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This study was performed to investigate the dose-response relationship between average daily cadmium
dose (ADCD) from rice and the occurrence of urinary cadmium (U-Cd) in individuals eating that rice. This
was a retrospective cohort designed to compare populations from two areas with different levels of cad-
mium contamination. Five-hundred and sixty-seven participants aged 18 years or older were interviewed
to estimate their rice intake, and were assessed for U-Cd. The sources of consumed rice were sampled for
cadmium measurement, from which the ADCD was estimated. Binary logistic regression was used to
examine the association between ADCD and U-Cd (cut-off point at 2 pg/g creatinine), and a correlation
between them was established. The lowest estimate was ADCD = 0.5 pg/kg bw/day [odds ratio (OR) =
1.71; with a 95% confidence interval (CI) 1.02-2.87]. For comparison, the relationship in the contami-
nated area is expressed by ADCD = 0.7 pg/kg bw/day, OR = 1.84; [95 % CI, 1.06-3.19], while no relation-
ship was found in the non-contaminated area, meaning that the highest level at which this relationship does
not exist is ADCD = 0.6 pg/kg bw/day [95% CI, 0.99-2.95]. Rice, as a main staple food, is the most likely
source of dietary cadmium. Abstaining from or limiting rice consumption, therefore, will increase the like-
lihood of maintaining U-Cd within the normal range. As the recommended maximum ADCD is not to
exceed 0.6 ng/kg bw/day, the consumption of rice grown in cadmium-contaminated areas should not be
more than 246.8 g/day. However, the exclusion of many edible plants grown in the contaminated area from
the analysis might result in an estimated ADCD that does not reflect the true level of cadmium exposure
among local people.
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INTRODUCTION

Diet is the major source of cadmium exposure for the
general non-smoking Thai population. Rice is the main
dietary staple of the Thai people and, because of its ability to
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absorb cadmium, may be an important source of this metal.
Rice is consumed in several meals daily, and therefore may
allow the accumulation of cadmium in the body to the extent
of impairing human health over a long period of time.
Urinary cadmium (U-Cd) is a vital biomarker of long-
term exposure, reflecting the total cadmium accumulation
in the human body (1). Cadmium toxicity is mostly chronic
in nature, arising as a result of long-term exposure of more
than one year (2). In addition, U-Cd is an important indica-
tor of whether the body’s cadmium burden is at a level that
is threatening to human health. However, safe levels of U-
Cd have been determined differently in different studies,
because even the 0.5 pg Cd/g creatinine level commonly
found in the non-smoking population and in people living
in areas without cadmium contamination has been found to
have adverse effects on health (3,4). However, the WHO
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has established that U-Cd levels not exceeding 2 pig/g creat-
inine are safe for the general population (5,6). Thus, the
safety margin between the cadmium level found in the gen-
eral population and that causing cadmium toxicity is unclear.
Furthermore, the average level of cadmium intake from
food that will give rise to health effects has been deter-
mined differently for different areas (7-11). The Mae Sot
District, in Tak Province, located in the northwestern Thai-
land, has had issues with environmental cadmium for more
than 10 years, according to some research reports. The local
population still maintains their traditional way of life, includ-
ing the consumption of locally grown rice (12). Although a
study was previously attempted on the human health effects
of cadmium exposure in Mae Sot (13), there remains the
need to explore and determine the maximum ADCD that
has U-Cd implications, to prevent adverse effects on human
health. In addition, there is little evidence regarding the
dose-response relationship in this geographic area, while the
authors are not aware of any study that involved collection
of samples of cooked rice consumed by local people. Conse-
quently, our investigation aimed to elucidate the dose-response
relationship between the average daily cadmium dose (ADCD)
from individuals’ consumption of cooked rice and exces-
sive U-Cd (= 2 pg/g creatinine). This would enable the safe
level of contaminated cooked rice consumption to be calcu-
lated, to minimize adverse effects on human health.

MATERIALS AND METHODS

This observational, retrospective, epidemiological cohort
study was conducted in two areas, which were suitable for
comparison because of differences in their environmental
cadmium levels. In contaminated areas, soil cadmium lev-
els may be as high as 284 mg/kg, 1800 times higher than
levels in non-contaminated areas (14). The subjects for this
study were people aged 18 or above, who had lived in one
of the two areas for more than one year. The sample size
was determined using StatCalc sample size and power cal-
culations from the Epi-info 7 software program (AcaStat
Software, Poinciana, FL, USA), and the samples were iden-
tified using a proportional stratified random sampling method,
to ensure coverage of the populations of all villages in the
areas. Samples from each village were identified by a drawing
method to obtain subjects from the two different areas that
were identical or similar in terms of gender and age variables.

