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ABSTRACT

Surface soil (46 nos.), water (32 nos.) and plaow/¢34 nos.) samples were collected around Vahistrial belt,
Guijarat (India) in order to assess toxic metal aombation in surface soil, water sources and pendies. The results
revealed that about 48, 100, 6 and 6% soils bebbtgé&leficient to marginal' category with respecte, Mn, Cu and Zn,
respectively. The content of DTPA - Pb, Co, Ni &l in soils were also below permissible limit / nmaxm threshold
value. Only few water sources contained Fe, Mn,Z,Ni and Cd metals and that too within permiksiimit. BOD and
COD of water sources were above prescribed linit.aRd Co content of all water sources were withiaximum
permissible limit and thus were safe. Fe in alhplerop samplesCu in five, Zn in nine, Pb in nineteen, Ni in foeeh and
Cd only in six plant/crop samples were found tossrthe maximum permissible limit and as a consempiaright become

toxic / harmful.
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INTRODUCTION

Many researchers and scientists from India andaahrstudied soil (Kumar and Srikantaswamy, 201¢aslaree
et al. 2012; Dheebat al. 2012), water (Lokhandet al. 2011; Kumaret al. 2011) and plant samples (Sharebal. 2009;
Tanushreet al. 2011) from industrial and adjacent areas andrtegoarying degrees of contamination of heavy éta
soil-water-plant systems which ultimately were ptiig not only aquatic resources and lives, bub agricultural and
other plants/crops which later on became a parfoofl chain and thereby becoming harmful to humad animal
kingdom. Vapi, situated in Valsad district of G@a(India) where thousands of various kinds indiaildindustrial units
are operative (CPCB, 1996; Bruno, 1995; Nagar, 198&apid industrial development in Ankleshwar, Neswhri and
Vapi area of Gujarat has brought out enough exasgon one hand, but on the other has invited enmiental damage
in certain regions of these areas. As a resulibafamination and effluent discharges from industrieealth hazards are
observed common to the inhabitants and workersiwéhd around this region. The ground water quaditglso gradually
deteriorating. The possibility of deterioration sdil, water quality and air pollution cannot beedilout in these areas.
Thus, the knowledge of variability, anthropogenia anatural origin of potentially harmful elements soil, water and
plant systems are of critical importance in the@umding area of Vapi Industrial complex (Gujar&)udies relating to
toxic metal contamination in soil, water sourced @tant/crop bodies in different villages from thgrrounding area of
Vapi industrial belt are scanty. So, it is highlpnth to assess the extent of toxic metals contatioiman surface soil,

water sources and in some crops/plants in surrogndilages of Vapi industrial belt of Gujarat (iajl
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MATERIALS AND METHODS
Over View of Study Area

Vapi, situated on the banks of the Daman GangarRis¢he largest city and a municipality in Valsdidtrict in
the Southern part of Gujarat state (India). Vapiustrial complex area houses 759 industries sprgamier 11.4 kmz?, of
which 70% manufacture chemicals such as dyes amd igermediates, pigments, pesticides, fine chdmiead
pharmaceuticals. Other major industries include epgpackaging, pharmaceuticals, plastics, rubbextile, wood,
computer hardware and software, engineering wopshglass, and food products (CPCB, 1996; Brun85;1®agar,
1995). Though wealth has been generated by rapigstrial development in this area, the price of #tonomic success
has been and continues to be widespread enviroaimgamage in many regions surrounding the Vapi strial belt.
Cough, asthma and skin problems and other serieakhhhazards are clearly observed common to thabitants and
workers within and around this region as a resltidespread contamination and effluent dischafge®s industries. The
ground water quality is also deteriorating. Evemirly summer, chemicals are found to come out frewvesal hand
pumps. The pollution in this area is caused maidlye to piles of sludge and solid waste which arenpkd
indiscriminately on open ground and ‘open roadsiie€hes. Though there is continuous monitoringolfution levels,
yet there is not much improvement in pollution w$atThe possibility of soil, water and air pollutifrom unhygienic
materials stored/dumped in open field due to trartsps well as during loading and unloading paldidy during high

wind velocity and high rainfall seasons is common.
Collection of Soil, Water and Crop / Plant Samplesind Analysis

Keeping Vapi Industrial Belt, (VIB) at center, 48lages situated at the periphery of various disgsnof 100,
200, 400, 500, 600, 700, 800, 900 and 1000 m welexted for collection of surface soils, availablater sources and
some plant/crop samples. For each chosen villagie @ plot, nearby to water source from whichevatas being utilized
for irrigation purposes by the farmers to some srayas arbitrarily selected for soil sample coltatt Representative soll
samples were collected from all 46 villages. Sirhjlawater samples from different water sourceswase being used as
irrigation) were collected. Representative plaagicsamples were collected only from those fieltisrhs from which soil
sampling was done. The name of villages and thisiadce from Vapi industrial belt from where seiater and plant/crop
samples were collected are given in Table 1. Swilpdes were processed and were analyzed for E@npHheavy metals
(Fe, Mn, Cu, Zn, Pb, Co, Ni, and Cd). The water@asmwere used directly for analysis of EC, pH, B@OD. The plant
samples were washed thoroughly, socked with cldath @nd then oven dried (at 6@€). The dried samples were

grounded and were used for analysis of Fe, Mn(Zn,Pb, Co, Ni and Cd content.

Soil pH and Electrical conductivity were estimatéd 1:2.5 soils: water suspension as described by
(Jackson, 1973). DTPA- Extractable soil Fe, Mn, @a, Pb, Co, Ni, Cd were determined by Atomic Almimn
Spectrophotometer (Model-AAS 4141 A) following theethod as suggested by Lindsay and Norvell, (191718.pH and
electrical conductivity of water samples were deieed following standard procedure (Jackson, 19TBe chemical
oxygen demand (COD) from water samples was detewiby using a commercially available reflux condeiosn
method, while the biological oxygen demand (BOD)swtetermined on the basis of measurement of dsdabxygen
content (Winkler's method) before and after oxidatmatter of the sample by micro organisms | intiobaperiod of 5
days at 20 C temperature as per standard procedure. Fe, MnZ@, Pb, Co, Ni and Cétom water samples were
determined by AAS (Model-AAS 4141 A) following thmethod as suggested by Lindsay and Norvell (190%).9
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grounded (powdery) plant / crop samples were digesfith 15 ml Di-acid mixture on a hot plate for HW8urs. After the
digestion, temperature was brought down to roonperature and then filtered. From filtrate toxic edgFe, Mn, Zn, Cu,
Pb, Co, Ni and Cd) concentrations were determineasing AAS (Model-AAS 4141 A) following standardazedure.

