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Abstract: China as a biggest producer of electrolytic manganese is in the imperative to ameliorate the soil pollution which
caused by electrolytic manganese waste residue. In this study, a survey was undertaken at a electrolytic manganese residue
storage in Caixi Village of the Yuping Dong—minority Autonomous County under the jurisdiction of Tongren City of Guizhou
Province, where the largest reserve of manganese ore resources in China is situated. To understand the characteristics of soil
pollution, the speciation distribution of heavy metals (incl. Mn, Zn, Pb, Ni, Cr and Cd), and ecological risk of heavy metal
contamination of the soil around the electrolytic manganese residue storage were analyzed by wet digestion and BCR sequen-
tial extraction. Mn, Pb and Cd, inter alia, had caused the severest impacts on the environmental quality of soil: Mn concentra-
tion was in the range of 356~14 915 mg/kg, with an average of 3 828 mg/kg, being 4.8 times higher than the background value
of the soil in Guizhou; and the average concentrations of Pb and Cd were 3.1 and 40.2 times, respectively, higher than the
“risk screening values of the National Standard for Farmland Soil”. As to the heavy metal speciation, six species of heavy—
metal were mainly composed of migratory dissolved weak acid, and the content of dissolved fraction of weak acid of Mn and
Cd in soil increased as the distance got closer towards the residue storage dam (P<0.05). According to the analytic result by us-
ing the common Kriging spatial interpolation, there existed a kind of moderate spatial correlation among the content of Mn,
Cd, Zn, Pb and Ni; in addition, the content of Mn and Cd, among others, were randomly affected by the pollution of human
activity considerably; and the spatial distribution of concentrations of Mn and Cd in general showed the higher in the east and

lower in the west parts of the area being investigated, and the high values of Mn and Cd concentrations were found mostly
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near the dam of the waste residue storage; and the results of principal component analysis (PCA) indicated that Mn, Cd and Pb

were mainly resulted from the pollution of electrolytic manganese residue, while the contamination sources of Ni and Zn could

be traced to the nearby agricultural activities and industrial production. Furthermore, Cr was mainly affected by the geological

background factors, the highest potential ecological risk level belonged to the soils in proximity to the waste residue storage,

and particularly, the contribution ratio of Cd was the highest (91%).

Key words: electrolytic manganese residue; heavy metal contamination of soil; speciation distribution; source apportion-

ment ; risk assessment
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FINI X 5 Fh 4 & 5 w5017 , Ze4d Box—Cox 446
JEHAZ A TEDIMG . Cr 5 BEAEIES 0, Ak
4 H Kriging 25 [Af B o AR PG ECHE 7B 28, LA
GS+9.0 H Gt A A BECH R HE 1 T2 7 25 sR U T
T 5 R 4 8 1Y Kriging 1 (B e L L A B R S 80
Hed: REU(CHCo+C)) 1T L7 FEAILES 43 5 AL 114 25 (7]
AR S 7 RS S LA, B REUINVT 0.25 B AR
A SR FUAY ZS () A 1 5 0.25~0.75 g 25 ] 450 i A0
Ky KT 0.75 R 23 g5 AR O, MRAEHLE 458, Mn
FICd (B4 2504 0.66~0.68. Zn .Pb FlNi [ 4>
BEEFIN 0.38~0.61 16 H7E HL Mt s 1 Jol i 398
5 PR 4 JE A A A SER E 9 2 (R AH G, Min Al
Cd 32 B N\ i 815 YL A R MLIK 25 52 K, 117 Zn . Pb
FINi 32 BN TGl IE BEVERRRE . Tl 2 7= 55 iy
RS, FH ArcGIS 10.2 8 S R S8 0k 1 7
38 Kriging ffi {8 , 15 2] oL 4 s P ) b+ 1 46 R
a2 [ A (B 4).
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Mn 1 Cd & & 125 A o3 A 8 R 2R, B 2 AR
VU AIG A A 35, W R340 B0 L PR T P 0L A B O
H Cd W& BV B A A 5z o X Ul B A v 1
HERRAEHON 813 4398 e Min A1 Cd 1Y & B AT 8k i 35
$2M . Zn Pb HINi 150 SR R IR AL RS A
LA R R AR A ATRAE . DX B R BR T2 54k
A TP A = A AL ME R 252 i LAS, i 22 E]
TERIZE AN - HERE T | e R R S M 5 () -2
24 EEEFLBE KRR

