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Rare Earth Elements Content in Farmland Soils and Crops of the Surrounding
Copper Mining and Smelting Plant in Jiangxi Province and Evaluation of Its

Ecological Risk

JIN Shu-lan' ,HUANG Yi-zong’* , WANG Fei’ , XU Feng’, WANG Xiao-ling*, GAO Zhu* ,HU Ying’ ,QIAO Min’,
LI Ji’ ,XIANG Meng’

(1. School of History Geography and Tourism, Shangrao Normal University, Shangrao 334000, China; 2. Agro-Environmental
Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 3. Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China; 4. Institute of Biological Resources, Jiangxi Academy of Sciences, Nanchang 330096,
China)

Abstract: Rare earth elements content in farmland soils and crops of the surrounding copper mining and smelting plant in Jiangxi
province was studied. The results showed that copper mining and smelting could increase the content of rare earth elements in soils and
crops. Rare earth elements content in farmland soils of the surrounding Yinshan Lead Zinc Copper Mine and Guixi Smelting Plant
varied from 112.42 to 397. 02 mg-kg ™" and 48. 81 to 250. 06 mg-kg ™', and the average content was 254. 84 mg - kg ~'and 144. 21
mg-kg ™', respectively. The average contents of rare earth elements in soils in these two areas were 1. 21 times and 0. 68 times of the
background value in Jiangxi province, 1.36 times and 0. 77 times of the domestic background value, 3. 59 times and 2. 03 times of the
control samples, respectively. Rare earth elements content in 10 crops of the surrounding Guixi Smelting Plant varied from 0. 35 to
2.87 mg-kg™'. The contents of rare earth elements in the leaves of crops were higher than those in stem and root. The contents of rare
earth elements in Tomato, lettuce leaves and radish leaves were respectively 2. 87 mg-kg ™", 1. 58 mg-kg™' and 0. 80 mg-kg ™", which
were well above the hygienic standard limit of rare earth elements in vegetables and fruits (0.70 mg-kg™'). According to the health
risk assessment method recommended by America Environmental Protection Bureau ( USEPA), we found that the residents’ lifelong
average daily intake of rare earth elements was 17.72 mg- (kg-d) =", lower than the critical value of rare earth elements damage to
human health. The results suggested that people must pay attention to the impact of rare earth elements on the surrounding environment
when they mine and smelt copper ore in Jiangxi.

Key words: copper ore; mining; smelting; rare earth elements; soil; crops; health risk

s HHA: 2014-09-02; 11T HHA: 2014-10-31
EEWMA . LA R H (20142BAB203026 ) 5 HERME BB LA VR H 5 VLG4 Rl24 BE 44 9 A5 5056 % P i3 4: 390 H (2012-KLB-1,
2013-KLB-08)
YEEB N k21966 ~ ) , L, BB, FEAF5E )5 10 N AT M B4 | E-mail : js1809@ 163. com
# AR A, E-mail ; hyz@ rcees. ac. cn



3

BWR A VIVUHRET SRR TR SRR AR 1 oe R S S

1061

Wi LUK A T A AR AR KE R
ERAE N, IFFEA R B R 22 28 T 38 i Dl e
S WS Al S BAEER . A4
V' S F 2R R AT IR AL AL B AN TR 1Y 43
ARG AL PRI A A — i 35k A 2% 46 7= 711
TEAEY) | 3R A5 UL 5 v A5 31 ) 12 1Y 5 A0 R
M B e AT P T A B A 40
ZAEM I, B BN R RAEY N E SRR IR E
(R 1 REAR SEARAE Y A A, (LR w5 i 3 s D) 2 41 )
SCEEFEARANEY 38 i B W AR AR AT 5
Mg N\ AA(EERRE. s 1 B2 UE T & RN FH A R X6 A= ) FN A
BRI 2 BTG [ N b2 2 5
87K § B0 T SR I B R A T i
R, RIS LR E R oo R 2
PRER AR5 gy, Tolk X B 2k B rh - RS
Yok BRI T BT RGOS R o S B8
T 2 X R A BRI ) R I A I S AR D L 0

TLVEAA 2 i KPR TR | e B T
M AR AR R LA R A, L
AR IR B L TV Ve A EX T XN (AR &
117°34'37. 18" ~ 117°35' 00", 4t 4 28°57' 58" ~
28°58'21") W XV AR AL-PU g J5 1] 43 A1, Z- P4 8 2. 8
km, FACE 3.4 km, FFHBTETER 9. 52 km®. %W FF R
T A&, DR s A F R SO c 8. Hrrh
JRAT G BIIRAEIZ IR FEA W IR Z . VLA

