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ABSTRACT

Heavy metal concentrations were determined in som#he crops (cassava mash and maize
grains) dried along highways “express” in selectsthtes (Benue, Nasarawa and Taraba) in
Northern part of the country (Nigeria). The resutfschemical analysis indicated that the heavy
metal contents of the food crops (cassava mashranzke grains) dried along the highways were
higher than the heavy metal contents of food c(gpssava mash and maize grains) from the
control areas. The overall ss ranged from 0.21Qt0u4/g, 11.120-18.12@g/g, 10.200-17.010
1g/g, 0.680-0.92Qkg/g 0.350-0.66Q«g/g and 9.520-21.33fg/g for Cd, Cu, Mn, Ni, Pb and Zn
in the cassava mash samples, while in the maizegthe heavy metal concentrations ranged
from 0.180-0.35@g/g, 5.780-9.88@g/g, 7.850-12.2509/g, 0.521-0.88@g/g, 0.310-0.45@9/g
and10.990-16.55@g/g for Cd, Cu, Mn, Ni, Pb and Zn respectively. €&uhcentrations were
above WHO/FAO (2007) and Commission regulation (#E06) safe limits and Pb above
Commission regulation (EU 2006) but below the WH&EIF (2007) safe limits. Regular
monitoring of heavy metals in the food crops daézhg the highways is also necessary.

Keywords: heavy metal, contamination, maize and cassava.

INTRODUCTION

For many decades public health authorities havesidered mineral contamination of foods and
water as a matter of concern [1]. Although somealsedre essential for life, all metals are toxic
at sufficiently high concentrations; for there isi@row window between what is essential and
what is toxic [2]. Because many biological systeexsst naturally on the margin of metal
toxicity, the physical and geochemical redistribotiof toxic metals in environments by human
activities has a strong potential to disrupt ectesyg3].
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The exposure of people to the increasing levelgotifitant metals in various compartments of
their environment represents a growing health lthiteat has yet to receive due attention. What
is worrisome is that many people may be more suiftego environmental metal poisoning
because of their lifestyle and living condition$. [fhe narrow streets and overcrowding in urban
areas, the helter-skelter location of pollutingustlies, the vibrant outdoor lifestyle, the open
type of dwellings, the endemic dusty environmehg prevalence of the contaminated dusts
outdoor as well as indoor, poor nutrition and Heafioor hygienic practices can combine to
increase the level of exposure and susceptibititiead and other metal poisoning [5]. Highly
elevated Pb concentrations have been reportedagsiae soils and vegetation in Nigeria[6,7,8].
The monthly average dust concentrations at stexef in Ibadan (Nigeria) were reported to be
48-76mgni are among the highest anywhere in the worldTBE estimated Pb levels in Ibadan
exceed the recommended ambient air guideline @iglng3. The exceptional Pb concentration is
due to the heavy leads of contaminated dusts iraithef a very crowded city. Pollution from
automobiles has risen sharply in Nigeria. Measurggmade in 1976 at Baguada, a rural site in
Northern Nigeria, found that the concentrationdrate and major elements in the atmosphere
were an order of magnitude higher in the dry seadwen the air is of Saharan origin than in the
rainy season when maritime tropical air domindf@j.[ Thus, during the harmattan season, the
dust concentrations in many parts of West Afegaeed the WHO recommended guideline
values of 60-90ng/fh The major highways in country especially citiesrg tens of thousands of
vehicles per day but during the rush hour trathe travelling speeds typically decrease to 0-10
km/h for most roads within the cities [11]. The pogaintenances of the vehicles, their mode of
operation, the longer driving times in narrow amdwded roads and the perennial traffic jams
often result in a larger fraction of the metalsexsally lead in gasoline being released to the air
and deposited on the food crops dried on the lBadhermore, as the vehicles plow through the
dusty roads, they cause the pre-released leadthadtoxic metals to be wafted back up into air.
Dust mobilization due to automobiles has been ed@thto be 6.5g/vehicle-kilometer for paved
roads and 61.5g/ (veh.Km). For unpaved roads gef&, compared to only 0.1g/ (veh.km) for
the streets in London, England [11]. Although thetals flux from this source is small on the
wide scale, the recycling of pollutant lead caraloblem in urban areas where the vehicles are
concentrated.

