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Abstract

Rice is one of the most highly consumed foodstuffs in the world. In keeping with this, produced rice 
of many regions of the world contains high lead content. The present research was done to study the 
effects of the pre-cooking process of rice with acetic acid and citric acid on the concentration of lead. 
Rice samples were divided into 5 different pre-cooking treatment groups of soaking in acetic acid 1% 
and soaking in citric acid 1% (2 hrs), boiling with acetic acid 1% and boiling with citric acid 1% (20 min) 
and finally 6 times rinsing with deionized water. Then, measurement of lead remains was done using 
an atomic absorption optical spectrometer equipped with a detector of graphite furnace with deuterium 
lamp. The mean concentration of lead in primary rice samples without any processing operation was  
87±4.8 ppb. The mean concentration of lead in rice samples processed with soaking in acetic acid, soaking 
in citric acid, boiling with citric acid, boiling in acetic acid and finally 6 times rinsing with deionized 
water were 55±3.8, 14±1.6, 32±2.4, 14±1.1 and 30±0.5 ppb, respectively. The highest reeducation percent 
of lead in rice samples was obtained in both soaking with citric acid and boiling with citric acid (84%). 
In keeping with the high concentrations of lead in studied rice samples, obtained concentrations were 
lower than the allowed limit of lead announced with the international standard organization of Iran  
(150 ppb). Boiling and soaking of rice samples with citric acid 1% can be a convenient and fast way to 
reduce the concentration of lead in rice samples.
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Introduction

Increasing population and, consequently, 
industrialization and urbanization of human lifewithout 
environmental carehas caused an increase in the 
levels of environmental pollution – especially by 
toxic heavy metals,including lead (Pb) [1-4]. Mining, 
industrial processes, pesticides, chemical fertilizers, and 
atmospheric deposition are the main factors responsible 
for environmental contamination with lead [1-4]. 

Lead is the second most important toxic element 
in the world. It is highly hazardous to human health 
and may cause acute or chronic poisoning. Chronic 
exposure to lead has been associated with the induction 
of pathological changes and damage to organs and the 
central nervous system, leading to lower intelligence 
quotients in children [5-8]. It is also responsible for severe 
damage to kidneys, the pulmonary and gastrointestinal 
system and bones[5-8]. Chronic exposure with lead also 
causes the occurrence of cancer and dangerous mutation 
[5-8]. The International Association of Research for 
Cancer (IARC) has classified the mineral lead in the A2 
carcinogenic group [9].

Plants are the main way of lead transfer from 
contaminated soils to humans. In a lead-contaminated 
soil, plants can uptake more heavy metal and 
accumulate it in different organs – especially edible 
parts [4]. This phenomenon is especially important 
for high consumption crops like rice. Rice is mostly 
used as a main foodstuff in many sites of the world. 
Rice is the dominant staple food crop in developing 
countries (including Iran) so that 96% of the world’s 
rice is produced and consumed in developing countries 
like Iran [4-7, 10]. According to the FAO, around 30% 
of energy and 20% of protein sources are provided by 
consumption of rice [11]. The protein component in rice 
(7-10% by weight) is quite low, but it forms a major 
source of protein (50%) in countries like Iran [4-7,  
10-12]. Rice is also the second-highest consumption 
food among Iranian people. It is the most common crop 
grown in agricultural lands in Iran [4-7, 10-12]. Iranian 
rice has a very good flavor and taste, which has made it 
easy to export to different parts of the world. Therefore, 
it is important for rice to be free from toxic heavy 
metals like lead [4-7, 10-12].

The allowed limit concentration of lead in rice has 
been announced from 120 to 150 ngg-1 by the National 
Standards of Iran (ISIRI) and also the Iranian Food and 
Drug Organization (FDA) [4, 12, 13]. Therefore, it is 
important to decrease the content of lead in rice less than 
the allowed limit concentration announced by different 
organizations. Several methods have been developed for 
decreasing or eliminating the content of lead in rice [14, 
15]. However, none of them arefunctional and cannot 
be used easily at home. Therefore, it is important to 
develop a novel method to easily decrease or eliminate 
the content of residual lead in rice. 

According to the high consumption rate of rice 
among Iranian people, high content of residual lead 

in rice and lack of applied methods for decreasing the 
content of lead in rice, the present research was done in 
order to study the effects of acetic acid and citric acid 
on concentrations of lead in Iranian rice. 

Materials and Methods

Ethical Approval

The current research was approved by the Ethical 
Council of Research of the Faculty of Veterinary 
Medicine, Islamic Azad University, Science and 
Research Branch, Tehran, Iran. Verification of this 
research project and the licenses related to sampling 
process were approved by Dr. Mohammd Hosein 
Marhamatizadeh. 

