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B E ESEIMR A RIE N ICP-MS WE  WF5T T S AR 0 X 58 sha Y R T
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Compositions and health risk assessment of rare-earth elements
in soil, animal and plant products around rare earth mining area in
Southern Jiangxi Province

YUAN Lijuan GUO Xiaopei WEI Yihua TU Tianhua LIAO Qiegen ZHANG Li
DONG Qiuhong ™" XIANG Jianjun
(Tnstitute for Quality & Safety and Standards of Agricultural Products Research,

Jiangxi ‘Academy of Agricultural Sciences, Nanchang, 330200, China)

Abstract; The composition characteristics and human health risks of rare earth elements (REEs) in
soil, plant products and animal products from rare earth mining area in southern Jiangxi Province
were examined by using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Results showed
that the average concentration of REEs in soil around the rare earth mining area was 402.74 +
200.03 mg-kg™', and 2.28 and 2.08 folds that of the average value of REEs in soil from China and
the median value of REEs in soil all over the world, respectively. Average concentrations of REEs in
plant and animal products were 343.48 wg-kg ' and 460.00 wg-kg ', respectively. The content of
Ce in soil, plant and animal products the highest, accounting for 34.22% , 35.31% and 62.95% of
the total REEs, respectively. The ratios of light REEs to total REEs in soil, plant and animal
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products around the rare earth mining area were 75.29%, 75.17% and 75.82%, respectively. The
daily intake of REEs from agricultural products to local inhabitants varied between 3. 95—
30.49 pg-kg™-d™" with the average value of 10.36 pg-kg™-d™". These values were much lower than
the critical value harmful to human health (110 pg-kg™~d™"), suggesting no human health risk of
REEs in plant and animal products around rare earth mining area in Southern Jiangxi Province.

Keywords :rare earth elements, soils, plant and animal products, rare earth mining area, health

risk assessment, Southern Jiangxi Province.

i 1 JCZ (rare earth elements, REEs) il % 78 . 80 (La) 4ii(Ce) B%(Pr) B (Nd) % (Sm) %
(Eu) L(Gd) BK(Tb) . (Dy) Bk(Ho) HI(Er) #&(Tm) FE(Yb) & (Lu),KHi(Sc) FI4Z
()™ 3k 16 FhOoCE 78 AR A LU AL s & E IR R W s 76 o0 R 40 1 M52 R 190.0153%
3 LA R 5595 (0.0046% ), HAR K42.(0.0028% ) FIH (0.0018% ) . — MK, 7 + 0 RAE M 72 P i) 7
S5 B BEARA R, BB B VR ORSEIC RIS L REEs LA TR ER A Ak 4B R 20k, 0l ) izis
FHFHUAR R A T ARl RS I 2 S 2 A2

TR A IR A B IRSR E An) BE e R 2R R ELY A R C R B 14
i R RAE LI 23% , FE 4Bk RN S HEA T8 1 42 A0 AR — 1t VLA TR R ) R
X, H 1969 4FE1E VLV e Hh X A I 0 IOk JF R 9 2 24 0. 25 Tl oy 4 [ 5 1 2R 7
WY 70% " TR e B ETC AR ER A8 R 47 T, 29 5 e EER g R =2 — A4

AR VLV N B T T RAFAE SR R S IR, B T - IR AT RE S| K R ) IR 85 15
e X AR FE SR T AR KU B 8 A I BFE R W] R b RBEs & 5 e i b s 4R E a2 )
e A A AT JE 224 ot R RRE 7 s - BRI T Y T X o™ i R A B 11 A4 25 XU 2 ol 34 5%
FHABE R 2 — 0 A EA KT B 0 X K B REEs A9 244k B R AR M T AR K A9 119 £51.
WFERIT i S ok i S 3 K | S O NESRE , 0 = S 4 S e Lo P AR B D e S B R 2l
CLIE S & g

O KRBT TR £ IC R EK R = i rh BRGS0 E R R A
HEAE A LI AR e RE S I, T VIS A 7 X s A 7 R R o0 3R B BB AR R e R R
K PEH IR A D

ARSI e B 2 B 5 55 B T 3 X R s Y s b i Ot R
AT AT IR R SRRSO P i TR B BURRE  PEAL AR i R TR A AR B
B S S R A X SR PR 2 4 AR R B it R Al R

1 #BEL5 5 (Materials and methods)

1.1 A XA

WV VI R T, HikbJb 45 24°29'—27°09" , K 48 113°54'—116°38' Z [a] , VL FE 4 (VP54
fRTFR 85 ) A ol DX ) b PR AT AR, R VTP 45 T AR K (39379.64 -7 T2k ) N DR Z R X T (H 3 X
14 BA 1 B i) s S50 H IR R R 2 B 48 7l 5 R ek il v Ik S b S A
Bk s R R b R GRS X EEER G kR, F S FE R T
#B E R LS N AR M X, o R LS ARG o8, F S UMK R o A S B R iz
AR o 3 I AR R R B e B TS B R O O X
1.2 EZH S

PR Bk B Z U R AR MEVE MR (10.0 pg - mL™) ( GNM-M03024-2013 ) | Fii 4= £ JC 3 b UE 7 W
(100 pg-mL™") (GSB04-1789-2004) BLHAICEARMER M (1000 pg-mL™") (GSB04-1750-2004 ) , E %A1
048 J@ S F T A RE A s 5 2 0 o3 3 AT R MER) B 2 73 (GBW 10048 ) | 338 B 43 53 A1 s HE 40 ot
(GBW07402 ,GBWO07407 ) , HiBR4 H b BR {b 2% #h A #F 58 i ; HC10, ( GR 4% , [ 2 4 Ak 2438 75 A TR 2
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I
i

] ;HNO,( UPS 2%) \HF (UPS %%) \H,0,( UPS %) il HCI(UP 2%) , #IN fhFi b2 Bedn A B ] 5 5286
KR Milli-Q B 2K RG Ak 35 R 4l

