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Abstract      20 

Background 21 
 Cultivated lands in the vicinity of industry are vulnerable due to trace element releases from industrial 22 
activities. One such situation concerns the surrounding of the largest cement-manufacturing plant in sub-23 
Saharan Africa, located in Obajana, Nigeria. 24 
Objective 25 
This study aimed at examining the trace element concentrations in the soil as they contaminate corn crops in the 26 
vicinity of a cement manufacturing plant. A case study of the cement-manufacturing plant located in Obajana, 27 
Nigeria is presented. 28 
Methods  29 
We used inductively coupled plasma-mass spectrometer to analyse for total arsenic (As), cadmium (Cd), 30 
chromium(Cr), copper (Cu), lead (Pb), and nickel (Ni) concentrations and microwave-induced plasma-atomic 31 
emission spectrometer to measure total iron (Fe) and zinc (Zn) contents in 89 samples of corn and surface soil 32 
(0-15 cm) from five farmlands including reference farmland and evaluated health hazard of human exposure to 33 
the trace elements via the consumption of corn cultivated in the area.   34 
Results  35 
The results showed the average Cr concentrations in µg/g dry weight (± standard error of the mean) in corn 36 
ranged from 2.08 ± 0.17 to 3.56 ± 0.65 in all the farmlands including control, while the mean Pb levels in µg/g 37 
dry weight (± standard error of the mean) in corn extended from 0.23 ± 0.03 to 0.38 ± 0.02 in the farmlands 38 
downwind of the cement plant. The Cr values were several factors higher than the stable concentration range of 39 
0.01 to 0.41 µg/g reported in cereal grains, while the Pb values exceeded the limit of  0.2 µg/g set by the Food 40 
and Agriculture Organization of the United Nations/World Health Organization in grains.  Lead is a trace 41 
element of environmental concern and its average levels in the farmlands downwind of the plant were found to 42 
be several orders of magnitude higher than the values in µg/g dry weight (± standard error of the mean) (0.01 ± 43 
0.00 to 0.02 ± 0.00) observed in the farmlands upwind of the plant and were statistically significant (p < 44 
0.0001). 45 
Significance  46 
 Variations in the Pb contents in corn showed anthropogenic causes as inferred by principle component analysis. 47 
Health hazard indices were found to be less than one (< 1) for all the trace elements investigated from all the 48 
farmlands with little basis for concern for the exposed population when a single element is involved.  49 
 50 
Impact statement 51 
Our findings provide the first health hazard assessment from the consumption of corn cultivated in the vicinity 52 
of the largest cement-manufacturing plant in Nigeria as far as we know. 53 
        54 
Keywords:  Metals,  farmland, human health,  exposure, hazard impact, Nigeria  55 
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 56 
 57 
1 Introduction  58 
 59 

The chemical constituents such as trace elements of the surrounding environment like soil 60 

and food determine the quality of life of human beings (1, 2).  Soil acts as a sink and has the 61 

potential for contaminants’ transference to the food chain through crop production (3). Soil 62 

quality, particularly its contamination level is closely linked to human well-being (4, 5), as 63 

many food commodities can accumulate trace and toxic elements (6-8)  which often induce 64 

cancer.  Consequently, human health could be impacted by certain critical levels of trace 65 

elements through crop plant consumption  (9). For example, critical Cd contents in plants 66 

which are above the level regarded as desirable for humans are 5 to 30 mg/kg (9). Some 67 

studies have reported that both natural and human-induced contamination impact the trace 68 

element contents of cultivated soils and food crops like corn and this results in an assortment 69 

of both essential and toxic elements in such crops (9-15). The foremost threats to human 70 

well-being from trace elements, for example, are linked with exposure to arsenic (As), 71 

cadmium (Cd), lead (Pb), mercury (Hg) (11), as well as to chromium (Cr) and nickel (Ni) 72 

which therefore makes these elements of environmental importance. Distinct exposure-73 

response associations and high risks have been noted with ingestion (11). The consumption of 74 

Cd-contaminated food could cause kidney dysfunction, hypertension, and bone fractures (10), 75 

while elevated Cr levels could lead to enhanced red blood cells production and an 76 

abnormality of the thyroid artery (13). Similarly, Ni intake may be associated with some 77 

health effects such as fatigue, cardiac arrest, and respiratory problems (12), while excessive 78 

consumption of Pb is linked to memory declination and an imbalance in the manifested 79 

behaviour in children (13), nervous, cardiovascular and bone diseases in adults (16)  as well 80 

as anaemia. An excess of zinc (Zn) in the body is known to lead to sideroblastic anaemia 81 

(12). Therefore, cultivated plants represent a major pathway for the movement of potentially 82 

toxic trace elements from soils to humans  (10, 12).  Information on the bioaccumulation of 83 

trace elements in animals and humans has been growing and has highlighted the importance 84 

of naturally occurring trace elements in soils (6, 17), although human-induced enrichment is 85 

also a  major aspect (17). Many trace elements are essential to both humans and plants. 86 

However, the toxicity levels of some of these elements are lower in humans and animals than 87 

in plants. Various  strategies and methods, including assessments of dietary exposure have 88 

been recommended for human health hazard evaluation and for safe food characterization 89 

(18). Therefore, many countries have undertaken trace element monitoring  in foods (2). As 90 
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children are more sensitive to contaminants than adults, health hazard investigation need to 91 

be considered separately as the contact pathway through food varies with age (19). 92 

At present,  the processes used for cement production could lead to trace element 93 

emissions into the environment (20). Such emissions are also linked with cement 94 

transportation (21), as a kilogram of cement production could generate about  0.07 kilograms 95 

of dust in the atmosphere daily (22). Seventeen trace elements can be found in cement dust: 96 

full suite includes As, antimony (Sb), beryllium (Be), Cd, Cr, Cu, cobalt (Co), Hg, 97 

manganese (Mn), Ni, selenium (Se), tellurium (Te), thallium (Tl), tin (Sn), vanadium (V) and 98 

Zn (20). The spread of cement dust through rain and wind could cover a large area and 99 

become integrated into soils and plants, and subsequently humans in a food chain effect (21).  100 

In this study, we collected corn (Zea mays) grains and surface soil (0-15 cm) samples 101 

from four farmlands in the vicinity of a major cement-manufacturing plant in Obajana, Kogi 102 

State in north-central Nigeria and from a fifth farmland which served as a reference site. 103 

Total As, Cd, Cr, Cu, Fe, Ni, Pb and Zn concentrations were determined in all the samples. 104 

Corn was selected as it is a staple food for people with different socio-economic backgrounds 105 

and diet preferences in Nigeria (23-25). In addition, Zea mays is among the few plants which 106 

accumulate larger amounts of Pb, even though it is only slightly available to plants in most 107 

soils, (2),  and Zhang, et. al (26) had found it to be the main source of Pb consumption 108 

through food among the common cereals including foxtail millet, rice, and wheat which are 109 

all staples in Nigeria.  Our theory (put to test) was that farmlands with corn crops cultivated 110 

in the vicinity of the largest cement-manufacturing plant in Obajana, Sub-Saharan Africa 111 

(SSA), with decades-long production, could present a significant health hazard to humans 112 

from potentially toxic trace elements like Pb especially due to increased vehicular traffic and 113 

prevailing wind direction. Therefore, the aim of this study was to identify the degree of 114 

contamination and the objectives were: (i) to assess the effect of Obajana cement plant (OCP)  115 

and its associated activities such as the movement of products on trace element depositions in 116 

surface soil and Zea mays, and (ii) to evaluate the non-carcinogenic health hazard impact to 117 

consumers of the corn because of any depositions. Evaluating the trace element contents in 118 

corn could serve as an indicator of changes in the terrestrial environment in the vicinity of 119 

