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Heavy Metals Contamination in Selected Rice Brands Sold in Port Harcourt, Nigeria 
Abstract
Introduction: Potentially harmful substances contaminating agricultural soil and crops pose a risk to human health and food safety. One of the main elements causing pollution in agriculture is heavy metals. Heavy metals can be found in cereal grains including rice, which absorb and store toxic metals including Lead (Pb), Cadmium (Cd), and Arsenic (As).
Objective: the objective of the study was to determine the concentration of heavy metals in selected rice brands sold in Port Harcourt, Nigeria. 
Methods: A total of ten samples of five local rice designated as Lo1, Lo2, Lo3, Lo4, and Lo5 and five foreign rice designated as Fo1, Fo2, Fo3, F04, and F05 were used for the study. Heavy metals were determined using Perkin Elmer atomic absorption spectrophotometer in Flame atomic absorption mode.
Results: The concentration of heavy metals (µg/kg) in selected local rice, showed that arsenic in Lo2 (4.20) was significantly higher than other rice brand while Lo3 (7 x 10-5) had the lowest value. The rice with the highest Pb concentration was Lo2(89.73). The concentration of Cr was significantly lower in Lo4 (1.3 x 10-4) in comparison to other groups. Finally, for Cd, Lo2 (7 x 10-5) had the lowest value, which was significant. While for foreign rice, arsenic concentration was significantly lower for Fo4 (0.88 µg/kg) in comparison to other groups. For Pb levels (µg/kg), Fo3 (61.30) and Fo4 (61.30) had higher concentrations. Fo2 (23.76) and Fo3 (25.76) were significantly lower than Fo1 (33.96) and Fo5 (47.63) for Cr levels. And for Cd, Fo1 (1.0 x 10-4) was lower than Fo2 (2.50), Fo5(2.70), Fo3(6.10), and Fo4(5.63). Overall, the concentration of Arsenic was lowest in Lo3 (7 x10-5) and highest in Lo2 (4.20), Lead was lowest in Fo1 (6.7 x 10-5) and highest in Lo2 (89.73), Chromium had the least value in Lo4 (1.3 x10-4) and the highest value in Fo5 (47.63) while cadmium was least in Fo2 (1 x 10-4) and highest in Fo3(6.10), all of which were significantly different (p<0.05).
Conclusion: the concentration of heavy metals in the samples was in no particular preference of either foreign or local rice. Although the concentration of the heavy metals was below the standard permissible limits, caution needs to be taken to avoid future possible bioaccumulation.
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Introduction
[bookmark: _GoBack]In recent years, contamination of agricultural soil and water has grown to be a serious environmental issue in many developed and developing nations1. Potentially harmful substances contaminating agricultural soil and crops pose a risk to human health and food safety2. One of the main elements causing pollution in agriculture is heavy metals3.  The easiest way for humans to be exposed to metals is through soil contamination. Consumption of fruits, vegetables, and crops grown in contaminated soil can lead to the build-up of these heavy metals in human tissues and pose a serious risk to health. The roots or shoots of crops can carry heavy metals from the soil4.  Crops that have heavy metal contamination, are likely to result from contaminated soil. According to Fu et al.5, crops growing in or near contaminated areas have the ability to absorb and accumulate heavy metals, which may pose a threat to human health and animals [30]. 
Plants can absorb heavy metals from the atmosphere, pesticides, fertilizers and sewage deposits from urban and industrial areas into the soil and water used for plant irrigation6. Cereal grains absorb and store toxic metals including Lead (Pb), Cadmium (Cd), and Arsenic (As). Exposure to cadmium can have harmful health effects on the kidney, bones and even fractures. Prolonged exposure to lead can cause cognitive decline, slower reaction times, and impaired understanding. Children may experience learning and concentration difficulties, as well as behavioural disturbances7.  Even at low concentrations, prolonged exposure to arsenic raises the risk of bladder, kidney, urinary tract, skin, and pulmonary cancers. Chronic poisoning, generalized muscle weakness, appetite loss, nausea, vomiting, diarrhoea, inflammation of the eye mucous membranes, skin lesions, anemia, and a decrease in white blood cells and malignant tumours are among the side effects of arsenic8.
Rice (Oryza sativa) is one of the most widely grown cereal crops in the world9 and the most vital staple food for roughly half of the human population 10, making it one of the most produced agricultural crop after maize and sugarcane11,12. Rice is the most important food crop for human nutrition and calorie consumption, accounting for more than one-fifth of all the calories consumed globally12. It is becoming an increasingly important crop in Nigeria10. Growing rice is one of the most profitable farming strategies in Nigeria, as it is one of Nigeria's largest and most extensively consumed grains, as well as primary crop. The country’s annual rice consumption is anticipated to be around 7 million metric tonnes13. Rice can be contaminated with pollutants such as heavy metals. In the recent years, the health risks posed by heavy metals had been reported in rice from several countries13. 