IS Milli-Q ALK F 4t R Millipore 24 F] 77 fi ( Hh 73 220, SE B, H BN A 55 B 1 IR BT 154X
(ICP-MS; %5 Perkinelmer Elan DRC-e, S5 i# ZEM , S5 H).
1.3 ik
1.3.1  FESLCRE S

KAFERTE] R 2017 4 12 A CRAEE S TEgm X (epg B Er S S5 Zm B #6 B X A,
I A8 ANSRAE (L 1) A A it ol K b 3T 88 %) 3 A MR 4R 22 b F R P AT S 3 BB YG 0L T  . Fh T 5 v T A
PR TET PR R T AR 55 v, PRI LM AR S o7 SR 46 I A T A o -
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Fig.1 Locations of sampling sites in Southern Jiangxi

HERE S SRR 2 RORARRIR ) R AR 125 (AR, 3 SR AR IR A T SR AR R
N JORBHZE L (0—20 em) K5 TR S HIBRER A FEAR A A W) SR %5 B SR BT 5 T DY 73 1R
SR 20 g Al T B EEHFER T T 100 BB JEH, A 8 5 H B4R b FilAb BES ARE S T T8
ae PRI R T

FELPIRE i < AR A 240 24 3t e B 1 R R BI FAE  , HER AR 125 kel ACRBES 03 2 kg, HE
foFEAR BN RO 1 kg ALIEIFERE 73 4 KT 7 0 55 8 {1 ASERHEE 8 i (W I 8 iy ROk 21 £ )5
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B AETFHOT BT TSI B 8 55 H B4 WAL B S (AR & T - 20°C SRAFFRE MM s 75 58 458k
WA B N BT B A3 P 7K gk R 28 B %) 4 KK 2R JE 25 B K kv, e s e AR T K 4y
SRIGITREAIH BEN 8 5 H B4 AL RS AURR 5 T - 20°C BRAFFR 3T s ORI AN AR iR AL
e, A8 5 [ B TR B (R S T2 R R AT

SHYIRE S SRR LI 2 R O FR5, HORAE 43 (o AE S SIS XS B 19 £y XS XY IS i
2% 8 1y s MG EERE SR FTHEAIIE B A 6 5 [ BH48 | TAL BRJS AR & T - 20°C PR AFFE43AT s BRI 52 8 08 | B
AR, ORI AT R 23R, 36 A 6 5 1 B4 BUAL BRLS BARE & - 20°C PRAF R 40 BT IR L4526 A
50 mLEYELE Y, T-20C Rt
1.3.2  FEAbIE

TR ERRFRE 0.1 ¢ CREAE 0.0001 o) Ze A7 H3EFRES T 50 mL 3R DU LG R b, /KR 8
JEMA S mL HCL, F o #b IR (120—140 °C) T, fERE 0I5 o0, IS IRE E 229 2—3 mL £ 4
F R RS SRS EA 5 mL HNO, 4 mL HF .2 mL HCIO, , in 35 )5 TR AW E 180 HI#A 1 h, SRI5IT
5, T 280°C E R NNFABREE , I 4% R sh R, SN E B R = &R U N 35, B O G HLERfE 4 7
G35 SR R ML R S | O 5 9KEE & SR TR IR 2R 2 N A 2R YA E R
RN Y 2 2R BUR 8%, FK e 3 35 AT EE R IA 1 mL ¥ HNOSIR IR f sk 8 SR 5
W RS 2 50 mL 28 mf T R H SR A7k e 25 8 50 2 M. B A FE S8 3 A4 T, Rl B s (1 5,
L3RR EY) B (GBWO07402 .GBWO7407 ) S B iE I i 77 %5 FY E .

SIFEYIRE S METR R 1—3 g CREA 2 0.0001 g) F 150 mL 4 TEHL H , Il A 8 mL HNO, Al 2 mL
HCIO, T3 JABE N8, SR 5 76 HL AR b 180°C JIN#ATH i , T AF b BOIRE v I 4 B F MRS, 7 i AU - 24
280 CHMZEU T, B EJG A 1mL ¥ HNO, , SR 5 LS E 50 mL A w i, B HUs B4k e
25 PRS) AN AR S AR 3 A TAT, [IHREs F e, DR SEbs e 5 ( GBW 10048 ) R B 3iE I 2 7 12 1)
HERPE.

1.3.3  #tIoFEmdriile

HH SR A 25 S TR S v (1CP-MS) 10 ng: mL™ &1 (% Ba . Cd .Ce .Cu.In Mg . Pb Rh il U JC
F) MR TAESEGHAT LA 16 TG T ARMERS 25 H 5% (V/V) HNO, B 9k B, e A B 0.1.2
4.8.10,20,40,80,100 ng-mL ™" FARME TARER. AL RIS A 0E T RN AR VAN E # + JC R 1 bRk
TAEGE AL SR
1.3.4 S

ST ot I o S s R 2R T, S AT A TR S A R AR TR A SO S . [T Bk S B A i Ak B
FASCE 0 2 57 3 L AREE ) S5t ( GBW 10048 ) 5+ I AR Y 5T (GBW07402 ,GBW07407 ) , b1 2 %
Py 108000 {1 3 P 10 () HHE AR ot A U R A A A8 8 R S R R 3 b s - 0 2 I I (B S5 A v
SHEH IR 1. SHY) 0N E G415 S 7% S i E S B N, R TERG B & 5 EATHE AL 1) RSD<10% , RS %5
FEU A A TR ER ARSI BR . Se. Y La,Ce Pr Al Nd #°4 0.02 pg+L™";Sm Eu.Gd . Th Dy Ho Er,
Tm . Yb 1 Lu 324 0.005 pg-L7".

L4 BRI o3 b

P ST A5 A BAE A B SPSS 20.0 1 Excel 2003 #EATHETT4047 5 38 1 & 5 R B (AT Al &3 4 v
i LC RS HIEPR TR R0 E) RO T R A LI R RRVRRE IR TS
TBR AE T 0 Fs.

