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Abstract: Heavy metals pollution has been a great concern generally due to their toxicity
and persistence in environment. This study evaluated the level of pollution and health risks
of heavy metals in surface irrigation water used for vegetable cultivation and sediment from
Nimo vegetable farm. Three samples each from three different sampling points for water and
sediment were collected in dry and rainy seasons and analyzed for Pb, Cd, Mn, Fe, Zn, Cu and
Ni concentrations using Atomic Absorption Spectrophotometer. The result showed that heavy
metal concentrations in the irrigation water ranged from 0.004 to 0.147 mg/l, 0.119 to 0.773
mg/l, 0.014 to 1.644 mg/l, 0.006 to 0.056 mg/l, 0.009 to 0.576 mg/l, 0.040 to 0.181 mg/l, 0.082
to 0.147 mg/l, for Cd, Pb, Fe, Cu, Zn, Mn, and Ni respectively for the different seasons. In
sediment, Cu had the lowest mean concentrations of 0.02±0.01 mg/l while iron had the highest
mean concentrations of 6.86±3.06 mg/l. The obtained results were compared with Food and
Agriculture Organization and the Department of Petroleum Resources standards for surface
irrigation water and sediment respectively. The heavy metal distribution in water was Fe >
Pb > Mn > Cd > Ni > Cu = Zn in dry and Zn > Fe > Pb > Ni > Mn > Cu > Cd rainy
seasons respectively. Overall, the heavy metals level in the water and sediment were low when
compared to the standards. Computed contamination factors and pollution load index showed
that the sediment were not polluted while in water, only Cu, Zn, Mn and Fe (in rainy season)
showed low contamination, while Ni, Pb and Cd had moderate to very high contamination in
both seasons. Hazard Index values for the heavy metals in adults and children via the water and
sediment of this study is less than one (HI < 1). Hence the water and sediment from this site
poses no health risk to the public. Correlation analysis for metals in water and sediment showed
significant and positive relationships amongst the metals which indicated that the most of the
metals originate from the same source while few originate from mixed sources mainly from
agricultural activities, atmospheric deposition and runoff into the irrigation water.

Keywords: heavy metal, Irrigation water, sediment, health risk assessment, hazard quotient,
average daily intake

1 Introduction
Heavy metals are generally referred to as any metallic element which possess a specific

density of more than about 5 g/cm3 or of high atomic weight and is toxic at low concentrations
and adversely affect the environment and living organisms [1]. They are natural constituents
of the Earth’s crust which are release into the environment through natural and anthropogenic
activities. These heavy metals are dangerous environmental pollutants because they are non-
biodegradable, bio-available and persistence in the environment [2]. Water is one of the widely
distributed and abundant substances found in nature [3]. It is one of the prime necessities of
life. The available natural freshwater resources today are threatened by hazard of pollution;
particularly, rivers are greatly polluted due to release of untreated effluents and waste material
from agricultural activities and industries located around them [4]. The contamination of soil
and crops with heavy metals has been attributed to the water used for irrigation. The use
of waste water for irrigation causes accumulation of heavy metals in the soil, though it can
increase the crop productivity, but also increases the contamination of plants by heavy metals.
Waste water from industries such as mining, electroplating, paint or chemical laboratories often
contain high concentrations of heavy metals, example include cadmium (Cd), copper (Cu) and
lead (Pb) [4]. The use of waste water for irrigation without any treatment may cause adverse
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effect on the health of human, domestic animals, wildlife and environment [5]. Crops require
sufficient irrigation for high production and irrigation water with contaminants can result to crops
contamination as well. Consumption of heavy metal contaminated food crops such as vegetable
is one of the routes through which human beings are exposed to heavy metals. While some
heavy metals are essential in the body in small quantities such as zinc and manganese, some such
as cadmium and mercury, are very toxic and have no nutritional value to man. High exposure of
man to heavy metals can cause disruption or damage of the mental and central nervous systems,
change blood composition, damage lungs, kidneys, livers, and other important organs [6–9].
So, it is essential to assess the status of irrigation water to ensure that it contains little or no
heavy metals and other contaminants which when transferred to the crops might be harmful to
health. Sediment is an important component of river line ecosystem which serves as both source
and sink of heavy metals [10]. It therefore deserves a special consideration in the planning
and design of pollution research studies. Sediments play an important role in the elemental
cycling in the aquatic environment. They also mediate uptake, storage, release and transfer
between environmental compartments. Heavy metals accumulation in the sediment directly
affects benthic organisms and also influence many other organisms through food web [11] and
endangers the well-being of aquatic ecosystem. It is therefore of great importance to assess the
concentration of heavy metals in sediment. Nimo vegetable growing site supplies the public
with its vegetable produce in both rainy and dry seasons. This continuous production all year
round makes the Nimo vegetable site a major source of fresh produce to the surrounding areas.
Also people go to this site to buy vegetables for ceremonies such as traditional marriage, burial
ceremony and so on. Studies have shown that the irrigation water is often used in farms to grow
vegetables and this water may be contaminated by heavy metals [12]. There have not been any
existing studies on the Nimo vegetable farm site. Therefore there is a need to study this site
to know the level of heavy metal pollution of the surface irrigation water and sediment which
serves as the source of water for irrigation for the vegetable site and to compare it with other
existing studies and standards.

