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ABSTRACT

Translocation of micronutrients was investigatedPinaseolus vulgaris (var. Annapurna) grown on soilended
with paper mill sludge. The plants of P. vulgarisrezgrown in soil amended with 20%, 40%, 60%, 8af4, 100%
paper mill sludge to study the accumulation andh$tacation of iron (Fe), zinc (Zn), cadmium (Cd)pper (Cu),
chromium (Cr) and lead (Pb) in plant parts (shomtpt, leaves, fruits). The different rates of papeill sludge
showed significant (P<0.01) change in pH, electricanductivity (EC), cation exchange capacity (CE@pganic
matter (OM), nitrate nitrogen (N§3-N), phosphate phosphorus (FO-P), Fe, Zn, Cd, Cu, Cr and Pb of the
amended soil in comparison to their controls. Thedd, root length and yield showed significant (F3%) increase
in lower amendment of sludge up to 20% to 40% mpmarison to controls. The translocation of Fe wa®sider of
leaves> shoot> root> fruits, for Zn, Cu and Pb iasvShoot > leaves > root > fruits and for Cd and i€was root
> shoot > leaves > fruits of P. vulgaris. The ordefraccumulation of micronutrients in P. vulgariasivin order of
Fe> Zn > Cd > Cu > Cr > Pb after amended with papmaill sludge. The translocation of different micubrients
was recorded to be plant parts specific. Significaositive correlation was recorded between metaluanulation
in the soil and plants as well after amended waber mill sludge.

Keywords: P. vulgaris Paper mill sludge, micronutrients, Amendments;ukaulation, Translocation.

INTRODUCTION

During last decade there is an increasing inténeite agricultural application of sludge obtairfeain wastewater
treatment plants due to the possibility of recyglirmluable components such as organic matter, I, &d other
plant nutrients [31, 33, 37, 40]. Although, sewahedge has been shown to increase crop produc#onZ8]

however, it may contain certain trace elementgwatls injurious to plants and the food chain. Tharacterization
of sewage sludge’s metals is an important requirérpgor to sludge disposal or application to faand because
there is a risk of toxic element accumulation ie 8vil [1, 36]. There are various reports availatnethe risk
associated with the application of metal loadedgtuon agricultural land [16, 17, 40].

The nature of the soil is one of the most importactors in determining the heavy metal contenfood plants
[13]. However, the heavy metal content in plants aiso be affected by other factors such as thécagipn of
fertilizers, sewage sludge or irrigation with waetg¢er [10, 12]. Thus the effect of water on soitlamops are of
major concern to people when the irrigant is waatewwhich may contain agents capable of inducitegese
effects on the soil media and the agricultural pats. At present, there are 666 pulp and papes nmllndia, of
which 632 units are agro-residue and recycled fiimyed units [9]. They generate a large amountastewater
(black liquor) having high COD and BOD values. Eéffht of Kraft mill is highly polluted and charadtd by
parameters unique to this waste such as colorladlsie organic halides and related organic comp¢uhf The
high chlorine contents of bleached plant react Wghin and its derivatives and form highly toxindarecalcitrant
compounds that are responsible for higher bioldgiaad chemical oxygen demand. Trichlorophenol,
trichloroguicol, dichlorophenol, dichloroguicol apéntachlorophenol are major contaminants formetiensludge
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of pulp and paper mill [5, 21Phaseolus vulgari§French bean) is an annual herb of the leguminofaeady. Its
seeds are used as spice and its leaves are ulsadyagegetables which are rich in vitamins andenéfs. The seeds
are protein rich. Seeds are used as spice and rhadeinal values in the treatment of dyspepsiaymiaism,
asthma and constipation. It is also an importanire® of diosgenin. It is also a good source ofledtidder.
Keeping in view the reuse of wastewater effluent dhe economic importance &. vulgaris, the present
investigation was undertaken to use the distillffjuents as a source of bio-fertilizer for moreguctivity of this
crop [30, 40]. The utilization of industrial wasise soil amendment has generated interest in réicegs. In recent
past various studies have been made on the chasticteof sludge and their effect on soil charestes [6, 8, 14,
18, 19, 20, 21]. Keeping in view of the above, ag@geriment is designed and the plant® ofulgariswere grown
on soil amended with different percentage of papiédrsludge in order to assess the translocatiomiafonutrients
in the plant.

