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Abstract

Objective The aim of this survey was to investigate the level of contamination of the most consumed
foods in China with 16 rare earth elements (REEs), and to provide the basic data for establishing and
revising food safety standards for REEs.

Methods Sixteen REEs in foods were measured by inductively coupled plasma-mass spectrometry
(ICP-MS) in the labs of the Centers for Disease Control and Prevention of four provinces and two
municipalities, during 2009-2010.

Results 1 231 samples were analyzed and 19 121 concentration data of 16 REEs were collected. The
REEs levels in the investigated foods varied significantly. The concentrations of cerium (Ce), dysprosium
(Dy), yttrium (Y), lanthanum (La), and neodymium (Nd) were relatively high, while the remaining eleven
REEs were at low levels. The mean values of total rare earth element oxides (REOs) in cereals, fresh
vegetables, fresh aquatic products, fresh meats and eggs varied from 0.052 mg/kg to 0.337 mg/kg.

Conclusion 16 REEs in the major foods were at very low contamination levels in the investigated
regions.
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INTRODUCTION

are earth elements (REEs) are a type of
Rheavy metals having low to moderate
toxicity. REEs are non-essential elements

for living systems. The long-term consumption of
food contaminated with REEs may cause chronic
poisoning[l'z]. Nevertheless, low doses of REEs have
some beneficial effects on the physiological and
biochemical responses of plants and animals. REEs
are widely used as plant growth regulators for crops
and as feed additives for livestock, poultry and
aquaculture[s'sl. As a result, REEs from agriculture
and the natural environment will be present in
agricultural products, and be ingested by humans
through the food chain. China is a leading country in

the global production and use of REEs. Thus, it is
necessary to systematically investigate the
background levels of REEs in food, and to evaluate
the impacts of these compounds on human health.
The selectivity of the spectrophotometry method
adopted by a previous survey was insufficient, and
the concentrations of interfering elements such as
calcium, magnesium, iron, and copper were much
higher than the concentrations of REEs, making the
accuracy of the data difficult to guarantee. Moreover,
the limits of detection in that survey were not low
enough, only five rare earth oxides (REOs) were
analyzed, and the results reported only total REOs
and not the individual concentration of each REO"®”".
Compared with spectrophotometry, inductively

”Correspondence should be addressed to YANG Da lJin. Tel: 86-10-67779768. Fax: 86-10-67711813. E-mail:

ydj66513@sina.com

Biographical note of the first author: JIANG Ding Guo, male, born in 1974, Ph. D, associate professor, majoring in

analysis and monitoring of food chemical contaminants.
Received: November 22, 2011;

Accepted: February 17, 2012



268

coupled plasma-mass spectrometry (ICP-MS) has
lower limits of detection, less interference issues,
higher sensitivity, a wide linear concentration range,
and the capability for multi-element determination.
Hence, ICP-MS appears to be a more reliable option
for the analysis of REEs. The concentrations of 11
REEs in cooked and mixed foods, analyzed by the
ICP-MS method, were reported in previous
studies®?. In this study, the ICP-MS methodology
was applied to determine the concentrations of 16
REEs in primary foods.

MATERIALS AND METHODS
Selected Areas

Six provincial areas were selected, including
Beijing, Fujian, Guangdong, Hunan, Hubei and
Shanghai.

Sampling

From 2009 to 2010, the six provincial Centers for
Disease Control and Prevention corresponding to the
selected areas chose five sampling points of
prefecture-level cities in each area, and collected
local food samples that were representative, typical,
and fresh. Sampling sites included local
supermarkets, farmers markets and shops. Collected
samples included fresh vegetables (fresh edible fungi,
leafy vegetables, fruiting vegetables, legume
vegetables, brassica vegetables, and bulb
vegetables), cereals (corn, rice, and wheat flour),
fresh meat (pork, pig kidney, and pig liver), eggs
(preserved duck eggs, fresh duck eggs, and chicken
eggs), and aquatic products (mollusks, crustaceans,
marine fish, and freshwater fish).