2 Materials and methods
2.1 The study location

The Nimo vegetable growing site is situated along Nimo-Neni road, Nimo, in Njikoka Local
Government Area, Anambra state. The irrigation water used in the site is a natural water body
which is believed to be flowing from Agulu Lake, in Aniocha Local Government Area, Anambra
State. The site is chosen for this study because of its extensive vegetable cultivation. (see in
Figure 1)

Figure 1 Map of the study location showing sampling points (modified from Google map)
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2.2 Samples collection
Water and sediment samples were collected from the surface irrigation water from three

different locations of the site during the months of January (dry season) and August (rainy
season). Water samples were collected by dipping 500 ml pre-cleaned polypropylene bottles
into the bottom of the water body, at 30 cm depth and allowed to over flow before collecting
and labelled. Sediment samples were collected by scooping with plastic hand trowel (at 0.5 cm
deep from the bottom of the water) and were transferred to plastic bags and labelled.

2.3 Water sample preparation and heavy metal analysis
The water samples collected were filtered using filter paper and 1 ml of 70% analytical grade

concentrated trioxonitrate (V) acid was added to the water samples and stored in refrigerator
until analysis.

2.4 Sediment samples preparation and heavy metal analysis.
Sediment samples were air-dried for 14 days and oven dried at 700C to remove excess

moisture until stable weights were obtained. The samples were crushed and sieved with a mesh
of 2 mm diameter. 0.5 g of the samples each was weighed and placed in a 100 ml PTFE beaker
and digested using 9 ml of freshly prepared aqua regia (HNO3 and HCl (1:3)). After cooling,
each digest was transferred to 50 ml volumetric flask and made up the mark with deionized
water and analyzed for Pb, Cd, Mn, Fe, Zn, Cu and Ni concentrations. The results obtained
were statistically analyzed using one-factor analysis of variance (ANOVA) at p < 0.05.

2.5 Contamination factor and pollution load index
The level of pollution of the samples with heavy metals was assessed by computing the

contamination factor (CL) and pollution load index (PLI) adopted from [13] presented in
Equation (1) and (2).

Cf =
Cm

RL
(1)

PLI = (Cf1 × Cf2 × Cf3 . . . . . . Cfn)
1/n (2)

Where CF is the contamination factor, PLI is pollution load index, Cm is the measured heavy
metal concentration in the sample and RL is the recommended limit [14] and n is the number of
metals considered in the study.

2.6 Quantitative health risk assessment
An individual risk pathway as a result of human exposure to trace metals contamination could

be through inhalation via the nose and mouth and dermal absorption through the skin. Therefore,
the average daily dose (ADD) due to exposure to heavy metals resulting from ingestion of heavy
metal contaminated water and sediment was determined using Equation (3).

ADD =
Cw ×RI × FE ×DE

Bw ×AT
(3)

where ADD is the average daily dose of metals through ingestion of sample (mg/kg/Bwday);
Cw is the average concentration of the estimated metals in sample (mg/kg); RI is the ingestion
rate (2.2 L/day for adults; 1.8 L/day for children) obtained; FE is the exposure frequency (365
days/year); DE is the exposure duration (70 years for adults and 6 years for children); BW is
the average body weight (70 kg for adults; 15 kg for children); AT is the averaging time (365
days/year × 70 years for an adult; 365 days/year × 6 years for a child) as described in earlier
reports [15, 16].

