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ABSTRACT

The concentration of chromium was determined inteveater, soil and vegetable (carrot, lettuce, onispinach,
cabbage, tomato and okro) samples collected onosedsbasis from January, 2013 to September 2014glo
Kubanni stream channels in Zaria. The results shibaleromium levels in wastewater were in the ranfyé.d7 —
33.33 mg/L for the year 2013 and 2.74 — 37.15 mig/R014; 3.25 — 17.35 mg/Kg for the year 2013 antb3-
18.40 mg/Kg in 2014 for the soil while the vegetatiiad concentrations in the range of 3.15 — 1&1§#Kg for the
year 2013 and 1.58 — 24.32 mg/Kg in 2014. Statitiaalysis revealed no significant difference lmamium levels
across the locations and seasons for wastewatdr,asd vegetables analyzed while significant défere (p <
0.050) was observed across the sampling locatiorséd. Pearson correlation showed substantial (r0=724)
relationship between chromium levels in wastewaiethe year 2013 and 2014, moderate (r = 0.671atienship
for soils between these two years while negative {.076) relationship was obtained for vegetaltettivated in
2013 and that of 2014 respectively. Chromium cotma#ons obtained in this study was higher than Maxm
Contaminant Levels set by Standard Organizatioct s13 W.H.O. and F.A.O.

Keywords: Chromium level, Kubanni River, Soil, VegetablelaWastewater.

INTRODUCTION

Chromium is a transition metal with atomic numbdrahd chemical symbol Cr. It is an important eletrfenthe
insulin activity and DNA transcription. However, artake below 0.02 mg per day could reduce celltdaponses
to insulin [1]. Chromium in its hexavalent formtiee most toxic species of chromium which is exteslgi used in
leather processing. As a result, chromium has becammajor factory run-off pollutant that is begimgito become
a global trend [2]. The toxicity of chromium aridesm its tendency to be corrosive and to caussgitt reactions.
It is widely distributed in the earth’s crust andsés in oxidation states of +2 and +6 [3]. Chromiand its salts are
used in the leather tanning industry, the manufeatd catalysts, pigments and paints, fungicides,deramic and
glass industry and in photography. It is also ukedchromealloy, chromium metal production, chropiating,
corrosion control, colouring agents for emeraldegrglass, chemical analysis, textile colour pigreemtd mordants
and trace minerals essential to the nutrition ohraad animals [4]. Chromium functions in mammalgncose
metabolism and appears to be essential to manrantiis [5].

Modern agriculture is becoming nuisance to mankifite insecticides, pesticides, chemical fertilizespecially
nitrate and phosphate are used annually to booisuétgral production and these chemicals are ledatown to the
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soil and eventually end up to contaminate the gilowater and stream waterways and River Kubanngisaky
surrounded by these types of activities which éely to pollute the waterway [6]. The major causdswater
pollution in most countries of the tropics can bikéd to human activities such as sewage and refisgmsal,
industrial effluents, agricultural activities, migi and quarrying activities [7]. The most commonrse of water
pollution in developing nations is domestic sewagd refuse. [8]is of the opinion that several cloamelements
including chromium have their origin in the compaghigh refuse dumps that is similar to pollutiattprn in the
catchment area of Kubanni River. Several otheristulave shown that a considerable number of elenae
leached from refuse dumps during rainy seasongrdand water and stream [9].

Study Area

Zaria city is in northern Nigeria on longitude 7°B2and latitude 11°03°N, within the drainage of &i\Kubanni
flowing to the south east direction through Ahmdgllo University. The vegetation of the area is Havannah
type with more grasses than hard wood trees. Tkeage annual rainfall is 875mm and the temperataries
between 27 to 35°C with a relative humidity [10heTgeology of the study area is composed mainfnef grain
gneisses and migmatite with some coarse-graineditigraoutcrops in few places. The soil of the stuahea is
mainly sandy-clay loam with poor infiltration besauof the high clay content [11]. The entire vetjetaand soils
of the study area have been under great anthropoijgluences which have greatly modified the emteindscape
[12]. Kubanni River is known for its human actiesi like farming, source of drinking water, washargl fishing.
Some peasant farmers use its bank for farming tfirout the year especially Sabon-gari area, here thglanting
of vegetables of different varieties. This neceses irrigated farming system to meet up with tleenand for
vegetables and promotes the use of wastewateiichtird, fungicides, pesticides and fertilizers vhéze sources of
pollutants (chromium) [1]. High population of theea coupled with the amount of waste that is indisioately
discharged into the body of Kubanni River makepridne for contamination which necessitates theystrdthe
nature of vegetables consumed by people from tha. arhis study is aimed at ascertaining the extenthich
chromium is accumulated in wastewater, soil ancetedges through man-made activities

