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Heavy Metal Pollution Features in Vegetable and
Health Risk Assessment in Xiangtan Manganese Mine,
Hunan
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A LB 69 X055 W B 20 W RUEE 7 DX 3% Hh 0 2 4 J8 75 L AR A1, I DA 12 DX BRI A 1Y) B 3 T RE 7 AR 09 £ XL
W o L7 3 I00 36 3 4t - RN 43 % 32 3 S B 280 R0 LTI VSR RN A 36 &) T H 42 8 Mn.Zn Rl Pb 195
B TR, (RIS 5 Mn . Zn Fl Pb & & Y8 3 W w4 + 5838 {8, o A Ax 11. 29,5, 58
26, 94 1, H I 4 R W AR B KU TR L RT {60 168, 13, 78 B B R AKF 4 F bk i, St E4 s
Pb Y&t L K T8 AR MEE . B 338 A XS A AT A8 7™ 2F {a B2 KUK 19 8 4 Jm A3 Pb, G f B XU 98 4
(HRD) F K0 1,626, DGV H T J8 B 20 8 28 0] - e v 51 42 s B A 55 K A W e RARBE R 1 AR
. JE R B A bl 35 3 o0k G At R A7 7E B8R I XU

XEWR . HAMIGYE LI OB ERRE

FESES X533 XEFIREA XEHS:1002-7378(2017)02-0119-08
Abstract:[Objective]To research the characteristics of heavy metal pollution in vegetables in
Xiangtan Manganese Mine, Hunan and to assess the health risks of vegetables grown in that
area. [Methods]The contents of heavy metal Mn,Zn and Pb in vegetable soils and some vege-
tables (romaine lettuce, shallot, garlic, crowndaisy chrysanthemum, spinach and cabbage)
were tested and analyzed. [Results]The analysis indicated that the concentrations of Mn,Zn
and Pb in all soils were significantly higher than those of the background values from other

part of Hunan Province,respectively over 11.29,5. 58 and 26. 94 times. The potential ecolog-

ical risk index (RI) of soil heavy metal was

168. 13, which was in a moderate level. The
Wi A HEI.2017-01-10

e 4 - IS (1990 — ) o4r  F-L BF /8 » 95 M5 FR 5 4 levels of heavy metals in vegetables were much

LTS higher than those of food hygiene standards. In-
o [ M J5 9 45 )R B A5 50 H (DD20160324) FIE % HAFE  take of heavy metals from vegetables that might
FIAF IR IUH (41502257 By . have a health risk to the human body was Pb,
* x WEMER DR 962—) B TR, FENFASE

i ] and the maximum health risk index (HRI) value
SR A A A ST TAE , E-mail: mazulu@Xkarst. ac. cn,
was 1. 626. [Conclusion] Some of the vegetables
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around manganese ore had a greater ability to absorb and accumulate heavy metals in soil, es-

pecially the roots. Long term consumption of local vegetables was a big risk to natives’

health.

Key words: heavy metal pollution,soil,vegetable,health risk
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(ARBEXIESEAG k. S KMAEET
I KRR BN AR R —Fh R AR TE A BT
gt b+ HER A R W EE X AR A
RS . L, + 4R 5 Yl ) A T
Bt g OC T 0 B ) R AT I 1 IR 2 3L
BMATESE A KR KA, A, il R AR
A AFIREE TS Gy, O 38 5 B BN B R N AR
S (AT A RBERIA G0 X LR K E 4SS
TG O A — S IE Y M PSSR T B SR
Pb.Zn 1 Cd B 75 YL 5™ 5 5 4 B A €0 4 )8 16 R X
Z As Nifll Cu (Vs E ;M P T X 2%
Cd 5 Pb 75 YL 28 5 Sipter 251 XF 4% 8% 5 J& 1 32 #h
TIEMB SRR RN G R L ZE SR H,
[AHARVNRVA CHERY X LR E SRS
YL 150 B A B XURS: PEAN 7 ThI A 438 A A TR
X PR LA PR &5 48 | = 398 2 A0 % 4 1 1 O XS R T
HAMEE R E SRR S e X
AARK M 2200 . (3R R A & 8 a8 IR A 15 Y45 4k
PEA R TR0 R R AU A7 5E 78, T A > 17 9N VR B
DX AL i S 1 1 98 0 32 i 3 v i R i R
FEHET B8R S AT Y Hb Ji B A 76 110 V5 A8 (3 XU