X A5 H i 7 P2 ) i 43 (1~ 10 5 R A D)
4R ST KMO K56 Fll Bartlett” s BRIE FE G 1,
KMO 3 £%$70.627>0.5, Bartlett’ sERIE AT P<0.05,
FWVBAEE & 34T E3 7 (PCA) . e
a3 A7, HARAEAE (2,81 . 1.54 AT 1.08) 4 KT 1,
FHTTHR A 90.5% , BIIX =4~ 32 5l 0 Be 0 4 i it
KA+ 4 Jm ou R M FEORRE . &5 X
)45 45 R P 2R Ay AR IR

55— FE W5 PCL B 7 258 46.8%, Hirb Min .Cd
FIPb7EPC1 _F HAR S IEE AT, 437124 0.936.0.856
F10.849, X UEHIIX 3 P EE 42 Ja 22 (A0 4T 1 35 1EAH GG
FHREARL, B R ], e LB i b
Mn ,Cd F1Pb & & 7351l 5535 28 000~31 569 mg/kg 0.5~
15 mg/kg 126.3~60.9 mg/kg"**", CdFPbIE4fA" o
B TOR R IR BRI T AR e A 1 T R R
RN REIE A KAV T 158, AR i ik
W TR BRI E 4R TR &
i 5 192 7K A 3t 2 1) S BB - SRR A SR A, R LA
W PC1 3= 537 M A5 1 P HE 0TS YL s

5 5T PC2 il B 7 22 25.6% , 2107 2 15
(9 7>k Ni Al Zn, 43310 0.904. 810,659 H T2 Ai4)
KT R, Ni I Zn 9% 12 B hn T4 245 ik e
rpes o AR T R A IX DA 22 AR AR b
MR SR BAR L A NI Zn, A, T DX o
VEAETE/ N B A BB T DR Tl AR = R e {2
AR NG P A Y A A DG HE R XA 23 %8 8 v Y N A
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Zn AR AU, R I PC2 32 B R A N 3 B R
Tl A =52

55 = FE T PC3 R 7 250 18.0%, 4 8 5 1Y)
Bk Cr, HAE 0 0.941, — B IA Sk Cr 32837 b 5 A%
SO, 52 NG S s /N AR SR T Cr 7
T i 5 B R S (L LA, BRI TR AR
FH M A BEREE s bR, RL, 0 PC3 2247
SRHL TS S R .
2.5 XEFLREIT RN
251  WAEMS A A

Mn.Cd F1Pb 3 Fp 8 & )| R E 5 44 , Ni 2P
1YY, Cr M Zn MRS gy . Horh Mn 75 H i s 1262 J
P A (1~11 R 1) B RSP X AR KR 7 i 2
H(23.4+45.3) , T 1 T TS L ) BB (RSP>3), H.
SPGB A0 AT 25 5 . Min AR R B R T R T Y
1~3 SRABE 5 B RSP A ik 77, e B 5w HoA
2 T LS A A R R A (12) Y RSP U B 1%
IR 0.5 T ULAE 57 3 F R 8 2 L4 T 7 X3k
Mn 9 YR A A (RIS R 2 S + T 38 SRS+ ] AL ) B
a3 e T IR AR AR (AR ) , Al i v A AR 4 T
I i A R A FHAR TT REBE & Hh R A2 0 R )2 £
B 7K A 8 e o2 DX R R R 114 A S A5 i k™
HAFEIR . Cd AEBEA AR RR I 2 i i 1 e Y R
BETG YL DL(RSP=3.9~8.1),, i 7E X} HERAE i 2 TS
Yy, PbikFE BTG YL RAE S 1 64% , (UEDEULAS
TR AR o (A7 B 5 P TS e O, 26X BECR A A5 Pb
B8R R RIS YL, 454 2.2 e T LA H, Mn . Cd
FI P A7 FL AR 12215 Gt A
252 HWREPHEEGE