OCP. Our findings could make a statement on food safety and aid policy releases on 120 

farmlands’ proximity to industrial areas in Nigeria. 121 

 122 

 123 

 124 
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2 Materials and methods 125 

2.1 Location description 126 

 127 

The study sites are in Obajana, Kogi State in north-central Nigeria (Figure 1), in the vicinity 128 

of OCP and a reference site. Obajana cement plant, the largest cement-manufacturing plant in 129 

SSA has been in operation since 1992 and has an annual capacity of about 16.3  million 130 

tonnes  (Dangote Cement, 2023). Obajana town has the geographic coordinates of 7° 55' 0" 131 

North and 6° 26' 0" East and is 205 m above sea level. The area has a tropical savanna 132 

climate with a constant annual temperature of over 18 0C. There are distinct rainy and dry 133 

seasons spanning from April through September and from December through March 134 

respectively. The soil type in the area is a mixture of Nitisol (a well-drained soil with 30% 135 

clay) and Lixisol (Sonneveld, 1998), and comprises relatively high organic carbon (C, 1.4-136 

2%), high potassium (K, 0.61-0.73 cmol/kg), moderately low nitrogen (N, 0.11-0.15%), 137 

moderate phosphorus (P, 7-20 µg/g), moderate calcium (Ca, 2-5 µg/g), moderate magnesium 138 

(Mg, 1-2.5 µg/g) and moderate Zn (1-5 µg/g) (Sonneveld, 1998). North-easterly winds 139 

predominate in the region. The communities are located to the west and south next to the site 140 

of OCP. The occupation of the inhabitants of Obajana includes rain-fed farming, petty 141 

trading, hunting, and cattle rearing. Cottage farming is the farming system found in the area, 142 

with farmland sizes between 0.5 and 2 hectares (ha). The major cultivated crops in the 143 

locality include corn, pepper, rice, cassava, millet, cowpea, and sweet potatoes. 144 

 145 

2.2 Study design and sampling approach 146 

The study design recognized both wind direction which was measured using a wind 147 

vane in the study area, as well as the proximity of the cultivated farmlands to OCP regarding 148 

vehicular traffic (Figure 2). Four farmlands, designated as F1-F4 and of mix Nitisol and 149 

Lixisol soil types were selected in the immediate environment of OCP  (Figures 1 and 2). 150 

Farmland 1 (F1) was located upwind of OCP at 2.7 km east (E) of the plant, while farmlands 151 

2-4 (F1-F2) were located downwind of the plant at the following distances: F2, at 0.7 km 152 

south (S) of OCP, F3, at 3.1 km south-west (SW) of OCP, and F4, at 2.3 km west (W) of 153 

OCP respectively. A reference farmland, designated as control farmland (FC)  and of similar 154 

mix Nitisol and Lixisol soil type as F1-F4  was selected upwind of OCP at 18.0 km southeast 155 

(SE) of the plant (Figures 1 and 2). Consideration was given to getting representative samples 156 

from field sites regarding the approximate sizes of the farmlands to compare them (Table 1). 157 

Therefore, 19, 20, 24, 12 and 14 Zea mays cobs and  surface soil (0-15 cm) from the sampled 158 
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plants’ root zone were collected from FC, and F1-F4 during the harvesting period in 2017. 159 

No subsamples were made. Corn on the cob was collected after the grains had matured at 160 

four months post-cultivation from a random selection of plants.  A plastic scoop was used to 161 

collect the soil from the surface layer after the whole plant was pulled out. A ruler was put in 162 

place to ensure that soil samples were within 15 cm depth. A scalpel was used to separate the 163 

grains from the cobs. Corn and soil samples were bagged in Ziploc bags and stored at -4 0C 164 

for onward transportation to the University of Aberdeen for analysis of individual samples 165 

(phytosanitary certificate number NAQS/FT/2017/001073). Milli-q de-ionised water (>18 166 

MΩcm, Millipore, Bedford MA, USA) was used in all investigations. HNO3 (Fisher 167 

Scientific, UK) and H2O2 (Sigma Aldrich, UK) used for all sample extractions were of 168 

analytical grade at 69% and 32% respectively. A multi-element stock solution (SPEX, UK) 169 

was diluted serially in milli-q de-ionised water and acidified with HNO3 to 10% to serve as 170 

the working calibration standards.  171 

 172 

Insert Table  1 here 173 

 174 

Insert Figure 1 here 175 

 176 

 177 

Insert Figure 2 here 178 

 179 

 180 

2.3.  Sample preparation and quality assurance 181 

HNO3 (2.5 mL, 69%) was added to approximately 0.1 g of soil sample (oven dried, sieved to 182 

< 2 mm and ball-milled) and left overnight before adding H2O2 (2.5 mL, 32%).  The mixture 183 

was heated slowly on a block digester from room temperature to 100 0C for 1 hour and 184 

reheated for 1 hour at 120 0C. After cooling to room temperature, more H2O2 (1 mL, 32%) 185 

was added and the new mixture was heated at 140 0C for 1 hour. Extracts were then 186 

centrifuged at 3500 rpm for 5 min (ALC 4218 centrifuge, ALC International S.R.L., Italy) 187 

and 3 mL of the supernatant was diluted to 30% in the measurement vial by adding milli-q 188 

de-ionized water to the 10 mL mark before analysis. Inductively coupled plasma-mass 189 

spectrometer (ICP-MS, Model 7900, Agilent, USA)  was used to measure total As, Cr, Cd, 190 

Cu, Ni and Pb concentrations.  Due to issues of interference with the ICP-MS measurement, 191 
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microwave-induced plasma-atomic emission spectrometer (MP-AES, Model 4100, Agilent, 192 

USA)  was used to measure total Fe and Zn contents. 193 

For corn preparation, HNO3 (2 mL, 69%) was added to approximately 0.1 g of corn 194 

(oven dried and ground to flour) (Coffee grinder, Krups F203, Germany) and left overnight. 195 

H2O2 (2 mL, 32%) was then added and the mixture was microwave extracted (MARS 5, CEM 196 

Corporation, USA) for 5 min at 50 0C, 5 min at 75 0C and 25 min at 95 0C. Centrifugation 197 

and measurement of metals in sample were as defined in the preceding section. The analytical 198 

procedure was validated using certified reference materials (CRMs). Corn meal reference 199 

material CRM-CM-A (High Purity Standards, UK) and soil reference material NIST 2709 200 

and NIST 2711 (National Institute of Standards & Technology, USA) were prepared and 201 

analysed alongside the samples for quality assurance for total elemental analysis. The mean 202 

percent recovery ranged between 78 and 120% for the elements of interest (Table 2 ). Blank 203 

determinations of the analytes were also done to ensure the reliability of the measurement.  204 

 205 

 206 

 207 

 208 

 209 

 210 

Insert Table 2 here 211 

 212 

 213 

 214 

 215 

2.4.  Data analysis 216 

 217 

The ratio of the element concentration in corn (Ccorn) in µg/g dry weight (dwt) to that in 218 

surface soil (Csurface soil) in µg/g dwt was calculated to give the surface soil to corn transfer 219 

factor (TF) (Cui et al., 2004). The equation for the calculation  is as follows (Eq.1): 220 

TF = Ccorn/Csurface soil ---------------------------------(Eq. 1) 221 

 222 

The daily element intake for adults (DEIA) and children (DEIC) in µg/person/day/kg body 223 

weight (bwt)) related to corn consumption (3) were determined by the following formula (Eq. 224 

2):  225 
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DEIA/DEIC = DCIR x Ccorn/bwtmean---------------------------------(Eq. 2) 226 

 227 

where DCIR is the daily corn intake rate in Nigeria at 60 g/person/day (Ranum et al., 2014) 228 

and bwtmean is the mean bwt, considered to be approximately 61 kg for adults in Africa (27). 229 