The discharge of large quantities of toxic metats the air, water and soils inevitably results in
the transfer of pollutant metals to the human fobdin. An assessment of environmental metal
poisoning in African especially Nigeria is thus readifficult by the multiplicity of sources in
any given areas. Food processing, preservatiorstamdge are one of the major problems facing
most farmer in developing countries especially iinican countries where there isn’t enough
technological development to processes and presdhair farm produce. Most of African
farmers resort to various methods of processingpeeserving of their food products. The most
common and widely used method is drying food craleg the highways; especially in the
Northern part of the country where food crops sashcassava, maize corns, millets, guinea
corns and varieties of vegetables are producedrgelquantities. As local residents consumed
these food crops continuously or sold in the makigtis may possibly have adverse effects on
human health. The objective of this research isntestigate the influence of automobile
exhausts, dusts and associated waste materialseohetivy metal contaminations of selected
food crops (cassava mash and maize corns) driedy dlee major highways in some selected
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states “Nassarawa, Benue and Taraba” in Northart g the country where these food crops
are produced in large quantities.

MATERIALS AND METHODS

Cassava mash and maize corns were gotten fromatfsaza mash and maize corns dried along
the highways in the study areas ” Nassarawa, Beangk Taraba”, while the control samples
were purchased from farmers at home before takehetdhighways for drying. Samples were
oven dried at 88 C to constant weight. The dried samples were gtopassed through a 2mm
sieve and stored at room temperature before asalysi

Heavy metal analysis

A portion (1g) of prepared food crop samples weeggived into 125 cficonical flask using the
USEPA 3050 method [12]. 10 énof HNO; was added and the mixture was heated for 30
minutes on a water bath at £0D. The digest was allowed to cool and anothemaf HNO;

was added and heating continued for 1 hour al@.00he volume of the digest was reduced by
boiling in the water bath and this was alloweddolc 5 cni of deionized water was added when
effervescence subsided, 10%af H,0O, (60%) was added and heating continued for ancfer
mins. The final digest was allowed to cool antefiédd. The final volume of digest was made up
to 50 cri with deionized-distilled water and was analyzedtfie required heavy metal by flame
atomic assumption spectrophotometer. Standards prepared with serial dilution techniques
within the range of each metal determined. Thedstethused was analar grade; the instrument
was first calibrated with stock solutions of thempeared standards before analyzed using flame
atomic absorption spectrophotometer. After everg amples analyzed using AAS, the first
sample was repeated for quality check. Only whenrdésult was within 10% of earlier readings
did the analysis proceed further. The data obtainetthe study were analyzed using Pearson
correlation analysis.

RESULTS AND DISCUSSION

The results of heavy metal concentrations in tlop samples (Cassava mash and Maize grains)
dried along the highways are presented in (Tabl8s The samples (Cassava mash and Maize
grains) from high ways in the study areas revealedated levels of these heavy metals (Cd, Cu,
Mn, Ni, Pb, and Zn). The mean concentrations ofvpeaetals obtained from the control
samples were lower than those obtained from thekesndried along the highways. This reflects
a contamination of these crops (Cassava mash atwkMeains) dried along the highways by
heavy metals. Out of the heavy metals consideredd land cadmium show the highest
contamination in the crops under considerations.

The overall results ranged from 0.21-QudAg, 11.12-18.12:9/g, 10.20-17.0ug/g, 0.68-0.92
ug/g 0.35-0.66ug/g and 9.52-21.33g/g for Cd, Cu, Mn, Ni, Pb and Zn in the cassavaima
samples, while in the maize grains,the heavy netatentrations ranged from 0.18-0,3%/g,
5.78-9.88ug/g, 7.85-12.25ug/g, 0.52-0.88ug/g, 0.31-0.45.19/g and10.99-16.5hg/g for Cd,
Cu, Mn, Ni, Pb and Zn respectively.
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Table 1: Trace heavy metal contents (ug/g) in Casea mash along the Highways in Benue State.

