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Vertical distribution and influencing factors of heavy
metals in.oilfield soil in the Yellow River Delta
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Abstract ; In the Yellow River Delta region, long-term exploitation of oil and gas in Shengli Oilfield
has caused the deterioration of soil environmental quality in the oil production areas. Soil samples
were collected from the oil-contaminated area of Shengli Oilfield. The distribution of 10 heavy metal
elements (Pb, V, Cr, Mn, Fe, Co, Ni, Cu, Zn and Cd), soil particle size and total organic

carbon ( TOC) specific gravity under the influence of petroleum pollution were studied.The results
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showed that the soil particles d;5 of 19 soil profiles ranged from 18 to 44 pm, most of which
belonged to fine sand. The vertical distribution of heavy metals in the soil profiles of the oilfield
contaminated area was significantly different from that of the non-polluted area. Affected by
petroleum hydrocarbons and their degradation products, the eight major heavy metal (Pb, V, Mn,
Fe, Co, Cu, Zn and Cd) in the 0—10 cm or 10—20 cm layers of the oilfield has the highest. The
maximum values are 32.51, 88.04, 336.9, 2.530x10*, 9.76, 23.46, 87.15 and 0.38 mg-kg ™',
respectively. The control group was influenced by the process of soil formation, and there were two
different changes of heavy metals in the deep layers of soil (30—50 c¢m). In addition, through
cluster and correlation analysis, in the oilfield, the eight major heavy metals (Pb, V, Mn, Fe, Co,
Cu, Zn and Cd) were mainly impacted by the leakage of petroleum in the shallow layers, but the
deep layers were mainly affected by the soil background value. The correlation between heavy metal
contents and TOC (removed the surface layer) is high. Cr and Ni were affected by the"soil formation
process. The eight heavy metals in the non-oil area were affected by the atmospheric deposition and
soil formation. There is a general negative correlation between heavy metal content,and clay, silt
particles, but there is no obvious correlation between the content of heavy metals and TOC. Overall,
the results show that the content, movement and distribution of heavy /metals in'the oilfield soil are
influenced by oil pollution and oilfield development. This study will provide a scientific and
theoretical basis for the prevention and control of heavy metals-petroléeum hydrocarbon composite
pollution in the Yellow River Delta wetland.

Keywords : soil particle size, heavy metals, TOC, petroleum pollution, vertical distribution.
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1 B B5 77 ( Materials and methods)

1.1 FEACREE

HHFE T 2015 45 10 T NEGIA = A b X LT 4 AR AFE A, D19—46(37.8800N, 119.0226E ) |
D20-5(37.8156N,119.0534E ) X & il # X 75 4 -3, D20-7 (37.8168N, 119.0679E ) . D20-23 (37.7664N ,
119.1647E ) R FRIR MM X 75 G 4 8. 45 SR Ak 45 1 7 [l £ B 0—10,10—20,20—30,30—40 ,40—50 cm
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P R AL 1 45 AR T T/ INIORE CRE T AS BE RIS | 75 D) 2 el AR A ot P B ) AAEE 3 . FH 0k
AL BT HEA T R DN R |, D e DA KA SR A B8R, O Aok AR« I 50 JEAE i AR
PR AL i T At oK b Chn A B RO G BE AL T 10%—20% 1935 [l 2 N) B DU 5 2450
P, I HLAE BT 285 DAl INEICH 8 sl ok i 25 5, OGRS TH( MS2000 ) 5 + kLR
1.3 TOC &z

PR - ERE AT H AR T BB it 100 H i, B F R TFRICE 1 g, BB BE 38 25 0048 v,
2 (1 mol- L"), BRAE M AR IR ER B R 58 4 S 8 h Bl 4, 250 (Bl LI, A 2—
3 3, SR J5 B Al K sk Pk 8 TH A AR, TR AT (2 Elementar Vario Micro) Jll5E TOC 75 & .
1.4 ELESTENE