2 5 5718 (Results and discussion)

2.1 EEE M DR PR TR SRR

w0 XA g 16 A LT R BT IE (mg-kg™ ) MUGETTAE R UL 2. 3R 2 T w5t
Fii 47 X JE 30+ 3% Se Y \La . Ce .Pr .Nd.Sm Eu.Gd . Th Dy Ho Er Tm Yb Fl Lu Jit & B Vi Fl 4371k
1.27—71.76 .8.26—475.05 . 12.75—251.07 . 43.45—465.45 . 2.31—57.21 ,8.01—205.90 , 1. 64—41.18 ,
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0.35—10.36 ,1.52—35.95 .0.24—8.51 ,1.50—64.86 .0.33—14.47 .0.75—33.86 ,0.18—8.12 ,0.85—44.97 .
0.13—7.26 mg-kg™"; FLAHR A9F (8 23 51 K 10.70+10.21,55.30+75.15 ,69.35+43.11 ,137.82+73.26 ,
18.02+10.65 .63.75+39.51 ,12.51+9.03 . 1.76+1.58 .8.80+7.16 .1.48+1.39 9.57+9.95 2.06+2.26 4.42+
4.78 1.01+1.20 5.35+6.56 .0.83+1.04 mg-kg™'.Sc.Y .La.Ce .Pr .Nd.Sm Eu .Gd.Tb Dy Ho Er Tm.Yb
H1 Lu f25 8] 28 5 228093 M 95.39% . 135.89% 62.17% .53.15% .59.09% .61.97% .72.14% .89.63% .
81.42% .93.69% .104.01% .109.89% .108.07% .118.81% 122.58% 1 125.92% , K /¥ LIt Z 7L H 5
BONRR X R EE R 10 0 S h R s ) o A R3S Bt R R B A T X i R
Fis B FE S 107.51—1092.90 mg-kg™ ', ¥I{H N 402.74+200.03 mg-kg ™.

R BIEAFTIARES Z Y E SR QA/QC BiE (n=3)

Table 1 QA/QC data for the analysis of heavy metals in soil and celery standard reference materials

FF3E Celery 14 Soil 15 Soil
_— GBW10048/ (pg-kg™!) GBW07402/ (mg-kg™") GBW07407/( mg-kg™")
Eljmnt FrifEf 5 FRifEf iz i FifE(E 3 5 i
Standard Measured RSD/ % Standard Measured RSD/ % Standard Measured RSD/ %
value value value value value value
Sc 160 156.09 8.86 10.7+0.6 10.38 2.61 28+2 27.71 9.81
Y 350+80 333.16 5.22 22+2 21.76 5.08 27+4 27.31 4.32
La 550+50 510.52 2.72 164+11 157.22 6.61 46+5 43.55 9.14
Ce 1040+110 1021.52 2.49 402+16 395.93 2.13 98+11 104.59 3.08
Pr 118+13 108.50 1.50 57+6 56.81 8.19 11+1 10.87 3.23
Nd 470+80 452.60 3.90 210+14 209.28 5.93 45+2 45.21 2.78
Sm 87+9 81.50 4.43 18+2 17.84 6.46 10.3+0.4 10.72 3.54
Eu 20+2 19.16 3.27 3.0+0.2 3.10 3.38 3.4+0.2 3.46 2.38
Gd 81+13 71.85 2.91 7.8+0.6 7.58 7.61 9.6+0.9 10.02 6.13
Th 12.6+2.6 10.99 3.49 0.97+0.26 1.01 9.29 1.3£0.2 1.43 9.37
Dy 64+11 61.34 1.36 4.4+0.3 4.32 9.92 6.6+0.6 6.80 3.73
Ho 12.4+1.3 11.82 6.45 0.93+0.12 0.92 5.38 1.1£0.2 0.96 1.19
Er 30+4 27.09 7.06 2.1£0.4 2.17 5.69 2.7£0.5 2.49 7.42
Tm 4.2+1.1 4.21 7.43 0.42£0.11 0.44 4.77 0.42+0.05 0.41 7.97
Yb 29+7 25.77 9.24 2.0+0.2 1.96 3.22 2.8+0.2 2.42 7.70
Lu 4.5+1.3 3.68 5.81 0.32+0.05 0.30 7.96 0.35+0.06 0.36 5.14
R 2 R DR RS TR K
Table 2 Concentrations of REEs in soils around rare earth mining area in Southern Jiangxi Province
_— + 3 Soil/ (mg-kg™") R EHEYME HEF e
Element T HyfH Na.nonél average \ialues \'X/orld. average Va}ues
Range Mean in soil/(mg-kg™") in soil /(mg-kg™")
Sc 1.27—71.76 10.70+10.21 — —
Y 8.26—475.05 55.30+£75.15 21.8 40
La 12.75—251.07 69.35+43.11 37.4 50
Ce 43.45—465.45 137.82+73.26 64.7 7
Pr 2.31—57.21 18.02+10.65 6.67 35
Nd 8.01—205.90 63.75+39.51 25.1 4.5
Sm 1.64—41.18 12.51+9.03 4.94 1
Eu 0.35—10.36 1.76+1.58 0.98 4
Gd 1.52—35.95 8.80+7.16 4.38 0.7
Th 0.24—38.51 1.48+1.39 0.58 5
Dy 1.50—64.86 9.57+9.95 3.93 0.6
Ho 0.33—14.47 2.06+£2.26 0.83 2
Er 0.75—33.86 4.42+4.78 2.42 0.6
Tm 0.18—8.12 1.01+1.20 0.35 3
Yb 0.85—44.97 5.35+6.56 2.32 0.4
Lu 0.13—7.26 0.83+£1.04 0.35 40
> REE 107.51—1092.90 402.74+200.03 176.8 193.8
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54 - 0 L OC R SR R R R L On R SR AR Y T A (R 2)
B0 XA PR RS T E PR R R SR IE; B X A
(40274 mg- kg )M T oM AWM LI R T 5(H (236.3 mg-kg )  HITH M Lo RE RM
(235.6 mg-kg™') JIALE M T ICR T FH(223.5 mg-kg ™) FEHIET LICRITRE(221.9 mg-kg™) UL
PEEM H TR HE(211.0 mg-kg™") KA £ I0E T RAE(207.6 mg-kg™) 1) VHEFE LU R 5
{E.(202.1 mg-kg™") "' AR o0 A0 X a6 X 4 P BRHR 10K Pr Eu T Tm Al Lu {FtH 7 + 4
s Ee R e P ES, KA £ 0 R 5/ B el m TR bR £ oo R S e a b . A, R
TP o0 R & B AR A R P O B T R S i, R X R R 4T
B AR AL AR R — Ay B, B SR 22—y S TR0 X 5 AV AR A A 4 R — 2. 5 E N A A
i XAR G, L3R 3, B R b X 58 b SR - P B T e g B H S T 3R v A At bl XS 4
PEME A 1) 2 B o b DX /MBS T 0% 2% Kielee b DXCEVRR 55 it i e K AH.