SEAH R R S KRR 2 %)
TIP3, PO 117°12/25. 40"E, 5 & 117°
14'23.9"E, Jb i 28°20730. 69”N, i & 28°19'38. 52"
N, 2 H ] SRR 5 4 | SR I AR A A = il i T35
H, BT O 120 7 v, o R AR —. TP
T8 AATR ARG RES, WY X AR S
ARG e R B, TR S IR ANG
it B T SO T N i HERUK R A 5% )
WA DARIE . A SCHETL VA 4T AR L YRR 1 X
S S BIR ) T PR AT SR PR R A,
WFFE R o E e IR Y b 0 B SERRAE LA R £
TR NMAGERRE (5% ), AR S AATT T A4 7 >R
AR R TR 5 YR | BRARH 1 oC KXt
BT ()52 i P R 22 ARl

1 #RE5FE

1.1 FERCRESE

TEVL VOB LA R DX 1 A H rpoR B
0 ~20 cm Ay EHERESY 11 AN 1), SBAMEE T X 54
LR HE T (117°03'22. 4"E,28°19'39. 1"N) K4 1 4
TR BRRE . A AR R AR 500 g, 5 ~ 8
AT HORE Y - S TR A T, R AEAE i Y [RTEeE
ICRE R B B S R A R A B
B RAERIRE S 2T, B4 200 H i 5 667 T
O HEE DR

28°59"

N N 264.77 gt 202.67 223.98
i meke! A -EIl_E1o £9
210.86 :
I 211.59
" o i S
'no
386.42 199 34
397.02 E4 26886

ES

117°35"E

E1 IAEMRUGAHETEALIERERSHRERLITRSE

Fig. 1 Soil sampling sites and the total concentration of rare earth elements in soils around Yinshan Lead Zinc Copper Mine
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Fig. 2 Soil and crop sampling sites around Guixi Smelting Plant
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1.3 HdEadr

K H ArcGIS 10. 0 B2 i RA A0+ 3R 1
W EE 53 A TR D e #5495 A T SPSS 19.0 Fl Excel
2007 #ATSETH AT, R L R T 25 (ANOVA) 7%
1 Duncan K 5 J5 15 2047 W35 P40 B AR S ME H
Pearson FH7E 22 F /R (P <0.05).

2 HRE5HM

2.1 FEXLAR AR JE 2 4 AR B A T R
Fi oo R E

ELAR LAY REAR 7 JE i 1 38 pHL (A8 ALY 1Rl
4.67 ~7.30,FIME N 5.72, BR E9 Ab, - HERE 5L 1Y
SR LR SR (CEC) AR fk i [l

& 565 ~ 17.15 cmol-kg™', F ¥ {H 10.61
cmol -kg ™. HIEATHLTE (SOM) 7 AL 20. 39
~58.44 g-kg™', FHIMEH N 38.77 g-kg™'. EA
(TN)7£0.26 ~3.16 g-kg ™' L Z 0], 44 1. 80
g kg ™'y EBK(TC)7E 3. 18 ~29.06 g-kg ™' Z[A], F
¥IN17.70 g-kg ™', BBR(TS) 7 0.29 ~0. 61 g-kg ™'
ZIa] S 0.50 g-kg ™' ZME 11 A HIERE S
tooRSEILE L MRl HEB LRSS
{HYG I 112.42 ~397.02 mg-kg ™', BEfH E1 i +C
R ERE N 397.02 mg-kg ™', B6 KA HRE N
112.42 mg-kg ™", EHI{E Ky 254. 84 mg-kg ™", & TIL
PO H RS TR i A (211.0 mgekg ') |
4 5 E (187. 60 mg-kg ™) ) IR HERAL

