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Abstract; The rare earth elements content and health risk assessment of soil, water and main crops in rare earth mine area in Longnan County, Jiangxi
Province were studied. The results showed that rare earth element contents in mining soil was in a range between 538.73 ~ 1625.76 mg-kg™', with an

average of 976.94 mg-kg™!.It was 4.53 times and 5.09 times the background value of soil rare earth elements in Jiangxi Province and China, respectively.
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The average content of rare earth elements in rivers was 55.72 mg-L™", 8974.7 times the rivers’ rare earth elements content in the control region. The
average content of rare earth elements in the well water was 0.033 mg+L™", 10.55 times the content in well water from the control region. The rare earth
elements content of 10 crops were in the range of 1.04~78.57 mg-kg™", higher than the limit content of rare earth elements in Chinese vegetable sanitation

standard (0.70 mg-kg™"). The rare earth elements content of different crop types was in the order of pakchoi>radish>sweet potato>cabbage> purple taro>

pachyrhizus>taro>chili>tomato>rice. Applying the health risk assessment method recommended by the U.S.Environmental Protection Agency( USEPA) ,

we found that the residents’ lifelong average daily intake of rare earth elements in rare earth mining area was 295.33 pg-kg™'-d™", far higher than the

critical value harmful to human health. Pakchoi and radish contributed 76.92% of the total rare earth elements for the fool daily intake of the mining area

residents, so it issuggested that cropping and traditional dietpatterns should change, with less intake ofpakchoi and radish and more selection of crop

typeswith low accumulation of rare earth elements. These measures could reduce the damage of rare earth elements to human health.

Keywords: rare earth elements; soil; water; crops; health risk assessment; rare earth mine area

1 5|5 (Introduction)
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Fig.1 Total concentration and location of rare earth elements in soil samples
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2.3 BAEHM
K H ArcGIS10.0 542 i) % BE o5 1 338 4% +

19.19 g-kg ™' Z M8, FHI{E N 12.00 g- kg™ ; MATE
0.24~2.02 g-kg™ Z 0], FXME R 1.26 g- kg™, SR

£ 0.18~0.63 g-kg ™ Z[H],"F-¥IHN 0.28 g-kg ™.

®1 TEERERELER
Table 1  Basic physicochemical properties of the tested soils
EEES pH CEC/ e omm om0 BRZ R iy
(emol-kg™) (gke™)  (gkg™)  (gks™) (g-kg™)
SO 3.35 8.78 1.40% 36.59% 62.01% 3.84 0.44 0.33 0.17
S1 3.30 8.53 2.66% 71.33% 26.01% 12.42 0.99 9.96 0.17
S2 4.23 14.63 8.15% 68.30% 23.55% 15.37 1.44 13.35 0.39
S3 7.23 18.03 11.78% 77.41% 10.81% 19.04 1.93 19.53 0.30
S4 5.34 14.78 10.68%  76.41% 10.81% 17.57 1.62 15.64 0.30
S5 4.58 16.78 4.31% 74.62% 21.07% 17.79 1.58 14.61 0.40
S6 4.23 9.28 6.41% 80.55% 13.04% 16.25 1.59 15.16 0.49
S7 4.58 16.78 4.31% 74.62% 21.07% 17.79 1.13 11.2 0.23
S8 4.26 18.03 2.86% 53.40%  43.74% 16.94 2.01 17.15 0.34
S9 5.44 11.28 4.68% 63.48% 31.84% 13.00 0.97 9.10 0.16
S10 4.40 14.53 5.83% 73.10% 21.07% 15.59 1.36 12.82 0.28
S11 5.16 17.28 5.86% 64.65% 29.49% 14.89 1.49 13.53 0.23
S12 4.67 17.68 6.18% 63.08% 30.74% 16.59 2.02 19.19 0.63
S13 4.93 17.78 2.13% 48.77%  49.10% 16.88 1.81 16.80 0.33
S14 3.94 11.53 2.11% 42.79% 55.10% 10.84 0.8 8.30 0.21
S15 5.19 15.28 4.51% 64.98% 30.51% 15.39 1.32 12.88 0.23
S16 5.12 17.78 3.85% 52.29% 56.14% 14.67 1.17 11.22 0.22
S17 5.67 17.78 3.00% 50.92%  46.28% 16.25 1.17 11.00 0.23
S18 5.36 11.53 3.76% 68.60% 27.64% 14.26 1.32 13.77 0.21
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CEC/ AU/ Je-v4 y=x % B/
TS pH _ fioy hig A fibhi B i _ B