EXPERIMENTAL SECTION

Experimental design

A field study was conducted in the Experimental dear of the Department of Zoology and Environmental
Sciences, Faculty of Life Sciences, Gurukula Katpiversity Haridwar (2%5'10.81" N and 787'08.12" E), for
studying the effect of paper mill sludge Bnvulgaris. The poly bags having soil were used for the catton of P.
vulgaris The experiment was replicated by six times. Prajigance was maintained between each replicéte (3
cm.) and between all treatments (60 cm.) for th&imam performance of the crop. Each poly bag waslana
porous for aeration and it was labeled for theawagitreatments viz. 20, 40, 60, 80 and 100%.

Paper mill ludge collection and analysis

The paper mill sludge was collected from Star Pagi#lr Saharanpur (Uttar Pradesh, India) in plasiags. The
paper mill sludge brought to the laboratory waslymeal for various physico-chemical and heavy metais
electrical conductivity, cation exchange capaaitganic matter, nitrate, and phosphate, Fe, Zn,Gtd,Cr and Pb
content following standard methods [2, 3] and ferthsed for the amendment of the soil in diffei@micentrations
viz. 20, 40, 60, 80 and 100% for cultivationfxfvulgaris

Soil preparation, filling of pots, sampling and analysis

The soil used was collected at a depth of 0 — 15fm the garden, air-dried and sieved to remaatarid. Various
amendments 20, 40, 60, 80 and 100% of paper midige were prepared using garden soil along witl¥d.garden
soil which served as control soil (C). Each potx@rm.) was filled with 5 Kg well prepared soil. idovell water
(BWW) was used for irrigation of pot soils for 12k (growing period oP. vulgarig. The soil was analyzed
before and after sludge amendment as per efflummtantration for various physico-chemical paranseteiowing
standard methods [3].

Cultivation practices of P. vulgaris

Seeds of. vulgarisseeds (var. Annapurna) were procured from ICARsaPMew Delhi and sterilized with 0.01
mercuric chloride and was soaked for 12 hrs. Texsevere initially sown in each pot. The plantseveatered
twice a week with 500 ml of Bore well water. Crogr@meters viz. root, shoot leaves, biomass ants fwas noted
by following Chandrasekar et al. [4] and chloroplegintent was estimated by following Porra [22].

Micronutrients extraction and analysis

For the extraction of micronutrients, 0.5-1.0 g plaof air dried sludge/soil/plant was taken inedition tube. 3 ml
conc. HNQ was added and digested the sample on electrisalijed block for 1 hour at 1%4&. Then added 4 ml
of HCIO, and heated to 24 for an additional hour. Aliquot was cooled, dittd through Whatman # 42 filter
paper and made the volume 50 ml with double distilvater and used for analysis. The metals werkyzathby
using Atomic absorption spectrophotometer (Perkimgtl Analyst 800 AAS) following standard methods4B,

Statistical analysis

Data was analyzed for one way analysis of variaffddOVA) for determining the difference between soil
parameters before and after sludge amendment wifdraht concentrations. The mean and standardatieni for
different parameters of the sludge and soil wes® a@alculated with the help of MS Excel. The caiéfit of
correlation (r-value) was also calculated with iedp of SPSS12.0 and graphical work was also choig by using
Sigma plot, 2000.
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RESULTSAND DISCUSSION

Characteristics of paper mill Sudge

The characteristics of paper mill sludge are givemable 1. The results revealed that the papdramitige showed
the higher content of Fe (19.25 mg Ky Zn (12.42 mg Kg"), Cd (9.98 mg Kg%), Cu (10.47 mg Kg"), Cr (9.86
mg Kg ™) and Pb (8.14 mg Kg) with 100% paper mill sludge. It was alkaline iature with higher electrical
conductivity, nitrate and phosphates.

Tablel. Characteristics of Star paper mill dudge.