F1 EMBLUEERERTEALLEIS MBELITESE" /mg-kg !
Table 1 ~ Concentrations of 15 rare earth elements in soils around Yinshan Lead Zinc Copper Mine/mg-kg ™!
JLE El E2 E3 E4 E5 E6 E7 E8 E9 E10 El1
Y 23.60¢  21.26%  21.28% 1575  21.36% 9.06" 12.71%  17.15%  17.53bd 20, 88 21.26%
La 48.20¢  42.01¢ 46. 374 16.30%  28.54¢ 10.11° 22.22b 2582  26.03%  29.13¢ 42.01%
Ce 123.14¢  100.69¢  114. 00¢ 58.18% 79, 58>  33,79¢ 61.02>  59.30®  64.41° 74. 24> 100. 69
Pr 38.19"  30.72° 37.26°7  15.40"¢ 22,859 4.36° 15.93bd 13,67  17.29% 20,87 30. 72"
Nd 133.24°  109. 13 118.32°  71.07*  86.03>  50.15° 79.52%¢  69.29%  82.47'  91.98"¢  109. 13
Sm 9.78¢ 8. 40t 9.07% 6. 18 8. 524 4.03* 5. 80 7.53bede 7 450 7. 60" 8. 402
Eu 1. 63bde 1, 2gabe 1. 34bed 1.32%0d ] 84¢ 0.94* 1.25% 1.71 1. 665 1, 69ede 1. 28"
Gd 8. 08 8. 14°f 9. 108 6.57¢ 8. 94 4.41° 5.91° 7. 48¢% 2.61° 8. 11° 8. 14¢
Tb 0. 99¢ 0. 88 0. 90 0. 70% 0.95¢ 0.50° 0. 66 0.79%¢ 0. 83bd 0. 89 0. 88"
Dy 4. 84! 5.17% 5.36¢ 4. 14¢ 5. 42¢ 2.71° 3.45¢ 4,22% 0.94* 4. 68 5.17¢
Ho 0. 83¢ 0. 75 0. 74 0. 57" 0. 78 0.35° 0.50 0. 64 0. 68" 0.77¢ 0. 75"
Er 2.24¢ 2.51" 2.51" 1. 844 2.32¢ 1.11° 1.45° 1. 86¢ 0. 44" 2. 14¢ 2.51°¢
Tm 0.26¢ 0.27¢ 0.24% 0. 15 0.21¢¢  0.08* 0. 13 0. 17" 0. 19« 0.22¢de 0.27"
Yh 1.75¢ 1.81¢ 1. 64% 1. 03¢ 1. 34« 0.70* 0.90% 1. 09" 1. 29 1. 39 1.81%
Lu 0. 261 0.27¢ 0. 254 0.15%  0.19¢ 0.12* 0. 14% 0.15%  0.18"™ 0.19¢ 0. 27
>'REE  397.02%  333.300  368.42' 199.34"  268.95™ 122.42°  211.59" 210.85" 223.99"  264.77"  333.29"

D) B AP (n =3) , R AR FHERR 2250 835 (P <0.05)

2.2 STEIAGHRS A AR A R 1 oe
EqE s

B RAEX R AN 2 iR, &
W 12 A R S AR Loc R B/ LR 2 Al
3. D2 S TR S &M, B 250.06
mg-kg ', D4 i b F AR R 48. 81 mg-kg ™' Xf R
RS R+ A E N 71.03 mg-kg ™. 12 A HERE
S ITE T AR 144,21 me-ke !, AR BRI
VU R oo R TR R EM e EE R EN
0. 68 f5H10. 77 %, J&XF BEFE 51 2. 03 1.

FHERRL B #R e R B R BRIG ) R
LR AR AR N AR O 2 I E, 15 2% 9 e+
HERR FoT R BN A AR EA (UL IE 3. MRl 3X
P bR AE ARG L OC R R R S5