Analysis Methodology and Laboratory Quality
Control

To ensure the accuracy and comparability of the
data, we organized an expert group to develop
unified standard operating procedures for the
ICP-MS detection of 16 REEs in plant foods™. The 16
REEs analyzed were thulium (Tm), dysprosium (Dy),
erbium (Er), gadolinium (Gd), holmium (Ho),
neodymium (Nd), scandium (Sc), lanthanum (La),
lutetium (Lu), praseodymium (Pr), samarium (Sm),
cerium (Ce), terbium (Th), yttrium (Y), ytterbium (Yb),
and europium (Eu). Laboratory quality control
procedures were implemented, and the results of
the analyses were within two standard deviations.

Biomed Environ Sci, 2012; 25(3): 267-271

Briefly, 0.5-2.0 g of food samples were digested
and decomposed in a mixture of 10 mL nitric acid
and 0.5 mL perchloric acid, with heating. Samples
were digested until the solution appeared colorless
or slightly yellow. Digested solutions were then
removed from heat, cooled, and diluted with water
to a volume of 10-25 mL. Finally, the 16 REEs were
determined by ICP-MS, with rhodium (***Rh), indium
(**In), and rhenium (**Re) being used as on-line
internal standards.

Data Collection and Analysis

Primary parameters of statistical analysis
included the mean, median, 90th percentile, 95th
percentile, 97.5th percentile, the maximum
concentrations of 16 REEs in foods, and the number
of samples.

The concentration of each common REO can be
calculated from the concentration of each REE, and
the sum of the 16 common REOs can be expressed
as total REOs. The conversion factors were
calculated using the following formula:

F=M[AmOn]/(m-M[A])

Where: M[A] is the atomic weight of the REE,
M[AmOn] is the molecular weight of the REO and m
is the REE molar coefficient in the REO formula.
Specific parameters are presented in Table 1.

Table 1. REEs, Common REOs, and Conversion
Factors (to Obtain REO from REE)

Element CJ:;:: Oxide  Molecular Conversion
A M AnO, Weight M Factor F
Sc 44.96 Sc,04 137.9 2 1.534
Y 88.91 Y,0; 225.8 2 1.270
La 138.9 La,03 325.8 2 1.173
Ce 140.1 CeO, 172.1 1 1.228
Pr 140.9 PreO11 1021.4 6 1.208
Nd 144.2 Nd,0; 336.4 2 1.166
Sm 150.4 Sm,04 348.8 2 1.160
Eu 152.0 Eu,05 352.0 2 1.158
Gd 157.3 Gd,03 362.6 2 1.153
Tb 158.9 Th,0, 747.6 4 1.176
Dy 162.5 Dy,03 373.0 2 1.148
Ho 164.9 Ho,03 377.8 2 1.146
Er 167.3 Er,0, 382.6 2 1.143
Tm 168.9 Tm,0; 385.8 2 1.142
Yb 173.0 Yb,03 394.0 2 1.139
Lu 175.0 Lu,03 398.0 2 1.137
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RESULTS

Concentration Distribution of 16 REEs in the Major
Foods in China

The results of the analysis of 16 REEs are listed
in Table 2. The average contents of Dy, Ce, and La
were between 0.0 524 mg/kg and 0.0 289 mg/kg
(high level). In contrast, the average contents of Sc, Y,
Er, Nd, Gd, and Pr were between 0.0 184 mg/kg and
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0.0082 mg/kg (middle level), and the average
contents of Sm, Yb, Ho, Eu, Tb, Tm, and Lu were
between 0.0038 mg/kg and 0.0012 mg/ kg (low
level). The sum of the 16 REOs from all the foods is
shown as total REOs. The total REOs mean was 0.242
mg/kg. The median, 95th and 97.5th percentile were
0.016 mg/kg, 0.458 mg/kg, and 1.394mg/kg,
respectively. These values indicate that the
concentrations of REOs in the analyzed foods were
relatively low.