48 V3 L B AR Cd(3.6)>Pb(2.0)>Ni
(0.8)>Zn(0.7)>Mn(0.6)>Cr(=0.5), 6 F & 4 J@ V5 L &
JEE 71 1% 22 i EE 5 G [, e Cd AT Pb 433138 i 5
FEAIP VS Y%  Ni Zn A1 Mn N2 BS54 Cr MG .
Cd 5 i 5175 LR E (Leo>3) U RAE 5N 100% , Pb ik
B BETG YL (1eo>2) IR AE SR 46% , Mn 7E 1-3 SRAF
() Leo T 2.5~3.6, 52 HRE 208 (it o 2 V5 L RRLER | TG
A Loeo<O FIE T RAE L B 55% ., T LUK B, HL AR
5 e JE 3 e OR [ B 4 R S Y R A 22 K, Cd
15 Y g™ H L 1 3 g o Qe FR R, R Pb,
i 5 380 A BB A P RS A T Min ANCFE BE S R A
BOR B R R TS g, A5G 2.1 T i)
T, M A bt X S 78 0 e H AR S5 A 114 1 B i R
T A DA R A X R T S R B
15 YL PRS2, 2 1 AR BIFSE H Cd T Ph B 5 e AR
FEROR M E N R, X5 Z AT R AR,
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BN, Li 55" & BUAEAR T X JE [l Cd \Ni \Pb 1 Zn Y 54
PG e R R o A S8R BB M AR 400 X ]
P14 B H Mn F1Zn 53 508 A 75 G (1=3.3) Al v B2
15 04 (1=1.6)0 INNAECHRIA ) VI X L5 Cd
R PG Y, Cr iR B TS Yy, T Mn 175 e R 25 57
LN
2.5.3 WA SRR Bk
M4 BRI E , Cd 1Y E/SEHIME (547.6) 8 K T
Hofln 4 , S A 25 KU , Pb o FR 25 XU (E/=30.5),
HAx 4P 4 )& (Ni \Mn . Zn 1 Cr) ¥ 2 52 50AE S XU
GG R DI A AR S U TR £ (PER)
B4 600.9, J& fz i KRS 45 9 (TR 38 ) , Hirh Cd  Pb FlI Ni
X} PER BTk FL A5 371 R 91.1% .5.2% F12.2%
A REE KR, CATE T A RS EE Y
KT 150, 15 BB 5 Az 25 RS A0 SRAT: A A9 R 100%
Pb 7T KA i P 38 R = A AR AU, ik
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b, Cd 2 H A v P2 ) PR - 48 v B e s 2 31
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3 #Hig
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BT N I S 4.8 f% . Pb Al Cd T34 5 &
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P AR 1 R R 1 3 ) 6 R R G R LT RS Y
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FICd LSS PREEIUS R Ll S B A . Pb i RS
M LA 5 o Ni L Cr F1 Zn W) LB 75 265 4 B 497 B o
Ve T 4 R WAF T A B S BE IR 7 2 o0 o7
PE B AR LRI, & 30 R A A T P ADLAC B BT, Min T
Cd 1) 55 FR $E U & 1 i ZE B 1 (P<0.05) 5 17 125 L e
T PSR B BGIT , Cr Al Cd Y% T 25 2 1 i 5 AR
(P<0.05),
3l Kriging (7L, & B0 L 4 v 12 R 0 £
e Mn ,Cd . Zn . Pb FINi iX 5l 5 4 J@ HLAT Hh 455
B 23 [A) AR SEAE , Horh Min A1 Cd 32 8 AR T5 85 Ye 455

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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