R3O B DR SR S 5 1 A SN A X RSP i H AR

Table 3 Comparison of REEs concentrations in soil from Southern Jiangxi Province with'from other ‘areas

[IEMES: Finil ¥MH Z:7 3k
Regions Range/(mg-kg™") Mean/ (mg-kg™') References
I HILIX. Southern Jiangxi 107.51—1092.90 402.74+200.03 AHESE Present study
AT & Changting County 135.85—327.56 242.92+68.98 (8]

J2 5 & Longnan County 538.73—1625.76 976.94 [15]

£33 7 Baotou City 40.14—3679.13 284.07 [21]

J4E Li County 152.23—338.86 219.87 [22]

2% Kielce, Poland 34.11—93.09 - [23]

fii[# Nidda catchment, Germany 41.50—544.20 201.10 [24]

Jb S H5 Kocani, Macedonia 106.40—244:39 173.54 [25]

B T IX A 3R + 8K Se (Y LayCe .Pr Nd Sm Eu.Gd Th Dy Ho Er . Tm Yb I Lu £
A 2.66% 13.73% 17.22% 34.22% 4.471% .15.83% 3.11% 0.44% 2.18% 0.37% 2.38% 0.51%
1.10% ,0.25% ,1.33%F11 0.21% , H:rh 5 HfG -5t i L 23 518 75.29% Fl 22.06% , EEE M5 H Y \La,
Ce FIl Nd, 5 2 & 50 81.00%.

C A I R B S p s T RN ok AR IR T 2 HOR R FI i K Ad 152 07 K
s e BE 3 v T 5 e VR BE A A T 2R IR B K T IR Tk IX Sl sl e B 1) R AR RS, R B0 X R i
X3 A e O R AW A, 53—y TR 7E B R 8 K AT R i o R oK R B A e R el T
T NG R 7 e /NG| NI RTARE Y W R 2 g P B R 1 s R 0 w7 5+ 1 1= A B R s £ 1 m T
JIT o b R [R] R R T R KR AR iR TR TR
2.2 B A DX RAE Y i R T 2R A BURRIE

FEEE M AT AR P 16 AP A T (Se Y \La Ce ,Pr Nd ,Sm Eu,Gd,Th Dy Ho Er Tm,Yb
M Lu) S EWE 4 i, N3 4 07, Bres b 16 #h#s £ o0 2 73908 0 51k 14.35 5,45 .32.92 147.75,
2.50.8.07.0.75.0.65,1.20.0.11.,0.44 .0.09 .0.24 .0.02..0.11 ,0.04 pg-kg ", BH 1 B &y 5 F 4 {E N
114.69 pg-kg " ;757 16 Ffi + 0 2 418 5 ) 4 20.55.0.00,18.70,54.65 .2.33 8.31.,0.98 .0.12,
0.70.0.14.0.00.,0.00,0.00,0.00,0.00 ,0.05 pg-kg™", B+ Bk FEE N 106.53 wg-kg'; HHH
16 A + 0 K (E 2 M 23.68 ,203.59 ,272.79 376.46 47.07 [ 178.45 26.04 .4.60 ,35.75 .5.05 .25.67 .
6.26,15.90,1.82 ,15.12 2.22 pg-kg™ ', M T BTt W B IMH 1240.47 pg-keg ™' s 4Bk H g 16 FF6 +
JCESEHIE ST M 23.52 152,41 ,360.96 ,501.11 ,42.48 . 161.61 ,18.83 .4.50.30.08 .3.64 ,17.73 4.63
9.99 .1.05.8.76 .1.39 pg-kg ™", B L IR B IEN 1342.69 pg-keg ™' HAEE M 16 Fif -0 F1Y
53594 23.29 30.17 ,132.19 [ 145.04 [ 17.27 ,64.08 .8.02 .2.67 .10.48 .1.16 .4.58 .1.21 .2.86 .0.32 .1.82
0.25 pg-kg ™, S T BT HI{H hy 445.41 pg-kg™' s KoK 16 PG 1 50 R P BIME 535K 64.67
78.29 .170.02 .276.27 .22.19 91.58 .25.86 .3.27 .22.95 .4.66 .22.08 4.14 . 14.70 .1.65 .11.96 .1.94 ug-kg™',
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SR B R (N 816.23 pg-kg A AL R 16 R LT R H{E B 25.28 .33.95 .80.38
121.30.9.82 37.69.7.57 .1.47 8.08 .1.38 .6.51 ,1.33 .4.19 0.47 .3.49 .0.57 pg-kg™", M+ ik B 44
{E 4 343.48 pg-kg ™.