1 #MHERFIE

1.1 HRXER

W EE W AR 0 (27°53" ~ 28°03' N, 112°45" ~
112°55"E) A3 ~F I T8 117 b X0 i) 341 R L 0 L, P
X 14 km, Ry RS, 2 LU XU S XU, Bk
A LIPGAE KR 3 AR R 17, 4°C L AR BB K
i1 4314 mm, XA DL IR T AR B ik IR
KL A E AR R R DRI S
1472 T3 . IAb GBI A s A K
Wb KA FEEERY . 240 TR X M55
B5 78 ) P SRR, P O B L R HE AR, R B
HR VB A 22 A JE M R AR A ) A
1.2 HBRESHLE

SR FE A TR H A S T 43 2 BT R b
(M,27.971°N,112. 852°E) ./NiF D X 3 (W,

il

27.980°N, 112, 852° E) Ml 2% B i1 % 38 # 4% (L.
27.980°N,112. 850°E), M K Hli (1) 3 b 76 5% 57 fin T
5 RR X Z A, HE R R X — 0] W R 5 58 7F
ANHR AT HERR XA i1 b, 5% M — AT 3 AR 2 R 4 b
PRRERA A 5 L R AE 23 B0 20 2 AR R v TR A

T 2014 4F 3 A 78 3 AFEHL 3 51 R 48 58 St A
R ROR T TR SR B R SRR . TR A
2R3 43 ) B B SR B B S BB SR AR 3 (0 ~ 20
em) . AR SR 2 SURBEL CRFEZ 1 ke RS
CREASSRAE RCR 5 S0 IR A) » 5 B 1 A 9 ok
BE . AR U IR A B e L i 100 H e e
i AR CIRAE . B SFEALRAE 3~5 Bk
TR A B R Mk 1Y 55 S FE & A SRk ihde 3 1k
P EBTFRMYE 1R AR T /3 AR B AR
BE BT AT A 105°CFEA T 30 min,
P 70°CHE T Z 5L R e, i 100 H R e i, 26 A
ROMmEsH,

1.3 #HFmillE

45 P T A R A kT A
(CEM-MARS % P {80 8 i 130 T8 ik, > b A3
ANEERE, SRR F R CRZENT LA R 7D ifE
Wk, B R RE 0. 250 g il T 58 VU 48 2 4 8 file e
A 5 mL B R (A M7 46D .2 mL 3 S Ak SUA
O3Hrai) 2 mL SR (G 4D, i & 10 min
Je B8 AN ) U B A B i, AE 800 Pa F1 120°C T K
f# 3 min, F-7E 800 Pa A1 150°C T iHf# 8 min, &5
fE 800 Pa Fl 190°C F i f# 30 min, {4 1 fff 72 )7 45
Joi s TR RS B B AR R 3 IR BB FRKERZE
50 mL, & FHFF I E 4 )8 & & .

FRIUEE S AFE i 0. 250 g il T 5% DU 96 & s 1 e e
HOMA 5 mL AR (AT 46D .2 mL 3 8 b SR
U3 HratD f1 2 mL SRR e A2l . ok e o - I B
B AR F L 7E 400 Pa F1 120°C FIEM#% 5 min. R IG5 7E
600 Pa F1 190°C F ¥ f# 30 min, fF 4 MEFSE KRG,
PR RS 2 B b FEERR 3 WO BB TKER R 25
mL, % H AR,

