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ABSTRACT

The present study showed that irrigation of sothwbiomethnated textile effluent (BMTE) resultedsignificant
(P<0.01) changes in chlorides (§l organic carbon (OC), sodium (Np potassium (K), calcium (C&"),

magnesium (Mg), total Kjeldahl nitrogen (TKN), phosphate (FQ, sulphate (S¢), iron (Fe), zinc (Zn),
cadmium (Cd), copper (Cu), chromium (Cr), nickel) (Bnd cobalt (Co) of the soil. The significant (®85)
accumulation of metals viz. Fe, Zn, Cd, Cu, Cr, &ujl Ni were also recorded in the different pagkdot, root,
leaves, and fruit) of P. vulgaris, V. radiata, \b& and L. usitatissimum crops after irrigation WiBMTE in
comparison to bore well water (BWW). The maximumtesd of metals was observed in the root of P. anidg
shoot of V. radiata, fruit of V. faba and leaved.ofusitatissimum after irrigation with BMTE. Therdamination
factor was observed to be crop specific. The maxirnantamination factor was found of Ni for P. vulgaCo for
V. radiata and L. usitatissimum and Cr for V. faddter irrigation with BMTE.

Keywords: Textile effluent, Metals, Vegetables, Contaminatiactor.

INTRODUCTION

The untreated wastewater irrigation on urban ardusban lands has long been practiced in severaés pé the
world due to its high contents of plant nutrientsl @ue to lack of infrastructure and facilities gafe disposal [17;
18]. The urban agricultural soils are often irrgghtvith city effluents for growing vegetables [1®]. Farmers used
it as a source of irrigation and nutrients [8; 25] while the administrators consider it a viabtagtice for disposal.
Trace elements are the essential part of rock aitdmatural waters and living matters. It is wielown that the
biomass uptakes trace metals naturally availabldhém through soil and have even stored them iir thesues.
Pollution of soil and water with metals is currgraf great concern to human health. Among 90 ndyuoacurring
elements, 53 are heavy metals, but only 17 arevhitzdole and important for ecosystems. Despite @i, Cr and
Co are essential micronutrients; however some @ftlare toxic in slightly higher concentrations.comtrast, Ni,
As, Hg, Ag, Sh, Cd, Pb and U are toxic elementdifimg organisms [7; 19; 22]. The nature of saildonsidered
one of the most important factors that determinéameontent of food plants [11; 17]. Metals accuatigin in
agricultural soils pose long-term problem of upgakccumulation with its negative human and anihedlth
implications [5; 20]. Around the world where farmgiractivities and land utilization especially fordirstrial
purposes are regulated, the major anthropogeniceswf metal contamination of agricultural soils ia fertilizer
application, sewage sludge or irrigation with wasteer [6; 16; 22]. It is believed that in most ashie metals in
these soils are taken up by plants via the roatslater accumulated in the stem and other edibieégns of plants
which eventually lead to poisoning when consume#f [lI8]. Some plant species have developed stratdgre
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avoiding toxic concentrations build up of heavy aletat sensitive sites within the cell. If metals absorbed by the
plants, they may be stored away from metaboliadtive compartments, thus preventing phytotoxieaff [13; 19;
23]. Thus the present investigation was undertaerssess the contamination of metals in vegetatigated with
biomethnated textile effluent at Haridwar (Uttaraki), India.

MATERIALS AND METHODS

Experimental design

A field study experiment was conducted in the Ekpental Garden of the Department of Zoology and
Environmental Sciences, Faculty of Life Sciencesyu®ula Kangri University Haridwar (295'10.81" N and
78°07'08.12" E), for studying the effect of biomettathtextile effluent (BMTE) orPhaseolus vulgarisVigna
radiata, Vica fabaandLinum usitatissimunduring the year 2009 and 2010. Pots (dia-30cmteweed for growing
the crop plants. The pots were arranged in a cdelpleandomized design. The experiment was remitdty six
times in both the years.