FH H SRR SE KIS Toflon 4 3 U, HET2 1, (FHETH] 10 ml HNO, W (1: 1) Fiad XUt v ]
JnFAR (200 °C) AR 12 b THER N IBSR BE 46 R R AR 1 AR ST B AR IXUCT S 4 100 H i HL
FF-FRILZ) 0.1 ¢ FRET AP Bl 5 mL HF .2 mL HNO, #1 1 mL HCLO, 35 35 A & e b P L 46
(180 °C)m#k 12 h, ¥ 40 1.5 hATFF AR | 738 XU b H L A0 (140150 C iz a1+ (CFaEk)
293 h.FEH 4 mL HNOJEW (1:1) TN AE AP 35 35, B i R HE b T RL A (150 ) it 12 h, 31K e
HARUR P BR S , IIDRE 47K 8 45 50 mL 485, BUE 25 5 1 1 P ARG & 55 B8 IR B % X (36 [ PE
NexION 300Q) & 5 43 J& 7 .
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SEREAE S A I R e 2B . S50 A b T 8 R 3R 2R I Gl P I S o - ) 5 ( GSS-8)
AT RS AR R 25 /N T 6.5% , RS AT ST i 45 i 2K H Excel #4788 G011 3 B s B4R 1)
R FNA AL 53 342k F] SPSS.

2 5 5958 ( Results and discussion)
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G, 55 HAt = 4 14 - HERL R A AL A TSR], 0—30 em 3R A2 A8 Bh# R F- 9%, 1E 30—40 em ZEE W
B o H 2 FA R KA 50.1% , B0RL 43 LU d, 35 2 /M.
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7 AH ) 8 B e o ——— 8y e B i B 1) B S AN [, B 55 B o R 2 X 3 o R R[], 4 45
TR 1 e T2 % e ) AN (AL & A8 DX 38R 2 1] 28 Ak, 2R3 WA AN ] 198 38 50 1 A8 fb KA 5 40
Bt N 2E9E sh A3 s | K+ MR ISR R ok, & S 30 ek 22 52 B — 25 37 K. D20-23 A ki B Bl i
[ J , N R s/ 6 1 38R T % L3R 2 1 ok B 09 3% 1) AR AL AN B db

P T 0 (58 LT %) R Az i, FE IR I 1 2 2 1 - M, O 0998 B 2 . il v % DX R A
VEPE 5 JE ] = 9 TC A K T B 25HE , TR A K R 5% A Tl i5 Y IX 48 TOC AR R R B KR F 1,
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AR 9 FE 7R A T TSRS AT oA 6 3R L 8 2 A e A R ) it 7 e R 2 (0—
20 em) B HUBR B & BN A5 A28 %5 BT S A58 K IR IEME T, B 56 3 T A0 B B IR
ARXFEL /1N, 94% 1 A1 T 5% B AE 20 em (9 3 J2. X Fb & BRIC I8 2 A v ik U 48 2 A8 5% 1A 8 W ( D20-7
D20-23) , 3 TOC ZBALFEA R BIR)Z , B HHERZ TOC & &3 I%, Ui 4 A RAE i = 1A FH 7 X
{32 VR ) B AR SR R R 200, 2 ok T AR K, 0K P 2 R P e | A AR 9% 9 W - IR Rtk 25 W o
ke ALY, IR R e - SR B i T 5 R T AT S A R R B, B T
I KR A LR BRI, BRI K R B R —E R TR, BT LA D20-7 A kL
(EST ) B8 5 R BRI 12.6% 5 N LY 30 BATRRS5 V6 FH (i 38/ NORE & A8 AT SR VE TR
FAIURE , SRR B B0, BT L D19—46  D20-5 s HAR S R 806 B K i il 9 b X+ 3800k L
22 S I AT TS e T U i A HLY R SRR

£1  LHORER TOC T EH 5

Table 1 Soil particle size and TOC vertical distribution

T

R 44 R Periiﬁ % i FE Particle size/um o
Sample name Depth /em <2.00 um 2.00—20.00 pm >20.00 pm dys