RESULTS AND DISCUSSIONS
Surface Soils
PH,sand EC, 5

In general, ptbf surface soils varied from 6.5 to 8.3 indicatimgutral to moderately alkaline reaction with a
mean value of 7.55 (Table 2). Soils from 11 villadeelonged to neutral, 16 villages came under ynédkaline and 17
villages were of moderately alkaline class. Salinit soils (EG.), in general, varied from 0.05 to 1.21 ds with a mean

value of 0.24 dS th(Table 2). Soils were normal in general (except saraple).
DTPA- extracted Fe, Mn, Cu, Zn, Pb, Co, Ni and Cd

DTPA- extracted Fe varied widely from 0.52 to 55pk8n (from deficient to adequate status) with ameaue
of 15.20 ppm (Table 2). The results were suppadsie€indings of Dheebat al. (2012) for surface soil around industrial
area, Tamil Nadu, India. Out of forty six samp@$19.6 %), 13 (28.3%) and 24 (52.1%) samples lyeldmespectively to
deficient, marginal and adequate category of DTP&{Table 3), indicating that there was no advétseic effect of Fe
in soil, rather about 48% soil samples were eittedicient or marginal in DTPA- Fe and as a consagaamight cause Fe
deficiency symptoms in plants in near future, usli¢éss replenished through addition of organic teratmanure or some

other means.

Similar findings in relation to critical limits dfe were reported by Sharni2001). Shaikh and Bhosle (2013)
obtained iron concentratidrelow the permissible range of 60 mg/kg in surfemi¢és near Siddheshwar Dam, Maharashtra,
India. DTPA extracted Mn (available manganese)urfage soils ranged from 2.69 to 7.84 ppm with @mealue 5.45
ppm (Table 2). Out of forty six (46) samples, 18{39%6) and 28(60.86%) samples belonged respectigadgficient and
marginal category of available (Table 3) Mn. Aletboils were below the permissible threshold v#89 ppm) of Mn
and were well suitable for the agriculture. No adeesffect of contamination/ toxicity of Mn in soilvere observed, rather
100% soil samples were either deficient or margiaégory which in turn might cause Mn deficieneyuture and thus is
required to be corrected to avoid possible adveifeet on crop yield. However, slightly higher vefuof Mn (19.90, 6.39
+1.07 to 20.31 + 3.42 and 12.59 ppm) were reparsgectively by Odcdét al. (2011) in soils of industrial area of Ghana,
Stephen and Oladele (2012) in top soils aroundrtire ore mining field Itakpe, Nigeria. DTPA exttad Zn (available
zinc) in surface soils ranged from 0.08 to 7.84 ppith a mean value 6.06 ppm (Table 2), out of faity (46) samples,
2(4.35%), 1(2.17%) and 43(93.48%) samples belongsgectively to deficient, marginal and adequategmy of
available Zn (Table 3).

More or less, similar results were obtained by Gtlal. (2011) and Dheebet al. (2012). Zn deficiency was also
observed by Katyal and Datta (2004) and Somasundatal (2009). Similarly, DTPA extracted Cu (aahike copper) in
surface soils ranged from 0.19 ppm to 22.15 ppnh witmean value 5.25 ppm (Table 2), indicating dm®, and
forty-three samples under deficient, marginal addgaiate class respectively (Table 3). Data of Ca supported by
Gowd et al (2010), Sayyed and Sayadi (2011), anchdfuand Srikantaswamy (2012) for surface soilslne#w various

Industrial complex. Further, available Zn and Cuteat of all the soil samples were below the maxmpermissible
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threshold value which clearly indicated that eveough the villages were situated in surrounding arfeVapi industrial
complex at varying distances, no adverse effecbafamination/toxicity of Zn and Cu were observedails, rather about
6.5% soil samples were either deficient or marginalvailable Zn and Cu, where corrective meassihesild be taken as
to avoid any Zn and Cu deficiency in near futur@wdver, the differences in DTPA-extractable Fe, /o, and Zn
content in soils of different villages situatedvatying distance from Vapi industrial complex midfe ascribed to varying

soil pH, organic matter and nutrient removal bypcro

DTPA extracted Pb in surface soils ranged from Qd®8.26 ppm with a mean value 1.89 ppm (Tableti®),
highest and the lowest value being associated witdge Dungra and Salvav & Dadra village respedtivThe results
corroborated with the findings of Gowd et al (2028y Stephen and Oladele(2012). The comparatieskydontent of Pb
in soils might also be possible as result of plaptake as opined bt Dasaram et al. (2011). DTPAaetdd Co ranged
4.28ppm to 15.32 ppm with a mean value 9.92 ppnbl€rd). The highest and the lowest Co content wecerded at
Tukvada & Karaya village and Kunta village respesly. Krishna and Govil(2007) reported much higler content in
surface sils from industrial area of Surat, Gujavhich according to them might give rise to heditizard. However, both
Pb and Co concentration in surface soils of alagis were below the permissible threshold vallee<F00 and Co < 17
ppm) and were safe. DTPA- Cd was recorded onlyoils ©f 26 villages and ranged from 0.02 to 0.0@@npwhile,
20 villages did not detect Cd at all in surfacdsssituated between 100 and 600 m (except villagbhel) distance from
Vapi industrial belt. However, DTPA extracted Nnged from 1.02ppm to 5.70 ppm with a mean valu® aAm in
surface soils (Table 2). The highest and the lowstontent were recorded at Motidaman & Perertagéd and Valvada
village respectively. In soils of industrrial zoaEMysore city, Karnataka Kumar and Srikantaswa2§1@) obtained 9.7
to 18 mg/kg of Ni. DTPA extracted Cd was detectaty an 26 soil samples. samples containing Cd rdrfgem 0.02to
0.09 ppm. Results of lower levels of Cd concentrativere supported by Stephen and Oladele (201®pirsoils around
mining area of Nigeria. However, Ni and Cd contehsoils from all villages were below maximum pessible threshold
value (Ni <80 and Cd < 3 ppm) and were safe. Thasfaminations or toxicity Pb, Co, Ni and Cd inlsdby virtue of
their vicinity to Vapi industrial belt) owing to spading of toxic metals by rain water and/or wingrgvnot found severe at
all. However, comparatively lower concentrationRif, Co, Ni and Cd obtained in these soils mightlbe to the partial

uptake of these elements by plants.

