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Soil heavy metal accumulation and risk assessment in
a long-term vegetable-growing greenhouse
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(1. College of Environment and Planning, Henan University, Kaifeng, 475004, China;
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Abstract; In order to researchithe impact of greenhouse vegetable growing on soil heavy metal
accumulation, we/measured heavy metal concentrations, analyzed their variation characteristics, and
evaluated their pollution status based on a long-term experiment which has been conducted in a
vegetable-growing greenhouse located at the Quzhou Field Research Station in Hebei Province,
China. The results. showed that the contents of Cd,Cr,Cu,Zn and Pb accumulated in different
degrees in 0—40 em soil compared with the background values of soil heavy metals in Hebei
Province, among which the accumulation rates of Cd and Cu were the highest. The contents of soil
heavy metals Cd, Cr, Cu,Zn and Pb in 0—20 cm soil layer increased with the increasing of
plantation years except As and Ni. We also found that the contents of Cd, Cu and Zn in 0—20 c¢m
soil were significantly higher than those in 20—40 em soil layer, but the content of As in 0—20 cm
soil was significantly lower than that in 20—40 cm soil layer (P<0.05). In addition, there was a
significant negative correlation between the heavy metal Cu,Pb Ni, Cr and soil pH (P<0.05).
According to Environmental Quality Standards for soil ( GB15618—1995) , the soil environment
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quality of long-term greenhouse vegetable field in the Quzhou Field Research Station was lightly
polluted by heavy metals in 2016, in which Cd is the main pollution factor.
Keywords : long-term vegetable-growing greenhouse, heavy metal, soil pollution, Cd.
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SBG HLL Cd A Hg (1 SFUE R W1 5 A LG T 58 K38 AR I bRt 56 £ 3 ) D =, 58 38 b
L34 Cr Ni (Cu As (Cd \Pb . Zn FE 4R RE L, 1% 0 T 48 5 53k BfRh AL AR BR 04 5 i vy A
Wr SRR ORI A BRI XURE B, e R Zn 5 S B SR A BN R R A T L R
FEAEBR S0 35 TEAR DG (P<0.01) 3T 87 0 I 28 B 38 A= 7 H T A4 25 A 37 3l T LG 8 e v B
SeTE G E U W AR HAE D R AR C i PR A B p b v FR (. MR R SR L0 R
U Cd JCEA AT RELEJE Y] PN B ok A A, 1T ., B i 56 A 7 A BRI, - ek Jgeds % A 1 W] R A8
e, A AT G S G Jm A A RN X SO R SRR AL K 22 45 R G ok — € I SE R b ; [R]
TRE M7 B SAFAE AN IR L (0 T 43 i T 10 SRR EE ST Cd (1 5 4R RE Y i, A3 3R i Cd
Eri R T S S Y R bR R, TR RS A 7 b R B R R O A
PRI 2 St 00 o i 0 2 RO S RABVRRAE , S By 478 L S o 5 % (B i B i 22 4 4 it mT e
A I HEAIE S5 A R A R 4 TR

ARSC L s J] S 96wl U A e (9 TR = S B S X G, W 9 G 3 i b - 3 o < s 1) SR ARy
5 15 7 1) P L = o e T B o s S AL, DA L L S BRSRRR 0 B I 18] 9 28 AR 15 0, O - s
EBBIE S A G A TCTG E RARR R RS

1 #BS 1 ( Materials and methods)

1.1 Y Hb A+

A A K AR, TR T 2002 423 5, 78 H E Al R 2= il J8] S5 vl (36°52'N, 115°01'E) i
A7, gl 6 TR At A S v gty ] LGS Ja s 2 i 2 KU X, O R RS BRI e E & L2
Z R R FUGE N AR IR T A 2R IR 2T, J& —AF AR X AR 4 P I & 604 mm.

IR A HOYGIR = BRI 460 m 58 7 m, FALUR 420 m*. H YGIHR 245 H 5 8 2 b 32 Ay 5
KGR D) AR T XG2S ABHE AT SRR AR R (5 A 46% ) IR — 4% (5 A 14% 5 40% ) 55 %
HEMBHIG LM i

PRI A (R o MO R R AR 1, 9 R T R Bl i 0 R 50 LAl A T K OF SR AR
) ( SR AR R BT 2002 4EIR56 TF 46 22 AT .

