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Abstract: Soil and vegetation samples collected from the vicinities of wood processing industries from selected
parts of Delta State, Nigeria were analyzed for their metal levels and physicochemical properties inorder to
assess the impact of the industries on the surrounding environment. The pH values ranged from 4.9 to 6.0
indicating that the soils were acidic. The electrical conductivity values ranged from 54.80 to 75.90uScm which
is suggestive of significant concentration of soluble inorganic salts. The total organic carbon and total nitrogen
ranging from 0.25 to 0.45% and from 0.11 to 0.69% respectively showed some presence of degradable and
compostable materials as well as organic matters in the soils. The cation exchange capacity which ranged from
1.23 to 3.95cmolkg™ indicated the low capacity of the soils to adsorb metals. The mean levels of the heavy
metals in the soils ranged from 12.69 to 272 mgkg™ with abundance trend of Fe > Mn > Cu > Zn > As > Cr >
Pb > Cd while those of the vegetation ranged from 4.17 to 47.10mgkg™ with abundance trend of Fe > Mn > Zn
> Cu > Cr > Pb > As. The metal levels in both the soil and vegetation samples in all the sites were significantly
higher than the levels obtained in the control site which is suggestive of significant contribution of the industries
to these elevated levels. The contamination/pollution index values of the metals in the soil samples showed
generally contamination levels for all the metals except copper which showed moderate pollution. The soil plant
transfer values indicate medium, accumulation for all the metals. Although the overall results showed evidence
of contamination of the soils by heavy metals, the present levels do not pose any environmental risk or health
hazard.
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l. Introduction

The advent of industries in the big and small towns in developing countries like Nigeria, is an
encouraging phenomenon when viewed from the perspectives of economic and social developments of a nation.
Such development prospects, however, can be threatening and leading towards a horrifying environmental
disaster, unless industrial wastes are avoided or monitored and disposed properly ™. Soils in the vicinity of
industries are classified as polluted or contaminated sites. Soils contaminated with heavy metals are not only a
problem with respect to plant nutrition and food chain; they may constitute a direct health hazard as well.

The increasing demand for wood as building materials, furniture, domestic use, sculpture and other
artistic designs and decorative purposes, and in various industries, has resulted in increased number of wood
processing industries in Delta State, Nigeria. There is a serious lack of information regarding the impact of these
wood processing industries on relevant soil quality indices. It is therefore imperative to investigate this. Hence
the objective of this paper is to assess the levels of heavy metals and physicochemical properties of the soils in
the vicinity of wood processing industries in Delta State, Nigeria.

1. Materials and Methods
Study Area
The study area lies roughly between longitude 5°00 and 6°45' East and latitude 5°00 and 6°00 North.
The vegetation of this area ranges from the mangrove swamps along the coast to evergreen forest and savanna in
the north. The temperature is high ranging between 28°C and 34°C with an average temperature of 30°C. The
rainy season begins in April and lasts till October while the dry season is between November and April. The
average rainfall is 266.5cm in the coastal area and 190.5cm in the northern fringes of the area.

Sampling

Soil samples were collected from different towns in Delta State. In each town, samples were collected
within the premises of three wood processing factories using soil auger. The control (background) samples were
obtained from location remote from any industrial zone at the outskirts and far removed from the influence of
industrial or traffic activity. At each site, three soil samples per point were collected at depths 0-15cm, 15-30cm,
and 30-45cm representing top soil, subsoil and bottom soil respectively. The collected soil samples from each
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depth were bulked and the true representative samples for each depth in each town was taken after a series of
coning and quartering

The vegetation samples were collected at the same sites where the soil samples were taken. They were
bulked to form composite samples and washed with distilled water to remove soil materials and dusts. They
were weighed and transferred into the air-circulated oven operating at 40°C + 0.5°C until they were dried to
constant mass (Ayodele and Gaya, 1994). They were then weighed after cooling in a dessicator to room
temperature 29 — 32°C before they were ground with milling machine pretreated with nitric acid to avoid
contamination by heavy metals, and then sieved through 2 mm sieve.