A f NRE I H ST Z-2300 BT 0 04
JEEETFCH A H L2 8D ZfR-28 R KGR . SR
FH 52 b o 1) 2 95 21 38 (GBW-07405) #8475 it 2 4%
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il L 4% 5 4 Jm 6 R O A O bR o 25 7 10 % LU
W, BHE 48 i Ab B R SPSS18. 0 Ak 4 Fl Ex-
cel2003,
1.4 ¥FHFHE

+ I E 4R T5 Y E N % GB 15618 —1995¢ -1
IRBE B bR ) 1L bR VA L H T R R
KX A 4 Min A B R e B DU e 4+ 4
Mn # 5o fH £ 58 Mn 5 QPR 35 . SRTE
SRR SGE R CE ) AR B EF
CRI DTN R EMNTG YRR .
1.4.1 HEAZEEFRLE

WIS ERB (R D EZEH TN ESE
TG YR S AR A G W R . R BE T DL R
e PR — 55 YL ) A 52 ) L A AT LS I 2 il TS e ) 1) 25
BRI LUE B AR A IR S, H
ROZ N L BT 2 N TR X A 07 g
SEACFH M RN K SRR B A TR T Y T

Ei =Ti x &L (D
RI = > Ei, (2)

2Ly Ty M 75 3 1 2 PE U B 4L £ % R
W B 5 A B PR K P R BE N H 4 JE T g 0 U AR
JE AW 9E 2 % Hakanson " il % M9 45 #fE » Mn, Zn.,
Pb iy Ti H 5014 1,1,5; G A LR P EE)E
S i, CO A S I B R (. R E X
(DFTC2) T 5 PF #r X 4 18 0 v 78 A4 S fe 3 46 4L
CRI) FAR Y8 0 br fE (R 1) ok HI Wy + 1875 4
R

R 1 EifMRI SRk

Table 1 Grading standards of Ei and RI

1.4.2 A#EYREWEE

P 55 5 35 5O V38 IS BT 02 2 M
LA T4 75 P B A PR % R
O i B B K T & JR Y5 0 OF 4 07 T A 5
R

$lﬁ%?§§ﬂ£;ﬂ:%, (3)

K, Pi R EEIE WRN R EG G
K EAE  WSEIE; S ohE AR | I bR
IEhAT AR N RILFIE 6 2 bR (R 2) .

2 2
P L5 A R Rk Py = iﬁ%&m’%)

X, Py NP ZEEIRE P MBS T A
&R B T IR EE s P HER R ITA H A
IEE NS GIEEFNE

F2 HEARENEBERZERE

Table 2 The food safety standards of the People’s Republic of

China
JLR i o FRAEL A5 A 1
Element  Standard limit (mg/kg) Standard
Mn — —
GB 13106 —

Zn <20 1991
Pb <O0. 3CEEERF R M RHHH

(Brassica vegetables, leafy vegeta-

bles)

<0. 2(EHHHK IO
(Legumes vegetables, potato crop)

<0. TCHAEE 3

R J—
(Other vegetables) GB 27622012

EBEERMCE ) EBEEFEHECR)  HREE
Ecological hazard Ecological hazard in-  Degree of pollu-
coefficient dex tion

7
RI <150 Slight  ecological
hazard

A A fE
Medium ecologi-
cal hazard
kA

Strong ecological
hazard

By e
Stronger ecologi-
cal hazard

e A A G
Strongest ecologi-
cal hazard

Ei <<40

40<< Ei <80 150=<< RI <<300
80<C Ei <<160 300<C RI <600
160<< Ei <<320

600<< RI <<1200

Ei =320 RI =1200

1.4.3 A RR&IFH AR
SR H 4975 Yy 5 A S R R XU, i 50
M B 35 18 A T 174 £t e XU

(CX IR X ED X EF)
43 )& . =
H¥ AN S ADI BW %X AT x 365 "