(emol-kg™") (g-kg™") (g-kg™) (g-kg™) (g-kg™)
S19 3.46 8.03 6.19% 78.87% 14.94% 9.94 2.46 24.69 0.64
S20 4.03 8.78 3.37% 86.46% 10.17% 11.71 0.37 4.175 0.20
S21 5.03 10.03 2.09% 36.81% 61.10% 11.74 0.64 8.040 0.18
S22 5.83 13.03 4.04% 62.73% 32.23% 10.82 0.94 9.07 0.19
S23 4.03 8.78 3.37% 86.46% 10.17% 11.71 0.61 5.45 0.19
S24 5.67 9.53 1.02% 32.23% 66.75% 2.17 0.24 0.70 0.18

. S0 FRyik.

ZN5E 24 A 3RS £ TR S R 1
BUULE 1LNE 1 AT RAE ST RES I T oe R S R
i, 0 1625.76 mg-kg ™' ;920 FE SR LR A&
A%, M 538.73 mg-kg ™' .24 T HERE SR T E P
Y158 976.94 mg- kg™, A VTG A 3R
TLE BT RH(211.0 mg-kg') 4 EH T SH
(187.60 mg- kg™, B BEAE, 1991) [ 4.53 51
5.09 fif. HHERE SRR £ R R (Y) e, i
B 58.49% ; HU R B L0 R (Dy ) 4L
(Gd) , X5 M & Ef 0 EZ TR T EIA—
H(FARGE, 2010) R X EHEM L HH . LREE/
HREE=Y ([La]-[Eu])/ X ([Gd]-[Lu]+[Y])=
0.41, ULHHIZ X S + 5 4L .

24 D HIEFE SRR SR oo R & s F
RAIITE J - Bk 4 AL W45 & B0+ (AT b 5 5 5
+) SHE Y BB A4S & A7 - (T E SR ) >
PR P S 1 > ok IS £ (8 2) WARFRIESH £
LR G A — S B AR bR R AT A SR S
b R R, AFIEASH o R 5 AR
PRI A G R AN TR Y (3% 2) . Horb pH {5 R 2
BUSHE 52 B A C (p<0.01) , 5l b5 +
5B FEIEMSE(p<0.05) ; CEC 5ol EAL S + 2 W
FHIEAK (p<0.01) s A ML BA BRI 7 3 5
MEASHEMEMEETEERFEML (p<
0.01) , S5k + 2 8 E X (p<0.01).

W R Arr & O mrg sz WS
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“"EEEEENEEEEENER
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Fig.2 Percentages of the four fractions of rare earth elements in soils
R2 TRABLIRERSREEE5TEEULMERE Pearson X1
Table 2 Relationships between rare earth elements content and soil physicochemical properties

IR PR 4 S L AL SR L AL RS L BB S 1 i A o
pH -0.799 ** 0.474* 0.286 0.132 -0.203
CEC -0.353 0.679 ** -0.009 -0.259 0.151
KL 0.128 0.294 -0.311 -0.209 0.469*
KL 0.327 -0.076 -0.337 -0.038 0.294
A -0.310 0.046 0.312 0.081 -0.354
AP 0.011 0.531** -0.143 -0.531" 0.530 "
B 0.047 0.551 " -0.156 -0.603 " 0.553"*
R 0.063 0.516 ** -0.140 -0.608 ** 0.538""
Py 0.060 0.469 * -0.256 -0.391 0.406 "

T+ FRAE 0.05 K EREME, « + FIRTE 0.01 KF EBFEMRK, n=24.
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32 FRAAKREINHTLETREERERAK
AT X N Y £ L8R A 0038 ( Brassica oleracea
var. capitata ) . /N 1 3% ( Brassica chinensis ) . 3 Hl
( Capsicum ) | P9 ZL#ii ( Fructus Lycopersici Esculenti) |
5 N (Raphanus sativus var) 13k ( Colocasia ) FIEE7E
(Ipomoesbatats L) , K EVEY A /KHE ( Oryza sativa) |
2155 (Ipomoea batatas ) 55 , HAf + & W 3. %
AL BE T XN R AR B e 1 B = 0 e T X
X, ARG S A i 10 3R B i 250 KA
KR B S e, N 78.57 mg-keg'; Hik
¥ M Wt EASTEN 36.58 mg ke K
TRAAREK , M 1.04 mg-kg ™' ARAEDRE S TR H 00
FEL(Y) S ik B, A 2 40 3 MR RO R K