Sample Preparation and Analysis

The soil samples were air-dried for a period of one week in a well-ventilated laboratory, crushed in a
porcelain mortar, and sieved through a 2mm stainless sieve. The < 2mm fraction was used for the determination
of the selected soil properties.

Soil pH was measured in a soil water ratio of 1:2.5 ! Total Nitrogen (TN) was annalysed using micro-
kjedahl method ¥ Total Organic Carbon (TOC), cation exchange capacity (CEC=Na+K+Ca+Mg) particular
size, and Electrical conductivity were determined using their standard methods respectively 678

Total heavy metals were extracted with 4M nitric acid at 80°C for 8 hours (Bradford et al., 1975). The
vegetation samples were digested using 20cm? of each acid mixture which comprised nitric acid perchloric acid
and sulphuric acid in the ratio of 5:1:0.5. The samples were stirred at 2 hours intervals. All the digests were
cooled and filtered through Whatman No. 42 filter paper and the filtrates were analysed for the heavy metals
using Atomic Absorption Spectrophotometer (Perkin Elmer Model a Analyst 2002) fitted with deuterium lamp
for background correction.

All reagents used in this study were of pure analytical grade, and were checked for possible trace metal
contamination. All glasswares were previously soaked in 14% nitric acid for 24 hours to remove entrained
metals, washed with detergents and rinsed with deionized water.

In the elemental analysis by AAS, quality control was monitored using 10% sample blanks and 10%
sample replicate in each set of sample analysis. The coefficient of variation for replicates were less than 10% for
all elements. Standard reference material 9SRM 2710) was used to have a check on the accuracy of the results.
Normally the corresponding results matched within +1.0% to + 1.5%

1. Results and Discussion
Physicochemical properties of the soil sample.
The results of the physicochemical properties of the soil are presented on Table 1.
Table 1: Physicochemical properties of the soils from all the sites

Particle size %
Sample Depth pH E/C TOC TN CEC Sand% | Silt% Clay%
(cm) MS/CM | (%) (%) CcMoL/
KG
A 0-15 5.9 55.40 0.32 0.19 3.93 90.50 6.10 3.40
15-30 5.8 54.80 0.30 0.16 3.36 91.00 5.00 4.00
30-45 5.6 56.20 0.28 0.11 1.63 93.50 2.00 4.50
B 0-15 6.0 58.20 0.49 0.21 1.54 87.20 12.80 ND
15-30 6.0 60.00 0.40 0.18 1.62 88.00 11.00 1.00
30-45 5.9 61.50 0.30 0.11 1.81 90.00 7.50 2.50
C 0-15 5.2 75.20 0.45 0.16 1.83 69.60 30.00 0.40
15-30 3.2 73.00 0.38 0.15 1.23 73.40 26.00 0.60
30-45 5.3 75.10 0.30 0.12 1.87 62.50 34.20 3.30
D 0-15 5.6 58.60 0.38 0.17 3.95 86.72 10.69 2.59
15-30 5.2 57.80 0.30 0.61 3.64 87.00 8.20 4.80
30-45 5.3 56.50 0.25 0.69 1.70 88.50 6.30 5.20
E 0-15 54 58.10 0.54 0.21 3.11 72.40 27.60 ND
15-30 5.2 57.80 0.50 0.20 2.97 84.20 15.30 ND
30-45 5.3 57.50 0.49 0.17 2.54 85.20 10.30 4.50
MeanSD 56+ |6099 +| 033+ | 021+ 83.31+ | 14.20+ 445 +
0.37 7.16 0.07 0.18 9.22 10.18 1.59
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Control 0-15 6.5 44.40 0.30 0.09 0.10 82.50 16.50 1.00
15-30 6.6 42.10 0.25 0.07 1.10 80.30 16.40 3.30
30-45 6.8 42.10 0.25 0.06 1.20 79.40 16.60 4.00