Water Sources
pH, EC, BOD and COD

pH of thirty two water sources ranged from 6.318t06 (neutral to moderately alkaline) with a meatug of
7.34 (Table 4). Water samples from twenty two, rand one villages belonged to neutral, slightlyahile and moderately
alkaline category respectively. EC of thirty twoterasources varied from 0.13 to 1.95 d$(fable 4) indicating excellent
(Cy) to permissible () class i.e. safe to can't be used for irrigatiorsails with restricted drainage. However, the mean
water EC was 0.61 dS hi.e. good (G) category. Eklaher village situated 700m distafrcen Vapi industrial belt
recorded the highest salinity (1.95 dS)rin water. six (18.75%) water sources belongeexizellent class ({ i.e. safe for
irrigation, sixteen (50.00%) water sources belonigedood class (£ i.e. safe for irrigation but need moderately léag
and ten (31.25 %) water sources belonged to pebtessass (G) i.e. can’t be used for irrigation in soils witbstricted
drainage. As such no adverse effect due to efflatimdustrial complex, Vapi could be ascertainedodl and EC of water

sources. The variation in pH and salinity (EC) amemter sources seemed to be due to kind of wateces variation in
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soil quality with location. All the water sourceshibited Biological oxygen demand (BOD) value higligan prescribed
limit (30mg L") with a variation from 62.2 (associated with Matidan village) to 84.0 mgL(associated with Chandor
and Kocharva village) with a mean value 76.81 mgTable 4). The higher value of BOD of irrigation temwas reported
by Saidi M. (2010). BOD higher than prescribed timight create poor aeration problem (inadequatgemn) affecting
adversely micro- organisms activity in soil wherctsuvater are used as source for irrigation. All thater sources
exhibited chemical oxygen demand (COD) value highan prescribed limit (250mg™). It varied widely from 136
(associated with Nanidaman village) to 304 my (associated with Nahuli village) with mean value2@2.31 mg [*
(Table 4). Dhakyanaika and Kumar (2010) obtaineddd@m 15.82—-1062 mg/L in river Krishni in India v Yadav
and Kumar (2011) reported COD value from 69-193 jopmater of Kosi river, U.P., India. COD higheethprescribed
limit in all studied water sources indicated presenf significant amount of contaminant / pollutamrganics in water

sources.
Content of Fe, Mn, Cu, Zn, Pb, Co, Ni and Cd

All the water sources was found either free of Féeow detectable limit indicating that 100 peniceources
studied were well within the maximum permissiblaiti<0.3 ppm and thus were safe (Table 4 & 5). Maold be traced
only in two water sources i.e. at village Rata &mdvad and contents were found well within the pesible limit of
<0.05 ppm (Table 4 & 5). Reza and Sing (2010) foumder samples of river system at Angul less coitatad with
heavy metal Fe and Mn. The results indicated tmataiverse effect of Fe and Mn due to effluent apiMndustrial belt,
on quality of water sources were practically nit ®as detected only in two water sources i.e. lE@ge Nahuli (0.003
ppm) and Khadivad (0.083 ppm) (Table 4 & 5). Howeweater source from Khadivad village crossed teenssible
limit of <0.05 ppm and was not safe for use. LiksayiZn content was observed only six water soubtesZn content in,
these sources were found well within the permisdiiphit <5.0 ppm and hence, were safe for use @4b%. 5). Reza and
Sing (2010), Puthiyasekat al. (2010) and Pandest al. (2010) observed low Cu and Zn contamination or \wetloeir
permissible limit in river water and / or bore waf€he results clearly showed that there was nuegtigible admixture of
Cu and Zn toxic metals with studied water sourdesuarounding villages. All the water sources camed heavy metal Pb
which ranged from 0.013 to 0.440 ppm with a mealuev®.011 ppm (Table 4). 13 water sources contailiechbove
maximum permissible limit (<0.1 ppm), while 19 soes were well below maximum permissible limit (Teb)). Varying

degree of Pb contamination might have occurreceitirough aerial deposition or run- off / rain raduring monsoon.

As the water sources containing Pb above maximumigsible limit might affect human health and tteakh of
aquatic eco system, such sources should not befas@dgation to crops without prior treatmenbrfPb might enter the
plant system and ultimately in the food chain.He tndustrial belt or in vicinity of industries, klbandeet al. (2011) in
Kasardi river Mumbai, India, Roy and Jogen (201i)water bodies around Guwahati city, Assam, Indézorded
respectively 33.9 to 8.6 mg/L, 2.036 mg/L ppm PU #rey were of the opinion that Pb content in watauirces above
permissible limit might pose potential health hazgafToxic metal Co varying from 0.003 to 0.023 pwith a mean value
0.011 ppm, was detected in all the water sourceblélT4). However, Co content in all samples wad welow the
maximum permissible limit (0.05-1.5 ppm) and weagesfor irrigation purposes (Table 5). Bouraieal. (2010) reported
on the low concentrations of Co in surface rivetevaf Egypt and concentrations were mainly wittlie permissible
limit. Similarly, Ni was detected (0.015 ppm) onfyone water source (at Dabhel village) and theievalas found well

within the maximum permissible limit <0.02 ppm (Tald# & 5). The low levels of Ni was reported by Beand Sing
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(2010) in river system at Angul by Pandetyal. (2010) in water of Ganga at Varanasi (UP) andceatrations were
mainly within the permissible limit. Cd was detattenly in 14 water sources (one, three, two, twd &ive sources
respectively from 600, 700, 800, 900 and 1000 rtadise) which varied from 0.002 to 0.021 ppm witmean value of
0.003 ppm (Table 4). However, Cd containing all weter sources were well below the permissibletli@i01l ppm)

(Table 4 & 5) and thus were safe for irrigationgmses to safe agricultural crops.