D19—46 0—10 4.48 24.13 66.10 38 3.95

10—20 5.83 34.04 58.33 28 0.91

20—30 4.27 20.88 72.94 38 0.11

30—40 4.13 22.16 65.89 40 0.07

40—50 4.30 20.30 74,64 39 0.13

D20-5 0—10 3.58 19.53 74.78 44 1.05

10—20 6.47 53185 39.68 18 0.23

20—30 6.28 46.92 46.80 21 0.14

30—40 — - — — 0.26

D20-7 0—10 3.57 27.28 69.15 32 0.18

10—20 4.61 43.88 51.51 23 0.20

20—30 3.78 29.59 66.63 29 0.09

30—40 3.32 14.79 81.88 42 0.07

40—50 3.92 24.48 71.60 34 0.13

D20-23 0—10 3.65 28.75 67.60 30 0.26

10=20 3.86 26.79 68.06 33 0.16

20—30 3.81 25.44 67.56 34 0.21

30—40 5.71 41.41 49.90 24 0.31

40—50 3.78 27.18 69.04 32 0.22

1 :D20-5 45 30—40 om JZJEUG LA E R S TR L ASREF T R ERLRE IS | BT LAl >0 J 2L E K.
Note: The original soil sample of the D20-5 sample 30—40 cm layer is lost, and the sieved sample cannot be used for soil particle size

measurement, so the layer particle size data is lacking.

22 HEELEESN

AUl AR e SR TR, S AN, RATEIL T EL e T 5 AR T R 72 A [H]
Dty v B SR A T 25 0, R R DR D ) A YRR BT P BB R Ak AR S e 4 JE T R
RN R, A TR AN 2 e R R A 2 il AR 2E B ), P S Na AL Cu Fe %5428
Ve Sick = SRR N A o SR 1 b= ko £ B 2 o e o < 9 o T e AN =S G e
04 R W AN A BB I R A - A S b R B R0 B SR AE R WL 2.
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Table 2 Vertical distribution of heavy metal content in soil

R4 T H 4 JB T /38X Heavy metal mass fraction/(mg-kg™")

Sample name  Depth/cm Pb \% Cr Mn  Fe(x10*)  Co Ni Cu Zn cd
D19—46 0—10 25.1 74.4 29.5 281.4 1.957 7.4 1.2 21.2 62.3 0.35
10—20 32.5 88.0 37.8 336.9 2.530 9.8 7.8 23.5 87.1 0.38

20—30 13.7 75.3 35.9 307.4 1.942 7.4 3.4 14.4 46.5 0.25

30—40 14.0 72.4 69.9 294.7 1.768 7.3 19.4 13.0 42.9 0.28

40—50 18.5 725 30.0 293.8 1.667 6.5 12.8 53.8 0.23

D20-5 0—10 11.70 29.69 28.79  131.89  0.9840 4.10 19.19 8.73 36.77 0.12
10—20 12.48 33.22 26.73  146.61  1.100 4.62 18.85 9.44 35.30 0.11

20—30 9.67 26.23 2633 139.04  0.8350 3.51 16.90 6.82 24.65 0.12

30—40 10.65 31.86 29.94  156.99  0.9703 4.29 20.43 8.31 28.57 0.11

D20-7 0—10 8.2 33.5 48.1 150.9  0.9663 4.1 27.5 7.8 28.8 0.14
10—20 1.8 17.6 37.94 97.5 0.6136 2.2 0.9 5.0 24.6 0.07

20—30 6.2 31.5 27.95 137.8  0.8734 3.4 17.1 7.0 25.2 0.13

30—40 11.3 49.2 43.5 294.3 1.837 7.8 23.3 14.6 42.1 0.18

40—50 11.4 56.0 45.5 312.7 2.005 8.4 24.5 15:6 45.9 0.15

D20-23 0—10 12.18 38.23 29.67  173.78  1.121 4.65 20.85 11.18 34.14 0.13
10—20 9.62 32.70 33.82  155.06  0.9676 3.99 20.78 8.60 28.56 0.13

20—30 10.36 36.75 32.54 17249 1.130 467 21.44 10.08 32.70 0.14

30—40 9.30 30.82 26.50  152.55  0.9088 3.86 18.22 8.76 29.08 0.15

40—50 7.08 30.25 27.92 12851  0.8561 3.43 17.27 7.08 25.75 0.13
P Eeqy o] 25.8 66.0 25.8 24.0 63.5 0.084

[ pR7) —% 35 — 90 — — — 40 35 100 0.2

—% 350 — 250 — — — 60 100 300 1

Ve WIARA R TR A 2 v PR R bR (GB15618—1996) 117
Note: 1 The background value of soil elements in Shandong Province!'®); 2 China Soil Environmental Quality Standard ( GB15618—
1996) [17.

