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(Yb) 4 (Tu)) 4t(Sc) 4 (Y)16 # REEs &%, &R # R4k # R4k K& REEs # 3k FE B 5 51 4 12.98% ~
86.64% A= 1.07% ~69.04% , & R4k K ¥ ¥ REEs 231 A4 6.974 pg/L,vA Ce La Nd.Y.Sc.Pr 4 £ (% & %
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Investigation of rare earth elements in drinking water of typical rare earth mining
and non-mining areas in three provinces of China
LOU Minhan" *, WANG Yibaina', SUI Haixia', MAO Weifeng', ZHANG Lei',
LIU Zhaoping', WANG Yin®, YONG Ling', SONG Yan'
(1. China National Center for Food Safety Risk Assessment, Beijing 100022, China;
2. Hangzhou Medical College, Zhejiang Hangzhou 310019, China)

Abstract; Objective To explore the concentrations of rare earth elements ( Rare earth elements, REEs) in drinking
water in rare earth mining and non-mining areas in Shandong, Guangdong, and Jiangxi provinces of China. Methods

Typical rare earth mining areas and 3 non-mining areas in the 3 provinces were selected for investigation. Drinking water of
people in mining areas and non-mining areas were collected for 3 consecutive days by duplicate portion method. The
contents of La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Sc and Y in water samples were determined
by inductively coupled plasma mass spectrometry (ICP-MS). Results The detection rate of each REEs in drinking water
of mining and non-mining area was 12. 98% to 86. 64% and 1.07% to 69.04% , respectively. The average content of total
REEs in drinking water in the mining area was 6. 974 wg/L, with the maximum of 178. 290 wg/L. The main elements were
Ce, La, Nd, Y, Sc and Pr ( =90.0% ). The average content of total REEs in drinking water in non-mining area was
0.772 wg/L, significantly lower than that in mining area (P<0.05) ; except for Th, Ho and Tm, the contents of other
REEs in drinking water from mining areas were significantly higher than those from non-mining areas ( P<0.05). The total

REEs contents in drinking water of mining areas in Guangdong and Jiangxi provinces were higher than that of non-mining
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areas (P<0.05), which were 90 times and 2 times of those of non-mining areas in average respectively. The average

content of total REEs in drinking water of mining area in Shandong was higher than that of non-mining area, but with no

statistical difference (P>0.05). Conclusion The contents of REEs in drinking water of mining area are higher than that

of non-mining areas. Risk assessment of REEs exposure by drinking water should be further carried out for residents in

mining areas.

Key words: Rare earth element; rare earth mining area; duplicate portion study; drinking water

#i 1 JC & (Rare earth elements, REEs) J& H 2R
VB RS L E e SNYWIESE S S I S R4
(Y)FBL(Se) , 3 17 FhoT R EPR, HAPHRITR
CLFE G (La) Vi (Ce) VA% (Pr) L (Nd) Hi(Pm) &
(Sm) #i(Eu) £L(Gd) 5X(Th) 5§ (Dy) .8k (Ho) .
BL(Er) E(Tm) BE(Yb) 4 (Lu) THE, HRH
+ JC# (Light rare earth elements, LREEs) #§ La . Ce
Pr Nd,Pm, Sm, Eu, 22 W 5 8 # + JC & ( Heavy
rare earth elements, HREEs) , Z4-k ,REEs B 7E 4
JEIG R AN FE S K BE T )Tz B 4% T
B R R IR E REEs W IR &, iff 1 7 A
B R EM RS A, e R — A
17 ' REEs # =l E %

Tk [ L4 3R E R W] REEs fiff it 119 36% 3K T 2 4
Bk 90% KR T, TP SR A, H I OT R T BB R
A BL, B KR Z R R K59, WF
FERW & R 16 B 5 RO Ol K F REEs IR
JE AT B & A K & REEs, B & 15 7K HE 5 iR
K Wb 23 i B K R R A ORI B L BR Tl
15 gL A A F Fi b BOIE /Y 4 ) 38 i REEs 78 + 3%
FZAMWr BB, W T 438 iR, O i
TR AR BT R A B SRR A, I A Ok BE T 3 5
FRLE fs i ARG A b g A T S BT ROk
ERNIORCE 1) TR