Effluent collection and analysis

The Rishabh Velveleen (Pvt.) Ltd. Haridwar locag¢delhi Dehradun National Highway (NH-58) near idesar
city was selected for the collection of effluenheTeffluent was collected in the plastic contairfesen the outlet of
the biomethanation unit of effluent treatment plaittiated in the campus of the textile mill. Théfluent was
brought to the laboratory and then analyzed forousr parameters viz. total dissolved solids (TOf5), electrical
conductivity (EC), dissolved oxygen (DO), biocheatioxygen demand (BOD), chemical oxygen demand (FOD
chlorides (C), bicarbonate (HC§), carbonates (C§J), sodium (N&), potassium (K), calcium (C&"), magnesium
(Mg?"), total Kjeldahl nitrogen (TKN), nitrate (N®), phosphate (P£), sulphate (S iron (Fe), zinc (Zn),
cadmium (Cd), copper (Cu), chromium (Cr), cob@lb) and nickel (Ni) content following standard neadhk [1; 4].

Soil sampling and analysis

The soil was analyzed before crop sowing and aftep harvesting for various physico-chemical paranseviz.
moisture content, bulk density, and water holdiagazity, EC, pH, OC, NaK®, C&*, Mg®*, F&€*, TKN, PG,
SO, Zn, Cd, Cu, Cr, Co and Ni were determined by gisiandard methods adopted by [4].

Sowing of seeds, irrigation pattern and collectiomf crop parameters data

The seeds oP. vulgaris V. radiata, V. fabaandL. usitatissimunwere procured from ICAR, Pusa, New Delhi and
sterilized with 0.01 mercuric chloride and was smhkor 12 hrs. Seven seeds of each crop were sownqual
distance of 7.5 cm. Five plants were maintainegkich pot by thinning out of the seven. 500 ml BMYEE 5 kg soil
was applied twice in a week for irrigation and naidage was allowed. The plant materials were cbb to
determine metals content after harvesting the ci@jps

Digestion process for metals analysis

For the extraction of metals, 5-10 ml sample ofueffit, 0.5-1.0 g sample of air dried soil/plant waken in
digestion tube. 3 ml conc. HNQvas added and digested the sample on electricayed block for 1 hour at 145
C. Then added 4 ml of HClGand heated to 24 for an additional hour. Aliquot was cooled, dittd through
Whatman # 42 filter paper and made the volume 5Withl double distilled water and used for analy3ise metals
were analyzed by using Atomic absorption spectragrheter (PerkinElmer Analyst 800 AAS) following stiard
methods [1; 4]. The contamination factor (Cf) foetads accumulated in BMTE irrigated soil and inpcppants was
calculated by following [Q]

o Mean content of metal in the sam
Contamination factor (Cf) = -
Mean metal content in the contr¢

Statistical analysis

The values reported here are means of twelve vdlwesyears). Data were tested at different sigaifit levels
using student t-tegb measure the variations between the soil parambtfore and after irrigation of these crops
with BMTE. One way analysis of variance (ANOVA) wased for data analysis to measure the variatibnsetals

in different parts of these crops before and a#ffluent irrigation Mean standard deviation of soil and crop
parameters with effluent were calculated with teptof MS Excel, 2003. Thergphical work was carried out using
Sigma plot, 2000
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RESULTS AND DISCUSSION

Characteristics of textile effluent
The characteristics of BMTE (Table 1) showed thawvas slightly acidic in nature pH (6.87). Amongrieas

parameters, BOD, COD, TIC&*, TKN, NO*, SQ?, F&*, Zn, Cd, Cu, Co, Cr, Ni, MPN and SPC were found
beyond the prescribed limit of Indian IrrigatioraBtiards [15].

Table 1. Physico-chemical and heavy metal charactistics of control (Bore well water) and biomethnatd textile effluent of Rishabh

Velveleen (Pvt.) Ltd. Haridwar

Parameters 0 (BWW} Textile effluent | BIS for irrigation water
TDS(mg LY 221.50+10.75 4396.80+8.41] 1900
EC(dS m) 0.3420.12 6.87+1.42 -
pH 7.52+0.24 6.87+0.31 5.5-9.0
DO(mg LY 8.24+2.65 1.18+0.14 -
BOD(mg L™ 3.83+0.59 2462.50+11.87 100
COD(mg LY 5.88+1.37 6495.50+11.87 250
Cl(mgL% 15.68+2.50 1298.00+10.95 500
HCOs; (mg L™ 282.00+13.95 1884.50+8.39 -
CO;Z(mg LY 105.7545.91 285.25+9.57
Na' (mg L™ 9.65+1.25 217.0045.29
K'(mg L™ 5.54+2.25 408.75+7.72 -
Ca&" (mg LY 23.46+4.16 1425.00+10.0( 200
Mg¥(mg L™ 12.15+1.50 231.0015.29 -
TKN (mg L) 24.27+5.08 456.00+10.77 100
NOs* (mg L) 25.17+4.16 1139.50+7.72 100
PQ* (mg L™ 0.04+0.01 476.50+9.71 -
SO (mgL™h 17.64+2.57 954.50+5.97 1000
Fe(mg L™ 0.28+0.04 52.75+4.27 1.0
Zn (mg Kg™?) 0.06+0.02 29.24+2.41 15
Cd (mg Kg?) 0.1+0.01 35.99+3.76 2.00
Cu (mg Kg? 0.0420.01 29.50+2.60 3.00
Co (mg Kg?) 0.02+0.01 36.30+2.88 1.00
Cr (mg Kgh 0.0420.02 47.5414.37 2.00
Ni (mg Kg™h 0.02+0.0: 2564+2.11 1.0C
SPC(SPC mf) 9846.20 4.36x18:245 10000
MPN(MPN100 mI") | 2.96x16+15.25 | 8.62x1&882 5000