22,1 HEEEEN

B A E X S R0 X s i 2 R AR L R LRI ZEdh X, D19—46 FES Y PhV
Mn Fe Co Cu.Zn Fll Cd,8 FEGJETE 10—20 cm 2 & w0k F] T f KA 4 32.5.88.336.9.,2.530%
10*.9.8.23.5.87.1,0.38 mg=ke . D20-5 ¥£ £S5 A9 Pb V Fe Co Al Cu HyH KAH 12.48 .33.22.1.100% 10*
4.62 .9.44 mg-kg M HBIFE 10—20 cm )2, Zn F1 Cd A RAEMIZE 0—10 em )2, 50518 36.77 mg-keg ™' Fl
0.12 mg-kg ™" 1M P AL Crofl Ni T 7E 30—50 em 25 SR8, fem & i 40 52 69.9.29.94 mg - kg™
19.4 20.43 mg-kg ' FEE PR E M E 48 H, D19—46 ££ 45 Pb . Zn £E 10—20 c¢m JZH1 Cr 7E 30—40 cm
J2,3 b4 e i TN I S, SO R B R i, 5 )2 ) Cd AR AR — )
Frife, RIRF) G bRE ; D20-5 FE 5 5 )2 H IS Cd & H TS SHE, (H R —Zibr it ; Hoguh W
DX 2 4 B 5 R R SR (AL 0 T AR AR, D19—46 - 38 ) T A b i 4 e e v T
D20-5, H7ZZ 5 R AWK, B D19—46 Ab SRt I A if ] 5 VRl B[R], % - 398 v 8 46 Jag = [ 3 A1
PR M B K

XTEGIEN 1 251 AR i D 4b - 458 30 T o 4 ) o i AR Ak # W] B OA [R]. D20-7 A R 3 10—20 em
Z&E iR, 7 MESE(Pb.V Mo Fe Co.Cu fl Zn) 7E 40—50 cm J2 & ik 2] T Hc KAE, 205 h
11.4 .56 312.7.2.005x10* 8.4 .15.6 .45.9 mg-kg ™" ;1 Cr A1 Ni #17ELEFmi S, 77 48.1 mg-kg™'
F127.5 mg-kg™'.D20-23 FE A NIARIE], 10 FEE £ )& 7F 40—50 em 2 & = 5K, 43910 7.08.30.25.26.5
128.51.0.8561x10* 3.43 17.27 7.08 .25.75 .0.13 mg-kg . HiH1 D20-7 F£ 5 Ni £ 0—10 em J2 & H#E T
B (H, B — bl ; TR A2 0 Cd & ER AL 5ol , KRB BN —brifi; Hp 2 HE 4
J& S AR I T S PR A, D20-7 - B T b i 4 8 0 5 KRR AR T D20-5, D20-5 4k AR
SERBE/NT D20-7, UL D20-5 4b3z ACh TR D
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Pb/(mg-kg™!) V/(mg-kg™) Cr/(mg-kg™)
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Fig:l  Distribution of heavy metals in soil profiles in oilfield and non-oilfield areas(mg-kg™")

222 HEBRISH

Wit H DX 5 X 35 Pearson AHSEPEXT 10 FhEE 48 2 B T RIS, a0 Mgl S an &l 2 fin. i
’2(a.b) AT, D19—46 #4510 FIE &9 AW RS, —20& Cr AT Ni, KR & @ N o — R AR —
KA 8 T4 Jm T [0) 0 A B S 5 LA 2 . 10—20 om EE AR & i R 7L B RS2, 84 LA
NETRERY BRI B SRR AN R T B R 2 7w e R 2 L L B WL T AR Bk F R
AR B PR E AR TR . T A R A YR LA K g SR AL N A Y B AR
SR BERR AT IS TR A TR X R RER 1 B A A A T R B AL SR A S , A R T 48 oo
F R KA ] IR Z AL HU, St R I I X b 2 AR B /N B R S R I RIZE £
SRR H AR, A8 X A JE T R I, ek s A IR ) R AR R RE . B, R R
VEH, 3)2 L3 b il TS e 0 vk B ad w8 | 3R 4 I E A K sk S v B S A A
10—20 em +ZUEYFEE B0E W05 T HALZ R, 5d: WA R 5 2 s 4 v i ELA W BRI B 4R T 4
JBHIRE ST XA A THEN% 2 L E A B
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(a) D19-46 (b) D20-5
0 5 10 15 20 25 0 5 10 15 20 25

