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Assessing producing environment and potential ecological risk of tea plantation in southern Shaanxi Province
ZHAO Zuo—ping'?, FU Jing"?, YUE Si—yu'?, WANG Meng'?, SONG Feng—min'?, LIU Zhi—feng'?, TANG Bo'?, TONG Yan—an®

(1.College of Chemical and Environment Science, Shaanxi University of Technology, Hanzhong 723001, China; 2.State Key Laboratory of
Qinba Bio—Resource and Ecological Environment, Hanzhong 723001, China; 3.College of Natural Resources and Environment, Northwest
A&F University, Yangling 712100, China)

Abstract: In order to assessed the producing environment and potential ecological risk of tea plantation soils in southern Shaanxi Province,
a total of 330 topsoil samples were collected and analyzed for physico—chemical properties (pH, organic matter, available potassium,
available phosphorus, nitrate, total nitrogen, cation exchange capacity) and thirteen mineral element concentrations (Pb, Zn, Cu, Cr, Hg,
As, Cd, Ni, Se, Mn, Fe, V and Mg). And 33 leaves samples were collected and analyzed for seven mineral element concentrations (Pb, Cu,
Cr, Hg, As, Cd and Se). Results showed that the physical and chemical index average content in soil fertility between the environment of

green food quality Il standard range. The average concentration of Pb, Zn, Cu, Cr, Hg, As, Cd, Ni, Se, Mn, Fe, V and Mg in tea plantation
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soils were 10.03, 87.61, 16.42, 12.38, 0.20, 6.89, 0.11, 24.81, 625.20, 0.15, 40 291.61, 4 774.51 and 76.82 mg - kg™, respectively. The
coefficient of variation of the different elements ranged from 29.16% to 58.82%, and was 49.30% for Cd and 48.55% for Hg. In 5.76% and

4.54% of the samples, Cd concentrations and Ni concentrations exceeded the risk screening value of the Soil environmental quality Risk

control standard for soil contamination of agricultural land (GB 15618—2018), respectively. The average comprehensive potential

ecological risk index was 102.15, and the overall potential ecological risk was low. Cd and Hg contributed the most to the potential

ecological risk (35.47% and 46.53%, respectively), and the risks associated with other elements were relatively minor. Thus, measures

should be taken to control Cd and Hg soil pollution to ensure the safe production of tea in the study area. The heavy metals in tea leaf

samples all conform to the relevant standards of pollution—free food tea.

Keywords : southern Shaanxi; tea plantation soil; tea leaves; producing environment; ecological risk
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Hth e 2 7%, HIEBUHE 4K 700~2 038 m, 3% X I,
e R ARy = W € e [ 0 4 23 i o L W [/ )
Al 12~16 °C, 4 F- 2 [ W 1 700~1 800 mm. H T
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Table 1 Summary statistics of soil fertility in the topsoil in the study area

JLVIZLRIN . o RAR% kR (BT SR R i ) (NY/T 391—2013)
. . SN BME CPEIE . . i : . .
Physical and chemical Coefficient of  Standard Green food—Environmental quality for production area
. Maximum  Minimum Mean .. e
characteristics variation deviation ] ]] m
pH 5.54 4.19 478 12.00 0.57 — — —
L (g-kg™) 35.07 8.77 15.07 16.45 2.48 >20 15~20 <15
B/ (mg-kg™") 221.43 31.46 83.24 29.48 24.54 >100 50~100 <50
R (mg-kg™) 5.49 0.47 1.15 49.56 0.57 >10 5~10 <5
HAE/ (mg-kg™") 58.68 1.54 14.85 71.78 10.66 >20 15~20 <15
LR/ (g kg™) 1.91 0.52 0.91 64.83 0.59 >1.0 0.8~1.0 <0.8
P 2§ 284tk / (emol - kg ™) 18.21 5.62 15.12 20.63 3.12 >20 15~20 <15

