
Agricultural Sciences, 2024, 15, 311-326 
https://www.scirp.org/journal/as 

ISSN Online: 2156-8561 
ISSN Print: 2156-8553 

 

DOI: 10.4236/as.2024.153018  Mar. 26, 2024 311 Agricultural Sciences 
 

 
 
 

Accumulation of Heavy Metals in Maga-Pouss 
Rice Fields (Far-North Region, Cameroon)  
and Transfer to Rice Grains 

Diane Madomguia1,2, Gilbert Bello Basokdou1, Kalieu W. Appoline Isabelle1,  
Patrice Kuitekam Dongo3, Edouard Nya3, Serge Hubert Zebaze Togouet4 

1Department of Hydraulics and Water Management, National Advanced School of Engineering, University of Maroua, Maroua, 
Cameroon 
²Research Center of Global Studies with Multidisciplinary Units (CREGUM), Maroua, Cameroon 
3National Laboratory of Analysis of Agricultural Inputs and Products, Ministry of Agriculture and Rural Development,  
Messa-Yaoundé, Cameroon 
4Department of Animal Physiology and Biology, Faculty of Sciences, University of Yaoundé I, Yaoundé, Cameroon 
Email: madomguia@yahoo.fr 
 
 

Abstract 
Monitoring of heavy metals contamination of agricultural products and their 
transfer and bioaccumulation in crops like rice has become a hot topic 
worldwide over the last two decades. The present study was carried out to 
determine the accumulation of heavy metals in rice fields and their transfer to 
rice grains. Soil, irrigation water and rice grains samples were gathered in 
Maga-Pouss, Far-North, Cameroon. Concentrations of six heavy metals (lead, 
cadmium, zinc, copper, iron and mercury) were evaluated by Atomic Absorp-
tion Spectrophotometer (AAS). Mercury was not detected in this study. Aver-
age concentrations of metals were in this order (in mg/kg): Fe (188.60 ± 97.06) > 
Pb (63.63 ± 7.11) > Cd (2.59 ± 0.29) > Zn (1.10 ± 1.05) > Cu (0.80 ± 0.73) in 
water and Pb (105.50 ± 31.11) > Fe (105.50 ± 31.11) > Cu (45.93 ± 14.39) > Zn 
(22.52 ± 6.40) > Cd (3.15 ± 0.49) in soil. Water in Maga-Pouss rice fields ap-
pears to be more harmful than the soil, notably for lead, cadmium and copper. 
In rice grains, heavy metals were found in this order (mg/kg): Fe (188.01 ± 
82.62) > Cu (27.20 ± 0.00) > Zn (23.61 ± 12.42) > Pb (19.50 ± 19.91) > Cd (2.02 
± 1.05). The mean bioconcentration factor (BCF) of metals from soil to rice 
grains was in the following order: Fe (2.60) > Zn (1.05) > Cd (0.64) > Cu 
(0.59) > Pb (0.18). From water to rice grains, the order is: Cu (37.26) > Zn 
(22.49) > Cd (6.97) > Pb (2.74) > Fe (1.94). Rice field pH and electrical con-
ductivity favored the uptake of lead, copper and cadmium by rice grains. The 
findings of this study will be good documentation for risk assessment, and 
decision-making by environmental managers in this region. 
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1. Introduction 

Rice is the most important foods on the planet [1] and it ranks second in the 
worldwide production of cereals after wheat [2] [3]. Rice and its products are the 
source of 60% to 70% of calories for more than 2 billion people in Asia [4]. In 
Africa, it is the most rapidly growing source of food and is significant importance 
for food security and food self-sufficiency in an increasing number of low-income 
food deficit countries [5]. Unfortunately, rice is nowadays implicated as the main 
source of heavy metal exposure for inhabitants worldwide since its consumption 
has been closely associated with some health concerns, especially human renal 
dysfunction in China and Japan [6]. [7] defined heavy metals as metallic ele-
ments with a relatively high density compared to water or the metals whose den-
sity is five times greater than the density of water [8]. Potential toxic metals oc-
cur naturally in the earth crust and they tend to concentrate more in agricultural 
soil due to regular and indiscriminate applications of commercial agricultural 
inputs (fertilizers and pesticides), biosolids, sewage sludge, smelting, refining 
and burning of fossil fuel which contains these toxic elements in large propor-
tions [9]. Soil and water are thus the most important reservoirs of heavy metals 
in the Earth; their concentrations are used as an indicator of pollution status of 
the environment and of the quality of crops [10]. 