An average bwt of 32.7 kg for children (3, 19) was used since there is paucity of data on the average 230 

bwt for children in Nigeria and Africa. 231 

 232 

The corn-related health hazard indices for adults (HHIA) and children (HHIC) (3) was 233 

determined as a ratio of DEIA/DEIC to the United States Environmental Protection Agency’s 234 

(USEPA’s) oral reference dose (RfD0) of all the measured elements (same units as 235 

DEIA/DEIC) (USEPA, 1995;(17) with the following formulae (Eqs. 3 and 4): 236 

HHIA = DEIA/ RfD0 ---------------------------------(Eq. 3) 237 

 238 

HHIC = DEIC/ RfD0 ---------------------------------(Eq. 4) 239 

 240 

 Human health hazards are possible outside the RfD0 dosage. A HHI value of less than one (< 241 

1) would imply no risk from the consumption of corn cultivated in the sampled farmlands, 242 

while  HHI value of greater than one (> 1) would imply a significant risk from the cultivated 243 

corn ingestion.   244 

Minitab 19 (Minitab Inc, USA) was used to determine the descriptive statistics on a 245 

dry weight basis and to graphically analyse the results. Samples with values that were less 246 

than the detection limit of the analytical procedure were reported as less than (<) 0.001. One-247 

way analysis of variance (ANOVA) was used to investigate the significant differences of the 248 

mean element concentrations in the sample sets, while Tukey honestly significant tests (HSD) 249 

were carried out on statistically significant results (p < 0.05).  Principal component analysis 250 

(PCA) and HSD were used to determine how the average trace element levels varied between 251 

farmlands. 252 

 253 

3.  Results  254 

3.1. Concentration of elements in surface soil and corn samples 255 

The average element concentrations in µg/g dwt (± standard error of the mean (SEM)) and 256 

their ranges as found in surface soil (0-15 cm) and Zea mays samples are shown in Tables 3  257 

and 4. Arsenic, Cr and Ni  were below their detection limits in the same surface soil samples 258 
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collected from F2 and F3, while Zn was not detected (limit of detection (LOD) = 0.150 ng/g) 259 

in most of the surface soil samples from all the farmlands including control. Cadmium was 260 

not detected  (LOD = 0.043 ng/g) in most of the surface soils collected from F2-F4  261 

downwind of OCP  as well as in most of the corn samples from all the farmlands including 262 

control (LOD = 0.001 ng/g). Tukey pairwise comparisons showed that the average Cr and Pb  263 

concentrations in surface soil samples, and the mean levels of Zn in corn samples from FC 264 

and F1 upwind of OCP were significantly higher (p < 0.0001) than the  average 265 

concentrations determined in surface soils (Cr and Pb only) and Zea mays (Zn only) from F2-266 

F4 downwind of OCP. Conversely, the mean concentrations of Pb in corn from the farmlands 267 

upwind of OCP were significantly lower (p < 0.0001) than the average corn Pb contents from 268 

the farmlands downwind of OCP.   269 

The values for the relative standard error (RSE) calculated for all the analytes of 270 

interest in surface soil (Table 3 ) were  higher than the RSE values calculated  in corn (Table 271 

4 ).  272 

 273 

 274 

 275 

 276 

 277 

 278 

Insert Table 3  here 279 

 280 

Insert Table 4  here 281 

 282 

 283 

 284 

 285 

3.2 Transfer factor  and health hazard  indices evaluation 286 

  The average TF values from surface soil to corn and their ranges for the determined trace 287 

elements  are shown in Table 5 . The mean TF values for Pb in corn were several orders of 288 

magnitude higher in F2-F4 located downwind of OCP  than the values calculated in FC and 289 

F1 upwind of the plant . A similar trend was observed in the average element concentrations 290 

in corn samples from all the farmlands including the control. The average TF values for Cu in 291 

Zea mays were also higher in F2-F4 than in FC and F1. The control farmland, F1 and F2 292 
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recorded the highest TF values for Cd, Zn and Pb. Farmland 3 recorded the greatest values 293 

for Cr and Cu, while the highest values for As, Fe and Ni were calculated from F4. 294 

 295 

The HHIA and HHIC values were all less than 1 (< 1) and are shown in Tables 6 and 7. 296 

The control farmland showed the highest HHIA and HHIC values for  As, Cu, Ni and Zn, 297 

while F4 showed the greatest HHI values for  Pb (adults only) and Fe (adults and children). 298 

Lead HHIA and HHIC values were between six factors and an order of magnitude greater in 299 

F2-F4  downwind of OCP  than shown in FC and F1    upwind of OCP.  However, all values 300 

were less than 1 (< 1).  The DEIA and DEIC values for Cr, Cu, Fe, Ni and Zn from all the 301 

farmlands were greater than one. In all the farmlands including control, Fe showed the 302 

highest DEIA and DEIC values followed by Zn (Tables 6 and 7).    303 

 304 

 305 

 306 

Insert Table 5  here 307 

Insert Table 6  here 308 

Insert Table 7  here 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

4.  Discussion: Implications of trace element concentrations in surface soil and corn 317 

We analysed eight trace elements to investigate the contamination status of farmlands in the 318 

vicinity of OCP, the largest cement-manufacturing plant in SSA and a reference site. The 319 

average surface soil contents of Cd and Pb respectively determined in our work (Table 3) 320 

were below the limits (in µg/g) of 50 and 164 respectively set by the National Environmental 321 

Standards and Regulation Enforcement Agency (NESREA) for surface soil in Nigeria, quoted 322 

in Afolayan (28). The mean Cd concentrations (LOD = 0.04 ng/g) in surface soil from all the 323 

farmlands including control (Table 3 ) were observed to be several orders of magnitude lower 324 

than the average contents (in µg/g) of 1.22 and 0.78 (control site) documented from a 325 

previous research in the area (29). However, corn was not investigated and soil samples were 326 
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taken from sites in the immediate vicinity at 0.5-1 and 3 (control site) km radii of OCP, 327 

unlike in our study.  In contrast, we found the average Ni and Zn values (Table 3) to be 328 

several orders of magnitude higher than the results earlier shown  in surface soil (in µg/g ± 329 

standard deviation (SD)) for Ni (0.07 ± 0.02) and Zn (0.04 ± 0.01), while the concentrations 330 

of Cu (3.42 ± 0.70) and Pb (8.40 ± 2.48) (29) were comparable to our findings (Table 3).  331 

The average levels of Cd, Cr, Cu, Pb and Zn (Table 3 ) were much lower than average 332 

concentrations reported in  surface soil in the surrounding areas of cement plants in Nigeria  333 

(30)  and South Africa  (31), except the mean Cr level in the site, north-east of the South 334 

African plant. The elevated levels of Pb (30, 31) and Cu (30) were attributed to emissions 335 

from the cement plants  as well as to the influence of vehicular traffic. Furthermore, the mean 336 

As and Ni levels in surface soil in the vicinity of the South African plant (31) were several 337 

orders of magnitude higher than what was found in our study. However, the sampling sites 338 

were within a 50 m axis of the plant in South Africa (31), while the soil type was Ferralitic 339 

and Ferruginous in the sampling sites investigated in Nigeria (30). Positive correlations were 340 

found between Cu and Pb in surface soil in our study: FC (0.521, p < 0.05), F1 (0.685, p < 341 

0.005), F2 (0.960, p < 0.0001), F3 (0.989, p < 0.0001) and F4 (0.760, p < 0.005), just like 342 

previously observed in the surrounding of another cement plant in Nigeria (30). Similarly, 343 

positive associations were shown between As and Pb in surface soil from our work: FC 344 

(0.497, p < 0.05), F1 (0.578, p < 0.01), F2 (0.980, p < 0.0001), F3 (0.970, p < 0.0001) and F4 345 