Sites Cd Cu Mn Ni Pb Zn
0.24| 12.11| 10.20| 0.85 0.52 19.5
0.22| 12.50 12.50| 0.75 0.3 21.3
0.28| 17.01 17.01| 0.77) 0.43 185
0.29| 13.15 14.25| 0.68 0.62 135
0.28| 12.50 11.89| 0.69] 0.54 19.5
0.21| 12.35 13.08| 0.88 0.44 9.52
0.28| 14.21 11.89| 0.75 0.51 17.6
0.27| 12.55 13.56| 0.72] 0.46 16.8
0.26 | 13.55| 12.98| 0.81] 0.44 18.3p

J 0.24| 12.35 14.53| 0.91] 0.6 19.8b
Mean 0.26| 13.23 13.19| 0.78 0.50 17.4f
0

o

>

N1 Or W OT

~N O’

=T MmMmO|0O|®

S.D 0.03| 1.48| 1.84 0.08 0.09 315
Control 1| 0.05/ 10.0% 10.05| 0.77 0.09 10.2
Control 2| 0.04] 9.15 9.1 0.73 0.08 9.%2
Control 3| 0.06/ 10.5% 10.55| 0.65 0.0§ 11.21

Mean 0.05| 9.921 9.92 0.72 0.08 10.32

S.D 0.01, 0.71} 0.7 0.06 0.01 0.85

Table 2: Trace heavy metal contents (g/g) in maizeorn along the Highways in Benue State.

Sites Cd Cu Mn Ni Pb Zn
A 0.22| 8.25| 12.29 0.65 0.35 15.25
B 0.21] 6.69] 1151 0.5p 0.32 1345
C 0.22| 7.55 10.0% 0.68 0.41 13.25
D 0.23| 8.56] 10.09 0.59 0.33 12.22
E 0.21| 7.66/ 11.23 0.68 0.42 11.16
F 0.19| 855 1223 0.76 0.35 13.p1
G 0.22| 6.78 9.89] 0.66 0.34 14.44
H 0.20| 9.63| 10.26 0.7y 0.37 13.22
I 0.21| 8.55| 11.56 0.62 0.38 12.95
J 0.22| 7.32 10.0%5 0.6 0.34 11.05
Mean 0.21f 7.9 1091 0.6 0.36 13,02
S.D 0.01] 092 0.95 0.0f 0.03 1.30
Control 1| 0.05/ 6.53 8.89 0.55 0.07 1121
Control 1| 0.04] 6.82 9.55 0.59 0.07 1033
Control 1| 0.04] 7.12 8.93 0.57 0.06 9.85
Mean 0.04| 6.83 9.13 0.57 0.07 1046
S.D 0.01] 0.29 0.377 0.0 0.01 0.69
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Table 3: Trace heavy metal contents (ug/g) in Casea mash along the Highways in Nassarawa State.

Sites Cd Cu Mn Ni Pb Zn
A 0.36| 12.15] 11.2% 0.8 0.52 20.123
B 0.32] 12.66 13.23 0.88 0.42 22.12
C 0.31| 18.12 17.01 0.77 045 19.55
D 0.35| 13.15 14.22 0.7L 0.62 14.23
E 0.37| 13.221 13.22 0.72 0.34 19.52
F 0.33| 12.359 125% 0.88 0.34 10.58
G 0.38| 15.11f 15.22 0.75 0.66 17.66
H 0.39| 12.66 11.2% 0.8L 0.46 18.22
I 0.41| 1355 14.11 0.79 054 18.36
J 0.38| 13.33 12.85 0.77 0.65 20.12
Mean 0.36| 13.63 1349 0.79 0.54 18.05
S.D 0.03| 1.78| 1.7 0.06 0.08 3.34
Control 1| 0.09] 10.0% 10.06 0.77 0.09 10.p2
Control 2| 0.08] 10.11 11.25 0.69 0.08 10.59
Control 3| 0.07| 10.5% 1055 0.65 0.06 11.p1
Mean 0.08| 10.24 10.6R 0.70 0.08 10.67
S.D 0.01f 0.27| 0.60 0.06 0.02 0.50

Table 4: Trace heavy metal contents (1g/g) in Maizeorn along the Highways in Nasarawa State

