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ABSTRACT

The concentration of cadmium was determined in evesster, soil and vegetable (carrot, lettuce, onispinach,
cabbage, tomato and okro) samples collected onosedsbasis from January, 2013 to September 2014alo
Kubanni stream channels in Zaria. The results sltbeamium levels in wastewater were in the range@f — 2.02
mg/L for the year 2013 and 0.50 — 6.50 mg/L in 201@0 — 3.50 mg/Kg for the year 2013 and 1.31157Mg/Kg in
2014 for the soil while the vegetables had conediuins in the range of 0.20 — 6.10 mg/Kg for thary2013 and
0.60 — 5.60 mg/Kg in 2014. Statistical analysisesded no significant difference in cadmium levetsoas the
locations and seasons for wastewater, soil and tadxes analyzed. Pearson correlation showed moddrat 0.488)
relationship between cadmium levels in wastewatettfe year 2013 and 2014, negligible (r = 0.002kationship for
soils between these two years while low (r = 0.3@4gtionship was obtained for vegetables cultidaite 2013 and
that of 2014 respectively. Cadmium concentratiob&ioed in this study was higher than Maximum Cuoriteant
Levels set by Standard Organizations such as W.eh@ F.A.O.

Keywords: Cadmium concentration, wastewater, Kubanni Riseil,and vegetable.

INTRODUCTION

Cadmium is known to be carcinogenic and fatak génerally dangerous to living organism especialiyn because
of its bioaccumulation nature, it accumulates innlj tissues anytime it is taken up and storedefagitan it is
metabolized or excreted [1]. Cadmium is a dangesdesient because it can be absorbed via the alimetract;
penetrate through placenta during pregnancy anddgammembranes and DNA [2]. Once in the human bibdyay
remain in the metabolism from 16 to 33 years ancbisnected to several health problems such as damahages
and abnormal urinary excretion of protein [3]. Cagm contamination of agricultural soils from wastder
irrigation is of serious concern since it has imalions on human health. A study carried out byygihg water
containing Cd and Pb added to irrigate cabbagegtsaand lettuce revealed that Cd and Pb concemigaincreased
with irrigation water concentrations significantigth p-value of Cd<0.0001 and Pb<0.05.

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
soil by rain and eventually end up to contamin&ie ground water and stream waterways and River haibia
equally surrounded by these types of activitiescihdre likely to pollute the waterway.The major s&aiof water
pollution in most countries of the tropics can bgkeéd to human activities such as sewage and refisgosal,
industrial effluents, agricultural activities, mig and quarrying activities. The most common sowtevater
pollution in developing nations is domestic sewagd refuse. [5] is of the opinion that several civahelements
including cadmium have their origin in the compgshigh refuse dumps and that is similar to pollutgattern in
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the catchment area of Kubanni River. Several aothaeties have shown that a considerable numberdaieits are
leached from refuse dumps during rainy seasongrdand water and stream [6].

Rivers are victims of the negative impacts of uibation and industrialization, water bodies becamstaminated
with untreated solid and liquid wastes [7]. Diffeteegulations put in place to protect the envirentrin Nigeria

have not been effective in controlling the indisgriate dumping of effluents into open water bodiad some of
these rivers are being used for irrigation syst@ime effluents range from phosphate, nitrate, itrgulphate,
chlorides and heavy metals (Cd, Cr, Pb, Mn, Co,(tg,Zn) to name a few are received by the rivekinthsome

of them unfit for farming activities and other us€aidmium levels in some of Nigerian rivers, sait&l vegetables
were in concentrations above acceptable level datgpto some researches [8].