R HOGEEFRDBA RN SR B

Table 1 Average input of nutrients, pesticides and irrigations in the long-term experiments

i TR
% P,05 K,0 mpmzic 0 RN Inigation
se 12
(kg- hm 2a™") / (kg hm2a™") /(kg- hm >a™") Spraying times (ke- hmal) Irrigation times capacit_yl/
(mm-+a™")
861.50 327.00 281.25 20 29.10 8 390

1.2 FERCRES T

ARG R 3 WK A FERBERF ] 43518 2012 4F 10 A 2013 4F 10 A 2016 4F 10 A REE 6 £
B VEATHURE | BURETR FE 23 3 0—20 e¢m ,20—40 em A7 TAERRAT N IF HARHI AR 4 10 em Ab, 4% S A3k
HU16 A BEAHAT 4 A8 1 NMRAE

B LA L BRAE IR AR FRAT LAY - S sh ) (an gl 45 F= N X TR B ke e (10 B
—HBAr T A T AT, — A AR SR EE e e (100 H ) T IR E 48 F R
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+- 3 pH SR EAE (V(ZEBAK) sm ( 3) = 2.5:1) M %, + 34 AL & &R B B R A AN #hk
ME. +1EFE4SJE Cd Cr.Pb . Zn Cu 243 H712% F HNO,-HF-HCIO, JHf# , ICP-MS ( X SERIES2) il & it )7
P ERGNR ARER 0.1000 g 3 100 H X B T RIUF O HE MRS T INA 10 mL A5 , &7 )5 T
36 JRUHE PN T30 B8 — 0 o TS A T T A AN 7 120°C RIS A% 1 h, 240 10 min S5 A SRR 3.5 mL, 3§
Vi Ja YR EEAE 140 CRIHA#E 1 h, 1240 10 min JFINA B S BR 1 mL, #ik3% IF7E 160 °C T iM% | h, 5 7E
180 °C FREE Mt B A TEE MM 1. 7230 30 min JF A 1 mL B§BRIEW (V/V, 1:1) IR WK E
50 mLA T, JF 2B ke A K A s oS g 2=/ POl R, JF T ICP-MS (X SERIES2) & .
3 As A EHHTR F K I R 98 6 (AFS-3100 BUE R 24611 4TI & BAR 4R . Fx
Bt 100 B £4£0.2000 ¢ F 25 mL EL @& A 3 mL EAKR(V/V,9:1) &35 J5 B T ik K o
1 h, FiEEsh 2—3 I BUREH, A S%ERRFT 5%BT3 I iR iR S 5 mL, #6405, FH & 5.0 g- L™
AR 3.0 mol - L™ HCL iR B ZI B, 3 i R 2O A A T 2 A i 2 A A e v P A - 1A 1
FEdl GSS—8 AT /3B ot m 455 .
1.3 IR RPN AR IS ik
4R 5 Y AR PR R B T B2 B — 1Y, 0 AT B 22 0 BT LA FH SR I505 Je 8 B0 2 & 15 e 48
BOEMES & ATV
PATH G Y8 BTN R LA TR A5
P,=C/s, (1)
o, PO § RS G B AR €O RS Y I A Coob B i RIS Y S G AN B
HETH.
G RIS TR I R A 8 50 2R B HR H0k . N 25 5 45 U2 — i eI (i 5 28 ) e K
LA TIAU R 22 PR A5 I et 48 5, AR R e skt T NS R R B2 i), PR DE A0 &5 2R L R &
W, BE A 4 T S5 e - 1 v 4575 Je W 1 ~F- 34 75 G K O ik i e R 5 e 4 AR fE SR I (i 7 P 55 4k
ol b — BB R R R
Pl J(Ave P,) 2+ (P)2 (2)

AP P AP B PO 8 S R0 T Aver - 45 5 05 B9 T 29
(P,) o SRS A OSGA T458+ ET 5 HEL 5% 2 2, TR 15 R
PSR AR

®2 HIEEGEIFNHSEIRME(mg-kg™)
Table 2 The evaluation standard of soil heavy metal(mg-kg™")

i H ltem pH Pb Cd Cr As Ni Cu 7n

?"J#tﬁigﬁﬁﬁ” 7.9 21.5 0.094 68.3 13.6 30.8 21.8 78.4
Soil background value

IR AR —HARTE R 35 0.20 90 15 40 35 100

Soil environment quality Standard Z2<6.5 250 0.3 150 40 40 50 200

6.5—1.5 300 0.3 200 30 50 100 250

>7.5 350 0.6 250 25 60 100 300

=%>6.5 500 1.0 300 40 200 400 500

AR 7= i L A <6.5 50 0.30 150 30 40 50 200

TR A PR AR 6.5—17.5 50 0.30 200 25 50 100 250

>6.5 50 0.40 250 20 60 100 300

T B 7 R B I <6.5 50 0.30 150 30 40 50 200

TEM RS 6.5—17.5 50 0.30 200 25 50 100 250

>6.5 50 0.40 250 20 60 100 300

D) W R AP E TR ) LY 12) GB15618—1995, +IEIREE B Ak brifiEl 7] ;3) HI/T 332—2006, €5 FHAR ™ & 7= HUFR 55
FEEITEH AR ;4) HI/T 333—2006 , 1528 35 367 Hb A5 T S 374 b ofie L 10)