This study was approved by the Research Ethics Commit-
tee, Faculty of Medicine, Chiang Mai University. The pur-
pose of this investigation and the research procedures were
explained to each subject before they signed the participa-
tion consent form.

Measurement of cadmium in consumed rice. A one-
spoonful sample of cooled, cooked rice was collected and
placed in a transparent zip sachet with a label attached to its

front showing the sample details. The samples were kept at
room temperature and then sent to the Science and Technol-
ogy Service Center, Faculty of Science, Chiang Mai Uni-
versity (STSC-CMU), to determine the cadmium content
using the inductively coupled plasma-mass spectrometry
(ICP-MS) method, which has been certified for quality by
the Thai Industrial Standards Institute (TISI).

Calculation of average daily cadmium dose (ADCD).
The average cadmium exposure from rice since birth, or
moving into the area, until the day of sample collection was
calculated using a formula adapted from the U.S. EPA (15)
as follows:

CxIR xEF xEP

ADCD = BW <D

Where ADCD is the average daily cadmium dose from rice
consumption (ADCD: ng/kg body weight/day); C is cad-
mium concentration in rice (pg/kg); IR is rice intake (g/
day); EF is exposure frequency (days/year); EP is exposure
period (years); BW is average body weight (kg); and D is
duration of exposure (days). The body weight average is
calculated from the weight measured on the day of data col-
lection and from medical records kept at Mea Sot General
Hospital and the sub-district health promotion hospital, both
of which serve the villages (Mae-Ku, Pra-That-Pha-Dang,
Mae-Tao, Mae-Ka-Sa, Mae-Kued-Luang) in the research
areas. IR data were collected using a semi-food frequency
questionnaire (16), while EF, EP, and D were obtained by
means of questionnaire interview.

Measurements of U-Cd. Subjects’ second voided morn-
ing urine samples were collected. Specimen aliquots of 3 mL
were frozen at —20°C until they could be tested in the labo-
ratory. U-Cd concentration was analyzed using graphite fur-
nace atomic absorption spectrometry (Varian Model AA280Z,
Palo Alto, CA, USA) at the Mae Sot General Hospital labo-
ratory, and the test results were quality-assured using Lypho-
check® (Bio-Rad, Gladesville, New South Wales, Australia).

Statistical analysis. Results from the studied samples
were expressed in terms of percentage, arithmetic mean, and
standard deviation. Quantitative analysis was performed by
transforming the data into logarithms to obtain geometric
means. Then, a chi-square test was used to compare propor-
tions between the two sample groups. Additionally, an
ANOVA or Mann-Whitney U test was used for comparisons
between means.

The prevalence of U-Cd was determined using > 2 pug/g
creatinine as the cut-off value. Statistical results from logis-
tic regression using SPSS ver. 22 (IBM, Singapore) were used
to evaluate the dose-response relationship between ADCD
and U-Cd at each location, where the prevalence of U-Cd is
a criterion variable and ADCD is an explanatory variable.
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Table 1. Demographic characteristics of study participants
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Group Contaminated Non-contaminated Total p-value®
n=288 n=279 n=567

Sex Male 145 (50.3) 132 (47.3) 277 (48.9) 0.470
Female 143 (49.7) 147 (52.7) 290 (51.1)

Age <25 57 (19.8) 52 (18.6) 109 (19.2) 0.991
25~34 56 (19.4) 52 (18.6) 108 (19.0)
35~44 59 (20.5) 58 (20.8) 117 (20.6)
45~54 57 (19.8) 59 (21.1) 116 (20.5)
55+ 59 (20.5) 58 (20.8) 117 (20.6)

Smoking Current 70 (24.3) 75 (26.9) 145 (25.6) 0.319
Ex-smoker 23 (8.0) 14 (5.0) 37 (6.5)
Never 195 (67.7) 190 (68.1) 385 (67.9)

®Result of chi-square test.
RESULTS Table 2. Mean concentration of cadmium in urine (ug/g

From a total of 567 observations, no statistically signifi-
cant difference was found in terms of gender, age, and
smoking status between the two groups of individuals, who
were divided into those living in the contaminated and non-
contaminated areas (Table 1).