(0.658, p < 0.05), like that earlier exhibited in the vicinity of the cement plant in South Africa 346 

(31). These findings may indicate the influence of atmospheric depositions and plant cycling 347 

which enhances As concentration in surface soil, and together with strong linkages with 348 

organic matter and low mobility also concentrate Cu and Pb (9). 349 

Our results were further compared to global parameters owing to the near absent local 350 

reference and maximum limit standards in Nigeria. The average Cr levels in surface soils 351 

(Table 3 ) from FC and F1  upwind of OCP were elevated beyond the world soil average (1, 352 

17).   This may be due to the parent material geology from which the soil was formed (32). 353 

The average contents of the other elements determined were below their reference levels. 354 

Excluding Cr, the average surface soil concentrations of the trace elements from all the 355 

farmlands were below the average levels reported for agricultural soils in Sweden (33) and 356 

Japan (34). In addition, the mean surface soil contents of  Cr from F2-F4 downwind of OCP 357 

(Table 3) were less than the mean level found in cultivated soil in Japan (34), while the 358 

average surface soil Cr level from F3 only was less than what was reported in cultivated soil 359 

from Sweden (33). Regardless, the mean surface soil Cr concentrations from all the 360 
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farmlands including control were within the maximum allowable concentration of 200 µg/g 361 

in soils (1).  362 

The element concentrations with higher RSE values in surface soil (Table 3) than in 363 

corn (Table 4) may be due to the heterogeneity of the soil samples and could pinpoint to 364 

particle depositions for example. Such findings become manifest when a lot of samples are 365 

collected for investigation as was done in our study. Uptake and translocation of elements by 366 

plants from the soil is a kinetically controlled process  (Khan et al., 2010).  It is based on the 367 

huge differences in the bioavailabilities and chemical reactivities of the different fractions of 368 

elements in soil which include the water-soluble, exchangeable, residual fractions and the 369 

carbonates, organic matter, and Fe–Mn oxides bounded fractions (19, 35).  370 

Excluding Zn, average element concentrations were lower in corn than in surface soil  371 

(Tables 3  and 4 ). This may be due to a physiological requirement for Zn for optimal growth 372 

of the corn plant resulting in the higher uptake from the surface soil. Furthermore, Zn is the 373 

only element out of those investigated that has constant mobility in soils (6, 36, 37), and is 374 

usually added to fertilizers to improve the yield of corn. The mean corn levels of all the 375 

elements determined were lower than the average concentrations reported in corn in an 376 

industrial area in Greece (17).   However, the average Cr levels in corn from all the farmlands 377 

were several factors greater than the stable concentration range of  0.01 to 0.41 µg/g reported 378 

in cereal grains,  although the mean corn contents of Cu, Fe, Ni and Zn  from the farmlands 379 

were within the range of values for cereals, except the average corn Zn concentrations in F3 380 

and F4 (18).   Our findings could lead to Zn deficiency in corn in F3 and F4. The mean corn 381 

Pb concentrations in FC and F1  upwind of OCP  were within the range of values found in 382 

cereal grains by Eriksson (33). The average corn Pb contents from F2-F4  downwind of OCP  383 

were several orders of magnitude greater than the mean concentrations from FC and F1 384 

upwind of the plant and were above the regulatory limit of 0.2 µg/g  set by the Food and 385 

Agriculture Organization of the United Nations /World Health Organization (FAO/WHO) 386 

(38).  Twelve percent  of the corn samples had  Pb contents that were a factor of two greater 387 

than this limit or higher.  Tukey pairwise comparisons revealed statistically significant 388 

differences (p < 0.0001) in the average Pb and Zn concentrations in Zea mays sampled from 389 

farmlands upwind of OCP compared to the mean levels in corn sampled from farmlands 390 

downwind of the plant.  391 

These results were confirmed by the PCA score and loading plots for the elements 392 

studied in corn (Figure 3). The score plot (Figure 3A) showed that the second component was 393 

generally effective at separating the data values into those derived from farmlands upwind 394 
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located east and southeast of OCP or downwind located west and southwest of the plant. The 395 

loading plot (Figure 3B) highlighted Pb and Zn respectively as the greatest contributors to 396 

principal component 2 (PC2) loading, with eigenvector values of 0.73 and -0.57 respectively.  397 

This implied that while the mean Pb concentrations in Zea mays reflect anthropogenic impact 398 

in F2-F4 downwind of OCP, the average corn Zn contents did not, and were even found to be 399 

higher in  corn sampled from FC and F1  (Table 4 ) which were located upwind of OCP. The 400 

PC2 result for the corn Pb contents from farmlands downwind of OCP may have been due to 401 

the emission release from the cement stack getting transported in the wind direction mainly 402 

(Figure 3). However, the plume would only occur locally against wind and this was the area 403 

sampled upwind of OCP. In contrast,  the score and loading plots for the elements’ 404 

concentrations in surface soil (Figure 4) showed that PC1 had a partial impact on separating 405 

the data values than PC2. In descending order, the greatest contributors to PC1 loading in 406 

surface soil were Cu, As and Pb respectively with eigenvector values of 0.49, 0.48 and 0.48 407 

respectively (Figure 4).  408 

 409 

 410 

 411 

 412 

Insert Figure 3here 413 

 414 

Insert Figure 4 here 415 

 416 

 417 

Arsenic, Cd and Pb  are considered as trace elements of environmental concern. They 418 

are the only ones among the elements investigated for which their total concentrations are 419 

controlled in cereal grains by some organizations. The average DEIA/DEIC values for the 420 

individual elements from all farmlands are listed in Tables 6  and 7. There are no regulatory 421 

limits set by NESREA in Nigeria for trace element content in grains. However, we found the 422 

mean DEIA/DEIC values for As in corn from all the farmlands were within the regulation 423 

limits of 0.5 µg/g in cereal grains established by China (39) and the average DEIA/DEIC 424 

values  for Cd from all the farmlands were within the limits of 0.1 µg/g  set by FAO/WHO 425 

(38) and China (39). Furthermore,  the average DEIA/DEIC values for Pb from F2-F4  426 

downwind of OCP  exceeded the limit of 0.2 µg/g set for cereal grains by FAO/WHO (38), 427 
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1995) and China (39). The mean DEIC levels for Pb from the farmlands downwind were two 428 

to three factors over this limit.  However, the regulatory limit is not a daily intake value and 429 

our findings may not necessarily imply that Pb would pose a  health hazard through the 430 

consumption of corn cultivated in F2-F4 located downwind of OCP.  Some studies (e.g., 431 

Andersson and Nilsson (40)) had found the status of essential elements like Fe and Zn in food 432 

could impact the possible risk of non-essential elements like Pb. Although Fe and Zn intake 433 

through corn was of the same order of magnitude from all the farmlands, the real risk due to 434 

Pb contamination needs to be investigated in F2-F4 located  downwind of DCP  which had 435 

lower corn Zn contents than in FC and F1  upwind of the plant.  (Tables 6  and 7 ).   436 

An important aspect of human exposure to trace elements via the food chain is the 437 

soil-to-plant transfer factor (TF) which may indicate possible human health impact from 438 

enriched soils (41). The TF values for Cd and Zn from the five farmlands including control 439 

were wide-ranging and may reflect the low detectability of the elements in most of the 440 

surface soil samples. Our sampling regime occurred during the rainy season in the summer of 441 