Crops / Plant Samples
Total content of Fe, Cu, Mn, Zn, Pb, Co, Ni and Cd

The result reveled (Table 6) that Fe and Mn weteded in 33 plant / crop samples. Fe varied widielgn 66.8
to 1903.0 ppm and Mn 8.2 to 175.2 ppm. But, Feaunivas well above the maximum permissible limi0(Bpm) in all
33 samples (Table 7). The results of Fe corrobdnafth the findings of Kumaet al. (2007) and Buszewslt al. (2009).
No specific permissible limit for Mn is availabl€hili (village Tukvada) recorded the highest Fe,letMango plant
samples (village Nanidaman) analyzed the lowestriteno Fe was detected in Jack fruit samples. Tile variation in
Fe and Mn content in different plant / crops sampleght be attributable to variation in uptake liffedent crop species
and access / exposure of plants to varying Fe andchbhtaminated environment. The acceptable limit faman
consumption of Fe is 8 to 11 mg/day for infantsvadl as adults (ATSDR, 1994). So, higher contenefin plant / crops
might cause its translocation to the edible paingathem harmful and / or toxic for human consuimpt(high intake of
Fe particularly from vegetables like cabbage, dawer, Indian bean, might result into hepatic mggaeardiac infraction
and nephric malfunction). Cu, varying widely fron# o 74.0 ppm with a mean value 19.0 ppm, wasrebdein all the
plant / crop samples (Table 6). The lowest anchtgkest value of Cu were recorded in sugarcaneakpardi village) and
Mango plant samples (village Karaya) respectiv€he reason for higher Cu absorption by plant frafhwas mainly due

to the higher DTPA- Cu in almost all the soils frarhere plant / Crop sample were taken.

However, only five plant (Mango, Tomato, Mango, rgal and Mango) samples from villages Mohangam
(500m), Motidaman, Rata (900m), Kocharva, Karay@0Qin) showed Cu content above the maximum pernhésBihit
(30.0 ppm) (Table 7). Buszewsét al. (2009) in Torun, Poland obtained Cu 35 mg/kg lahpdry mass, Micleast al.
(2000), in a mining area from North-Western Romagizorded 66.3—238.1 mg/kg of Cu in plants. FurtBéattacharya
et al. (2011) analyzing Cu concentration in street azad tleposited dust in Anand city, India, report2d-230 mg/kg Cu
in leaf sample. As Cu content >30.0 ppm in plagrops might cause its translocation to the edilbl¢ @lso, making them
harmful and toxic (hypertension, sporadic feverniias, coma etc.) for human consumption, precaatjomeasure
should be taken for growing particularly leafy ved#es in the above five villages, as the edibleg p& vegetables
containing Cu >10 ppm could be risky for human comgtion. Only in nine plant samples (Guava, JadkfiSapota,
Sapota, Sugarcane, Cashew nut, Indian bean, MamgidBenjal) obtained from villages Palset, JambiRanginvada,
Cheeri, (600 m), Eklaher, Aambavadi, Nahuli (70Q m}a (900 m) and Kocharva (1000 m) Zn content alzsve the
maximum permissible limit (50.0 ppm). However, Zmtent varied widely from 3.4 to 103.8 ppm in plaotop samples
with a mean value of 34.64 ppm (Table 6) and theeki and the highest Zn content recorded in sugarca

(Tarakpardi village) and cashew nut plant sampléae Aambavadi) respectively.

The reason for variation in Zn content was the sameliscussed above. Buszewskal. (2009) from Poland
reported 75 mg/kg of Zn in plant dry mass, Rahmtaad. (2010) obtained Zn 62.7- 102.5 ppm in rice plamder effluent
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treatment. As higher content of Zn (>50.0 ppm)lamp/ crops is toxic, precaution should be takartlie consumption of
edible parts of plants / crops being grown in theraunding villages of Vapi industrial belt. Pb wastected in all the
plant / crop samples and varied widely from 0.0%.1053 ppm with a mean value 2.51 ppm (Table 6). [bhaest and the
highest value of Pb content were recorded in Castdrindian bean plant samples from Vatar and Saliliage. In most
of the plant / crop samples, Pb content was reddprmagh, though soils and water sources were gaiyelow in Pb.
Micleanet al. (2000) obtained 108-397 mg/kg of Pb in plant imiaing area from Romania and Abii (2012) found8%b.
to 38.83 mg/kg Pb in plants within mechanical whidss in Umuahia. However, plant samples collectethfnineteen
villages namely, Namdha (100m), Chandor (200m) @h&achigam, Dabhel (600m), Patlara, Varkund, Naf{O0m),
Morai, Salvav (800m), Pali, Motidaman (900m) andniaman, Tarakpardi, Barvadi, Sarodhi, Kocharvarviad,

Valvada (1000m) exhibited Pb content above the mari permissible limit (2.5 ppm) (Table 7).

cientists reported that above safe concentratidrb(ppm) of Pb, it could be risky for human constimpas that
might cause brittle bones and weakness in the avréstd fingers and also cause musculoskeletal, ,rexallar,
immunological, neurological, reproductive and depehental effects (ATSDR, 1994). As higher contdr®lo (>2.5 ppm)
in plant / crops might also cause its translocatiorthe edible part making them harmful and / otiddor human
consumption, precaution must be taken (as of nomjhie consumption of edible parts of plants / erbping grown in the

above nineteen villages.

All the thirty four plants / crop samples was fouladcontain Co which varied widely from 7.00 to 2@.ppm
with a mean value 11.26 ppm (Table 6). The higkakie of Co (44.20 ppm) was registered in Mangmtptample at
village Valvada (1000m distance), while the lowas¢ (7.00 ppm) was recorded under multiple plantsp samples like,
Sapota, Lemon, Mango, Guava, Cauliflower, IndiamrheSugarcane, Cabbage, Pigeon pea, Castor, Brinfalli
collected from various villages. Slightly high Content in almost all plant/ crop samples were fbgsiue to high Co
content in almost all the soils coupled with Contaaninated water sources. However, Co contentldhalsamples was