Fe _I T T T T ™/ \Y T T T T ™
Co _I Co

\% Fe
Mn Cu

Pb _] Pb

Zn Zn
Cu Cr
il il ||

Cr _] Mn

Ni & Cd

(c) D20-7 (d) D20-23
0 5 10 15 20 25 0 5 10 15 20 25

Mn T T T T ™1 Cu T T T T /1
Cu Zn

Fe Pb
Cn Mn
Zn Fe

A% Co

Pb \%
Cd Ni

Ni Cr

Cr Cd

B2 TEESERESTER

Fig.2 Cluster analysis results-of soil heavy metals

£ D20-5 F£ 55, BR T Mn Cd ZRHAR 6 FhEE £J@ ( NE4E Cr, Ni) [FIFEEIE LR AL 17 Mn  Cd /9 5%
KRERBMAERZ , X5 D19—46 FEAH Pb Zn Fl Cd B & HEEAEGZE 30— /N (i 5L A A8 7] Ji
PRL. ] B A1 Sy Dy e o 4 R TR AL R T B ARSI IR, 1 A 2 1 b TOC B S il 0, R 2 A Kok
B vy S C PP R B RN B B A ) LA SRR R, B A T B AE - UL |5 10—20 em )2
TR RN X 4 A W R A BELAS T KA A bR R ) SRR R i AR i 2 A B A
X R ZR AR .+ e R 2 LT R 28 A IR s i i s, FRURAL IR 4 e B i 25 ol R
ok H B AN A Mo il Cd R 13 i G R A (E & Tel % TRIZICR O/, P T 5 HAbE 4
IEpve ENEE R S

A 2(c.d) AT, D20-7 A1 D20-23 #E 5 T 4 J8 RIS Hr s R A fir 22 S @k X e 1 R,
D20-7 # 5 B A RER 4 R S AR I T P A RRE B Cr Ni b, AR 8 M E S B IRE S
S L M D20-23 FF R R 2B &8 & B MR TIRZE (B Cr) (BIRZEHE & & ik B o/ MA. A BRARAE
SRR JCREA TS YRR, A AT LR R AT DU P S R R A B — 2 SRR S R ORI T KA UTRE.
FRAE B AL B2 B a0 A B b 6 FhE 48 (Pb ., Cr Ni Cu.,Zn Fl Cd) , 2K F KRS DTIE 4 13 %5
I35 5 AR AR 93% 67% \90% 58% 85% H1 77% (15 A8 HUIE A A ) % T3 86 4 J& S i3, RS
TR T B Y5 Y. — R BRI AE 0—50 em )2 TR R AE AL IR RE S TR0 | Dl )
RS A7 B A BB A S M K A B B A A B i AN (] DL R sk AR e M B A
1 R TR A RAEAEAE 2 5 A S TR ) s R R 22 5 E 20k A HIERZHE S BT B AR
B[R], D20-7 A 5 T HERZA R . b 3 b Ph I Cd 09 35 5 52 38381 O 09 52 e 50K, i eh
T Pb Ml Cd, il i B B AR RS0 s S I A S Bt 2 55 1 Ph A1 Cd B B 38 , vl BB 4552 i
4GB RIS M ah

T A, 2 R RO A, B Cr TN B9E EBO T B P A T
TERZEIEIEEET, C A Ni AR R sh Ao e R, Z BRI IE MR e i K, RS bEE L2
FRLIn R 2 4IRS DT H B0 X2 H A R 20 R & i = A DU M 7 45 R I R 2B Hr s 2R
oK Cr R NG B S — 28X X BRI 7, A 9 36 W R b X R R A X0 18 Cr iR R B
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S 222 B it AR A AL RL, X Cr Ni 2 B S /N T AR 12 0 8 S X )
FHADA R, UL AN T 4B PR T BRI, AT BRI VR R AR AR T S K S AR .
2.3 HEJE KLE K TOC AHMES T

H R A 5853 Sk DRI X, 10 Pl 43 )@ | B3R & TOC AHOCPESGE 5 R L3R 3 4.

