q;ﬁle for inhibition of seed germination
HRajannan & Oblisami, 1979; Mishra
S& Sahoo, 1989 and Mishra & Behera,
41991). Hydration of seed is basically
“the important requirement to regu-
date the sequence of metabolism and
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essential for germination and growth of seedlings. At this stage, the seed as
well as the seedlings are extremely vulnerable to environmental stress. The
leachate interacts with the enzyme system and disturbs the metabolisms,
which leads to delay and retardation of the germination process. Evidently the
Paper mill leachate is toxic in anture affecting the germination of C. arietinum
attributed delay and decline in the C. arietinum seedling growth.

Table -3 shows the inhibition of root and shoot length both at 10% leachate
concentration in comparison to control. Inhibition of root elongation is consid-
ered to be the first evident effect of metal toxicity in plants. Cell division at the
root tip and cell elongation in the extension zone is two different mechanism
in root growth, both of which are affected by the presence of metals (Adrini
et.al., 1994). It was observed that the paper mill leachate contains high amount
of chloride, sulphate and the heavy metals such as Cd, Cr, Cu, Fe, Mn, Ni, Pb
and Zn. These heavy metals influence the rate of germination. The effect of
metals on development and reproduction of plants can be quantified first by
determining the germination characteristics of seeds. In general, the germina-
tion inhibition increases with increase in concentration of metals. Each metal
at certain concentration either lowers germination or inhibits it completely.
The toxic effects and symptoms vary from metal to metal e.g. Cd produces
toxic effects on concentration as low as 50 mg/L, where as Pb did not show
the toxicity at 500 mg/L concentration (Oncel et.al., 2000). Copper is toxic
metal and retards the growth of root and shoot length. The germination rate
was substantially reduces with increasing concentration of this metal. It is not
only the leachate concentration and amount but its constituents are mainly
responsible for producing toxic effect (Mc Murphy et.al., 1996). To control
the pollution of ground water and soil it is necessary to treat the paper sludge
and dispose off the solid waste in a scientific manner otherwise, the toxic
elements will leached down and will affect the soil properties and ground
water quality.

CONCLUSION

The results of the experiment reveals that the paper mill treatment of leach-
ates C. arietinum shows, retardation of germination and seedling growth. The
study suggests that the leachate may be toxic to the soil and surrounding
vegetation of landfill site. It is clear that the leachate influences the normal
phenomenon of germination and its growth. Germination percentage indicates
the sensitivity of seeds at the early developmental stages and the toxicity of
leachates. Presence of trace metals in the leachates is a serious problem for
ground water pollution and food chain biomagnification that may affect the
productivity of the agricultural crops.

ACKNOWLEDGEMENT

The authors are grateful to the Ministry of Environmental and Forests, New
Delhi, for the financial assistance.



64 MALL ET.AL.
REFERENCE

APHA. American Public Health Association. 1989. Standard methods for the examination
of water and wastewater. 17" Edition. American public health association, and
water environment federation publication. Washington, D.C., U.S.A.

Adrini, I, Goldbold, D.L., Onnis, A. 1994. Cadmium and Copper change root growth
and morphology of Pinus pinea and Pinus pinaster seedlings. Physiol. Plant 92 :
625-680.

Barman, S., Sahu, R.K., Bhargava, S.K., Chaterjee, C. 2000. Distribution of metals in
wheat, mustard and weed grown in field irrigated with industrial effluents. Bull.
Environ. Contam. Toxicol. 64 : 489-496.

Firth, B.K., Backman, C.J. 1990. Comparison of Microtox testing rainbow trout (acute
Jand Ceriodaphania (chronic) bioassay in wastewater. Tappi. J. 73 : 169-174.

Lamboleze, L., Vasseur, P., Ferrad, J.F. and Gisbert, T. 1994. The environmental risks
of industrial waste disposal. An experimental approach including acute and
chronic toxicity studies. Ecotoxi. Environ. Safety. 28 : 317-328.

Mishra, R.N. and Behera, P.K. 1991. The effect of paper industry effluent on growth
pigment, carbohydrate & protein of rice seddlings. Environ. Pollut. 72(2):159-168.

Mishra, K. and Sahoo, S. 1989. Agropotentaiallity of paper mill wastewater. In : Soil pol-
lution and soil organisms (Ed.) P.C. Mishra, Ashish Publishing House. New Delhi.

Mariappan, P., Yegnaraman, V. and Vasudevan, T. 2000. Ground water quality fluctu-
ation with water table level in Thiruppathur block of Sivagangai district, Tamil
Nadu. Poll. Res. 19 (22) : 225-229.

Mesmar, M.N., Jaber, K. 1991. The toxic effect of lead on seed germination, growth,
chlorophyll and protein contents of wheat and lens. Acta Biol. Hung. 42 : 331-344.

Middaugh, P., Beckham, N., Fournie, W.J., Deardorff, T.L. 1996. Evaluation of bleached
Kraft Mill process water using Microtox, Ceriodaphania dubia and Menidia beryllina
Toxicity Tests. Environmental Contamination and Toxicology. Arch. Environ. Contam.
Toxicol. 53 : 367-374.

Munkittrick, K. R., Powar, E.A., Sergy, G.A. 1992. The relative set of Microtox, Dapha-
nid Rainbow trout and fathead minnow lethality tests, Environ. Toxicol and water
Quality. 6:35-62.

Mc, Murphy, L.M., Rayburn, A.L. 1996. Nuclear alterations of plants in soil contami-
nated with coal fly ash. Arch. Environ Contam. Toxicol. 25 : 520-524.

Nedelkoska, T.V., Doran, P.M. 2000. Characteristics of metal uptake by plant species
with potential for phytoremeditation and phytomining. Minerals Eng.13 : 549-561.