o i1 I L7 e < LT = W i o 3-8 E 1 0
HAHFT R . MRS,
2.3 CRAEYRHRE 0K & AR KUK M

AR FEALAE SRR 8 R RE &
ISR ) R AR B R T R F RS O
(F4). RIEYH L & EAMERE . 0.35 ~2.87
mg-kg ™' SEHEHN 0.90 mg-kg ™' FEAK ., EK, FE
AL BN AR TR R R TR
SR 1,05, 0.35, 0.35, 0.36, 0.65, 0.42
F10.53 mg-kg ™", PURFIKIE 2005 FMmA7 £ 5
15 YRR AR E (GB 2762-2005 ) T #1E AY AR £ 1R
%(2. 0 mg-kg7l ). XE%{:(O 5 mg-kg71 ). e
(0.7 mg-kg )M LFRE. Fhn, 2S00 8 bt
A e R S E 4 i Rk 2.87 L 1.58 A10. 80
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Table 2 Basic physicochemical properties of the tested soils around Guixi Smelting Plant
) SOM TN TC TS CEC
HEA -1 pH & -1 -1 -1 -1
/g kg /g kg /g kg /g kg /cmol -kg
D1 20. 83* 3.96* 1. 46 16. 121 0.51° 5.70*
D2 24. 96 3.95° 1. 648 15.43" 0.73" 6. 89"
D3 47. 03¢ 4.59¢ 1. 394 14.22¢ 0.32% 9.35¢
D4 22.37° 6.08" 0.94" 8. 82" 0. 392b<d 4. 65°
D5 35.76" 5.03¢ 1. 46" 14. 264 0. 43¢ 7.55¢
D6 47. 02 5. 68¢ 1.52f 15. 3! 0.30° 6.25"
D7 53. 08¢ 4.25" 1.61¢ 15.98' 0. 39¢bd 8.00°
D8 49. 734 4.94¢ 0.75° 6.56° 0.33%¢ 6.55"
D9 37.11°¢ 4.55¢ 1.23¢ 13. 550 0. 40" 7.50¢
D10 35.38% 4. 964 1. 40% 12.77¢4 0. 332 7.45¢
D11 46. 59 5.04¢ 1. 404 13.72¢ 0.41¢ 6. 85"
D12 36.95°¢ 5.29¢ 1.334 12.67¢ 0. 382bed 6.95"
1) Edl R B (n =3) R R F R R 22 J P R 2 (P <0.05)
R3 EBRBEABTEHBLITERE /mg-kg!
Table 3 Concentrations of 15 rare earth elements in soils around Guixi Smelting Plant/ mg-kg'l
TTE D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Y 7.61¢ 10. 41°¢ 7. 649 2. 84% 5.41% 5.87¢ 5.05" 4.72% 5.78% 4.78% 4.75% 4.21%
La 25.67° 33.54¢  17.91°¢ 2.44% 12,76 11.81°  26.80%"  12.02** 13.71* 18.41* 14.04® 10.14*
Ce 57.56"  73.83¢  43.32%¢  12.63*  33.71*  31.66" 60.89"  34.23" 3715  46.41" 37.79%  30.70*
Pr 19_ 47(-,11 24. 92.| 13. 85}m] 3.78% 10. 241»(:.] 9. 96Imd 18. 89"“] 8. 7831) 11. 45hml 14. 17!)(- 11. 70!)(:‘] 8. 98ab
Nd 78.41%  95.32¢  58.61%¢ 22.77*  57.76™  50.26°" 82.40™  45.07*> 56.41% 58.44% 55 92%c 46, 3%
Sm 4,00 4.57¢ 3.50b4 1,352 2. 60" 2.87%  2.37% 2. 46% 2.97% 1.19° 1.28° 1.32¢
Eu 0. 52" 0. 79¢ 0. 60 0.26° 0. 45" 0.47%  0.42*  0.41*  0.49™  0.86% 1.00° 0.98°
Gd 2.554% 2.97%  3.33¢ 1.32¢ 2. 12% 2.10%  1.77* 2.25% 2.61% 2.67% 2.474% 2.66%
Th 0.38% 0.51f 0.39¢ 0.20" 0.30°¢ 0.32¢0  0.28° 0.29¢ 0.33%%  0.15% 0.13¢ 0.16%
Dy 1.114 1.34¢ 1.37¢ 0.53% 0. 82" 0.80"  0.68" 0.81" 0. 94! 0.98< 0.91%¢ (. 8ghed
Ho 0.23¢ 0. 34¢ 0.24¢ 0. 08" 0.16" 0.18>  0.15" 0. 14" 0.18"  0.13*  0.14" 0. 15"
Er 0.50% 0.58  0.63" 0.25* 0.38" 0.37%  0.32* 0.39" 0. 44 0.48< 0. 45< 0.45<
Tm 0.05%4  0.09° 0.06™ 0.01° 0.03%  0.04% 0.03% 0.03% 0.04%c  0.07% 0.06%% 0.11"
Yb 0. 53¢ 0.73%  0.58"  0.27% 0.46* 0.49%  0.42% 0.31* 0.47% 0.86° 0.87°¢ 1.424
Lu 0.10* 0. 12¢ 0.11¢ 0.07° 0. 09* 0. 09* 0.08* 0.08* 0. 09* 0.28" 0.30" 0.57¢
DUREE 198.69% 250.06° 152.13"  48.81* 127.29°" 117.27* 200.53" 112.00" 133.05* 149.87" 131.80* 109.02*
1) Bl B (n =3) , FAT AR AR R 225 E (P <0.05)
200 FHTAR R s s R BR AR N T 2005
180
160 @%%%)Mﬁl3‘ﬁﬂﬂ®ﬁﬁ%¢wﬁ%
}:ﬂ TR EGEZE PR TR SR, H
Eloo F1La, Ce #INd &% 5, Th., Er, Luﬂle HGEIR
L 80 B S
i s @EHP Y| Gd 45 4T RAE R fiE I3,
40 B WRAE D RIS R i
20 N N NJoe N2
oL v~ = R A S i 8 A ANV P 48 Ge i sy B AH DG B 15
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu VSE Y . N e N K
PRGOS BB SR K, RS AR
Mz = [12
B3 @R MRRAET B LR TR R BAEMIBEEALL (£ 5) A4 US EPA(1989) ' 4

