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Abstract 

Being the dietary staple in most Asian countries, the concentrations of toxic and essential element content in rice 
is an important aspect in terms of both toxicological and nutritional standpoints. This study aimed to analyse trace 
elements (As, Cd, Pb, Hg, Cr, Ni, Zn, Cu, Mn, Fe, and Mo) in improved, traditional, and imported rice varieties consumed 
in Colombo district, Sri Lanka during 2018 and 2019. Further, the potential health risks were assessed in terms of 
maximum levels and provisional tolerable daily intake. Among the toxic elements analysed, As, Cd, Cr, and Pb were 
detected in certain rice varieties. Arsenic was detected in all three rice categories and the number of As detected 
samples were higher compared to other toxic elements in 2018 and 2019. In 2018, 4.2% of traditional rice exceeded 
As maximum level (0.2 mg/kg) whereas 2.1% of improved and 4.2% of traditional rice exceeded Pb maximum level 
(0.2 mg/kg). However, none of the toxic elements in rice exceeded the respective maximum levels in 2019. Only mean 
estimated daily intake of Pb through Kaluheenati exceeded the provisional tolerable daily intake value (0.0015 mg/kg 
bw/d) in 2018. Rice varieties that reported the highest toxic elements were Basmathi (imported), Samba (improved), 
and Kaluheenati, Madathawalu, Pachchaperuman, and Suwadel (traditional). With regard to essential elements, 
concentrations of Fe, Zn, Cu, Mn, and Mo in rice were positively correlated (p < 0.05) to each other, and the highest 
essential element concentration were found in traditional rice with red pericarp (i.e., Kaluheenati, Madathawalu, and 
Pachchaperuman).

Keywords: Essential elements, Provisional tolerable daily intake, Rice varieties, Toxic elements

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Introduction
Rice (Oryza sativa L.) is the staple food that plays a signif-
icant role in stabilizing food security in most Asian coun-
tries, including Sri Lanka [1, 2]. Being the dietary staple, 
rice has become the main nutritional source of essential 
trace elements (Cu, Mn, Fe, Mo, and Zn) among Asians 
[2]. In Sri Lanka, paddy cultivation occupies 40 percent 
of the arable land (approximately 708,000 ha) to meet the 
demand of annual rice consumption of 2.8 million metric 

tons [3]. Among paddy cultivated districts in two major 
climatic zones in Sri Lanka, i.e., dry zone (1000 mm/year 
rainfall) and wet zone (2280–5000 mm/year rainfall), the 
highest contribution to the domestic rice production is 
made by Ampara followed by Pollonnaruwa, Anurad-
hapura, and Hambanthota in the dry zone [4, 5]. A variety 
of improved, traditional, and imported rice varieties are 
available in the Sri Lankan market differing in grain size 
(long and short), pericarp colour (red and white), method 
of processing (raw, parboiled, and degree of polishing) 
[6]. In Sri Lanka, the annual per capita rice consumption 
is approximately 107 kg [3] and the consumer preference 
for a rice variety mainly depends on taste, aroma, texture, 
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ease of cooking, colour, cleanliness, breakability, appear-
ance, shape, and size [7].