The pH values of the soils ranged from 4.9 to 6.0 with a mean value of 5.6+£0.37. The pH values
suggest that the soils are acidic. The values have no regular trend with soil depth. The pH values recorded in this
study are in the same range with those reported elsewhere ™ 10 The values are however lower than the
values reported some other studies 21331 At soil pH below 5.0 to 5.5 soluble level of certain metals
particularly AI** and Mn?* may be high enough to be biologically toxic ¢ Conversely pH values above 7 are
often associated with very low solubility of micronutrient metal cations such as Zn?*®! The effect of pH value
below 6 in increasing metal ion activities in soil can be attributed to the decrease in pH dependent surface
charge on oxides of Fe, Al and Mn, chellation by organics of metal hydroxide ™! . Since studies have shown
that there is increase in the availability of many metals with decreasing pH, these pH values obtained in the soils
examined indicate a generally high tendency of high availability of these metals thereby increasing the risk of
plant uptake.

The electrical conductivity values ranged from (uS/cm) 54.80 to 75.20 with mean value of 60.99+7.16.
This result is consistent with that reported in some similar studies %, The implication of high electrical
conductivity in soils is that there are reasonable or significant concentration of soluble ionorganic salts resulting
to presence of ions. Total Organic Carbon (TOC) ranged from (%) 0.25 to 0.49 with a mean value of 0.33+0.07.
The values obtained in this study are consistent with the values reported in other study ““ . but lower than the
values reported by some other researchers®™®*%l. The amount of Total Organic Carbon recorded in this study is
suggestive of degradation or presence of degradable and compostable materials in the soils. Total Nitrogen
ranged from (%) 0.06 to 0.69 with a mean value of 0.21+0.18. These values are in the same range with the
values reported in some other studies ?*#! but comparatively higher than the values reported elsewhere??. The
amount of Nitrogen recorded in this study is indicative pf presence of some organic matter. Nitrogen is needed
by plants for healthy growth.

The Cation Exchange Capacity values of the soils ranged from (cmol/kg) 1.23 to 3.95. Similar range of
values have been reported ! On the contrary the values observed in this study are very low compared with the
values reported in other related studies % 2% 2526 I Both organic and inorganic colloids posses cation Exchange
Capacity that contribute to the overall cation exchange of the soil #”* The low values observed in this study may
be attributed to the fact that organic colloids may coat inorganic surfaces and hold particles together, making the
net cation exchange capacity value lower than what might be predicted if the organic and inorganic
contributions were strickly additive ®!" Soil texture was basically sandy loam. In general the soils have a low
clay content, so they tend to be permeable.

Heavy Metal Concentration
The results of the heavy metal analysis are shown on Table 2.
Table 2: Concentration of heavy metals (mgkg™) in the soil profiles at all the sites