2.7 Hazard Quotient (HQ) and Hazard Index (HI)
Potential health risk of the population due to consumption of water and sediment samples

was assessed using hazard quotient (HQ) and hazard Index (HI). HQ toxicity potential was
evaluated as the ratio of average daily dose (ADD) to reference dose (RFD), expressed according
to Equation (4). The reference dose for the studied metals were Cu = 0.04 mg/kg/day, Mn =
0.14 mg/kg/day, Fe = 0.009 mg/kg/day, Pb = 0.0004 mg/kg/day, Ni = 0.02 mg/kg/day, Zn = 0.3
mg/kg/day, Cr = 0.003mg/kg/day and Cd = 0.001 mg/kg/day [17].

HQ =
ADD

RfD
(4)

Health and Environment © 2022 by SyncSci Publishing & All rights reserved 154 of 161

https://www.syncsci.com/journal/HE
https://www.syncsci.com
https://www.syncsci.com/copyright-and-oa-policy


Volume 3 Issue 1, February 8, 2022 Ngozi Maryrose Nnaji and Rosemary Uche Arinze

HI =
∑

HQCu +HQFe +HQMn +HQNi +HQPb +HQZn +HQCd +HQCr (5)

Generally, HQ < 1 is assumed to be safe and taken as not significant non-carcinogenic, but
HQ > 1 may be a major potential health concern in association with over exposure of humans
to the contaminants [18].

2.8 Correlation analysis for metals
Using correlation analyses in environmental analytical studies have been well documented

by many researchers [19]. The model furnishes important information regarding relationships
between multiple parameters in a sample matrix. Heavy metals relationship in sample matrix
is usually complex. Correlation analysis can help reveal information concerning the pollution
and/or contamination sources of metals [20]. When correlations is high between parameter in
a sample, it may suggest similar contamination or pollution source(s) e.g. petroleum-related
industrial activities, dumping of waste along the river channel in the area. In this study, high
and significant positive correlation (r >0.05) was observed among some of the metals.

2.9 Principal component analysis for metals
Principal component analysis was employed to determine metal pollution source(s). The study

employed the Varimax rotation to maximize the sum of the variance of the factor coefficients
which better explained the possible groups or sources that influence the groundwater system [21].
The classifications for the principal components (PC) loadings were done by [22] and were
adopted in this study. When component loading value is > 0.75, it is regarded as “strong”; when
it ranged from 0.75 to 0.50, it is considered “moderate”, and when it ranged from 0.50 to 0.30,
it is considered as “weak” [22]. Following the PCA analysis, three components (PC1, PC2, and
PC3) were extracted based on their eigenvalues being greater than 1. All component plots in
rotated are presented in Figure 3 and 4.

3 Results and discussion
3.1 Metal distribution
3.1.1 Water

The results for heavy metal analysis in water in both dry and rainy season is presented in
Table 1. The obtained results were compared with [14] standards for surface irrigation water.
For individual metals, Cd ranged from 0.109 mg/l to 0.147 mg/l in dry season and from 0.004
mg/l to 0.01 mg/l in rainy season. The mean concentrations were 0.13±0.02 mg/l (dry season)
> 0.01±0.00 mg/l (rainy season), but showed significant differences (p < 0.05). Cd level in the
water were high only in dry season when compared to the standard. The values obtained in the
present study were similar to 0.10 mg/l obtained by [23].

Pb ranged from 0.119 mg/l to 0.773 mg/l in dry season and from 0.181 mg/l to 0.228 mg/l in
rainy season. The mean concentrations were 0.36 ±0.36 mg/l (dry season) > 0.21±0.03 mg/l
(rainy season), which also showed significant differences (p < 0.05). Overall, mean Pb level
in the water were low in both season when compared to the standard. The range 1.00 to 2.00
mg/l obtained by [23] was higher than the result obtained in this study. Fe ranged from 0.57
mg/l to 1.644 mg/l in dry season and from 0.014 mg/l to 0.570 mg/l in rainy season. The mean
concentrations were 1.27±0.60 mg/l (dry season) > 0.22±0.30 mg/l (rainy season), which
showed significant differences (p < 0.05). Overall, mean Fe level in the water were low in both
seasons compared to the standard and 5.00 to 84.00 mg/l concentration range obtained by [23].
Cu ranged from 0.008 mg/l to 0.026 mg/l in dry season and from 0.006 mg/l to 0.056 mg/l in
rainy season. The mean concentrations were 0.02±0.01 mg/L in dry and 0.02±0.03 mg/l in
rainy season, which showed no significant differences (p > 0.05). Overall, Cu level in the water
were low when compared to the standard, also lower than 0.30 mg/l obtained by [23].