EXPERIMENTAL SECTION

Sampling

Wastewater samples from Kubanni stream were olddioen five different sampling points on a four nlofbasis
along the stream channels for the period of twasie8ampling was conducted in the harmattan, ddyramy
seasons. Wastewater samples were collected usingasite sampling in a polyethylene plastic contrieat were
previously cleaned by washing in non-ionic detetgard then rinsed with tap water and soaked in HN@; for
24 hours and finally rinsed with deionized wateiopto usage [7]. During sampling, sample bottlsed were
rinsed with sampled water three times and theeditb the brim at a depth of one meterbelow theievaster from
each of the five designated sampling points. Waatemsample bottles were labelled, stored in ioe##d coolers
and transported to the laboratory while in the tabmry, they were stored in the refrigerator atubb °C prior to
the analysis [13]. Soil samples were collectedhete depths (0-5 cm, 5-10 cm and 10-15 cm) frorh binte of the
river banks by using spiral auger of 2.5 cm diame®eil samples were randomly sampled and bulkgéther to
form a composite sample from each designated pdimty were then put in clean plastic bags, labeded
transported to the laboratory. The full grown wapée of [spinachAmaranthus hybridyslettuce Lactuca sativy
cabbaggBrassicaoleracep carrot Daucus caroty okro Hibiscus esculentsonion @llium cepd and tomato
(Lycopersicon esculenetyhwere randomly handpicked from various gardernigpldong Kubanni stream channels
using hand gloves, bulked together to form a cortgosample, wrapped in big brown envelopes, labeled
accordingly and transported to the laboratory.

Sample Treatment

Wastewaters used for chromium determinations weidifeed at the points of sampling with 5¢rof concentrated
HNO; as to avoid microbial activities on the wastewatetsich might reduce the concentrations of intended
chromium before analysis and they were kept infagexator prior to analysis [13]. Soil samples weiir-dried,
crushed and passed through 2 mm mesh sieve. Theasoples were then put in clean plastic bagsedeand
labelled accordingly. Each vegetable samples wexshed with tap water, followed by deionized waaérdried in

the laboratory, grounded to powder and sieved u&&tgum sieve [14].
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Figure 1:- Map of Sampling L ocations

Digestion of Wastewater Samplesfor Chromium Deter mination

1000 cni of each wastewater sample was transferred intealidy and 50 circoncentrated HN9was added. The
beaker with the content was placed on a sand battewaporated down to about 20%amd this was analyzed as
described by [7]. Cr was determined at 358 nm wengths using Alpha-4 Model AAS [15].

Deter mination of Chromium in Soil Samples

Two grams of each soil sample was weighed into-eeished glass beakers. Soil samples were digestédeb
addition of 20 criof aqua-regia (mixture of HCl and HNGh ratio 3:1) to each soil sample and 10°@h30 %
H,0, were added in small portion to avoid any possierflow leading to loss of material from the beakehe
beakers were covered with the watch glasses anddea a water bath for 2 hours at 90 °C. The breakell and
watch-glasses were washed with deionized watertlamdamples were filtered out to separate the ubdmlsolid
from the supernatant liquid. Soil samples volume weade up to 100 chby adding deionized water to the mark
levels. It was then analyzed for Cr at 358 nm wawgths using Alpha-4 Model Atomic Absorption
Spectrophotometer (AAS) [15].

Digestion of Vegetable Samplesfor Chromium Deter mination

Three grams of the dry sample of each vegetabl@lsawas ashed using Muffle furnace set at 450 °Camiing,
the ash was transferred to a decomposition flaséislant of concentrated HNOwas added and then analyzed as
described by [15].