There are emerging concerns on the contamination of 
rice with potentially toxic (i.e., As, Cd, Cr, Hg, Pb, and 
Ni) and essential elements (i.e., Fe, Cu, Zn, Mn, and Mo) 
that may lead to trace element imbalances and toxicities 
in consumers [8]. Heavy metal/metalloid toxicities may 
interfere with the functions of the brain, lungs, kidneys, 
liver, blood composition, and other organs, depending 
on the rate of consumption of contaminated rice and 
the duration of exposure, i.e., acute or chronic [9]. Fur-
ther, long-term exposure to heavy metals/metalloids via 
dietary sources may also cause cancer [9]. In Sri Lanka, 
several recent research findings indicated elevated levels 
of heavy metals/metalloids in rice grains [10, 11], whilst 
others have detected heavy metals/metalloids below the 
maximum levels (MLs) recommended by FAO/WHO 
Joint CODEX Alimentarius [1, 12]. Industrial activities 
and continuous/excessive usage of agrochemicals (con-
taining potentially toxic elements as impurities) have 
been identified as the main anthropogenic causes of ele-
vated trace element concentrations in rice [1, 8, 13]. In 
addition, climatic conditions, topography, rice variety, 
soil physicochemical properties, bioavailability of trace 
elements, biological processes in soils/plants, and agri-
cultural management practices (i.e., fertilization, irri-
gation, and micronutrient fortification) may affect the 
bioaccumulation of trace elements in rice [1, 2, 8, 13]. 
Diyabalanage et al. [13] found a significant difference in 
Cd concentration in rice cultivated in dry, intermediate, 
and wet zones in Sri Lanka while no significant differ-
ences in As concentration was observed either between 
red and white rice varieties or among climatic regions. 
Moreover, Navarathna et al. [1] reported a relative resis-
tivity for Cd uptake by traditional rice varieties such as 
Pachchaperuman and Madathawalu compared to newly 
improved varieties in both organic and conventional agri-
cultural management systems.

As aforementioned factors (i.e., environmental and 
management) that affect trace element bioavailability in 
soil and uptake by paddy may change over time, it is nec-
essary to conduct frequent studies (covering both tem-
poral and spatial variations). The findings of such studies 
will give a better picture of the quality of rice available in 
Sri Lanka with respect to trace element concentrations 
(both toxicological and nutritional standpoints). To the 
best of our knowledge, there are no recent studies con-
ducted on assessing the temporal variation of potentially 
toxic and essential elements in commonly consumed rice 
varieties (including improved, traditional and imported) 
available in the Colombo district (market available) while 
addressing the dietary exposure and health risk assess-
ment. Further, we believe determining the variety effect, 

elemental correlations of essential trace elements in rice 
grains and the contribution of rice varieties to recom-
mended daily allowances (RDA) of Fe and Zn are vital 
in implementing efforts to alleviate the hidden hunger 
issues (i.e., micronutrient deficiencies) in Sri Lanka. In 
Sri Lanka, a high prevalence of Zn and Fe deficiencies has 
been identified in humans and more than 50% of children 
and adults are suffering from the coexistence of micro-
nutrient deficiencies [14]. The assessment of potential 
health risks in terms of provisional tolerable daily intake 
(PTDI) is vital as the risk intensifies with the increased 
rate of rice consumption. In our study, reliable data gen-
erated using validated test methods [15] will serve as 
baseline data for setting national guidelines for trace ele-
ments in rice which are yet to be set. Further, this study 
will be important to regulate the trace element concen-
trations in rice available in the Sri Lankan market which 
is proposed as the major dietary source of heavy metal/
metalloid exposure to the general public [2]. Therefore, 
the study aimed to analyse and compare potentially toxic 
and essential trace elements (As, Cd, Pb, Hg, Cr, Ni, Zn, 
Cu, Mn, Fe, and Mo) in commonly consumed improved 
rice varieties, selected traditional and imported rice vari-
eties available in the Colombo district, Sri Lanka (during 
2018 and 2019) and also to assess the potential health 
risks in terms of MLs, PTDIs, and Recommended Daily 
Allowances (RDAs).