R4 B L RIS T TR K (g kg )
Table 4 Concentrations of REEs in plant samples around rare earth mining area

in Southern Jiangxi Province (wg-kg™", fresh weight)

JLE JhFE U CES SEERH W HE PAT/S TR i
Element Navel orange Orange Pakchoi Cabbage Carrot Rice Plant samples
Sc 14.35 20.55 23.68 23.52 23.29 64.67 25.28
Y 5.45 0.00 203.59 152.41 30.17 78.29 33.95
La 32.92 18.70 272.79 360.96 132.19 170.02 80.38
Ce 47.75 54.65 376.46 501.11 145.04 276.27 121.30
Pr 2.50 2.33 47.07 42.48 17.27 22.19 9.82
Nd 8.07 8.31 178.45 161.61 64.08 91:58 37.69
Sm 0.75 0.98 26.04 18.83 8.02 25.86 7.57
Eu 0.65 0.12 4.60 4.50 2.67 3.27 1.47
Gd 1.20 0.70 35.75 30.08 10.48 22.95 8.08
Th 0.11 0.14 5.05 3.64 1.16 4.66 1.38
Dy 0.44 0.00 25.67 17.73 4.58 22.08 6.51
Ho 0.09 0.00 6.26 4.63 1.21 4.14 1.33
Er 0.24 0.00 15.90 9.99 2.86 14.70 4.19
Tm 0.02 0.00 1.82 1.05 0.32 1.65 0.47
Yb 0.11 0.00 15.12 8776 1.82 11.96 3.49
Lu 0.04 0.05 2.22 1.39 0.25 1.94 0.57
> REE 114.69 106.53 1240.47 1342.69 445.41 816.23 343.48

SR AN B A B AT P R R R AR T 2009 AFE AT AR ST A5 R (215.3 pg-ke ™),
10X 1] i 2 5 e L DX R AT AL o R4 PR 2 S BT L D, SRR A S [l — AN SR, AT i
HORFE RN R S R X, AR S8R S 55 TR RS R L T SIS 4 N bIX 5 E T X
IR s e R O A L, R M OB RS T AR e R R P AR T R TR A LT R B A i
(130.8 pg- kg )RR ME T HAMILA B EBER LT X AKRPEB L TR TFHTER
142.5 png kg™, w5 TAIEFE AR AR 10 2 S 1T SAEL A BIFE st g b DX B A s e R Bt i oF
S5 VR A5 0ok i R A T 2 S 0 T (55,78 mg- ke ) M LB [ s R A
Xof v R TS A R R T R R B IE (22,7 pg-kg ™) AR TR ROK BT R LT R M
- A v T A b A RE R A 25 (16.7 pg-ke ™) BE3KE(45.8 pg-kg™) R LT E M
SIS 2R E T A P BE T B R SR AR KR 16 R - e AR 40T, & 4 5k 60.1.26.8
16.8 pg kg™, PR TFAMISY.

/N RS IR KT B KSR L Or R S T TIEAE R, KBl L BIEE K
FISE AESEFNE N iR P38 43508 :6.121 ,0.713,0.197 ,0.726 ,0.199 mg-kg™" 5 73 — A A 45 5y
TR XA PR LR PS8 N 032 mg-kg ™', BOIOE &4 0.55 mg-kg ™", B IRH +°F
HIE N 0.24 mg-kg™ ' RS XTIN AR A R L X A TR LS A .5 K X SRR A
FFH RN 5611.94 pg-kg ™' MRS E N 3259.72 pe-ke ' RO E R 4109.88 pe-ke
JR &5 58 79.68 pg-keg™' G E M 140.40 pg kg™ A IR 2 SIS PR e B B
X BT 25 SR A /NSNS N Y 4R R R 0.20 F10.16, i P2 & 143591 4 78.57 mg-kg ™' il
36.58 mg-kg ' ZEERH B F I S R 14.50 mg-kg ™ SO & 1.04 mg-kg ™.

PAEY TR + 5 AN FEIEY) S A | 5 RKARFR 5 it KB R O 258 R AR T X i 4 4
s R R E(E N 1092.90 mg-kg ™', HME N 402.74 mg-kg L T4 E I EIE (176.8 mg-kg™")



8 14 R TIH G A5  5% M R DXJ i E SERN S A 7 it P R b 0 AR LSRR A R AU AR 1857

MR A H (193.8 mg-kg™" ) AHEFE B X JE AR P 77 S W+ OC R S mAEAERCR I 22 5], 6 i
P R RS SR VAR EE A M AROK T R R os R BRI A 5 114.69 106.53
1240.47 ,1342.69 445.41 816.23 pg kg™ ;75 1 BRI IS A IS S KR I e 2k e
s U R SRR, SRR H A SR T R A = 0 1342.70 g ke Fl 1240.49 pg kg L
— AN IE H AR O R SR (0.1—12 pg k™) BEfA L, Hop &= e + BB b s T — R Y
Y IE 5 1 oe 2R & HAWAE LA AR R AN R R VB RG 100 R & & 22 R AR K, AR XREY)
i FOCE O 22 BIIRAR A, BERIVEY R A58 R 2R R A AR s L oC R B E B R

ARG T DXAEY) 7 b 16 AP 90 (Se. Y \La,Ce Pr Nd ,Sm Eu,Gd ,Tb Dy Ho ,Er ,Tm Yb
A Lu) & i 2B &1 2. NIET 2RI 5 v 16 FP s o0 28 & it o0l 5 W 1 B9 12.51% . 4.75% |
28.70% 41.63% 2.18% .7.04% .0.65% .0.57% .1.05% .0.10% .0.38% .0.08% .0.21% .0.02% .0.10% FlI
0.03% , Horb %% Ffs T BT 5 L E 2058 80.77% F1 6.71% 5 EE M/ 4 Sc. Y La,Ce Fl Nd, 5. &1
94.63% ; #& T 16 s 0K & =00 i #6 S 0Y 19.29% .0.00% (17.55% .51.30%2.19% . 7.80% .
0.92% .0.11% .0.66% .0.13% .0.00% .0.00% .0.00% .0.00% .0.00% #i1 0.05% , H: A5z B+ T i FL B4
K 79.87%H1 0.84% ; FH > M Sc La Ce Fl Nd, i B H 95.94% ; T35 16 Fii FICE &840
di R 1.91% 16.41% 21.99% 30.35% .3.79% . 14.39% 2.10% .0.37% 2.88% .0.41% 2.07% .
0.50% .1.28% .0.15% \1.22%H1 0.18% , H.rf 4% T A 4= Fr o L3 43 51 R 72.99% 11 25.10% 5 2150
Y . La.Ce F1 Nd, 7 B9 83.14% ; Z5BRH W 16 FPff o0 R & 40 Bl Fict B A9 1.75% . 11.35%
26.88% 37.32% 3.17% .12.04% .1.40% .0.34% .2.24% .0.27% .1.32% 0:34% .0.74% .0.08% .0.65% F/I
0.11% , Hoh# TR 0 5 L8 43 51 0 81.14% M 17.11%; EE WL N Y  La, Ce A1 Nd, 7 5L & 1)
87.59% ;A% hrp 16 R 10T &R & &4 B 4 RS £ B R0 5:23% .6.77% .29.68% .32.56% . 3.88%
14.39% 1.80% .0.60% 2.35% .0.26% .1.03% .0.27% .0.64% 0.07% .0.41% 1 0.06% , H.rp#% &/ + it
b7 LLEL 53008 82.919% F1 11.87% 5 EZERL53 M Sc |, YosLaCe H1 Nd, 7 S 511 88.63% ; KoK H 16 Flff 106
RSN ER L EREN 7.92%.9.59% .20.83% . 33.85% 2. 72% . 11.22% 3.17% .0.40% .2.81% .
0.57% 2.70% .0.51% . 1.80% .0.20% . 1.47% #1 0.24% , H. iz H M + 5 5t 50 50 8 72.18% FlI
19.89% ; EH 543N Sc Y \La.Ce F1 Nd, 5 SEEAY 83.41%.