well within the permissible limit (50 ppm) (Tablg. 7

As overdose of Co might lead to angina, asthmalicanyopathy, polycythemia and dermatitis. Consiugrits
safety limit (0.05 to 1 mg/day) for human consumpt{ATSDR, 1994), precaution should be taken ferdcbnsumption of
edible parts of plants / crops being grown in theaunding villages of Vapi industrial belt. Only fourteen plant / crop
samples (in villages situated at 900 and 1000mawigt from Vapi industrial belt) Ni was detected abthivaried
appreciably from 3.80 (in Chilli at Tukvada villgg® 38.80 ppm (in Mango at Rata and in BrinjaKatharva village)
(Table 6) and belonged to the category of aboveimax permissible limit (1.5 ppm) (Table 7). Malé al. (2010)
recorded 41.4 to 59.3 mg/kg Ni in wild plant spedi®m Islamabad, Pakistan, and Bhattachatyd. (2011) obtained 57
to 71 mg/kg of Ni in street and leaf deposited dastnand city, India. Ni content >1.5 ppm in Pldrdrops might cause
its translocation to the edible part making themmifal and / or toxic for human consumption. Considg the safety limit
for human consumption of Ni (3 to 7 mg/day in humamSDR, 1994) precaution should be taken for thiescimption of
edible parts of plants / crops being grown in feart villages situated at 900 and 1000m distanoas fihe Vapi industrial
belt as excess intake might lead to hypoglycenmsthraa, nausea, headache, and epidemiological sympt6d was
detected only in seven plant / crop samples agéls situated at 600, 700, 900 and 1000 m distdrarasVapi industrial
belt where it varied from 0.60 (in sugarcane atzlvillage) to 13.00 ppm (in Mango at Valvadaage) (Table 6). In all
the seven plant samples, Cd content were abovenmiaxipermissible limit (1.5 ppm) which might be doeuptake of Cd
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from contaminated soils or water sources or botb(@ 7). Considering the safety limit for human suomption of Cd,
precaution should be taken for the consumptionddfle parts of plants / crops being grown in viagsituated at 600,
700, 900 and 1000m distances from the Vapi indalselt. Micleanet al. (2000) obtained 0.48 to 3.12 mg/kg of Cd in
plant in a mining area from Romania, Abii (2012)irid 4.65 to 6.65 mg/kg Cd in plants within mechahigorkshops in
Umuahia. Cd content >1.5 ppm in Plant / crops miguse toxic effect as acute doses (10-30 mg/ky/oagadmium
might cause gastrointestinal irritation, vomitirtiarrhea etc. (ATSDR, 1994). Thus, precaution sthdod taken for the
consumption of edible parts of plants / crops baingwn particularly in villages situated at 60007®00 and 1000m

distances from the Vapi industrial belt.
CONCLUSIONS

About 48, 100, 6 and 6% soils being deficient tagirel status in respect to DTPA-extractable Fe, Mua and
Zn respectively necessitate improvement of thaitustthrough addition of organic manure. BOD andG®Dall the water
sources are above prescribed limit while. Fe, Mn, Zn, Ni and Cd were detected only in a few wateurces and
Pb & Co were found in all sources and were founthiwimaximum permissible limit and are safe. Préicaushould be
taken for the consumption of edible parts of pldrdsops being grown in the surrounding villagesnofustrial belt, Vapi
as all, five, nine, nineteen, fourteen and six nemdf plant / crop samples were noted to cross miaxi permissible limit
respectively for FeCu, Zn, Pb, Ni and Cd and as a result might bectomie and or harmful for human consumption

leading to various kinds of ailments / diseasesmotlems.
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Table 1: Name of Village, Distance and Details ofdd, Water and Plant/Crop Samples

St No Ngme of Distanc_e From Vapi Sall Water Samples | Plant/Crop Samples
o Villages Industrial Belt (M) Samples and Source and Source
1. Namdha 100 Yes Borewell Sapota
2. Chandor 200 " Borewell Lemon
3. Mohangam 500 " Borewell Mango
4, Palset " Nil Guava
5. Jamburi ! Well Jackfruit
6. Perera ! Khadi Nil
7. Ranginvada " Borewell Sapota
8. Kachigam 600 " Borewell Cauliflower
9. Chiri " Borewell Sapota
10. Zari " Nill India bean
11. Charvada " Borewell Nil
12. Dabhel " Khadi Sugarcane
13. Eklaher " Borewell Sugarcane
14, Patlara " Borewell Cabbage
15. Aambavadi 700 " Well Cashew nut
16. Varkund " Borewell Pigeon —pea
17. Nahuli " Borewell Indian bean
18. Khadivad " Borewell Nil
19. Kunta " Nil Nil
20. Vatar " Nil Castor
21. Morai 800 " Nil Sapota
22. Salvav ) Borewell Indian bean
23. Palikanadu " Nil Nil
24. Pali " Nil Brinjal
25. Bhairi " Nil Nil
26. Motidaman " Khadi Tomato
27. Tukvada " Khadi Chilli
28. Rata 900 " Khadi Mango
29. Dungra " Well Mango
30. Dadra " Borewell Nil
31. Palikarambel " Nil Pigeon-pea
32. Dholar " Borewell Nil
33. Nanidaman " Borewell Mango
34. Tarakpardi " Nil Sugarcane
35. Bagvada " Nil Nil
36. Barvadi " Khadi Mango
37. Sarodhi " Borewell Mango
38. Velvagad 1000 " Borewell Nil
39. Kocharva " Well Brinjal
40. Bhatkurvad " Borewell Nil
41. Degam " Nil Indian bean
42. Kraya " Nil Mango
43. Nanitambadi " Borewell Mango
44. Karvad " Lake Mango
45. Valvada " Borewell Mango
46. Vatar " Nil Nil
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Table 2: Phys, EC, 5 and Dtpa - Extracted Fe, Mn, Cu, Zn, Pb, Co, Ni ad Cd of Surface
Soils of Different Villages in Surrounding Area ofVapi Industrial Belt

Name of : ECio5 DTPA - Extracted (ppm)