[, AR SR F B AR = MR 5 o WA B o ) DA B Gl 3 82 30 7 il B 5 o WA A v ) VR Sl o5
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— IR (2 2) U R BT R TR T ) R R TS e dE bR ) LA R R SR | 4R
A T PEMAEFR 2> N TR P I35 FR (Cd  As \Pb Cr Cu) Fl— AP HIHEFR (Zn Ni) PSS kg 2 il FE b
MR 25 PRI R B TV, — A P PR AR PR B R 25 A T R FR AOT .

BRI 5 A5 A = BRI S IEL/ BATUbR V(L (3)
BTG4 4H 38 = (L BT e AR A U R AR ECZ ) X 100% (4)
M2 AT T B Fo %) 2 = T B F2 8 ) 2
1.4 Hehb 2

a4 B A I 4B 7 Excel ,.SPSS 19.0 #4F.
2 5 51518 (Results and discussion)

2.1 REH R ARG

TR IR RS Hr 25 R an 3 3 im X T 4% pH, AFEFEAE R X 0—40 em 133
pH A 50 , 2016 4F 0—20 em 3 pH #H 1L 2012 4F +4% pH % FIE T 0.224 847 (P<0.05) ;
2016 4 20—40 cm 3% pH AL 2012 4% 148 pH W2 FFE T 0.36 ~H47.20—40 cm 13 pH B E & T
0—20 cm 11 pH.

X R P, AR FEAE PR X 0—40 em +HEA LTS A W& ,2016 4 0—20 em HIEAH
MU & AR EE 2012 FE38 T 16.69% ;0—20 em +3EA ML & 2 0 &8 T 20—40 cm 13 ( P<0.05).

&3 EGCE ARG TR

Table 3 Statistical analysis of soil physicochemical properties iin a long-term vegetable-growing greenhouse

Sampling time

Ttem Soil layer
2012 4 2013 4F 2016 4§
0—20 cm 7.67+0.21 7.86+0.17 7.45+0.10
PH 20—40 em 8.36+0.06 8.37+0.17 8.00:0.08
0—20 em 21.39+2.15 19.50+4.14 24.96+2.63
AL (g-ke ™) 20—40 em 4.18+0.37 7.313.27 8.64+3.48

LREOKE IR EBREE LA pH B 1582 OB misg I, A AL Rl A 1 382 R I BE AR, 5 X8
o220 (R ST S5 R — BB A R AR R AR N, 3 pH B TR AR S, LR R Y 22 A Ry
A AR KA HUTRY SR, 5k ) S 1B gT 45 R — 20 B AE 2013 4F 0—40 em 13 pH A i
Tt i AU AT TR G i R R AT RS R T 2013 AFSR AR 4 458 rh o B R, L
A WE TR B BT A LR RN A T A LB P R 2R
22 REHFHIEEEE ST EGIH