Paper mill dudge concentration (%)
Parameter 20 40 60 80 100

EC(dS rr'11) 3.78+1.46 6.60+1.54 8.79+1.43 12.44+1.713 17.88%1
pH 7.65+1.24 7.91+1.21 7.95+16 8.12+1.78 8.48+1.27

NOs% -N (mg Kg'l) 69.43+3.81| 128.91+6.85 238.29+3.22 318.461874 8.90+6.84

PO -P (mg KgY) | 22.37+3.26] 46.79+3.17] 89.81+3.81 136.87+4|14 JABH.76

Fez"(mg Kg'l) 4.64+0.15 7.98+0.35 12.83+1.71 16.72+1.%7 19.2582
Zn (mg Kg'l) 3.64+0.15 5.54+0.18 7.19+0.72 9.65+0.4P 12.4221)2
Cd (mg Kg’l) 1.88+0.13 3.74+0.14 5.78+0.14 7.64+0.5 9.98+0.13
Cu (mg Kg'l) 2.23+0.18 4.58+0.13 6.42+0.17| 8.69+0.1p 10.4761J1
Pb ( mg Kg‘l) 1.19+0.12 2.55+0.15 4.75+0.14 6.56+0.1p 8.14+1.11
Cr(mg Kg'l) 1.18+0.10 3.55+0.13 5.56+0.12 7.58+0.18 9.86+1.18

Mean * SD of four values

Table 2. Characteristics of soil before and after amended with Star paper mill dudge used in the cultivation of P. vulgaris

Before sludge After sludge amendment F.
Parameters amendment Sludge concentration (%) calculated CD
(Control) 20 40 60 80 100
BD (gm cm™) 1.40+0.12 1.39+0.07 1.38+0.07 1.37+0.01 1.36+0.02 .3540.05 0.7 NS 0.1
pH 7.86+0.19 8.17+0.29 8.25+0.31 8.38a+0.29 8.42a+0.088.68a+0.21 2.72* 0.34
EC (dSm?) 2.18+0.07 2.61a+0.06 2.73a+0.0¢ 2.97a+0.11 3.278+0} 4.19a+0.19 32.54** |  0.19
CEC (cmol kg?) 14.56+1.03 16.68+2.59 23.56a+2.48 25.57a+4,58 28362 32.45a+2.73] 16.77** 4.21
OC(mgKg™ 0.62+0.10 2.99a+0.52]  4.28a+0.1B 5.43a+0.20 7.69&0] 11.56a+0.78| 319.72**% 0.5
NOs* -N(mgKg™ 42.36+4.34 54.07a+3.58 68.89a+4.48 72.54a+3|37 583274 | 97.61a+4.7§ 27.38** 5.7p
PO -P( mg Kg ) 62.42+4.79 78.87a+3.60 97.44a+2.Y0 118.22a+4.23 .612#2.55| 145.09a+3.4 256.44*F  5.15
Fe'(mg Kg™) 2.63+0.85 5.69a+0.73 6.33a+0.43 7.51a+0.47 8.832+0} 10.99a+0.63 18.74**| 1.0%
Zn (mgKg ) 0.765+0.16 2.241a+0.12 3.419a+0.11 4536a+0.09 28733 6.790a+0.29 78.69** 0.2y
Cd (mgKg™ 0.040+0.06 0.117a+0.02 1.147a+0.01  2.148a+0|01 53A®01 | 4.176a+0.02 16.88** 0.04
Cu (mgKg B) 2.023+0.33 4.441a+0.41 5.205a+0.23 6.688a+0{47 5aA®B16 8.695a+1.02 55.23***  0.6p
Pb (mgKg B) 0.016+0.01 1.125a+0.02 1.136a+0.05 2.150a+0{04 124@G07 2.171a+0.09 68.52***  0.0p
Cr (mgKg™ 0.104+0.06 1.310a+0.05 1523a+0.05 2.609a+0/03 28387 3.933a+0.08] 140.25**7 0.0¢

Mean = SD of four values; Significant F -**P >1%.el,*P> 5% level, a - significantly different todttontrol; NS - Not Significant

Table 3. Regression linear equation relating added Star paper mill dudge to soil characteristics

Effluent/soil characteristics Regression equation R’
Paper mill sludge versus soil BD y =1.4024 -0.000¢ | 0.819
Paper mill sludge versus soil pH y = 8.0896 + 0.004¢ | 0.956
Paper mill sludge versus soil EC y =2.3814 + 0.0080 | 0.829
Paper mill sludge versus soil ECEC| y =14.299 + 0.12%4 | 0.869
Paper mill sludge versus soil OC y=1.3029 + 0.0859 | 0.914
Paper mill sludge versus sdlD;*> -N | y = 40.088+ 0.241 | 0.942
Paper mill sludge versus s&i0 > -P | y = 65.675 + 0.6782| 0.883
Paper mill sludge versus s&#" y =3.4739 + 0.030¢ | 0.789
Paper mill sludge versus sdih y =1.6955 + 0.0132 | 0.582
Paper mill sludge versus sab y =0.0936 + 0.004 | 0.694
Paper mill sludge versus s@l y =3.0244 + 0.04120 | 0.867
Paper mill sludge versus sé&lb y =0.0868 + 0.004 | 0.621
Paper mill sludge versus s@t y =0.2085 + 0.0084 | 0.947