In many developing countries, it is a common practio grow vegetables along banks of river pastingugh
urban centres. Waters of such rivers have often begorted to be polluted by heavy metals like cadm{9]. The
extent of absorption of the elements by the plameshds on among other things, on the nature qflérg, chemical
constituent of the pollutants, concentration of éhement in the soil, pH and the interaction withes metals [10].
Kubanni River passes through SabonGari area o4ty with its high population density tends tmgeate waste
like effluents from agricultural, domestic and isthial sources within its vicinity. Its proximityotZaria town
makes it receives agricultural and domestic waftesh nearby houses and the same river is being fsed
irrigation farming especially in the harmattan aing seasons.

Study Area

Zaria city is in northern Nigeria on longitude 7°B2and latitude 11°03'N, within the drainage of &iKubanni
flowing to the south east direction through Ahmdhllo University. The vegetation of the area is $hgannah type
with more grasses than hard wood trees. The avenaigeal rainfall is 875mm and the temperature gavetween
27 to 35°C with a relative humidity [11]. The gegjoof the study area is composed mainly of findrggmeisses
and migmatite with some coarse-grained graniticrogs in few places. The soil of the study aremasnly sandy-
clay loam with poor infiltration because of the lniglay content [12]. The entire vegetation andssofl the study
area have been under great anthropogenic influemtésh have greatly modified the entire landscaf8].[
Kubanni River is known for its human activitiesdikarming, source of drinking water, washing arstifig. Some
peasant farmers use its bank for farming througtioeityear especially Sabon-gari area, here theptaiging of
vegetables of different varieties. This necesstadtegated farming system to meet up with the dednéor
vegetables and promotes the use of wastewateiictter®, fungicides, pesticides and fertilizers whize sources of
pollutants [14]. High population of the area coubleith the amount of waste that is indiscriminatdigcharged
into the body of Kubanni River makes it prone f@ntamination which necessitate the study on thereabf
vegetables consumed by people from the area. Tinily $s aimed at ascertaining the extent to whiatingium is
accumulated in wastewater, soil and vegetablesigfironan-made activities.

EXPERIMENTAL SECTION

Sampling

Wastewater samples from Kubanni stream were oltdimoen five different sampling points on a four ntiomasis
along the stream channels for the period of twasye8ampling was conducted in the harmattan, ddyrainy
seasons. Wastewater samples were collected usingosite sampling in a polyethylene plastic containkat were
previously cleaned by washing in non-ionic detetgam 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 theedfitb the brim at a depth of one meter below thsteveater from
each of the five designated sampling points. Waatemsample bottles were labelled, stored in ioel®d coolers
and transported to the laboratory while in the fabary, they were stored in the refrigerator atutlb °C prior to
the analysis [15].Soil samples were collected adehdepths (0-5 cm, 5-10 cm and 10-15 cm) from bate of the
river banks by using spiral auger of 2.5 cm diame®eil samples were randomly sampled and bulkgdthter to
form a composite sample from each designated pdimty were then put in clean plastic bags, labedied
transported to the laboratory. The full grown vedpe of [spinachAmaranthushybridys lettuce [actuca sativy
cabbage Brassica oleracep carrot Daucuscarota)okro Hibiscus esculentisonion @llium cepg and tomato
(Lycopersiconesculenetyjrwere randomly handpicked from various gardertpldong Kubanni stream channels
using hand-gloves, bulked together to form a com@osample, wrapped in big brown envelopes, labeled
accordingly and transported to the laboratory.
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Figurel:- Map of sampling Sites

Sample Treatment

Wastewaters used for cadmium determinations wettfiad at the points of sampling with 5 éraf concentrated
HNOsas to avoid microbial activities on the wastewatetsich might reduce the concentrations of intended
cadmium before analysis and they were kept in Agexhtor prior to analysis [15]. Soil samples wariedried,
crushed and passed through 2 mm mesh sieve. Theasoples were then put in clean plastic bagsedeahd
labelled accordingly [16]. Each vegetable samplesewashed with tap water, followed by deionizedewaair
dried in the laboratory, grounded to powder andesieusing 250 um sieve [17].