Zn ranged from 0.009 mg/l to 0.04 mg/l in dry season and from 0.565 mg/l to 0.576 mg/l in
rainy season. The mean concentrations were 0.02±0.02 mg/l (dry season) < 0.57±0.01 mg/l
(rainy season), which showed significant differences (p < 0.05). Overall, mean Zn level in
the water were low in both seasons when compared to the standard. Mn ranged from 0.125
mg/l to 0.181 mg/l in dry season and from 0.040 mg/l to 0.052 mg/l in rainy season. The mean
concentrations were 0.16±0.03 mg/l (dry season) > 0.04±0.01 mg/l (rainy season), which
showed significant differences (p < 0.05). Overall, Mn level in the water were low in both
seasons when compared to the standard. Ni ranged from 0.082 mg/l to 0.124 mg/l in dry season
and from 0.096 mg/l to 0.147 mg/l in rainy season. The mean concentrations were 0.10±0.02
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Table 1 Heavy metal concentration (mg/l) in water in both dry and rainy seasons in comparison
with the FAO standard (mg/l)

Season Sample Cd Pb Fe Cu Zn Mn Ni

Dry
season

A 0.109 0.196 1.588 0.008 0.009 0.181 0.082
B 0.125 0.773 1.644 0.015 0.012 0.159 0.124
C 0.147 0.119 0.570 0.026 0.040 0.125 0.087

Mean 0.130b 0.360c 1.270bc 0.020d 0.020gh 0.160g 0.100cd

SDV 0.020 0.360 0.600 0.010 0.020 0.030 0.020

Rainy
season

A 0.004 0.181 0.079 0.006 0.576 0.052 0.096
B 0.004 0.228 0.014 0.056 0.571 0.040 0.107
C 0.010 0.221 0.570 0.009 0.565 0.040 0.147

Mean 0.010a 0.210c 0.220ab 0.020d 0.570ef 0.040f 0.120cd

SDV 0.000 0.030 0.300 0.030 0.010 0.010 0.030

FAO (1985) 0.010 5.000 5.000 0.200 2.000 0.200 0.200

mg/l (dry season) < 0.12±0.03 mg/l (rainy season), which showed significant differences (p
< 0.05). Overall, Ni concentrations in water were low in both seasons when compared to the
standard. The overall heavy metal distribution in water was Fe > Pb > Mn > Cd > Ni > Cu =
Zn in dry season and Zn > Fe > Pb > Ni > Mn > Cu > Cd in rainy season.

3.1.2 Sediment

The results for heavy metal analysis in sediment in both dry and rainy season is presented in
Table 2. The obtained results were compared with a standard [24]. For individual metals, Cd
ranged from 0.081 mg/kg to 0.111 mg/kg in dry season and from 0.024 mg/kg to 0.056 mg/kg
in rainy season. The mean concentrations were 0.10±0.02 mg/kg (dry season) > 0.04±0.02
mg/kg (rainy season), but showed significant differences (p < 0.05). Cd level in the sediment
were low in both seasons when compared to the standard and also to 0.20-0.28 mg/kg obtained
by [25]. Pb ranged from 0.005 mg/kg to 0.296 mg/kg in dry season and from 2.463 mg/kg to
2.803 mg/kg in rainy season. The mean concentrations were 0.15±0.15 mg/kg (dry season) <
2.62±0.17 mg/kg (rainy season), which also showed significant differences (p < 0.05). Overall,
mean Pb level in the sediment were low in both season when compared to the standard and
to 10.71-14.26 mg/kg obtained by [25]. Fe ranged from 4.787 mg/kg to 10.377 mg/kg in dry
season and from 4.674 mg/kg to 7.434 mg/kg in rainy season. The mean concentrations were
6.86±3.06 mg/kg (dry season) > 5.67±1.53 mg/kg (rainy season), which showed significant
differences (p < 0.05). Overall, the mean Fe concentrations in the sediment were low in both
seasons when compared to the standard. Cu ranged from 0.004 mg/kg to 0.027 mg/kg in dry
season and from 0.056 mg/kg to 0.100 mg/kg in rainy season. The mean concentrations were
0.02±0.01 mg/kg in dry < 0.08±0.02 mg/kg rainy season, which showed significant differences
(p < 0.05). Overall, Cu level in the sediment were low when compared to the standard. Zn
ranged from 0.006 mg/kg to 0.098 mg/kg in dry season and from 0.012 mg/kg to 0.123 mg/kg
in rainy season. The mean concentrations were 0.05±0.05 mg/kg (dry season) > 0.07±0.06
mg/kg (rainy season), which showed no significant differences (p > 0.05). Overall, mean
concentrations of Zn in the sediment were low in both seasons when compared to the standard.