Sites Cd Cu Mn Ni Pb Zn
A 0.26| 8.25| 11.98 0.62 041 14.%5
B 0.27| 6.69] 11.0% 0.6 0.31 13.55
C 0.27| 7.55 10.0% 0.86 0.39 13.25
D 0.29| 9.22| 10.09 0.64 0.33 12.55
E 0.35| 7.66) 9.58/ 0.521 0.32 11.61
F 0.28| 8.55 12.23 0.57 0.34 12.13
G 0.31| 5.78 7.85| 0.76 0.42 1454
H 0.31| 9.63] 10.26 0.8 0.37 13.26
I 0.28| 9.88| 10.56 0.63 0.32 13.05
J 0.26| 7.32 1055 056 045 10.p9
Mean 0.29| 8.03 10.42 0.6y 0.37 12/95
S.D 0.03| 1.31 1.24 0.12 0.05 1.16
Control 1| 0.05| 6.23 8.89 0.65 0.08 101
Control 2| 0.07] 6.28 8.5 0.59% 0.12 10p2
Control 3| 0.06/ 7.55 893 0.58 0.09 9.85
Mean 0.06| 6.69 8.8Q 0.61 0.10 10.)09
SD 0.01f 0.79 0.222 0.04 0.02 0.21

565

Pelagia Research Library



Kolawole Sunday Adebaycet al Adv. Appl. Sci. Res,, 2011, 2 (5):561-571

Table 5: Trace heavy metal contents (ug/g) in Casea Mash along the Highways in Taraba State.

Sites Cd Cu Mn Ni Pb Zn
0.21| 11.12| 11.22| 0.76/ 0.45 19.0
0.23| 11.95 11.98| 0.85 0.43 20.0
0.25| 14.59 16.88| 0.65| 0.48 19.5
0.26| 13.15 13.15| 0.75 0.4 14.6
0.24| 13.09 11.95| 0.71 0.54 20.6
0.25| 13.59 12.35| 0.85] 0.53 15.8
0.25| 13.995 15.21| 0.73] 0.51 16.66

0.26| 12.55 13.05| 0.69] 0.45 15.8f

0.21| 13.55| 13.55| 0.87] 0.43 17.98

J 0.22| 11.98 13.22| 0.92] 0.66 18.88
3

4

>

~N N N Or Or O

=T MmMmO|0O|®

Mean 0.24| 12.94 13.26| 0.78 0.50 17.9
SD 0.02| 1.04| 1.68 0.0p 0.7 240
Control1| 0.06] 9.95 9.95 0.7 0.08 1055
Control 2| 0.05( 9.88) 9.85 0.73 0.07 9.%5
Control 3| 0.05 11.0% 10.05| 0.72] 0.01 10.5p
Mean 0.05 10.29 9.95 | 0.71] 0.07 10.22
SD 0.01f 0.66f 0.10 0.08 0.01 0.58

Table 6 : Trace heavy metal contents (ug/g) in Maé corn along the Highways in Taraba State.

Sites Cd Cu Mn Ni Pb Zn
A 0.22| 8.75| 11.66 0.75 0.34 16.55
B 0.23| 6.55 11.59 0.6b 0.31 14.22
C 0.21| 7.25 10.5% 0.7 042 12.55
D 0.24| 8.62| 10.09 0.6 0.35 12.06
E 0.21| 7.03] 11.23 0.6 0.31 11.b5
F 0.18| 8.75| 12.23 0.68 0.37 12.89
G 0.22| 7.02] 10.23 0.7f 0.34 14.b5
H 0.21| 8.98] 11.22 0.78 0.37 12.66
I 0.21| 8.95| 11.56 0.82 0.38 13.04
J 0.21| 855 1053 0.71 041 11.p2
Mean 0.21f 8.0 11.06 0.72 0.36 1313
SD 0.02| 0.96 0.700 0.06 0.04 1.59
Control 1| 0.06/ 6.33 9.44 0.5 0.08 11[77
Control 2| 0.05/ 6.21 853 0.1 0.08 11,55
Control 3| 0.05 7.53 9.7 0.2 0.09 1055
Mean 0.05| 6.7 9.2 0.63 0.08 11.29
SD 0.01| 0.74 0.63 0.0 0.01 0.85
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Table 7: Summaries of the total metal contents inassava mash dried along highways in study areas.

