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Spatial Distribution CharactenstnCs and Pollution AssesSment of Heavy Metals bn

Farmland of Geochemlcal Anomaly Area in Southwest: Guangx1

WANG Fo- peng- XIAO Nai-chuan’ ZHOU{ang PANG Rui' SONC Bo!?" 4 [ g
(1. Callege of Env1ronmentdl Science and Engmeermg, Cuﬂm Umvermty of Technologf‘ Guilin 54'1004 China; 2. Key Labordtory of
Theory and Technology of Environmental Pollutlon Contrél in Guangxi, Guilin 541004 Chlna)

Abstpact 'To unders‘tand spatial distribution (haracterlstlcs and pollution status of Cd, Cu, Ni, Pb, and/Zn in soils within geochemical

anomdly areas linfisouthwestern Guangxi, 256naturaland- farqﬂand soils were collected, and heavy metal contents in soils were
analyzed. [The results show the following: (D The backgréund values of Cd, Cu, Ni, Pb, and Zn in natural soils were 0. 890, 32. 58,
51.50, §5.57, and 168. 1 mg-kg ™", respectively. The pH value of farmland soil (n=193) ranged from 4. 8 to 7.9. The geometric
mean values of Cd, Cu, Ni, Pb, and Zn were 0.637, 30.76, 27.04, 39.59, and 123.9 mg-kg™', respectively. @ Kriging
interpolation results showed that the spatial distribution characteristics of Cd, Ni, Pb, and Zn in farmland soils were similar, and high-
content areas were mainly concentrated in Chongzuo-Longzhou area. The highest content of Cu was found in Tianlin County, Lingyun
County, Baise City, and Tianyang County. (3 Taking the “Standard for Risk Control of Soil Pollution in Agricultural Land of Soil
Environmental Quality” ( GB 15618-2018) and soil baseline values as evaluation criteria, the above-standard rates of Cd, Cu, Ni, Pb,
and Zn in farmland were 57. 5%, 6.2%, 0.5%, 3.6%, 10.9%, and 4. 1%, 14.0%, 0.5%, 2. 1%, and 2. 1%, respectively. The
comprehensive pollution index shows that Tiandeng County, Longan County, Daxin County, Longzhou County, and Chongzuo City have
severe combined pollution characteristics. The most important reason behind the high background value (particularly the Cd element)
in the geochemical anomaly area of southwestern Guangxi is that the topography of the study area is complex, and the types of heavy
metal deposits are numerous, which means that the parent material (rock) itself has a high content of heavy metals, which is weathered
into soil. This soil inherits heavy metals from the parent material (rock).

Key words: geochemical anomalies; farmland; heavy metals; spatial characteristics; pollution assessment; Guangxi
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Table 1  Standard material recovery rate/%

Eam AR RME SEONI:I HH
cd 6 90. 02 108.6 97.90
Cu 6 89.36 110.3 100. 3
Ni 6 89.84 94.29 92.04
Pb 6 93.07 110.9 98.35
Zn 6 98. 62 108.8 102. 4
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Table/2” + Basic glatistical results of heavy metals in natural soil™

AHFFE B AL PR AreGIS 10. 2 215 il
F SPSS 19. 0 it A4 %0 i ds B A 1 iR P
Geitopr.

2 HREH

EI=N==N

FAR 3 5 7 5
XF AR LIEAIOT A BT 1 X BEE R N L
B R S SE /D S PR B A Y
HEARYE | RIS X 4% 4 2 2SR
W A AR b, O PR IE FAR LR G R R (A
SR AEREAT e o3 B A 2 R A S L R
Grubbs K512 X0 63 /N i T 42w 5 (AR 56, 45
SR, Cd, Cu, Ni_Pb il Zn 5% (T 5 K
5.7, 1,1 FI2 A K2 BB H AT AR
& Jm T ARG AR Tl

2.1

i o
.

.