2017. This result could be due to element mobility in the surface soil which could produce its 442 

loss by leaching if excessive rainfall takes place. Other studies have reported such findings 443 

for Zn, and  Cu  has been found to interfere with the adsorption of the metal in soil (42), 444 

while  precipitation is not the main mechanism of retention of Zn in soils (32).  In addition, 445 

the high organic content and clay in the surface soil as discussed in a preceding section might 446 

have enhanced Cd sorption (43). The TF values for As, Cr, Cu, Fe and Ni were of the same 447 

order of magnitude in all the farmlands including control. However, TF  values for Pb were 448 

one to three orders of magnitude higher in F2-F4  downwind of OCP  than the values 449 

calculated in FC and F1  upwind of the plant,  just as found with the Pb concentrations in 450 

corn across the farmlands.  This may be due to multiple factors such as prevailing wind 451 

direction (44), and the density of the local traffic  (45). Other variances in TF values as 452 

shown with Cu may be linked with soil characteristics and soil nutrient management (46) 453 

which were not investigated in this study.  The average TF values for Ni and Zn from all the 454 

farmlands were at least two factors lower than what was reported in an earlier research, while 455 

the mean TF values for As, Cd, Cu, Fe and Pb from all the farmlands were  several orders of 456 

magnitude lower than what was documented  (17).  However, the TF values for Cr from the 457 

two studies are of the same order of magnitude. This could be due to the varying causes of 458 

contamination and the differences in the soil signature from the two studies as the soil type in 459 

the previous study was well-drained Typic Haploxerepts (17).  460 
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The HHIA/HHIC values of the trace elements investigated are listed in Tables 6  and 7. 461 

All HHIA/HHIC values for the investigated elements were less than one (< 1)  from all the 462 

farmlands including control. Our results are in contrast with the findings of an earlier study 463 

which showed HHI values greater than one (>1) for all the elements investigated (17)  and 464 

implies that consumers of corn cultivated in the farmlands in the vicinity of OCP would not 465 

experience significant health hazards from the individual trace element. The total sums of 466 

individual health hazard indices HHIA/HHIC from  the farmlands were in descending order F4 467 

(0.39/0.72) > FC (0.38/0.70) > F3 (0.31/0.57) > F2 (0.30/0.56) > F1 (0.30/0.54). Although 468 

related health hazards with the elements’ contamination in corn and soils cannot be 469 

determined based on the level of exposure alone (41) our data presented here (Tables 6  and 470 

7) implied no risk from the trace elements through the consumption of corn from all the 471 

farmlands.   472 

 473 

5 Conclusions 474 

The health hazards posed by exposure to trace elements As, Cd, Cr, Cu, Fe, Ni, Pb and Zn to 475 

communities neighbouring a major cement plant in Obajana, north-central Nigeria through 476 

the consumption of corn were investigated based on human health indices (HHIs). The results 477 

showed HHI values were less than one for both adults and children for the consumption of 478 

corn and also imply that health hazards involving a single trace element are not significant. 479 

The trace element concentrations in the surface soil from the farmland chosen as control were 480 

higher than the levels in farmlands downwind of the plant and showed the impact of the 481 

cement factory dust to be negligible. 482 

 483 

  484 

 485 

 486 

 Conflict of interest 487 
The authors declare that they have no conflict of interest. 488 

Acknowledgements 489 

SA-U acknowledges the Petroleum Technology Development Fund (PTDF), Nigeria for 490 
funding, the National Oil Spill Detection and Response Agency (NOSDRA), Nigeria for 491 
granting the study leave, and MetaResponse International Limited for the use of Greeneco 492 

Laboratory Limited, Nigeria. 493 
 494 
 495 

 496 



15 
 

Author Contributions 497 

SA-U, GN, JF and EK conceived and designed the study. SA-U and IA carried out sampling. 498 
SA-U and MP carried out sample analysis. SA-U, JK and EK contributed to data 499 
interpretation. SA-U, OA, AA, IA, JK and EK contributed to literature collection, manuscript 500 

preparation and write-up. 501 
   502 
Funding  503 

This work was supported and funded by the Nigerian government through Petroleum 504 

Technology Development Fund (PTDF).  505 

 506 

Correspondence and requests for materials should be addressed to SA-U. 507 

 508 

DATA AVAILABILITY 509 
The dataset generated and/or analyzed in the current study can be obtained from SA-U on a 510 
reasonable request. 511 
 512 

 513 

 514 

References 515 

 516 

1. Kabata-Pendias A. Trace elements in soils and plants/fourth editions. CRC Taylor and Francis 517 
Group, Boca Raton. 2011;505. 518 
2. Kabata-Pendias A, Mukherjee AB. Humans: Springer; 2007. 519 
3. Khan S, Rehman S, Khan AZ, Khan MA, Shah MT. Soil and vegetables enrichment with heavy 520 
metals from geological sources in Gilgit, northern Pakistan. Ecotoxicology and environmental safety. 521 
2010;73(7):1820-7. 522 
4. Romic M, Romic D. Heavy metals distribution in agricultural topsoils in urban area. 523 
Environmental geology. 2003;43(7):795-805. 524 
5. Ahmed S, Akhtar N, Rahman A, Mondal N, Khurshid S, Sarah S, et al. Evaluating groundwater 525 
pollution with emphasizing heavy metal hotspots in an urbanized alluvium watershed of Yamuna 526 
River, Northern India. Environmental Nanotechnology, Monitoring & Management. 2022;18:100744. 527 
6. Adriano DC. Other trace elements.  Trace Elements in the Terrestrial Environment: Springer; 528 
1986. p. 470-501. 529 
7. Gérardeaux E, Affholder F, Bernoux M, Muller B. Relationships Between Tropical Annual 530 
Cropping Systems and Climate Change.  Climate Change and Agriculture Worldwide: Springer; 2016. 531 
p. 109-24. 532 
8. Yang L, Ren Q, Zheng K, Jiao Z, Ruan X, Wang Y. Migration of heavy metals in the soil-grape 533 
system and potential health risk assessment. Science of the Total Environment. 2022;806:150646. 534 
9. Banuelos G, Ajwa H. Trace elements in soils and plants: an overview. Journal of 535 
Environmental Science & Health Part A. 1999;34(4):951-74. 536 
10. Nordberg G, Jin T, Bernard A, Fierens S, Buchet JP, Ye T, et al. Low bone density and renal 537 
dysfunction following environmental cadmium exposure in China. AMBIO: a journal of the human 538 
environment. 2002;31(6):478-81. 539 
11. Järup L. Hazards of heavy metal contamination. British medical bulletin. 2003;68(1):167-82. 540 