The group geometric means of U-Cd concentration were
1.32 and 0.47 pg/g creatinine for those from the contami-
nated and non-contaminated areas, respectively. A statisti-
cally significant difference existed between the two groups,
indicating that those living in the contaminated area, even
when subdivided on the basis of gender, age, and smoking
status, had higher U-Cd concentrations than their counter-
parts. Considering gender, although both males and females
in the contaminated area had significantly higher U-Cd con-
centrations, females in both areas appeared to have higher
levels than their male counterparts. Age was found to be
positively associated with U-Cd concentration only in the
contaminated area (p < 0.05) (Table 2).

As shown in Table 3, the median value of average daily
cadmium dose from rice is 0.06 pg/kg bw/day. There is no
difference with respect to gender and age variables, but a
difference exists between the median value in the contami-
nated area (0.29 pg/kg bw/day) and that in the non-contami-
nated area (0.00 pg/kg bw/day). The variety of rice was also
a significant factor, with the median value for RD6 rice con-
sumers (0.28 pg/kg bw/day) being higher than that for KDML-
105 consumers (0.04 pg/kg bw/day).

The prevalence of U-Cd > 2 ng/g creatinine (Table 4) dif-
fers at a statistically significant level, with 101 people
(35.1%) in the contaminated area and 20 people (7.2%) in
the non-contaminated area having levels of this magnitude.

The investigation of the dose-response relationship between
ADCD from rice and U-Cd based on the data from all stud-
ied subjects shows ADCD = 0.5 pg/kg bw/day to be at a
statistically significant level, with an odds ratio (OR)=
1.71, 95% CI=1.02~2.87. The OR increases when ADCD
increases, after adjusting for gender, age, smoking status,

creatinine) by demographic characteristics

Contaminated Non-contaminated

Characteristics Group

GM* GSD* GM*  GSD
Sex Male 1.10 3.14 0.36 2.30
Female 1.59 243 0.60 2.34
p-value® 0.003 <0.01
Age <25 0.60°  2.69 0.41 2.69
25~34 0.98° 229 0.55 345
35~44 1.517 275 0.47 2.95
45~54 191  2.57 0.41 2.57
>55 224" 240 052 2.13
p-value® 0.006 0.235
Smoking Current 1.10  2.69 0.46 2.45
Ex-smoker 1.82 2.57 0.33 2.57
Never 1.35 2.88 0.49 2.40
p-value® 0.096 0.250
Total 1.32 283 0.47 241
p-value® <0.01

*Geometric mean.

PGeometric standard deviation.

“Result of ANOVA followed by LSD test for multiple comparisons
among group.

dSignificant difference VS 25-34, 35-44, 45-54, and 55 or greater at
p < 0.05.

“Significant difference VS < 25, 35-44, 45-54, and 55 or greater at
p < 0.05.

"Significant difference VS < 25, 25-43, and 55 or greater at p < 0.05.
9Significant difference VS < 25 and 25-34 at p < 0.05.

hSignificant difference VS < 25, 25-34, and 35-44 at p < 0.05.

and location. When location is taken into account, the find-
ings reveal that this relationship exists at an ADCD of 0.7
ng/kg bw/day with an OR =1.84, 95% CI=1.06~3.19 in
the contaminated area; whereas in the non-contaminated
area, a statistical relationship cannot be established, due to
the absence of ADCD at > 0.7 png/kg bw/day (Table 5).
Table 6 shows the estimated consumption of rice with
varying degrees of cadmium contamination, but not exceed-
ing 400 pg/kg as recommended by CODEX, categorized by
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Table 3. Rice consumption and average daily cadmium intake by demographic and rice group

Group Rice consumption (g/day)’ Average daily cadmium dose (ng/kg bw/day)

Sex Male 431.26 +204.91 0.52 + 1.43* (0.05)"
Female 319.28 +313.71 0.36 = 0.79* (0.06)"
p-value <0.01° 0.402"

Age <25 345.64 + 173.29" 0.31+0.73* (0.06)"
25~34 343.75 + 168.66° 0.59 £ 1.68" (0.07)"
35~44 366.67 = 213.99¢ 0.26 £ 0.67° (0.04)"
45~54 450.67 + 469.16° 0.59 = 1.29* (0.08)"
>55 359.62 + 185.61¢ 0.44 £ 1.06" (0.04)"
p-value 0.016° 0.080¢

Location Contaminated 32542 +151.17 0.83+ 1.51* (0.29)"
Non-contaminated 424.13 £ 341.04 0.03 £ 0.07* (0.00)°
p-value <0.01° <0.01"

Rice KDML-105 388.63 +298.43 0.24 = 0.59" (0.04)"
RD6 327.15 + 150.45 1.10+ 1.98% (0.28)"
p-value 0.002° <0.01"

Total 373.99 +271.78 0.44 + 1.15* (0.06)"

®Arithmetric mean * standard deviation.