Sample | Depth(cm) | Mn Pb Fe Cd Cr Zn Cu As
A 0-15 245.64 12.21 471.85 0.45 16.22 90.14 124.31 13.43
15-30 239.05 11.91 469.24 0.40 16.18 89.22 124.52 20.41
30-45 235.79 12.91 463.54 0.39 15.92 87.92 120.80 24.20
B 0-15 139.71 16.27 341.20 0.22 19.43 87.25 114.56 11.27
15-30 132.56 15.82 339.19 0.20 19.35 84.33 114.38 19.48
30-45 128.88 16.00 336.00 0.24 19.21 82.41 114.80 25.62
C 0-15 168.15 17.54 380.77 0.73 16.58 76.12 118.36 15.21
15-30 167.02 16.93 379.00 0.67 16.43 74.51 117.21 21.15
30-45 164.00 16.11 378.85 0.69 15.85 71.19 119.91 30.18
D 0-15 59.79 10.85 180.28 0.12 12.78 91.33 116.23 8.67
15-30 52.33 10.42 179.91 0.18 12.64 93.40 116.81 16.41
30-45 47.21 8.94 161.81 0.23 12.59 94.25 123.11 25.00
E 0-15 70.57 8.44 257.32 0.35 28.58 65.40 112.35 10.58
15-30 72.40 9.21 256.25 0.21 | 28.19 54.31 119.34 20.81
30-45 70.41 7.63 25541 0.19 | 27.88 50.18 130.95 23.56
Mean 13290+ | 12.69+ | 272.11+ | 0.30+ | 18.52+ | 79.46+ | 119.18+ 19.07+
+SD 4.02 0.68 3.89 0.03 0.22 3.09 3.37 7.04
Control | 0-15 8.22 0.05 5.32 ND 0.11 211 4.11 0.74
15-30 5.50 0.05 5.30 ND 0.11 191 5.11 0.76
30-45 10.15 0.03 4.81 ND 0.10 1.76 4.38 0.80
Mean 7.96+ 0.04+ 5.14+ - 0.10+ | 1.936% 453+ 0.76x
+SD 2.34 0.01 0.29 0.03 0.18 0.52 0.05
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The results showed that the heavy metal concentrations were generally higher at the top soil than the
sub and bottom soils with a few exceptions in some sites. This is expected since the top soil is the point of
contact. Previous studies have shown that surface soils are better indicators of metallic burdens 2°*% The metal
levels of all the sites were significantly higher than the levels observed in the control site which is an indication
of significant contribution of the wood processing industries to the elevated levels of the metals in the soils
within their vicinities.

The mean concentrations of the heavy metals were (mgkg™) 132.90+4.02 for Mn, 12.69+0.68 for Pb,
272.1143.89 for Fe, 0.30+0.03 for Cd, 18.52+0.22 for Cr, 79.46+3.09 for Zn, 119.18+3.37 for Cu and 19.07+0.4
for As. Heavy metal concentrations follow the abundance trend of Fe>Mn>Cu>Zn>As>Cr>Pb>Cd.

Iron has the highest mean concentration in all the sites. This could be associated with ferralitic soil
which is characteristic of the study area. Furthermore, it has been confirmed that natural soils contain significant
concentrations of iron ¥+32%1  Although, it has been suggested that the pollution of the environment by iron
cannot be conclusively linked to anthropogenic input but other natural sources as well %" it can be inferred that
since the levels of iron in the soils within the vicinities of the industries, are higher than the levels at the control
site, the wood processing industries might have contributed to the increased levels of iron in the soils studied.
The levels of iron observed in this study were almost in the same range with the levels reported in some similar
studies #*%!, However, these levels are higher than the levels reported in some other related studies /4%, put
lower than the levels reported by some other researches #034041]

Zinc

The mean value of zinc level recorded in this study was (mgkg™) 79.46 + 3.09. Similar levels have
been reported %°“?1. However, this level was higher than those reported by some other researchers 11351 and
lower than the levels reported in other related studies 264344

Zinc in form of zinc (ii) oxide is a component of water soluble Arsenic based chemicals used for wood
preservation “*. These chemicals have been reported to have caused widespread metal contamination in soils
around wood preservation sites due to raw materials handling, spills, deposition of sludge and dripping from
freshly impregnated wood or due to leaching from the piles of impregnated wood at these sites by rain water
especially under low pH conditions 1*4"*8 Zinc is also a component of crude oil and machine exhaust 1

Zinc is essential in plant nutrition. reported that zinc is toxic to plants before it accumulates in
sufficient concentration to affect animals and humans. Consequently high concentration of zinc in soil kills or
stunts plants growth

Arsenic

The mean value of arsenic (19.07+7.04mgkg™) recorded in this study was lower than the levels
reported elsewhere in similar studies ®* and higher than the levels reported by some researchers 2%,