UOES (Dy) FIEL(Gd) , X 5B & #2EW L0 X
TR E TR WA S X PUNE SR
BN R TR SRR ER TIEN X, 5
ST BB 136.43 63.53 Fi1 5.49 175 87 X 44 R A
Y oo R AR TR E 2005 ARMAG B
oG Ju g FR R UE ( GB2762—2005) R HILAE 155 3%
i H PR ( <0.78 mg-kg™') . AFR 3 AT UL, B IX 10 Fif
A & R B E B E 25, AR BI/MK K
FNAZEE N MK 08 U3 8 Rk H
B V8 21 A AR K3l 1 X 10 AR 1 9 G o 4 2R 5
HEFT RO, Wy 4 2556 1 N R AR R B
R /NS 50 2 88 58 3 2k MUK
S VAL S 4 R VLR AR K.

£3 FRAVRREYAIBANLEFRLITRZEEREERY

Table 3 Concentrations ofrare earth elements in the edible parts of cropsand soils

RAEY +-3
REFIX FERL - Wt ity R AR R
" (mg-kg™) (mg-kg™) (mg-kg™")
e IX CK1 UNEES 0.58° 237.37° 51.93¢ 0.01°
CK1 3% 0.87° 237.37° 51.93¢ 0.02¢
CK2 AN 0.51° 185.90" 16.61° 0.03*
X S3 * 14.50° 1356.03¢ 327.22¢ 0.04°
S4 Hi K 8.59¢ 1312.25" 166.25% 0.05*
S8 UNEES 78.57° 1180.71° 390.10¢ 0.20°
S13 b 36.58" 951.99" 344.14¢ 0.16"
S14 s 10.87¢ 1018.99" 275.35% 0.04*
S15 [EERS 1.04° 861.62¢ 202.18" 0.01*
S17 PHLLA 1.55° 650.93" 207.00° 0.01°
S18 a1 16.30° 661.15 327.39% 0.05°
S19 B 1.75° 687.18* 166.31% 0.01*
S21 3% 4.77° 691.80* 113.76" 0.04*

B EE (n = 3) , [RS8 78 22 3 M 0. 2% (p<0.05) .

3.3 fiEmE AR ERRITN

M 4 FTLE I, Frif 289 ) K o i 0
RUPEN 55.72 mg - L7, J& 0 JE DX IAT K F 4 v B 1Y
8974.7 A% W X I K i Lo R MWk B 0. 033
mg- L™ X IR X /KA T R IR Y 10.55 £%, )&
KK B 1 TC B WY 12.76 15, BLE T X A R
PrAR K B Ff 00 2R FE © 28 52 ) 31 > 1 s R
) A e . St 3 2 32 XN B4R B 32 L KO AT
RKAE AR AR YE US EPA(1989) $2 Hi &A=
SEX RIS YA TR A S T X R R
L5 H P ERAR LT R S (3R 5) .10 i/
PR K o0 R B AR SRk 295. 33
pgrkg AT NASERARIROR, } 193.67 pg-kg +d™,
RS N (33.33 pg-kg d) NS RAEYIRHA &

HSEY AR e R stk A , /DA S 3t
i 76.92% , DTk R K.

F4 TR AETEXBBREPHBELITRRE
Table 4  Concentrations ofrare earth elements and pH of water in mining

and non-mining areas

TREK ke pH ff if;fg?;

X K 3.17£0.17¢ 55.720£5.570°
UREK 3.90+0.40" 17.010+2.450"
FHk 5.14£0.14¢ 0.033+0.012°

Jem X K 7.45+0.25¢ 0.006+0.001°
H kK 7.20+0.22¢ 0.026+0.001°
Ik 7.70+0.40¢ 0.003+0.001*

BRI bRE2E (n=3) , FFIAN R F LR E 7R
#( p< 0.05).
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Table 5 Average daily intake dose of rare earth elements of local inhabitants in mining area

