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ABSTRACT

The effect of paper mill effluent on the physiceraital properties of soils was studied under ndtura
environment in pots experiment. The soil was tibabesix rates of effluent viz. 5, 10 25, 50, 78 460
ml/Kg soil. The physico-chemical properties of sudl were determined before and at the end of the
experiment, 12 weeks after irrigation with the weffit. Results revealed that among various
concentrations of paper mill effluent, irrigationitiv 100% effluent concentration decreased moisture
content (18.84%),WHC (13.26%), BD (5.63%) and insesl pH (6.48%), EC (50.96%), ECEC
(111.75%), Cl (101.53%),0C (2213.95%), HCE(15.65%), CG (24.64%), N& (113.04%), K
(48.27%), C&" (977.20%), MG (1236.31%), F& (127.76%), TKN (826.87%), NO (74.96%), PQ"
(141.72%), SG (56.98%), Zn (264.71%), Cu (230.94%), Cd (340.00%p, (968.75%) and Cr
(797.11%) in the soil. Different effluent concetitvas showed significant (P<0.001) effect on EC, pH
Cl,0C, HCQ, CO?, Na', K", c&", Md™, F&*, TKN, NQ?, PO, and S§, Zn, Cu, Cd, Cr and Pb
and insignificant (P>0.05) effect on, moisture o, WHC and bulk density after irrigation when
compared to the control. The enrichment factor ¢(Efyarious micronutrients was in the order Pb>Cr>
Cd>zn>Cu.

Keywords: Paper mill effluent, irrigation, soil charactercstj micronutrients, enrichment factor.

INTRODUCTION

In the agriculture, irrigation water quality is l@led to have effects on the soil and agricultural
crops. [61; 64; 65]. The use of saline water mayltein the reduction of crop yield, while the

sodic water may deteriorate the physical propeufethe soil with consequent reduction in the
crop yield [35; 65; 66]. However, wastewater irtiga transports a wide variety of elements into
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the soil environment [9; 15; 17]. Some of thesanelets, such as nitrogen, phosphorous, and
potassium are important plant nutrients and maytritriie to higher crop vyields if these
elements are deficient at the application sitelugffts from industries contain appreciable
amount of metallic cations like zinc, copper, iramnganese, lead, nickel and cadmium [3; 43].
Long term irrigation with such effluents increasesyanic carbon content, heavy metal
accumulation in soil and the chances of their egain food chain and that may ultimately
cause significant bioaccumulation [63].

The nature of the soil is one of the most importantors in determining the heavy metal content
of food plants [21; 65; 66]. However, the heavy ahebntent in plants can also be affected by
other factors such as the application of fertikzesewage sludge or irrigation with wastewater
[11; 27]. Thus the effect of water on soil and @@ye of major concern to people when the
irrigant is wastewater which may contain agentsab&p of inducing adverse effects on the soil
media and the agricultural products.

The various elements introduced through pulp méktewater irrigation not only affect the crop
growth and soil properties but also their relativebility in the soil profile [26; 67]. The disposal
of wastewater is a major problem faced by industriue to generation of high volume of
effluent and with limited space for land basedttremt and disposal. Due to the high chemical
diversity of the organic pollutants in pulp and @amill process water, a high variety of toxic
effects on aquatic communities in recipient waturses have been observed [34; 44; 45]. On
the other hand, wastewater is also a resourcecdmatbe applied for productive uses since
wastewater contains nutrients that have the paiefati use in agriculture, aquaculture and other
activities [29].

Pulp and paper mill is a major industrial sectaliaihg a huge amount of lignocellulogic
materials and water during the manufacturing precasd release chlorinated lignosulphonic
acids, chlorinated resin acids, chlorinated phemanld chlorinated hydrocarbon in the effluent
[56]. The highly toxic and recalcitrant compoundshenzo-p-dioxin and dibenzofuran, are
formed unintentionally in the effluent of pulp apdper mill [47]. At present, there are 666 pulp
and paper mills in India, of which 632 units arecagesidue and recycled fiber based units [14].
They generate a large amount of wastewater (bigakod) having high COD and BOD values.
Effluent of Kraft mill is highly polluted, and chacterized by parameters unique to this waste
such as color, absorbable organic halides andetklatganic compound [18; 53]. The high
chlorine contents of bleached plant react withihgend its derivatives and form highly toxic and
recalcitrant compounds that are responsible fohéridpiological and chemical oxygen demand.
Trichlorophenol, trichloroguicol, dichlorophenol,ctloroguicol and pentachlorophenol are
major contaminants formed in the effluent of pul @aper mill [16; 57].