Table 2. Results of the Survey of 16 REEs in the Major Foods in China

Elements No. of Median Mean ?’(e)::entile Ig’ztr:entile 2Z;i:}:|tile Maximum
Data (ne/kg) (mg/kg) (mg/kg) (me/kg) (me/kg) (mg/kg)
Lu 1176 <0.03 0.0012 1.00x10" 2.80x10™ 6.00x10™ 0.0191
Tm 1196 <0.03 0.0013 1.20x10™ 2.70x10™ 6.90x10™ 0.0215
Tb 1183 <0.06 0.0014 3.50x10™ 0.0012 0.0020 0.0581
Eu 1182 <0.06 0.0017 7.80x10™ 0.0016 0.0038 0.0690
Ho 1113 <0.03 0.0018 3.00x10™ 8.90x10™ 0.0020 0.0672
Yb 1184 <0.06 0.0019 6.80x10™ 0.0016 0.0045 0.1260
Sm 1231 <0.2 0.0038 0.0022 0.0070 0.0154 0.2650
Pr 1231 0.2 0.0082 0.0048 0.0160 0.0388 1.6300
Gd 1195 <0.1 0.0117 0.0030 0.0109 0.0318 2.1900
Nd 1195 0.8 0.0124 0.0187 0.0472 0.0933 1.0300
Er 1196 <0.06 0.0144 7.30x10™ 0.0021 0.0053 14.900
Y 1189 0.64 0.0169 0.0142 0.0432 0.0737 3.4700
Sc 1192 8.3 0.0184 0.0298 0.0613 0.1210 1.0900
La 1231 1.1 0.0289 0.0287 0.0750 0.1930 3.9900
Ce 1231 2.9 0.0295 0.0494 0.0969 0.2180 1.8300
Dy 1196 <0.08 0.0524 0.0034 0.0267 0.3900 4.5900
Total REEs 19121 14 0.2060 0.1570 0.3920 1.1940 35.300
Total REOs 19121 16 0.2420 0.1830 0.4580 1.3940 42.900

The results of the analysis of 16 REEs in fresh
vegetables are shown in Table 3. In 486 fresh
vegetables, the average contents of Ce, Dy, Y, La, Nd,
and Sc were between 0.0502 mg/kg and 0.0218
mg/kg (high level). In contrast, the average contents
of Er, Gd, Pr, and Sm were between 0.0107 mg/kg
and 0.0062 mg/kg (middle level), and the average
contents of Tm, Yb, Eu, Ho, Th, and Lu were between
0.0038 mg/kg and 0.0027 mg/kg (low level).

Concentration Distribution of Total REOs according
to Food Category

The total REOs means in fresh vegetables,
aquatic products, fresh meats, eggs, and cereals

were in the range between 0.052 mg/kg and 0.425
mg/kg. Fresh vegetables and aquatic products had
higher total REOs means than other foods. Preserved
duck eggs had a significantly higher total REOs mean
than fresh eggs. Furthermore, processed aquatic
products had a slightly higher total REOs mean than
fresh aquatic products. For all foods, total REOs
medians were lower than means. However, the 90th,
95th, and 97.5th percentiles were generally higher
than means, except for fresh meats and fresh
aquatic products, which had slightly higher means
compared with their 90th percentiles. This suggests
that total REOs in foods are not distributed normally.
The results for the major food types consumed in
China are presented in Table 4.
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Table 3. Results of the Survey of 16 REEs in Fresh Vegetables
Elements No. of Mean Median 90th Percentile 95th Percentile 97.5th Percentile Maximum
Data (mg/kg) (ne/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Lu 463 0.0026 <0.03 1.50x10" 4.00x10™ 1.00x10° 0.0191
Tm 476 0.0027 <0.03 1.20x10™ 4.60x10™ 1.00x10° 0.0215
Th 476 0.0030 <0.06 5.40x10™ 0.0019 0.0032 0.0581
Eu 477 0.0033 <0.06 9.10x10™ 0.0017 0.0048 0.0690
Yb 477 0.0038 <0.06 9.40x10™ 0.0033 0.0072 0.1260
Ho 408 0.0038 <0.03 5.90x10™ 0.0018 0.0028 0.0672
Er 477 0.0040 <0.06 0.0011 0.0040 0.0069 0.1710
Sm 486 0.0062 <0.2 0.0047 0.0130 0.0230 0.2650
Pr 486 0.0092 0.36 0.0135 0.0266 0.0524 0.4700
Gd 476 0.0107 <0.1 0.0069 0.0170 0.0332 0.7610
Nd 476 0.0218 1.8 0.0443 0.0886 0.1140 1.0300
Sc 476 0.0242 3.6 0.0322 0.1170 0.1840 1.0900
Y 476 0.0341 1.3 0.0394 0.0623 0.1050 3.4700
La 486 0.0479 2.2 0.0566 0.1410 0.3830 3.9900
Ce 486 0.0492 5.5 0.0884 0.1960 0.3440 1.8300
Dy 476 0.0502 <0.08 0.0060 0.0265 0.1300 4.5900
Table 4. Total REEs and Total REOs in the Major Foods in China
Food Categories items No. of Data Mean Median 90th Percentile 95th Percentile 97.5th Percentile
(mg/kg)  (mg/kg) (mg/kg) (mg/Kg) (mg/Kg)
Total REEs 0.039 0.017 0.072 0.101 0.148
Cereals 3310
Total REOs 0.052 0.024 0.097 0.133 0.192
Fresh Total REEs 0.277 0.015 0.296 0.702 1.396
vegetables Total REOs 7578 0.337 0.019 0.368 0.881 1.729
Total REEs 0.080 0.016 0.068 0.094 0.359
Fresh meats 1976
Total REOs 0.098 0.023 0.088 0.122 0.427
Total REEs 0.048 0.018 0.083 0.130 0.154
Fresh eggs 890
Total REOs 0.065 0.025 0.115 0.183 0.215
Preserved Total REEs 1040 0.258 0.022 0.896 1.374 1.578
eggs Total REOs 0.306 0.031 1.042 1.600 1.841
Fresh aquatic Total REEs 4199 0.283 0.013 0.154 0.701 2.196
products Total REOs 0.335 0.018 0.192 0.836 2.583
Processed Total REEs 128 0.352 0.488 0.516 0.516 0.516
aquatic products  Total REOs 0.425 0.591 0.630 0.630 0.630
DISCUSSION REEs in kelp[ls]. In a total dietary study, the