The concentrations of heavy metals in rice are closely related to their levels in 
water and soils [11] [12] [13] [14]. In fact, heavy metals usually find their way to 
agricultural soils through diverse irrigation practices [15] and the bio-available 
portion of elements in soil gets transferred to food and fodder crops, so introduc-
ing risk to human and animal health. Rice plants may accumulate undesirable and 
toxic metals such as nickel (Ni), chromium (Cr), mercury (Hg), arsenic (As), 
lead (Pb) and cadmium (Cd) when they acquire the necessary nutrients like azote 
(N), phosphorus (P), potassium (K), molybdenum (Mo), manganese (Mn), sele-
nium (Se), iron (Fe), zinc (Zn) and copper (Cu) from the polluted soil [16]-[31]. 
[32] stated that crops irrigated with heavy metal-contaminated water can lead to 
serious health hazards to humans and animals. In fact, heavy metals can accumu-
late in human tissues and cause diverse damage on health through direct ingestion 
of contaminated food or drinking of contaminated water, through contact with 
contaminated soil or via the food chain (soil/water-plant-human or soil/water- 
plant-animal-human) [33]. Toxic metals such as Cd, Cu, Zn, Pb, Cr and Ni are 
transferred from the rice fields and stored in cereal grains [3] [15] [23] [31] [34]. 
Among these metals, Cr and Cd are the most accumulated in rice [23].  
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In Cameroon, rice plays a critical role in fighting food insecurity both in rural 
and urban areas. The national average per capita rice consumption was esti-
mated at 25.7 kg per inhabitant (37.3 kg in urban areas and 19.4 kg in rural areas 
[35]). Although Cameroon is an import-dependent country (it imports more 
than 80% of its nationally consumed rice; [36]), rice is cultivated in five main 
areas in the Northern, Central and Western regions with a production capacity 
of 313,084 tons of paddy rice and 208,827 tons of milled rice on 268,408 ha [37]. 
The Far-North Region represents 2/3 of national rice production [35]. Most of 
the production is exported in its raw form to African Central Republic, Nigeria 
and Chad [37]. Knowing that heavy metal contamination was reported in rice 
grain after their transfer from rice field in the world due to weather and cultiva-
tion conditions [38], it is important to evaluate the quality of rice produced in 
Cameroon in terms of its heavy metal contents. The present work aimed to study 
the accumulation of 6 heavy Metals (Pb, Cu, Cd, Zn, Fe, Hg) in rice fields of 
Maga-Pouss (Far North Region, Cameroon) and their transfer to rice grains. 

2. Material and Methods 
2.1. Study Area 

Rice grain and soil were sampled from four localities (Bakasaray, Maga, Pouss 
and Ziam) belonging to Maga-Pouss rice’s field basin (Mayo-Danay Division, 
Far-North Region) also called SEMRY II (Figure 1). SEMRY (from the French 
Société d’Expansion et de Modernisation de la Riziculture de Yagoua) is the 
main rice field of Cameroon with 6200 ha of cultivated area. In fact, in Came-
roon, the rice-growing sector currently covers 18,420 ha of irrigated perimeters 
with 13,820 ha developed in the Far-North Region with SEMRY [39]. Ma-
ga-Pouss basin belongs to the Sudano-Sahelian ecological zone of Cameroon 
where annual rainfall ranges from 400 to 796 mm and the atmospheric temper-
ature lies between 13˚C - 45˚C with the annual average equals to 29˚C [40] [41]. 
It is characterized by a long dry season from October to May) and very short 
rainy season from June to September [42]. Geographical coordinates of 8 sam-
pled points (2 per locality) and their soil types were shown in Table 1. The only 
rice variety grown in these areas is called IR46.  
 