Tl H 20 22 80 AFAT LI, 72 W LR X
KIHEAT I RAEM, X587 DX 1 7K A4 75 e 2 15 52 1
P4 s RAYOK G R al A, Pk, A WF 525X
FEHZ AR REEs 7 IXCRHEE ™ X 5 R H ik
K 16 Ff REEs & K - IF & £, 23 B | H 4
& JERIOK & REE K 8 REEs B9 & i 22 57 &
SIAERRAE LU 0 X R AR X s RIKK REEs %%
5 S XS DT B BERE AR A

1 A&
1.1 AR

e A A R A AR Y L AR Bl T (R
BT ) AR B T (AR A ) R DY R
N e mE s B (B IR B R L) B EE T RRE 2
Pl 7 X B 38 3 25 8 B9 AR X, AR O 1 2R i
LB PRI AR H B LR R VP M 2 G B

Fi A
1.2 REET.

R FH AR B AT SR BE 7R 45 7 X 5 % | X
3R 30~ 35 PR AR BN S AR AR S, B
P 1L ASS5HEAE, DR T, HEX L5
WA W R 18~45 JH 2 & B MG R E 1,
2 32 BT RN BE A sk 9 A 0 Rl H R 2T
oK, #ESE 3 d B H RS PR IROK ST F R
— A AR ROK REAS 3% 5 05 4 4% 2 B0 A T it
Rl
1.3 AR ALAH

ST SRS A 45 F SRR 5 55 B TR A (36 [
Thermo Scientific ICAP-Q R %) B F K (Eah
0.1 mg Fl 1 mg, EEBZEHTAF) 50 C ~200 CH#
TR AR (AT (b D) BEEE A BR A A ) %5

JT R A 5 A R (35 R BR e A A AR A g ) |
B AR (>99.999% ) (GB/T 6682 HiL5E 1) — 2K |
REEs fiff % (b 5t b 98 056 28 9 B AR Bk 5% B, 43 B
al) NFREE W 48 (Rh) (B (In) Bk (Re) ,dbntdt
YR AN AE W R R BT B, o BT 2 ] AR T IR A A TR
[BE(Li) 45 (Co) N (Ba) &8 (T1),db 5t db 44 B Bk
BRI TEBE, 3B 4l ] 55
1.4 Ky vk

(2014 A [ 58 5 Qe A 2 XU W
I T AT ™ R0 B0 o B & 45 B R I vk A
M, 22 5 BT R 1350 W, &8 TR &
15 L/min, # B K % & 1.0 L/min, % 5 i &
1. 14 L/min, BAL S E 2 °C, F L2t £h A, R4
L Spectrum , M S5 3, AshEE RN 3 K, #
LIl AWFR (Rh, In Re) #47 F 546l . 2 + 0
EK R (peg/L) 25 A: Se 0.01,Y 0.01, La
0. 0064, Ce 0. 0006, Pr 0. 01,Nd 0.01,Sm 0. 008, Eu
0.01,Gd 0.01,Th 0.01,Dy 0.01,Ho 0.01,Er 0.01,
Tm 0.01,Yb 0.01,Lu0.01, JTZ Pm F % FLb5p
R HEA B, Btk A R W R,
BRAT A A 0 5 2 v AN % o B A
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YAl A5 PR ok T g ok Rt B Y Ab 3
I 25 R R < 60% , KA H 45 FE I 0 A
BRIK 1723 KK H 3> 60% , W) KK H 25 51 W AE M K6
T RR

B 5% B4 35 1 SPSS 26. 0 %8 4 Xf 4% 41 % 48 ik
108, B TFEIEEHE MRS S m, Hr AR
5%, WK F Mann-Whitney U 6 36 X 8088 #2847 40 #7
6 55 K HEHL o =0. 05,