[ L
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EETm
EJEr
B Ho
06 ZAD
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° EFEGd
b E=Eu
’ zZ2Nd
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/ wZASc

0 %) 40 B 5 e 2
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akchoi Cabbage Carrot Rice

Navel orange Orange

2 A AT DR AR R R TR AL

Fig.2 Compositions of REEs in plant products around rare earth mining area in Southern Jiangxi Province

TP = b 16 R 10K S i) 5 s 1 B oE Y 7.36% .9.88% .23.40% 35.32% .2.86% .10.97% .
2.20% .0.43% .2.35% .0.40% .1.90% .0.39% .1.22% .0.14% 1.02% 1 0.17% , H: A%z EF + T i Fb B4
B 75.17% K 17.47% ; FE RN Sc Y La Ce Al Nd, 5 L1 86.92%. Fi Lk 43#r al %1, BLAR N R4
YRR TERG T OC R & AP (A HE: FHR T S R E AL, B 0 b LR E R 80% A A,
BN A, ¥R Se Y | La Ce Al Nd.3XJ2& i T4 s + L EA £ Oc R 5 oA o A
PIRE S A 00 Ce S, R 2 .56 3 M0 LT EARUTE La I Nd, X S8R5 H 07 X 5 34
TR S FE TR A2
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2.3 M A DR S R R OT R A RURE

EERA R T X S s 16 AR 9% (Se Y La,Ce Pr Nd Sm Eu,Gd ,Tbh Dy Ho Er,Tm Yb
Al Lu) S8k 5 Fos, W3R 5 AL 3G 16 Frfs oo & V34918 50 3 63.87,33.57,38.41,375.80
1.83.8.83.1.62.0.97 .4.07.0.59 .3.07 .0.91 ,4.36 ,0.42 .2.74 ,0.53 pg-kg ™", S+ 5w BEE B (E N
541.59 pg-kg ' XA 16 Fif T ZFHIE 5K 49.85.29.13 42.08,255.02..3.51 ,14.94 .3.07 ,0.51 ,
4.30.0.68.3.94 .1.02.3.73.0.39.2.51.0.43 pg-kg ™', BFG a4 R 41511 pg-kg™ ; X
16 F# 0K E 70 3 78.04 ,26.91 ,43.38 ,299.14 .3.20,12.64 .2.57 ,0.47 .4.01 .0.54 .3.10.,0.82
3.56.0.30.,1.98.,0.42 pg kg™, EFR T BT E MR BET-H4(E g 481.08 wg-keg ™ s MG 16 FhFE HoC R TP HMHE
M 56.53 37.97 .60.98 .80.47 . 1.18 .6.94 . 1.45.0.73.3.20.0.61 .3.93 . 1.12.3.31.,0.45.2.87 .0.56 ug-kg™",
SR T BT R BT 262.3 pg-kg s SRS 16 AR LT R IME S5 62.61 ,32.40 ,43.87
289.56.,2.25.10.24 2.01.0.76 .3.95 .0.60 ,3.38 .0.95.3.93.0.40,2.59 .0.50 pg-ke ", L+ i ik - 44
{4 460.00 pg-kg ™ B 1 EEARYR Ry R B > X > 48 PR > X I

®5 R L XSRS R LR KT (pg-kg ™ B
Table 5 Concentrations of REEs in animal samples around rare earth mining area

in Southern Jiangxi Province( wg-kg™", fresh weight)

T 0 o i 5 SHIE S
Element Egg Chicken Chicken liver Chicken blood Animal samples
Se 63.87 49.85 78.04 56.53 62.61
Y 33.57 29.13 26.91 37.97 32.40
La 38.41 42.08 4338 60.98 43.87
Ce 375.80 255.02 299:14 80.47 289.56
Pr 1.83 3.51 3.20 118 2.25
Nd 8.83 14.94 12464 6.94 10.24
Sm 1.62 3.07 2.57 1.45 2.01
Eu 0.97 0.51 0.47 0.73 0.76
Gd 4.07 4130 4.01 3.20 3.95
Th 0.59 0.68 0.54 0.61 0.60
Dy 3.07 3.94 3.10 3.93 3.38
Ho 0.91 1L02 0.82 L12 0.95
Er 4.36 3.73 3.56 3.31 3.93
Tm 0.42 0.39 0.30 0.45 0.40
Yb 274 2.51 1.98 2.87 2.59
Lu 0.53 0.43 0.42 0.56 0.50
Y REE 541.59 415.11 481.08 262.30 460.00