Characteristics of soil after amended with paper mill sludge

After the amendment of the soil with paper milldge the BD showed insignificant (P >0.05) and tiegdinear
relationship with the soil organic carbon (Table ¥yeil and Kroontje [32] also observed a negativedr
relationship between soil organic matter contewt BB on a soil amended with increasing rates oftppmanure
application. The BD was minimum (1.35 g ©in 100% of paper mill sludge followed by 80%, 6040% and
20%. The BD was maximum (1.40 g €min control, which was insignificantly differen®(>0.05) with the
concentrations of paper mill sludge (Table 2).
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Table4. Effect on growth of P. vulgaris plants grown on different amendments of Star paper mill sludge

Sludge Shoot length | Root length Biomass Chlorophyll Yield
concentration (cm.) (cm.) content (mg/g.) (gm.)
0 (Contral) 28.36+1.58 11.4742.860 2.98+0.99 2.12+0.06 36.5834|2
20 32.52+2.36 14.26+2.14  3.69+1.02 3.12+0.09 48.5745|3
40 39.86a+3.14| 18.96a+1.6p 6.58+2.01 5.36+1.01 64838+
60 36.56+2.27 16.4242.34 5.14+1.94 3.44+0.08 64.2535|8
80 31.45+1.98 13.44+2.47] 4.63+1.24 3.21+0.09 52.44%6|3
100 28.96+2.45 12.15+2.65 3.22+1.08 2.45+0.11 46.2785(8
r-value -0.64 -0.64 -0.43 -0.57 -0.39
F-calculated 4.28* 3.14* 1.98NS 1.74NS 6.94*
CD 1.34 0.16 0.47 0.28 3.77

Mean = SD of four values; Significant F -**P >1%.el,*P> 5% level, a - significantly different todttontrol; NS - Not Significant

The soil pH was recorded initial level (7.86) aikal and it was turned to more alkaline (8.68) wi®0%
concentration of paper mill sludge. The sludge eot@tion 60%, 80% and 100% of paper mill sludgewsid
significant (P<0.05) effect on soil pH in compariso control soil (Table 2). The regression equatadR? value,
95% of the variation in soil pH was recorded for gper mill sludge (Table 3). The increase in the rof
application of paper mill sludge significantly (P€01) increased the EC of the soil (Table 2). Iswecorded to be
significantly different with 20% to 100% concentoat of paper mill sludge in comparison to controll.sThe
sludge treated plots registered significantly high€ (4.19 dS ) than control (2.18 dS ™ this was due to very
high salt load (17.88 dS T EC of the paper mill sludge. The regression éqnaand R* value, 82% of the
variation in soil EC was recorded for by paper milidge (Table 3). Similar findings were also reépdrby the
authors Chonkeet al.[7] and Raverkaet al.[23]. The ECEC was increased in the paper milligluamended soil
were increased significantly from initial level $8-32.45 cmol kgin 100% of paper mill sludge. The ECEC of the
paper mill sludge amended soil was found to beifstgmtly (P<0.001) different with 25% to 100% camtrations
of paper mill sludge (Table 2). The regression &qnaand R? value, 86% of the variation in soil ECEC was
recorded for by paper mill sludge (Table 3).

The content of nitrate and phosphate were incresiggficantly from an initial (control) level of2436-97.61 mg
Kg! and 62.42-145.09 mg Kgn 100% of paper mill sludge respectively. Thdusffit concentrations 20%, 40%,
60%, 80% and 100% of paper mill sludge showed 8agmt (P<0.001) change in nitrate and phosphataetoil.
The organic carbon content of the soil increasetiderably with the application of paper mill sleddt increased
from an initial level of 0.62—11.56 mg Kgn 100% of paper mill sludge. The soil organicbzar was found to be
significantly (P<0.001) different with 20% to 10086ncentrations of paper mill sludge (Table 2). Tlgression
equation and?? value, 91% of the variation in soil organic carlveas recorded for by paper mill sludge (Table 3).
Addition of organic matter through effluent andtbetcrop growth with concomitant increase in roantass could
be the probable reasons for the improvement innbegaarbon content particularly in high paper reilidge treated
plots. The results of Singht al. [24] support these findings. The concentrationmaronutrients viz. Fe, Zn, Cd,
Cu, Cr and Pb were recorded to be significantly)(pe1) affected with 10% to 100% concentration apegxr mill
sludge (Table 2). The regression equation Rnaalue, 78%, 58%, 69%, 86%, 62% and 94% of theatiani in soil
Fe, Zn, Cd, Cu, Cr and Pb were recorded for by pajiésludge (Table 3).