Table 2 Heavy metal concentration (mg/kg) in sediments in both seasons in comparison with
DPR guideline

Season Sample Cd Pb Fe Cu Zn Mn Ni

Dry
season

A 0.111 0.296 5.417 0.004 0.039 0.354 0.030
B 0.098 0.005 4.787 0.019 0.006 0.275 0.014
C 0.081 0.141 10.377 0.027 0.098 0.628 0.165

Mean 0.100b 0.150bc 6.860bb 0.002ad 0.050a 0.420dd 0.070ef

SDV 0.020 0.150 3.060 0.010 0.050 0.190 0.080

Rainy
season

A 0.024 2.592 4.913 0.100 0.123 0.194 0.225
B 0.046 2.463 4.674 0.056 0.012 0.296 0.193
C 0.056 2.803 7.434 0.096 0.079 0.256 0.241

Mean 0.040a 2.620ab 5.670aa 0.080ae 0.070a 0.250af 0.220gh

SDV 0.020 0.170 1.530 0.020 0.060 0.050 0.020

DPR (2002) 0.8 85 38000 36 140 850 35

Mn ranged from 0.275 mg/kg to 0.628 mg/kg in dry season and from 0.194 mg/kg to
0.296 mg/kg in rainy season. The mean concentrations were 0.42±0.19 mg/kg (dry season) >
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0.25±0.05 mg/kg (rainy season), which showed significant differences (p < 0.05). Overall, Mn
level in the sediment were low when compared to the standard. Ni ranged from 0.030 mg/kg to
0.165 mg/kg in dry season and from 0.193 mg/kg to 0.241 mg/kg in rainy season. The mean
concentrations were 0.07±0.08 mg/kg (dry season) < 0.22±0.02 mg/kg (rainy season), which
showed significant differences (p < 0.05). Overall Ni level in the sediment were low when
compared to the standard.

3.2 Contamination and pollution modeling
The contamination factors, degree of contamination and pollution load index for the studied

metals are presented in Figures Figure 2(a) and 2(b). The contamination factors were categorized
according to Sigh et al. [26]. Values with CF < 1 are low contamination, 1 ≤ CF < 3 are
moderately contaminated, 3 ≤ CF ≤ 6 are considerably contaminated and CF ≥ 6 very highly
contaminated. In water, only Cu, Zn, Mn and Fe (in rainy season) showed low contamination,
other metals had moderate to very high contamination in both seasons (Figure 2(a)) while the
sediment showed low contamination for the studied metals. These suggest that the bottom
sediment are yet to be contaminated by heavy metals and may pose no risks from usage.

Figure 2 Contamination factor (CF), degree of contamination (DoCF) and pollution load index (PLI) for metals

3.3 Quantitative health risk assessment
3.3.1 Average daily dose (ADD)

The ADD of the studied metals for adult and children was computed and results presented
in Table 3. Higher heavy metal intake from the consumption was calculated for adult than for
children. Heavy metal consumption increased in the order Fe > Pb > Zn > Ni > Mn > Cu
> Cd for both adult and children. Many studies have shown that children are mostly at higher
risk of exposure to heavy metals from different media more than adult, mainly due to their body
sizes [8, 11]. The ADD obtained from this study would however not pose any significant health
risk to adults and children as they are all less than 1 except for Fe in sediment in dry season
(1.78).