Digestion of Wastewater Samplesfor Cadmium Deter mination

1000 cnd of each wastewater sample was transferred inasds and 50 chrconcentrated HNQwere added. The
beaker with the content was placed on a sand lmatleeaporated down to about 20%ifhe beakers were cooled
and another 5 chrtoncentrated HNQwere added to each beaker. The beakers were cowittewatch glasses and
returned to the sand bath. The heating was cortiand then small portion of HN@Qvas added onto each beaker
until the solutions appeared light colour and cl&e beakers wall and watch glasses were washédieionized-
water and the samples were filtered to remove asgliuble materials that could clog the atomizerchEsample
volume was made up to 100 tmith deionized water [7]. Determination of Cd hetwastewater sample was done
at 229 nm wavelengths using Alpha-4 Model Atomicéiption Spectrophotometer (AAS) [18].

Deter mination of Cadmium in Soil Samples

Two grams of each soil sample was weighed into-agighed glass beakers. Soil samples were digesteékeb
addition of 20 crof aqua-regia (mixture of HCI and HN@ ratio 3:1) to each soil sample and 10°@h30 %
H,O, were added in small portion to avoid any possiderflow leading to loss of material from the beakihe
beakers were covered with the watch glasses artdchea a water bath for 2 hours at 90 °C. The beakall and
watch-glasses were washed with deionized watertladamples were filtered out to separate the ubé®lsolid
from the supernatant liquid. Soilsamples volume wesle up to 100 chby adding deionized water to the mark
levels. It was then analyzed for Cd at 229 nm wengths using Alpha-4 Model Atomic Absorption
Spectrophotometer (AAS) [18].

Digestion of Vegetable Samplesfor Cadmium Deter mination

Three grams of the dry sample of each vegetablplsawas ashed using Muffle furnace that was séb@t°C until
a constant weight was obtained. On cooling, the wah transferred to a decomposition flasks and®1em
concentrated HNQwas added. The content was refluxed on a hot [datd0 minutes and on cooling 20 tiof
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deionized water was added, boiled for 3minutes fiteted. 10 cm of 2M HNO,; was added to the resulting
solutions in a 100 civolumetric flask. They were made up to the markhwdeionized water, cadmium was
determined at 229 nm wavelengths using Alpha-4 Matiemic Absorption Spectrophotometer (AAS) [18].

RESULTSAND DISCUSSION

The results of cadmium in wastewater, soil and tages analyzed were expressed in form of bar-sh#sing
Microsoft Excel (Window 7 Professional), the resulibtained were subjected to one way Analysis afaviaes
(ANOVA) and Pearson Product Moment CorrelationsMRP using Statistical Package for the Social Sasnc
(SPSS) 20.0 versionsoftware. Null hypothesis wagptatl and this was set at 95% Confidence Mean tewvatheck
if there is significant difference in the concetitas of cadmium analyzed. Statistical decision Rearson
Correlation Coefficients (r) were taken as follows;

0] If 0.05<r<0.20 there is negligible relationship
(ii) If 0.21<r<0.40 there is low relationship
(i) If 0.41<r<0.60 there is moderate relationship

(iv) If 0.61<r<0.80 there is substantial relationship
(v) If 0.81<r<1.00 there is very high relationship [19]

Figure 2 shows cadmium concentrations in wastewsdar Kubanni stream channels. Concentrations rafide01