Chemical Reagents

All chemical reagents were purchased from the Meek 
Company (Merck, Germany). Deionized water with  
18.2 million ohm-cm (18.2 megohm) degreewas prepared 
using a distilled water dispenser (Elga Labwater, 
Wycombe, Bucks, UK). Standard lead stock solution 
with concentration of 1000 µg/ml soluble in the nitric 
acid 0.1 molar (HNO3) was purchased from the Spanish 
Panreac Company (Panreac, Spain). Work standards of 
lead were prepared in HNO3:H2O2(5:2) on a daily basis. 
All equipment were washed using nitric acid 5% for  
24 hrs and then washed twice by deionized water.

Sample Preparation 

Rice samples were purchased from rice farms in 
northern Iran (Sari, Iran). Preparation of rice samples 
was done according to traditional cooking in a 
laboratory prior to lead extraction. All rice samples 
were primary washed six times using deionized water. 
Then the concentration of Pb was measured in washed 
rice samples. Rice cooking was done in the two forms 
of Katehand infusion. Ten grams of each sample were 
taken and washed in deionized water. Then in a beaker, 
70 cc of de-ionized water was added to rice grains  
(1 mL/s flow rate), brought to a boil and heated for  
40 min. For the Kateh method, after 40 min., heat 
was reduced until all the water evaporated, but for the 
diffusion method, after 40 min., heat was turned off 
and rice was separated from water by a drainer. In the 
Kateh cooking method, the rice samples were soaked 
separately in citric acid 1% and acetic acid 1% for  
2 hrs. After soaking, rice samples were washed three 
times using the deionized water. In the infusion cooking 
method, rice samples were boiled separately in citric 
acid 1% and acetic acid 1% for 20 min. After boiling, 
rice samples were washed three times using deionized 
water. Then the preparation method and lead extraction 
were carried out according to the standard guidelines 
of the Association of Official Analysis Chemists [16]. 
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Briefly, one gram of rice sample was weighed and 
2.5 ml of rinsing solution (MgO 2%+MgNO3 20%) 
was added to it. Then the contents were placed inside 
Kruse on heater and the temperature of the heater was 
gradually raised until the samples were burned and 
turned black. Then the burnt samples were transferred 
into an electric furnace. The temperature of the electric 
furnace was adjusted to 450ºC for 4 hrs. until white ash 
was obtained. Fifty milliliters of nitric acid solvent 1% 
molar were added to obtained ash. The final solution 
was completely homogeneous and then the obtained 
extract was injected into the atomic absorption graphite 
furnace system at a wavelength of 193/7.

Analysis of the Lead Concentration

Atomic absorption light spectrometer system model 
AA240FS (Varian, Australia) equipped with graphite 
furnace model GTA-120 with deuterium lamp was used 
for this purpose. A Varian program for the solution 
of injective samples alongside ortho-biosphoric acid 
(1000 ml/l) was used as a modifier in the furnace. All 
experiments were carried out using pyroliticgraphite 
tubes. Operational parameters for lead were adjusted 
according to them a nu facture's instructions(width of  
0.5 nm, sample volume of 20 µl, modifier volume of  
5 µl, lamp flow of 10 mA and wavelength of 283.3 nm)
[16].

Validation of the Method

Validation of the experiment was done according 
to the guidelines of the European Union [17]. The 
spike calibration curve was drawn in order to study the 
validation of achieved data and overcome the effect of 
matrice. The stages of sample preparation and system 
parameters were determined by adding some analites 
to blank samples of rice in 3 different work days using 
the mentioned sample preparation method. One gram of 
powdered rice with different levels of standard lead (0.5, 
2.5, 5, 10 and 20) was kept in a dark place for an hour 
for the purpose of joining more treated toxin to matrice. 
Then the matrice of samples was analyzed based on 
the stated analysis method and the results were used to 
draw the calibration curve. This process was repeated 
on 3 different days and in the end, the calibration curve 
was drawn with a mean of 4 points and special software 
of Espctra. 

Study of the Accuracy, Correctness 
and Percentage of Recycling

The blank sample free from lead was selected from 
a type of rice. The samples of blank from grilled rice 
at concentrations of 25, 50, 100 and 200 were spiked 
using the work standards. These samples were analyzed 
and the percentage of recycling was determined using 
a calibration curve. This process was done during  
3 work days and the mean percentage of recycling and 

the value of CV% were used for study the accuracy and 
correctness.

Results

We found that the correlation coefficient of 
calibration curve was 0.996. The mean percentage 
of recycling and standard deviation of the lead were 
obtained 99.5% and 3.2%, respectively. Detection limit 
and determination limit for the lowest detectable value 
by the system were determined by noise signals of 3.1 
and 10.1, respectively. Therefore, the LOD and LOQ 
parameters of applied method for detection of lead were 
1 and 3 ppb, respectively.