The utilization of industrial waste as soil amendinbas generated interest in recent times.
Besides this most crops give higher potential weldth wastewater irrigation; reduce the need
for chemical fertilizers, resulting in net cost s@s to farmers. In recent past various studies
have been made on the characteristics of effluemdustries and their effect on agronomical

practices [1; 3; 6; 16; 30; 33; 36; 59; 64; 65,.66)
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Keeping in view of the above facts, a field expemt was conducted to study the effect of
graded doses of paper mill effluent applicationtloa physical and physico-chemical properties
of a loamy sand soil.

EXPERIMENTAL SECTION

2.1. Experimental design

A field study was conducted in the Experimental dgar of the Department of Zoology and
Environmental Sciences, Faculty of Life SciencearuBula Kangri University Haridwar, for
studying the irrigation effect of paper mill effliieon soil characteristics. Pots (dia-30cm.) were
used for the experiment and were laid under coralyleandomized design. The experiment was
replicated by six times and pots were labeled &tous treatments viz. 0 (control), 5, 10, 25, 50,
75 and 100%.

2.2. Effluent collection and analysis

Star paper mill, Saharanpur (Uttar Pradesh) whiddyces paper as its main product from agro
based residues was selected for the collectiorffloeat samples. The effluents were collected
from outlet of the secondary settling tank situatethe campus, installed by the Paper mill to
reduce the BOD and solids using plastic contaifiee paper mill effluent was brought to the
laboratory and analyzed for various physico-chehaoa microbiological parameters viz. Total
dissolved solids (TDS), EC, pH, DO, BOD, COD;,®ld’, K*, C&*, Mg?*, TKN, NO;*, PQ*,
SO%, HCO; CO5%, Fe, Zn, Cd, Cu, Cr Pb, Standard plate count (S#@)Most probable
numbers (MPN) following standard methods [5].

2.3. Soil preparation, filling of pots, sampling and analysis

The soil used was collected at a depth of 0 — 15Kaeh pot (30x30cm.) was filled with 5 Kg
well prepared soil, earlier air-dried and sieveddamove debris. The Paper mill effluent (PME)
was applied weekly with 500 mL with its dilution® 10, 25, 50, 75 and 100% concentration
at the rate of 5, 10, 25, 50, 75 and 100 ml/ Kd. #orewell water (BWW) was used for the
dilution of paper mill effluent. The pot soils wekept moist with effluent concentrations during
the 12-week duration (growing period of most of theps) and no drainage was allowed. The
soil was analyzed before and after effluent irimatas per effluent concentration for various
physico-chemical parameters following standard wdsh Buurmaret al., [48] for moisture
content and EC, Bouyoucos [23] for soil texturert@a68] for bulk density, and WHC. Tlseil

pH was determined using glass electrode pH metdr edfective cation exchange capacity
(ECEC), Cl, OC, HCQ@, CO;%, Na', K*, C&*, Mg?*, F&*, TKN, NO:*, PQ* and S@ and
heavy metals Zn, Cd, Cu, Cr and Pb were determumgdg standard methods [52].

2.4. Heavy metals analysis

For heavy metal analysis, 5-10 ml sample of effteerd 0.5-1.0 g sample of air dried soil were
taken separately in digestion tube and add 3 mic.ddiNO; was digested on electrically heated
block for 1 h at 145C. After that 4 mL of HCIQ was added and heated to 24D for an
additional hour. The aliquot was cooled, filteradbugh Whatman # 42 filter paper. The volume
was made up to 50 mL and used for analysis follgvatandard methods [52]. The enrichment
factor (Ef) for heavy metals accumulated in papék effluent irrigated soil was calculated [34]
as follows:
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. Mean metal concentration of sam
Enrichment factor (Ef) = ,
Metal concentration of reference

2.5. Statistical analysis

Data was analyzed for one way analysis of varigA¢¢OVA) for determining the difference
between soil parameters before and after irrigatuith different effluent concentrations. The
mean and standard deviation for different pararseaitthe effluent and soil were also calculated
with the help of MS Excel, SPSS12.0 and Sigma R@0.

RESULTS AND DISCUSSION

3.1. Characteristics of effluent

The mean £ SD values of physico-chemical and miotobical parameters TDS, EC, pH, DO,
BOD, COD, Cl, HCO;, COs%, Na, K*, C&*, Mg®, TKN, NO%, PQ®, SO, F&*, Zn, Cd,
Cu, Pb, Cr, SPC and MPN of Paper mill effluent ¢klaquor), Saharanpur and borewell water
(BWW) are given in Table 1.

The results revealed that the effluent was alkalimenature (pH, 8.48). Among various
parameters of effluent (100%), TDS (3097.68 my, IBOD, (1226.50 mg t), COD (2832.50
mg L%, CI' (839.50 mg L[Y), C&*(439.50 mg [Y), F&* (15.25 mg }), NOs* (378.50 mg L),
MPN (5.69x16 MPN100 mI*), SPC (9.89x10SPC mt') were not found in the prescribed limit
of Indian irrigation standards [10]. The higherued of BOD (1226.50) and COD (2832.50)
indicated the higher inorganic and organic loaBaper mill effluent.