®3 MHXESE K& TOC HHEE
Table 3 Heavy metal, particle size and TOC correlation in oilfields areas
Pb v Cr Mn Fe Co Ni Cu Zn Cd

Pb 1

v 0.744* 1

Cr 0.022 0.435 1

Mn 0.689 0.994 0.465 1

Fe 0.844 0.965 ** 0.360 0.945** 1

Co 0.835™ 0.962 0.418 0.943** 0.997 ** 1

Ni -0.563 -0.695 0.252 -0.687 -0.625 -0.570 1

Cu 0.948 * 0.849 ** 0.153 0.798 " 0.929* 0.915* -0.621 1

Zn 0.977* 0.822* 0.100 0.775* 0.910 ™ 0.904 ** -0.589 0.947 % 1

Cd 0.863 ™ 0.932* 0.388 0.904 ** 0.952* 0.947 * -0.608 0951 0.880 ™ 1
3 A 0.071 —-0.288 -0.326 -0.282 -0.156 -0.147 0.238 -0.066 -0.038 -0.192
kL -0.166 -0.525 -0.347 -0.522 -0.402 -0.388 0.442 -0.294 -0.281 -0.428
(g 0.125 0.462 0.214 0.462 0.340 0.320 -0.476 0.229 0.249 0.338
TOC 0.507 0.221 -0.232 0.139 0.270 0.232 -0.389 0.569 0.390 0.468

TE: # P<0.05; * * P<0.01.
T4 CAEMEIXE G BUE & TOC M
Table 4 Heavy metal, particle size and TOC correlation in non-oilfield areas
Pb A% Cr Mn Fe Co Ni Cu Zn Cd

Pb 1

v 0.808 ** 1

Cr 0.102 0.450 1

Mn 0.690 * 0.961 0.542 1

Fe 0.692 " 0.969 ** 0.546 0.998 ** 1

Co 0.725" 0.975 ™ 0:540 0.997 ** 0.998 ** 1

Ni 0.188 0.373 0.942** 0.428 0.434 0.438 1

Cu 0.818* 0.968* 0.427 0.972** 0.972* 0.978 ™ 0.378 1

Zn 0.727 " 0.944 = 0.535 0.977*" 0.979 * 0.980 ** 0.479 0.985** 1

Cd 0.802 " 0.782" 0.191 0.720" 0.706 " 0.738 " 0.132 0.737" 0.646 " 1
Fhki -0.297 -0.425 -0.395 -0.336 -0.376 -0.363 —-0.342 -0.323 -0.306 -0.260
g A -0.648"  -0.756" -0.387 -0.685* -0.705* -0.710" -0.294 -0.676" -0.621 -0.725*
[ 0.569 0.722* 0.431 0.656 " 0.680" 0.679* 0.322 0.634 0.590 0.643 "
TOC -0.005 -0.431 -0.499 -0.490 -0.494 -0.463 -0.261 -0.334 -0.354 -0.270

7. * P<0.05; # * P<0.01.

X By FH DXORIEIE 3 FH DX R B T rh 10 A 4 )R & i, R S TOC 1Y Pearson AH G 1 45 46
(R 3.4) AR K 2 Wi 46 w1 SR g 2R vl M, BR Cr (Ni A9 8 b 453 Jw ol UM ], HA TR A
B o3 A FLAE. B AT Z RIS XA Ph R Mn AR 31 0 35RO PR IX BN HAR G @ oo R R 23 T
2 B AR OCOC R AR H Db Ni 55 A 4 8 o TEAH DG OC R (ARGA B34 ) (Hh FH X AT 5 B Cr Ab
F10 JF A <53 Je 5 BRI OG s Aah FH DX G 0 N K3 1 B0 S M ARG it FH XY OC R AR S 35 3k 3 4
71N, T 3 4 JR T 2R (8] ) AH OGP SC RAFAE R 0 22 5, BB 35 G DX A i TSR Az S B AN (e ) 1 4
BErh 4R A [ AT DA AR 43 5 4 S 2 [R] A AH DG

g rp UKL A RS 2H R S e I P R SRR M A HE N R R RE LIRS SR Sl
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RLEEARSCPE T A B, T B 35 B 9 28 OB S B 3 IE AR O (r>0.9, P<0.01) £ 5 F SRR (E 73 B A
SC A e ) A B R AL R BURURDRL RE AN S R G i ) R R.