For instance, in Asia, rice has been recognized as some of the chief sources of Cd and Pb for human existence14. There is clear evidence linking human renal tubular dysfunction with contamination of rice with Cd in subsistence farms in Asia15.  In Japan, the main source of cadmium contamination in humans was specifically identified as rice, however, efforts are being made to reduce pollution of food crops on contaminated soil to plant safe cultivars, which are varieties that are less efficient heavy metals accumulators 15. As a result, it is necessary to assess the rice sold in Port Harcourt for any significant evidence of heavy metals present in them. 
Materials and Methods
Sample Collection  
Ten different brands of rice grain samples were purchased from Rumuokoro market, Port Harcourt, Nigeria. They were five local rice designated as Lo1, Lo2, Lo3, Lo4, and Lo5 and five foreign rice designated as Fo1, Fo2, Fo3, F04, and F05. The samples were ground and kept in an airtight container for use in heavy metals determination. 
Experimental Procedure 
The samples underwent three washes with tap water, followed by two washes with distilled water. The samples were air dried for 12 hours overnight, and then oven dried at 65 °C for 2 hours. The samples were ground into a uniform size, using a blender and placed in a sealed plastic bags after sieving through a 428 μm sieve. The samples were digested in accordance with the method of Zeng et al16. Ground rice samples (3g) were placed in labelled flask designated as L01, L02, L03, L04, L05 and F01, F02, F03, F04, F05 and the blank. An anti-bumping grain was added to the flasks. To each flask was added 20ml of 65% nitric acid and then 10ml perchloric acid. These were then gently shaken to mix. This was allowed to stand in the fume hood at room temperature for 24 hours. After this, it was then vigorously agitated to ensure thorough mixing and heated for 3 hours at 100oC, which was later allowed to cool and 30ml of deionized water was added to the samples to dilute them. This was using whatman filter paper (No 1). The filtrate was used for the determination of the heavy metals. 
Heavy metals determination 
Determination of Cadmium (Cd), Arsenic (As), Chromium (Cr), and Lead (Pb)  was done using Perkin Elmer atomic absorption spectrophotometer in Flame atomic absorption mode. Acetylene was used as fuel while compressed air was used as oxidant. Hollow cathode lamps of the elements were used while the slit width was set at 0.7 nm. Calibration standards series was prepared for each element by serial dilution of certified calibration standards for atomic absorption spectrophotometry. The instrument was optimized for lamp alignment, fuel-oxidant ratio, wavelength, and flame height. The wavelengths used for analysis along with their respective sensitivity and detection limits are shown below (Table 1).