States Metals

Benue Cd Cu Mn Ni Pb Zn

Ranges 0.21-0.29| 12.11-17.01 10.20-17.00 0.68-0{88 0.85-0. 9.52-21.33
MeanzSd 0.2610.03| 13.28311.48| 13.19/1.81| 0.78+£0.08 0.50+0.90 17.47%3.50
Nassaraws

Ranges 0.31-0.41| 12.15-18.12 11.25-17.p01 0.71-0/88 0.4B-(.10.58-20.12
MeanzSd 0.36+£0.03| 13.63+1.78 13.49+1.76 0.79+0)01 0.54+0.08.05+3.33

Taraba

Ranges 0.21-0.26| 11.12-145%5 11.22-16.88 0.69-0/92 0.48-0.14.67-20.67
MeanzSd 0.24+0.01| 12.94+1.04 13.26x1.68 0.78+0/09 0.50+0.077.93+2.04

Table 8: Summaries of the total metal contents in mize corn dried along highways in study areas

States Metals

Benue Cd Cu Mn Ni Pb Zn
Ranges 0.19-0.23| 6.69-9.63 9.89-12.2 0.56-0./7 0.32-0.42.05-15.25
Mean1SD 0.21+0.01| 7.95+0.92 10.91+0.9 0.66+0.,07 0.36+0.(13.02+1.30
Nassaraws
Ranges 0..26-0.35| 5.78-9.8§ 7.85-12.2
MeanSD 0.29+0.03| 8.05+1.31 10.42%1.2
Taraba
Ranges 0.18-0.24| 6.55-8.98 10.09-12.23 0.65-082 0.31-0.44.22-16.55
MeanSD 0.21+0.02| 8.05+0.96 11.09%0.7 0.72+0,06 0.36+0.(¥8.13+1.59

o1

[

[¢8)

0.52-0.88 0.31-(0.49.99-14.55
0.67+012 0.37+0.0.95+1.16

=

(=)

Table 9: Transfer factor of trace heavy metals stuiggd (Cassava mash)

States Metals

Cd | Cu Mn Ni Pb| 2zn
Benue 5.14 1.33 133 1.09 598 169

Nasarawa 4.50| 1.33| 1.27| 1.183 7.01 1.69
Taraba | 449 126 133 110 7.07 175

Table 10: Transfer factor of trace heavy metals stiied ( Maize corn)

States Metals

Cd | Cu Mn Ni Pb| 2zn
Benue | 495 1.17 1.200 1.15 539 1724

Nasarawg 4.80| 1.20| 1.18| 1.10 6.54 1.28
Taraba | 4.04 121 120 115 4384 1J16

567

Pelagia Research Library



Kolawole Sunday Adebaycet al Adv. Appl. Sci. Res,, 2011, 2 (5):561-571

Table 11: Interelemental correlation of elements irtassava mash.

State Metals
Cd Cu Mn Ni Pb Zn
Benue 0.49 0.49 -0.70 0.38 0.10

0.94* | -0.19| -0.16| 0.07
-0.26 | -0.17| -0.00

0.07 -0.07
-0.06
Nasarawa -0.30 | -0.32 -0.32 0.44 0.09

-0.24 | -0.39| -0.05| 0.17
0.49 0.00 | -0.78

-0.54* | -0.01
-0.32
Taraba 0.51*| 0.36 | -0.58*| -0.04| -0.56%

0.78* | -0.36 | -0.02| -0.23
-0.40 | 0.02 | -0.08
0.35 0.03
0.12

Table 12: Interelemental correlation of elements irmaize corn

State Metals
Cd| Cu Mn Ni Pb Zn
Benue -0.37| -0.51* | -0.61*| -0.11| -0.01

0.15 | 0.56*| 0.13] 0.00
-0.02 | -0.09| 0.30

0.25| 0.14
-0.46
Nasarawal -0.02| -0.57*| -0.00| -0.32 -0.14

0.42 0.02 | -0.3§ -0.14
-0.35 | -0.19| -0.14
0.22 | 0.52*
0.11
Taraba -0.27| -0.57* | -0.04 | -0.37] 0.20
0.22 0.49 | 0.42] -0.0¢
-0.06 | -0.22| 0.30
0.38 | 0.28
-0.37
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Table 13: Guideline for safe limits of Heavy metalén crop plant (ng/g)

Metals
Cd Cu Mn Ni| Pb Zn
W.H.O/F.A.O (2007) 0.20 40.0p - - | 5.00| 60.00
Commision regulation (EU,2006) 0.20 - - - 0.80