Fig. 3 Distribution pattern of rare earth elements in soils around

Yinshan Lead Zinc Copper Mine and Guixi Smelting Plant

mg-kg ', ¥ T GB 2762-2005 HHLSE 1 S FI7K
B T R BREARE (0.7 mg-kg ™) (2012 4 [H

HAAF BRI RO AR TR AR, BT
X R 25 H P HBAM LU R MR R (£ S). 4
WMERWKECTELOREAEN 17.72
pg (kged) ' MK TF70 g (kg-d) ~" B2 450 AN
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Table 4  Concentrations of rare earth elements in crops around Guixi Smelting Plant/jpg-kg =
it [EP/S Fe WA wLEE LXK b & it mR PiER Tk
Y 305.75°  1129.40° 40.32° 52.91° 185. 25° 21.43° 82.78° 66. 36° 32.40° 28. 86°
La 135. 95° 326. 15" 43.43° 124. 00° 323.2° 49.24° 143. 80° 81.85° 57.85¢ 46.25°
Ce 175. 55° 438.20" 36. 93¢ 165.10° 495.70" 55.24¢ 213.30° 108. 00* 81.42° 45.08°
Pr 14.36% 61.91° ND 7.26% 40. 08" ND 12. 84 2.78" 0.42° ND
Nd 108. 86 302. 35¢ 33.50® 67.79% 184. 85" 34. 84% 97. 62 55. 68 44,78 39. 80°
Sm 28.31° 95.28" 5.59* 13.67° 39. 60° 6. 86" 19.92¢ 10. 59¢ 8.69° 5.04°
Eu 32.9% 31.22¢  27.95° 46.92¢ 55.394 29.25° 40. 13" 28. 60° 28.90° 28.16°
Gd 135.75° 210.75>  105. 85° 114. 05° 141.80°  107.1° 117.2° 111.05° 107. 90° 105. 20°
Th 3.52¢ 19. 16" ND ND 8. 64" ND ND ND ND ND
Dy 44, 54° 141. 10" 14. 64° 16. 67° 37.32¢ 14. 26° 23, 44° 17. 34 14. 52¢ 13.78°
Ho 15.34° 32.95" 9.19° 9.70° 19.01% 9.05% 10. 88° 9.57¢ 9. 06* 8.97°
Er ND ND ND ND ND ND ND ND ND ND
Tm 5.63% 11.27° 3.49¢ 3.94¢ 10. 58° 3. 60° 4. 15" 3. 83" 3.30" 3.66°
Yb 39.29¢ 73.97" 28.33¢ 30. 10° 41.08° 28. 14¢ 31.85° 29. 64° 28.07° 27.01°
Lu ND ND ND ND ND ND ND ND ND ND
D REE  1045.74*  2873.64"  349.21° 652.10°  1582.49"  359.0° 797.79° 525.27° 417.28% 351.81°
D) BAEAEBME (0 =3) , FATAR 7B R R 22 50 03 (P <0.05) 5 ND R AR Al >k
*5 REZAREBALIERZOBBAFLITRE=E
Table 5 Average daily intake dose of rare earth elements of local inhabitants around Guixi Smelting Plant
R T BHAEREHIRE HE M H A= ST i 0 43 A
/mg-kg ™! /d /kg /pge (kged) 7! /%
fak 1.05 365 0.50 8.75 49.38
b 0. 36 100 0. 30 0.49 2.77
& it 0. 80 30 0.2 0.22 1.24
2503t 1.58 150 0.2 2.16 12.19
2R 0.65 150 0.3 1.34 7.56
i+ 0.42 120 0.2 0.46 2.6
F 2.87 100 0.20 2.62 14.79
R 0.53 100 0. 20 0.48 2.71
ESPN 0.35 60 0.25 0.24 1.35
1A 0.35 60 0.10 0.1 0.56
7K 0.0159!16] 365 2.00 0.53 2.99
LES 0.20010] 300 0.10 0.33 1.86
SR 17.72 100
100 ~ 110 pg- (kg-d) =" I FAE0 . SBEH BE R FEXER YRR L HIEf L R B ES