Yang et al. [34] reported that metal content; pH, Eh, watemteat, organic substances, and other elementsein th
rhizosphere affect the bioavailability and plantake of heavy metals in the soils. They also emipbdshat plant
roots and soil microbes and their interaction caprove metal bioavailability in rhizosphere througgtretion of
protons, organic acids, phytochelatins, amino a@adsl enzymes. The observed increase in soil pphaper mill
sludge amendments increased was attributed tdkhkzang effect of paper mill sludge. Organic neatand pH are
important factors that control the availability lnéavy metals in the soil [15, 37, 38, 39]. Raisihg soil organic
matter can increase the soil CEC, a factor that affgct both soluble and exchangeable metal lefads 39],
which was also found in the present study. Howeivethe current study, the effects of paper milidgle on soil pH
seemed to be one of the promising factors, whitdces availability, and uptake of metals (Fe, Zd, Cu, Cr and
Pb).

Effects on growth parameters and photosynthetic pigments

The effect of paper mill sludge on the growthRofvulgarisis given in Table 4. The maximum shoot lengthtroo
length, biomass, chlorophyll content and crop yietd®. vulgariswere noted with 40% of paper mill sludge in
comparison to control. The amendment with 40% papé#rsludge showed significant (P< 0.05) changelhioot,
root length and crop yieldbf P. vulgaris Biomass and chlorophyll content &f. vulgaris was recorded
insignificantly (P> 0.05) different with paper maludge. Shoot length, root length, biomass aral titlorophyll
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content (Table 4) increased from 20% to 40% of pap# sludge and further decreased from 60% to%Off
paper mill sludge as compared to their respeciiverols.

The changes observed in the growth of fenugreek wensistent with the results reported by Singh Simtha [25,
26]. They observed that the shoot lengthBrhssica junceaand H. annuusgrown on 75% tannery sludge
amendment have shown an increase in its lengtbrapared to control, however, root length of thecesqal plants
increased up to 35% tannery sludge as compareahtoot.

o 14
@ @ Fe in Shoot
[=2] -
S 12 m Fe in Root
>
a 10 T — | OFein leaves
© '] |oFein fruits
2 8 ] - B
&
o 6 | -
[%2)
>
o 4 - - -
a
>
£ 27 ] ] B
(5}
L 0 -

0 20 40 60 80 100

Sludge treatments (%)

Fig. 1 Translocation of Fein various partsof P. vulgaris cultivated in paper mill sludge amended soil.
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Fig. 2 Trandocation of Zn in various parts of P. vulgaris cultivated in paper mill sudge amended soil.

Micronutrientstranslocation in P. vulgaris

Increasing sludge ratio caused a progressive isergathe accumulation of metals (Fe, Zn, Cd, Qua@ Pb) in
the roots and shoots, leaves and fruit$ ofrulgaris The 40% to 100% paper mill sludge showed sigaiftqP<
0.05) accumulation of Fe, Zn, Cd, Cu, Cr and Pioot, shoot, leaves and fruits Bf vulgaris(Fig. 1, 2, 3, 4, 5, 6).
The order of accumulation of metals was in ordeff@$ Zn > Cd > Cu > Cr > Pb . vulgarisafter amended with
paper mill sludge. In the present study the maxinuemtent of Fe was noted in the leaves (13.22 thad P.
vulgaris while the minimum (9.22 mgQ was in the fruits oP. vulgaris. The translocation of Fe was in order of
leaves> shoot> root> fruits (Fig. 1). The contenZi, Cu and Pb was found maximum in the shoot482417 and
0.09 mgg) of P. vulgarisand minimum was in the fruits (5.44, 0.87 and 0@") of P. vulgarisafter amended
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with paper mill sludge. The order of Zn, Cu andtRimslocation was Shoot > leaves > root > fruit® ofulgaris
(Fig. 2, 4, 5). Cd and Cr was recorded maximunot (3.01, 0.58 mg} of P. vulgarisand minimum was in fruits
(1.88 and 0.41 mgy of P. vulgarisand it was translocated in order of root > shotgaves > fruits oP. vulgaris
after amended with paper mill sludge (Fig. 3, 6).
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Fig. 3 Trandocation of Cd in various partsof P. vulgaris cultivated in paper mill sludge amended soil.
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Fig. 4 Trandocation of Cu in various partsof P. vulgaris cultivated in paper mill sludge amended soil.