Oncel, I, Keles, T., Ustin, A.S. 2000. Interactive effects of temperature and metal stress
on the growth and some biochemical compounds in wheat seedlings. Environ.
Pollut. 107: 315-344.

Powar, K. and Dubey, P.S.1980. Soil pollution due to industrial solids, chemical waste
and bioassay. Indian . Environ Health 23 (4) : 337-339.

Parkplan. P., Leong, T.S., Laortanakul, P. and Torotoro, J.L. 2002. Influence of salinity
and acidity on bioavailability of sludge borne heavy metals. A case study of
Bangkok municipal sludge. Water, Air and Soil Pollution. 139 : 43-60.

Rao, P.N. and Rao, Y.N. 1992. Quality of effluent water discharged from paperboard
industry and its effect on alluvial soil and crops, Indian J. Agric. Sci. 62 (1) :9 -12.

Rajannan, G. and Oblisami, G. 1979. Effect of paper factory effluent on soil and crop
plant. Indian. J. Environ. Health 21, 2 : 120-130.

Shukla, N. and Pandey, G.S. 1991. Oxalic acid manufacturing plant waste waters effect
on seed germination and seedling height of selected cereals. ]. Environ Biol. 12
(2) 1149 -151.

Tripathy, S.N., Singh G.C., Gupta, R.K. and Gorai, A.C. 2000. Status of ground water

PHYSICO- CHEMICAL CHARACTERIZATION OF PAPER MILL 65

pollution for drinking purpose in Moonidhi Colliery area of Dhanbad Dist. Indian
J. Environ. and Ecoplan. 3 (2) : 305 -308.

U.S. Environmental protection agency. 1980. Appendix II- EP toxicity test procedure.
Federal register, 5-19-80, V. 45 No. 98. Superintendent of documents, Washing-
ton, DC, 33063-33285.

Wierzbicka, M., Obdizinska, J. 1998. The effect of lead on seed inhibition and germi-
nation in different plant species. Plant Sci. 137 : 155- 171.

Woolen, G., Davis, R.D. and Jenner, S., 1978. Effect of sewage on seed germination.

Environ pollut. 17 : 195-205.

News

Costly disaters and a call for emission trading

Natural diasters, largely weather related and probably linked with climate change,
cost the world over US$ 60 billion in 2003, compared with around US$ 60
billion in 2003, compared with around US$ 55 billion the year before, experts
from the Finance Intiatvie report. UNEP Executive Director Klaus Toepfer urged
government and business to back trading systems for greenhouse gas emissions
as one response to the trend.

Munich Re, one of the world’s biggest re-sinsurance companies, and other me-
mebrs of the Finance Intitatvies Climate Change working Group, reported that
the heat wave in many parts of Europe, which resulted in some 20,000 deaths
and major crop and livestock damage, was probably the most costly single event,
with agricultural losses alone estiamted at over US$ 10 billion.

Flooding on China’s Huai and Yangtez rivers, which damaged some 650,000 apart-
ments, was likely the second most closly event, estimated at nearlt US$ 8 billion.

The largest insured losses were from rornadoes in the US Midwest, which are
calculated to have and non-polluting way”.

Some of the panels will be sold by Syndicate Bank of India, which has programmes
promoting solar-powered pumping and lighting in rural areas. The resulting reve-
nue will help fund installation of the remaining panels in areas where customers
will pay an affordable fee for the service.

Other partners in the inititative include DHL, Danzas Air and Ocean, Swiss Re,
Good Energies Inc. Dasag Energy Engineering and Netpro Renewable Energy
India.




66 MALL ET.AL.

7 )
ENCYCLOPEDIA OF ENVIRONMENTAL POLLUTION AND CONTROL
R.K.Trivedy

(Vol. 1)

¢ Acid rain e Air pollution : sources, abundance and new callenges e Asorbents
for the treatment of wastewaters e Air pollution and plants e Air pollution and
control e Air pollution control for thermal power station e Algae in water supply
systems and their control ¢ Anaerobic processes e Bacterial pollution and water
disinfection procedures e Biological problems in industrial cooling and control
Biomonitoring of water pollution ¢ Conventional methods of waste water treatment
¢ Designing wastewater treatment plants e Effect of air pollution on Man and
Property e Environmental software e Gaseous pollution control ¢ Green belt for
pollution abatement e Eutrophication ¢ Hazardous waste management e Heavy
metal pollution : Orgin, impact and remedies.

(Vol. 2)

¢ Incineration for waste management e Indian legislation for pollution control

e Indoor air pullution e Industry and water polltion e Land treatment of waste water.e
Marine pollution e Nitrogen and phosphorus removal from wastewater. e Noise
pollution and control e Oil pollution-treatment of oil wastes and oil spillages e Ozone
layer protection e Pesticide transformation and metabolism e Physico-chemical
methods in monitoring water pollution e Pollution control by membrane technology
e Pollution from thermal power plants ¢ Risk assessment and disaster manage-
ment in chemical industries e River ecology and water pollution e Simple and
rapid enzymatic methods for environmental monitoring of some heavy metals in
water and agricultural products e Solid waste utilization e Siting of industries- An
environmental outlook e Sources of water pollution and water quality parameters
Vehicular pollution in India e Treatment and disposal of domestic sewage ¢ Waste
recycling -The key to cleaner technologies ¢ Waste water traetment theory and
practice of biological sludge production e Water pollution and fisheries.

PAGES 900, Price Rs. 1500.00 US$ 100.00
Paperback Rs. 700.00 US$ 50.00 (Including Air Mail Postage)

Order to

ENVIRO MEDIA
Post Box - 90, 2nd Floor
Rohan Heights, KARAD - 415 110