®Median.

“Result of ANOVA followed by LSD test for multiple comparisons among group.
9Significant difference VS 45-54 at p < 0.05.

“Significant difference VS < 25, 25-34, 35-44, and 55 or greater at p < 0.05.
"Result of Mann-Whitney U test.

9Result of Kruskal-Wallis test.

Table 4. Prevalence of U-Cd by location

Contaminated Non-contaminated
U-Cd =288 h=279 p-value
<2 ug/g creatinine 187 (64.9) 259 (92.8) <0.01
> 2 ng/g creatinine 101 (35.1) 20 (7.2)

Result of chi-square test.

Table 5. Logistic regression analysis of the dose-response relationship between average daily cadmium dose (ADCD) and urinary
cadmium (U-Cd) cut-off point at 2 pg/g creatinine

ADCD Contaminated Non-contaminated Overall
OR,* 95% CI p-value OR,* 95% CI p-value OR.ddjb 95% CI p-value
0.1 0.86 0.5~1.5 0.598 0.5 0.1~4.3 0.052 0.9 0.5~1.5 0.868
0.2 0.96 0.6~1.6 0.870 0 0 0.999 1.0 0.6~1.6 0.924
0.3 1.19 0.7~2.0 0.511 0 0 0.999 1.2 0.7~2.0 0.447
0.4 1.31 0.8~2.2 0.313 0 0 0.999 1.4 0.8~2.2 0.249
0.5 1.68 0.9~2.9 0.059 0 0 0.999 1.7 1.1~2.9 0.042
0.6 1.71 1.0~2.9 0.052 0 0 0.999 1.7 1.1~2.9 0.044
0.7 1.84 1.1~3.2 0.032 - - - 1.8 1.1~3.1 0.025
0.8 1.89 1.1~3.3 0.027 - - - 1.9 1.1~3.3 0.020
0.9 2.26 1.3~4.0 0.005 - - - 2.3 1.3~4.0 0.004
1.0 2.22 1.2~4.1 0.010 - - - 2.2 1.2~4.0 0.007

?0dds ratio adjusted for sex, age, and smoking.
POdds ratio adjusted for sex, age, smoking, and location.
OR,; = adjusted odds ratio.

gender, for different age groups, as well as overall results case, the highest level of ADCD found to have no relation-
for the different age groups. The estimation was made by ship with U-Cd is 0.6 ng/kg bw/day, this figure was used
applying the formula for calculating ADCD. Since, in this for back-calculation or inference of rice intake, taking into
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Table 6. Estimated rice intake by sex, age, and cadmium concentration in rice when ADCD = 0.6 ng/kg bw/day
Estimated rice intake (g/day)
<49 50~99 100~149 150~199  200~249  250~299  300~299  350~399  0.141°
Sex Age
Cadmium concentration in rice (ng/kg)
Male 18~24  740.8 366.7 243.6 182.4 145.8 1214 104.0 91.0 2574
25~34  775.1 383.6 254.9 190.9 152.5 127.0 108.8 95.2 269.4
35~44  786.1 389.1 258.5 193.6 154.7 128.8 110.4 96.5 273.2
45~54 7592 375.8 249.7 186.9 149.4 1244 106.6 93.2 263.8
55+ 710.2 351.5 233.6 174.9 139.8 116.4 99.7 87.2 246.8
Female 18~24  619.6 306.7 203.8 152.6 121.9 101.5 87.0 76.1 2153
25~34  680.8 337.0 223.9 167.6 134.0 111.6 95.6 83.6 236.6
35~44 6453 3194 2122 158.9 127.0 105.8 90.6 79.2 2243
45~54  699.2 346.1 229.9 172.2 137.6 114.6 98.2 85.9 243.0
55+ 679.6 336.4 223.5 167.3 133.7 111.4 95.4 83.5 236.2
Overall 18~24  655.5 324.5 215.6 161.4 129.0 107.4 92.0 80.5 227.8
25~34 7423 3674 244.1 182.8 146.1 121.7 104.2 91.2 258.0
3~44 734.0 363.3 2414 180.7 1444 120.3 103.1 90.1 255.1
45~54 7474 369.9 245.8 184.0 147.1 122.5 104.9 91.8 259.7
55+ 704.2 348.5 231.6 173.4 138.6 1154 98.9 86.5 2447
Total average 710.2 351.5 233.6 174.9 139.8 116.4 99.7 87.2 246.8