3.2. Characteristics of soil

The mean = SD values of various physico-chemicalratteristics and heavy metals moisture
content; WHC, BD and pH, EC, ECEC, GDC, HCQ, CO:*, Na', K*, C&*, Mg®*, F&*, TKN,
NOs*, PQ¥, SQ% and Zn, Cd, Cu, Pb and Cr of the soil before after arrigation with
different concentrations of paper mill effluent (EM Saharanpur viz. 5%, 10%, 25%, 50%, 75%
and 100% are given in the Table 2.

3.2.1. Moisture content, Soil texture, WHC and BD

Haynes and Naidu [54] and Celik [28] reported auotidn in BD with addition of organic
matter. Weil and Kroontje [55] observed a negatiggrelation between soil organic matter and
BD on a soil amended with increasing rates of pgputtanure application. Webber [38], Well
and Kroontje [55] have reported increased retentibrsoil water with an increase in waste
application rate. An increase in WHC at low tensignch as field capacity (FC) was primarily
due to increased number of small pores caused éynmiprovement in aggregation in the soll
[54]. Barzegaet al. [8] observed that water content of soil did naarege with the rate and type
of organic matter. Organic matter supplied throtiglé sludge and other kind of wastes also
lowered the bulk density as stated by Ramulu [60].
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Tablel. Physico-chemical and microbiological and tery metal characteristics of control (Bore well watr) and Star paper mill effluent

Effluent concentration BIS for BIS for

Parameter 0 (BWW) 5 10 25 50 75 100 D\r,:,r;':g‘rg rigaton
TDS(mg L™ 345.64+2.18 | 860.24+6.75 1420.80+7.p8 1742.82+4.3820.82+5.39| 2361.60+7.28  3097.68+6.69 500 1900
EC(dS nt) 0.54+0.11 1.34+0.19 2.22+0.24 2.72+0.46 3.47+0.54 3.69+0.43 4.84+0.73 - -
pH 7.50+0.24 7.54+0.23 7.650.24 7.90+0.2 7.95+16 8.12+0.73 8.48+0.27 6.5-8.5 5.5-9.0
DO(mg L™ 8.24+2.65 5.36+4.28 4.22+2.44 3.53+2.36 2.36+1.48 1.68+1.23 NIL 6-8 -
BOD(mg L% 3.83+0.59 70.39+#3.70| 129.00+6.2p  307.50+8.23 @1H7.12 | 923.50+6.19| 1226.50+9.15 4.0 100
coD(mg LY 5.88+1.37 145.00+6.83  283.00+4.16  710.00+5[16 110(%7.02| 2123.00+4.16 2832.50+7.37 150-200 250
Cli(mgL™ 15.68+2.50 64.50+7.00| 104.25+8.02  213.75+802 .GPM.32 | 632.50+4.43  839.50+6.6] 250 500
HCOs(mg LY 282.00£13.95 | 264.96+5.88 275.67+4.92  305.93+9|8B71.40+4.52| 415.74+7.47  546.00+8.37 - -
Co;Z(mgL™ 105.75+¢5.91 | 119.70+2.74  130.41#3.28  159.99+6/96 73.43+7.93 | 180.30+6.33  194.43+4.02 - -
Na" (mg L™ 9.65+1.25 34.87+5.19 62.51+3.84 128.25+¢5.02 2266193 | 367.60+7.25 4815+5.87 - -
K*(mgL™ 5.54+2.25 19.42+2.31 23.06+2.84 41.29+3.92 772098 | 99.54+4.00 126.75+6.98 - -
Ca&*(mg LY 23.46+4.16 60.47+3.50 70.68+3.61 140.70+3.f9 QOA12.27| 344.87+7.09  439.50+9.29 75 200
Mg?*(mg LY 12.15+1.50 19.24+2.17 22.08+2.8( 34.10+3.12 56B383 62.19+4.77 74.22+4 58 - -
TKN(mg L %) 24.27+5.08 33.02+3.34 37.46+4.14 51.12+4.29 G768 | 81.19+12.41 92.5445.86 100
NOz> (mg L) 25.17+4.16 50.03+3.19 64.43+3.81  110.91+6.85 29#3.22 | 288.46+8.74| 378.50+16.84 45 100
PO (mg L™ 0.04+0.00 8.75+0.80 18.37+3.26 41.79+3.07 80.83@3| 123.87+4.14| 160.25+5.76 - -
SO (mg LY 17.64+2.57 51.31+3.66 79.1245.23 176.05+5.05 Bess.88 | 478.70+6.20)  633.50+5.34 200 1000
Fé'(mgL™) 0.28+0.04 0.70+0.012 1.64+0.15 3.98+0.3% 7.8310.7 11.72+0.57 15.25+2.59 0.30 1.0
Zn(mgL™ 0.06+0.02 0.32+0.017 0.64+0.05 1.54+0.08 3.0920.7 4.65+0.49 6.42+1.22 5.00 15
Cd (mgL? 0.01+0.00 0.13+0.015 0.32+0.03 0.67+0.04 1.5460.0 2.25+0.5 2.98+0.13 0.01 2.00
Cu(mgL? 0.04+0.01 0.10+0.01 0.23+0.08 0.58+0.03 1.12+0.07 1.96+0.15 3.560.06 0.05 3.00
Pb (mg L™ 0.02+0.01 0.05+0.01 0.09+0.01 0.25+0.0% 0.47+0.04 0.72+0.06 0.94+0.10 0.05 1.00
Cr(mgL? 0.04+0.02 0.06+0.00 0.18+0.01 0.37+0.03 0.76+0.02 0.98+0.03 1.68+0.08 0.05 2.00
r'\T"“P_Q\)'(MPNloo 2.56x10+15.25 | 3.42x18236 | 4.78x18:342 | 5.36x18:423 | 9.25x1+652 | 7.41x16:864 | 5.69x16+1000 50 5000
SPC(SPC mtt) 636.20 6.42x1%162 | 7.69x14£156 | 8.41x18+188 | 3.66x18+184 | 5.86x1(G+192 | 9.89x1(+198 - 10000