RESULTSAND DISCUSSION

The results of chromium in wastewater and vegesablealyzed were expressed in form of bar-chartagusi
Microsoft Excel (Window 7 Professional), the resubbtained were subjected to one way Analysis afaviaes
(ANOVA) and Pearson Product Moment CorrelationsME using Statistical Package for the Social Sasnc
(SPSS) 20.0 version software. Null hypothesis vaipted and this was set at 95% Confidence Mean texaheck

if there is significant difference in the concetitas of chromium analyzed. Statistical decisiom Rearson
Correlation Coefficients (r) were taken as follows;

(1) If 0.05<r<0.20 there is negligible relationship

(2) 1f 0.21<r<0.40 there is low relationship

(3) 1f 0.41<r<0.60 there is moderate relationship

(4) 1f 0.61<r<0.80 there is substantial relationship

(5) 1f 0.81<r<1.00 there is very high relationship [16]

Figure 2 presents chromium concentrations in weatiwfrom Kubanni stream channels. The concentrstio

determined were in the range of 4.17 — 33.33 mgfitlie year 2013. Highest level was found at Ungtwieni
(383.33 mg/L) during harmattan season followed by32ng/L from the same sampling site but in the skgson.
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High levels were also noticed at Industrial aremglJos road (29.0 mg/L), Sabon-gari (28.54 mgfthln the dry
season whereas the least concentration of 4.71 maglobtained at Sabon-gari in the rainy seasoror@iom level
in harmattan season (16.67 — 33.33 mg/L) did rfié@érdmuch to that of dry season (18.57 — 32.07 rmw/hile rainy
season showed least concentration of chromium (4.16.60 mg/L). Elevated level of chromium durireyinattan
and dry seasons might be as a result of contindepssition of dusts during the harmattan seasopledwvith less
dilution effect of rainfall as suggested by [17]dafi8]. In 2014, concentrations determined for ahiton in
wastewater were in the range of 2.74 — 37.15 migighest level was observed at Sabon-gari (37.19.)raydring
harmattan season followed by 29.67 mg/L from Indaisarea along Jos road in the same season. IdigHsl of
chromium were also found at Unguwa-fulani (27.15/lthgluring harmattan season, the level of chromiaim
Tundun-wada was 27.09 mg/L, Unguwa-fulani had 25wL and while Kwangila had chromium level as 33.1
mg/L, all these results were obtained in the dasse. High levels of chromium from all the samplgitgs could be
attributed to various tannery industries locatedha industrial areas and this results to the disgh of their
industrial wastes into River Kubanni as reported1®] and [19]. Comparing the results obtainedhe year 2013
to that of 2014, it can be revealed from the barcthat chromium level in rainy season 2013 (4-116.60 mg/L)
was higher in concentrations than rainy season ZRI4 — 5.33 mg/L) whereas harmattan season 20405 —
37.15 mg/L) showed high level of chromium than tbBharmattan season 2013 (16.07 — 33.33 mg/L)reltvas
gradual build-up in chromium levels in 2014 whickght be due to high production of wastes from tayheather
industries as their wastes are rich in chromiumorting to [4]. Chromium levels in this study wasoab
permissible limit set by [20] (0.55 mg/L) and thiglicates that the wastewater used for farminghm sampling
locations are polluted with chromium metal. [21poeed 84.5 mg/L as chromium level in wastewatemmfr
irrigated garden which was above the results obthin this study whereas reported concentration@®ly(4.33 —
19.15 mg/L) and [23] (3.87 — 7.87 mg/L) were ldsatresults obtained in this present study.

Figure 3 presents chromium concentrations in soinf Kubanni stream channels. The concentrationsrmhéed
were in the range of 3.25 — 17.35 mg/Kg for thery#& 3. Least level was found at Kwangila sampBitg (3.25
mg/Kg) in the dry season while highest concentratib 17.35 mg/Kg was recorded at Sabon-gari dutfregdry
season. High levels were also noticed at Tundurav(a6.67 mg/Kg) during harmattan season, Indusiried along
Jos road (13.82 mg/Kg) during harmattan seasoril8r@’mg/Kg at the same site but in the dry seaswamngila
and Unguwa-fulani sampling sites showed low levietlmromium in the year with concentrations in tlamge of
4.17 — 4.18 mg/Kg for the former while 4.25 — 4r66/Kg for the latter.
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Fig. 2: Chromium Concentrationsin Wastewater from Kubanni stream Channels, Zaria
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Fig. 3: Chromium Concentrationsin Soil from Kubanni Stream Channels, Zaria
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Fig. 4: Chromium Levelsin Vegetablesfrom Kubanni Stream Channels, Zaria