(5
KX, ADI FHEEA R E (mg + kg ' «+d), C
h 5 ey S (mg/kg) 5 IR 3l i A AR AR 1Y
PHGE# (mg/d) » ED R 2 @R LR ] (2), EF R
FRBR (d/a) . BW A TEAM T 4 0% ¥ K &
(kg) s AT NV Z G H] (a)

i e XU 45 8 < HRI:%, 6)

A, HRI AR REE 550, R/D A A H AT
R REFRE (mg « kg '« d7), W HRI <
LO,IHABAESENERTSER &, A25]




122

JUPR B sA R 2017 S5 A A 33 4 A 2 4]

AR XURS: s HRT >1. 0, WL AREA E 4R AV &
TSR, A S5 R R RS, B AR, 5]
A it R DXL A v

2 HERESW

2.1 TEEERFTEREN

M2 3 I, g S -3 b M, Zn #1 Pb (9%
B E 4 %k 3 3100 67 ~ 7 038. 67 mg/kg.
555.00~679. 67 mg/kg,317. 33~1 357. 33 mg/
kg, 5 IEFRIE R 1 9008 M (B 508 R X Mn
YERLRE , JC I BO M L T 42 & Pb.Zn f9-F- 2 AR
RO 1. 77,1, 50 A% Herp Ph 5 3 d " FL O 23 B
PGSR AEAR (L) o foe KBS A% HL 3. 52 %5 Zn 15 Y fix
PR /N AT IX (W) BARE RO 1. 72 £ . Mn,
Pb Al Zn T 4 J& 7 34 3% 140 T R A T
{E, 43 bR 11.29,0. 91 #1 5. 58 i, 3 A~k Kb
M E 4 )@ Mn Pb Fl Zn ¥4 7EAR & 19 ¥ 78 42 5 K
B (R 4) A e WA L A7 TE 58 I T TE A2 SR
£33 BURBRXIEFESESE(mg/ke)
Table 3 The content of heavy metals in the vegetable soil of

manganese ore zone (mg/kg)

K3
R gt
P HETS
 Hh . (GB Soil b‘ackf
FHE 15618—
Sample M w L - ground
Average 1995)
area : values of
National H
unan
standard ]
T level Province
Mn 3 310.67 6 577.33 7 038.67 5 642.22 — 459
Zn 639.30 679.67 555.00 624.66 250 94.9
Pb 317.33 814.67 1357.33 829.78 300 29.7
T R R B RR RO 0 - pH (R 6. 5~7.5 MIARMEME "« — " R R EUH .

5] %% b 1 A X Min 7R L5

Note: The soil pH value of the soil environment standard is 6.5 to 7.5, “—"

Countless values. The national standard does not provide for Mn
x4 TEHEEScEEBREESARIEMNER
Table 4 The soil heavy metals potential ecological risk assess-

ment results

B R MR T LE AR S U PR 3R . 3 AN B Sk
(98 7 A 25 e 45 2 RT {H 5 [l 2 69. 33 ~
173. 54, e e W AR T 568 /s 35 72 B2 5 10T R . ML A
L AL T &8 R B . Bl DX b i L e A Tk A 2R
A fEH R R 2 55RO Pb=>Mn>>Zn; W 1824
A U Ak T 5 R A R BEE L P X H BTk A L Ik
J& Mn,
2.2 BREEESESHREM

AN TR SRAE A5 3 5 B 4 i 2 i AN TR [ s IXOA
[F) b 2 i i S T S AN R I TR
AR A5 R (B 5) R, B SR AR AL P M Zn Fl
Pb W14 & 843 9 8 35. 93 mg/kg.7. 70 mg/kg
14,70 mg/kg, Hrfr, Mn & 18 5 i 192 /DN iR
DX ISR & R #4117, 80 meg/kgs Zn 7 HE i
o WO R T HE 5y L O 28. 84 mg/ kg T HH K 2
AW 205 B AR (BR{E<<20 mg/ke) s Pb &%
AR O LIS M R RS . O 30. 80 mg/ke . e fiK
N W B By 4,70 mg/kg,
x5 BRXPESETFHLE (mg/kgHE)
Table 5 The average contents of heavy metals in vegetables