 
Figure 1. Maga-Pouss rice field basin showing sampled locality. 
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Table 1. Geographical coordinates of sampling points during study. 

Localities Sampling points Geographical coordinates Soil types 

Maga 
Maga 1 10˚52'15''N; 14˚55'35''E; 311 m Flooding clay soil 

Maga 2 10˚56'33''N; 14˚59'42''E; 311 m Flooding clay soil 

Ziam 
Ziam 1 10˚54'25''N; 14˚56'50''E; 311 m Alluvial deposits 

Ziam 2 10˚53'49''N; 14˚57'46''E; 311 m Alluvial deposits 

Bakasaray 
Bakasaray 10˚50'35''N; 14˚59'36''E; 312 m Alluvial deposits 

Bakasaray 10˚49'58''N; 15˚00'09''N; 312 m Alluvial deposits 

Pouss 
Pouss 1 10˚48'43''N; 15˚01'56''E; 313 m Flooding clay soil 

Pouss 2 10˚53'06''N; 14˚59'08''E; 313 m Flooding clay soil 

2.2. Sample Collection 

Eight samples of rice grains were collected in June 2022 from selected points. In 
each point, rice grains were collected by hand from several locations in the rice 
fields. Soil samples were also taken from the surface layer (0 - 20 cm) at the same 
point using the hoe. At least six replicates of rice grain and soil were collected 
per sample and final samples were placed separately in sealed plastic bags. Sam-
ples of water were also collected in rice rack in all the points with 500 mL polye-
thylene bottle and cooled during 3 days. Rice grains, soil and water samples 
were transported in dark to the National Laboratory of Analysis of Agricultur-
al Inputs and Products, Ministry of Agriculture and Rural Development, located 
in Yaoundé.  

2.3. Samples Preparation and Heavy Metal Analysis 

In the laboratory, rice grains were shelled and naked grains were dried at 
105˚C/24 hours (ECOCELL oven). Dried rice grains were powdered and stored 
in dark until the control of the metallic quality. Accurately 1 g of each rice 
powder was placed into a porcelain crucible and pre-calcined at 105˚C with 
SELECT-HORN muffle furnace. This was followed by gradually calcination 
from 200˚C to 450˚C for at least 2 hours until complete mineralization of the 
sample marked by the formation of the gray ash. The ash was removed from the 
muffle furnace and cooled at room temperature far away from dust and draugh-
ts. Afterwards, for dilution, 10 mL of nitric acid (HNO3 1N) were added on the 
ash placed into beaker. After homogenization with a glass rod, the beaker was 
covered with a watch glass and the solution was digested on a hot plate during 
30 min. At the end, the digested solution was filtered through 110 mm 
WHATMANN type 598/1 filter paper and the obtained filtrate was collected in a 
50 mL volumetric flask. This last solution was diluted with deionized water until 
the mark and stored at room temperature until analysis. For soil samples in the 
laboratory, all debris were manually removed and they were dried in the same con-
ditions as the rice grains. Then, the dried soils were ground and sieved through 2 
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mm meshes sieve. Nitric acid (100 mL of HNO3 0.05N) was added in 250 mL 
flask containing 20 g of each soil sample and agitated during 30 min. The mixture 
was filtrated through a membrane paper (110 mm WHATMANN type 598/1) and 
the filtrate solution was stored for further analysis. For water samples, 1 mL of 
HNO3 1N was added in 10 mL of defrosted water and the solution was filtered in 
the same conditions.  

The concentrations of these followed heavy metals were detected in water, soil 
and rice grains using an atomic absorption spectrophotometer (Agilent Tech-
nologies, 55 AA series). The concentrations of lead (Pb), mercury (Hg), copper 
(Cu), zinc (Zn), cadmium (Cd) and iron (Fe) were measured. All the results 
were expressed in mg/kg of each metal. 

2.4. Determination of Environmental Characteristics of the Soil  
and Water 

Electrical conductivity and pH of soil and water were also assessed. They were 
measured directly in 100 mL of defrosted water respectively with VOLTCRAFT 
PH-100 ATC pH-meter and VOLTCRAFT PH-100 ATC conductimeter. For the 
soil, 100 mL of distilled water were added in 10 g of sieve sample of soil and the 
mixture was agitated during 1 hour. After 16 hours, pH and electrical conductiv-
ity were measured with the same equipment. 