16 
 

12. Muhammad S, Shah MT, Khan S. Health risk assessment of heavy metals and their source 541 
apportionment in drinking water of Kohistan region, northern Pakistan. Microchemical journal. 542 
2011;98(2):334-43. 543 
13. Khan K, Lu Y, Khan H, Ishtiaq M, Khan S, Waqas M, et al. Heavy metals in agricultural soils 544 
and crops and their health risks in Swat District, northern Pakistan. Food and chemical toxicology. 545 
2013;58:449-58. 546 
14. Guadie A, Yesigat A, Gatew S, Worku A, Liu W, Ajibade FO, et al. Evaluating the health risks 547 
of heavy metals from vegetables grown on soil irrigated with untreated and treated wastewater in 548 
Arba Minch, Ethiopia. Science of The Total Environment. 2021;761:143302. 549 
15. Din IU, Muhammad S. Heavy metal (loid) s contaminations in soils of Pakistan: a review for 550 
the evaluation of human and ecological risks assessment and spatial distribution. Environmental 551 
Geochemistry and Health. 2022:1-22. 552 
16. Shaheen N, Irfan NM, Khan IN, Islam S, Islam MS, Ahmed MK. Presence of heavy metals in 553 
fruits and vegetables: health risk implications in Bangladesh. Chemosphere. 2016;152:431-8. 554 
17. Antoniadis V, Golia EE, Liu Y-T, Wang S-L, Shaheen SM, Rinklebe J. Soil and maize 555 
contamination by trace elements and associated health risk assessment in the industrial area of 556 
Volos, Greece. Environment international. 2019;124:79-88. 557 
18. Kabata PA, Pendias H. Trace Elements in Soils and Plants 3rd ed, CRC Press, USA. 2001. 558 
19. Wang X, Sato T, Xing B, Tao S. Health risks of heavy metals to the general public in Tianjin, 559 
China via consumption of vegetables and fish. Science of the total environment. 2005;350(1-3):28-560 
37. 561 
20. Achternbosch M, Braeutigam K, editors. Co-incineration of wastes in cement kilns—mass 562 
balances of selected heavy metals. Proceedings of the International Conference on Incineration and 563 
Thermal Treatment Technologies; 2001. 564 
21. El-Abssawy A, Hassanien M, Ibrahim Y, Abdel Latif N. Health risk assessment of workers 565 
exposed to heavy metals in cement kiln dust (CKD). J Am Sci. 2011;7(3):308-16. 566 
22. Hindy K, Attia A, editors. Characterisation of dust controlled by electrostatic precipitators in 567 
Egyptian cement plant. Proc 3rd Inter Conf Environ Contam, Venice (Sept 1988); 1988. 568 
23. Abdulrahaman A, Kolawole OM. Traditional preparations and uses of maize in Nigeria. 569 
Ethnobotanical Leaflets. 2006;2006(1):23. 570 
24. Olaniyan AB. Maize: Panacea for hunger in Nigeria. African Journal of Plant Science. 571 
2015;9(3):155-74. 572 
25. Macauley H, Ramadjita T. Cereal crops: Rice, maize, millet, sorghum, wheat. 2015. 573 
26. Zhang Z-W, Qu J-B, Xu G-F, Song L-H, Wang J-J, Shimbo S, et al. Maize and foxtail millet as 574 
substantial sources of dietary lead intake. Science of the total environment. 1997;208(1-2):81-8. 575 
27. Walpole SC, Prieto-Merino D, Edwards P, Cleland J, Stevens G, Roberts I. The weight of 576 
nations: an estimation of adult human biomass. BMC public health. 2012;12(1):1-6. 577 
28. Afolayan AO. Accumulation of heavy metals from battery waste in topsoil, surface water, 578 
and garden grown maize at Omilende area, Olodo, Nigeria. Global Challenges. 2018;2(3):1700090. 579 
29. Adejoh IP. Assessment of heavy metal contamination of soil and cassava plants within the 580 
vicinity of a cement factory in north central, Nigeria. Advances in Applied Science Research. 581 
2016;7(3):20-7. 582 
30. Ogunkunle CO, Fatoba PO. Contamination and spatial distribution of heavy metals in topsoil 583 
surrounding a mega cement factory. Atmospheric pollution research. 2014;5(2):270-82. 584 
31. Olowoyo JO, Mugivhisa LL, Busa NG. Trace Metals in Soil and Plants around a Cement 585 
Factory in Pretoria, South Africa. Polish Journal of Environmental Studies. 2015;24(5). 586 
32. McLean J, Bledsoe B. Behaviour of metals in soils, ground water issue. US EPA. EPA/540/S-587 
92/018; 1992. 588 
33. Eriksson J. Concentrations of 61 trace elements in sewage sludge, farmyard manure, mineral 589 
fertiliser, precipitation and in oil and crops: Citeseer; 2001. 590 



17 
 

34. Takeda A, Kimura K, Yamasaki S-i. Analysis of 57 elements in Japanese soils, with special 591 
reference to soil group and agricultural use. Geoderma. 2004;119(3-4):291-307. 592 
35. Davies B. Inter-relationships between soil properties and the uptake of cadmium, copper, 593 
lead and zinc from contaminated soils by radish (Raphanus sativus L.). Water, air, and soil pollution. 594 
1992;63:331-42. 595 
36. Williams D, Vlamis J, Pukite A, Corey J. Trace element accumulation, movement, and 596 
distribution in the soil profile from massive applications of sewage sludge. Soil science. 597 
1980;129(2):119. 598 
37. Solomou AD, Germani R, Proutsos N, Petropoulou M, Koutroumpilas P, Galanis C, et al. 599 
Utilizing Mediterranean Plants to Remove Contaminants from the Soil Environment: A Short Review. 600 
Agriculture. 2022;12(2):238. 601 
38. Alimentarius C. Codex general standard for contaminants and toxins in foods. Codex Stan. 602 
1995;193:30-3. 603 
39. Wright T, Meylinah S. USDA Foreign Agricultural Service Global Agricultural Information 604 
Network (GAIN) Report 13 April 2017. 2017. 605 
40. Andersson A, Nilsson K. Enrichment of trace elements from sewage sludge fertilizer in soils 606 
and plants. Ambio. 1972:176-9. 607 
41. Cui Y-J, Zhu Y-G, Zhai R-H, Chen D-Y, Huang Y-Z, Qiu Y, et al. Transfer of metals from soil to 608 
vegetables in an area near a smelter in Nanning, China. Environment international. 2004;30(6):785-609 
91. 610 
42. Kuo S, Baker A. Sorption of copper, zinc, and cadmium by some acid soils. Soil Science 611 
Society of America Journal. 1980;44(5):969-74. 612 
43. Kubier A, Wilkin RT, Pichler T. Cadmium in soils and groundwater: a review. Applied 613 
Geochemistry. 2019;108:104388. 614 
44. Page AL, Ganje TJ, Joshi MS. Lead quantities in plants, soil, and air near some major 615 
highways in southern California. Hilgardia;(United States). 1971;41(1). 616 
45. Toro C, Arunachalam J, Marin C, Vinagre F, Ostapczuk P, editors. Poplar leaves and pine 617 
needles as biomonitors for air pollution. Proceedings of the International Conference on Heavy 618 
Metals in the Environment, Hamburg; 1995. 619 
46. McLaughlin MJ, Hamon R, McLaren R, Speir T, Rogers S. A bioavailability-based rationale for 620 
controlling metal and metalloid contamination of agricultural land in Australia and New Zealand. Soil 621 
Research. 2000;38(6):1037-86. 622 

 623 

 624 

 625 

 626 

 627 

 628 

 629 

 630 

 631 

 632 

 633 

 634 



18 
 

 635 

Figure Legends 636 

 637 

Figure 1: Map of the study area in Obajana, Kogi State, Nigeria, and the locations of the 638 

sampling sites in relation to Dangote cement plant  639 

 640 

Figure 2. Schematic of the sampling sites in relation to Dangote cement plant (DCP) and the 641 

sites’ sizes in relation to each other regarding the sampling regime 642 
 643 

Figure 3.  Score plot (A) and Loading plot (B)of the trace element concentrations in corn  644 

 645 

Figure 4.  Score plot (A) and Loading plot (B)of the trace element concentrations in surface 646 

soil 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 

 655 

 656 

 657 

 658 

 659 

 660 

 661 

 662 

 663 

 664 

 665 

 666 

 667 
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 668 

Table 1: Description of farmlands and samples collected 669 

Farmland  Location Lat/Long (GPS data of the 

corners) 

Size in hectares Number of samples 

Surface 

soil 

Corn 

Control   ❖ N07.85211 o / E006.54504 o 

❖ N07.85175 o / E006.54437 o 

❖ N07.85221 o / E006.54359 o 

❖ N07.85287 o / E006.54396 o 

 

1.3 19 19 

One (1) ❖ N07.92461 o / E006.43878 o 

❖ N07.92425 o / E006.43957 o 

❖ N07.92477 o / E006.43968 o 

❖ N07.92489 o / E006.43890 o 

 

1.5 20 20 

Two (2) ❖ N07.92633 o / E006.40979 o 

❖ N07.92596 o / E006.40993 o 

❖ N07.92629 o / E006.41138 o 

❖ N07.92615 o / E006.41129 o 

 