ity S gt i 2 s IR R B AT A RN E 1 R X T 0—20 em 3, 50 T E
LIRS REA L, % F 4R 2RFE R/ NEF K . Cd>Cu>Zn>Pb>Cr>As>Ni (2012 4E)  Cd>Cu>Zn>Cr>Pb>
As>Ni (2013 4E) .Cd>Cu>Zn>Cr>Pbh>Ni>As (2016 4F)  H A UL, B As & 5 39 S A KB 48800, i
Ni 5 i B AR T s suEdh, REES R SA A FRRENR R Hrh HIEE £ )8 Cd F1 Cu B
TR EE fe ey . 1458 Cd P33 5400000 0.31(2012 4F) 0.35(2013 4F) ,0.35(2016 4F) mg-kg™", 23 5 Ebindb
BHIEFESE Cd 75 54 (0.094 mg-kg™") & 229.8% .272.3% . 272.3%; + 4 Cu & #4535 K
45.97(2012 4F) 48.71(2013 4F) . 52.51 (2016 4F) mg-kg ', Wit +IEE SR Cu B RHE
(21.8 mg-kg™") Fi ) 110.9% ,123.4% ,140.9%. 3 T % BF5E T 30t 2 A9 Cr Ni Cu, As,Cd Zn %
7R E AR, Cd M Cu B BRIRE RN ™, 5 AT 45 SR — 2 0 A AR AR R BB S LAY Cu Cr
BN A S [ RS Cd AT As () N BB EF B As FIINi Ab, AT &8 &5 Bk
AT it o A IR A 8 4 T 8 R 3, BT B A 10 39 e A e A B 4 n  448 n ) E 4 J E R R A
A FIA FHBA G (IR A 2555 ) By A AE B R LA 22 MRk b 38 5 R R SRR AL i B 4 5 it
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AR (EREAE LA B — B S i 2 A IR AR 4R 127 N SAR B IR A0t FH 2 T3 vh cd ERUR B B R A
Z 00 e NS shxt 35 Cd BTk BRI FH 2 54%—58% . T 35 X AR R 42 JE A i
AROHAT T BB REEFIIHT , 45 R R W R4S Zn  Cu Cd . Pb & i E TAE MIEM=TE 40,
HHL—THLZIRICET Y Ph & & T HA AL AE.
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25.00
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10.00

o
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S
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Fig.1 Descriptive statistics for heavy metal mass fraction in a long-term vegetable-growing greenhouse
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XFF 20—40 em 4 S5iTdbAs T 4R T S E A L, & &R B K NHEF R Cd>Cu>
Pb>As>Zn>Cr>Ni(2012 4F) .Cd>Cu>Zn>As>Pb>Cr>Ni(2013 4F) .Cd>Cu>Zn>As>Ph>Cr>Ni(2016 4F).
AT WL, FIEE SR Cd A Cu BFURE B B . H4 Cd &40 9118 0.20 (2012 4) ,0.19(2013 47) |
0.26 mg-kg ' (2016 4F) , 5 bl AL + 3 E 4 )8 Cd 15 50(H (0.094 mg-kg™") =i 112.8% ,102.1% .
176.6% , AH IS FTRIRAS; 3 Cu & 43518 32.03(2012 4F) .35.05 (2013 4£) .32.25 mg kg™
(2016 4F) , 73 B HeiT b4 L3R B8 Cu 19 5{E(21.8 mg-kg ™) # i 46.9% .60.8% 47.9% , AL HA
B HHEE SR Ni KRR EPURE NS B/ T HE SR 5l N REEHE - F , AHXTTF 0—20 cm
18,2040 cm +HETE S8 & B REA AR R A9 L A ., 3 5 B AR T 45 R — 5

X EE 0—20 em 5 20—40 cm +)2E 4 JE & RRVEML, HE S 0—20 cm 3 Cd .Cu Zn &Y
534 3 = F 20—40 em £3E(P<0.05) , K HEFE SR Cd Cu Zn FZAE 0—20 em HIERBLXREH
THERERIEA WS RS, W LR ZU AT E 2, Pb . Cd Hg KA B THHER L1, A5
0] N2, 2 Bldi el AR5 00 T Hon DT i ge g R W, 4B 0 3 2 AR e R HERHE
B ARG g A m iR A b R T A R B [ R R, AN B ) AR, B4R Th A A A
F 2 0—20 cm, L H LA 0—10 em BIE)ZE R E.0—20 em 3 As & B FET 20—40cm )2 As &
I HFE AU ATRER As BRI L2000 R AT R
2.3 REHN 5 pH A YU S E 48 AR RRE

A SEETT S 4R & i Z B AHSE O R 0T A Y, 4 pH LA HILTE R 36 3] 8 3 10 TR S K R
(32 4) XS5 HEPY BRFFESE B —BU R T 0—20 em H3 | B TOGR As DA, AR Y 5+ pH
ERFENRASE, TS EEE MR & & 2055 0 IE A5 JTC R RAH R R B Ni Al As 4b, AT R 2 [A]
P B B 3 IE A O (P<0.01) X T 20—40 em 4 VA E4LIE Cd 5 Zn 5 HHE pH 2 &7
G, U As 5 RIEALR R 3% UG, HARITER A 15 pH A L IEA HLIT & & (] A DG M B A 35 3]
B EE AEARIRIFAE S Cd T Zn 2L HH 6 i 3.