Mean 1SD of twelve values
a-Borewell water

Characteristics of soil

The characteristics of the soil before and aftégation with BMTE are given in Table 2. The stutetest analysis
showed that BMTE irrigation had significant (P<0.@hange in C/JOC, N4, K*, C&*, Mg®*, TKN, PQ*, SQ? of
the soil used in the cultivation & vulgaris,V. radiata, V. fabaandL. usitatissimumMore significant (P<0.001)
change was recorded in OC, Fe, Zn, Cd, Cu, Cr,ndi @o of the soil after irrigation with BMTE. TheMZ'E
showed no significant change in moisture conteatewholding capacity (WHC), bulk density (BD), jgidd EC in
the soil used for the cultivation of all the croptie BMTE irrigation increased the metals, Fe. @d, Cu, Ni, Cr
and Co in the soil used for the cultivationRofvulgaris V. radiata, V. fabandL. usitatissimurmespectively (Table
2). The contamination of metals in the soil wersaled in order of Cd>Ni>Cr>Co>Zn>Cu>Fe farvulgaris V.
faba and Cd>Ni>Cr>Co>Zn>Fe>Cu fov. radiata and L. usitatissimungfter irrigation with BMTE (Table 3).
Among metals the maximum contamination factor veasél of Cd (538.00, 708.00, 417.00 and 321.50)Hersoil
used forP. vulgaris, V. radiata, V. fabandL. usitatissimuncultivation with BMTE (Table 3). Kaushik et dl.2]
also reported that the distillery effluent irrigati increase the EC, pH, OC, TKN, available phosphor
exchangeable Na, K, Ca, Mg of the soil. Vinod arti@a [15] observed earlier that distillery efflu@migation
increased the EC, GITOC, HCQ, CO%, Na', K*, C&*, Mg®*, TKN, NO;*, PQ* and SQ, Fe, Zn, Cd, Cu, Pb
and Cr of the soil. Among the metals the maximumcément factor was shown by Cd (31.33) while thiaimum
by Fe (4.59) and it was in order of Cd>Cr>Pb>Zn>Ee=fter irrigation with distillery effluent. Théntlings are
much accordance with Vinod and Chopra (2012).
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Table 2. Changes in physico-chemical and heavy métaharacteristics of soil used in the cultivatiorof P. vulgaris, V. radiata, V. faba and
L. usitatissmum after irrigation with biomethnated textile effluent

Parameters Before effluent irrigation ' After irrigation with textile effluent _
(Control) P. wlgaris V. radiata V. faba L. usitatissmum
Soil moisture (%) 43.81+4.88 35'(5_?:_%37 37'(?553%43 36{?:33)'21 39'5(5_55“.57;?'87
WHC (%) 48.76+1.08 45.2?21;2).20 44.(7_@“22).34 45'2@.533'20 41.(?11“553).54
S I il Bl ol B
cc s ) T e el e B o
oH 8.2140 24 8.1(5_25.713())).07 8.12§g&.06 8'2(92?20)'04 8.1(?35.213.08
oc(mg kg') 045010 | (Foonss | ‘(eanon) | (naszz | (ricance
cr (mgkg’) mosser | CE | Olare | trsee | orias
e IR e vl e e Sl
K+ (mg K3 1) 1500070 | P | g | tarony | (sanzs)
Ca(mok) | wdozry | FosLa® T el Hon
wong Ka) | temoss | LSS | ISSTazes| Tazaes | v
TR kY | ceemass | st | BRI st | 2200
PO g | seasser | Todl 2 T2 TI0gs 27| R0
sot(mokg) | meosest | MRS MR | s | - (e1
Fe (mg Kg) 260099 | MSioan | erirs | (derzh | (sian
2n (g k5" orem01s | T28L R0 | I8SE 2925 weE wsa | 105l 2222
o ma o) oomonr | (OIS RS IAIE 24 et 2 [ o ot
cu ma o) oswoss | M55 B0 1G0T s 1008 228 e e o
Mg kg omoce | SR EL 20T TeE so [ 82l ki
Cr(mg ko) 0112006 | (Fosnse) | (soosaedy | (seren | (s0eren
Co (mg k) 010:008 | Uiy | (resoon | (o0 | (srsaoo)