UNEES 78.57 180 0.30 193.67 65.61%
# b 36.58 100 0.20 33.33 11.31%
135 14.50 60 0.30 12.00 4.04%
g 10.87 30 0.50 7.50 2.52%
I 8.59 60 0.50 11.83 3.99%
3k 4.77 60 0.75 9.83 3.32%
PaLLAl 1.55 60 0.10 0.50 0.14%
B 1.75 180 0.05 0.67 0.24%
18 16.27 30 0.75 16.67 5.66%
ek 1.04 365 0.50 8.67 2.79%
oK 0.03 365 2.00 1.17 0.37%
RAEAR 295.33 100%

T K LTRSS mg- L7

4 118 ( Discussion)

4.1  EIEFOKE R LT & WERIR

AT ST IR 8 52 T B - T I,
FORs Lo R R S R TR NG
B SRS R ERNER, X
O, IR SR (B ). R ER TSRS
FIXPE R B E WA R (L e al., 2010). 08
R IR ANG R H R T 230K, I W4
ANEE AREEFFR B A L A PR it , SOl A ik
FRA P2 7K s - e B 3 e, o 1 340 3 R A4 1
BT TS Gl AR ST R B, B (SO) TR AR T
N 423.90 mg kg, MAETIX L3R LT R
TRy 2 A5 A0 A s UUTE b3t A R K TP R e R Mk
FER 17.01 mg- L7 2460 KWK FR + 50 R B Y
2740 5 7c 7. B T IR MR B T 20 s 39 4 o —
MR T 2B R, g R h R A KR
BT EHER pH E, BB R ™ AR
- TC A B K AR 1 T Bl ) A R X IR 2 L )
KA S350 X T 7 X 38 4 5 K Ak
s £ 0 F AW E S (R/NE, 2012) . i TR %K
HEAERNHEICER, IEARY KPR E R
W50 — 75 T e /K b R K ™ R AL, 55— 5 1
R TE B I 8 K T 1 3k R Tk R BR R £
ol NI b AR BTV K B (Wood
1979; Lee et al.,1992) , 200" X 0] i HH s 190 %
WREE A AR A Xk, B X ] K e IRk

55.72 mg- L™", JEXT BRIX 0 /K 1) 8974.7 £i5. K302 3
FHM T TTR T Y AU AT (AR 0 L% T
SR B AN S — L T R A TR T RS RE ) R
(EROLAF, 1997) , F8Uh N KH + e RIT Y E,
AR B XK P # £ R WK 0.033
mg- L™ JEXT IR IX K e Rk BE Y 10.54 %, A
HKARH L ITRAL R 12.76 1.
42 THETERASRAEZWEAR

TP E SR A FIE A& &2 pH {H .CEC i
M 2H BRI LT 45 Z2 0 R 2R 8210 ( Fairbrother et al.
2007 ; Eich-Greatorex et al., 2007 ; #% N|4%, 2010),
Horpr, pH RS20 -3 P o0 R IE SFE AL 1 U
K2 (Menon et al., 2007; Antoniadis et al., 2008).
pH (BB, 7 4 70 3 1Y 1 P AR WA sove sy . Bl
B TR KA 8 X A ERR 1 2 7 4
5, OO A T 2R A8 L R B4R P s, B R OT R
FA BRI 25 1 3% 1 ST 2 Ay i 3, T2 3
B S LU R LRI A DF s, S i
T X PR RS ST LR B LR &
Y LA K 80% LA B (RRUTA, 2001) 38 A F
FERI, AN T LAk A 3B 2R 25 G
Bl A T (FRMESRAE 2008 ) A ST + 1k ok i A
FIOCER G M LR SRR RN 89.47%. MEH
pH fH T, T 0] 45 8 H T &R & B AR WA,
pH [ 5B ASFIRR BRER 45 A B M Lt R L B FH M
FISE MR BN -0.7994 (3 3) , B pH {25
TIPS O R S BN EE N R B
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SIREE KRR, HIERALE B, 38+
e LR YRR Y/ S R e S Ive N (R
TE AR A A 25 6 80 1, 102 5 pg Hh X 3 v
BRER AL S A AT T R R B R R 2 —
(I, 1997, BRI 45, 1999). 11 CEC A
UINGI SRR SN Sk S RS =R P i e
FIEARDC, UL e 48 AR 2 2 i+ A T R P
AL FEHE.
4.3 FEFHEFEMNMHLTE NG EMEA