Methodology
Rice sample collection
Highly consumed eight improved rice varieties (based on 
the Household Income and Expenditure Survey—2016) 
[16]: White nadu, White raw, White raw samba, Red 
nadu, Red raw, Red raw samba, Samba, Keeri Samba; 
commonly available two imported varieties: Basmathi, 
fragrant rice and four traditional rice varieties: Suwadel, 
Kaluheenati, Pachchaperuman, Madathawalu were 
selected for the study (Table  1). For each rice variety, 
six samples were collected from leading supermarkets 
and wholesalers in open economic centers located at 
Homagama, Nawinna, Borella, Avissawella, Boralasga-
muwa, Narahenpita, Meegoda and Pettah in Colombo 
district, Sri Lanka during 2018 and 2019. Rice grain sam-
ples (approximately 250  g) were collected into polyeth-
ylene bags and transported to the Industrial Technology 
Institute (ITI), Colombo, Sri Lanka for further analysis. 
Improved and traditional rice varieties used in this study 
were cultivated mainly in dry and wet zones where fields 
were irrigated and/or rainfed [4]. Improved rice vari-
eties were primarily fertilized with inorganic fertiliz-
ers (urea, triple superphosphate and muriate of potash) 
whereas traditional rice varieties were cultivated using an 
integrated nutrient management approach (using both 
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inorganic and organic fertilizers) The imported rice vari-
eties were from Pakistan, India and Thailand.

Sample preparation and analysis
Rice grain samples were oven-dried at 60 °C to a constant 
weight and were ground (100  g) with a stainless-steel 
grinder and sieved using a 0.25  mm mesh. Ground rice 
samples were stored in sealed polyethylene bags (air-tight 
condition) at room temperature until further analysis. 
Approximately 0.5 g of each homogenized powdered rice 
sample was weighed into a pre-cleaned Teflon digestion 
vessel and 10.0  mL of ultra-pure (> 69%) concentrated 
 HNO3 was added. The digestion of rice samples was car-
ried out by a microwave digester (MAS 5, CEM, USA) for 
30 min at 180 °C under 40 bar [15]. Trace element analy-
sis was performed following a validated method using 
Agilent 7900 Inductively coupled plasma-mass spectrom-
eter (ICP-MS) (Agilent Technologies Inc., Tokyo, Japan) 
[15]. Reagent blanks, spiked samples, and standard ref-
erence material (SRM; NIST 1568B rice flour) were ana-
lyzed along with unknown rice samples in triplicates to 
maintain the precision and accuracy.

Human exposure assessment
The potential human health risk was assessed by com-
paring mean estimated daily intake (MEDI) with PTDI 
established by FAO/WHO [17].

The MEDI and the percentage contribution to RDA 
(for Zn and Fe) were calculated based on Eqs.  1 and 2, 
respectively:

where C is the mean concentrations (mg/kg) of trace ele-
ments in rice;  Dcons stands for daily average consumption 
of rice (kg/d) and  Bw is average body weight (kg). The 
MEDI values were expressed in mg/kg body weight/d. 
The calculation was based on 300 g of rice intake by an 
individual with 60  kg body weight. RDA stands for the 
recommended dietary allowance.

Statistical analysis
The concentrations of elements in rice varieties were 
expressed on a dry weight basis. Response variables (Fe, 
Mn, Mo, Zn and Cu) were analyzed with a two-way fac-
torial (year and variety) treatment structure using the 
PROC MIXED procedure of SAS (version 9.4, SAS Inst. 
Inc.) [18]. The Kenward-Rogers denominator degrees of 
freedom method and Tukey–Kramer adjustment were 
used for multiple comparisons using PDIFF statement. 
The least squares means statement (LSMEANS) was 
used for multiple comparisons. Type III test of fixed 
effects were employed, and means were considered sig-
nificantly different at a p-value of < 0.05. The correla-
tion analysis was performed using SAS 9.4 to determine 
the significance (p ≤ 0.05) of various relationships.

(1)MEDI =
C × Dcons

Bw
,

(2)
Percentage contribution to RDA =

C × Dcons

RDA
× 100,

Table 1 Basic characteristics of commonly consumed rice varieties (improved- based on the Household Income and Expenditure 
Survey—2016, traditional, and imported) selected in the study