JEI RS AR E ) R - U R AU A R A R R, A ORI 2R - on R
BR 314 wg-kg M 117 pg-kg™ ' IR TAPFSE PG (415.11 pg-kg ™) MG (541.59 pg-kg™') &
R - (R FE P A 0 A 0 L R 4 TR AR 0 KO R P S e RS N 4.32 ug-kg ! IR
ARG PSR + 02 AR A AT P H T 8 B & A b 16 R o AR, S
H918.6 wg-kg ™ ARTAHFFEAG b A o0 R S B SR &Y xR R £ oe R SR
P RIS e R AR AE N 8.58 pg kg I SRR TR SR P ALE 419.90 pg-kg !,
T ABFFEXG A R S R & i & SRR I e S T2 X AR A R —3

R L X S S 16 ##E £ 7C% (Se. Y La,Ce ,Pr.Nd ,Sm Eu,Gd . Th Dy Ho Er,Tm,Yb
M Lu) & E 4 e an i 3 Fros, WKL 3 AT AL XS 8 16 A o0 3 & &40 5 i - B i) 11.79% |
6.20% .7.09% .69.39% .0.34% .1.63% .0.30% .0.18% .0.75% .0.11% .0.57% .0.17% .0.80% .0.08% F/I
0.50% , Hirh#% FHs H T 5 L E A 9h 78.93% F1 9.28% ; FEE RS> Sc Y \La Hl Ce, (5 M1 94.45% ;
XS 16 FFG R S0 R+ R 12.01% ,7.02% ,10.14% 61.43% .0.85% .3.60% .0.74% .
0.12% .1.04% .0.16% .0.95% .0.25% .0.90% .0.09% .0.60% F1 0.10% , Ferh 4% T 4 Fr & L 4 51
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76.88% M1 11.11% ; FE 53 M Se Y \La Fil Ce, 5 BB 1K) 90.60% ; X T 16 Fhfs + 0 R & & 409 b #
+ MY 16.22% 5.59% 9.02% .62.19% .0.67% .2.63% .0.53% .0.10% .0.83% .0.11% .0.64% .0.17% .
0.74% .0.06% .0.41%F1 0.09% , Horiz B+ b7 LLEE 4300 R 75.14% F1 8.64% ; EE 534 Sc .Y La
Fl Ce, 5 S EE Y 93.02% ; X1l 16 B Al 100 2 & & 3 i o5 s = S Y 21.55% ,14.48% ,23.25% |
30.68% .0.45% .2.65% .0.55% .0.28% .1.22% .0.23% .1.50% .0.43% 1.26% .0.17% .1.09% 1 0.21% , H
ri RS T MR 57.86% 1 20.59% 5 EE AT A Se Y \La Fl Ce, 5 EERAY 89.96%.

e R 16 A LR SR R BN 13.60% .7.04% 9.54% 62.95% .0.49% .2.23% .
0.44% 0.17% .0.86% .0.13% .0.73% .0.21% .0.85% .0.09% .0.56% 1 0.11% , Horh % &/ 1+ & o 84y
WA 75.82% 1 10.58% ; EERI M Se Y La I Ce, di 1Y 93.13%. th EiR 20 bl 0, B AR AR 5h )
FEn R LU R S DA TE 2 S (MR R T R AL, R XS il AR AR 1 B 7 R S
80% i, FERU B IEAHIE YK Sc .Y \La Fl Ce, 29 /5 B4 AY 90%.

1.0
0.8

0.6

Ratio

bzzaNd
XN pr
EEE Ce
EllLa
By
2 Sc

0.4

Egg Chicken  Chicken liver Chicken blood

B3 s DX s e R R b TR A LA

Fig.3 Compositions of REEs in animal products around rare earth mining area in Southern Jiangxi Province

2.4 AN[RIAEY T SR TR A B AR

MK 6 AL, 6 R R AW Y B AR A W 22 5% RN RAR ™ il vh s T 3R 0 s 4R R U
REPIMEICH 3SR ST D SRS AL 7> IRl 0 6 FfR =W iy o 48 R BT R0
B, AR IR 2 28 B — O R AR R AU R T SR ANAEERH 5 50 2O N R A T ARIOROR A
BT A B, 2R H AR DO B RO 3 3R R BOCR 0.041°) 53 SARHIFY K LAY 45 Bk T 6 /e it e
L TR A B R R B(0.049) BA B AR, 25 D3R TR 10w 4 R ECH0.0515
AHITFE P S Mk DU ZR Y B 5 R HOY 0.056 5 R i1 KX H 0 A 4R R B , X -5 HoAth
BF T 2 R ARSI

®6 AFREYIHIKIEE

Table 6 Water content in different foods

JhFRE R HH SRR Wk KA

Navel orange Orange Pakchoi Cabbage Carrot Rice
Moisture content/% 87.4 88.2 94.5 93.2 89.2 13.3
Range of bioaccumulation 0.00026—0.011  0.0019—0.0027 0.015—0.18 0.023—0.079 0.0094—0.011  0.00050—0.0062
factor
WHERRIIME
Average bioaccumulation  0.0031+0.0019  0.0023+0.00043 0.056+0.062 0.049+0.028 0.010+0.0011 0.0018+0.0016
factor
Coefficient of 61.29 18.70 110.71 57.14 11.00 88.89

variation/ %

a., B8 2017 4EF EEY M43 a., Cited from China food composition 2017.
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ARAA Y Z [ L0 SR 2E 5, AN F] AR E 4 R B RO, I A ERH I A iR/ NV E

F R T HABI LR (18 4) I — 5070 J5U A Al BE S A A4 dh B AS [R]85 I IR) — gl PP, 28 57t
BT, W] 55— S R AT RER AW n] £ w00 B A A JBOA ] 3 B0 L 3 s L on R 22
WA 1) 3t L SR RS T B o AR A S P AR S L R Wl e R B L E 4 TR
PR e b S, O b i O AR AR ) M b SR e R A WA R R, — R 2 Ak
B SRR LT R S R, O S BRSSO A R AR F AL S —
X BB SR L TC R O T A A R - S S AR SRS SRS AR R B T AR
AU T A R A SR s 03 WRICRE ) AT BOR 22 57 X T s R W 0 R g AN BLAE R 41X
JEl A BEAT AR A0 £ .