The availability and bioaccumulation of metal isrgmed by several environmental factors viz. pHikitty, and
chemical speciation of the metal, presence of higulistances, presence of other metals, salinitlyrsoeralogy,
texture, and amorphous Fe and Al content. Howether,observed differences in the metal accumulatiothe
different parts of the plant suggest different welt mechanisms of bioaccumulation of metals, maytrol their
translocation and partitioning in the plant. Paanslocation of Cr to the shoots could be due tmussterization of
most of the Cr in the vacuoles of the root cellsaiader it non-toxic which may be a natural pratectesponse of
this plant. It must be noted that Cr is a toxic amwh-essential element to plants and hence thesplaay not
possess any specific mechanism to transport tH24Qr

Recently, Singtet al. [27, 28] reported the accumulation of metals iffedent parts of the plants of tomato and

Helianthus annuuggrown on tannery sludge amended soil, which irsdain a concentration and duration-
dependent approach. The lowest accumulation of&rfaund in the edible parts of the tomato and Bb&eed of
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H. annuusRecently, Sinhat al.[30] reported that fenugreek plants have showttiinegrowth when grown on soil
irrigated with treated tannery wastewater. Thesbas have also reported the accumulation of Goat (117.24
mgg"), leaf (54.79 mgd), and flower (35.42 mgb).
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Fig. 5 Trandocation of Pb in various partsof P. vulgaris cultivated in paper mill sludge amended soil.
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Fig. 6 Trandocation of Cr in various partsof P. vulgaris cultivated in paper mill sludge amended soil.

Pear son Correlation for micronutrientsaccumulated in plants

The correlation coefficient (r) of micronutrientscamulation in plant parts (shoot, root, leavesjt$) showed
significantly (P<0.05) positive correlation withfidirent concentration of paper mill sludge (Fig213, 4, 5, 6). The
accumulation of Fe in the shoot, root, leaves andsf (r = +94) ofP. vulgarisshowed positive correlation with
different concentration of paper mill sludge. Thewamulation of Zn showed positive correlation fdroSt (r =
+88), root and fruits (r = +91) and leaves (r = ¥*80P. vulgariswith 20% to 100% concentration of paper mill
sludge. The correlation of Cd in the shoot anddsav = +99), root (r = +88) and fruits (r = +96)Rx vulgaris Cu
also showed the positive correlation for the shoat +94), root and fruits (r = +98) and leaves=(r96) of P.
vulgaris The accumulation of Pb for shoot (r = +97), rfrot +96), leaves (r = +76) and fruits (r = +71)snalso
recorded to be positively correlated with differesincentrations of paper mill sludge. Cr showeditpes
correlation for shoot, root (r = +98), leaves (#+&7) and fruits (r = +96) oP. vulgarisafter amended with paper
mill sludge.
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CONCLUSION

The present investigation concluded that the plaftB. vulgarisgrown on different amendments of paper mill
sludge are well adapted due to increased levehtidxdadants, which minimized the damage causedhkictoxygen
species. The accumulation of metals was increastidthe increase in sludge treatment concentraiitwe. order of
accumulation of micronutrients was in order of &> Cd > Cu > Cr > Pb iR. vulgarisafter amended with paper
mill sludge. The translocation of metals was reedrtb be plant parts specific. For Fe the translocavas in order
of leaves> shoot> root> fruits, for Zn, Cu and Plvas Shoot > leaves > root > fruits and for Cd @ndt was root

> shoot > leaves > fruits d¢?. vulgaris Further, it is important to note that the leastoant of toxic metals was
translocated up to the fruit part of French beamlathe amendments of paper mill sludge. It istted utmost
importance to assess the level of metals in thissggpbefore use in edible purposes.
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