JLFE N 4.5~5.5, P4 X J8; 929% (925 el 138 pH &b Fi%
YO ], U B A DX S el R e A AR
AP AR AR SR 2R P ac et
e HHEIE D) () E A bR, PR A DX A A L
8.77~35.07 g-kg ™', A %L 31.46~221.43 mg-kg ™', A 5%
% 0.47~5.49 mg- kg™, i S A 1.54~58.68 mg- kg™, 4
A 0.52~191 g-kg', BH & F A2 it 5.62~18.21 cmol -
kg'o XFRENY/T 391—2013 HAE bR, BF 5% X 88 1
HEREA AT L A RO A P A 1 T3
EXIAE T 1T bR IR, U B 5 X 3 {13
NBRFE o AR BB, UL & PR FE bR g AT
FREERA AP AR AR AR BB 738k
S ine/ MBS/ INT IR, B8R 4325 el 139 1 T A
XL o AR B i RAEAL T 1L bm e, S5/ IMEN
SERE AL T T br e, Ud BRI SR DX I A 4b - e
R
22 ZETETRTESESNH

AT DX - R A P 13 Fh O R S AT 4 R
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HEGRAT) ) (GB 15618—2018) A4 JFI 1l 439875 2 X
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4 10.03 mg - kg5 Zn: 25.73~146.94 mg - kg™, Il N
87.61 mg-kg'; Cu:7.48~29.03 mg- kg™, ¥1{H K 16.42
mg - kg™'; Cr: 0.83~27.76 mg + kg™, ¥J{H & 12.38 mg -
kg'; Hg:0.08~0.38 mg- kg™, ¥J{H 7 0.20 mg-kg™'; As:
2.31~13.97 mg - kg™, ¥ 7 6.89 mg - kg™'; Cd: 0.03~
0.32 mg - kg, ¥ K 0.11 mg - kg™'; Ni: 14.95~72.91
mg - kg™, ¥I{H 4 24.81 mg- kg™ ; Mn:247.92~1 213.53
mg - kg™, ¥ K 625.20 mg - kg™'; Se: 0.08~0.63 mg -
kg™, YI(E M 0.15 mg-kg ' Fe:9 020.42~71 654.24 mg-

kg, YI(E M 40 291.61 mg-kg';Mg: 1 173.21~11 661.33
mg + kg™, YI{E b 4 774.51 mg + kg™'; V:21.14~286.42
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FEOV- 350 5 43 0 R BV - HE TS 5046 1.26.1.11.,1.07
1.11.1.10.1.53 . 1.30 fi% , 6. W 3xX 7 F o0 2 76 R A X 4%
bl 1 3 Ay — R ) SR (A A Ry, v 3
Zn Hg.As .Cd Mn Se fl Fe 15 A 13 [ o4 375 5
FIAREAS Ho 9143 )M 43.13% . 35.29% . 27.45% .38.17% .
39.12% .20.48% F147.45% , 3¢ B AE FIAE R 5% Hh 1 LA
ROAFHHAEX L EPX7RCR SR, IF
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Pb . Cu Ni Mg F1V BF-3 5 LT 50 H  (HR K
AR T S, ULBZ S FOT R BB A0
WA, AU Cr (R RAE AP AE I LT 5l
A% 5 22 B (Coefficient of variation, CV) B] L) Jiz e
BTG R TEWFIE K300 A A B AR 19 22 57 K/, it
IR AS B I X 13 R OT R 974E S R B KB/ IMERIR
4 Se.As . Mn.Cd.Hg.Cr.V.Zn.Pbh.Fe Ni,Cu fll Mg
(#£2), Hrp Se As Mn ., Cd 1 Hg (1725 53 22 500 )ik
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Table 2 Summary statistics of mineral element concentrations in the topsoil in the study area

PRiEE

AT b 398 75 e RS 5 o e

LNEeES oSt fie/ME THIE AR ARV Standard LIAT A Risk control standard for soil contamination of

Mineral ~ Maximum/  Minimum/ Mean/  Coefficient of deviation/ Soil background agricultural land

element  (mg-kg') (mg-kg') (mg-kg') variation/% . value/(mg-kg™)

