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Content investigation and health risk assessment of 16 kinds of rare earth
elements in commercial vegetables in Gansu Province
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ABSTRACT: Objective To investigate the content of 16 kinds of rare earth elements in commercial vegetables and
evaluate the health risks caused by the intake of rare earth elements in vegetables for users in Gansu Province.
Methods Samples from 6 categories were collected from 13 areas in Gansu Province, and the content of the 16

kinds of rare earth elements were measured by inductively coupled plasma mass spectrometry. According to the
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health risk analysis method recommended by United States Environmental Protection Agency (USEPA), the
allowable daily intake (ADI) was used to assess the health risk of rare earth elements in commercial vegetables.
Results The earth elements of vegetables sold in Gansu were mainly Sc, Y, Ce, La, Nd, Pr, with detection rate
exceeds 50%, the total content of rare earth elements in the 6 types of vegetables was 0.1764 mg/kg, ranked from
high to low as follows: Melon and fruit vegetables>leafy vegetables>stem vegetables>solanaceous fruit
vegetables>root vegetables>bean vegetables. There were no significant differences in the content of rare earth
elements among different vegetable categories (P>0.05), but significant differences were observed among vegetables
from different areas (P<0.05). The health risks posed by the 16 kinds of rare earth elements varied among different
population groups, with adult males and females exhibiting higher risks than children. The daily intake of rare earth

elements through vegetable consumption was 0.0025 mg/(kg d), which was below the reference value of 0.07 mg/(kg d).

Conclusion The content of rare earth elements in commercial vegetables in Gansu Province is low. The intake of

rare earth elements through vegetables by residents will not pose a risk to human health.

KEY WORDS: vegetable; rare earth elements; health risk assessment
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Table 1 Microwave digestion heating program

B P /°C FHEAfE)/min - fE ] /min

1 130 5 5
2 150 3 5
3 180 3 15

1.43 #anml g

FH VRS W AT R SR 5 55 B IR AN, o R
FALY R R T A e AR ik B R, s TAESEL
WE: JIEN 1340 W, BERTE S =, FRmHE
0.80 L/min, Wi 0.85 L/min, ¥HI S 13.0 L/min;
Wy RO kA S 3, MR 90 s, FhyEET
i) 30 s, SRAFHENI) 1.1 mm, #IHENI) 0.75 mm, Hoc
%MSC\ 89Y\ 139La\ 140Ce\ MlPI‘\ 146Nd\ ]47SI1’1\ '53Eu\
157Gd\ 159Tb\ 163Dy\ 165H0\ 166E1‘\ 169Tm\ 172Yb\ 175LuQ

s - TC TR A WV VRO GG R, T A B T R VA
0.2, 0.5, 1.0, 5.0, 20.0, 50.0, 100.0 pg/L FIPRHEFRF]
B BAPRHERIINA TR 10 pg/L HNREETTR
FRUEEW, I 2% HNO; (VIV)EZ .

TE LB 55 28 IR B AR PRSI 2, DOt R
e B A AR FR (X, mg/kg) . MARLEC A AEAR(Y), it
2R o LEAH A S5 I 17 2 1 ORI R -

1.5 HIEAE
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W7 25 SR AN H 26 AN ) 20 SR A [R) b X - om 28 & | i °F
PHEFHIEITAES BRIk se, LLP/NF 0.05 M HAA BEE
5, NF0.01 N EAWRBEZES,
1.5.2 4R K4

2 HR 26 5] R0 Sy HE 1 10 (R XUBS: o0 s, R
H /745 A& (acceptable daily intake, ADI)JyBEXtH 44
T BB T R I TR XS A . ADI P55
(HA:

CxGW XEFXED

ADI= =22 T 2 1)
BWx AT

3 ADT O HIBAR, mg/(kg d); C ukERh PR 10
EM &, mgkg GW NEEHBEAR, kg/id, W EFEREES

TP B RS H AR bR, BF R ES0R
(exposure frequency), 365 d/a; ED N £ 52 J& ] (exposure
duration), 70 a; BW A A& i (body weight); AT A2 H}A]
(all time), (365x70) do H1 T H AT BEA RGPl H R B ER 1Y
PRUELE, ABHETE AR S5 1 ADI{H 0.07 mg/(kg d)
YERVEMARIE . 2 SEOUABE WL 2.