— 2.02 mg/L was obtained in the year 2013. Highegel was observed at Tundun-wada (2.02 mg/L) durin
harmattan season followed by 2.01 mg/L at Industiea along Jos road in the dry season and 1.95 atgabon-
gari also in the dry season. Least level was ndtateSabon-gari in rainy season with concentrabioh.01 mg/L.
High level of cadmium during harmattan season mightttributed to harmattan-dusts as reported B) [2 the
year 2014, cadmium range level of 0.50 — 6.50 mgés recorded. Highest concentration of the cadmivam
found at Industrial area along Jos road (6.50 mglilting harmattan season followed by 5.49 mg/L rurry
season from the same sampling location. Unguwanifidéso showed high level of cadmium (3.70 mg/L)idg
harmattan season while the least level was obseatetwangila (0.50 mg/L) during rainy season. High
concentration of cadmium in harmattan might beteeldo similar reason given above as harmattarsdusin the
area are rich in cadmium according to [20]. Compar2013 and 2014 results for cadmium level in waater,
there was gradual increase from 2013 (1.20 — 2.@@nto 2014 (0.79 — 6.50 mg/L) which might be asesult of
excessive application of fertilizers, herbicidamdicides and other chemicals in 2014as suggestg¢tidh. All the
sampling sites analyzed hadcadmium level above[2h¢ threshold limitof 0.10 mg/L (Figure 2). Thesrtdts
reported by [22] (1.00 — 3.58 mg/L) was less tha@il1 2.20 mg/L for cadmium level in the year 20d8n this
study but greater than that of year 2014 (0.50%6 ég/L) results.
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Fig. 2: Cadmium Concentrationsin Wastewater from Kubanni Stream Channels, Zaria

335



S. O. Oladeji and M. D. Saeed

J. Chem. Pharm. Res., 2015, 7(9):332-339

Cadmium Concentration in Soil (mg/Kg)

N Wb 1O N

[N

.|u.|....”i.|n|n

m Kwangila

m Unguwa Fulani

Harmattan Dry 2013 Rainy 2013 Harmattan Dry 2014 Rainy 2014

2013

2014
Seasons

Fig. 3: Cadmium Concentrationsin Soil from Kubanni Stream Channels, Zaria

m Sabon gari
Tundun wada

m|ndustrial Area
Along Jos Road

m Carrot

C = [ ettuce
> .

g . = Onion

9 Spinach
T s m Cabbage

Q

) B Tomato
.Z 4 mOkro

5

= 3

(L]

£

o 2

Q

c

S

2

£ o

S Harmattan Dry 2013  Rainy 2013 Harmattan Dry 2014  Rainy 2014

2013 2014
Seasons
Fig. 4: Cadmium Levelsin Vegetablesfrom Kubanni Stream Channels, Zaria
Table 1:- Analysis of Variance for Cadmium in Wastewater, Soil and Vegetable (Seasons & L ocations)
Wastewater Soil Vegetable
Parameter| cadmium cadmium cadmium cadmium cadmium cadmium cadmium among
across locations across across across among across seasong wastewater, soil and
seasons locations| seasons vegetables vegetable

Signif. 0.184 0.965 0.281 0.981 0.220 0.983 0.000
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Table 2:- Summary of Pearson Product Moment Correlation for Cadmium in Wastewater, Soil & Vegetable

Variables N x SD r df  Signif.
Cadmium 2013wW) 15 1.644 0.376 0.488 13 0.065
Cadmium 2014 (W) 15 2395 1.747