Mean 1SD of twelve values; Significant t-***P>0.01Rfvel: **P>1% level; *P>5% level; NS-not significe; %increase and decrease in
comparison to control given in parenthesis.

Metals in vegetables

The content of various metals fh vulgaris,V. radiata, V. fabandL. usitatissimunafter irrigation with BMTE are
shown in Table 4 and Figs. 1, 2, 3, 4. BMTE irtiga affected the accumulation of various metalshia entire
crop plants vizP. vulgaris,V. radiata, V. fabandL. usitatissimundifferently. The concentration of Cd, Cu, Cr, Co
and Ni were found to be significantly (P<0.05) ifnt in various plant parts viz. shoot, root, Esaand fruits oP.
vulgaris, V. radiata, V. faband L. usitatissimumafter irrigation with BMTE in comparison to theaiespective
control (BWW). The content of Fe and Zn were alsoorded to be significantly (P<0.05) different ire tshoot,
root, leaves and fruit of. radiata, V. fabaand L. usitatissimumwhereas these were found to be insignificantly
(P>0.05) different in shoot, root, leaves and fafiP. vulgarisafter irrigation with BMTE in comparison to conitro
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Table 3. Contamination factor of various heavy mets in the soil after irrigation of different crops plants with biomethnated textile effluent

Crop plants Fe Zn Cu Cd Cr Co Ni
P. vulgaris 7.06 | 16.16| 7.31] 538.00 71.36 62.50 171{83
V. radiata 9.11| 24.28| 8.07 708.0p 81.63 77.50 225|16
V. faba 481 | 11.08] 5.077 417.00 46.81 34.50 127|50
L. usitatissimur | 6.3C | 13.47 | 4.4C | 321.5C | 61.81 | 52.5( | 136.8:

Table 4. Content of heavy metals ifP. vulgaris, V. radiata, V. faba and L. usitatissmum after irrigation with biomethnated textile effluent

Content of heavy metals ( mg Kg') in vegetables after irrigation with control (BWW) and biomethnated textile effluent
Crop Plant -
plant parts Fe Zn Cd Cu Cr Co Ni
BWW TE BWW TE BWW TE BWW TE BWW TE BWW TE BWW TE

Shoot 2.66+0.10 3.44+0.1% 2.54+0.99 4.56+0.95 10028 | 2.34a+0.01 1.04+0.0p 3.65a+0.p0 0.88+0.04 ak@P6| 0.33+0.03 1.75a+0.09 0.22+0.05 1.43a+Q.
-% Root 3.78+0.16| 4.98+0.14 3.77+0.16 5.78+0.56 1.1@#Q 2.98a+0.02 1.23+0.06 3.99a+0.23 1.02+0[03 @84 | 0.42+0.01] 1.96a+0.0B 0.34+0.01 1.57a+0
k=) Leaf 1.87+0.08| 2.65+0.13 2.66+0.45 3.59+0.68 1.004(Q 1.45a+0.03 1.05+0.06 2.87a+0.82 0.67+0[01 *08® | 0.29+0.00 1.01a+0.0B 0.12+0.03 1.24a+0
3 Fruit 1.23+0.05| 1.75+0.09 2.34+0.58 2.87+0.78 088 | 1.01a+0.04 0.54+0.00 2.14a+0.65 0.21+0.00 &*8D3| 0.08+0.00 0.76a+0.06 0.09+0.p4 0.75a+(
o Mean 2.39 3.21 2.83 4.20 0.88 1.95 0.97| 3.16| 0.70 301 0.28 1.37 0.19 1.25