Table 1 Wavelengths used for analysis along with their respective sensitivity and detection limits
	Heavy 
Metals 

	Wavelength 
nm 

	Sensitivity 
mg L-1 

	Detection
Limits
mg L-1


	Cd
	228.8
	0.028
	0.0005 

	Pb
	217 
	0.19 
	0.01

	Cr
	357.9 
	0.078 
	0.002 

	As
	324.8 
	0.077 
	0.001 






Statistical analysis
Values are denoted as mean ± standard deviation. ANOVA (homogeneity of variances) was used to determine if the data are significantly different within the groups at p < 0.05 of the SPSS package (version 21). 
Results
	Table 2. Heavy metals concentration(µg/kg) in selected local rice sold in Port Harcourt, Nigeria

	Rice Samples
	As
	Pb
	Cr
	Cd

	Lo1
	3.0 x 10-3 ±1.7 x 10-3a
	17.90±3.04 a
	1.36±0.37 a
	2.65±0.852 a

	Lo2
	4.20±0.90 b
	[bookmark: _Hlk188187366]89.73±8.08 b
	1.83±0.11 a
	7 x 10-5± 1.1 x 10-4 b

	Lo3
	7.0 x 10-5 ± 5.8 x 10-5 a
	24.13±6.90 a
	2.23±0.11 a
	2.96±1.41 a

	Lo4
	0.566±0.40 a
	63.00±1.00 d
	1.3 x 10-4±5.8 x 10-5 d
	1.3 x 10-4±  5.8 x 10-5 b

	Lo5
	1.40±0.43 a
	63.03±2.60 d
	2.93±0.41 a
	2.73±1.01 a

	
	
	
	
	

	Codex17
	0.2mg/kg polished rice and 0.35mg/kg husked rice 
	0.2mg/kg for cereal  grains
	-
	0.4mg/kg


Values are expressed as Mean ± STD.  Within the columns, values with different alphabetical letter are statistically different at p<0.05 

The concentration of heavy metals in selected local rice, showed that Arsenic level in Lo2 (4.20) was significantly higher than other rice brand while Lo3 had the lowest value. The rice with the highest Pb concentration was Lo2(89.73). The concentration of Cr was significantly lower in Lo4 (1.3 x 10-4) in comparison to other groups. Finally, for Cd, Lo2 (7 x 10-5) and Lo4 (1.3 x 10-4) were significantly lower than Lo1 (2.65), Lo5 (2.73), and Lo3(2.96).




	Table 3 . Heavy metals concentration(µg/kg) in selected foreign rice sold in Port Harcourt, Nigeria

	Rice Samples
	As
	Pb
	Cr
	Cd

	Fo1
	3.13±1.47a
	6.7 x 10-5± a
	33.96±0.76 a
	 1.0 x 10-4 ±1.0 x 10-4a

	Fo2
	1.53±0.25 a
	25.63±0.60 b
	23.76±3.83 b
	2.50±0.30 b

	Fo3
	1.66±0.208 a
	73.1±5.00 c
	25.76±5.05 b
	[bookmark: _Hlk188187341]6.10±0.45 c

	Fo4
	0.88±0.25 b
	61.30±3.55 c
	28.30±0.91 ab
	5.63±0.45 c

	Fo5
	2.53±0.77 a
	1.3 x 10-3 ±1.5 x 10-3 a
	[bookmark: _Hlk188187306]47.63±1.05 c
	2.70±0.26 b

	
	
	
	
	

	Codex17 
	0.2mg/kg polished rice and 0.35mg/kg husked rice 
	0.2mg/kg for cereal  grains
	-
	0.4mg/kg


Values are expressed as Mean ± STD.  Within the columns, values with different alphabetical letter are statistically different at p<0.05 

Arsenic concentration was significantly lower for Fo4 (0.88 µg/kg) in comparison with other groups. For Pb levels (µg/kg), Fo3 (61.30) and Fo4 (61.30) had higher concentrations. Fo2 (23.76) and Fo3 (25.76) were significantly lower than Fo1 (33.96) and Fo5 (47.63) for Cr levels. And for Cd, Fo1 (1.0 x 10-4) was lower than Fo2 (2.50), Fo5(2.70), Fo3(6.10), and Fo4(5.63).
[image: ]Figure 1. Concentration of Arsenic (µg/kg) in Local and foreign rice sold in Port Harcourt, Nigeria