Bioaccumulation factors

0
Navel orange Orange  Pakchoi Cabbage  Carrot Rice

4 AEY b TR R L OEER A AR AR

Fig.4 Bioaccumulation factors of REEs in edible parts of six plant products

2.5 i LGRS AR B R XU A

R TAEF o AT A 2 R = AR 0 ZR I B B nT BE 7 A I AU, ARG 2 RS [ R AR R
SR P A XU 5 12 41 1 R AR S 48 R (75 e A A B [ ADI, mg-kg ™ d ™' ], AR N .

ADI=( CXGWXEFXED)/( BWXAT)

K, € A= SR AT B R TR M (mg kg ™) ,GW A H AR A (kg-d ™) L EF 5
AR (d-a™)  ED R EEA(70a) BW Jg AR E, — MR FARHEVR E (60 kg) , AT 284 i i)
(365x70 d)®.

S VA AT 12 X RN REARSE 52 ROk B KRR B AR MR US EPA(1989) 4 HY &%
A SRR R 0TS Y A e A 15 T X e R B H AR AR e R W (R 7) .10 Fhalifl
Y7 SRR o R E AR TR AL E K 3.95—30.49 wg kg -d™; HEEAR LR B
10.36 pg-kg ™ d L ROKRBIFEA R FIME N 6.80 pg-kg™-d™", Fem T3k 23.34 pg-kg - d ™ HIREFH X
RN 0.84—4.27 pg kg -d ™ BIEH N 1.70 pg-kg - d™"; HARA = §h &R B H SP-398 ARG 0% 19 & 4R
AR NS AR = o A 5 H P B ARG + 0 R B TR B, JOR RIS SRt 7 82.03% , BTk i K ; 458k
H R ST R WA K, R 7.10% 15500, Ji R L IC R A 70 png kg™ d™' hEE A5 | I AR 5
EAIEFEN 100—110 pg-kg™d™" 7 ARSI H AR L I0E M EHN 10.36 pg-kg™-d™', H HIE
AR KA N 30.49 pg-kg™-d™, BIREAR T AN 2 457 5 I I R0 25791 e, 3 WAL AS A7 A i B XU 5 5 4
k22250 AN AR B R A 25 5 X R T2l L SR R NEEME N STk
1K76.92% ARG /NSRS S A AR BRE XRS50 L 1 2/ AR o8 45 SR R B3k 2500
SEANE VT BTk R R IA 81.19% , HAHFSE thESk 45030 AL IRE 7 I AR 40 A 8 B XU 118V 1Bl ) Ak F
FEM AR A KT B A el 22 5.

MR A T35 Y 0T 1) T2 R A T B A | R R4 o LA B T R AT B AR A R
5 YL T A AR A A R XU i B A R A AR T ANIERG E A RS A IR EE TS BE
BEAFE ,99.5% LA -k - 438 [ FH T TR R, L 4 B 3 5 BA FE B2, R BT b 2k A= 2 T 285 i) 19 A
HHEARDS BN R, B R T A 70 pe-kg AT A R I R R I S R 100—
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110 wg-kg™-d™""7.

RT M DR R HI Y SR 7 i B e R

Table 7 Average daily intake dose of REEs of local inhabitants around REEs mining area

P BEERIR e i RRCE AL B i L
Sample Number of days = 1) 4 consumption/kg Content level/ Daily intake/ Ratio/ %
used per year/d (peg-kg™) (pgkgd™h)

WA Navel orange 60 06 19.(3121136 199).33 o.(()?):;);sz 0. 1(11;12 1).81
FE T Orange 70 05 75.(9;&(;15236).57 0. i %;;);20 0.4(1(;302
#3% Pakchoi 150 0.2 61 1(.19;)2 7155 2 0'?‘:;;27 3 1?;:(;85
SEERH 5 Cabbage 80 0.15 814('61634*2_1297?‘74 0“(‘2 ;i;m 1'4(9;%2)'63
B19 b Carot 60 02 204(.szf)6.53 0.2);(1);32 o.?72367573
SOk Rice 265 05 255.(2;1—6222(10.36 2.1(36}33).34 22.(962;622).76
7 Eg 100 ol 133(.22:5899?.91 o‘(()z;;);u 0.2399;52
X924 Chicken 60 0.2 341 (i51 ;f?? & 0- 1%;;33 0'?22;(%15
YT Chicken liver 50 0.02 337(' L;]_.gg;)'ﬁ 0’3332504 0'(()2 ._28592
X1l Chicken blood 30 0.05 126(";;‘8? 63 0‘?:);;;)3 0'327%70
iﬁﬁi 3'?51;5’2549 (100.00)

JATRABIRG L2 PE B8 IR Sk & R g B X ARG N AR 2 s
ERGUR Y AW ARE B KR R MR A e R M AR EYE FY 108.00—1274.80 pg L7,
SEEME R 633.10 g L7 IEH A MR 1 15 7S FECR 1.40—13.30 pg L™, FHIME R 4.07 pg- L7,
X B P e R & A T IR R A SR 155.55 45787 X B otk m Rk & b Lo R
B8 100 R 0.57 gl F10.56 g« L' ¥R FARIERFE(GW09101a) , 43 HlEARiE & FERY 9.62 fi
H19.48 155 A WF9E B0 Z /R BEF ARBF ST 4 (' Ce) Vil (" Nd) 7E/N AR N B934, 45 R I KX
Ce Al Nd HLA & FBUEDL AT b, 57 K i RGE i & = A R £ e R &L 3 BB ARZ N
10.36 pwg-kg - di! R TFHE BT AL FEE 70 we kg -d ™", FEHIIZHE X 09 A TEVE AT THT G A7 1 e XU

3 258 ( Conclusion)

(1) VLPSAR A 10 X R0 300 & s RV A M LRI 5B 1.91 1% 5 + 2
VLV M L DX 3 A A BB 7 i 2228000, 23 ) ] A B B 75.29% . 75.17% A 75.82% , H:
H1,Ce JTLER & IR (.

() ANFEEY =X e R W E R AR R ES, BB
F>IOK.

(3) B 0 X R AR 7= 5 R TR AR S L E T X R B A {E R

Yeid

SEEBRRH S b >R >HE
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