F-stat. CD-4.10; CF-2.11INS CD-2.33; CF-1.52N$ CIROCF-1.36* CD-1.40; CF-2.03* CD-0.16; CF-1.78* @IP5; CF-6.83** CD-0.50; CF-4.65**

Shoot 4.63£0.99 6.93a+0.90 3.98+0.12 5.67a+0.89 9+DM5| 2.63a+0.99 1.63+0.08 4.69a+0.p1 1.33+0.2393#4+0.89| 1.08+0.0§ 5.67a+0.95 1.05+t049 5.13a+(
% Root 2.45+0.12| 5.87a+0.10 2.87+0.09 4.64a+0,07 M&B | 1.98a+0.01 1.12+0.08 3.76a+0.00 0.98+0,06 8&t@.13| 0.65+0.0] 4.88a+0.12 0.45+0.08 4.11a+(
g Leaf 2.33+0.06| 5.43a+0.18 2.23+0.12 3.28a+0|04 #DEW | 1.44a+0.09 0.54+0.06 2.67a+0.p2 0.67+0.02 9akB.15| 0.22+0.00 3.85a+0.15 0.21+0.p5 3.09a(
= Fruit 1.28+0.03| 3.44a+0.11 1.78+0.04 2.76ax0[{09 360402 | 1.09a+0.0§ 0.10+0.0p 1.88a+0.04 0.13+(0.0498a8:0.17| 0.08+0.00 2.76a+0.18 0.06+0.01 2.05a+(
> Mean 2.67 5.42 2.72 4.09 0.76 1.79 0.85 3.25 0.78 205 0.51 4.29 0.44 3.60

F-stat. CD-1.10; CF-2.45* CD-0.33; CF-3.12* CD-0.CF-1.36* CD-0.11; CF-2.43* CD-2.16; CF-9.78** CD45; CF-9.80** CD-2.56; CF-8.61**

Shoot 4.52+0.51] 8.98a+1.20 3.44+0.54 5.67a+1.08 4+DD6 | 4.30a+0.37 1.21+0.0p 4.98a+0.65 1.03+0.0988a1.11| 1.12+0.07 6.43a+1.02 1.08+0.,07 4.56a+(
< Root 4.12+0.99| 7.45a+1.2f 3.22#0.23 5.21a+1{01 N@B | 3.63a+0.45 1.10+0.04 4.54a+0.84 0.85+0,00 4&t5.06| 1.01+0.04 5.46a+1.06 0.65+0.p4 4.11a+(
2 Leaf 4.22+0.5¢ | 6.56a+1.3 | 3.87+0.4( | 5.99a+1.0 | 1.12+0.0! | 4.45a+0.6 | 1.34+0.0¢ | 4.77a+0.6 | 1.12+0.0: | 7.12a+1.0 | 1.09+0.0! | 5.98a+1.0 | 0.98+0.0! | 4.32a+0.4
; Fruit 5.67+1.01| 9.43a+1.28 4.51+0.62 6.21a+1|06 7#0/03 | 4.89a+0.56 1.86+0.06 5.63a+0.f7 1.33+0.0766a8:1.03| 1.21+0.04 7.32a+1.02 1.21+0.08 5.22a(

Mean 4.63 8.11 3.76 5.77 1.26 4.32 1.38] 4.98 1.08 557 1.11 6.30 0.98 4.55

F-stat. CD-0.20; CF-6.34** CD-0.64; CF-5.15** CD22; CF-4.39* CD-0.61; CF-4.67* CD-0.16; CF-8.33** D.67; CF-9.00** CD-1.56; CF-6.98**
S Shoot 1.59+0.33 5.32a+0.92 1.09+0.08 4.21a+(0.19 5:DM2 | 5.76a+0.23 1.05+0.04 4.32a+0.33 0.98+(0.0310&t1.23| 0.77+0.01 5.59a+0.93 0.97+0.04 3.14a+(
% Root 1.44+0.12| 4.30a#0.76 1.01+0.02 4.05a+0[09 N@B | 5.21a+0.45 0.78+0.0f 4.08a+0.21 0.76+0.01 3&4.20| 0.54+0.00 5.03a+0.67 0.78+0.p07 2.85a+(
2 Leaf 1.66+0.2 | 5.99a+0.5 | 1.13+0.0: | 4.51a+0.1 | 1.21+0.0t | 6.12a+0.7 | 1.14+0.0: | 4.67a+02C | 1.08+0.0! | 6.77a+1.1 | 0.96+0.0: | 5.80a+0.8 | 1.23+0.0! | 3.82a+0.1
8 Fruit 1.32+0.08| 4.21a+0.69 0.77+0.01 3.87ax0{11 660806 | 4.30a+0.45 0.54+0.00 3.75a+0.p5 0.54+(0.0010&t1.16| 0.43+0.00 4.88a+0.60 0.67+0.02 2.16a+(
8 Mean 1.50 4.96 1.00 4.16 1.03 5.35 0.88 4.21] 0.84 855 0.68 5.33 0.91 2.99
—i F-stat. CD-0.60; CF-2.11* CD-0.54; CF-4.18* CD-0.2%-7.34** CD-0.64; CF-3.67* CD-0.98; CF-5.33** G0.34; CF-4.34* CD-0.56; CF-2.23*