3.3.2 Hazard quotient (HQ) and hazard index (HI)

The result for the calculated HQ and HI is presented in Table 4 and 5, which generally showed
higher values for adult than children. For HQ and HI > 1, it indicate potential adverse health
effect of a single heavy metal to adult and/or children from intake via the different pathways
while for HI, it indicate potential non-carcinogenic risk concern for all heavy metals intake
by adult or children. All metal HQs were generally less than 1 (Table 4), which indicated
no potential adverse health risk associated with the studied heavy metals. For sediment, the
highest and lowest HQs were shown by Fe and Mn while higher HQs were obtained in the dry
season than in rainy season. For water, the highest and lowest HQs were shown by Pb and Mn
while higher HQs was obtained in the dry season compared to rainy season. The calculated
hazard indices (HI) were generally less than 1 (Table 5). These indicated no adverse health risk
associated with exposure of the studied heavy metals to adult and children.
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Table 3 Average daily dose of heavy metals for adults and children

Media
Cd Pb Fe Cu Zn Mn Ni

Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children

Dry season
Water 3.14E-3 1.20E-3 0.06 0.02 0.07 0.03 6.28E-3 2.40E-3 0.18 0.07 0.01 4.80E-3 0.04 0.01
Sediment 0.01 4.80E-3 0.82 0.31 1.78 0.68 0.03 8.50E-3 0.02 8.40E-3 0.08 0.04 0.07 0.03

Rainy season
Water 0.04 0.01 0.11 0.04 0.39 0.15 6.28E-3 2.40E-3 6.28E-3 2.40E-3 0.05 0.02 0.03 9.00E-3
Sediment 6.28E-3 2.40E-3 0.05 0.02 0.48 0.18 6.28E-3 2.40E-3 0.02 6.00E-3 0.02 6.00E-3 6.28E-3 2.40E-3

Table 4 Hazard quotient of heavy metals for adults and children

Media
Cd Pb Fe Cu Zn Mn Ni

Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children

Dry season
Water 3.14E-3 1.20E-3 0.15 0.05 7.00E-1 3.00E-3 1.57E-4 6.00E-5 6.00E-4 2.33E-4 7.14E-5 7.14E-5 2.00E-3 0.50E-3
Sediment 0.01 4.80E-3 0.82 0.78 0.18 0.07 7.50E-4 2.13E-4 6.67E-5 2.80E-5 5.71E-4 2.86E-4 3.50E-3 1.50E-3

Rainy season
Water 0.04 0.01 0.28 0.1 0.04 0.2 1.57E-4 6.00E-5 2.27E-5 8.00E-6 3.57E-4 1.43E-4 1.50E-3 0.45E-3
Sediment 6.28E-3 2.40E-3 0.13 0.05 0.48 0.18 1.57E-4 6.00E-5 6.67E-5 2.00E-5 1.43E-4 4.29E-5 3.14E-4 0.12E-3

Table 5 Computed Hazard Index of metals to adults and children

Season Media
Hazard Index (HI)

Adults Children

Dry season Water 0.362 0.311
Sediment 0.617 0.233

Rainy season Water 0.856 0.055
Sediment 1.010 0.857

3.4 Correlation Analysis for metals
3.4.1 Water

In dry season, the following group of metals showed significant and positive relationships
Cd/Fe, Cd/Ni, Pb/Cu, Pb/Ni, Fe/Ni, and Zn/Mn while in rainy season, Cd/Cu, Cd/Zn, Fe/Pb,
Pb/Ni, Fe/Mn, and Cu/Zn (Table 6). Some studies have obtained similar results for some of the
metal relationships in water [20, 27].

Table 6 Correlation matrix for metals in water

Cd Pb Fe Cu Zn Mn Ni

Dry season
Cd 1
Pb 0.37568 1
Fe 0.994268 0.274445 1
Cu -0.45296 0.656059 -0.54568 1
Zn -0.89889 -0.74377 -0.84689 0.016512 1
Mn -0.5 -0.99043 -0.40454 -0.54561 0.828916 1
Ni 0.978778 0.557622 0.951258 -0.26065 -0.96961 -0.66686 1

Rainy season
Cd 1
Pb -0.19752 1
Fe -0.88745 0.62712 1
Cu 0.999327 -0.23335 -0.90376 1
Zn 0.941128 -0.51728 -0.99101 0.952896 1
Mn -0.99948 0.228963 0.901818 -0.99999 -0.95152 1
Ni 0.018277 0.976525 0.444614 -0.01841 -0.32079 0.013905 1