(mg-kg™) pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5

Pb 29.16 2.45 10.03 37.36 3.75 20.90* 70 90 120 170
Zn 146.94 25.73 87.61 37.42 32.79 69.40°%* 200 200 250 300
Cu 29.03 7.48 16.42 29.16 4.79 19.50%* 50 50 100 100
Cr 27.76 0.83 12.38 45.97 5.69 61.10% 150 150 200 250
Hg 0.38 0.08 0.20 48.55 0.10 0.18* 1.30 1.80 2.40 3.40
As 13.97 2.31 6.89 52.24 3.60 6.42% 40 40 30 25
Cd 0.32 0.03 0.11 49.30 0.07 0.09* 0.30 0.30 0.30 0.60
Ni 72.91 14.95 24.81 32.88 8.16 33.9% 60 70 100 190
Mn 1213.53 247.92 625.20 51.55 322.31 568* — — — —
Se 0.63 0.08 0.15 58.82 0.09 0.10% — — — —
Fe 71654.24 902042 40291.61 35.56 14331.12 30 900* — — — —
Mg 11661.33 1173.21 477451 28.18 1.345.61 6 300%* — — — —
A% 286.42 21.14 76.82 42.57 37.22 82 .4k — — — —

TE  #BRVGAE A SR F7 o o ] f 3T (0N o R PR AR T o Lt - 30895 e XU AR E G4 T) ) (GB 15618—2018 ) H XURS: i HE 1E .
Note: *Soil background values in Shaanxi Province, China®; **China soil background values™; **#The risk screening value of Soil environmental
quality Risk control standard for soil contamination of agricultural land(GB 15618—2018).

Pb.Zn .Cu . Cr.Hg Fl As [ 7% 1 2 A o RURS: 0 16 1L
GB 15618—2018 H AKX} Mn ,Se .Fe Mg 1V 5 FfJC
R TBRE , BN EOEA
2.3 FETET RITEHEXEST

SRR X A3 T 0 2R (A S A T 4 R LR 3.
H1 & 3 AT, A XA el 4 398 v 28000 R R AAFE A G
PE, Hdh Cd 55 Ph Hg . Zn . As B A &1k 1k 2% B 257K
S R R E KT 0.2245Cu 5 Cr . Zn Mn  Ni Fe [
FH e BB VR 0.638.,0.482.0.377.0.634.0.432, #
K IR B 2% K F s Pb 5 Hg . Zn  Mn  Ni [ AH &M
KB KT Cr 5 Zn B9 AHC R ECH 0.399, He 5
As A 2 R B0M 0795, YK B B K s Zn
Mn  Fe Mg A9 #H % R %50 Mn 5 Ni Fe |V B9 & R %L
WK T 0.224, iR BIH Ko IR AT, BT IX
Jif 1 3% Cd . Pb .Hg . Zn 1 As ¥4 FHRLA SR8, H 28
MEEHRE S5 Y4 ;Cu . Cr.Mn  Zn Ni fil Fe 6
PG 2 AR IR 42t vl BEAR A] s Mn \Ni \Fe .V . Zn 12
BARAEREM R A15 e g . A ffF 5T R, A 1l
448 pH A1 Eh 2 W5 61 408 5 5 48 R0y, 4
pH<S B, -3 Eh (9520 R 8 25, pH Sk 3 il 5 4 s
FAETEASN EERE . A ORI KR53 45 el 1458
pHAES VIR, (K 4.78, Fr AR el 3 4 RIS
FEZ L pH (520, B pH BFRAL, B 4 J@ MXE

VAL 5y TRAS I B 2 m , T AT RS M At b
GBS RPN, HEE3 B8, pH 5 Cd,Cu fl Fe
AH K B 8043 901 R 0.275.0.354 1 0.227 (P<0.01) , 55
As Hg.Cr.Zn .Pb Ni.V Mg 8 FCE Z [AI 1 1EA i
= F B E R A Y 4w I A A AR 4 i
53T
24 FEMHF RTEREN ST