Arsenic is a component of chromated copper arsenate (CCA) which is one of the chemicals used in
wood preservation. Boliden salt (BIS — salt) which is usually mixed with zinc sulphate and chromated copper
arsenate and used as a wood preservative, contains arsenic in the form of diarsenic pentoxide (As,Os) .
Arsenic is widely distributed in soils and with average concentrations in the range of 1-40mgkg™ with a mean
value of approximately 5mgkg™ ©*!. In view of the potential risk of bioaccumulation and toxicity of arsenic 5%
the geochemical behaviour of arsenic in nature has generated much concern in environmental research in recent
years. Arsenic toxicity occurs in the order As(lll) > As(V) > Organoarsenic compounds. The acute effect of
arsenic poisoning by oral intake are intense abdominal pains, nausea, vomiting, diarrhoea resulting from
gastrointestinal tract damage and all terminating in coma and death ®* Arsenic has also been implicated in lung
cancer 859,

Chromium

The mean concentration of chromium was similar to the level reported in another similar study ™ but
higher than the level reported in other related study ' .It was however lower than the levels reported by
Abollino et al., (2002), Asaah et al., (2005), Urunmatsoma and Ikhuoria (2005) and Iwegbue et al., (2009).

Chromium in form of chromium trioxide (CrOs) is a component of CCA and other common water
soluble As-based chemicals used for wood preservation ®. In the soil environment, chromium occurs in
oxidation states of Cr(I11) and Cr(IV), which governs its mobility and toxicity .. In the presence of Fe(lll) in
geological environments, the solubility of chromium (I11) is ubiquitously controlled by the solid solution
(CrFe)(OH); *2

Chromium is a micronutrient which is essential to man and animal nutrition. It plays an essential role in
glucose tolerance factors thereby preventing diabetes as it acts as insulin %!,

On health problem, chromium is carcinogenic causing cancer of the respiratory organs in chromate
workers chronically exposed to chromium containing dusts .

Lead
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The mean concentration of lead which was (mgkg™) 12.69 + 0.68 is almost similar to the levels
reported by some other researchers 044

Studies of heavy metals in various Nigerian crude oils have shown them to contain high concentrations
of lead among other metals. In addition lead is an additive in our fuel. Therefore the presence of lead could be
attributed to its emission through the exhaust of the machines used in the industries.

On toxicity, lead is a neurotoxin and a good example of multimedia pollutant ! It has been associated
with a wide range of effects which include anaemia, decreased haemoqlobin synthesis, cardiovascular disease
and disorders in bone metabolism, renal dysfunction and reproduction

Cadmium

The levels of cadmium 0.12+0.73mgkg™) observed in this study are almost in the same range with the
levels reported in similar studies "% Cadmium levels lower than these levels have been reported 107,
Cadmium levels higher than the levels recorded in this study. Have also been reported ! It has been indicated
that at pH value below 9, cadmium is present in soil in its mobile form 8%} With the range of pH from 4.9 to
6.0 with mean value of 5.6 + 0.37 recorded in this study, it is expected that cadmium would be in soil solution as
Cd* and in its mobile form it would always be in leachable form in the soils under study.

Cadmium is a “modern metal” having been used increasingly in corrosion prevention, polymer
stabilization, electronics and pigment application . It is a highly toxic metal which accumulates in the kidney
of mammals and can cause kidney malfunction. When inhaled cadmium causes acute bronchitis and
pneumonities and inflammation in the liver ™. In Japan, itai-itai disease resulted from increased cadmium
uptake from locally consumed rice grown in paddy field irrigated with cadmium containing river water .

HEAVY METAL CONCENTRATIONS IN THE VEGETATION SAMPLES
The concentrations of the heavy metals in the plant samples from all the sites are presented on Table 3.