2 H#R
2.1 HRk/Kh REEs By i %

AR AR A 189 Z AT R 3 d POKAE S
534 iy, Hoh e IX KRR 253 4y, BB IX K RE 281 14,
WX Hk /K 16 F REEs # 5 R 5 Bl R 12.98% ~
86.64% ,AE B X Tk /K % REE # & H 1.07% ~
69.04% . B IX 540 XK R & 1 = REEs
S Ce>Y>Gd Hil Ce>Se>Sm, &4 H X 5IEH"
X4 REEs £ 5L Wk 1 FiR .

F 1 KHERYOK T 16 7 REE K& (%)
Table 1  Detection rateof 16 REEs in drinking water of each area (% )
LR 2 ET X 2R X IR H" X I ARAED X IR JUARAREIX TLPGH X, TLPEED X
Sc 63.36 45.20 58.95 89.25 77.53 6. 86 52.56 43.02
Y 71.37 14.23 48.42 10.75 83. 15 22.55 85.90 8. 14
La 61.45 24.20 10. 53 1.08 92.13 60. 78 88. 46 5.81
Ce 86. 64 69. 04 89.47 96. 77 100. 00 99. 02 67.95 3.49
Pr 43.89 6.05 3.16 0. 00 77.53 15. 69 55.13 1. 16
Nd 61.45 24.20 9.47 1.08 89. 89 43.14 92.31 26.74
Sm 55.73 42.35 6.32 0.00 98. 88 100. 00 66. 67 19.77
Eu 43. 89 31.67 63. 16 86. 02 50. 56 2.94 12.82 6.98
Gd 65. 65 36. 65 68. 42 80. 65 64. 04 24.51 64.10 3.49
Th 13. 36 1.07 4.21 0. 00 34.83 2.94 0. 00 0. 00
Dy 33.59 1.42 6.32 0.00 57.30 3.92 39.74 0. 00
Ho 16.79 1.78 5.26 1.08 43.82 3.92 0. 00 0. 00
Er 29.39 1.42 6.32 0. 00 59.55 3.92 23.08 0.00
Tm 12. 98 6.41 5.26 1.08 32.58 16. 67 0. 00 0.00
Yb 37.02 2.14 6.32 0. 00 74. 16 4.90 32.05 1.16
Lu 33.21 8.54 5.26 1. 08 89. 89 22.55 2.56 0. 00

2.2 X HAEF X ERUOK T REEs & & K
WA 0 X RO BT A R KR Rk K
REEs & 204l 17 0 B b 88, 07 X m RAR K &
REEs & & B 3% & TIE0 X (P<0.05) , &7 X FMAEH"
X & RAR K o 5 f e B 43 08 Ce \La Nd LY |

Sc .Pr fl Ce Sc La,Pr . Th Nd,#y i #" X A0 X J&
KK A REEs & 5 19 90. 43% 1 86.69% , & Tb .
Ho . Tm #h 8" X J& R AKK 13 #h REEs 5 & I 3 55
TAEH X (P<0.05) , HH X HEHF S EH L%
TR X (P<0.05) , W 2,

F2 TXHIETXERKKT 16 F REE & (ug/L)

Table 2 Contents of 16 REEs in drinking water of mining and non-mining areas( pg/L)

= WX e IX .