2

T T

Ly FREC B SR REE JUSMChIER) _ RBIE | i 2
T gk /mgikgl! s ) oy mgtke ! G | PR B g (Pe) Py
Gl |58 7 0/02627.305  1.825 £ 11858 f,;rb..@b( 1.829)  0.152 7 05T [-047257 -0.437  0.000 0. 046--".“';}‘
G 56w 13.64'~72.58  35.04: 13579 © 732,58 (1.181) 0.706 /0.955 [/-0.299" 0.036 0.022 0.,2005="
Ni 62 /. 11.85~120.6 51502739 [ 43.65(1.306) -0.528 7 oaas 2 0.086 =,
Ph 621l 13.53-136.0 555728000  48/49(1.265) 0.217, "0.874 0.200 7
Szn 61l 4182 ~413.7  168.1/83.00 / 149.1(1.245) 0.136 10.782 0.200

F " i -
1) Py d > 0005 ot IS A

SPBCRIEAT 5 (AL TR | 1 K-S v 0
R0 R A5 5 Y X 5 R AT I S A A R B, DA
DARIES AL RS TR ZE. 452 R, Cd T Cu
DR B 26 %o B 4 5 5 1R A4S o A BT Bl IE 2 4%
i ,Ni, Pb Fl Zn J IR BRI BRI 75 - 587
SCE IR DT A RO 2 S BOE A
MMICER , U E TR B 5 R A h g
BIES R EEEEESS TR HEAR T ER
ANEIE A S P RO I, BIFSTEIX A 4R
Cd, Cu, Ni, Pb Fl Zn 75 5t{H 73514 0. 890, 32.58,
51.50, 55.57 Ai1168. 1 mg-kg ™", &) P4+ Cd., Cu,
Ni, Pb Fll Zn 75 5427 0.060 . 21. 10, 14.40, 23. 60
F175.60 mg-kg ' H 14.8 1.5, 3.6, 2.4 F12.2 1.
R IX AR T8 sl s T 0 e S E T gz
PN L[R5, — 7, | 78 Y S R At
FAEATVE X PN AR E Y, 10 e U T 8 A 11 Rl A
FHRAT VG F B/ 53—, B A A X G2
VUHBER b7 T8 DX PN 3 T BR fb 27 5 DX ) 434
4 JE AR IRAE R . 3K PRy T D DA e 2 {4 11 4K 1 1
Tl T 78 s

H A HA2V1E.

2.2 W I E SR & R REIE RS YT

G IX A £ 3%8 pH YE[I7E 4.8 ~7.9 Z 0],
6.6, Hrh pH KF 6.5 BN 61% (117/
193) , F B I A 48 D) i R P Oy L ik B
) VE A HUE B A BCE T TRIE R, T A KA
A EE M CaCO, Ml MgCO, Z5h Jopk 2 | 2
AR S5 7= A RS, (el e 2 i

L8 E KB, A 4 JE i RO S S
A, JUART ¥ S AR AR B BCE i 4 vh o A a2, R UL
JUT A FRAE LI 4 & i K/, 3 3 Al Ak
[ Cd, Cu, Ni, Pb Fl Zn JULfT 3 &84 0. 637,
30.76, 27. 04, 39.59 F1123.9 mg-kg™'. AT LA K B
KHEESEXETEEMRTAR L EES BT =
(B 3 T BB Fh 9y T AR 1 . — D T, b Bk Ak
S SR K A T A R AR, 7R AU R
R A AP E SR, L AR H e
& JE SRR 5 — I RS X AT IR A AR
FEDT S FEARAVEY R AR o R rp e By 2 T R 4
J&. FEIR 2 R AL 656 (HKFEAE i, LA Cd 2k
(HefdEk LRk, BATIH) KRR, 25, 0