Low concentrations of chromium at these sites miighas a result of dissolution of industrial effiteefrom tannery
factories and farness of these sites to the contgnasi suggested by [22]. Chromium had concentratianthe
range of 3.75 — 18.40 mg/Kg for the year 2014. dgiHevel was found at Industrial area along Jasl (d.8.40
mg/Kg) during the dry season and closely followed 17¥.38 mg/Kg from the same sampling site but ia th
harmattan season. High levels were also noticed frandun-wada (15.42 mg/Kg) during the harmattasse and
13.09 mg/Kg in the same location but in the dryss@a Sabon-gari sampling site (9.40 mg/Kg) showig tevel

of chromium in the dry season and closely followsd8.97 mg/Kg from Unguwa-fulani during the harraatt
season. Least concentration of 3.94 mg/Kg duriimyreeason was obtained at Kwangila sampling ke levels
of chromium was recorded in the rainy season o#20ith concentrations in the range of 3.94 — 5. %K. This
might be related to dilution effect as suggested18}. Comparing the results obtained for the y2@t3 and 2014,
rainy season of 2013 (4.17 — 12.50 mg/Kg) had leigicentration of chromium than rainy season of 2(3194 —
5.74 mg/Kg) whereas harmattan season of 2013(4.1%.67 mg/Kg) showed low level of chromium when
compared with harmattan season of 2014 (6.73 -81M@Kg). Kwangila sampling site (3.25 — 7.54 mgykagd
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least level of chromium while Industrial area alaraps road (3.94 — 18.40 mg/Kg) showed highest aatatin.
This might be connected to closeness/farness afetlsampling sites to tannery effluents as suggesyefl].
[20]reported 100 mg/Kg as maximum allowable linot £hromium in soil which was above the concentredi
obtained in this study. The chromium levels analyneere less to the concentrations reported by otfwkers
including; [24] (1.80 — 72. 01 mg/Kg) and [25] (8@.mg/Kg).

Chromium levels in vegetables analyzed from Kubaimg@am channels is presented in figure 4. Theeamnations
determined were in the range of 3.15 — 16.67 mdfitdhe year 2013. Highest level was noticed itulst (16.67
mg/Kg) followed by carrot (16.60 mg/Kg) and closéblowed by cabbage (16.40 mg/Kg) all these resulere
obtained in the rainy season. High concentratioesevalso observed in okro (14.20 mg/Kg), lettu@32 mg/Kg)
showed highest level both in the dry season, cdt®83 mg/Kg) and cabbage (12.04 mg/Kg) both enithrmattan
season while the least level of chromium was ®bin okro (3.15 mg/Kg) during harmattan seas@ina&h had
moderate level of chromium as it showed concemtnatn the range of 3.45 — 8.33 mg/Kg. High levefs
chromium among vegetables analyzed might be linkethnnery industries around the sampling siteshas
effluents are rich in chromium metal according 4¢. [This could also be as a result of excessivdiegin of
manure and superphosphate fertilizers as thesd edeNate the chromium levels as suggested by [&&jetables
analyzed had concentrations in the range of 1.24.32 mg/Kg for the year 2014. Highest level waticed in
carrot (24.32 mg/Kg) closely followed by 23.20 mg/kh onion and followed by 18.87 mg/Kg in lettudé in
harmattan season. High levels were also observexpimach (17.32 mg/Kg) during dry season, cabbager4
mg/Kg) in harmattan season whereas low concentsmtivere recorded in onion (3.04 mg/Kg), tomato {2.7
mg/Kg) and okro (1.58 mg/Kg) all these were obtdiitethe rainy season. There was steady decreageomium
concentrations from harmattan season (8.68 — 24@Kg) to rainy season (1.58 — 5.68 mg/Kg) in teary2014.
This could be as a result of flooding in 2013 tleat to heavy erosion, this necessitated the apjadicaf more
chemicals like herbicides, fungicides, pesticided fertilizers than usual in the following year.@oaring results
obtained in 2013 with that of 2014, there was rdwale increase in chromium levels from harmattaasse 2013
(3.15 — 13.33 mg/Kg) to harmattan season 2014 (8.@4.32 mg/Kg). This could be related to harmattasts
coupled with excessive use of wastewaters foratitm as suggested by [22]. Likewise, there wasedme in
chromium level from dry season 2013 (6.40 — 14.2flKmg) to dry season 2014 (7.40 — 17.32 mg/Kg). Haoave
there was significant reduction in chromium levietsn rainy season 2013 (5.34 — 16.67 mg/Kg) toyr&ial4 (1.58
—5.68 mg/Kg). Throughout the period of samplirayrot (4.20 — 24.32 mg/Kg) accumulated chromiumainetost
while tomato (2.77 — 10.43 mg/Kg) and okro (1.58.74 mg/Kg) showed the least levels of accumulatjai]
recommends 0.10 mg/Kg as maximum allowable limit daromium in vegetable and this indicates thas¢he
vegetables are contaminated with chromium met#hasvastewater of the sampling sites revealed.chinemium
levels analyzed were similar to concentrations iobth by other workers including; [25] (33.01+4.24)/iKg) in
Solanum macrocarpuwegetable and [28] as they reported 22.68 mg/Kgpinach, 34.48 mg/Kg in coriander and
8.74 mg/Kg in cauliflower.