a From Pakistan or India
b From Thailand

Variety Grain type Pericarp colour Method of processing Appearance Origin

White raw Long grain White Raw Polished Local

Red raw Long grain Red Raw Polished Local

White raw samba Short grain White Raw Polished Local

Red raw Samba Short grain Red Raw Polished Local

White nadu Long grain White Parboiled Polished Local

Red nadu Long grain Red Parboiled Polished Local

Samba Short grain White Parboiled Polished Local

Keeri samba Short grain White Parboiled Polished Local

Basmathia Short grain White Parboiled Polished Imported

Fragrant  riceb Short grain White Parboiled Polished Imported

Suwadel Intermediate White Raw Polished Traditional

Pachchaperuman Intermediate Red Parboiled Unpolished Traditional

Kaluheenati Intermediate Red Parboiled Unpolished Traditional

Madathawalu Intermediate Red Parboiled Polished Traditional
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Results and discussion
Variation in potentially toxic element concentrations in rice
Summary of potentially toxic elements present in rice 
samples collected in 2018 and 2019 is presented in 
Table  2 (mean concentrations and ranges of potentially 
toxic element concentrations in improved, traditional, 
and imported rice varieties during 2018 and 2019 are 
shown in Additional file 1: Table S1 and S2). The concen-
trations of total As, Cd, Pb and Cr in rice varieties were 
reported above the respective limit of quantifications 
(LOQs). None of the rice varieties (improved, traditional, 
and imported) detected Hg and Ni. The non-detectable 
concentrations of Hg in rice grains may be due to low 
bioavailability of Hg in paddy soils because of its high 
affinity to soil organic matter/acidic groups of root cell 
walls, resulting in stable covalent bonding [19]. There-
fore, uptake of Hg by plants occurs only in soils with 
extremely high Hg concentrations [19]. The undetectable 
concentrations of Ni in rice grains may have been caused 
due to the low concentrations of Ni in paddy soils. Com-
pared to many potentially toxic elements, exchangeable 
and bioavailable fractions of Ni were found to be lower 
in paddy soils in both dry and wet zones of Sri Lanka [4]. 
Further, the index of geo-accumulation (used to deter-
mine trace element contaminations in soils) was reported 

to be < 1 for Ni in agricultural soils in Sri Lanka, suggest-
ing no effect of agricultural practices on soil contamina-
tions with Ni [20].

Arsenic was detected above the respective LOQ in all 
three rice categories in both years (Table 2). With regard 
to the number of samples > LOQ, the number of As 
detected samples were higher compared to other poten-
tially toxic elements. This agrees with previous studies 
which showed higher efficiency in uptake and transloca-
tion of arsenite (arsenic III) by rice compared to other 
major cereals, especially barley and wheat [21]. Owing 
to anaerobic conditions in paddy soils, the concentration 
of arsenite gets elevated, thus enhancing the bioavail-
ability of arsenic to paddy plants [22]. At the root surface 
of rice plants, the uptake of As can be mediated by iron 
plaque and radial oxygen loss [23]. Transporters such as 
phosphate transporters and aquaglyceroporins have been 
found to influence the uptake and transport/transloca-
tion of different As species in rice [23].

In general, arsenite is efficiently taken up by rice plants 
through the silicon uptake pathway [21]. In 2018, 4.2% 
of traditional rice samples exceeded the maximum level 
(ML) for As (0.2 mg/kg) set by FAO/WHO CODEX Ali-
mentarius [17] (Table  2). With respect to Pb, 2.1% of 
improved and 4.2% of traditional samples exceeded the 

Table 2 Summary of potentially toxic elements (ranges and number of samples > LOQ/ML) present in rice samples collected in 2018 
and 2019 from Colombo district, Sri Lanka

N/A data not available, LOQ limit of quantification, ML maximum level (FAO/WHO)

Element ML (mg/kg) Rice category Number of samples Concentration range (mg/
kg)