Mean = of four valuesBWW - Borewell water; BIS- Bureau of Indian starddar
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Table 2. Physico-chemical characteristics of soildfore and after irrigation with Star paper mill eff luent.

Before effluent

After irrigation

12

Parameters irrigation - = Critical difference
(control) Effluent concentration (%) calculated
5 10 25 50 75 100
Soil moisture (%)|  61.0846.21 60('_%?3)'50 56('_@%5)'26 5?;?;’%%)9’0 5%_'135337')97 5((’_'53220';36 4?_'%%3)13 5.46 NS 6
oo || lmm |l | lam |l | L |l | -
wotn | e | T Wi | @ 0T G| REST| SRS | o
BD (gm cnd) 1.4240.08 1'(‘_%%7%)07 1'(:_)’%02')07 1'(:_)’%02')07 1'322%)(’1 1'(?22%)02 15’2’%%)05 0.7NS 0.1
pH samany | SIBOI0 | Sinom | S0 | Ser | sie0r| SN | | o
EC (dS ) 2.080.07 2(.:1%08.35 2('55;-'336 2('133’3;-'%34 2('218;%;1 3('218;-'%37 3(&?;%;9 34.62% 0.19
coecona | avoncs | BISEST| 15582 Bara® | s | Beew | BALS | e |
CI" (mg Kg™) 88.18+1.68 10(1'35356107 11&;3%%:46 14(316352%260 153;’(?22346 16(‘::83622%64 12'170%%54 298.20% 5.65
scimova | osman | 102 | 258 [ 1IE | Sisem | a0t [ 08008 | | o
oy | azaneezs | M5 0] D0 WS SBST 4 ALY 0SS K 8Bz | o
cor ey | msonese | PAATE S| AL MO RS ®| TS S ST g | o
e | vz | A | B | B S| stz S| o | o
o'y | tsegmaso | AR | TSI T 18715 T 202 7 A 7 I e | o
ook | iz | eS| el | ek ks mens s Mt e | o
won k) | e | S5 | SEow [gSe ey BEa| BSST | |
TN kg | 309609 | SRS | BLi075e) | TGan000) | (ramoes) | (seorzn | (razenn | 2495 | 64T
Contd
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Table 2. Physico-chemical characteristics of soildfore and after irrigation with Star paper mill eff luent

Before effluent

After irrigation

Parameters irrigation Effluent concentration (%) caIcEI-ate d Critical difference
(control) 5 1C 2¢ 50 7E 10¢
o7 (mara’y | smosion | S S0 Rt Sk | Sanany | et e | o
o e’ | ity | ORI 0 S0 6 2 SIS TS sgnen | o
SOZ (mgKg?) | 73124237 7‘3(;?76";2374 8%;31?3442 8?;112;-.'2-737 9?;336;’-.'%57 10325%%” 11(‘%6@;3547 51.8% 6.19
Fomo KoY | 2630085 | (e | “Cingo) | (raozee | (onsy | (azren | (ore | 14947 | 102
oty | o | LIS 27 G 20 260 | 20D | e | o
ca(make™) | 0040:006 | (120507 | “iazsor | (ro6750) | (ror000) | (rarzs0) | (saaono) | 2497 | 004
cu(marg®y | 2028:033 | SLEEN | BN | Casrg | (waerar | (saorss | (emvsa | 07" | 072
eocraka®y | oo | DO 0 ESaR it Disholy | Dlkolr TUENS | oo | o
cr(marg) | 01042006 | o0t | (Pionomy | (savecey | (ramsery | (7o) | (rorany | 193227 | 008