e THE R PO Po0 WA FHIE hEZE PO PO RfE P

Se 0.533 0.961 0. 049 2.080 5.210 0.274 0.421 0. 049 0.901 2.950 0. 005
Y 0.587 2.384 0.038 0.527 23.053 0.013 0.019 0. 008 0.016 0.199 0. 000
La 1.368 5. 406 0. 069 1.137 34.142 0. 024 0.029 0.019 0.027 0.259 0. 000
Ce 2.201 8. 860 0.443 1. 486 63. 845 0.325 0.541 0.058 0.954 4.190 0. 000
Pr 0. 331 1.382 0.042 0.233 9. 685 0.019 0.016 0.010 0. 042 0.053 0. 000
Nd 1.286 5.611 0.054 0.784 39. 843 0.014 0.023 0.010 0.021 0.231 0. 000
Sm 0. 188 0.793 0.010 0.119 5.673 0. 009 0. 003 0.010 0.010 0. 042 0. 000
Eu 0. 048 0. 150 0.014 0. 065 1.038 0.013 0.009 0.011 0.016 0.114 0. 008
Gd 0.130 0.515 0.013 0.092 3.758 0.010 0. 005 0. 009 0.014 0.043 0. 000
Tbh 0. 026 0.059 0.010 0.032 0. 466 0.014 0.012 0.010 0.032 0.032 0. 360
Dy 0. 093 0. 364 0.010 0. 059 3.168 0.011 0. 007 0.010 0. 020 0.033 0. 000
Ho 0. 028 0.076 0.010 0.028 0.720 0.013 0.011 0.010 0. 028 0. 280 0.202
Er 0. 063 0.242 0.012 0. 046 2.241 0.010 0. 005 0.010 0.015 0.025 0. 000
Tm 0.018 0.033 0.010 0.025 0.252 0.012 0.009 0.010 0. 025 0.025 0. 603
Yb 0. 060 0.234 0.010 0. 046 1. 646 0. 008 0.007 0.010 0.010 0. 031 0. 002
Lu 0.014 0.034 0. 005 0.015 0.249 0. 006 0. 007 0. 002 0.015 0.015 0. 000
LREEs 5.422 21.677 0.786 3.351 154. 694 0. 402 0. 541 0. 144 1. 006 4.257 0. 000
HREEs 1.552 3.948 0.413 3.054 35.332 0. 369 0.404 0.216 0.956 2.985 0. 006
Z REEs 6.974 25.241 1.250 5.294 178. 290 0.772 0.764 0.424 1. 826 4.938 0. 000

" P<0.05, BI# X 5469 X i RAk/K T REEs A 2R
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2.3 KAV XS5IET XERIKKE REEs & &
L #5

BEANT X 54K NNAET X E R KoK H
REEs & s 8088 70 i A7 e, VP 0 IX R R EROK
& REEs MM EET XM 2 f5(P<0.05), |~
KW X JE R KK M REEs & & ¥ 265 X i
90 5 (P<0.05) ., J AR # XIK/K E REEs & & 1) H
RLBG /N T EE (1) /T R XCER 23 Ja R
oK REEs & &8 &, WWAREH X E R KK E
REEs & F ¥ F b i 508 @ FHE X, (1 22 5%
TG E X (P>0.05) . 5 IARRZILIEH X KK
REEs B AM L, )" HRA X & REEs & &5 —#&
) 8 5 F1 17 fi5,

2.4 FATXS5IEXERKKPARE REE & #
L #5

AT X &R KK F Y, La,Nd,Sm, Th, Dy,
Ho Er . Yb i ¥ B 2 & FIEH X (P<0.05), Ce,
Gd F N EMKTIEF X (P<0.05), | AT XK
K4 REEs & ¥ & & TIET X (P<0.05),
YLV A IX AR K 5 A R Se . Eu.Th . Ho . Tm  Lu 4},
HAth REEs & ¥ & m TAEF X (P<0.05), I
%3,

MICE A EFR )R X 50 KAk KH &
HIRE R 5 f REEs 22 4 Ce>La>Nd>Y>Pr Fll Ce
>La>Nd>Y>Sm, 4 5l d7 o REEs &L 19 89. 95% Fil
52.32%, WA X 5IE X JERKAKMEL Sc, Ce

6.0

REEs P& &/ (ug/L)

5.0
4.0
3.0
2.0
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10 FiE
== X
a =K
2
"
40
e
R
+
= 0 4 L1657 0.204 0.487
AR J"RIE bR R ILH
X
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2.393 fg;%z
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Figure 1 Averages and medians of total REEs contents

in drinking water of mining and non-mining areas in three

provinces of China (pg/L)