Total  > LOQ  > ML

2018 2019 2018 2019 2018 2019

As 0.2 Improved 96 20 46 0 0  < 0.05–0.12  < 0.05–0.16

Traditional 48 18 18 2 0  < 0.05–0.28  < 0.05–0.14

Imported 24 18 14 0 0  0.11–0.16  < 0.05–0.14

Cd 0.2 Improved 96 10 22 0 0  < 0.06–0.12  < 0.06–0.17

Traditional 48 8 6 0 0  < 0.06–0.20  < 0.06–0.14

Imported 24 0 0 0 0  < 0.06  < 0.06

Pb 0.2 Improved 96 2 6 2 0  < 0.07–0.33  < 0.07–0.19

Traditional 48 2 0 2 0  < 0.07–3.47  < 0.07

Imported 24 0 0 0 0  < 0.07  < 0.07

Hg 0.1 Improved 96 0 0 0 0  < 0.05  < 0.05

Traditional 48 0 0 0 0  < 0.05  < 0.05

Imported 24 0 0 0 0  < 0.05  < 0.05

Cr N/A Improved 96 2 12 0 0  < 0.07–0.08  < 0.07–0.27

Traditional 48 2 0 0 0  < 0.07–0.63  < 0.07

Imported 24 2 2 0 0  < 0.07–0.14  < 0.07–0.14

Ni N/A Improved 96 0 0 0 0  < 0.08  < 0.08

Traditional 48 0 0 0 0  < 0.08  < 0.08

Imported 24 0 0 0 0  < 0.08  < 0.08
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Pb ML in 2018 (Table 2). However, none of the potentially 
toxic elements (i.e., As, Cd, Pb and Hg) exceeded the 
respective MLs in 2019. This may be due to differences 
in paddy cultivated locations where there can be differ-
ences in soil physicochemical properties, climatic condi-
tions, and bioavailability of elements over time. Similarly, 
Liu et  al. [24] found that lowering of Cd concentration 
in rice over time (cultivated in the same contaminated 
soils) attributed due to the reduction of bioavailable Cd 
concentration as a result of interactions with microor-
ganisms, metal oxides and soil particles. Lead having 
low transfer coefficients can be sorbed onto clay/organic 
matter and precipitated upon interacting sulfates and 
phosphates [19]. Moreover, differences in post-harvest 
processes such as the degree of milling and parboiling 
may have affected the potentially toxic element concen-
trations in rice collected in 2018 and 2019 [25].

Among the studied rice varieties, the highest mean 
As concentration was observed in Kaluheenati [in both 
2018 (0.13 ± 0.03  mg/kg) and 2019 (0.13 ± 0.01  mg/kg)] 
and Basmathi [in 2018 (0.13 ± 0.02)] (Additional file  1: 
Table S1). Suwadel had the highest Cd concentration in 
2018 (0.14 ± 0.08  mg/kg) and Cd was detected only in 
one sample of Madathawalu in 2019 (0.14 mg/kg) repre-
senting the highest Cd concentration in 2019 (Additional 
file 1: Table S1). The highest mean Pb concentration was 
found in Kaluheenati in 2018 (3.47 mg/kg) and Samba in 
2019 (0.19 mg/kg) (Additional file 1: Tables S1 and S2).

Usually, elemental distribution (both potentially toxic 
and essential) is higher in rice bran than in the corre-
sponding endosperm [25]. Therefore high toxic element 
levels in traditional rice varieties with red pericarp (i.e., 
Kaluheenati, Madathawalu and Pachchaperuman) 
may be due to the presence of rice bran, concentrated 
with potentially toxic elements [26]. Further, as most of 
the traditional varieties have a relatively  long duration 
(3.5–6 months), there is more time to contact with trace 
elements in soil resulting in high uptake of both essen-
tial and potentially toxic elements. The presence of a sig-
nificant amount of potentially toxic elements (i.e., Cd, Cr 
and Pb) in organic  amendments used in traditional rice 
cultivation may have led to increased uptake of poten-
tially toxic elements by rice [27].