(A ERBZET)(NY 5244—2004) ((ZEnt
B R R i AL PR ) (NY 659—2003) FI(CA
HLAS) (NY 5196—2002) H HLUE (A5 Cd L Cr  As
Hg . Pb. Cu FR 45 #E 3 5 4 Cd<1 mg- kg™ . Cr<5 mg-
ke \As<2 mg-keg"' \Heg<0.3 mg-keg™ \Ph<5 mg-kg™ Cu<
30 mg-kg s (RS )(NY/T 600—2002) Hr#iE T 8 il
2511 Se YL K 0.25~0.40 mg-kg™'; 51 Zn \Mn  Ni,
Fe .V Fl Mg (A AR HER TG , OSP4 . A% 33
ANZS A B R i b 6 I ER 43 i Se HEA T AR HTIEMY, 45
RER(ERY , XM PEHESECRTEERKK,
Pb “4 0.03~2.65 mg - kg™, YI{E M 1.83 mg + kg™'; Cu bl
3.18~20.16 mg kg™, ¥4 13.42 mg- kg™ ; Cr 47 0.09~
4.89 mg- kg, ¥} 3.22 mg - kg'; Hg 4 0.02~0.30
mg - kg™, B{H K 0.16 mg - kg™'; As N 0.66~1.16 mg -
kg, ¥I{H 4 0.89 mg-kg™';Cd 4 0.02~0.19 mg-kg ™', ¥
{54 0.08 mg - kg™'; Se 4 0.06~0.45 mg - kg™, ¥ {H N
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Table 3 Correlation analysis between mineral elements and pH
Miig jicm cd Cu Ph Cr Hg As Zn Mn Ni Fe v Mg pH
Cd 1.000
Cu -0.057 1.000
Pb 0.319%*  -0.133 1.000
Cr -0.083  0.638**  0.037 1.000
Hg 0.858** -0.042 0.235%* -0.093 1.000
As 0.865*%* -0.092  0.037  -0.144 0.795**  1.000
Zn 0.239%*%  0.482*%* 0.348** 0.399**  0.061 0.015 1.000
Mn 0.214* 0.377**% 0.323** -0.034  0.057 0.052  0.356**  1.000
Ni 0.039  0.634** 0.319%**  0.034 0.078 0.116 0.219  0.325%*  1.000
Fe 0.012  0.432% 0.213  -0.231 0.073 0.041  0.328%*% (0.872*%*  0.172 1.000
A% 0.031 0.062 0.103  -0.131 0.033 0.021 0.219%  0.412%*% 0.315%* 0.654**  1.000
Mg 0.012 0.132 0.111 -0.245  0.053 0.061  0.439%% 0.212 0.072 0.129 0.217 1.000
pH 0.275%*% 0.354** -0.254 -0.092  0.092 -0.157 -0.017 0.201* 0.054  0.227*%+  0.051 0.022 1.000

T A OGHETE 0.01 kP b 1835 5 A G HEAE 0.05 KK 3%

Note: **The correlation was significant at the 0.01 level; *The correlation was significant at the 0.05 level.

0.21 mg-kg'o 32 A5 Bl &5 mHAE L AR B NY 5244—
2004 FINY 659—2003 ;33 45l FP 45 Cu 5 B AT &
NY 5196—2002; 4 25 el th 25 - Se & 5 454 NY/T
600—2002, 73 4b, X8 25 b 5.76% 1) 13 Cd Je
4.54% B Ni & 1k GB 15618—2018 H iy XU fifi 1%
1B, (AL th CAd BIFF4 NY 5244—2004, P45 rf Ni
TohriE , RIEAEPET 5 SR L3 He & SR A
GB 15618—2018 H {1t KU i BE{HL, (A 2% 1+ 1.66% 1)
FESL He & 18 T NY 5244—2004 , 3% 13 B BIFE X 8 4%
I H A G B 4 R 7 1 T BB A2 22 Bl R 2

SEA I 2 M 4, WA 138 7 B 42 JE AN )
FPEFMhESE SR T PR, 3P As,

Cd.Cr.Zn .Pb.Cu 7 5 5 25 M HoORk 1 % 51 42 & 7% fe A
KA T E , RS ) He & & 5250 R S ep
He & 5 A 58 B I IE AR CPE . RS ik, e A
REfRT BN BT A M X B S R A Z L E S
JRESE . RN, 3 pH AT Eh -t 23 52 0 25 - X - 35
HORE DGR I WM . 38 b B 4 T8 Hg X A% I Hg
PrEAFAE— 2 M IEAH S, T REJE pH (i 451 1 1 v
Dy He s e in . PRk, FRATT AT DA iR £ X
B2 bl - b He & S /E A i £ 45 i Hg I 3RAEZ —
25 XETEESEBAEESKE TN
2.5.1 A% Pel H 4 B A 2 XU R

X HAH 4w B R AW 10 R 4 )R (Hg . Cd

R4 ARREFEHESESER TS0

Table 4 Summary statistics of heavy metal concentrations in the tea leaves in the study area