®2 BINRERTHANAFHRESHY
Table 2 Exposure parameters of rare earth elements in the
human body via vegetables

N H#tAfE/(kg/d) ED/a  BW/kg U AT/d
BAFS 0.5 30x365 662 70%365
AR 0.5 30x365 573 70x365

L 0.4 30x365 36.0 70x365

2 FER5HH

2.1 WWHFRSH

GB 5009.94—2012 { &b EFANME HYHEE
R LR RIE ) PEARECENEHRILE 3. 2K
W21 e & Lot EEA 25, Sc. Y. La, Ce.
Pr. Nd. Eu £ R 50%, HH Sc (71.1%). Y (90.1%) .
La (76.9%).Ce (98.3%) .Pr (63.6%) .Nd (75.2%) . Eu (57.0%),
253 4, Tb, Ho. Tm. Er. Yb. Lu M HZBA%, &
JE 20%. HH A B PR ARG o0 R A i S AR E R
FICEE R — B, VLB R A R
PR SRR X,

#3 BHHLTRERHR

Table 3 Limits of detection for rare earth elements

JLE Sc Y La Ce Pr Nd Sm Eu
K R/ (mg/kg) 0.00060 0.00030 0.00040 0.00030 0.00020 0.00020 0.00020 0.00006

JLER Gd Tb Dy Ho Er Tm Yb Lu
Kt BR/(mg/kg) 0.00010 0.00006 0.00008 0.00003 0.00006 0.00003 0.00006 0.00003
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Table 4 Detection rates of 16 kinds of rare earth elements in different types of vegetables (%)
TLHE GAE=4)  MZEEM=13) JREEN=12) HiELE0N=40) ZEXHE(M=14) MHEN=38) Hiln=121)
Sc 25 76.9 100.0 72.5 71.4 63.2 71.1
Y 100 76.9 91.7 90.0 100.0 89.5 90.1
La 75 84.6 100.0 75.0 78.6 68.4 76.9
Ce 100 100.0 100.0 97.5 100.0 97.4 98.3
Pr 75 69.2 75.0 62.5 57.1 60.5 63.6
Nd 75 84.6 100.0 72.5 64.3 71.0 75.2
Sm 25 30.8 41.7 25.0 35.7 47.4 355
Eu 75 84.6 41.7 40.0 57.1 65.8 57.0
Gd 0 30.8 41.7 25.0 35.7 50.0 355
Tb 0 15.4 8.3 10.0 14.3 36.8 19.0
Dy 0 23.1 25.0 10.0 21.4 47.4 25.6
Ho 0 7.7 0 10.0 14.3 28.9 14.9
Er 0 154 0 10.0 14.3 36.8 18.2
Tm 0 0 0 5.0 14.3 18.4 9.1
Yb 0 15.4 0 10.0 14.3 36.8 18.2
Lu 0 0 0 5.0 7.1 18.4 8.3

22 AREFNGEFEBLITESE
6 KH DM L5 0.1764 mg/kg, £ KEHEM 1

FEAE AR

LAS

B R R,

& 0.0160 mg/kg,

KRz, H 0.0133 mg/kg; TAKEESRRIR, N
0.0046 mg/kg, FEANSE B L 5, B 1 &1 s 2K 43 51

R SIS 2R HR K RAE>T A, AlfE
S T A AR M R R T AR T i A S A L OIE, AR IR
R S O R R T SR, T SR AR MK
MR RR R 2, BRI E R R RIT R, X

LR WA —E M E R

®5 TRFERENPERLITELEEFHNCRIE: mgkg)

Table S Analysis of the differences in the content of rare earth elements among different vegetable categories (average: mg/kg)