Contrastingly, parboiled rice (i.e., Basmathi and 
Samba) even with white pericarp contained high 
amounts of As and Pb. Parboiling is a post-harvesting 
process that forces nutrients to migrate from bran to the 
endosperm [26] to preserve the nutrients before milling. 
Hence, there is a possibility to transfer potentially  toxic 
elements in addition to nutrients. Further, the use of 
contaminated water for parboiling may also introduce 
potentially  toxic elements to rice. In this study, mean 
concentrations of total As in most of the rice varieties 

(< 0.05–0.28  mg/kg) (Table  2) fall within the previously 
reported ranges in Sri Lanka [8, 28]. The Cd concentra-
tions in rice varieties (< 0.06–0.20 mg/kg) (Table 2) were 
higher than that of the values reported by Chandrajith 
et  al. [8], while comparable to the values reported by 
Perera et al. [28].

In general, our study indicated considerably lower con-
centrations of Pb and Cd (except for Pb in Kaluheenati 
and Red raw samba in 2018) compared to the rice vari-
eties (domestic and imported varieties from India and 
Thailand) available in the Iranian market [29]. In con-
trast, rice varieties from Brazil [30] and USA [31] have 
indicated lower Pb and Cd than that of ours. Previous 
research studies have revealed that some of the phospho-
rus fertilizers used in Sri Lanka were contaminated with 
potentially toxic trace elements such as Cd and Pb [10, 
27]. Furthermore, it has been found that the paddy farm-
ers tend to apply fertilizers (urea, triple superphosphate, 
and muriate of potash) to paddy fields at higher levels (a 
few folds high) than the recommended doses [27]. There-
fore, excessive use of poor-quality fertilizers may have 
promoted the accumulation of potentially toxic trace ele-
ments in rice grains.

Variation in essential element concentrations in rice
Significant variety and year effects for Fe and Cu concen-
trations were observed whereas a significant variety*year 
interaction effect was observed for Zn concentration 
(Additional file 1: Table S3). Moreover, a significant vari-
ety effect was observed for Mn and Mo (Additional file 1: 
Table  S3). The variety effect suggested the tolerance or 
ability of rice varieties in uptaking and translocating of 
trace elements [2]. The results of this study further illus-
trated that traditional rice varieties (except Suwadel) 
tended to have significantly higher concentrations of Fe 
and Mn than that of studied rice varieties (Fig.  1a and 
c). The highest mean Fe and Mn concentrations were 
observed in Pachchaperuman (Fig.  1a and c). The con-
centration of Cu was significantly higher in Kaluheenati 
compared to all other varieties while there were no sig-
nificant differences among other rice varieties (Fig.  1b). 
The highest Zn concentration was obtained in fragrant 
rice (in 2018) and Kaluheenati (in 2019) (Fig.  1d). Our 
results were found to be consistent with a previous study 
carried out in Sri Lanka that reported higher concentra-
tions of Zn, Fe and Mn in traditional rice varieties than 
that of improved rice varieties cultivated in wet zone 
[13]. Compared to improved rice varieties, the presence 
of relatively deep and extensively branched root systems 
in traditional rice varieties may have facilitated nutrient 
uptake from soils, thus enhancing the essential element 
concentrations in rice grains [2].
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Elemental correlations
According to the correlation analysis, it was found that 
concentrations of all essential elements were positively 
correlated (p < 0.05) with each other (low or moderate 
correlations) (Table  3). Agreeing with our study, previ-
ous studies have also indicated significant positive cor-
relations between Fe and Zn in brown (r = 0.5)/polished 
(r = 0.3) and hybrid rice varieties (r = 0.5) [32, 33]. Even 
though studied rice varieties were cultivated in different 
various locations, significant positive correlations among 

different essential elements suggested the simultaneous 
effectual selection of micronutrients by rice plants.