KA HH L & f 2 A REY) b Fl | 38R 1
MR RIE B R X LR L R SRR
i, T DX A AT R KA T R AR AR
X VF 22 AR A5 0 1 J0 R 25 5 A WOl R
FF55 35 3 3 ( McLaughlin, 2001 ; 83%#4  2012).
AW 0 RAEY i LT R & s, JUH
/N N TR E e Bk 78.57
36.58 mg kg, b — B RAIEM R IEHH LT R &=
(0.0001~0.012 mg-kg™") F AR Z. TR 2203 |
WRIRERZE B S A WD 4GS LS g LY
WESORI AT, BT I A A 590 LA A - 38 1Y) 2 ) AL
A IERHHIT AR AR 0 & 5 R E 10
Pl VED X A= Wy ] FIL RS H6 o0 R 0 & 2 R
SRR Hrh UNEASEE N E R RBURKR, 25
9020 F1 0. 16. 4[] 1) 4 A4 it vt 38 v s + 9T
RIS B 22 A K A WFIE R, M3 2880 20 1
s Lo S, R Y/t s+
TCE SRR (BEYL, 2005) 3% 54058 & Y
NEERERR TR SRR AL b SR L
BRSO R YRR R e R T E s A
WF5E K, Y 80% L) I B FR + & SEAEAR I (B
RAETE 1981 ; ARAKEESE, 1987 ). T4 204 | BURURT K
K B9 T oe R B R, X 5 HALA R AR E
(AL, 2005) FHZEAL.
4.4 Fr 2N AR A R

ANERR - 0E A 35 ,99.5% LA F w3 A
22 1 T B (Jones, 1997) , H.2468 K543 4% B8 76 1 1
T2 IEAWT & A A2 T8 A 18] A B 5% Ak (X
UH%E 1997 ; 3255 1 2009) AF5T X 38 1 IR P 4o
s £ IO R TS A A SRR, S T B
WSCRITAR 82, 938 3 1 W e A% E A AR BT
o JE R A ICREA 70 pg-kg - dT A F
S I PR 3 70 i I (B R 100 ~ 110 pg kg™ d ™
(AR5, 1997 Li et al.,2013) AKFI G 097 1 XF

NS I E A S AN I E L - I
2012) , A AR S AMTTHE AR -2 7E N IE B
R Sk AT LR AE S, 20055 BRAH L
45 ,2008)  %F AR AL I AR E 2R | I0VRCFT f
PG RGN 1 A RRE, 971X 0~3 Z 4L
SR L IO R HREIET X 4LRY 10.93 £, 1K
AEBPEL R TR LR F e TR o, B
Ik & P i Rs 38 & S BURARRE N Z 19 10 f5 42
i (Wei et al., 2013) . JI FH %L 52 550 50 OG5 B e
FARBEN , BFAR AT 2wk S EL 54 3~ 8
d, A1k Gd FhEE 1.77 mg-kg™", @ IEH
B AY 1200 135 ( Zaichick et al., 2011) ; F + 78 B 404
BT SO A R R A, B O R R = O
PR AL RENE (HRAL X% 2008) TP HG 4 X L #E
MR AHE L oC R St m TR 1.73 £5 (358
&, 2002) .5 BRI ARHBEA N L2555 Kk
e — RGN FRAL 2 RN, 5 I I PR A & A=
WS SCRIEERE PE S 5 G2/M SN i B A% 4 i
B LG I (Yu et al., 2007) W32k GdCl, 2>
SN IG ITIE LO2 40 M 9 U8 T ( Ye et al.,
2011).