Village. Distance | pHias | jo/m [ Fe [ Mn | zn Cu Pb | Co Cd Ni
Namdha 100 m 8.0 0.11 | 721 [ 456] 809 | 1.23 | 2.00] 892 | 4.45 | 0.00
Chandor 200 m 8.0 0.06 | 3.26 [ 4.12] 3.09 | 0.08 [ 0.96 | 8.28 | 4.02 | 0.00
ohangam 500 m 6.8 0.16 | 3.78 [ 3.81] 6.08 | 427 [ 0.96 | 8.76 | 3.04 | 0.00
Balitha 7.7 025 | 412347 575 310 | 0.61] 860 | 5.43 | 0.00
Palset 6.5 0.06 | 3.78 [ 3.18] 6.01 | 294 [ 1.65| 876 | 3.75 | 0.00
Jamburi 6.6 0.09 | 052293 882 | 414 | 235] 860 | 2.77 | 0.00
Perera 6.5 051 | 1.12[7.06] 495 3.01 [ 3.39] 924 | 570 | 0.00
Ranginvada 600 m 7.6 0.21 | 361 [6.87] 432 | 6.20 | 235] 9.72 | 3.24 | 0.00
Kachigam 7.6 0.28 [ 13.30| 6.54] 426 | 2.25 | 1.30 | 12.44] 3.83 | 0.00
Chiri 8.3 0.14 | 798 [6.21] 9.04 | 055 | 3.04| 9.08| 4.77 | 0.00
Zari 6.6 055 | 815|584 058 | 3.71 | 478 ] 956 | 2.34 | 0.00
Charvada 7.9 0.16 | 9.36 | 5.32| 357 | 2.48 | 2.00 | 12.44] 3.08 | 0.00
Dabhel 7.7 0.12 | 858 [ 4.83] 252 | 2.65 | 1.30| 7.16 | 2.30 | 0.04
Mean 730 | 024 | 6.05|455] 498 | 3.10 | 2.28] 956 | 3.72 | 0.05
Eklaher 8.3 0.15 | 10.04] 5.43] 060 | 2.17 | 0.96 | 12.60] 4.73 | 0.02
Patlara 6.8 0.06 | 412 [5.12] 391 | 5.06 | 0.96 | 12.28] 4.33 | 0.02
Aambavadi 700 m 6.8 0.10 | 6.18 | 7.79] 2.27 | 558 | 1.65| 11.32| 3.75 | 0.04
Varkund 7.9 053 | 19.74| 7.41| 177 | 7.77 | 270 | 8.76 | 4.77 | 0.02
Nahuli 8.3 0.20 | 8.07 | 7.10] 0.41 | 719 | 1.65| 556 | 3.28 | 0.00
Mean 762 | 021 | 962 |6.75] 090 | 555 | 0.79| 5.05| 2.09 | 0.00
Khadivad 8.1 0.25 | 22.67|6.36| 3.01 | 5.06 | 0.43] 9.40 | 2.77 | 0.00
Kunta 7.4 0.18 | 17.43[7.84| 489 | 651 | 0.26 | 428 | 2.22 | 0.00
Vatar 800 m 8.3 0.15 | 24.13[ 7.44] 3.09 | 6.19 | 0.43] 524 | 1.28 | 0.00
Morai 7.4 0.12 | 7.90 [ 6.96] 899 | 7.63 | 1.48 ] 10.36] 3.40 | 0.05
Salvav 7.6 0.25 | 54.33[6.52| 0.26 | 7.08 | 0.09] 9.40 | 2.73 | 0.05
Mean 776 | 0.19 |12.65|6.13] 2.02 | 325 | 0.27] 3.87 | 1.24 | 0.02
Palikanadu 7.9 0.22 | 51.85/592] 7.09 | 996 | 1.65| 8.44 | 3.67 | 0.07
Pali 7.6 0.12 | 55.19] 5.45| 22.15| 9.05 | 2.70 | 13.56] 4.96 | 0.03
Bhairi 7.5 0.09 | 16.40| 5.12| 891 | 5.04 | 1.30 | 11.96] 2.89 | 0.07
Motidaman 900 m 7.0 053 | 5.41|484| 874 | 9.72 | 3.39| 11.96] 5.67 | 0.05
Tukvada 6.8 0.11 | 34.10| 451] 164 | 7.28 | 3.39 | 15.32] 3.82 | 0.03
Rata 7.9 0.10 | 10.99| 4.27| 4.60 | 10.23| 5.13| 8.12 | 2.42 | 0.03
Dungra 7.4 0.14 | 20.87| 3.94] 11.40| 5.02 | 8.26 | 13.24| 457 | 0.03
Dadra 8.3 0.25 | 30.31| 456] 019 | 814 | 0.09] 5.88| 1.24 | 0.02
Mean 7.5 0.20 | 28.14] 4.12] 809 | 6.44 | 259 | 885 | 2.92 | 0.04
Palikarambeli 7.1 0.30 | 20.87|5.84| 7.33 | 8.81 | 1.13| 13.08] 3.08 | 0.01
Dholar 7.0 0.14 | 30.31] 6.17| 6.27 | 10.42| 0.26 | 11.16] 4.14 | 0.01
Nanidaman 7.8 0.17 | 20.95| 6.91] 10.57| 6.11 | 2.17| 8.92 | 3.36 | 0.00
Tarakpardi 7.1 0.39 | 9.10 [ 4.26] 2.05| 7.15 | 1.83| 5.08| 1.28 | 0.00
Bagvada 7.7 0.28 | 26.09| 3.99| 6.44 | 10.47| 2.17| 6.84 | 1.71 | 0.02
Barvadi 7.8 0.42 | 10.04| 3.53] 532 | 7.39 | 1.48] 572 | 159 | 0.00
Sarodhi 8.1 0.34 | 489 |269] 6.83| 879 | 1.13| 11.48] 1.87 | 0.00
Velvagad 1000 m 7.9 0.28 | 6.95 | 7.16| 975 | 7.77 | 1.48| 8.44 | 1.47 | 0.02
Kocharva 8.0 0.23 | 18.45| 7.41| 519 | 870 | 2.87 | 12.28] 2.26 | 0.02
Bhatkurvad 7.7 021 | 721 | 7.72| 569 | 7.96 | 2.00| 10.36] 2.10 | 0.03
Degam 7.6 0.28 | 24.87| 4.10| 153 | 866 | 2.17 | 12.28] 1.99 | 0.07
Karaya 7.0 0.05 | 13.39|4.33| 1.74 | 9.96 | 1.13| 15.16] 1.67 | 0.03
Nanitambadi 8.1 024 | 726 | 483| 3.74 | 2.96 | 1.83| 14.84] 1.67 | 0.05
Karvad 8.3 0.16 |11.31|5.11] 3.03 | 483 | 0.43] 956 | 1.95 | 0.09
Valvada 7.2 1.21 |13.20|5.46| 524 | 7.36 | 1.43|11.99] 1.02 | 0.07
Mean 763 | 0.31 |[15.92|5.30| 5.38 | 7.82 | 1.57 | 10.48] 2.08 | 0.03
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Table 3: Categorization of Dtpa- Extracted Fe, MnZn and Cu in Soils as Based on Deficient, Marginagnd
Adequate Level