[bookmark: _Hlk188187159]The concentration of arsenic present in selected rice brand sold in Port Harcourt, Nigeria (Figure 1) showed that Lo2 (4.20) was the highest, followed by Fo1(3.13), while Lo1 (3.0 x 10-3) and Lo3 (7.0 x 10-5), had the least values which were all significantly different. Fo5 was not significantly different from Lo2 and Fo1. There was also no significant difference between Lo1, Lo3, Lo4, Lo5, Fo2, Fo3, and Fo4. 
[image: ]Figure 2. Concentration of Cadmium (µg/kg) in Local and foreign rice sold in Port Harcourt, Nigeria

 

Cadmium concentration of selected rice brand sold in Port Harcourt, Nigeria (figure 2) showed high concentration of Fo3 and Fo4 while Lo2, Lo4 and Fo1 had the least values which was significant. Lo1, Lo3, Lo5, Fo2 and Fo5 showed no significant difference between them.
[image: ]Figure 3. Concentration of Chromium (µg/kg) in Local and foreign rice sold in Port Harcourt, Nigeria



The concentration of chromium (figure 3) was significantly lower in the local rice samples in comparison to the foreign rice samples. Fo2 and Fo3 was significantly different from the rest. Fo5 was also significantly higher than other groups.
[image: ]Figure 4. Concentration of Lead (µg/kg) in Local and foreign rice sold in Port Harcourt, Nigeria