2.5. Data Analysis 

Bioconcentration Factor (BCF) of heavy metals from soil and water to rice grain 
was calculated in order to assess the bioavailability of heavy metals from the en-
vironment to rice grains [43]. Metals with high BCF are more available for crops 
[19]. The following formula was used: 

( ) Concentration of heavy metal in rice grainBCF soil rice
Concentration of heavy metal in soil

− =  

( ) Concentration of heavy metal in rice grainBCF water rice
Concentration of heavy metal in water

− =  

Microsoft Excel 2019 and SPSS software (SPSS Inc. Version 25, 2007) were 
used 1) to compare the concentrations of heavy metals between water and rice 
grains and between soil and rice grains; 2) to find correlations (Pearson’s corre-
lation) between the concentrations of heavy metals in the soil or water and rice 
grains. 

3. Results and Discussion 
3.1. pH and Electrical Conductivity of Maga-Pouss Rice Fields 

Field physicochemical parameters, including pH and electrical conductivity, are 
presented in Table 2. Physicochemical properties are important parameters to 
evaluate the quality of environment used to growing crops. The pH values of ir-
rigation water from Maga-Pouss rice farms varied from 6.8 to 7.1, with an average  
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Table 2. pH and electrical conductivity of Maga-Pouss rice fields. 

Samples Item pH EC (µS/cm) 

Water 

Max 7.1 204.2 

Min 6.8 110.8 

Mean 6.9 159.5 

SD 0.1 38.6 

Permissible limits [44] 6.5 - 8.4 0 - 3000 

Soil 

Max 7.6 658.5 

Min 6.8 232.1 

Mean 7.1 399.7 

SD 0.4 185.8 

Permissible limits [44] - - 

 
value of 6.9 ± 0.1. These values of pH were within allowable irrigation water 
recommend by [44]. This result is in accordance with 6.30 - 7.24 found by [31] 
in periurban areas in Kinshasa, Democratic Republic of Congo (DRC) and 6.82 - 
7.26 (7.05 ± 0.15) found by [45] in rice farm channels of Pouss, Far-North, Came-
roon. Following [46], irrigation water outside recommended values may cause 
many problems to the development of some crops and cause nutritional concerns 
due to the presence of undesirable substances. Soil pH varied from 6.8 to 7.6 with 
an average of 7.1 ± 0.4. This scheme suggests a neutral soil type with the trend to 
basicity. This result is in contrasts with the works of [23] and [12] who reported 
respectively an average soil pH ranged from 4.55 to 5.48 in paddy field from 
eight counties of Jiangxi province, China and an acidic soil type from Abakaliki, 
Nigeria. The difference may be due to clay-sand type of soil in Maga-Pouss rice 
fields [47]. [19] also found pH of the paddy fields’ soil varied from slightly neu-
tral (6.9) to alkaline (8.9) in Fatehabad district, (Haryana, India). [20] obtained 
4.24 to 8.27 (average value = 6.32) in industrial region of China. Increase in soil 
pH leads to a decrease availability in heavy metals to plants [48] [49] but alkaline 
soil and areas with less rainfall faced higher pollution levels [50]. 

Electrical conductivity (EC) of irrigation water of Maga-Pouss rice farms va-
ried from 110.8 to 204.2 µS/cm (159.5 ± 38.6 µS/cm) and it is within permissible 
limits allowed by [44]. [31] found an electrical conductivity of irrigation water 
ranging from 18.8 until 1458.0 µS/cm in periurban areas in Kinshasa, Demo-
cratic republic of Congo (DRC). In the soil, electrical conductivity ranged from 
232.1 to 658.5 µS/cm (399.7 ± 185.8 µS/cm). The low variation of electrical con-
ductivity in Maga-Pouss environment can be linked to the rural nature and sa-
vannah type of the study site with low presence of human activities and organic 
matter releasing soluble elements in water. The entrance of heavy metals 
through human activities causes pollution of water, soil, and plants [51]. Our 
result is lower than 77.7 to 1021.5 ms/cm reported by [19] in Fatehabad district, 
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Haryana, India with similar environment characteristics as Maga-Pouss rice 
fields: semi-arid area with low rainfall and alluvial clay and sandy soil types. The 
difference can be due to the irrigation practices and types of agricultural applica-
tions [19]. 