Human exposure assessment
The MEDI of potentially toxic and essential elements 
through the consumption of rice varieties (Table 4) were 
calculated based on 300  g of rice intake by individu-
als with 60  kg body weight. In comparison with PTDI 
established by FAO/WHO [17], MEDI of Pb through 
Kaluheenati (0.017 mg/kg bw/d) exceeded the respective 
PTDI value (0.0015  mg/kg bw/d) in 2018 (Table  4) and 
may cause health risks to the average consumer. Similarly, 
Kaluheenati showed the highest MEDI for Cu (0.018 mg/
kg bw/d—2018 and 0.017  mg/kg bw/d—2019), Mn 
(0.121 mg/kg bw/d- 2019), Zn (0.109 mg/kg bw/d—2019) 
and Mo (0.0041 mg/kg bw/d—2019) (Table 4). Therefore, 
our study indicated the need to consider the concentra-
tions of potentially toxic elements in rice varieties despite 
their high concentrations of essential trace elements. 
Further, MEDI of Pb via consumption of red raw samba 
was 0.0015 mg/kg bw/d which is equal to 100% of PTDI 
(Table 4), thus may arise alarming health risks. However, 
none of MEDI of other detected potentially toxic ele-
ments (i.e., Cd, As and Cr) exceeded the respective PTDI 

Fig. 1 Comparison of mean Fe (a), Cu (b), Mn (c) and Zn (d) concentrations in rice varieties (improved, imported, and traditional) collected in 2018 
and 2019 from the Colombo district, Sri Lanka. Fe and Cu had significant variety and year effects whereas Mn and Zn had significant variety and 
variety*year interaction effects, respectively (at 0.05 probability level). In each figure, bars with different letters are significantly different at p < 0.05

Table 3 Pearson’s correlation coefficients (r) among essential 
elements in rice varieties (improved, imported, and traditional) 
collected in 2018 and 2019 from the Colombo district, Sri Lanka 
(n = 168)

*Significance at p value of < 0.05

**Significance at p value of < 0.01

***Significance at p value of < 0.001

Fe Zn Cu Mn

Zn 0.54***

Cu 0.44*** 0.39***

Mn 0.64*** 0.65*** 0.52***

Mo 0.20* 0.38*** 0.19* 0.32***
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Table 4 Mean estimated daily intake (MEDI) of potentially toxic and essential elements in rice varieties collected in 2018 and 2019 
from the Colombo district, Sri Lanka

Values in Bold: Health Beneficial

 < : mean concentration was less than the LOQ value

*Health Risk

**Alarming Health Risk
# Toxilogical guidance values of FAO/WHO (CodexAlimentarious)[17]
a Traditional rice
b Improved rice
c Imported rice
d Calculated from Tolerable upper intake level (Institute of Medicine (US) Panel on Micronutrients)[34]

Rice variety Mean estimated daily intake ×  10–3 (mg/kg bw/d)

Essential elements

Fe Cu Mn Zn Mo

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

Madathawalua 55.7 73.8 11.6 12.9 111.7 104.0 90.2 99.1 2.4 2.7

Suwadela 31.5 38.3 11.4 12.8 81.7 87.0 77.4 78.6 3.5 3.9

Pachchaperumana 74.4 101.7 12.2 13.7 120.0 117.3 87.2 98.4 2.7 3.6

Kaluheenatia 54.7 90.9 18.0 17.1 105.5 121.3 94.6 109.4 4.1 4.1

White nadub 21.5 32.9 8.5 11.7 28.7 37.3 34.7 47.7 2.4 2.7

White  rawb 20.5 16.2 9.6 9.8 44.9 50.7 62.2 63.3 2.6 2.9

White raw sambab 14.0 34.2 8.9 9.8 44.2 55.1 54.3 62.8 2.1 2.3

Red nadub 41.4 64.2 11.4 11.9 66.3 76.2 42.8 90.4 2.8 3.2

Red  rawb 30.7 53.4 10.1 11.9 51.0 73.9 50.0 82.7 2.4 3.4

Red raw sambab 27.7 50.0 8.3 11.0 97.9 93.5 74.4 91.6  < 0.30 3.4

Sambab 16.1 25.5 7.7 10.6 32.1 46.8 41.5 47.3 2.5 2.6

Keeri sambab 12.6 23.1 10.0 11.6 30.8 40.0 33.9 39.1 2.3 2.7

Basmathic 33.4 20.2 9.2 8.7 37.3 38.4 61.1 60.3 4.3 3.4

Fragrantc 16.3 10.1 9.5 8.3 42.0 35.7 107.5 61.7 3.2 2.5
#Provisional tolerable daily 
intake ×  10–3 (mg/kg bw/d)