TE HEEM=13) RSN RIS SRR RIS ZERR Mitne121)  @EHP
(n=38) (n=40) (n=12) (n=4) (n=14)
Sc 0.0453 0.0770 0.0843 0.1068 0.0465 0.0827 0.0786 0.475
Y 0.0022 0.0084 0.0034 0.0017 0.0012 0.0038 0.0047 0.093
La 0.0264 0.0617 0.0388 0.1371 0.0207 0.0524 0.0554 0.585
Ce 0.0057 0.0323 0.0182 0.0055 0.0028 0.0181 0.0195 0.428
Pr 0.0007 0.0038 0.0021 0.0005 0.0003 0.0014 0.0022 0.338
Nd 0.0028 0.0153 0.0082 0.0022 0.0012 0.0056 0.0087 0.322
Sm 0.0004 0.0030 0.0014 0.0003 0.0002 0.0011 0.0016 0.250
Eu 0.0013 0.0014 0.0008 0.0008 0.0005 0.0007 0.0010 0.600
Gd 0.0006 0.0043 0.0021 0.0008 - 0.0015 0.0024 0.338
Tb 0.0001 0.0006 0.0003 0.0000 - 0.0002 0.0003 0.281
Dy 0.0003 0.0018 0.0006 0.0002 - 0.0006 0.0009 0.086
Ho ; 0.0003 0.0001 - ] 0.0001 0.0001 0.115
Er 0.0002 0.0012 0.0005 ; - 0.0004 0.0006 0.189
Tm ; 0.0001 - ; - ; ; 0.174
Yb 0.0001 0.0008 0.0003 - ] 0.0003 0.0004 0.122
Lu ; 0.0001 - ; - ; - 0.178

TE: n kAR P<0.05 S HAT R 225, P<0.01 Jy AAWBEZES, T, -Rm AR .
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REIBEZET ., 6 KX PHLOKEELNWT L TOE#E
WS, k6,

2.4 BRERMIFE
MRS EAM R R AR XS /72, L) 0.07 mg/kg d)

Yk B A 2 AR IR, HeRE T B b
FICE G R 0.1764 mg/kg, TN ATH A ERES SRR
SHEAM L ICE HEARA 0.0025 mg/(kg d), FETADSE
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Table 6 Analysis of the differences in rare earth element content in vegetables from different regions (average: mg/kg)

g M WR O RE BRSO R PRt Ok KR A &5 PR FWoe El Sat e
(n=11) (n=11) (n=11) (n=9) (n=11) (n=10) (n=11) (n=9) (n=11) (N=9) (n=3) (=9) (n=7) (n=121)
Sc¢ 0.0003 0.0132 0.0020 0.0582 0.1633 0.1969 0.0956 0.2115 0.1328 0.0123 0.0457 0.0221 0.0414 0.0786 P<0.01
Y 0.0020 0.0037 0.0007 0.0053 0.0098 0.0042 0.0017 0.0014 0.0025 0.0064 0.0268 0.0092 0.0027 0.0047 P<0.01
La  0.0403 0.0290 0.0040 0.0485 0.0303 0.0243 0.1597 0.0365 0.2118 0.0119 0.0931 0.0248 0.0022 0.0554 0.138
Ce  0.0064 0.0095 0.0021 0.0172 0.0305 0.0240 0.0052 0.0033 0.0084 0.0297 0.1836 0.0409 0.0099 0.0195 P<0.01
Pr 0.0006 0.0011 0.0002 0.0020 0.0036 0.0020 0.0005 0.0003 0.0010 0.0033 0.0226 0.0047 0.0011 0.0022 P<0.01
Nd  0.0026 0.0046 0.0008 0.0084 0.0149 0.0078 0.0019 0.0013 0.0046 0.0129 0.0847 0.0185 0.0042 0.0087 P<0.01
Sm 0.0004 0.0008 0.0000 0.0017 0.0030 0.0015 0.0002 0.0003 0.0007 0.0025 0.0162 0.0035 0.0007 0.0016 P<0.01
Eu  0.0005 0.0004 0.0002 0.0006 0.0014 0.0014 0.0014 0.0004 0.0006 0.0016 0.0070 0.0018 0.0005 0.0010 P<0.01
Gd  0.0004 0.0010 0.0000 0.0023 0.0042 0.0021 0.0008 0.0005 0.0017 0.0031 0.0253 0.0049 0.0006 0.0024 P<0.01
Tb  0.0001 0.0001 0.0000 0.0002 0.0006 0.0003 0.0000 0.0000 0.0001 0.0005 0.0033 0.0007 0.0001 0.0003 P<0.01
Dy 0.0002 0.0006 0.0000 0.0009 0.0018 0.0007 0.0001 0.0001 0.0004 0.0013 0.0070 0.0019 0.0005 0.0009 P<0.01
Ho 0.0000 0.0001 0.0000 0.0002 0.0003 0.0001 0.0000 0.0000 0.0000 0.0002 0.0011 0.0003 0.0001 0.0001 P<0.01
Er  0.0001 0.0003 0.0000 0.0006 0.0013 0.0005 0.0000 0.0001 0.0002 0.0009 0.0057 0.0013 0.0002 0.0006 P<0.01
Tm  0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0001 0.0000 0.0000 P<0.01
Yb  0.0000 0.0003 0.0000 0.0005 0.0009 0.0003 0.0000 0.0001 0.0002 0.0005 0.0031 0.0008 0.0001 0.0004 P<0.01
Lu 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0001 0.0000 0.0000 P<0.01