Number of Soil Samples Under Different Classes
(N?:?rﬁ?)r;(r:if Iron (Fe) ppm Mang?)r;)en?e (C17) Zinc (Zn) ppm Copper (Cu) ppm
Samples) D M A | D M A D M A D M A
<5|5t010| >10|<5| 5t010| >10| <0.5| 0.5t01.0/ >1.0 | <0.2| 0.2t00.4 | >0.4
100 m (1) - 1 - 1 - - 1 - - - -
200 m (1) 1 - - 1 - - 1 - - - - 1
500 m (1) 1 - - - 1 - - - 1 - - 1
600 m (10) 5 4 1 4 6 - - 1 9 - - 10
700 m (5) 1 2 2 - 5 - - - 5 - - 5
800 m (5) - 1 4 - 5 - - - 5 - 1 4
900 m (8) - 1 7 5 3 - - - 8 - - 8
1000 m (15) 1 4 100 7 8 - - - 15 - - 15
Total 9 13 24 | 18 28 0 2 1 43 1 1 44

D: Deficient, M: Marginal, A: Adequate

Table 4: Ph, Ec, Bod, Cod and Content of Fe, Mn, CZn, Pb, Co, Ni, Cd, in Major Water Sources From
Surrounding Villages of Vapi Industrial Belt

Distance & EC Saline BOD coD Fe [Mn [ Cu [ zn | Pb | Co [ Ni | cd
Nz_ame of PH (dSm‘l) Alkalin (mg/L) (mg/L) (ppm)
Village. e class
100 m
Namdha 6.35 0.38 C 79.2 264 ND| ND| ND| 000§ 0224 0.008 NI ND
200 m
Chandor 7.32 0.73 C 84.0 280 ND| ND | ND | ND | 0013 | 0.003] ND ND
500 m
Mohangam | 6.80 0.60 Ie 93.6 312 ND| ND| ND| ND| 0547 0.003 ND ND
600 m
Jamburi 6.31 0.13 o) 76.8 256 ND| ND| ND| ND| 0013 0003 ND ND
Perera 7.18 0.77 G 72.0 240 ND| ND| ND| ND| 0013] 0.00 ND ND
Ranginvada | 7.40 0.50 [ 82.2 274 ND| ND| ND| ND| 0013 0.003 ND ND
Kachigam | 7.42 0.47 G 743 264 ND| ND| ND| 0002 0124 0.003 NI ND
Chiri 7.27 0.27 G 75.7 240 ND| ND| ND| ND| 0013] 0.00 ND ND
Charvada 6.75 0.28 G 76.8 274 ND| ND| ND| ND| 0013 0003 0040 0.002
Dabhel 7.03 1.11 G 79.2 256 ND ND| ND ND 0.013] 0.00 0.015 ND
Mean 7.05 0.50 C 76.7 257 ND| ND| ND| ND| 0028 0003 0002 ND
700 m
Eklaher 7.68 1.95 G 72.2 248 ND| ND| ND| ND| 0.120] 0.00 ND ND
Patlara 7.19 0.23 o) 64.3 284 ND| ND| ND| ND| 0013 0.003 ND ND
Aambavadi | 7.57 0.48 G 74.4 274 ND| ND| ND| ND| 0013] 0.00 ND  0.002
Varkund 7.61 1.02 G 82.2 240 | 0022 ND| ND| ND| 0013 0008 ND 0018
Nahuli 7.38 0.95 G 79.2 304 ND ND| 0.003 ND 0.440  0.008 N[ 0.005
Mean 7.49 0.93 c 745 270 | 0.004 ND| ND| ND| 0119 0008 ND  0.005
800 m
Khadivad 8.06 0.67 G 76.2 256 ND| ND| 0083 ND| o0.12d 0008 ND 0015
Salvav 7.31 1.52 G 743 176 ND| ND| ND| ND| 0.120] 0.003 ND 0021
Mean 7.69 1.10 c 75.3 216 ND| ND| 0041 ND| 0.12] 0008 NO  0.018
900 m
Motid 7.63 0.46 G 61.2 168 ND| ND| ND| ND| 0.227] 0003 ND 0021
Tfkbii“;a” 7.33 0.26 G 715 144 ND| ND| ND| ND| 0440 0.00 ND ND
Rata 743 | 022 c 77.6 136 | ND Ofl ND | ND | 0440 | 0043 ND| ND
ngrg;a 754 0.36 c 75.6 152 ND| ND| ND| ND| 0440 0003 ND _ ND
7.48 0.20 o) 65.9 176 ND| ND| ND| ND| 0013 0003 ND 0002
Mean 748 | 030 c 70.3 155 | ND 0'200 ND | ND | 0312 | 0011] ND| 0.004
1000 m
Dholar 7.96 0.51 G 71.30 14400| ND| ND| ND| ND| 0013 0008 N[ ND
Nanidaman | 7.07 0.19 o) 64.80 136.00] ND| ND| ND| ND| 0013 0008 ND  0.008
Barvadi 7.46 0.23 o) 82.30 19500 ND| ND| ND| ND| 0013 0008 N[ ND
Sarodhi 7.90 0.76 G 79.20 24500| ND| ND| ND| ND| 0013 0008 NO  0.005
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Velvagad Table 4: Contd.,
Kocharva 7.39 0.56 G 76.30 183.00] ND| ND| NDJ] 0.002 0013 0033 NP 0.0p8
Bhatkurvad | 7.93 1.03 G 84.00 221.00/ ND| ND| ND ND| 0.013 0.008 NO 0.002
Nanitambadi| 7.81 1.04 G 65.30 175.00 ND| ND| ND ND| 0013 0.008 NO 0.008
Karvad 6.74 1.02 G 47.40 224.00] ND| ND| ND| 0.02] 0.12 0.003 NP  0.0p2
Valvada 0.02
7.48 0.28 G 77.50 173.00| ND| 7 ND | 0.002| 0.013| 0.003 ND ND
7.14 0.36 G 64.80 168.00] ND| ND| ND| 0.01}f 0.12 0.043 ND NI
Mean 7.49 0.60 c 71.29 186.40| ND 0'200 ND | 0.004| 0.034| 0.0054 ND| 0.00
ND - not detected
Table 5: Categorization of Water Sources as BasedhdMaximum Permissible
Limit of Toxic Metals in Water (Ppm)
Distance Iron .
ofWater | () |Mengenese) Copper | Zinc | Lead | Cobal | e | cadmium
(ﬁz‘;:gif '\c")p?" Mpl 0.05 | Mpl0.05 | Mpl50 | Mpl0.1 | Mpl0.O5to | 02("(21911) 0 01(‘38‘)1911)
of (m '|.1) (mgl™) (mgl™) (mgl™) (mgl™) 1.5 (mgr?) : :
Samples). | B | A B A B A B A B A B A B A B A
100m(@) | 1| - 1 - 1 - 1 - - 1 1 - 1 - 1 -
200m@) | 1] - 1 - 1 - 1 - 1 - fl - 1 - ] -
500m(@) | 1| - 1 - 1 - 1 - - 1 1 - 1 - 1 -
600 m (7) 7 - 7 - 7 - 7 - 6 1 1 - 7 - T -
700 m (5) 5 - 5 - 5 - 5 - 3 2 5 - 5 - g -
goom@) | 2| -| 2 - 2 - 2 - - 2 2 - 2 - 2
900m@GB) | 5] -] 5 - 5 - 5 - 1 4 E - 5 - 4 1
1000 m
(10) 10| - 10 - 10 - 10 - 8 2 10 - 1 - 10 -
Total 32| - 32 - 32 - 32 - 19 13 32 - 32 - 29 3
B: below and A: Above
MPL: maximum permissible limit (WHO)
Table 6: Total Content of Fe, Mn, Cu, Zn, Pb, Co, Nand Cd in Some Plant / Crop Samples
from Different Villages in Surrounding Area of Vapi Industrial Belt
Distance & Fe Mn Cu Zn Pb Co Ni Cd
Name of Village. | (ppm) (ppm) (Ppm) (ppm) | (ppm) | (ppm) (Ppm) (ppm)
100 m
Namdha 1600.0 60.6 16.6 40.2 3.70 7.00 N ND
200 m
Chandor 538.8 18.0 9.2 12.8 3.90 7.00 ND N
500 m ND ND
Mohangam 748.4 47.4 33.2 32.8 2.36 7.00 NO ND
600 m
Palset 681.4 52.4 9.2 67.6 0.22 7.00 ND ND
Jamburi ND 47.4 25.8 68.4 2.12 16.20Q ND ND
Ranginvada 634.0 72.0 13.0 65.0 1.64 7.00 ND ND
Kachigam 1821.2 142.0 9.2 25.4 3.69 7.0Q ND ND
Chiri 476.8 11.4 22.2 81.8 2.84 7.00 ND ND
Zari 157.4 21.2 16.6 18.0 1.66 7.00 ND ND
Dabhel 1702.0 175.2 14.8 21.4 3.41 7.0Q ND 0.60
Mean 7514.8 74.5 15.8 354.6 2.24 8.31 ND 0.09
700 m
Eklaher 1678.2 67.0 11.0 68.4 1.6% 7.0Q ND 0.00
Patlara 596.0 9.8 18.4 18.8 2.7¢ 7.00 ND 6.4(
Aambavadi 119.2 8.2 24.0 103.8 1.3( 16.20 ND 7.20
Varkund 309.8 40.8 25.8 5.4 3.39 7.00 ND ND
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529.2 45.6 14.8 57.0] 3.3 7.00 ND ND
Mean 646.4 50.7 18.8 50.6] 24b  8.84 ND 2.7p
800 m
Vatar 190.6 50.8 9.2 154 | 0.09 7.00 ND ND
Moral Salvay 486.2 18.0 20.2 200 | 2.54 7.00 ND ND