Table 1 represents the results of analysis of lead 
in contaminated rice samples with the preparation 
operations. The mean lead concentration in rice 
samples of the present study was 87±4.8 ppb. The mean 
concentration of lead in rice samples processed with 
soaking on acetic acid, soaking with citric acid, boiling 
with acetic acid and finally boiling with citric acid were 
30±0.5, 14±1.1, 32±2.4 and 14±1.1 ppb, respectively. The 
mean concentration of lead in rice samples washed with 
6 times deionized water was 55±3.8 ppb. Reduction 
percent of the lead in rice samples processed with 
soaking on acetic acid, soaking with citric acid, boiling 
with acetic acid and finally boiling with citric acid 
methods were 67%, 84%, 63% and 84%, respectively.
Reduction percentage of the lead in rice samples washed 
with 6 times deionized water was 37%. Fig. 1 represents 
the mean concentration of lead in operational methods 
used in this study. Fig. 2 represents the reduction 
percentage of lead in operational methods used in 
this study. We found that soaking of rice samples in 
citric acid 1% (2 hrs) and boiling with citric acid 1%  
(2 hrs) and then their rinsing by deionized water had 
the highest declining effects on lead concentration. The 
lowest declining effects was found for 6 times rinsing of 
rice samples with the deionized water. 

Discussion

Consumption of rice contaminated with heavy 
metals and especially lead for a long period of time 
causes severe clinical diseases and syndrome including 
cancer, chromosomal mutations, and malformation. 
Therefore, finding a convenient and easy way to reduce 
the content of residual lead in highly consumed foods 
and especially rice can prevent the occurrence of such 
dangerous disorders. 

As far as we know, the present study is the first 
report of the reducing effects of citric acid and acetic 
acid on the content of residual lead in Iranian rice. 
We found that using both citric acid and acetic acid 
caused considerable reducing effects on the content 
of lead in rice. However, reducing the effect of the 
citric acid was far more than the acetic acid. We also 
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Table 1. Results of analysis of lead in contaminated rice samples with preparation operations (n = 45).

Sample Real   
sample

Keeping with acetic acid 1% (2 h) Keeping up with citric acid 1% (2 h)

Treatment
(ppb)

Reduction 
(%)

Mean
(%) SD Treatment

(ppb)
Reduction 

(%)
Mean
(%) SD

S1

81 30.0 63

62.1 0.7

13 84

83.5 0.781 31.0 62 13 84

81 31.0 62 14 83

S2

89 31.0 65

65.5 0.6

14 84

83.5 1.389 31.0 65 14 84

89 30.0 66 16 82

S3

91 30.0 67

67.0 0.0

16 82

83.5 1.191 30.0 67 14 85

91 30.0 67 15 84

Total mean 87±4.8 30±0.5 65 65 0.5 14±1.1 84 84 1

Rinse off with acetic acid 1% Rinse off with Citric acid 1%

Sample Real  
sample

Treatment
(ppb)

Reduction 
(%)

Mean
(%) SD Treatment

(ppb)
Reduction 

(%)
Mean
(%) SD

S1

81 30 63

62.6 0.7

12 85

84.0 2.181 31 62 12 85

81 30 63 15 81

S2

89 35 61

60.7 0.0

15 83

84.3 1.989 35 61 15 83

89 35 61 12 87

S3

91 30 67

67.0 0.0

12 87

84.6 1.991 30 67 15 84

91 30 67 15 84

Total mean 87±4.8 32±2.4 63 63 0.2 14±1.1 84 84 2

Wash with deionized water (6 Times)

Sample Real 
sample

Treatment
(ppb)

Reduction 
(%) Mean (%) SD

S1

81 50 38.3

37.9 0.781 51 37.0

81 50 38.3

S2

89 60 32.6

34.5 3.289 60 32.6

89 55 38.2

S3

91 55 39.6

39.6 0.091 55 39.6

91 55 39.6

Total mean 87±4.8 55±3.8 37 37 1.3
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found that soaking rice samples with citric acid and 
also boiling of rice samples with citric acid had the 
highest reducing effects on the content of lead in rice 
samples. As it showed, the concentration of residual 
lead in studied rice samples (87±4.8 ppb) was lower 
than the allowed limit concentration as determined by 
the National Standard Organization of Iran (150 ppb) 
[18]. Detected concentrations were also lower than the 
allowed limit concentration announced by the Codex 
(200 ppb) [19]. It was also lower than the allowed limit 
concentration determined by the WHO/FAO (0.3 mg/kg) 
[20]. However, using the rice samples for a long period 
of time is a serious risk factor for the occurrence of the 
mentioned diseases and disorders. 