TR KA f/ME FHE 5 5 AL brifii 2 bR
X PR Maximum/ Minimum/ Mean/ Coefficient of Standard deviation/ Standard level/
Mineral element o o o L o o
(mg-kg™) (mg-kg™) (mg-kg™) variation/% (mg-kg™) (mg-kg™)
Pb 2.65 0.03 1.83 73.08 1.33 5.0%
Cu 20.16 3.18 13.42 69.56 11.42 30%:*
Cr 4.89 0.09 3.22 81.34 0.17 5.0%
Hg 0.30 0.02 0.16 85.04 0.17 0.3%*
As 1.16 0.66 0.89 28.11 0.25 2.0%
Cd 0.19 0.02 0.08 81.68 0.08 1.0*
Se 0.45 0.06 0.21 33.33 0.07 0.25~0.40%:

ek (A FE SR ) (NY 5244—2004) FICE M H 4K A7 R Vi RAEPIBR 1) (NY 659—2003 ) 5 %+ HLZE ) (NY 5196—2002) 5 *#+( & fifl

ZEY(NY/T 600—2002)

Note: * Pollution—free food and tea(NY 5244-2004) and Residue limits for chromium, cadmium, mercury, arsenic and fluoride in tea(NY 659—2003) ;

** Organic tea(NY 5196—2002)"; %% Rich selenium tea(NY/T 600—2002).
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As.Cu .Pb Ni Cr.V .ZnFl Mn) B30 A 25 KU E 17 T
PEHY, Fe Mg Fll Se LH & @5 R B MAS 5AES
B PEHT o KU PEH 25 SR L 3% 5, BRI S e i A A8 XL
W 15 %075 Bl ol . Hg 17.67~83.97, Cd 0~103.72, As
3.58~21.76, Pb 0~6.97, Cu 1.92~7.44, Ni 2.19~33.91,
Cr 0.03~0.91, V 0.51~6.95, Zn 0.37~2.11, Mn 0.44~
2.14, Hg.Cd.As.Pb.Cu.Ni .Cr.V . ZnFlMn {554
25 KU 48 BT 2905 45 31 44.46 .33.89.9.37.2.32.,
4.26.3.65.0.41.,1.86.0.83 F11.10, i &= 2K B HE 4
Hg.Cd.As.Cu . Ni.Pb.V Mn .Zn .Cr. [ Hg#h, HAth9
il EE 4 B 0 2 Y PR AR 2 XU 18 B S E 8 N T
40, RFEX 4 JE As . Pb.Cu Ni,V Mn . Zn,CrBLI0
Az 2 XU 4 B Je KA 27N T 40, BRI R A XX 8
ol 4 O Ak B A S XU 5 ), X B R A% ]
VA A AN XU DT HRERAIG , FEAR B S

SR Cd Y B0 A 2 RURS: $8 50T 34 1 <40, K
33.89, {H 45 FU A 1438 B4 98 , A o 28 28 KU 48 208
103.72,, FLIAE 25 KUK 45 $5 (88 1oF 80 FFEAS A 181>,
B BFEAS 1Y) 5.46% , Ab FAom A A RS S5 9 . RIS A
29.09% FIFEAS b T rp B2 A= 25 KU 55 2, 65.45%
AN TR A S S P . Hg A AR 25 KU 45 50 7
BIE>40, 2y 44.46, e KAA R 83.97, A= A5 KU &5 G Ak
TR RO SRR Y L ER 3 5 42.429% FH

51.82% , R AT 5.76% WIFEAS 35 BI85 5 Az 25 KU 45 2
Cd 1 He X B e 2% el A DX 4= 498 119 A= 25 XUz 43 1) o3
Bk T 35.47% F146.53%. DK I, 76 8 2 5% Fel Fi o X+
b Hg Al Cd 23t OB 7E A S XU i F 2 &
2.5.2 Z5bd T3 4 B LR 5 T e AR B KU PR