R4 REGR A )R RIS SR R RO R

Table 4 Correlation coefficient between soil properties and heavy metals in a long-term vegetable-growing greenhouse

Item As cd Cu Pb Zn Ni Cr pH AL
As 0.070 0.147 =0.054 0.178 0.009 0.164 0.334 -0.455 "
Cd 0.306 0.746 " 0.890 ** 0.743 ** 0.403 * 0.617** -0.193 0.218
Cu 0.188 0.300 0.808 ** 0.866 " 0.692** 0.752*" -0.528" 0.126
Pb 0.308 0.691"" 0.322 0.869 ** 0.379 0.754** -0.450 " 0.301
7n 0.227 0.875*" 0.535* 0.536 0.458 " 0.708 ** -0.370 0.520*
Ni 0.337 0.340 0.724** 0.714" 0.576 " 0.598" -0.642"" 0.504*
Cr 0.129 0.870** 0.547* 0.134 0.643 "* 0.449 -0.483" 0.238
pH 0.221 -0.419" -0.268 -0.142 0.445 " -0.046 -0.135 -0.743""

AU -0.505* 0.055 0.050 0.079 0.068 0.286 0.034 -0.594 "

A AT T AECT S MR 0—20 em TIEAT 20—40 em HIEAYHHC R EL; = 1= = 23 HIFARH S REHE P<0.05 F1 P<0.
01 M T B EHK.

2.4 REH A ESE G YRI5 R

MR A HEPR B B A ) AR PR W AR ) | X ) 5 56 ek 5 5 - 3 4 ) A T
ZERFI (K 2) ,XF 0—20 em 48, P, = UK : Cd>Cu>As>Cr>Ni>Zn>Ph (2012 4F) ; Cd>Cu>
As>Ni>Zn>Cr>Pb(2013 4E) ; Cd>Cu>Zn>Ni>Cr>As>Ph (2016 4E) 2012 451 2013 4E P.¥/NT 1.0, 40T
I B @ T 1 (L4 " B (E 2) ;2016 456 HBR P, KT 1.0, 40 F MHKF, J& T 25
o B EG (B 2) Ah, AR E T W (% 4) " SR E S 3% P 430 0.47 (2012 4F) (0.53
(2013 4F) (1.13(2016 4F) A F T 90, 1 % MPKF-, 8 T3 i% (L4) J5iH(%4) Bisye 9,
ULAH 2016 4 H3ETE 48 A AR, 58 T BEZ 25 L.
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Fig.2 Single pollution index and Nemerow index of soil heavy metal in a long—term vegetable—growing greenhouse

XFF 20—40 em +3E | P, il & FERAKIK K : As>Ni>Cd>Cu>Zn=Cr>Ph (2012 4E) ; As>Ni>Cu>Cd>Zn>
Cr>Pb (2013 4F) ; As>Ni=Cd>Cu>Zn>Cr>Ph (2016 45).2012 4 2013 441 2016 4F P, #)/NF 1.0, 40 F 1
GUKF- BT (Z48) " MER(E 2) JRE 2 P 4500k 0.04(2012 4F) (0.46(2013 47) (0.52
(2016 4F) AT T Bk J@ T80 (L 4) " IR

3 R FHA ™ it 7 PR 5 Jon s F A o4 ) AR iR 2 i 538 77 b, B 5 Jo £ DV A s v ) 0F ] 1 0 3ty
UL 38 S Hh - AT, 25 B UNFE 5.6 TR AT 0—20 em (3£ 5) , B4R Cd BATT T 550091l
0.77(2012 4) ,0.87(2013 4F) \1.18(2016 4F) , J& T w & iti C 1L 2 ). i i3 ( M40 JWAs (MMZ%) " 155
WHRELEIUCRERBY <07, 8 T (1 %) BRI % 5+ 58255 w15 405 7 o 0.68
(2012 4F) 0.76(2013 4F) 1.15(2016 4F) ,J@ T“THiA 1 20) wis il (140 Bhs (Mg " a5, +
O AT E S 8 AR5 R PR S WM e bn v AR HE Cd BT it B 8 450R 20 $H R 2 8 T HAl A8 b, R
T3 PH AR D26 B M ER A, ™ 4% 45 1l F8hr Ry 58 Cd A Cr BRI0 T S FR AR D 1 1K, £33 Pb A1
As BTG R RO FIEAR A HE 2 T oA i 18 A BRI 5t 4k 418 BOCREAS Ak TR RS B M BN
K ; BRI 43HH I A A ).