Mean = of four values; Significant F -**P > 0.1%P* 5% level; % Increase or decrease in comparismadntrol given in parenthesis; a - significantly

different to the controlNS - Not Significant; BWW - Borewell water.
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The recent studies by Miller and Turk [12] haveicated that the moisture content of soil is
useful and an important factor which affects the, @idailability of nutrients to plant and

aeration. Presence of large soil particles redticessoil moisture content. The water holding
capacity is the amount of water, which is absoraed retained by the given amount of soil.
Water holding capacity is related to the number @k distribution of soil pores and

consequently increases with soil organic matteellelt is related to soil moisture content,
textural class, structure, salt content and orgaratter. Bulk density of soil changes with land
use and management practices. Fertilizer use aplicajon of organic manure to soil can
substantially modify and lower the bulk densitysoil, which is useful for root development. It
is used for determining the amount of pore spadevater storage capacity of the soil.

During the present study, the soil moisture contess found to decrease (61.08 to 49.57%) on
irrigation with different concentrations of the gapnill effluent (PME). The increasing dose of
effluent reduced the bulk density of the surfadé(3@ble 2). The BD was decreased from (1.42
g cni®) in control soil to (1.34 g cff) in 100% of PME followed by 75%, 50%, 25%, 10% and
5%. The WHC was decreased from its control soi98% to 39.88% with 100% concentration
of PME (Table 2).

The ANOVA analysis on data showed that the soil stuwe content, WHC and BD were
recorded to be insignificantly (P>0.05) affectedthwdifferent concentrations of PME in
comparison to control irrigated soil (Table 2). 9wl characteristics were found to change on
irrigation with PME. The solil particle size depidtthat the experimental soil was of loamy sand
(65% sand, 15% clay and 20% silt) type and there meachange in the soil texture (Table 2).
The reduction in BD (uniformly repacked) was duehigher organic matter content in the
treatments where PME was added in higher doses.

3.22.pH and EC

Charman and Murphy [51] reported that the basimpbhe soil is to reduce the solubility of all
micronutrients (except chlorine, boron and molyhdse})y especially those of iron, zinc, copper
and manganese. The soil pH can also influence glamith as it affects the activity of beneficial
microorganisms. Most nitrogen fixing legume baetesire not very active in strongly acidic
soils. In the acidic soil environment the availapibf the basic cations (G Mg**, K*, Na)
becomes lower due to leaching. Moledral. [58] found that soil having pH value 8.5 and above
is expected to have more Na in the exchange congpidxwvhen unaccompanied by the presence
of soluble salts, is classified as an alkaline.sBhiley also concluded that the EC of water and
wastewater is due to the presence of total disdobaids. It is an important criterion to
determine the suitability of water and waste wéberirrigation. Soils have alkaline pH levels
that are greater than 7. If these soils have ekaeasount of salts (i.e. EC >4 dSYrthey are
classified as saline soils. However if they alsotam appreciable exchangeable sodium (sodium
absorption ratio SAR >13) or exchangeable sodiumgmtage (ESP) >15 they are classified as
saline-sodic. Finally if salt concentration are I(BC<4 dS rit and SAR >13 or ESP >15) high
enough to control a soil’'s chemical attributesythee known as sodic soils.

During present study, the soil pH was recordedet@likaline (8.02) at initial level and it turned

to more alkaline (8.54) with 100% concentrationPdfIE. The effluent concentrations of 50%,
75% and 100% of PME showed significant (P<0.05¢@&fbn soil pH in comparison to control

14
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irrigated soil (Table 2). High buffering capacity the clay soil and nominal presence of any
weak salts namely carbonates or bicarbonates, winctlissolution release free cations, might
be the possible cause for the stability of the ig@ktion.

The increase in the rate of application of effluggnificantly (P<0.001) increased the EC of the
soil (Table 2). It was recorded to be significardijferent with 5% to 100% concentration of
PME in comparison to control soil. The effluentatied pots registered significantly higher EC
(3.14 dS rit) than control (2.08 dS ™) this was due to very high salt load (6.17 d%) f&C of
the PME. Similar findings were also reported by Gher et al. [49] and Raverkaet al. [32].
The build-up of salt concentration with PME appiica, particularly at higher rate of
application, is a cause of concern for its appiicatin the long run indiscriminate application of
PME may create problem of soil salinity.