The concentration of Lead (Figure 4) was significantly lower in Fo1 and Fo5 and highest in Lo2, which was significant. Lo1, Lo3 and Fo2 showed no significant difference between them. Lo4, Lo5, Fo3 and Fo4 were significantly different from other groups.
Discussion
One of the major health risks to people and the environment is the presence of toxic heavy metals in cereal grains like rice. Their high half-life, bioaccumulation ability in the human body, and non-biodegradability makes them of great importance and concern8. The concentration of heavy metals in selected local rice sold in Port Harcourt, Nigeria (Table 1) showed that the Lo2(4.20±0.90 µg/kg) had significantly higher Arsenic concentration when compared to other locally produced rice. For Lead concentration, it was in the order Lo2 > Lo5> Lo4> Lo3> Lo1.  While for Chromium concentration, the local rice with the statistically lowest value was Lo4 when compared to others.  Lo2 and Lo4, were also statistically lower when compared to other groups for Cd concentration. The concentration (µg/kg) of heavy metals were in the ranges; Arsenic (0.00007-4.20), Pb (17.90-89.73), Cr (0.00013-2.93), and Cd (0.00007-2.96). In comparison to this study, the value of Pb and Cr was within the range obtained by Ovonramwen et al.12 who had 0.02-0.043 mg/kg and 0.003-0.367 mg/kg for Pb and Cr respectively. The values obtained in this research was less than those obtained by Oyawaluja et al18 for As (0.080-0.207 µg/g) and Cd (0.255-0.650 µg/g) concentrations, although their Pb (0.054-0.139 µg/g) value was within the range of this study. 
Table 2 displays the concentration of heavy metals present in selected foreign rice sold in Port Harcourt, Nigeria. Fo4 was statistically different from other foreign rice for the concentration of Arsenic.  Fo1 (6.7x 10-5 µg/kg) had the least Pb concentration. For Cr levels Fo5 (47.63 µg/kg) had the highest value which was significant when compared to other foreign rice. While for Cd levels, Fo1(0.0001) had the least value which was significant at p<0.05. The ranges of heavy metals concentration in the foreign rice were, Arsenic (0.88-3.13), Pb (0.000067-73.10), Cr (23.76-47.63), and Cd (0.0001-6.10). The values obtained by Cao et al.7, were within Pb (0.054 mg/kg) range but higher Cd (0.014 mg/kg) and Cr (0.75 mg/kg) concentrations when compared to this study. Rezaei et al. 8 also had similar Pb (0.057 mg/kg) value but higher Asernic (0.045 mg/kg) and Cd (0.022 mg/kg) concentrations. 
The concentration of Arsenic (Figure 1) in selected local and foreign rice sold in Port Harcourt, Nigeria had Lo3 having the lowest value and Lo2 as the highest. The range was 0.00007-4.20 µg/kg.  The concentration of Cd in selected local and foreign rice sold in Port Harcourt, Nigeria (Figure 2), had Lo2 having the lowest value and Fo3 as the highest. The range was 0.00007-6.10 µg/kg. The range for chromium concentration present in selected local and foreign rice sold in Port Harcourt, Nigeria (Figure 3) was 0.00013-47.63 µg/kg.  For lead concentration Fo1 had the least value while Lo2 had the highest value. The range of Lead concentration for selected local and foreign rice sold in Port Harcourt, Nigeria (Figure 4) was 0.00067-89.73 µg/kg.  The values obtained in this study was within the range for Pb and Cd but lower for As when compared to those gotten by Nwachoko et al.19 (Pb 0.002-0.1455; Cd <0.0011-0.065; and As (0.6284-4.86 mg/kg) respectively. Similarly, Akan et al.9 had higher Pb (1.06-3.24), As (1.32-4.65), Cr (0.59-3.65), and Cd (0.065-1.54 mg/kg) values in comparison to this present study. Hasan et al.,4 also had higher values of Cd (0.98-1.61 mg/kg) and Cr (11.54-23.67 mg/kg) and Rahimi et al1, had higher Pb (12.32 mg/kg) and Cd (1.27 mg/kg) values when compared to this present study. Shahriar et al.20, also had higher Pb (6.87), Cr (0.43) and Cd (1.13 mg/kg) concentrations in comparison to this study. 
Cadmium is a hazardous heavy metal present in very low concentrations in the environment. Air and water are known to be the primary sources of Cd exposure 21. The concentration of Cd gotten from this study was lower than that obtained by Jaydan et al22 (11.3 mg/kg), Adamu et al23(2.10 - 4.30 mg/kg), and Isabelle et al24 (2.02 mg/kg). 
Higher levels of arsenic in food can harm the skin and pulmonary nervous system, as well as causing peripheral neuropathy, nasal septal perforation, and respiratory tract cancer. Severe risks from lower-level exposure can include heart rhythm abnormalities, nausea, and vomiting. Prolonged low-level exposure may result in skin darkening and the development of tiny warts on the palms, and soles25. The arsenic concentration in this investigation was lower than that found by Gwamna et al.26, who had a range of 0.0597-0.383 mg/kg.  
Chromium damages the lungs and causes ulcers, a rupture or discontinuity in a body membrane, and nasal septal perforation, which mostly happens along the anterior cartilaginous septum25. The concentration of Chromium found in this investigation were less than Giao27 who had 0057-5.67mg/kg. It was also lower than the USDA28 standard of 1.0mg/kg.
Lead damages the kidney, hematopoietic, and nervous systems as well as causes anaemia 29. The concentration of lead as determined by Otitoju et al.10 (0.001-0.812 mg/kg), Budaraga and Salihat6 (0.0196-0.025 mg/kg), and Wang et al.29 (0.017-0.03 mg/kg) was within the range of what this study had. Additionally, it was lower than the FAO/WHO17 limit of 0.3mg/kg.
Conclusion
This study evaluated the concentration of heavy metals in local and foreign rice sold in Port Harcourt, Nigeria and observed that all the metals (As, Cr, Cd, and Pb) analysed were within the WHO/FAO permissible limits, making it safe for consumption. The study draws conclusion to a serious public health concern about toxic heavy metal contamination specifically in Port Harcourt, Nigeria in prolonged conditions. These metals’ non-biodegradable and bio-accumulative characteristics make their presence in cereals grains extremely dangerous to human health, with the potential to cause chronic illnesses and detrimental effects on the environment.  To reduce the risk of heavy metal contamination in rice, it is advised that local farming methods be evaluated and enhanced. Reducing exposure can be achieved by enforcing stronger laws and regulations regarding soil and water quality used in farming as well as teaching farmers about safe agricultural methods.  Campaigns for consumer awareness should also be started to educate the public about the possible health risks linked to contaminated rice. To gain a deeper understanding of the patterns in heavy metal concentrations over time, longer period of studies is required. It can also help with the formulation of soil remediation and public relations strategies.  
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