Mean 1SD of twelve values; a-significantly differémcontrol; Significant F -**P>1% level; *P>5% leel; NS-not significant: CD-critical difference; GEalculated-F.
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Fig. 1 Contamination factor of heavy metals in vaus parts ofP. vulgaris after irrigation with biomethnated textile effluent

35+ B (7 @ Shoot
30 — | @ Root
O Leaf
P |
O 251 O Fruit
S | | @ Mean
E 20+ _
C a—
.0 |
w 154
£
£ |
= 10+
O
O
Smii
O’ -1 T 1T -

Fe Zn Cd Cu Cr Co Ni

Heaw metals

Fig. 2 Contamination factor of heavy metals in vaiwus parts ofV. radiata after irrigation with biomethnated textile effluent
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Fig. 3 Contamination factor of heavy metals in vaiwus parts ofV. faba after irrigation with biomethnated textile effluent
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Fig. 4 Contamination factor of heavy metals in vaious parts ofL. usitatissmum after irrigation with biomethnated textile effluent
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More significant (P<0.01) accumulation was obsetiveithe content of Co and Ni in the shoot, rocavies and fruit
of P. vulgaris, V. radiataandV. fabaafter irrigation with BMTE irrigation in compariado control. The content of
Cr was also observed to be more significantly (P¥pdifferent in the shoot, root, leaves and fofiy. radiata, V.
faba andL. usitatissimumFe and Zn content were also recorded to be mgnéfisantly (P<0.01) different in the
shoot, root, leaves and fruit ¥f fabaafter irrigation with BMTE in comparison to conltrdhe maximum content
of various metals were recorded in the rootPofvulgaris,shoot ofV. radiata, fruit of V. fabaand leaves of.
usitatissimumafter irrigation with BMTE (Table 4). The maximuocontamination factor was found of Ni féX.
vulgaris, Co forV. radiataandL. usitatissimurmandCr for V. fabaafter irrigation with BMTE. The contamination
factor of metals were recorded in order of Ni>Co>Cd>Cr>Zn>Fe forP. vulgaris, Co>Ni>Cr>Cu>Cd>Fe>Zn
for V. radiata, Cr>Co>Ni>Cu>Cd>Fe>Zn foW. fabaand Co>Cr>Cd>Cu>Zn>Fe>Ni fdr. usitatissimunafter
irrigation with BMTE (Figs. 1, 2, 3, 4). Though, rdent of metals irP. vulgaris, V. radiataV. fabaandL.
usitatissimumwere slightly higher in the BMTE irrigated plaras compared to control. Chandra et al. [2] also
reported the accumulation and distribution of tomietals (Cu, Cd, Cr, Zn, Fe, Ni, Mn, and Pb) in athand
mustard plants irrigated with mixed distillery atahnery effluents. Vinod and Chopra [15] also régebrthe
accumulation of metals (Fe, Zn, Cd, Cu, Pb anditCspil andTrigonella foenum-graecunnrigated with distillery
effluent.

In conclusion biomethnatedextile effluent increased the metals in the seilell as cultivated vegetable crops.
The maximum content of metals was recorded in tlo¢ of P. vulgaris,shoot ofV. radiata, fruit of V. fabaand
leaves ofL. usitatissimumafter irrigation with BMTE. Thus the accumulatiof metals in plant parts of these
vegetable crops were observed to be crop spedifi@r from crop to crop it may be due to the daermuptake
efficiency and tolerance limit against differenttale of these crop plantsurther studies on the accumulation of
metals and changes in biochemical compositionthefse crops after BMTE irrigation are required for the
ethnobotanical importance of these vegetable crops.
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