There have been several reports on methods to
determine REEs in food™ ™, However, surveys of
the content of REEs in food are scarce®®®™. A
previous survey reported the concentrations of total
REOs in common Chinese foods by three wavelength
spectrophotometry, but the method could not
distinguish interfering elements such as, calcium,
magnesium, iron and copper, so the results are not
comparable to the present survey[6]. The
concentrations of lanthanides (Ce, La and Nd) in
cultivated and wild-growing mushrooms have been
investigated[”], as well as the concentrations of 15

concentrations of 11 REEs in twelve categories of
cooked and mixed foods were determined by ICP-MS
in four Chinese areas with different diet types[g'g].

This is the first survey using ICP-MS to
determine the levels of 16 REEs (except promethium)
in the most commonly consumed foods in China. As
REEs are widely used in China's agricultural industry,
the results of this survey will help to identify the
REEs contaminating food.

In 1991, China developed standards to limit total
REOs in cereals and vegetables. However, standards
to limit the concentrations of total REOs in aquatic
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products, fresh meats and eggs have not yet been
established™. In cereals, the total REOs mean,
median and 97.5th percentile were far lower than
the national limit standard of 2.0 mg/kg. In fresh
vegetables, the total REOs mean and median were
lower than the standard limit of 0.7 mg/kg; however,
the 95th and 97.5th percentiles were 0.881 mg/kg
and 1.729 mg/kg, respectively, exceeding the
standard limit. This indicates that it is necessary to
further investigate the factors responsible for the
increase in the concentrations of REOs in vegetables.

This survey provided basic data for risk
assessment and for the revision of the Chinese food
safety standards of REEs in 2010. This survey found
that the concentrations of Ce, Dy, Y, La, and Nd were
higher than the concentrations of other REEs, which
may reflect the abundance of these elements in the
soil. In addition, Ce, La, and Nd are also used in
agriculture[4'5]. It is important that the revision or
establishment of standardized limits for REEs takes
into account those elements that were found at high
concentrations. If necessary, a respective limit for
each REE can also be established.

At present, as the toxicity mechanisms of REOs
are still being studied, and all studies are focused on
only a few REOs, the health risks of total REOs
cannot be accurately assessed’®, According to the
food consumption data from the Chinese National
Nutrition and Health Survey in 2002[19], the mean,
median, and 90th percentile of the dietary intake of
total REOs for an average Chinese adult were 133 pg,
17.8 g, 156 pg, respectively. According to ADI
(acceptable daily intake) from the research results by
Zhu et aI[ZO], the mean, median and 90th percentile
of total REOs taken with the diet were 3.02%, 0.40%,
and 3.54% of ADI, respectively. This suggests that
the contamination risk of total REOs in common
foods is very low.