Generally, in the crop samples (cassava mash aikrgeains) studied, the concentrations of
the heavy metals were high especially Pb and Ca i§han indication that these heavy metals
are the primary contaminant in the food crops dalehg the highways which was also reflected
in the low level of these heavy metals obtainediftbe control crop samples in comparison with
those obtained from the samples along the highwaAyso, the degrees of heavy metals
contamination of these crops (cassava mash ancergasns) dried along the highways which
hwere determined by its “transfer factors” whichrevalso high. From the mean results and
transfer factors, there is a clear indication thatand Cd are the great contaminants in these
crops dried along the highways where exhaust fremales and gasoline combustion primarily
cause air pollution with the heavy metals especihd particles reaching these crops dried
along the highways [13]. Studies have shown thabmeehicles constitute principal source of
these metals [14,15]. The major highways in thentgucarry tens of thousands of vehicles per
day but during the rush hour traffic, the travelsppeeds typically decrease to 0-10km/h for most
roads within the cities [11]. The poor maintenan€¢he vehicles, their mode of operation, the
longer driving times in narrow and crowded roadd gerennial traffic jams often result in a
larger fraction of the lead in gasoline being reéxhto the air. Furthermore, as the vehicles plow
through the dusty roads, they cause the pre-ralelesel and other toxic metals to be wafted
back up into the air. Although the Pb flux fromstlsiource is small on a wide scale, the recycling
of polluted lead can be problems in areas werevéicles are concentrated. The sources of Cd
to the environment are motor oils, car tyres, Zzinmpounds and phosphorus fertilizers. The
correlations were established among the variousalsetnder consideration (Table 11-12).
Generally the correlations among the metals wemry peor, there was positive correlation
between pair of Cu/Mn in cassava mash sample, whigly mainly reflects the natural
occurrence of these metals in plants.

The transfer factors for Cu, Mn, Ni and Zn variegtveen 1.09-1.75 and 1.10-1.28 for cassava
mash and maize grains (Table 9 ), which indicdtas samples (cassava mash and maize grains),
were not contaminated by these trace heavy metidlsoough these metals “Cu, Mn,Ni and Zn
have transfer factors somewhat higher than unigpl@ 10), the result of this study indicates that
these metal levels are generally below the triggercentration and fall the safe limits [16],and
commission regulation [17] (Table 13).The resultSt@ansfer factors” showed that Cd and Pb
contamination in cassava mash and maize graind dltsg the highways had potential to pose
health risk to the local population since thesedfdems can be consumed directly without any
other treatment. Dietary intake of heavy metalsulgh contaminated foods may lead to various
chronic diseases. Many researchers have suggéstebidtoxic effects of heavy metals depend
on the concentrations and oxidation states of heaeyals, kind of sources and mode of
deposition [18].Severe exposure of Cd may resulpuimonary effects such as emphysema,
bronchiolitis and alveolitis. Renal effect may atesult due to sub-chronic inhalation of Cd [19].
Pb toxicity causes reduction in the haemoglobintressis, disturbance in the haemoglobin
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synthesis, disturbance in the functioning of kidn@ints, reproductive and cardiovascular
systems and chronic damage to the central andhszapnervous systems [20].

CONCLUSION

The results obtained from the analysis of food sr@assava mash and maize grain) dried along
the highways in the selected states (Benue, Nasaaad Taraba) in northern part of the country
(Nigeria) indicated that the concentrations of tietals determined (Cd, Cu, Mn, Ni, Pb and Zn)
were higher than those of control crop samplessgasmash and maize grains) metal contents.
The degrees of contamination determined through'tthesfer factors” were very high for Pb
and Cd. Other metals such as Cu, Mn, Ni and Zn sldittle degree of contamination in crop
samples under consideration. From this reason,ouidc be predicted that the sources of
contamination of these metals especially Pb anda@dprobably from anthropogenic sources.
Cd concentrations were above WHO/FAO [16] and Cossian regulation safe limits and Pb
above Commission regulation[17] but below the WH&DF safe limits [16]. Cd and Pb
contamination in the test samples (cassava mashmezk grains) had potential for human
health risk due to consumption of these crops. Qmipgion of these crops with elevated levels
of heavy metals may lead to high level of body amalation causing related health disorders.
Thus regular monitoring of heavy metal concentratiothe food crops dried along the highways
is necessary and consumption of contaminated fomoscshould be avoided in order to reduce
the health risk caused by taking the contaminatepsc
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