°Average cadmium intake from rice grown in a contaminated area.

account the average body weight, for different categories of
gender, age, and cadmium concentration in rice. To summa-
rize the findings, the population in general should consume
locally grown rice at a rate of no more than 246.8 g/kg per
day (in the case where cadmium concentration of the rice is
not known), but they can refer to the information in Table 6
for a recommended rate of rice intake if the cadmium con-
centration in the rice is known. However, rice containing
more than 400 pg/kg cadmium should not be consumed.

DISCUSSION

This study attempted to gain an insight into the relation-
ship between ADCD from rice and U-Cd. It is imperative to
prevent the adverse effects of excessive cadmium intake on
human health, and U-Cd represents a good indicator of its
physiological impact. Although there have been several stud-
ies addressing a dose-response relationship between dietary
cadmium intake and rice consumption (17-19), the findings
are quite diverse, leading to differing conclusions across the
different locations and regions of the studies.

It is quite a formidable task to definitively determine the
level of cadmium exposure that imposes a burden on the
body. However, U-Cd is a good biomarker of exposure, as it
reflects the presence of cadmium in the human body and
indicates the likely extent of the damage to such target organs
as the kidneys and bones (20). To prevent adverse health
impacts from excessive cadmium exposure, a maximum
level of cadmium exposure has been established for the
general population of 2 ng/g creatinine (5,6). In Thailand,
rice is the staple food, and Thai people consume large

amounts of it in several meals each day (21). It is recog-
nized that rice is a crop that can absorb cadmium well (22).
Rice thus becomes a major source of cadmium exposure
among people in our studied areas. In this study, the calcula-
tion of an average daily cadmium dose (ADCD) not only used
cadmium concentration in rice, but also took into account
the daily rice intake and the duration of exposure. In addi-
tion, the authors of this study collected samples of cooked
rice consumed by the participants to enable the cadmium
content of the rice to analyzed. This is the first attempt by
scholars or researchers in Thailand working on the relation-
ship between ADCD and U-Cd to use individual people and
cooked rice as the basis for assessing cadmium exposure.

The study showed a positive relationship between ADCD
and the prevalence of U-Cd > 2 pg/g creatinine, but only in
the contaminated area. We also found that ADCD = 0.6 pg/
kg bw/day is the highest level at which no statistically sig-
nificant relationship between ADCD and U-Cd exists. This
is in contrast to a previous study undertaken in the same
geographic area, with the same demographic coverage, show-
ing that daily intake of 2.9~11.7 ng/kg bw/day had negative
implications for public health (14). However, our results are
in agreement with what was suggested at the 61st JECFA
2003, that a level of 0.4~0.6 ng/kg bw/day has implications
for public health (23).

In this study, recommended daily rice intake was esti-
mated on the basis of gender, age, and cadmium concentra-
tion in rice, because rice intake was hypothesized to vary
significantly across groups and sub-groups. The findings
suggest that rice with lower cadmium content could be con-
sumed in larger quantities each day and vice versa. The popu-
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lation living in the contaminated area should be referred to
this information to encourage them to restrict their daily
rice intake in accordance with the known level of cadmium
in the rice they grow and consume. In the absence of more
precise knowledge, those in the contaminated area are advised
to consume no more than 264.8 g/day of locally grown rice.
Any rice known to have a cadmium concentration greater
than 400 pg/kg should not be consumed at all according to
CODEX (23). Although rice is the main source of cadmium
exposure for people in contaminated areas, they might also
ingest cadmium from other edible cadmium-absorbing crops
that were not surveyed in the study.

This present study faced some limitations due to ethical
concerns and operational practicality. The ADCD was esti-
mated using average body weight, obtained from measure-
ments at the time of the investigation and from medical
records only, as weight records were not available from
elsewhere. School records would have been particularly
useful when the study participants were aged 18 years or
older. In addition, the ADCD estimated only from rice con-
sumption might not accurately reflect the true ADCD, as
information regarding rice intake in the past may be associ-
ated with recall bias.
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