ACKNOWLEDGEMENTS

We would like to thank the staff from six
provincial Centers for Disease Control and
Prevention (Beijing, Fujian, Guangdong, Hunan,
Hubei, and Shanghai) for their help with this study.

REFERENCES

1. Jun QF, Chen XY, Li ZX. Toxicological effects of rare earths.
Guangdong Trace Elements Science, 2002; 9(5), 1-10. (In
Chinese)

2. Seishiro H, Kazoo T, Suzuki. Exposure, metabolism, and toxicity

271

of rare earths and related compounds. Environ Health Perspect,
1996; 104(suppl. 1), 85-95.

3. Chen 2Y, Zhu XD. Differences of acceptable daily intake and
discussions of agricultural security of rare earths. Journal of
Ecology and Rural Environment, 2006; 22(3), 93-6. (In Chinese)

4. China Administration of Quality Supervision, Inspection and
Quarantine, National Standardization Technical Committee of
Rare Earth. GB 9968-2008 Rare earth nitrate as plant growth
regulator. Beijing, China Standards Press, 2008. (In Chinese)

5. China Development and Reform Commission, National
Standardization Technical Committee of Rare Earth. XB
504-2008 Organic complexes of rare earths as feed additives.
Beijing, China Standards Press, 2008. (In Chinese)

6. Su DZ, Xiang LD, Di YX, et al. Study on concentrations and
dietary intake of rare earths in foods in China. Chinese Journal
of Preventive Medicine, 1993; 27(1), 6-9. (In Chinese)

7. China Ministry of Health, National Standardization
Management Committee. GB/T 5009.94-2003 Determination
of rare earths in plant foods. Beijing, China Standards Press,
2003. (In Chinese)

8. Zhu HD, Ou YL, Zhang YB, et al. Study on Chinese dietary intake
of lanthanide elements and its loads of major organs and
tissues. Chinese Journal of Radiological Medicine and
Protection, 2004; 24(1), 1-5. (In Chinese)

9. Zhu HD, Wang JX, Chen SR, et al. Study on concentrations of
elements in foods in China and Chinese dietary intake. Chinese
Journal of Radiological Medicine and Protection, 2000; 20(6),
378-84. (In Chinese)

10.Wang ZT, Yang DJ. Technical manual on food chemical
contaminants and harmful factors monitoring. Beijing, China
Standards Press, 2011; 96-101. (In Chinese)

11.Zhou H, Liu J H. The determination of rare earth elements in
plant foods by ICP-MS. At Spectrosc, 1997; 18(6), 192-4.

12.Bettinelli M, Spezia S, Baffi C, et al. ICP-MS determination of
REEs in tomato plants and related products: A new analytical
tool to verify traceability. At Spectrosc, 2005; 26(2), 41-50.

13.Zhang N, Huang CZ, Hu B. ICP-AES determination of trace rare
earth elements in environmental and food samples by on-line
separation and preconcentration with acetylacetone-modified
silica gel using micro-column. Anal Sci, 2007; 23(8), 997-1002.

14.Stijve T, Andrey D, Lucchini G, et al. Lanthanides and other less
common metals in mushrooms. Deutsche Lebensmittel
Rundschau, 2002; 98(3), 82-7.

15.Wang DF, Sun JP, Qi HT, et al. Content, bioactivity and safety of
REEs in marine products. Chinese Rare Earths, 2005; 26(3),
68-72. (In Chinese)

16.China  Ministry of Health, National Standardization
Management Committee. GB2762-2005 Limits of
contaminants in foods. Beijing, China Standards Press, 2005.
(In Chinese)

17.Chen ZY, Zhu XD. Variation of ADI and agricultural safety of
REEs. Journal of Ecology and Rural Environment, 2006; 22(3),
93-6. (In Chinese)

18.He X, Zhang ZY, Zhang HF, et al. Acceptable daily intake and
agricultural safety evaluation of rare earth elements.
Guangdong Trace Elements Science, 2008; 15(5), 1-7. (In
Chinese)

19.Wang LD. The comprehensive report of Chinese national
nutrition and health survey in 2002. Beijing, People's Medical
Publishing House, 2005. (In Chinese)

20.Zhu WF, Xu SQ, Shao PP, et al. Study on the biological effects of
rare earth in Gannan, China: ADI of rare earth. Chin Environ Sci,
1997; 17, 63-6. (In Chinese)