1.7 24 24 

Three (3) ❖ N07.92479 o / E006.39993 o 

❖ N07.92467 o / E006.39976 o 

❖ N07.92439 o / E006.40004 o 

❖ N07.92456 o / E006.40019 o 

 

0.9 12 12 

Four (4) ❖ N07.92589 o / E006.40088 o 

❖ N07.92557 o / E006.40048 o 

❖ N07.92583 o / E006.40016 o 

❖ N07.92609 o / E006.40047 o 

 

1.6 14 14 

 670 

 671 

 672 
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Table  2 . Trace element concentrations and percent recovery in certified reference materials (mean ± SD; µg/g) 

Element  Certified reference materials 

CRM-CM-A NIST 2709 NIST 2711 

Certified 

value 

Measured 

value 

Percent 

recovery 

Certified 

value 

Measured 

value 

Percent 

recovery 

Certified 

value 

Measured 

value 

Percent 

recovery 

Arsenic  
 

Cadmium  
 

Chromium  
 

Copper  
 

Iron  
 

Lead  

  

Nickel 
 

Zinc  
 

<0.01 

 

<0.01 

 

- 

 

2.0 ± 0.2  

 

- 

 

<0.01 

 

<0.05 

 

21 ± 2 

<0.01 

 

<0.01 

 

- 

 

1.8 ± 0.0 

 

- 

 

<0.01 

 

<0.05 

 

22 ± 3 

 

100 

 

100 

 

- 

 

90 

 

- 

 

100 

 

100 

 

105 

- 

 

0.38 ± 0.01 

 

130 ± 4 

 

34.6 ± 0.7 

 

- 

 

18.9 ± 0.5 

 

88 ± 5 

 

- 

 

- 

 

0.46 ± 0.01 

 

104 ± 2 

 

34.0 ± 0.1 

 

- 

 

14.8 ± 0.1 

 

89 ± 4 

 

- 

- 

 

120 

 

80.0 

 

98.2 

 

- 

 

78.2 

 

101 

 

- 

- 

 

- 

 

47 

 

- 

 

- 

 

1162 ± 31 

 

20.6 ± 1.1 

 

- 

- 

 

- 

 

39 

 

- 

 

- 

 

1312 ±24 

 

21.1 ± 1.2 

 

- 

-  

 

- 

 

83  

 

- 

 

- 

 

113 

 

102 

 

- 
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Table 3 . Mean element concentrations in surface soil (µg/g dwt ± SEM)  1 

Element Farmlands 

FC (N = 19) F1 (N =20) F2 (N = 24) F3 (N =12) F4 (N =14) 

Arsenic 

 

 

 

Cadmium 

 

 

 

Chromium 

 

 

 

Copper 

 

 

 

Iron 

 

 

 

Lead 

 

 

 

Nickel 

 

 

 

Zinc 

0.49 ± 0.04 

(0.43) 

0.30-1.02 

 

0.05 ± 0.00  

(0.05) 

0.04-0.07 

 

98.4 ± 13.1  

(85.7) 

27.0-229 

 

4.14 ± 0.17 

(4.05) 

3.01-5.44 

 

15350 ± 1376  

(12501) 

6544-30127 

 

6.64 ± 0.42  

(5.85) 

4.82-10.0 

 

9.66 ± 1.80  

(7.09) 

4.17-37.1 

 

1.56 ± 1.08 

(<0.01) 

<0.01-16.3 

0.81 ± 0.05 

(0.77) 

0.43-1.27 

 

0.11 ± 0.04  

(0.05) 

0.04-0.89 

 

104 ± 19 

(55) 

34.5-307 

 

4.18 ± 0.29 

(3.69) 

2.14-6.79 

 

7697 ± 790  

(6535) 

198-14565 

 

5.15 ± 0.32  

(4.96) 

2.95-7.93 

 

6.67 ± 1.18  

(4.88) 

2.20-22.1 

 

0.47 ± 0.30 

(<0.01) 

<0.01-5.20 

0.46 ± 0.10 

(0.28) 

<0.01-1.49 

 

<0.01 ± 0.00  

(<0.01) 

<0.01-0.02 

 

29.3 ± 7.1 

(13.5) 

<0.01-117 

 

4.32 ± 0.95  

(1.90) 

0.27-15.0 

 

13894 ± 795  

(13234) 

6753-22321 

 

3.46 ± 0.67  

(1.94) 

0.47-9.29 

 

11.9 ± 4.0  

(2.98) 

(<0.01-90.6) 

 

3.31 ± 1.36  

(<0.01) 

<0.01-27.5 

0.24 ± 0.06 

(0.37) 

<0.01-0.60 

 

0.02 ± 0.02  

(<0.01) 

<0.01-0.21 

 

15.9 ± 4.2 

(21.0) 

<0.01-33.8 

 

2.60 ± 0.65 

(2.86) 

0.27-6.13 

 

6970 ± 369  

(6657) 

4935-9686 

 

3.23 ± 0.74  

(3.86) 

0.47-6.72 

 

5.12 ± 1.54  

(5.12) 

<0.01-15.6 

 

BDL 

0.22 ± 0.01 

(0.22) 

0.15-0.32 

 

<0.01 ± 0.00  

(<0.01) 

<0.01-0.03 

 

43.4 ± 3.5 

(42.0) 

25.8-79.0 

 

2.04 ± 0.12 

(1.96) 

1.43-2.92 

 

2927 ± 129  

(2783) 

2286-4122 

 

4.00 ± 0.17  

(4.11) 

3.04-4.79 

 

3.09 ± 0.44  

(2.48) 

1.67-7.16 

 

0.89 ± 0.50  

(<0.01) 

<0.01-5.97 

Median (in parenthesis) and range of values also shown. SEM = Standard error of the mean. BDL = Below detection limit 2 
(Zn LOD = 0.15 ng/g). N = Number of replicate samples 3 
 4 
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Table 4 . Mean element concentrations in corn (µg/g dwt ± SEM)  5 

Element Farmlands 

FC (N = 19) F1 (N =20) F2 (N = 24) F3 (N =12) F4 (N =14) 

Arsenic 

 

 

 

Cadmium 

 

 

 

Chromium 

 

 

 

Copper 

 

 

 

Iron 

 

 

 

Lead 

 

 

 

Nickel 

 

 

 

Zinc 

0.01 ± 0.00 

(0.01) 

<0.01-0.03 

 

<0.01 ± 0.00 

(<0.01) 

<0.01-0.01 

 

3.56 ± 0.65  

(2.58) 

1.98-14.3 

 

3.13 ± 0.48  

(2.76) 

1.51-11.3 

 

42.0 ± 3.1  

(40.8) 

24.3-86.9 

 

0.02 ± 0.00  

(0.02) 

0.01-0.09 

 

2.10 ± 0.28  

(1.76) 

1.27-6.64 

 

28.4 ± 1.2 

(29.0) 

20.5-40.0 

0.01 ± 0.00  

(<0.01) 

<0.01-0.04 

 

<0.01 ± 0.00 

(<0.01) 

<0.01-0.01 

 

2.31 ± 0.07  

(2.23) 

1.85-2.99 

 

2.36 ± 0.16  

(2.37) 

1.15-3.85 

 

40.0 ± 3.7  

(32.7) 

25.8-84.8 

 

0.01 ± 0.00  

(0.01) 

<0.01-0.05 

 

1.45 ± 0.05  

(1.38) 

1.12-1.86 

 

23.9 ± 1.1 

(24.4) 

14.1-33.5 

<0.01 ± 0.00  

(<0.01) 

<0.01-0.03 

 

<0.01 ± 0.00 

(<0.01) 

<0.01-0.03 

 

2.20 ± 0.18  

(2.05) 

1.63-6.14 

 

2.21 ± 0.18  

(2.04) 

1.00-5.44 

 

35.2 ± 3.6  

(28.4) 