3.2. Heavy Metal Concentration in Maga-Pouss Rice Fields 

Of the six heavy metals assessed during the present study, only mercury was not 
found in water and soil samples (Table 3). [20] found Hg in the rhizosphere soil 
of rice in the Yangtze River delta region of China and linked it to industrial ac-
tivities. [50] classified Hg between the eight major heavy metals found in agri-
cultural soil in China with Cd, Pb, Cu, Nickel (Ni), Arsenic (As), chromium (Cr) 
and Zn. [51] also reported mercury in water and soil samples at the edge of Ka-
shaf Roud River, Mashhad, Iran. Our study reveals that agricultural inputs used 
in Maga-Pouss rice fields did not contain Hg-based molecules or environmental 
conditions were not favorable for the solubility of mercuric complexes in the soil 
and water. Pb, Cd, Zn, Cu and Fe concentrations ranged respectively 55.50 - 
88.00 (63.63 ± 7.11), 1.95 - 3.15 (2.59 ± 0.29), 0.35 - 1.84 (1.10 ± 1.05), 0.10 - 1.55 
(0.80 ± 0.73) and 113.7 - 298.25 mg/kg (188.60 ± 97.06 mg/kg) in water. In the 
soil, they ranged 80.50 - 127.50 (105.50 ± 31.11), 2.80 - 4.80 (3.15 ± 0.49), 6.67 - 
34.66 (22.52 ± 6.40), 35.40 - 72.10 (45.93 ± 14.39) and 9.15 - 333.2 mg/kg (72.18 
± 61.84 mg/kg). The mean concentrations of the detected heavy metals gathered 
in Maga-Pouss rice fields were found to be in the order: Fe > Pb > Cd > Zn > Cu 
in water; Pb > Fe > Cu > Zn > Cd in soil. This means that iron and lead are the 
predominant heavy metals in Maga-Pouss rice farms. [45] has reported the ab-
sence of Cd and the presence of Cu, Pb and Zn in irrigation water from Pouss 
locality belonging to Maga-Pouss rice farms. However iron is an essential mi-
cronutrient for rice plants and for human well-being [17], its average value was 
628.67 times in water and 14.43 times in soil higher than acceptable limits in 
Maga-Pouss rice fields (Table 3). The presence of high concentrations of iron in 
the soil (iron II notably) can cause nutritional imbalance in rice plants [21]. 
Higher iron concentration in rice fields may be due to its relative abundance in 
the Earth crust, the reduction of precipitation or excess water in the soil [12]. 
The value of iron found in water in this study is greater than 30.510 - 34.388 
mg/kg and 0.452 - 0.555 mg/kg reported by [3] respectively in soil and water 
samples of some paddy fields of Iraq. The mean value of iron in soil in this study 
is lower than 3567.488 ± 1200.28 mg/kg and 6900.537 ± 734.82 mg/kg reported 
by [12] in two farms of Abakaliki (Nigeria). 

Excepted Cu in the soil and Zn both in water and soil, the mean concentra-
tions of Pb, Cd and Cu detected in this study exceeded the allowable values of 
these elements recommended by [44]. Those of Pb, Cd and Cu were 12.72, 259 
and 4 times more than the FAO values in water and those of Pb and Cd were 
1.75 and 3.15 times more than the recommended values in the soil. Zinc was  
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Table 3. Concentrations of heavy metal (mg/kg) in water and soil from Maga-Pouss rice’s 
fields. 