(mg/kg FW)

ity ol

Varieties Mn Zn Pb

b Mn Zn Pb RI

Sample

area Eq Ex Eq Ex Eq Ex RIX
M —  7.21 2.56 6.74 5.29 53.42  69.33
w — 1433 2.72 7.16 13.58137.15 173.54
L — 15.33 2,22 5.85 22.62 45.70  78.73

AEFﬂ]{E — 12.29 2.50 6.58 13.83139.69 168.13
verage

T EgEx 43 BCER LUE 5 4 JERR 5T BT — 20br o ol ) g 45 T3
ST B M e AR 8RB — " R BB . F bR R
X Mn 75 #L €

Note: E; and Ex represent the potential ecological hazard value cal-
culated by the national soil environmental quality level or the soil

3

background value of Hunan Province;“—”Countless values, national

standards are not required for Mn

M i 85 55 M- 1R 03

M romaine lettuce-underground part
M Hi 55 S b 43

M romaine lettuce - part on the 79.03 8.03 8.42
ground

M 4 78 4 T & 43 5
M shallot-underground part 25.83 7.03 10. 40

M b 24 T 38 5

M shallot- part on the ground

M SR s s Oy 7.73 469 12.83

M garlic-underground part

M MR ) .
M garlic- part on the ground :
L b e 5 b F 8 43

L crowndaisy chrysanthemum-under- ~ 65. 63 2.12 27.13
ground part

L Hb T 585 b 3 4

L. crowndaisy chrysanthemum - part  34.78 0.93 24. 38
on the ground

L Mo S0 T o 67.02 2.58 30. 80

L. spinach-underground part

60. 33 9.16 8. 48

14.32 0.98 16. 88

L 3 92 3% 3t 35 43

L spinach-part on the ground

L #5343

L garliccunderground part

L 3 Rt b 43

L garlic- part on the ground

W IR 3 R 4

W garlic-underground part

Wb K b - ER S

W garlic- part on the ground

31.50 3.27 20.23

13.05 2.53 19.73
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Continua table 5

ity ol

Varieties Mn Zn Pb

Wl 23 43

-
W shallot-underground part 49.20  28.84 4.95

W 2 Hh R 4 y Y

W shallot- part on the ground 9.40 21.08 170
Wl 3 H T AR -
W cabbage-underground part 117.80  13.48 11.58
Wb 3R L Ry

. o or
W cabbage-part on the ground 30.22 9.95 9.07

B3 ST

Average

R & TR EE

National food hygiene standard

35.93 7.70 14. 70

— 200 0. 3%

H.DZE% GB 13106—1991:2) %% GB 2762—2012;3) Hi [ #7014
AT A
Note:1) Refer to GB 13106—1991;2) Refer to GB 2762—2012;

3) The above ground parts are edible parts

IREIRFRW] B AT DX S X G R A B Y
W R BE 0 R i 0 Ph R R AR BRI ST XY
K Pb & T E O KR T e iR (E
(FRIE<<0. 3 mg/ke) . Zn & HEARAIUA 2, BA

B 142 TR T AR i S B )
FRE R 6D X A DX A i 2R B 4 I 15 IR O ik 47
W (R D SR TR PN KRB SRR Z 2 T
I, S " E A L b ( Py = 37, 64 ~
81.19) . Fir A1 i R WY 25 & 15 Y AR B 1 37 LA b, 4
52 Pb 5 4. {5 Je B B HE P O T 8 > 8 > Kas
15 Y PR HOR B MO ( Py = 22, 24~44.50), 1
52 Pb (75 e, 5 Ye Fe B HE P 28> Roms = 85 44t
W i ( Py =12.56~52. 02) (WEE €52 Pb 54, Zn
T B LB N L 5 e R R O R > HEE >
Ao RAE LLW.M 3 M8 KR 25 5 15 e 45 Kol
HRRBEHF N L>W>M,