TEARM X, G R S5 BRI 8]0 R B A SC & SR R IE A S & AT REIIN AN T
(1) T T (7] A 5 R TR T A 1) S A A O R B A/, X i < s ) O R TR, (HL 3R 2 D00
YRR B NER G SRR TE R A S 10 iR, NI G 8 5 3 BRI A IE A GG & 2k
BUERR)Z . (2) AR SORE it o 0] = b By, - HE0R: AR D 3= (2 R 73 - 3l v s FU FE R T
65% ) IR WITR 5K Ky 09 +IRAFTE Cu Zn Cd P 555 4 JE SR AE A b b (9 07 88 05 T3 By
R DR A N U A 4y S AR R SR AR B Cu Ph Ni R TT 3R 1 A i
0 e JEE A T LR

XFEE R, il X B @ Ph AN BLIE f A OC ORISR R ) TR Rl X SRR BB 25 (£
Tk 22 R , 4R OCFOR R 0K ) | F R &5 TOC MU SCAERL S0 BR Cr Ni Sh AHSC R
B TGN, R Ph Cu B Zn SR 3 T I 22 PEAR 5C. 100 W Tt D F) 7 92 75 24 DX 98 e Jes 8 Jon Y o 2
SR PN 2R A A B SR ML, 2 R S R e B I A BILRR , B2 ) A PR S5, AT
SN B JE TR TR R L. A DL S T IR B SR L[] I R LA T R AR U AR
M B AL RS E TR R AL S, X015 B 5 SRR A AR SC M7 — 2B, 3 P i
eI e e e AR e, 2 1) 8 P B R — A (Y R T BT, AT K e 11y pHL {62 I pH
EARME R IT R AL, 2RI HAE b A9 R Sl 7 1) B s . M U S 38 b i TH X 462 J® JE 3R AE 0—20 em
JFEEE TR, 5 A YR A Al R I, el LA £l s e e G R A &
i K AT A RS AR A2 2 1 3l BT & A0 05 B B 2.

3 %518 ( Conclusion)

AR S 3 A6 AT = A YN b DX ) AR IR LIS e X 4 A SRR A 10 FhEE 4w & i L Sk
FEFN TOC M E , 23 T4 s Geoxd - 498 v o 4 5 e I 1) 43 A 152 M), B 45 Fh e 4 RS I TOC 22 [1]
B AH S 3BT

(1) AR W VR FAAR RS T 39 20k, 5 A P V5 e X 38 v 3R 2 - H0kT B f5c /N (B 9 75 e xif
7 A B A TR ) 2 R ) | SHL e 1] AR A4 27 B A 3 AR R I 5 A T R oR R A TR o R )2 A P
2.

(2)4 SbSRAE A IR, e A S R AR A R AR (S AR A ASAH [ T
M5 YL, 35 8 Fhd 45)@ (Pb .V Mn Fe .Co.Cu . Zn 1 Cd) 7E1R )2 & i, Al BE S A I K H R st =
WA AL A S R A e 4 TR e 3 A - AT ) W BFHE FH 3 1 1) 5 AR X 8 A EE 42 B 3R 2 1%
1o T AR R AT (Y 28558, 72 TR 2 B RPN [] () A Tl R 2, DU e Ao e 1 s i

(3)4 Hb 10 FhEA JE i RS HT BT LIS A2, Cr N —2 Hdqx 8 Fh & JE i — 28 7E
TG YL Ay 8 P 438 3R)2 2 e A s o 3 WR)ZE 32 HIEAS IR A o L R T B A B L
2P ST [V T o] 0 AR A AR /IN2E 5 5 Cr Ni DU i A o R 9 5 iy A il X Hp HAx 8 Pl i 42 J& 52 KR
AL R AL R0, Ph  Cd 32588 B O M4 5, Cr  Ni 1 AT BB A7 78 A I AR M.

(4) BHEE 4 )8 & i SR I TOC RYAR S B b, Al I DX, 55 4 5 2 R 2 ]38 3k 22 9
TR R, SRPR R IEA IR H5 TOC B B 1A e i X, Pb Ni 5 &5 3R s 21
IERAER (RSB EN) B4R T8 S TOC WA RECH Irigm (b £3%2) , Hrh Pb Cu A1 Zn iK%
A e
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