800 500 360 1000 33d

Rice variety Mean estimated daily intake ×  10–3 (mg/kg bw/d)

Potentially toxic elements

As Cd Pb Cr

2018 2019 2018 2019 2018 2019 2018 2019

Madathawalua 0.3 0.5  < 0.30 0.7  < 0.35  < 0.35 1.9  < 0.35

Suwadela 0.4 0.4 0.7 0.5  < 0.35  < 0.35  < 0.35  < 0.35

Pachchaperumana 0.6 0.4  < 0.30  < 0.30  < 0.35  < 0.35  < 0.35  < 0.35

Kaluheenatia 0.7 0.7 0.4  < 0.30 17.4*  < 0.35  < 0.35 0.6

White nadub 0.4 0.4  < 0.30  < 0.30  < 0.35 0.4  < 0.35  < 0.35

White  rawb  < 0.25 0.3  < 0.30 0.6  < 0.35  < 0.35  < 0.35  < 0.35

White raw sambab  < 0.25 0.3  < 0.30  < 0.30  < 0.35  < 0.35  < 0.35  < 0.35

Red nadub 0.4 0.4 0.4 0.6  < 0.35 0.5  < 0.35  < 0.35

Red  rawb 0.3 0.5 0.5 0.5  < 0.35  < 0.35  < 0.35  < 0.35

Red raw sambab 0.5 0.4 0.5 0.4 1.5**  < 0.35 0.4 1.4

Sambab  < 0.25 0.4  < 0.30  < 0.30  < 0.35 1.0  < 0.35 1.7

Keeri sambab 0.4 0.4  < 0.30  < 0.30  < 0.35  < 0.35  < 0.35 0.6

Basmathic 0.6 0.5  < 0.30  < 0.30  < 0.35  < 0.35 0.6 0.6

Fragrantc 0.6 0.6  < 0.30  < 0.30  < 0.35  < 0.35  < 0.35  < 0.35
#Provisional tolerable daily 
intake ×  10–3 (mg/kg bw/d)

3 1 1.5 50
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in both 2018 and 2019 (Table  4). We determined the 
contribution to the RDA for Fe and Zn (for all rice vari-
eties) which have been identified as deficient elements 
among Sri Lankans [14]. The contribution of the studied 
rice varieties to the RDA of Fe [34] was in the ranges of 
8–76% for males and 3–34% for females in 2018 and 2019 
where Pachchaperuman contributed the highest in both 
years (data not shown). With regard to Zn, contributions 
to RDA [34] were in the range of 25–82% for males and 
18–60% for females where Pachchaperuman and fragrant 
rice contributed the highest in 2018 and 2019, respec-
tively (data not shown). Percentage ranges of contribu-
tion to RDAs of Zn and Fe were higher for males than 
females as RDA values for males are lower than females. 
With the high prevalence of Fe and Zn deficiency in Sri 
Lanka [14], results of MEDI and RDAs for different rice 
varieties can be utilized for selecting suitable rice varie-
ties or a mixture of rice varieties for the diet. The rate of 
consumption of different rice varieties may vary based on 
demographic areas (i.e., rural, urban and estate) [16] and 
household income status. However, data on the rice con-
sumption pattern of some of the traditional and imported 
rice varieties are not available. Therefore, the assessment 
of dietary exposure based on an average rate of daily rice 
consumption (300 g/ day) could be considered as a limi-
tation of this study. Further, this study can be expanded 
spatially (i.e., sample collection from multiple districts) 
and temporally (i.e., sample collection in multiple years) 
within Sri Lanka to obtain a clear picture of the trace ele-
ment concentrations in rice varieties available in the Sri 
Lankan market.
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