VFZ RT3 R & B i 051 25 sh ) ik 58 s+ ¢
FON BN W Pk Y S L ) A 45 8 RO R T S 50
mg-ke™ ( LIMAETT) B GdCL, , K 5 2038 Al £h 14
FOBE I KSR B, It B 45 42 (Liao et al.,
2009) . 4255 H R IRGR &R 58.3~116.7 mg [
42 (Y ) B, HHER Fd > 30% LA L, WLEFHE kg 2>
10% VA L=, 1d B Al FH o5 790 4 1 s %2 25 ol 8 5 /N Bk
HITIHE ( Hayashi et al., 2006). FREFLEIFIL Y, 0, 5
i AR, 2 T BOL R L 20 v 2 1 UUE E
TR) 2 i 0 il £ 4 £k 55 BL 4 ( Takaya et al., 2005).7F
PoKH A 5~2000 mg- L™ IRl IR4EZ ,3 D H G /MR
ICICPRFERAG TR (S, 2012) AR Y7 R
9 53.40 mg- L MOVER 7 A BT ] 789 4~k
ML R Rk, Horr 507 AN R Gk i B, 282 MRk
1155, R ER B Y S AR RN R e ik il B
22 FICAZHE /1 T I ( Yang et al., 2006) . i 5] i) 52
A REW Y L iz F T E) 1.0 g-kg AT,
WA Y42 5 SR IS 43.22 g-kg ™!, Sk HY AR
WA FET- RIS (R0, 2012).

AW FAER A X R T A X, 2% X 36,
FIEFUKAE P £ o R S RS, R,
T ICER AT A L H ) b RS S EURAE
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Y+ e RS EARE & ER L RRR L E RS T
KAGFI B AR E , HBEE K AR R, B
X R H 2R Lo R A RIS 6.0~6.7 mg 14
SEOMRA SRR 8 1 525 B, T AR R AR
TR X R B, 57 X LB R B8R 12 TR
(RFITE, 1997) 0" K JERIBA RGN mEAZ
JEAEAE B A A R TS E K IR & M 55 R
PG (Zhu et al., 2005) KW + 225 5 41
P L 1 i 385 VA G (R4 55, 2003) . BRI IX.
JE RS AR AEY I K BA TG Lt RA S H Y
BEARZ N 295.33 pg-kg'-d™, KoM 22451
SR I R0 3 7] 2 ) I (L, R 80 T R EA
PR PR T SRR 32 b DX A AT T I 5 A o 7 fd
US4 X B v H B8 A B K 8
SNSRI N e ARG 1o i B ik
&K, ZHHN 76.92%. /N Ty TFpAE | Ok fif
B, S XA TR R ) £ s ] o A I #E
BORMBESE. 8 MEY s AR, s,
BRI IXE R 280 Al R SR E Y
T bRk AT DL 3 R S S ) 214 e A R A P
JMR R, 2 e AR 3k ol A% 4 1) e A A ORI PR £ 4
4, AREAR 16 FH 3 7 =5 5 B0 s e 0t
A s G ) £ 5 AF 9 X K AR B T R
WP, B 1T R A 5 i I K i 2 AT N
A, DT A A4 {3 By 5% i s 10 DX 1 I
KGR G W KA S A ML IR KRBT (R
A 2003) . HI, B G FR + JT R R KR TS G
SRR A AR R B REARHR T R X A A fik
R BN ) — A EE R AR

5 #5i2( Conclusions)

1) WP=TFRANA o 4 KR RRED G+
JLE A R ) RN AE VA Y 24 A I RE A
W TR SRy 538.73~1625.76 mg-kg ',
SEXE R 976.94 mg - ke, Al E VL VE A A4 E £
R TR SR R A 4.53 51 5.09 £5.4 X 0]
IR P R TR 530 55.72 mg- L7 il
0.033 mg- L™, 4351 A X B X[ K A K Ff 10 %
WY 8974.7 f55 1 10.55 5. Y& A (19 10 Fh A AEW)
R TR EVEE Y 1.04~78.57 mg-keg ™', H
NSRS R TR SRR,
78.57 mg-kg™' F1 36.58 mg-kg .

2) XWX AHR L OC R AT KU Y, K B

DX RGE o R AR O KA LT R A 5
H AR BRI 295.33 pg-kg-d™" i i T4 +
TEE R AN PR A5 35 57 2 9 I UL, B + ot
FO DX R0 B AR i 1™ U e
FISRAE DX X e R EY H /M TR A&
TR, —F BIRR 2 IR 76.92%. H L, #1802
i JE R/ I 33 T o 3 LA R ARG - o0 B e AR
Az B R XU

REEEEN . EEF(1970—), B B R R, EEMN
FECRELE MY AR PINEY BAUFMREAR, UK
FRERBER FRESFETENAE, AFRAEN
S T4 K Rk X140 R R
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