Samples Item Pb Cd Zn Cu Fe Hg 

Water 

Max 88.00 3.15 1.84 1.55 298.25 Trace 

Min 55.50 1.95 0.35 0.10 113.70 Trace 

Mean 63.63 2.59 1.10 0.80 188.60 Trace 

SD 7.11 0.29 1.05 0.73 97.06 Trace 

[44]* 5 0.01 2 0.2 0.3 0.006 

Soil 

Max 127.50 4.80 34.66 72.10 333.2 Trace 

Min 80.50 2.80 6.67 35.40 9.15 Trace 

Mean 105.50 3.15 22.52 45.93 72.18 Trace 

SD 31.11 0.49 6.40 14.39 61.84 Trace 

[44]* 60 1 200 100 5** 0.3 

*[44] permissible limits; **DPR target value for soil = Department of Petroleum Re-
sources (2002), Maximum Allowable concentration, China Environmental Quality for 
Soil (GB 15618-1995). 
 
abundant in soil than water. Water in Maga-Pouss rice fields appears to be more 
harmful than the soil, notably for lead, cadmium and copper. Cu is also an es-
sential micronutrient for rice plants [52], but the excessive concentrations of Cu 
poses potential hazards for soil and rice [21]. [30] and [31] rather reported high 
levels of copper, lead, cadmium and zinc in the soil than in water in their differ-
ent work fields. In fact, [30] found Cu, Cd, Pb and Zn concentrations ranged re-
spectively 28.9 - 85.5, 0.17 - 0.34, 29.7 - 36.2 and 145.2 - 169.2 mg/kg in the soil 
versus 1.40 - 6.15, 0.070 - 0.082, 0.35 - 2.04 and 8.60 - 15.3 mg/kg in water. [31] 
found respectively 1.58 - 124.8, 0.01 - 0.30, 2.09 - 133.83 and 6.71 - 345.48 mg/kg 
in the soil versus 0.43 - 3.80, 0.02 - 0.06, 0.06 - 0.90 and 1.57 - 30.85 mg/kg in 
water. [3] reported higher level of Cu in soil (3.993 - 6.343 mg/kg) than in water 
in soil versus (0.050 - 0.665 mg/kg), idem for Cd (1.089 - 1.276 in soil versus 
0.005 - 0.007 mg/kg in water) and Pb (31.188 - 32.301 mg/kg in soil versus 0.626 
- 1.332 mg/kg in water). This suggests that environment conditions in Ma-
ga-Pouss rice fields trend to enhance the solubilization of cadmium, lead and 
copper in water and the accumulation of zinc in the soil. The presence of heavy 
metals in water and soil indicates the contamination of Maga-Pouss rice fields 
due to agricultural inputs. This report shows the potential health risk for the in-
habitants of these environments, especially because of the fact that they consume 
polluted water during field works [45] in addition to rice consumption.  

3.3. Heavy Metal in Rice Grains of Maga-Pouss Rice Fields 

The concentrations of researched heavy metals in rice grains from Maga-Pouss 
fields are presented in Table 4. As in water and soil, Hg was not detected during 
the study but it was reported in rice samples from Kuwaiti Market in Kuwait [8],  
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Table 4. Concentrations of heavy metal (in mg/kg) in rice grains from Maga-Pouss rice 
fields. 

Sample Item Pb Cd Zn Cu Fe Hg 

Rice grain 

Max 58.00 4.15 42.69 27.20 300.75 Trace 

Min 1.00 0.30 8.34 Trace 62.25 Trace 

Mean 19.50 2.02 23.61 27.20 188.01 Trace 

SD 19.91 1.05 12.42 0.00 82.62 Trace 

Permissible limits 0.2 0.4 60 10 48 0.004 

 