Table 1:- Analysisof Variance for Chromium in Wastewater (L ocations and Seasons)

Analysis of Variance Sum of Square df Mean Square F Signif.
Chromium in Wastewater Between Groups 193.333 4 48.333 0.444 0.776
(Locations) Within Gies 2721.127 25 108.845

Total 2914.460 29
Chromium in Wastewater Between Groups 127.581 5 25.516 0.220 0.951
(Seasons) Withiro@®s 2786.879 24 116.120

Total 2914.460 29

Table 2:-Summary of Pearson Product Moment Correlation for Chromium in Wastewater

Variables N x SD r df  Signif.
Chromium 2013 15 19971 8865 0.724 13 0.002
Chromium 201 15 17.37. 11.22¢
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Table 3:- Analysisof Variancefor Chromium in Soil (Locations and Seasons)

Analysis of Variance Sumof Square  df Mean Square F Signif.
Chromium in Soil Between Group$865.492 4 91.373 5.923 0.002
(Locations) Withind@bips  385.646 25 15.426

Total 751.139 29
Chromium in Soil Between Group#9.438 5 9.888 0.338 0.885
(Seasons) Withiro@s  701.700 24 29.238

Total 751.139 29

Table 4:-Summary of Pearson Product Moment Correlation for Chromium in Soil

Variables N x SD r df  Signif.
Chromium 2013 15 9.022 5204 0.671 13 0.006
Chromium 2014 15 8.536 5.143

Table 5:- Analysis of Variance for Chromium in Vegetables (Varieties and L ocations)

Analysis of Variance Sumof Square df Mean Square F Signif.
Chromium in Vegetable Between Group228.592 6 38.099 1.252 0.305
(Among various vegetable) Within Groups 1065.399 35 30.440

Total 1293.990 41
Chromium in Vegetable Between Group23.392 5 4.678 0.133 0.984
(Seasons) WitGiroups 1270.599 36 35.294

Total 1293.990 41

Table 6:-Summary of Pear son Product Moment Correlation for Chromium in Vegetables

Variables N x SD r df  Signif.
Chromium 2013 21 9.218 4282 -0.0769 1 0.743
Chromium 2014 21 10.501 6.745

Table 1 presents Analysis of Variance for chromlaewels in wastewater as it shows, p = 0.776 > 0i@6&)means
that there is no significant difference in chromilevels from one sampling location to another. Tisignore
elaborated from their mean and standard deviatien tlaus; Kwangila (15.375+£7.575), Unguwa-fulani
(21.662+12.562), Sabon-gari (19.728+13.136), Tundada (15.948+8.189) and Industrial area along rdasl
(20.642+9.456) respectively. This might be attrdzlito sampling sites are falling within the samaniiy thereby
their source of contamination with chromium areimwhich is tannery industries as suggested By Tdble 1
also shows p = 0.951 > 0.050 this means that ikare significant difference in chromium conceritias from one
season to another. Their mean with standard dewidtighlights this; harmattan season 2013 (16.78(245b), dry
season 2013 (22.456+12.029), rainy season 201324%8.511), harmattan season 2014 (19.572+9.19%), d
season 2014 (16.250+10.533) and rainy season 2A@144@4+13.384) respectively. It showed that thediaahich
responsible for high level of chromium in wastewaaé Kubanni River is available throughout the pdsi of
sampling which is indiscriminate discharge of tayreffluents as this contains high concentratiohshoomium as
suggested by [1]. Table 2 presents Pearson Prédiuctent correlation for chromium levels in wastewdtetween
the year 2013 and 2014. Statistical data showednnweith standard deviation level for chromium to be
19.971+8.865 for 2013 while 17.371+11.224 was otadiin 2014 with the degree of freedom (df) =R8arson
correlation (r) = 0.724 and p = 0.002 < 0.050 thatans there is substantial relationship betweeonaiim level in
wastewater for 2013 to that of 2014.