BRSO I R X £ R M ORR R L E
1B Min A 2 A 5 0 1 e s AR ) Y AR K BT
ity i, YEIAWT S XY B 3652 Mn 15 94" &, T L
Mo R B R B M BLAL S AR AN T R R AR
12 B AR S W 3 BOZ XY B R 2 P 1T B i
K6 BEREHRITE
Table 6 The classification standard of vegetables quality

=

_ o FR AT YR L V5 YL R
S . . ~F Z)=] =]
5] %j(’j:/]i {E ':P *Xd‘ Mn /ﬁzﬁ i % o PR &, {Eﬁ%iiﬁ% Level Comprehensive pollution index  Degree of pollution
o Mn F 8 RKE K T e 3 Mn 75 50 {d . 1 1 Py<<0.7 A Safety
A B8 9 A A REOR TR L B9 K 26 41160 Moo z 1< P R
= > 3 i Ve Y
R — MK E. BRSO T 3R B R 4 R 3 10< Py<2.0 M
Mn . Zn f1 Pb & ik HEACH b 10 A Bk o] ) s o
. . ! s oderate pollute
6 T 4 15 -1 B e 5 o i,
AR ARG S e 7 B 2R SR AR Heavy polluted
RT BRESBEFERR
Table 7 The heavy metals pollution of vegetables
5l FAT Y5 Y 38 #X Single pollution index ZEATG YRR B V5 Y R
2}] et Comprehensive Degree of
arieties Zn Pb pollution index pollution
M i 85 S5 - 1R 43 GigEE S
M romaine lettuce-underground part 0.457 9 28.278 3 22.43 Heavy polluted
M by 555501 1 5 / ) / w5
M romaine lettuce-part on the ground 04013 28.0550 22. 24 Heavy polluted
M Hh 24 b 43 - WG
M shallot-underground part 0.3517 34.666 7 27. 46 Heavy polluted
M i 2 b 138 43 c . - WY
M shallot- part on the ground 0.049°2 96.278 3 44.50 Heavy polluted
M b K 5 R & 43 Hig
M garlic-underground part 0.2346 42.778 3 33. 86 Heavy polluted
M 5 " e . T
M garlic- part on the ground 0. 146 3 46.333 3 36.65 Heavy polluted
L b e 5 4R B 43 G g
L. crowndaisy chrysanthemum-underground 0.105 8 90. 445 0 71.52 H 7ﬁ
part eavy polluted
L 5 1 I
L crowndaisy chrysanthemum - part on the 0.046 3 81.278 3 64. 26 -

ground

Heavy polluted
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Continue table 7

o, b PATRYS YeFE %L Single pollution index LR YR 5L 5 e R
%jarieties Comprehensive Degree of
: Zn Pb pollution index pollution
L 3 8 3% b &6 43 LR
L spinach-underground part 0.129 2 102. 666 7 81.19 Heavy polluted
e ) 0.163 3 67. 445 0 53. 35 Rkks
L spinach-part on the ground T ’ o Heavy polluted
e s S e
LA I F 35 0.348 3 60. 500 0 47.88 s
L garlicunderground part Heavy polluted
2t o/ vE Yu
%‘ i’_@j‘.df\ﬂbturﬁﬁ 0.249 2 47.555 0 37. 64 5
. garlic- part on the ground Heavy polluted
W KR b T 43 wig
W garlic-underground part 0.126 7 65.778 3 52.02 Heavy polluted
W R b b5 4 . WY
W garlic- part on the ground 0.450°8 28.778 3 22.82 Heavy polluted
W th 240 Hb T 5 43 Hwig
W shallot-underground part 1.4419 16.500 0 13.28 Heavy polluted
W th 2 - 35 4 ., - GiREE
W shallot- part on the ground 1.053 8 15.666 7 12.56 Heavy polluted
Wb 3 #H T R HiG
W cabbage-underground part 0.673 8 38.6117 30. 63 Heavy polluted
S e =
W FISEE S Oy 0.497 5 30.221 7 23.97 EkEs