from Ugbawka fields in Enugu-Nigeria [53] and from China [11] [22] [50]. 
Mercury was not also detected in imported rice grains sale in Kaduna states, Ni-
geria [53]. Pb, Cd, Zn, Cu and Fe concentrations in rice grains ranged 1.00 - 
58.00 (19.50 ± 19.91), 0.30 - 4.15 (2.02 ± 1.05), 8.34 - 42.69 (23.61 ± 12.42), trace 
- 27.20 (27.20 ± 0.00) and 62.25 - 300.75 mg/kg (188.01 ± 82.62 mg/kg) respec-
tively. These heavy metals were already reported worldwide in rice grains. Their 
detection in rice grains from Maga-Pouss rice fields revealed that potential toxic 
metals from agricultural inputs are mixed with soil and finally transferred to 
rice, resulting in serious health threats for both humans and animals [8] [11] 
[12] [13] [19] [24] [26] [50] [54] [55]. Following the average values, heavy metals 
in rice grains were found in this order: Fe > Cu > Zn > Pb > Cd. This frame 
means that iron, copper and zinc which are essential micronutrients were fortu-
nately more concentrated than lead and cadmium known as the most harmful 
elements for plants and human beings [21] [56]. Cd and Pb could severely dis-
turb plants’ respiration, photosynthesis, transpiration, and nutrient uptake [56] 
[57] [58]. [59] and [60] also described Pb and Cd as a great threat to human 
health through the soil-plants system and plants-human being system. Zn con-
centration was within permissible limit indicated by [44]. Our result was similar 
to [53] who reported 11.74 ± 3.87 mg/kg of zinc in rice grain. [55] also reported 
6.7 ± 0.2 mg/kg of zinc in Ethiopian red rice but 51.6 ± 0.2 mg/kg in Ethiopian 
white rice and 140 ± 9 mg/kg in NERICA new rice for Africa. Although Fe and 
Cu are important for human being, their average values were respectively 2.21 
and 3.92 times above the permissible limits in rice grains (Table 4). Concerning 
Pb its average value was 97.5 times above allowable value in rice and that for Cd 
was 5 times above allowable limits (Table 4). It indicates that long term con-
sumption of rice from this field could induce high exposure of lead, cadmium, 
copper and iron to consumers because excessive intake of these heavy metals in 
rice could cause serious abnormalities in several functions [61].  

Pb, Cd and Fe concentrations in this study were higher than 0.60 ± 0.46, 0.45 
± 0.08 and 14.71 ± 0.87 mg/kg respectively found by [53]. Pb concentrations 
were also higher than 3.3 ± 0.2, 0.8 ± 0.07 and 3.8 ± 0.3 mg/kg reported by [55] 
in Ethiopian white rice, Ethiopian red rice and NERICA new rice for Africa re-
spectively. Idem for Cd in Ethiopian white and red rice (0.54 ± 0.02 and 0.45 ± 
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0.01 mg/kg respectively). Fe in Maga-Pouss rice was lower than 108 ± 8 and 113 
± 10 mg/kg respectively reported in Ethiopian white and red rice [56]. 

Comparison of the concentrations of all detected heavy metals in Maga-Pouss 
rice fields showed that Pb was higher in water and soil samples than in rice 
grain. The difference was significant between soil samples and rice grain 
(Kruskall-Wallis test: p = 0.02 at α = 0.05) and very significant between soil and 
water samples (p = 0.00, α = 0.05). In revanche, Zn was more concentrated in 
soil samples and rice grain than in water (p = 0.03, α = 0.05). Cu was least con-
centrated in water than in soil samples (p = 0.02, α = 0.05) and in soil samples 
than in rice grain (p = 0.02, α = 0.05). Concerning iron, there was not significant 
difference between soil, water and rice grain (p = 0.013, α = 0.05). The variation 
in the distribution of lead, cadmium, zinc and copper in Maga-Pouss rice fields 
could be considered as a result of weak adsorption properties from the soil or 
water to other parts of the plants by these metals [53] [62]. Following the average 
values registered during this study, the state that Cd is the most accumulated 
heavy metal in rice [23] is not verified here. 