ANOVA Table 3 above indicates, p = 0.002 < 0.05@mveh there is significant difference in chromium
concentrations from one sampling location to anotikis is elaborated from their mean and standardation as
thus; Kwangila (4.640+1.567), Unguwa-fulani (5.063354), Sabon-gari (9.023+5.210), Tundun-wada
(11.882+4.178) and Industrial area along Jos r@81285+5.125) respectively. It might be as a resuttisparity in
distances to tannery/leather industries whichrfamfone sampling site to another as suggesteddjyT2ble 3 also
shows p = 0.885 > 0.050 this means that there isigrificant difference in chromium levels from oseason to
another. Their mean and standard deviation sulistarthese; harmattan season 2013 (9.282+7.048)sad#son
2013 (10.48246.468), rainy season 2013 (9.112+3 4@ mattan season 2014 (9.124+5.817), dry seaéan
(8.420£3.731) and rainy season 2014 (6.254+4.0d4pactively. This indicates that factor which rexlole for
high level of chromium in Kubanni River did not @t by change in seasons which is indiscriminatetdirged of
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tannery-effluents as suggested by [19].Pearsonuetddoment correlation (PPMC) for chromium concatins in
soil between the year 2013 and 2014 is presentethbte 4. Statistical data showed mean level witimdard
deviation to be 9.022+5.204 for 2013 while 8.538:43 was obtained for 2014 with the degree of freeddf) =
13, Pearson correlation (r) = 0.671 and p =®.0®.050 this means that there is moderate relstip between
chromium levels in soil for the year 2013 to thB2014. This decision is jusified since analysissafiance showed
similar results (no significant difference from oseason to another).

Analysis of Variance in Table 5 shows, p = 0.309.850 this means that there is no significant déffiee in
chromium levels among varieties of vegetables amaly Their mean and standard deviation showed tlcasmt
(12.292+7.389), lettuce (11.938+5.453), onion (6647.132), spinach (9.190+4.921), cabbage (11.82%:4),
tomato (6.223+2.699) and okro (6.780+4.452) respelgt This might be as a result of anthropogerttivities in
the sampling sites as suggested by [12]. Also,&&ldhows p = 0.984 > 0.050 this means that tlsame Bignificant
difference in chromium concentrations across thesees. This implies that chromium levels in the eteble
samplesanalyzed do not change much despite chamglesir seasons as reflected from their mean #aadard
deviation as thus; harmattan season 2013 (10.2Q84}. dry season 2013 (10.173+5.804), rainy se&i8
(10.816£3.993), harmattan season 2014 (10.194+Y.58¢ season 2014 (9.146+5.099) and rainy sea€dd 2
(8.604+7.289) respectively. It means that the fattat is responsible for high level of chromiumtins studied
environment does not change with season, as rel/bgléhe wastewater from the sampling sites. PeaPsoduct
Moment Correlation (PPMC) is presented in Table 6laborate on the relationship between the chnonbévels in
vegetables for the year 2013 and 2014. Statigfiatzl showed mean with standard deviation leveéet8.818+4.282
for 2013 while 10.501+6.745 was obtained in 201#tiSical analysis showed Pearson correlatior=(sp.076,
degree of freedom (df) = 19 and p = 0.743 > 0.08€ means that there is negative relationship batvebiromium
levels in vegetable for the year 2013 and 2014ewtsely.

CONCLUSION

The levels of chromium analyzed in the various damgsites were found in this order: Unguwa-fulanindustrial
area along Jos road > Sabon-gari >Tundun-wada >niieawhile the vegetables showed the order ofotasr
lettuce > cabbage > onion > spinach > okro > tomiata@onclusion, it can be deduced that, thereeisdnto find
means of removing this heavy metal (chromium) whiolght make these vegetables unsuitable for human
consumption by stop using wastewater to irrigageftimland in the studied area and stop indisciteimischarge

of refuse into the body of Kubanni River by providiappropriate dumpsites within the vicinity.
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