572.0 65.4 14.8 456| 5.1 7.00 ND ND
Mean 416.2 58.4 14.7 27 260  7.00 ND ND
900 m

181.2 31.0 13.0 180 | 4.23 7.00 ND ND
Pali Motidaman | 233.6 86.8 35.0 282 | 312 1620  23.2p ND
Tukvada Rata | 1903.0 | 14.6 13.0 8.8 2.14  7.00 3.80 3.0p
Dungra 181.2 | 1212 35.0 55.6 112 7.2 38.8D 8.80

839.0 62.2 13.0 6.6 1.54 7.00 27.20 ND
Mean 667.6 63.1 21.8 234 | 2.44 8.88 18.6D 2.36
1000m

_ _ 290.8 ND 11.0 12.0 111 16.20 15.60 ND

Palikarambeli 66.8 54.0 9.2 16.8 254  25.6( 15.6p ND
Nanidaman 290.8 21.2 7.4 3.4 3.22 7.00 3.80 ND
Tafakg‘_"“d' 181.2 | 916 13.0 20| 280  7.00 1560 ND
ggg‘;‘h‘l 352.8 78.6 20.2 24.2 380 16.20 3.8( ND
Kocharva Degam| 6294 | 126.0 35.0 38| 265 3480  38.80 7.20
Karaya 929.6 74.2 13.0 234 | 2.3 7.00 7.80 ND
Nanitambadi 867.6 39.2 74.0 10.0 1.24 7.00 3.80 ND
Karvad 290.8 37.6 13.0 33.4 1.04 7.00 ND ND
Valvada 977.4 34.4 14.8 8.0 3.62 7.00 3.80 ND

4338 | 108.0 18.4 39.6| 322 4420 3.8( 13.00
Mean 482.8 58.9 20.8 251] 25D 16.27  10.21 1.84

ND: Not detected

Table 7: Categorization of Toxic Metals in Plant Seples as Based on Maximum Permissible Limit (ppm)

SDc;ﬁtggﬁfcgfs e C?Cpl?)er (Zgr“‘)’ 'Zg";;j Cobalt Nickel Cadmium
from Vapi E) MPL | wmpL MPL (c2) (N (er)
A MPL5.0 | 30.0* | g per | MPL5O MPL 1.5% MPL
umberot | ™99 | M9 | gty | ngegy | (9K (mokg™ | 1.5%(mgkg?)
samples). T T [ A [B| A |B|] A |B] A B A B | A
100 m (1) -1 I T I 1 -] 1nD - 1N
200 m (1) N T ) N T R | 1nD - 1ND
500 m (1) A T R T R R I 1nD - 1ND
600m(7) | 1(Nd) 6| 7| -| 3 4 4 3 7 - 1nND+e - N§+1 -
700 m (5) - |'s| 5| -] 2 3] 4 3] 3§ | 1nD+4 - 3ND
800 m (3) 3] 3] -] 8] | o 2] 4 -] 1nD+[3 - 3ND
900 m (5) - s 3] 2| 4 1] 4 2] § - - 1IND +[4 3Np
1000m (1) - | 11 8 3| 10 1 4 7 11 - IND 10 9ND2
Total 1 |33]29] 6 |[25] 9 [15| 19 |34]| - 20 14 28 | 6

B: Below and A: Above, ND: not deisd,

MPL= maximum permissible limit as based on WHO/FAQI

* denote as based on Indian standard
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