3.2.3. Effective cation exchange capacity

Carter [68] reported that ion exchange is one efrtiost significant functions that occur in soils.
lon exchange is a consequence of mineral chardeastiterived from isomorphic substitution,
broken edges, and pH dependent charge sites. §aniormatter most of the charge is related to
the pH dependent characteristics of organic aanttfanal groups. These charged sites are the
result of ionization (H dissociation) or protonation of uncharged sitesization results in a
negative charged site and protonation a positivarged site. Both of these reactions are
dependent on pH and are called pH dependent ch&g¢he pH increases, the cation exchange
capacity of the soil is generally greater due toirmrease in the number of pH dependent
charged sites. Under acidic soil conditions, sorag minerals, metal oxides and organic matter
will have positively charged, anion exchange sites.

During present study, the ECEC was found to inereasthe PME irrigated soil. It increased
significantly from initial level 12.00-25.41 cmobk in 100% of PME. The ECEC of the PME
irrigated soil was found to be significantly (P<010 different with different concentrations
(25% to 100%) of PME (Table 2).

3.2.4. Chlorides

Chloride is generally considered to be a hydrolalggcand chemically inert substance. Past
research suggests that™ (Harticipates in a complex biogeochemiaajicle involving the
formation of organically bound chlorine. Generadtion K is usually considered as one of the
major plant nutrients; the accompanying anionhak been generally referred to as undesirable
but unavoidable. However, Cis now considered as an essential micronutrientofatimal
growth. Both K and Cl are the main ions involved in the neutralizatidrcloarges, and as the
most important inorganic osmotic active substaricggant cells and tissues. The association of
K and Cl is related to the opening and closingtofrata [24; 37; 50].

In the present study, the chlorides in the PMEated soil increased with the increase in PME
concentrations. The PME concentrations 5, 10, 25, & and 100% showed significant
(P<0.001) effect on chlorides of the soil in conigam to control soil (Table 2). Chlorides in the
PME irrigated soil were increased significantlyrfranitial level of 88.18-177.71 mg Kgin
100% of PME.
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3.2.5. Organic carbon

Organic matter plays an important role in the clstiyiof soil. Soil properties associated with
soil organic matter include soil structure, macra amicronutrients supply, cation exchange
capacity and pH buffering. Organic matter is therse of 90-95% of the nitrogen in unfertilized
soil. It can also be the major source of both adé phosphorus and available sulfur when soll
humus is present in appreciable amounts. Organitemeontributes to the cation exchange
capacity, often furnishing 30-70 percent of thalt@mount. The large surfaces of humus have
many cation exchange sites that adsorb nutriemtevfentual plant use and temporarily adsorb
heavy metals pollutants (Pb, Cd, and Cu) whichustgally derived from applied waste water.
Organic matter commonly increases water conteffielt capacity , increases available water
content in sandy soil, and increases both air aa@mflow rates through fine textured soil [12;
60; 65; 66].

The present study showed that organic carbon cbatehe soil increased considerably with the
application of PME. It increased from an initialé of 0.43-9.95 mg K§in 100% of PME.
The soil organic carbon was found to be signifibaP<0.001) different with 5% to 100%
concentrations of PME (Table 2). Addition of orgamnatter through effluent could be the
probable reasons for the improvement in organibaacontent particularly in high PME treated
pots.

3.2.6. Bicarbonates and carbonates

Thompsonet al. [25] has concluded that higher concentration chthionates and carbonates
increases the sodicity while their lower concemdraincreases the salinity of the soil. Alkaline
soil tends to have high pH levels and significanbant of K, Ca, Na and Mg in the soil. Salinity
and sodicity can influence the soil’'s structure,iclhin turn affects water infiltration and
permeability by reducing water entry into the sad its hydraulic conductivity. The higher
concentration of Na in soil after effluent irrigati is associated with presence of higher
concentration of carbonate, bicarbonate in theieffl.

During present study, the bicarbonates and carbser@ntent of the soil increased significantly
with the appliance of PME. It increased from artiahilevel of 382.39-442.25 mg Kgand
228.40-284.69 mg Kbin 100% of PME respectively. The effluent concatitn 5% to 100%

of PME showed significant (P<0.001) affect on bioxarates and carbonates in the PME irrigated
soil (Table 2). The findings were supported by \dramd Chopra [65; 66].

3.2.7. Exchangeable sodium, potassium, calcium and magnesium

Ajmal and Khan [40] reported that various conceidres (25%, 50%, 75% and 100%) of
brewery effluent were rich in ammonia nitrogenrati-nitrogen, phosphorus and potassium, its
application to the soil increased the availableiants in the soil. The upper soil had high values
of N, P, K and organic matter compared with thedowoil in the pots used. The pH of the soil
decreased gradually with increasing concentratiothe effluent. Depletion was noted in the
CaCQ content of the soil irrigated with 100% and 75%ueit, while it increased with 50%
and 25% effluent. The highest perturbance was wbden the available potassium of the soil,
when 100% effluent was used for irrigation followey 75%, 50% and 25%, and the values of
organic matter, ammonia-nitrogen and phosphorusiatgeased significantly. Ajmal and Khan
[41] reported that various concentrations (25%, 50P% and 100%) of textile effluent
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increased the electrical conductivity, cation-exgecapacity, pH, N&HN, phosphorus, organic
matter extractable NaK*, C&* and Md" of the soil. The greatest changes were recordéu wi
100% effluent, the most marked increase beingemotiganic matter of soil, followed by NHN,
Na', K*, C&* and Md" of the soil.