W cabbage-part on the ground

Heavy polluted

2.3 BRFEBAIT A A B XU VE

R O A7 MW o0 25 S0 R A NAS #0571
it R AU DT A A58 280 X6 3 VR A 0 X A9 8% 3% T Min, Zn
1 Pb ¥5 Gt A7 4d B RS PE A . A GO C Hew”
X g ] g AL E 4R ¥ & &, IR MED 435
B 0. 276 mg/d Fl 30 ¢, EF #—4F 365 d it%4&,
BW S} AR R RN SBRE L UL 56 kg 115, AT
hJE RS B 70 4R

MR A 2 (5) ~ (6) T H W 45 5 2 ADI A
R8 BETEELEMENEREERR

HRI. % 845K u/n, MEEY XE T Zn 1 Pb
) ADI 3 B 43 51 & 0. 002 ~ 0. 061 1 0. 010 ~
0.065, H:if Pb i) ADI . “FYEA B R &
Zn Ml Pb ) HRI {H 43 %4 0. 054 F1 0. 776, Pb 1y
HRI WAHERE 1, & HIWFSE X0 55 58 T e 23 45 > b
N R A XU . 7E 5 S AF b Pb Y HRI {H 5
=, 1.62637Zn W) HRI {H# & .8 0. 203, & 4%
WX B AL E Y P fa XU

Table 8 The intake of heavy metal in vegetables and health risk
ANYH A G Tkt B IR 6 4
ThR A person daily intake (ADI, mg+ kg ! +d™ 1) %% | & Reference Health risk index (HRI)

. dose (RfD, mg *

Heavy metal SR A S kg led 1) SE- A48 45 5 U
Average intake Scope Average index Scope

Zn 0.016 0.002~0. 061 0. 30030 0.054 0.007~0. 203

Pb 0.031 0.010~0. 065 0. 04L30] 0.776 0.248~1.626
3 M Zn F i ARAR 3 000 o B 5K b R B B g

A Te

STIBUI B R R g T RO e o N SR o S e o
Bt N SR A A R KUBS: HEA T S A DL 458
D) LR A X S5 3t 13 Min Zn FI Pb /Y
T TR A (EUI D PRI S, Hob P

FrfE(pH H 6.5~7.5) 2.77,2.50 ., HRETEZE
- JEFR B R B v R R Min ot 2R R
B4 BT HRE N, L3 b Mn ST R 93 R &R
WER 170~1 200 mg/kg™ ", Wik X 1 3% Mn -1
Er oA L RRAE R 5. 87 %, BB Mn E UM X
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TN ESEISYOCE ., 3 A R A 48 A
e 25 KU 6 B 4 9 R 69. 33,173.54,78. 73, H 4
JE -3 N 168, 13 mg/kg, UL WA PEHY X £ e PR 55
A fa SR Trp AR R, RHEh 3 M E 4R
ARV AR AR S S R B e R B 394K Pb > Min >
Zn, Hod Ph X 384 255 A sk e k.

2)WFFE X 5% 2% Mn Ml Pb A9 & wrds g, ™ X 58
SN AR N VSRR R B B P B AR ™
B, BEART LG AR Zn 0 T PR R AR L UL
Zn %24 1 S AR R — S 1T G KU

3BT X 8% 2 110 48 A AR i i Bt e XU . 4
o R E & Pb ) HRI fHf KM 1. 626,
F WL A DX RE RGE T R A M i S R AR B ALY Pb,
Zn %o H A BRE A7 A KA T AE XU L IX 5 AR 1
202 Zheng 251 (R HFIT 45 R — 5L,

WG K0 T #8528 5 L HER R 4 4
TCE WY R AR TR A BIE 5 AR 25 i 48 S S5 AN [ 41 4
4 e o MR S RE R TEE S A
Rfd RS R R . R W8 X LIS 33 4
J& V5 BT 1 T i — IR AT

SE -
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