3.4.2 Sediment

In dry season, the following group of metals showed significant and positive relationships
Cd/Fe, Cd/Mn, Pb/Fe, Pb/Cu, Pb/Ni, Fe/Ni, Cu/Zn, Cu/Ni and Zn/Ni while in rainy season, Fe
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with Cu/Zn/Mn/Ni, Cu/Mn, Zn/Ni, Zn/Mn, and Mn/Ni (Table 7). Some studies have obtained
similar results for some of the metal relationships in sediment [28–30].

Table 7 Correlation matrix for metals in sediment

Cd Pb Fe Cu Zn Mn Ni

Dry season
Cd 1.000 0.434 0.686 -0.291 -0.577 0.758 0.120
Pb 1.000 0.953 0.736 0.485 -0.258 0.947
Fe 1.000 0.496 0.198 0.046 0.805
Cu 1.000 0.949 -0.844 0.915
Zn 1.000 -0.970 0.741
Mn 1.000 -0.556
Ni 1.000

Rainy season
Cd 1.000 0.466 -0.853 -0.969 -0.690 -0.789 -0.856
Pb 1.000 0.065 -0.671 0.319 0.176 0.059
Fe 1.000 0.696 0.967 0.994 1.000
Cu 1.000 0.489 0.612 0.701
Zn 1.000 0.989 0.965
Mn 1.000 0.993
Ni 1.000

3.5 Principal component analysis for metals
3.5.1 Water

Two components of metals were extracted; PC1 had 67.981 % and 72.169 % of total variance
in dry and rainy season respectively while total variance was 100 % for PC2 in both seasons
respectively. Again in water, Ni, Cd and Fe showed strong correlations which are likely from
the same source while other metals were from mixed sources including atmospheric deposition,
agricultural activities and runoff from roads during rainfall. Similar relationships were exhibited
by the metals in both seasons shown in Figure 3.

Figure 3 Principal component plot in rotated space for metals in water in (a) dry and (b) rainy seasons

3.5.2 Sediment

Two components of metals were extracted; PC1 had 67.981 % and 72.169 % of total variance
in dry and rainy season respectively while total variance was 100 % for PC2 in both seasons
respectively. Again in sediment, Fe, Pb, Cu, Ni and Zn showed strong correlations which are
likely from the same source while other metals were from mixed sources including atmospheric
deposition, agricultural activities and runoff from roads during rainfall (Figure 4). In rainy
season Zn, Mn, Ni and Fe showed strong correlations while other metals were from mixed
sources shown in Figure 4.
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Figure 4 Principal component plot in rotated space for metal in sediment in (a) dry and (b) rainy season

4 Conclusion
The study has successfully characterized the level of heavy metal (Fe, Pb, Mn, Zn, Ni, Cu

and Cd) pollution of water and sediment collected from a vegetable cultivation site in Nimo,
Anambra State. The concentrations of heavy metals generally vary seasonally with general
higher concentrations in dry season. The sediment heavy metal concentrations were generally
low in both seasons when compared to DPR standard. The highest and lowest concentrations
were shown by Fe and Ni respectively. The possible sources of pollution of the surface
irrigation water were from anthropogenic origin (municipal wastes, atmospheric deposition and
agricultural activities) were deposited on the site or were brought to the site by the water from
its source. The contamination factors for metals were low in sediment. In water, only Cu, Zn,
Mn and Fe (in rainy season) showed low contamination, other metals had moderate to very high
contamination in both seasons. The average daily dose estimation showed higher heavy metal
intake which increased in the order Fe > Pb > Zn > Ni > Mn > Cu > Cd for both adult and
children. The hazard quotient and index of metals via the different media were generally less
than 1 showing no potential health risks of heavy metals to adult and children. . Correlation
analysis for metals in water and sediment showed significant and positive relationships amongst
the metals which indicated that the most of the metals originate from the same source while few
originate from mixed sources mainly from agricultural activities, atmospheric deposition and
runoff into the irrigation water. Overall, the sediment and water from Nimo vegetable site are at
safe levels currently but needed constant examination to avoid future heavy metal accumulation.
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