3.4. Bioconcentration Factor of Heavy Metals in Maga-Pouss Rice 
Fields 

Based on the heavy metal concentrations obtained during this study in rice 
grains, water and soil from Maga-Pouss rice fields, the bioconcentration factor 
(BCF) between rice and soil and between rice and water were presented in Table 
5. The mean BCF of metals from soil to rice grains was in the following order: Fe 
(2.60) > Zn (1.05) > Cd (0.64) > Cu (0.59) > Pb (0.18). From water to rice grains, 
the order is: Cu (37.26) > Zn (22.49) > Cd (6.97) > Pb (2.74) > Fe (1.94). These 
results confirmed the fact that water in Maga-Pouss rice fields is more harmful 
than the soil for lead, cadmium and copper. [19] reported a very lowest BCF of 
Cu (0.08), Zn (0.11), Pb (0.01), Cd (0.009) and Fe (0.003) in Northern India. [63] 
also reported a BCF of Cu, Pb, Cd and Zn equals to 0.25, 0.05, 0.44 and 0.58 re-
spectively from soil to rice grains grown around Guqiao coal mine area in China. 
Then, our results showed the stronger capacity of micronutrients and toxic met-
als to translocate from fields to rice grains in Maga-Pouss basin. It can be ex-
plained by the high temperature of the region which varied from 13˚C - 45˚C  
 
Table 5. Transfer factor of heavy metals between rice and soil and between rice and water 
from Maga-Pouss rice fields. 

 
Pb Cd Zn Cu Fe Hg 

Rice 19.50 2.02 23.61 27.20 188.01 ND 

Soil 105.50 3.15 22.52 45.93 72.18 ND 

Water 7.11 0.29 1.05 0.73 97.06 ND 

BCF (soil-rice) 0.18 0.64 1.05 0.59 2.60 ND 

BCF (Water-rice) 2.74 6.97 22.49 37.26 1.94 ND 
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Table 6. Pearson’s correlation among the environmental factors and heavy metals in 
Maga-Pouss rice fields. 

 
pH EC Pb Cd Zn Cu Fe 

pH 1 0.723** 0.870** 1 −0.461 0.386 −0.160 

EC 0.723** 1 0.850** 0.553 0.069 0.699* −0.267 

Pb 0.870** 0.850** 1 0.799** −0.136 0.687* −0.073 

Cd 0.570 0.553 0.799** 1 0.113 0.710** 0.229 

Zn −0.461 0.069 −0.136 0.113 1 0.449 −0.009 

Cu 0.386 0.699* 0.687* 0.710** 0.449 1 −0.032 

Fe −0.160 −0.267 −0.073 0.229 −0.009 −0.032 1 

*Correlation is significant at 0.05 level (two-tailed). **Correlation is significant at 0.01 
level (two-tailed). 
 

with the annual average of 29˚C [40] [41]. Our study showed that iron is easier 
transferred from soil to grain while copper, zinc, cadmium and lead are easily 
transferred from water to grain. [21] reported that Pb has the weakest mobile 
ability from soil to rice and transfer ability of Cd in soil to rice is stronger than 
other metals. In our knowledge, this study is the first to focus on the heavy met-
als transfer from water to rice. It revealed that uptake of heavy metals from field 
to rice is higher through water than soil. Fields pH and electrical conductivity 
(EC) showed significantly positive correlations with Pb, Cu and Cd (Table 6), 
indicating that pH and EC favored the uptake of lead, copper and cadmium by 
rice grains. At the same time, these factors were negatively correlated with Zn 
and Fe, showing that they restrained the uptake of Zn and Fe by rice grains. [21] 
reported a negative correlation between soil pH and Cd, Cu and Zn. Positive 
correlation between Pb, Cd and Cu, Cd and Cu indicated that they have the 
common source (agrochemicals fertilizers) in the field and/or the conditions of 
their absorption by roots of the rice plants are similar. [53] reported significant 
correlation for cadmium, lead and copper in rice grain and the fields. Negative 
correlation observed in Fe and Pb, Zn and Cu showing that an increase in one 
metal concentration will result to a decrease in the other. 

4. Conclusion 

The present study carried out in Maga-Pouss rice fields (Far North Region, Ca-
meroon) aimed to study the accumulation of six heavy Metals (Pb, Cu, Cd, Zn, 
Fe, Hg) and their transfer to rice grains. Mercury was not found. Lead, copper, 
cadmium and iron were higher than permissible concentrations. Bioconcentra-
tion factor revealed that water was more harmful than soil. Environmental con-
ditions (pH and electrical conductivity) favored easily uptake of lead, cadmium 
and copper. This study permitted to label rice produced in Maga-Pouss basin as 
a bioindicator of heavy metals in Cameroon.  
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