Higher concentration of Na causes the decreasebdiie density as well as water holding
capacity by decrease the porosity in clay soil tudeflocculating of clay particles in presence
of higher Na content as it affects the cation ergeacapacity in the soil. Calcium and potassium
are also an essential fertilizers element. Theydet for photosynthesis for protein synthesis,
for starch formation and for the translocation wdars. It is important for grain formation and is
absolutely necessary for tuber development. Effluengation generally adds significant
guantities of salts to the soil environment, sugls@fates, phosphates, bicarbonates, chlorides of
the cations sodium, calcium, potassium and magmeshat stimulate the growth at lower
concentration but inhibit at higher concentratieparted by Pattersaat al.[59].

Miller and Turk [12] reported that potassium is thed most commonly added fertilizer nutrient
(nitrogen is the most used; phosphorus is the shc®otassium is known to affect cell division,
cell permeability formation of carbohydrates, tlanation of sugars, various enzyme actions
and resistance of some plants to certain disedstassium, Kis a very soluble cation in
solution, yet it moves only slowly in soils. The iBns, on being adsorbed by the colloids,
displace some other ions such as Ca, Mg or Nas &bility to absorb and hold K is of great
importance as it serves to decrease leaching anvidess more continuous supply of available K.
The addition of any organic material to the sodttincreases the production of carbonic, nitric
or sulfuric acid favors the availability of phospés Soil usually contains sufficient quantities of
iron for normal plant growth. Its availability vas widely with the degree of soil aeration, being
higher under anaerobic conditions. The movement aotivity of the iron with in plants are
reduced in some manner by the presence of exckssneaThe soil cation exchange sites also
attract potassium ions from water, reducing the@ggitm mobility through soil.

In present study, irrigation with PME, the exchaaige sodium, potassium and calcium were
found to change with different concentrations o #ffluent. The effluent concentrations 10%,
25%, 50%, 75% and 100% of PME showed significarO(B01) change in the content on Na,
K, Ca and Mg in comparison to control soil. It w@ste interesting to note that the content of
Na, K, and Ca were also recorded to be signifigafitk0.001) different with 5% concentration
of PME (Table 2). The content of exchangeable sudipotassium, calcium and magnesium
were increased significantly from an initial (canjrlevel of 17.56-37.41 mg Ky 154.09-
228.47 mg Kg, 14.11-151.99 mg Ktand 1.68-22.45 mg Kgin 100% of PME respectively
(Table 2). The findings were supported by Vinod &bpra [65; 66].

3.2.8. Total nitrogen, nitrate, phosphate and sulphates

Nitrate is the most essential and available formittbgen to plants because plant roots take up
nitrogen in the form of Ng and NH*. Plants respond quickly to application of nitroglat
encourages the vegetative growth and gives a desgngcolour to the leaves. The overall
increase in nitrogen is due to the use of wastawafgich contains higher amount of nitrogen.
When nitrate input exceed the soil nitrate immahiion potential, a state of N-saturation is said
to exist [7; 22; 31]. As nitrate immobilization Iselieved to be mediated biologically, N-
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saturation has been related to nitrate input, ssooeal status of the vegetation, season,
temperature and availability of other nutrients;[82].

The present study showed that the content of tatedgen, nitrate, phosphate and sulphates
increased significantly from an initial (controBvel of 30.96-286.96 mg Ky 38.07-66.61 mg
Kg™, 51.75-125.09 mg Kipnd 73.12-114.79 mg Kgin 100% of PME respectively. The
effluent concentrations 10%, 25%, 50%, 75% and 100BME showed significant (P<0.001)
change in total nitrogen, nitrate, phosphate amphstes of the soil. It was quite interesting to
note that the total nitrogen and phosphate ofweik also recorded to be significantly different
with 5% concentration of PME.

3.2.9. Micronutrients

Kaushik et al. [4] reported that long term application of PME yed useful in significantly
increasing TOC, TKN, K, P and soil enzymatic atiéégd in the soil but tended to build up
harmful concentration of Na, that could be cheldigcbioamendments. In short terms studies,
application of 50% PME along with bioamendmentsvptbto be the most useful in improving
the properties of sodic soil.