Several studies have been conducted in this field. 
Naito et al. (2015) [20] reported that rinsing rice three 
times was sufficient to decrease the content of heavy 
metals. Researchers showed that the inefficiency of 
soaking and rinsing methods for decreasing the content 
of lead in rice samples is perhaps due to different factors 
affecting the release of lead from the rice, such as pH, 
solubility, adsorption characteristics and the formation 
of complexes [14, 21]. The results of our study showed 

that using citric and acetic acids decreases the content 
of lead in rice. This is maybe due to the fact that these 
acids decrease the pH of rice samples, which leads to the 
release of lead element. Low pH may also prevent the 
formation of complexes [14, 20, 21]. Other studies have 
reported that temperature degree and time of cooking of 
foodstuffs and especially rice caused a decrease in the 
content of chemical contaminants [22-27]. Naseri et al. 
(2014) [25] reported the considerable effects of Kateh 
and infusion rice cooking methods on the concentration 
of lead in rice. 

The current study focused on using the popular 
infusion and Katehrice cooking methods. These 
methods are affiliated with using boiled water for a 
considerable period of time. The highest reduction 
percentage of lead was shown in rinsing preparation 
method with citric acid 1% (84%) and rice soaking in 
1%citric acid for 2 hours (84%). However, the lowest 
decrease in the content of lead was reported forrice 
rinsed with deionized water (37%). Therefore, rinsing 
with citric acid in both modes of infusion and Kateh 
leads to an 84% reduction in the content of lead in rice.
Signes-Pastor et al. (2017) [28] reported the considerable 

Fig. 2. Comparison of the reduction percentages of lead in rice samples processed with different pre-cooking methods.

Fig. 1. Comparison of the amount of lead in rice samples processed with different pre-cooking methods.
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effects of pre-cooking procedures, including rinsing and 
peeling, on the reduction of heavy metals in foodstuffs. 
Al-Saleh and Abduljabbar (2017) [29] reported that the 
mean level of lead in soaked (rinsed) rice gains growth 
in Saudi-Arabia was 0.034 (0.057) μg/g dry weight. They 
showed that soaking or rinsing rice grains with water 
decreased lead levels in all brands to safe levels, which 
supported our findings. Documented data revealed that 
using the most suitable method to reduce the content 
of residual lead is dependent on the type of foodstuff, 
chemical contaminants and time of processing stage 
[30]. Naseri et al. (2014) [25] reported that the mean 
concentration of residual lead in rice processed with 
Kateh and the vapor cooking method and also raw rice 
samples were 1, 0.98 and 1 µg/g, respectively. Similar 
findings were also reported by Zazouli et al. (2010) 
[26] and Alberti-Fidanza et al. (2002) [24]. Razafsha 
and Ziarati (2016) [31] reported that rising and soaking 
of rice samples in water and then their treatments with 
sour lemon peel (Biosorbent) and NaCl 2% modified by 
phosphoric acid 1% for an hour decreases the content 
of lead as 90.11% of its initial. However, the reported 
method by Razafsha and Ziarati (2016) [31] was practical 
but it is not applied in homes. Temperature, time and 
method of cooking were introduced as gold factors for 
reducing the content of lead in rice [32]. Xu et al. (2014) 
[33] reported that the content of residual heavy metals 
in rice in the deep solutions were safe according to the 
environmental quality standard for groundwater. They 
showed that irrigation management has a significant 
effect on the content of residual toxic heavy metals in 
rice. Tahir Amin et al. (2017) [34] reported that using 
date palm fibers and orange peel in agricultural lands 
caused a significant decrease in the content of toxic 
heavy metals, which showed the effect of management 
in the content of heavy metals in plans. Razafsha et al. 
(2016) [35] reported that using sour lemon peel caused 
a significant decrease in the content of heavy metal 
in rice. They showed that cooking rice by soaking 
rinsed rice samples by NaCl 2% and sour lemon peel 
modified by phosphoric acid 1% at least for 1 hours had 
the greatest effect (P<0.001) with regards to lowering 
lead and cadmium levels in cooked rice. Specifically, it 
preferentially reduced the cadmium content by 96.40%, 
nickel content by 67.90% and Lead content by 90.11% 
from the raw rice, when combined with rinse washing 
and being soaked in salt for one-hour contact time. 
Similar findings have been reported by the Naseri et al. 
(2014) [36].

Conclusions

In conclusion, we identified an easy and safe method 
based on the soaking and boiling of rice samples in 
citric acid and acetic acid in order to remove or reduce 
the content of residual lead in rice samples. We found 
that the mean concentration of lead in Iranian rice 
samples was 87±4.8 ppb. We found an 84% decrease in 

the content of lead prior to treatment with citric acid. 
In addition, reducing the effects of acetic acid were also 
considerable. Citric acid is the main organic acid in 
lemon juice and acetic acid is the main one in vinegar. 
Therefore, household soaking and boiling of rice using 
vinegar and especially lemon juice are efficient, safe, 
simple and rapid methods for decreasing the content of 
residual lead in rice.  
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