5% X 3 1 b Hg .Cd \As .Cu .Pb Ni,Cr.V.Zn
1 Mn [ 25 6 08 78 A2 25 KURE 35 28 (IR) fie K (H My
269.87, fix/IME K 26.71, - Hy 102.15(<150) , %2
A2 A T DX 3l B AR A AR 7 AR S XU Ko SR
X5 330 A I 255 W 0 A S KU 46 B it Il &
6, K 6 AT, 272 A FEAS b 958 B VB A 2B 28 U 7K
e, BRI 1Y 82.42% 5 58 ME AL T BEVE AEAE
AR , 5 BFEAS Y 17.58% , 1% 28 I AFF 5% X 35,
A5l 3 4w iR A T ARV AR A S XU -

3 it

AW ST AF Hakanson {75 A2 25 XU 15 B2k ¥
(N e s IR R O P e | N TS S R I
Hok NP LRGSR EGL H RBUEEOL TS
T8 B0k B, K T R AR AR PR AN
B A IR AR A — R, S R 30 20 < R A TR A XU 2
Beo L IZITIEVF B, 10 FE 4 )8 o Cd AT Hg 1Y
A 5 XU 918 B R A e A A U 4 B i ks 2

RS TEESERTAESKKEIE ST

Table 5 Statistical analysis of the single ecological risk index of soil heavy metals

FE 550 A 5% Distribution frequency of samples

deviation 2% Low B Medium 4838 Strong ~ fR3% Very strong X7 Greatly strong
Hg 83.97 17.67  44.46 20.30 140 171 19 0 0
cd 103.72 0 33.89 27.95 216 96 18 0 0
As 21.76 3.58 9.37 4.86 330 0 0 0 0
Ph 6.97 0 2.32 2.09 330 0 0 0 0
Cu 7.44 1.92 4.26 1.21 330 0 0 0 0
Ni 33.91 2.19 3.65 5.33 330 0 0 0 0
Cr 0.91 0.03 0.41 0.18 330 0 0 0 0
v 6.95 0.51 1.86 1.02 330 0 0 0 0
Zn 2.11 0.37 0.83 0.33 330 0 0 0 0
Mn 2.14 0.44 1.10 0.39 330 0 0 0 0
Fo6 MRXEBLIES LB EEESXKIEESIT
Table 6 Statistical analysis of the potential ecological risk index of soil heavy metals
TR KU 4544 Potential ecological risk level IR<150 150<IR<300 300<IR<600 IR>600
TR Level {i Low ' Medium 43 Strong R348 Very strong
% Frequency 272 58 0 0
i Ratio/% 82.42 17.58 0 0
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103.72#183.97, Hal it FEASGE T & B Cd Al Hg 25T
DX ek A% ] 3 e AR A KBS 1 R R R, LA A AU
TR N 35.47% 1 46.53% , 82% 1) A 75 1 F HK
H X PRl G 218

HR A 330 4~ 25% Pl - SR iy AR A M 5 5L, 45 A Vs A
A AR BN B PR A A e AR R IE T Y
EAS 2% FEl 27 3] Cd A He S5 5 42 @ 1 52 ), Ak F 45058
A KBS, R TX 10FE 48 L1 5
ELAO DR D92 - 498 PR BT 2 75 3 ‘2 el A e P A
FEiE— 2B s AR X Rtk B2 A BRI R 51, e
JE 0 Tl A HE R V5 G R A B I 4 L BT, ) 75
BNk EAnRA . A R B A RS PR 45 R
R VA A X A el ) A 7S U A, 1HL A 3 4% el e
Cd F Hg %5 51 4 J& PRBE [ AT 1y 5 RS T 400, R0l 2 £
BEREAR A 5.76% M FEAR Cd 5 2 /3 T GB 15618—
2018 H P JRUBS: T (1 o KA 1 4805 Y JRUS: 7 16 (A
R LR, XA ™ b T d 2e 4 R VEW A K B
A A IREE AT BEAFAE RS , 17 24 058 - 3 S W)
AN 7= it B ) S0 ) 7 244 SR B2 4 ) 4 it
MMM R, e Z R E 48 & & 5T
o S FE A5 4 S B AN — B R ), B
FERIR D, RIEREA RS 5.76% BIREAS Cd & 5
F GB 156182018 H (1) KUK i BEAEL , (A AT H Cd 7% i
FFAARMAT AR AECTE A F & A5 ) (NY 5244—
2004) . ZIG AT BEA PIFP R 2 RN A X AN
i) B 4 Jm W RE I A AE— 22 5k, B B 4w
i A BE TR 2R I R N 4 R A R A
KR hMESE S EZZERELWN, R T2
TR R Sh A [ B 32 B AR AT Y AR R R Y
A