21.2-99.1 

 

0.23 ± 0.03  

(0.29) 

<0.01-0.36 

 

1.46 ± 0.08  

(1.50) 

1.06-3.05 

 

13.5 ± 1.3 

(14.6) 

<0.01-23.8 

<0.01 ± 0.00  

(<0.01) 

<0.01-0.01 

 

BDL 

 

 

 

2.08 ± 0.17  

(1.82) 

1.75-3.57 

 

2.79 ± 0.25  

(2.71) 

1.53-4.26 

 

41.1 ± 4.4  

(36.1) 

26.4-77.7 

 

0.30 ± 0.03  

(0.26) 

0.25-0.51 

 

1.33 ± 0.11  

(1.14) 

1.10-2.28 

 

6.32 ± 1.11 

(5.80) 

<0.01-13.7 

0.01 ± 0.00 

(<0.01) 

<0.01-0.03 

 

<0.01 ± 0.00 

(<0.01) 

<0.01-<0.01 

 

2.57 ± 0.17  

(2.41) 

1.83-3.95 

 

2.27 ± 0.18  

(2.36) 

1.16-3.45 

 

44.3 ± 6.4  

(35.6) 

25.3-118 

 

0.38 ± 0.02  

(0.36) 

0.29-0.60 

 

1.70 ± 0.11  

(1.59) 

1.30-2.69 

 

18.2 ± 2.1 

(16.6) 

9.08-31.4 

Median (in parenthesis) and range of values also shown. SEM = Standard error of the mean. BDL = Below detection limit (Cd LOD = <0.01 6 
ng/g). N = number of replicate samples  7 
 8 
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Table  5 . Transfer factor from surface soil to corn (TF ± SEM)  and the range of values  9 

Element Transfer Factor 

FC (N =19) F1 (N = 20)  F2 (N =24)  F3 (N = 12) F4 (N = 14) 

Arsenic 

 

 

Cadmium 

 

 

Chromium 

 

 

Copper 

 

 

Iron 

 

 

Lead 

 

 

Nickel 

 

 

Zinc 

0.02 ± 0.00 

(0.01-0.09) 

 

0.07 ± 0.2 

(<0.01-0.23) 

 

0.05 ± 0.01 

(0.01-0.24) 

 

0.80 ± 0.15 

(0.28-3.39) 

 

<0.01 ± 0.00 

(<0.01-0.01) 

 

<0.01 ± 0.00 

(<0.01-0.01) 

 

0.26 ± 0.03 

(0.09-0.59) 

 

1.77 ± 0.06 

(<0.01-1.83) 

0.01 ± 0.00 

(<0.01-0.07) 

 

0.02 ± 0.01 

(<0.01-0.09) 

 

0.04 ± 0.00 

(0.01-0.07) 

 

0.62 ± 0.06 

(0.19-1.21) 

 

0.01 ± 0.01 

(<0.01-0.15) 

 

<0.01 ± 0.00 

(<0.01-0.01) 

 

0.30 ± 0.03 

(0.06-0.60) 

 

67.3 ± 55.1 

(<0.01-232) 

0.01 ± 0.00 

(<0.01-0.01) 

 

<0.01 ± 0.00 

NA  

 

0.05 ± 0.01 

(<0.01-0.10) 

 

3.74 ± 0.76 

(0.17-10.6) 

 

<0.01 ± 0.00 

(<0.01-0.01) 

 

0.34 ± 0.07 

(<0.01-0.76) 

 

0.09 ± 0.01 

(<0.01-0.20) 

 

3.61 ± 1.41 

(<0.01-13.4) 

0.01 ± 0.00 

(<0.01-0.01) 

 

<0.01 ± 0.00 

NA  

 

0.05 ± 0.01 

(<0.01-0.10) 

 

5.02 ± 1.63 

(0.32-15.4) 

 

0.01 ± 0.00 

(<0.01-0.01) 

 

0.27 ± 0.07 

(0.04-0.65) 

 

0.19 ± 0.03 

(<0.01-0.30) 

 

NA 

NA 

0.03 ± 0.01 

(0.01-0.17) 

 

<0.01 ± 0.00 

NA  

 

0.07 ± 0.01 

(0.03-0.13) 

 

1.17 ± 0.12 

(0.52-2.23) 

 

0.02 ± 0.00 

(0.01-0.05) 

 

0.10 ± 0.01 

(0.07-0.17) 

 

0.67 ± 0.09 

(0.20-1.33) 

 

4.50 ± 0.95 

(<0.01-5.63) 

SEM = standard error of the mean. NA = Not applicable. N = Number of replicate samples 10 
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Table 6 .  Mean health hazard indices for trace elements in adults 19 

Element RfD0 FC F1 F2 F3 F4 

DEIA HHIA DEIA HHIA DEIA HHIA DEIA HHIA DEIA HHIA 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Nickel 

Zinc 

0.3 

1 

1500 

40 

700 

3.5 

20 

300 

0.01 

<0.01 

3.50 

3.07 

41.3 

0.02 

2.06 

27.9 

0.03 

<0.01 

<0.01 

0.08 

0.06 

0.01 

0.10 

0.09 

0.01 

<0.01 

2.27 

2.32 

39.4 

0.01 

1.43 

23.5 

0.02 

<0.01 

<0.01 

0.06 

0.06 

<0.01 

0.07 

0.08 

<0.01 

<0.01 

2.17 

2.18 

34.6 

0.22 

1.43 

13.2 

0.01 

<0.01 

<0.01 

0.05 

0.05 

0.06 

0.07 

0.04 

<0.01 

NA 

2.05 

2.74 

40.4 

0.29 

1.31 

6.22 

0.01 

NA 

<0.01 

0.07 

0.06 

0.08 

0.07 

0.02 

0.01 

<0.01 

2.53 

2.24 

43.5 

0.37 

1.67 

17.9 

0.02 

<0.01 

<0.01 

0.06 

0.06 

0.11 

0.08 

0.06 

HHIA = health hazard index for adults. DEIA = average daily element intake from surface soil through corn for adults. RfD0 = 20 
reference dose of the element. DEIA and RfD0 in µg/person/day/kg bwt. NA = Not applicable. 21 
 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 



25 
 

 38 

Table 7 . Mean health hazard indices for trace elements in children 39 

Element RfD0 FC F1 F2 F3 F4 

DEIC HHIC DEIC HHIC DEIC HHIC DEIC HHIC DEIC HHIC 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Nickel 

Zinc 

0.3 

1 

1500 

40 

700 

3.5 

20 

300 

0.02 

<0.01 

6.53 

5.74 

77.1 

0.04 

3.85 

52.1 

0.06 

<0.01 

<0.01 

0.14 

0.11 

0.01 

0.20 

0.17 

0.01 

<0.01 

4.24 

4.33 

73.4 

0.02 

2.67 

43.9 

0.04 

<0.01 

<0.01 

0.11 

0.11 

0.01 

0.13 

0.15 

0.01 

<0.01 

4.04 

4.06 

64.6 

0.42 

2.68 

24.7 

0.03 

<0.01 

<0.01 

0.10 

0.09 

0.12 

0.13 

0.08 

<0.01 

NA 

3.82 

5.11 

75.4 

0.55 

2.44 

11.6 

0.01 

NA 

<0.01 

0.13 

0.11 

0.16 

0.12 

0.04 

0.01 

<0.01 

4.72 

4.17 

81.2 

0.70 

3.11 

33.4 

0.03 

<0.01 

<0.01 

0.10 

0.12 

0.20 

0.16 

0.11 

HHIC = Mean health hazard index for children. DEIC = Mean daily element intake from surface soil through corn for 40 
children. RfD0 = reference dose of the element. DEIC and RfD0 in µg/person/day/kg bwt. NA = Not applicable. 41 
 42 
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