Cadmium 2013 (S) 15 2.012 0.709 0.002 13 0.994
Cadmium 2014(S) 15 3.449 2.255

Cadmium 2013 (V) 21 13.820 4.434 0.395 19 0.077
Cadmium 2014 (V) 21 6.550 4.394

(W)= Wastewater, (S)= Soil, (V)= Vegetable

Figure 3 shows cadmium concentrations in soil fiGumbanni stream channels. The concentrations detexnivere
in the range of 1.00 — 3.50 mg/Kg for the year 2(Highest level of 3.50 mg/Kg was found during tremattan
season at Tundun-wada followed by 3.15 mg/Kg atsiribl area along Jos road during dry season tsely
followed by 2.58 mg/Kg during dry season at Tundwada sampling site while the least level was olesbrat
Unguwa-fulani (1.00 mg/Kg) during rainy season. &aily, cadmium level was low in rainy season akciated in
figure 3 which might be due to dilution effect agygested by [23]. High concentrations of cadmiuomnirthese
locations (Tundun-wada and Industrial area along dad) might be as a result of industrial efflubeing
discharged from nearby industries while that of dwmwada might due to nearness to refuse dumpieg sis
suggested by [24]. In the year 2014, cadmium hadt@atrations in the range of 1.31 — 7.15 mg/Kg.hegj level
of 7.15 mg/Kg were found at Industrial area aloag thad and Unguwa-fulani during harmattan seasimifed by
5.66 mg/Kg as determined during dry season at Tiwweda sampling site while the least level was meed at
Tundun-wada but in rainy season with concentratibf.31 mg/Kg. Comparing the results of the yeat2@nd
2014, they had concentrations in the range of 8.1(22 mg/Kg. There was gradual increase in cadnhiwel from
harmattan season 2013 (1.20 — 3.50 mg/Kg) to 2Q131 (- 7.15 mg/Kg). Also, increment was noticechfrdry
season 2013 (1.40 — 3.15 mg/Kg) to dry season D27 — 6.43 mg/Kg). These elevated levels of cadmtluring
harmattan and dry seasons might be related to digpmosf harmattan-dusts, excessive use of wastwatr
irrigationand fertilizers application as suggestby [25]. Other worker with high level of cadmium in
superphosphate fertilizer was [14] as they repocmutentrations of 1.24 — 3.17 mg/Kg. Results olethiin this
study exceeded the maximum allowable limit for cagmin soil (3.0 mg/Kg) by [21] and this indicatdsat the
soils used for farming in the sampling locations polluted with cadmium metal and this is in agreetrwith the
reported values by [26] (2.3 — 5.3 mg/KQ).

Figure 4 shows cadmium levels in vegetables obtiaiinem Kubanni stream channels. In the year 20h3, t
concentrations determined were in the range of 8.80.0 mg/Kg. Highest level was found in oniond (6mg/Kg)
that was planted during dry-season followed byutst(5.60 mg/Kg) in the same season. High cond@nravas
also observed in cabbage (5.0 mg/Kg) during haamageason while the least level of 0.21 mg/Kg waticed in
rainy-season. High accumulation of cadmium duriagntattan and dry seasons might be as a resultrofatian-
dusts, excessive use of wastewater and applicatfoauperphosphate fertilizers to irrigate the famas as
suggested by [8] and [14]. Least concentrationcemium was noticed in rainy-season (0.20 — 2.0&Kgjgand
this might be as a result of dilution effect asgegied by [23]. In the year 2014, cadmium levelhérange of 0.60
— 5.60 mg/Kg was obtained. Highest level was foimdarrot (5.60 mg/Kg) in dry season followed bg@®mg/Kg
also in carrot but in rainy season. High levelsenaliso observed in spinach (3.40 mg/Kg) and tort&85 mg/Kg)
both in harmattan season. Similar cadmium level®weticed in spinach (2.90 mg/Kg), cabbage (3.4Kiy) and
tomato (3.20 mg/Kg) in dry season (Figure 4). Commgaresults of the year 2013 and 2014, there wasiuzl
increase in cadmium level from rainy season 20131(6- 2.01 mg/Kg) to that of year 2014 (0.60 — 4229'Kg).
High levels were observed in both harmattan (1.3R200 mg/Kg) and dry (0.65 — 6.10 mg/Kg) seasonbaih
years. Okro showed least accumulation of 0.61 5 M@/Kg throughout the period of analyses whileratahad
highest accumulation (2.00 — 5.60 mg/Kg) amongubgetables analyzed. Results obtained for cadmiuihis
study was higher than maximum permissible limitlsef21] (0.10 mg/Kg). The cadmium levels in thiady were
below the concentrations obtained by other workerhiding[27](0.01 — 12.86 mg/Kg), [28] as they oefed 6.79
mg/Kg in spinach and 24.30 mg/kg in radish howeitewas less to reported concentrations by [8] 10-11.67
mg/KQ).