K E, i H REEs M1 92.49% F1 93.76% ; 1L A B
XARK T Se & i 3 & TIETT X (P<0.05), YL
WX ARK & B 5 9 REEs fRIK A La>Nd>Se>Ce
>Y, 5 H REEs B 73.57% ; B0 X g R kK
M Se & e, HARE S WK 2,

— e e ey ey e ey e e
-— -

a2 Y 2 Y Y 2w 2

0.0 =
Sc Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
16#REEs
UARTX wLRETX wIHEX oIEETX s AKX s RKIEX

2 FHXH XSAER X ERUK P 16 # REEs ¥ & &40 1

Figure 2 Average contents of 16 REEs in drinking water of different areas

NS HE ERERERE, AR LA
WX CEM S R S TN AR X (P<
0.05) ; ILAREH X HH L a&ES5EF XML
BEHFEZER(P>0.05), " AKBEM L0 X ERIKKE
Pk BN LREEs 54 (L/H>1) .

3 itig

ARG R AT B A AR LR )R AL
PO =2 SRR L DX AR g xR AR X R ]H
HAROKFE§h 534 £y X 16 B REEs 7 2 #E 47
LIRSS RSO 8 832 13 X 4 REEs FIA [ #1
X REEs & & 4> 1 1 & #E 47 20 B7 L 3%, 37 Al 3%
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#3  KHJERKK T 16 F REEs F3 4 B (pg/L)
Table 3 Average contents of 16 REEs in drinking water of different areas ( wg/L)

JLHE IR H X I ZR AR X P JTREIX SRR X P LG X JANLE 278> P

Sc A 1.247x1.272 0.674£0.512  0.116  0.040+0. 062 0.010+£0.002  0.000  0.171+0. 164 0.153+£0.166 0.262
B 5.210 2.950 0.339 0.021 0. 886 0. 815

Y A 0.052+0.136 0.015+£0.001  0.000  1.688+4.037 0.013+0.028 0.000 0.108+0.091 0.011+0.014  0.000
B 0.930 0.021 23.053 0.199 0.515 0.113

La A 0.025+0.026 0.020+0.001  0.006 4.091+9.067 0.026+0.039  0.000 0.212+0. 137 0.025+0.029 0.000
B 0.259 0.023 35.142 0.191 0.743 0.259

Ce A 0.762+0.472 0.879+0.648  0.041 5.935+15.141 0.042+0.084  0.000  0.125+0. 080 0.061+0.020 0.000
B 3.130 4.190 63. 845 0. 496 0.401 0.217

Pr A 0.010+0.003 0.020£0.000  0.085  0.978+2.340 0.007+0.008  0.000  0.057+0.022 0.042+0.005 0.000
B 0. 042 0.020 9. 685 0.053 0. 166 0. 046

Nd A 0.0139+0.016 0.010+£0.001  0.010  3.866+9.515 0.016+0.028  0.000  0.191+0. 127 0.015+0.028  0.000
B 0.124 0.016 39. 843 0.2078 0. 655 0.231

Sm A 0.011+0.003 0.010+0.000  0.014 0.550+1. 3460 0.011+0.003  0.000  0.032+0. 025 0.005+0.002  0.000
B 0.034 0.010 5.673 0. 042 0.123 0.018

Eu A 0.022+0.036 0.013+£0.007  0.068  0.110+0. 255 0.010+0.001  0.000  0.015+0.012 0.017+0.015 0.246
B 0. 190 0. 159 1.038 0.016 0.029 0.114

Gd A 0.007+0.007 0.008+0.005 0.031  0.373+0.871 0.007+0.006  0.000  0.032+0.019 0.014+0.000 0.000
B 0. 050 0.033 3.758 0.043 0.098 0.016

Th A 0.003+0.001 0.003+£0.000 0.046  0.049+0. 100 0.010+£0.000  0.000  0.032+0.000 0.032+0.000 1.000
B 0. 009 0.003 0. 466 0.013 0.032 0.032