PR AR L0 E S A H A R XL

%

3.1 bR TER SRS EAEER R

8RR TR S S R T A AR DG o
Bras 2, Mo 28 5 AR An M A AH ¢
HRARM(E6). FRIRE LR L RS E
5 pH Sk i 2 0 AARSC  FHOCR BN -0.912(P <
0.01) , Ud W4 4 16 KR B Bl i) R 1k ) o 2 = 3 1 3
Mt RSEIEEERE. FEm R S
A, BEAMBRS R R R FEEMC, 5 CEC
FI SOM AHHE.

3 i

SV W E UG, M E R B - 0.607 (P <
0.05) , 5 H B BALE BUAR DG AR R B AS AR .
3.2 HE RN IR TR A R R
PECAR I EYRE AR A 8] 3 1 3565 - on BRI AN
254. 84 mg-kg ' (WL 1), 402V VE A 4 A £
TTRGETE, 2E LN oR S 8T S E
YT S R RS LOou R AR 121 £, 1.36 f5 A
3.59 1%, VAR PR AR & TR R LOT R
St B B (AR EEZY 90 m) T4 1R
SCHET Y AP (HEIR = FE 2 500 m) 5530, TE R T
MWRARTER T AP RS XL i i A .
TSR LAY RFHR AT B ) o1 S SR 5 T A b IR B
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Bt 2% 36 #&

k6 TEBRITEESESLHEENMRA Pearson XM

Table 6 Pearson correlation between rare earth elements content and soil physicochemical properties

SOM pH ™ TC TS CEC > REE
SOM 1 0.072 -0.013 -0.043 ~0.604 " 0.567 -0.089
pH 1 ~0.474 -0.532 -0.585" -0.425 -0.912*"
TN 1 0.957" 0.41 0.379 0.698
TC 1 0.365 0.357 0.675"
S 1 -0.173 0.683 "
CEC 1 0.358
> REE 1

1) * FIRFE0. 05 KF L WML, « + FI/RFE0. 01 KF LBFEMK =12

A B AR AR 1) B A R RS R
T R IR R SR, & & CL7 |, F- | OH™ 4§44
AT, BlA I REE %8B R E %AW
ERITE RTS8l 28 = Ak, Sle A st
HEY D REE #5517 BOGsS BEgs A0 AR 1L
HYEF T PRAESSH AT IR, AERIE T 5 . SLIR IR
2 A AR R R R T AR — 0. A
FEYW T RSB oo R FERBER
W Bt MR L R RO K
521 t, [ERIEY) 475 v B A 2k XA A Ak i
TRAE FATE R P K, pH (B S 2.0 ~ 2.8, i
FRVE IR K A L oC M BE s, FEUR & B/
PEA A T oC R B . s 1 R, AR
HHUEL, E2 A1 E3 SRS, AT B - on R ik
JE . E6 REANSEITI L , B AYRE R0 AN R /K P2
H—E R, Ir s Lo R E R AL E9, E10 Al
E11 BRI R K I, B3R, 7 4 & e AR
. E7 SETEYREAE B8 SR ME T B W
3.3 HWIRHN LR LT R E R RS

v R Y A AR N A AR R R A T T 2
AIBRALERE B (S > 25% ) Jead 1o DR e kL ok | 322
IR A | P B AR RroRS i R e 1 BH AR AR, it ik
TR I 1R A 2% 380 XoF 17 2 [ ) A P, I AR Al 1%
FL A ]l 2o F A TS A AR . A S o
BRI AR TR 2= AR IR TR R K. AT BT R Y SRR
)R AR TR S BRI A A
M TR SR RE L E R E S T (CK) A
TR TR S, AN IR 2,03 £, ULEHE TR
Bt TR X g ot R SR mE 2
RIHL, REE A TR ) VA Ra T, SRR K T
R RTAE A R . XX R E B AN, A=
FRACRHR T B IR R B XU, Z RS