Fz7 BT 16 BT RN AR AR ADI {E[mg/(kg d)]
Table 7 ADI values of 16 kinds of rare earth elements in
vegetables for different population groups [mg/(kg d)]

JTE PHMHE(mgkg) BEFME O RELE JLIE

Sc 0.0786 0.0002545  0.0002941 0.0002247
Y 0.0047 0.0000151  0.0000174  0.0000133
La 0.0554 0.0001793  0.0002071 0.0001582
Ce 0.0195 0.0000630  0.0000728  0.0000556
Pr 0.0022 0.0000071 0.0000082  0.0000063
Nd 0.0087 0.0000282  0.0000325  0.0000248
Sm 0.0016 0.0000053  0.0000061  0.0000046
Eu 0.0010 0.0000034  0.0000039  0.0000030
Gd 0.0024 0.0000077  0.0000089  0.0000068
Tb 0.0003 0.0000009  0.0000011 0.0000008
Dy 0.0009 0.0000028  0.0000033  0.0000025
Ho 0.0001 0.0000004  0.0000005  0.0000004
Er 0.0006 0.0000019  0.0000022  0.0000017
Tm / / / /

Yb 0.0004 0.0000012  0.0000014  0.0000011
Lu / / / /

/2R /NF 0.00001,

AT [ Y B AE 3 WR, n5 IITf iR o 0 — e
'ﬁ}{%c

3 WiRE5ER

St AR YA, Wi AP P am iR G s
0.1764 mg/kg, X b 4x [+ 3968 + & m im0 e 5, Hka
i 2 AR T2 E T, FTRERE M 1A R
FEJFN . ATITEH X PR 0.0166 me/ke, H iP5
SERR 44 i 0.0370 mg/kg, FEMM TN 0.1410 me/ke,
PEFHR A . BB s b - & &R 0.2240 mg/kgh,
EEOH KT 5 s X 3 v s 2 S R 0.2280 mg/kg™
ALK T it 0.3900 mg/kg™™, W FHINA . S5
XA X2 0.8430 mg/kg, LLAHEX YRy 1.5550 mg/kg
RAT i XBP3.0070 mg/kg HLART A, HR& 1% L&
BT BiR =4, HREsm Py aadraemh
FMARKT . 13 DX E M LR SRR BEM 2,
WA R R R IR A B OHRE LA, K
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i -5 0.1764 mg/kg FUCE T S {H 0.1371 mgkg 11
454 ADIESMH1 0.0025 mg/(kg d)F1 0.0019 mg/(kg )L
FAWYFRZHAE 0.0700 mg/(kg d)- P AT 1, R4 R
A H B B AR Lo R M 2w, g m
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