Dy A 0.006+0.007 0.004+0.000 0.014  0.263+0.616 0.010+0.003  0.000  0.026+0.011 0.020+0.000 0.000
B 0. 058 0. 004 3.168 0.033 0.083 0. 020

Ho A 0.002+0.002 0.002+£0.000  0.025 0.060+0.129 0.010+£0.001  0.000  0.028+0.000 0.028+0.000 1.000
B 0.015 0. 002 0.720 0.0140 0.028 0.028

Er A 0.004+0.006 0.003+0.000 0.014  0.176+0.410 0.010+0.002  0.000  0.017+0. 005 0.015+0.000 0.000
B 0. 044 0. 003 2.241 0.025 0. 045 0.015

Tm A 0.002+0.001 0.002£0.000  0.099 0.03048+0.055 0.010+0.000 0.0291 0.025+0. 000 0.025+0.000 1.000
B 0. 006 0. 002 0.252 0.013 0.025 0. 025

Yb A 0.004+0.004 0.003+0.000  0.014  0.174+0.394 0.010+0.002  0.000  0.012+0. 005 0.010+0.001  0.000
B 0.032 0.003 1. 646 0.031 0.033 0.017

Lu A 0.002+0. 000 0.002+£0.000  0.099  0.027+0.058 0.001+£0.001  0.000  0.015+0.001 0.015+0.000 0.136
B 0. 005 0.002 0.249 0.003 0.019 0.015

Wt A 0.843:+0.488 0.942+0.647 0.118 15.530+36.704 0.112+0.152 0.000  0.632+0.376 0.164+0.077 0.000
B 3.190 4.257 154. 694 1. 006 2.108 0.722

it A 1.328+1.336 0.715+0.511  0.225  2.878+6.674 0.092+0.041  0.000  0.465+0.228 0.323+0.167 0.000
B 5.245 2.985 35.332 0.383 1.294 0.982

L/H 0.635 1.317 5.396 1.207 1.359 0. 509

WA BRBIMESFREZ (v2s) ;B TR KA ; P<0. 05 I X 567 X i RKK S REEs &8 8% 25 L/H £/8 LREEs 5 HREEs & &

0 He fi
P 87 XK 15 Jefd Ol e i ] REEs % #8 XU $2 fit
THE R AR KB GE 4 WU R A R A R RO
A BPOK ARG LR K K E R K (R %<
KAELZFORUE, BRI FE 0t B R A AT 0 L 08 %
R AL 3R L A B 5 B R AR K R B kK
SR AR R R RKOK Y SE BRI B, LA R
(i A] A5 BE

R A B K B, I Uk R A Y BT A IR OK RE
BT X4 REE Rt R m TARRT X, 57 X ok
i et i TG R AR KN Ce Y Gd, 3BT X ERIK H
i th F i = B JCE R Ce Sc, Sm, 1T JEH X KK H
Gd JCE WK H LUK F Sm, K E] 36.65% . 45H I
WIRRHFERE I X 5AET XK PR R
f) Ce Sc L, G BB &, 50 X KoK 3%

REEs %55 1 f1%5 5, 7 4EH X KK % REEs H{i
HIEE 15 2, H5ZARME,Gd TTE BARTEN XA
B X R ROK AR R (43 R 65, 65% il
36.65% ) B H: 7 i 5 AL, 20 ] T X 5 AR IX
JEEK K B REEs B9 1.87% F1 1.23% . Gd ¥ FifE
it AR 155 7 A Z2 4, BIRKA 451" B 53 9F 52,
Gd FE 3 5% 7 78 #b 27K v 1 5 X oK T A Gd
TSP HLHE W, FETE E R A 2R £ A kK
o, N B Gd 15 54 (5 B Gd & i1 85% ~99% ;
FEHE e M X A AR K X R M Gd JEE i Gd
M 91%, KRIRZH T KZH T AN E s
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