Table 3: Concentrations of the heavy metals (mgkg™) in the vegetable samples including their means and
standard deviations

Site Mn Pb Fe Cd Cr Zn Cu As

A 27.57 4.12 59.03 ND 5.32 39.25 14.24 2.56
B 37.24 591 45.20 ND 4.08 24.14 30.75 5.01
C 50.99 7.08 32.12 ND | 7.78 36.25 11.55 6.75
D 12.25 4.22 51.13 ND 431 21.01 61.11 2.22
E 22.28 3.74 48.02 ND 7.81 15.46 18.45 4.32
Mean * 30.07x 5.01% 47.10+ ND 5.86% 27.22+ 27.22+ 4.17+
SD 14.78 1.42 0.29 0.025 10.15 20.32 0.025
Control 9.21 1.04 15.02 ND | 292 10.36 6.19 0.99

All the metals studied were detected in the vegetation except cadmium. Iron with the mean
concentration (mgkg™) 47.10 + 0.029 had the highest level in all the sites. The iron levels observed in this study
were above the ranges reported in some other related studies 2*">"* but lower than the levels reported in other
study . It is within the typical range in food crops (25-130mgkg™) ¥ It is an essential nutrient necessary
for chlorophyll synthesis in plants. Iron toxicity has not been of much evidence under natural conditions but
when it occurs, the symptoms usually appear as necrotic spots on leaves ! Iron is an essential nutrient
necessary for chlorophyll synthesis in plants and its deficiency in E)Iants, results in distinct yellow or white areas
between veins of young leaves leading to spots of dead leaf tissue ['"".

Manganese with the mean concentration 30.07 + 14.78mgkg™ was next highest in the vegetable
samples. The levels obtained in this study are within the typical range (15-133mgkg™) in food crops. Manganese
is a micronutrient required by plants for activation of enzymes. Its deficiency in plants causes interveinal
yellowing or mottling of young leaves and when in excess, it causes older leaves to have brown spots
surrounded by a chlorolic cycle or zone ¢,
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The copper and zinc levels with the mean levels (mgkg™) 27.22 + 20.32 and 27.22 + 10.15
respectively, had the next levels in the vegetation samples. These levels are almost in the same range with the
levels reported in another related study ! The copper levels obtained in this study were higher than the typical
range in food crops, while the zinc levels were within the range. However, the copper levels are lower than level
for intolerant plants (100 — 1000mgkg™) 9“2, Copper as a micronutrient for plants is a component of enzymes
and can be taken up by plants and there is possibility of reduced plant growth due to excessive additions ©°!,
Zinc is needed by higher plants for formation of natural plant growth, possibly to absorb water, and synthesis of
tryptophan """ It is generally referred to as a masculine’ element because it is essential for male reproductive
activity 1 Copper and zinc are toxic to plants before they accumulate insufficient concentrations to affect
animals and man and consequently their high concentrations kill or stunt plants growth!®®.

Chromium and lead with the mean concentrations (mgkg™) of 5.86 + 0.025 and 5.01 + 1.42
respectively were the next highest in the vegetation samples. Chromium concentrations in normal and tolerant
plants are (mgkg™) 0.1 — 0.5 and 10.0 — 100.0 respectively. High concentrations of chromium in plants have
been associated with several chlorosis, necrosis and a host of other abnormalities and anatomical disorders 2%
Lead levels observed in this study were lower than the levels reported in spme similar studies 57,

Arsenic with the mean concentration of 4.17 + 0.025 mgkg™ had the lowest concentrations in the
vegetation samples., arsenic acts to coagulate protein, forms complexes with coenzymes and inhibits the
production of adenosine triphosphate (ATP) during respiration and its high-level exposure can cause death %
Avrsenic levels recorded in this study are higher than the typical range in food crops (0.03-2.90mgkg™).