=5 JREIEM(0—20 em) T IR FRIEMN

Table 5 Assessment of soil environmental quality in a long-term vegetable-growing greenhouse (0—20 cm)

2012 4Rl 23 4 2013 4P % 3 4 2016 4 % 3 1
o GORGEE  RIUMAE  RIURIER OUMEE  ROURRGRE UM
Single quality Single share Single quality Single share Single quality Single share
index ratio/ % index ratio/ % index ratio/ %
TR e bR Cd 0.77 23.48 0.87 23.68 1.18 29.48
Strict control index Pb 0.48 14.78 0.48 12.91 0.47 11.72
As 0.54 16.67 0.63 17.18 0.40 10.02
Cr 0.28 8.72 0.33 9.04 0.43 10.81
— R dlTE bR Ni 0.34 10.55 0.44 11.96 0.49 12.21
General control index Zn 0.38 11.66 0.40 10.86 0.51 12.65
Cu 0.46 14.14 0.53 14.37 0.53 13.13
3 PPN =N
ooy iy e o 076 s
SREUR L2 i 1 i I I

Environmental quality grade

XFF 20—40 em HIHE(FK 6) ,2012—2013 4F 4% A 35 b BI04 5 B0 % b LR i 4 A0
<O.7, ABEF R AF I T T 9, W57 KT 78 2016 47, 48 il 46 b5 b -4 Cd 1) 5500 i 5 45 4
(0.66) i T T BRI ( <0.7) , W AFBITE IR G B AT Qe MBS ; 3 As ORI 540 (0.72) Fl
FIRERE R ARRL(0.76) Cltid T 5 R(EL, PRBE i SR AL T N, i3 i 7 K F , R 2 b
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AR, R R S B U UL A TR HiE b v, 88 Cd A As BRI R KO 3 R 1Y
i AR AR | BRI HH AGBOR 245 Bn 5 M K.

£ 6 JREFEM(20—40 cm) HEEFREE = ITFN
Table 6 Assessment of soil environmental quality in a long-term vegetable-growing greenhouse (20—40 cm)
2012 4FR e % 2013 4F-R =5+ % 2016 4F-R %5 %

FUGELE R R RS R RIIMEAR ROURRE R iR
Single quality Single share Single quality Single share Single quality Single share

F8FR index

index ratio/ % index ratio/ % index ratio/ %

JEAREE R bR Cd 0.50 17.58 0.47 16.95 0.66 21.43

Strict control index Pb 0.44 15.44 0.40 14.43 0.41 13.39
As 0.69 24.12 0.67 24.11 0.72 23.27
Cr 0.24 8.31 0.23 8.49 0.25 8.23

— e E bR Ni 0.43 15.07 0.37 13.32 0.44 14.25

General control index Zn 0.24 8.29 0.28 10.03 0.28 8.97
Cu 0.32 11.19 0.35 12.67 0.32 10.46

R B 2 e i e
PRUEIRES 2 Wik 1 it 1 BT

Environmental quality grade
T R PR BRI 3) T AR E] S HE R R 4) AR B & SRR GR TR IR R 5) iH R B b
VEAN SR AR T I b v (LA B BRI 5 b A4 20 30 52 0 AR BB it A 77 it 7 M P 35 T3 o T 40 A ) 7Pl 28 05 3387 b B 05 Bt DA s 1)

EXT[IS—IG] .

3 %5 ( Conclusion)

(1) phJE 5256 05 TR % 38 0—20 em Ml 2040 e HI3EF 48 Cd . Cu Zn Cr Pb 4 A [RIFEFE Y 2
HOES R As A Ni KRR EFURE, Hh B4R Cd.Cu 2R E RS N EFBEH -F R As #71 Ni

Ah, HAY 0—20 em +HEE 48 f 44 BEAPTAR R A9 38 I8 I 35, 20—40 em 136 4 J@ Bl R
AEFR A AR AL A HANHA

(2) AR[FEIFAEAR BT 4 358 pH FUA AU & A 8 5 m, H 3% 2 A7 i 3 B A 56 6 R .0—
20 em HHEFER As A HARIER 5 pH 5 B TG U R H 25U B 1 IE R,

(3) 4R - IR o e v, B AR 7= i 7 b R 55 S5 i A s ) 0 L 5 0 20 7 M I B o i T
b)) S gl == St + 3 5 4 IR 0T i - BOTAN S5 R B, 20—40 em HIEIAEEAL T E 4R
“THIE () TG 0—20 em HIEIREELE 2016 AL T E AR RIS Y BKE b E4AJE od 2 E
BT L 1
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