Beligh et al. [42] reported that olive mill wastewater irrigatidn agriculture affected the
characteristics of soil and plant in Mediterraneauntries. The influence of agronomic
application of olive mill wastewater (30, 60, 106dal50 mi ha') significantly increase in
organic C, C/N ratio, extractable phosphorus anchamgeable potassium. Biswas al. [2]
reported that the use of distillery effluent, a tedsy-product of distillery industries as irrigatio
water or as a soil amendment showed significargcefbn soil organic carbon of Vertisol.
Jeremyet al. [39] observed the variability of soil pH, orgamtatter (OM), cation exchange
capacity (CEC), total nitrogen (TN), total phosp(TP), available phosphorus and available
potassium of Cambosols and Anthrosols in Zhangjigg@ounty, China due to increase the
annual application of N and P fertilizer rates. tifizer input rates are causing nutrient
imbalances, contributing to acidification in Antbats, and decreasing C/N ratios.

Mohammadiet al. [6] concluded that the use of paper mill lime gleds a soil amendment in an
acidic soil significantly increased pH, which wa®gortional to the application rate of paper
mill sludge. The application of 2% sludge (basedsoit dry mass) remarkably increased shoot
dry matter and P, K, Fe, Mn, K and P uptake. Osahelen [30] observed that on treatment of
the soil with seven rates of abattoir effluent (\iz 25, 50, 100, 125 and 150 mil/kg soil), the
effluent application increased pH, available P amdronutrients (Zn, Mn and Fe) significantly

in the soil whilst exchangeable cations were redwsignificantly when compared to the control.

In present study, the concentration of micronutsewiz. Fe, Zn, Cd, Cu, Pb, and Cr were
recorded to be significantly (P<0.001) affectedwif% to 100% concentration of PME. It was
quite interesting to note that the concentratioZof Cu, Fe, Cd, and Cr were also found to be
significantly (P<0.001) different with 5% concenioa of PME irrigated soil (Table 2). Among
the micronutrients, the maximum enrichment factf) (vas shown by Pb (10.68) while the
minimum by Cu (3.31) and it was in order of Pb>Cd>Zn>Cu after irrigation with PME

(Fig.1).
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Enrichment factor of various heawy metals in soil fter irrigation with
Star paper mill effluent

Enrichment factor (Ef)

Zn Cd Cu Pb Cr

Heawy metals (%0)

Fig 1. Enrichment factor (Ef.) of various heavy medls in soil after irrigation with Star paper mill effluents.

Under acidic conditions, elements such as ironmalium, manganese and the heavy metals
(zinc, copper, and chromium) become highly soludided may create problems for vegetation
[51]. The content of Fe, Zn, Cd, Cu, Pb and Cr weceeased significantly with the application
of PME. It increased from an initial (control) léwa# 2.63-5.99 mg Kg, 0.765-2.790 mg K§
0.040-0.176 mg K§, 2.023-6.695 mg K§ 0.016-0.171 mg K§and 0.104-0.933 mg Kgin
100% of PME respectively. This is in agreement witiat was reported by other workers that
organic wastes contain high amounts of macro aedomutrients [15; 19; 20; 65; 66].

CONCLUSION

The present study concluded that different coneéintis of the Paper mill effluent altered the
soil properties differently [6; 13; 16; 33; 49; 584 in present study also. The effluents decreased
the moisture content, WHC and bulk density andeased it, pH, EC, ECEC, COC, HCQ,
CO%, Na', K, c&', Mg®*, Fé*, TKN, NOs*, PQ*, SQ* and Zn, Cd, Cu, Pb and Cr of the
soil. The micronutrients such as Fe, Zn, Cd, CuaibCr were also recorded to be higher in the
soil irrigated with PME which may lead to toxicity soil at higher concentration in comparison
to control irrigated soil. All effluent concentratis were better than the control (BWW) in
nutrient accumulation. Among the micronutrients thaximum enrichment factor (Ef) was that
of Pb (10.68) while the minimum in case of Cu 13.8nd it was in order of Pb>Cr> Cd>Zn>Cu
irrigation with PME. The nutrients and trace eletsemf paper mill effluent irrigation
contributed significant changes in pH, EC, ECEC, OC, HCQ, CO;*, Na', K*, c&*, Mg**,
Fe*, TKN, NOs~, PQ*, SO and Zn, Cd, Cu, Pb and Cr of the soil and affettednatural
composition of the soil. Such alterations may inwerahe fertility and enhance the nutrients
status of soil at lower concentration of effluenigation. Thus application of PME to the
agricultural field, as an amendment, might be aleisoption for the safe disposal of this
industrial waste with concomitant enhancement &ldyand improvement in physico-chemical
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properties of the soil. However, the level of apation should be within the prescribed limit to
avoid development of soil salinity in the long run.
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