-4 pH ST A HE A IR B | I R B M 1T R
SRS 4 R R ARG M o FRATTF Y R 13 pH
5 Cd . Cu Fl Fe % 15 15 3] g 25 A & PE K (P<0.05) .
AWFFE KB AR pH o] DA 398 5 4 8 iV A A1
A o AR X I A 4 398 pH B{H hy 4.78 , 76 1% 4%
TR, 13EhHE 4R Cd.Cu Fe i REL /D AR, —E
FEEE B3N T R, AT o] RE SRR 3 4
J& Cd . Cu I Fe (& B 5 {0 55— Jy 1, etk - 38R s vl
DLkt A5 R 3 b A SR AR T R . A
WFFEF WP 13 pH M Eh LR I BB S B BN
AP Ay , 24 pH<S B, 38 Eh (92 AN 2 2, pH A%
J I E SRR AN R E . KA pH R
1%, 4 i M AMEIS 5% 2 Vs A (R s 23 1 hn , i mT

RS2 ) b 3B % AR I R E . AR
A SEMN P ESENCRG FiE— 205,
{ELAS DG 12, ZEME —Fh Z AR AL 10 5 5 A, R 45
MR RS E A E 4 B T R EE SR T
15 YL ) 1) R B AR A A A 5, BRI, B ARG
SR i AT AR -4 Cd L Cu T Min 9 35 L (ELZS A
FRIR IR S A , X FPVEAE UM T BB X A A e e
SR, B R AN, R34 R R Bl
PEFIAE YA R0t 2 B N, X 51 R AR AR IR S
bel 1338 pH Xof 1438 g i Mn (955 2510 A 5 + 18R
PEBR, , 43 b T 4 ) AT I W R A, A
i B0 M B R . DRI, A B T 4 R TS e A b 1
e, nT LA I 3 2 PR A A T, B i A 4 R
1 SN i Y pHL, HE T FRAIC 4 I8 1 AR A AL
P, DR B2 A 7= 1 B o 0T B4 iU s A 2
JRUBE: Y Rk, R 7™ =7 A, 3 i 4K el 7
B, A i B ML el 2SR iR A T e bk A BT LA
(1475 e U 76 5 4 J 1 1 S (e 1 T Al B 3 DA
T AT A A M BN SR A I 5 B K JR K Y 0 7%
T B PO DA R VR T R A TS Yo it T A
25 ALNEFNSh A i Fe h 22 R Cd \He (Ph S5 F
JCR MG B AL e 7t Ae .

4 £t

ORI X 8 25 Tl - 3 AE ) Ak (o 2 1 i )
FREE ) (NY/T 391—2013) 1T bn eSS Bl ; Zn  Hg
As.Cd . Mn . Se Fl Fe 7 it (V- Y E Y ML 1 BEPY 1 4
Bl , REARRE MR H 5.76% HFEA H Cd
it M 4.54% AEAS T Ni & i e T (CH IR EE I
A b, - 398 T g XURS: A PR AR o (147 ) ) (GB 15618—
2018 ) H 14 JRURS i 1B 1, 78 A0 T XU 5 4530

(2) Hg Fll Cd J& 1 BV 7 AR A XU 1 2 &
X B e A% ] A 498 AR 2 XU B3 1k 2 49 53l A 46.53% FI
35.47%. As.Cu.Pb Ni Cr.V.Zn Fl Mn A9 5004 75
JRU: 8 B0 B RABL 3 /N T 40, X 8 4 2% el - 398 v
Az A5 AR BRI s £ 5 T e AR S XU 48 BT 38916
102.15(<150) , & BIZ A58 XS4 b Ab T8I v
A SIS KF

(3)32 A5 P 2 AR Al A B (R A F B A4S i)
(NY 5244—2004) F1{AS M P 4% VB oK Vi 22 il fb 9
BRAE) (NY659—2003) , 33 4 hel R 450 Cu & =45 &
(EMLAS) (NY 5196—2002) , 4 A5 bl 2% i Se 75
A CEmIZE ) (NY/T 600—2002) .
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