. PR IR KN T i TR T R T
L RER DL D2 M D7 R K PR BT, 57 R R K
ARGy NN (i oI v S = | B LR
2.80 fi5 ., 3. 52 51 2. 82 £if.
3.4 HTR BRI LT R S R
FORIGE] FIRAAEDRE GG oo R S S51E
PR L HERR B i ORI . FnAE £
TCE R, RS 038, BRIk, 250
Mt R G e T ORE H Mg+
JLE GRS T MR, Bk H SRR
TP R R (R 2) 7 TR R R KU
W o 32 BNGHRT i HE R SR 52, A P T A%
SRR TR A S ECN ToTR Haide. 1K
BT SRR R b X T 4 AR AR 4%
LB o A AT, KRB Cu, Pb it >
W>2E, cd Wik > 25, As b > 4 > 25, #uh
Cu.Zn, As, Cd, Pb i > 25, 2503 Cu, Pb 2H
M >ZK Zn, Cd AZE >0, As At > AR > 25 R
H1 Cu, Zn, Pb, As, Cd HW > 28, fE4H Zn, As
it > 25 HA R IX n] B8 2 27 21 24 Hb K05 e 5%

M AR S AR B SRR R
M £ OCE B BIR AN R R (BT 1 Bl ok 19 A

Taw LT A HEA T 8 245 6 8 sk i &
HB R e R AT AR A WA s, S EL
T ARANED HHE Lo R .
3.5 Tl JT RSP A MR A5
REMFEUESE T Hs Lo R X shd . YA
AR . IR R T R ARSI S AR MR 1 e
FE BT, BRI T A | FREE | e PR A
HEAHBTRE ST AR AEDI X Ni |, Pb, Cd S E 4R
(SR 32 | 2% fft LR B (2 S vk B i £
SH A AR BB AR A
PRANIERS 0 X B E 150 mg-kg B, HHEF K
bl Wy R SR R 2 A B A P T
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HAW I TE R | R B AR A R R SRR
HrJ T R o R W T X R XL FEAR
HEE A i 110 SRR A 10 AT 150
mg-kg ™ FURAHET T 12 A ERESETRA 4 4
SEET 150 mg-kg ™', HEEPH TR L EXT
A SIS B B . W e R S vk
14 EE 4 K 7 A DR IRDAE L i ) ST A W 1 B
WF5E 2, 10 mg- L~ " ¥R BEAY La A1 Ni ZbHE/K B
Frit, La 22 T Ni SRR A4 3% H 10 mg-LJ%EE
) La 5 20 mg- L™ ¥ B A9 Ni AbEERT, La 05 Ni P
), e T AE T AR R A, NEE S
BHAZ He WA 003, La BEHEE 36 P A 00 15 4 B
1, Yhsi/INAE X He e bt s (HBES e R
e A 0 B A B SE K, La 5 Hg W % AR B TR 1
FHLME T He XE/NEZ G a8 E . K ER La
o La( POA ), fig B 5 {12 1E &% 5401 1 10 A K R 2% fi
1 R LAY a2 kB A A A S
SR AT A5 Bl AR BRAR AR LG R — A A B
IRk ; R La 8% La(POA), XHHS. Cd fira iy
ARG O SRR H i b AR
LEETs AR B BT E 4w U5 Ye e B i,
FAEIG RO TEEG SR PR+
TR 5 U B T 4w A BRI B A Y
AR I R B RE R AR R R AR

4 i

(1) YLPGHTH T RN a0 ] 0 4 - 48 £
TUER Er MR, AR YRR A R 1 4 R
BRI A RS, R TR RS R
112.42 ~ 397.02 mg-kg™', F ¥ {H N 254.84
mg-kg ' B FILVE A 4 E LR T R F R
SCE AN FECREE SRR L oe R Sl BRI
AR 12 A B3RS A 1A RIER TR
X RS R LR S B, TR
A X HEAE ALY 2. 03 £

(2) VLVSHTE 16 R T 3 i 8 A AR VED i
i LIOCER O, RECEM, 203 B Mt
s £ 02 & b B G 15 SRR TP g 10T
RIBREARE. R HAT SR E ) R A AR
L T 0 N N (e 45 B UV N Dy N ST A B S A
FAITVE 45 R AR S 80 L oe 5
BiiiA.
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