Analysis of variance was conducted to establisfedifice in cadmium levels among the sampling looatin the
year 2013 and 2014 for wastewater as shown in Tablk shows that p = 0.184 > 0.050 means thermois
significant difference in cadmium levels across #saenpling locations as observed from their meamdn@um
concentrations were also examined across the se&s@stablish their differences in wastewater. fEselt reveals
p = 0.965 > 0.050 this means that there is no fégmt difference in cadmium concentration acroke t
seasons.This might be due to sampling areas fallitign the same vicinity thereby their soil geaka formations
are similar (fine grain gneisses and migmatitegsipective of change in seasons as suggested hyHZ#h the
same ANOVA Table 1 above, p = 0.281 > 0.050 shdwset is no significant difference in cadmium levatsoss
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the sampling sites for soil as their mean are ixglbt close. Also, Table 1 indicates p = 0.981 850 means no
significant difference in cadmium concentrationsoas the seasons for soil. Their mean values ase do one
another and may be attributed to anthropogeniwitegiin the sampling sites as suggested by [1&jnRthe same
ANOVA Table 1, p = 0.220 > 0.050 shows there issignificant difference in cadmium concentrationsoam
various vegetables analyzed. Table 1 also indicptes 0.983 > 0.050 this means that there is noifgignt

difference in cadmium levels across the seasongeigetables analyzed. Analysis of variance in Tabéaborates
on the difference existing among the cadmium comaéons in wastewater, soil and vegetables of siagp
locations and shows, p = 0.000 < 0.050 this mehatthere is significant difference incadmium levelhen its
concentration in wastewater, soil and vegetablé¢hefsampling sites were comparedwith one anothgicating

each constituent has different concentration rarigadmium within it.

Pearson Product Moment Correlation (PPMC) was cotediuto establish the relationship between cadnmawels

in wastewater, soil and vegetables for the yea328id 2014 as presented in Table 2. Statisticdysisashowed
the mean with standard deviation of 1.643+0.3762013 while 2.395+1.747 for 2014 in wastewater tiSiaal
analysis also revealed Pearson correlation (r}388).degree of freedom (df) = 13 and p = 0.06505@this means
that there is moderate relationship between cadmiewels in wastewater for the year 2013 and 2014
respectively.Table 2 also shows PPMC for cadmiwmcentrations in soil between the year 2013 and4201
Statistical data showed mean with standard devidégel for cadmium to be 2.012+0.709 in the ye@t 2 while
3.449+2.255 was obtained in the year 2014 withdixgree of freedom (df) = 13, Pearson correlatips 0.002
and p = 0.994 > 0.050 indicates that there isigig relationship between cadmium level in soil 2013 to that
of 2014. In addition, statistical data showed treamwith standard deviation level of 13.820+4.48the year 2013
while 6.550+4.394 was obtained in the year 2014vemetable analyzed. Statistical analysis indictied Pearson
correlation (r) = 0.395, degree of freedom (df)$and p = 0.077 > 0.050 this means that therewsrédationship
between cadmium level in vegetables between the2@E8 and 2014 respectively.

CONCLUSION

The levels of cadmium analyzed across the vari@ampting sites for wastewaterwere found in the orofr
Industrial area along Jos road > Unguwa-fulani bddagari > Tundun-wada > Kwangila while vegetabiese in
the order of: spinach > onion > carrot > lettuceabbage > tomato > okro. In conclusion, it can eduded that
cadmium showed high levels throughout the seadumsggh low concentrations were obtained in the ra@egson
indicating vegetables consumed in the studied ameasontaminated with cadmium metals. There isl nedind
means of removing this heavy metal (cadmium) whichke these vegetables partially unsuitable for huma
consumption by stop using wastewater to irrigat fdrmland in the area and stop indiscriminate hdisge of
refuse into the body of Kubanni River by providigpropriate dumpsites within the vicinity for tipisrpose.
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