Soil Plant Transfer Coefficient Or Ratio Of The Heavy Metals
This is a convenient device to express the relative ease with which elements in soils are taken up above
ground tissues by plants. It is obtained by the following expression.
Tf or TR = Metal concentration in plant
Metal concentration in soil
The values indicate the degree of metal accumulation in the plants and the values recorded in this study
are presented on Table 4.
Table 4: Plant Transfer Coefficient or Ratio of the Heavy Metals in Soils from all the Sites

Mn Pb Fe Cd Cr Zn Cu As
A 0.11 0.34 0.13 - 0.33 0.44 0.12 0.13
B 0.28 0.37 0.13 - 0.21 0.29 0.21 0.27
C 0.31 0.42 0.08 - 0.48 0.49 0.10 0.30
D 0.23 0.42 0.29 - 0.34 0.23 0.51 0.13
E 0.31 0.44 0.19 - 0.28 0.27 0.15 0.24

The transfer coefficient values of the metals in all the sites ranged from 0.10 to 0.51 with the trend of Pb > Zn >
Cr > Mn > As > Cu > Fe. The transfer coefficient values obtained indicate the potential of the plants to absorb
metal ions from the soil and deploy them to their foliage.

The values obtained in all the sites for all the metals were in the range that showed medium
accumulation (0.01 — 1.0) [®1,

Contamination/Pollution Index (C/P)

This was calculated as follows, using Lacatus (2000) scheme;
C/P = Concentration of the metal in soil

Target value

The target value was obtained by using the standard formulated by the Department of Petroleum
Resources of Nigeria (DPR) cluster abundant values for maximum allowed concentration (ppm) of heavy metals
in soils (5000 Fe, 476Mn, 85Pb, 36Cu, 0.8Cd, 100Cr, 35Ni, 140Zn, 20Co, 0.3Hg)

The contamination/pollution index values are presented on Table 5

Table 5: Contamination/Pollution Index of the Metals in all the Sites

Pb Fe Cd Cr Zn Cu
A 0.14 0.09 0.52 0.16 0.64 3.42
B 0.19 0.07 0.28 0.19 0.60 4.02
C 0.20 0.08 0.87 0.16 0.53 3.29
D 0.12 0.03 0.22 0.13 0.66 3.30
E 0.10 0.05 0.31 0.28 0.40 3.36
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The concentration/pollution (C/P) values less than 1 define contamination range while greater than 1
define pollution range. From the values observed in this study only copper was in the pollution range while the
rest were in the contamination range. The values for arsenic were not computed since target value for arsenic is
not available.

The contamination/pollution index values recorded in this study showed very slight contamination
(<0.10) for iron in all the sites, slight contamination (0.10-0.25) for lead and chromium in all the sites except for
site E where it showed moderate contamination. Cadmium showed moderate contamination (0.26 — 0.50) in
sites B, D and E, severe contamination (0.51 — 0.75) in site A and very severe contamination (0.76 — 1.00) in site
C. Zinc showed severe contamination in all the sites except in site E where it showed moderate contamination.
Copper showed moderate pollution (2.10 — 4.00) in all the sites.

V. Conclusion

The values obtained for the physicochemical characteristics of the soils in this study indicate that the
wood processing industries imparted acidic property and contributed to the presence of soluble inorganic salts
and degradable or compostable materials as well as organic matters to the soils in their vicinities.

The elevated levels of heavy metals obtained in both the soil and vegetable samples compared with
those of the control site is an indication that the industries have significant contribution of these metals to the
surrounding environment.

The values obtained for contamination/pollution index suggest that the soil samples were in the range
that showed contamination for all the metals except copper which was in the range of moderate pollution. The
soil plant transfer coefficient values indicated medium accumulation for all the metals.

Although the metal levels obtained in this study showed some degree of heavy metal soil
contamination, they fell within the World Health Organisation (WHO) permissible limits and common range for
agricultural soils, residential, commercial, industrial and typical ranges for food crops and so do not pose any
significant threat to biota.
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