234

EUBMEAT - 04 R R Al 2 S DA H < S 2 (8] A IR B 7 G 1A

879

®3 RATEESESEELRFITER

Table 3 Basic statistical results of heavy metal content in farmland soil

e AL T HARMME £ 5fe2E JLATIME (bR BETE ¢ i e
/A /mg-kg ™! /mg-kg ! /mg-kg ! /%
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Ni, Pb Ml Zn BYFELLAE H 2.977 ., 45.44, 106.3,
113.4 F1332.2 mg-kg ", DL H3EREL A ME WM bR
i, 13 Cd. Cu. Ni, Pb Fl Zn A975 YL $0 9 (d PI

BN 1 Bk B B IE X O A 2 5 T 408 15

e BT AFAE T R i A S e AR

Cu M L AE I FE S i 2, 5 B8 14, 0%, Cd |
Ni, Pb 1 Zn W23 514 4. 1%, 0. 5% 2. 1% F12. 1%
AR it e o LR A

SR FHAS TR) DA s o T 15 320 A9 RN &85 5 T 0, ok
FIX R4 e —E B L2 2% Cd, Cu,
Ni, Pb Fll Zn ¥54%. X 5 FPEE 4 8 vh 4 BB AS G Y
J& Cd # Pb, Pb AR ™ DXl 32 B3 A 70 K 55
KIGHE | M BG4 X = B i sg Aak , Cd
ABFR ™ X I Ph 5 Y X Ik 22 T - 5 BRI 2
B PRI 30 X3k 11 4 9 A 5 o bR O I 5 A A
AL

Shy 4 T J W45 T 4 J ) - SRR BE IR R A5
R FGEA 15 Yt Bt A A+ 3 4 8 V5 Yk Bl ik
PEEE TR S5 SR L 5. Al i, 32 IR - e3R8
[t A FH Hb 4 175 g XU A AR ) (GB 15618-
2018 ) Hi5 G 4 IR 7 1 A5 2 iV 5 SR v b
TG YR E TS G LA 5 30 25. 9%, 24. 9%, T
X 49. 2% MRE S JE T3 T R U T AR . DA
SEERAE PP bR v B 5T X 4 48 32 0 s T T 5,
HRE N EEY 69. 9%, 47 21. 8% HYKE S AL T 1 W T
S TR Y 8. 3% A KPS Y. 54
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A EVH R R AL S DCRR A 2 B Cd |
Cu, Ni, Pb Ml Zn WE G5 Y%, B 515 Y80 18 X5
EEERAEREL | B R MBS

ZeT X 8 DI R B U5 G, DN T RE R
— 8 AT AE LR S AR, , A7 A BRI X SR AR AT
I JF AT AR A FE XUBS A

£5 KATEESERETRIEETINER %

Table 5 Evaluation results of comprehensive pollution index of heavy metals in farmland soils/%

o N ik 198 Y T (AR V5 YL FUE G Y
PRI Pt A (PKI<0.7) (0.7 <PKI<1) (1 <PKI<2) (PKI>2)
(A HESREE SR AR I ) O R (H 193 35.2 14.0 25.9 24.9
LR 193 69.9 21.8 8.3 0

2.3 ARIH M G Jm s W) A R

AR S Z R REME A S ke L A AR
A, TN RERE S 1t 20 i HE A 25 8] U b B B HILPE A
SERPE | ST MR R DG E Y R R G 2
FR R D7 22 PRESON - ST 4 s A 2 [ 20 A R A i —

HArHT. 22 6 A B HEH 4 192 25 R BT OC
SH PR T Cu (78 5 oA B A R P 52 22 K000 A%
Gb, HAE 4R AR 5 R S AR R 05 R A S
135 Cd, Pb Fl Zn FF G ECIRAAL, Cu 1 Ni T4 4
AT G A —

I

#6 RALWELENTSEMDLRAEHAXSY '« = P
Table 6  Theoretical models and their corresponding parameters for heavysmetals in farmland soil 4 . =
- i “‘- Z | oL 7R o 32
mem  aexw  wewn 00T PRG SEVUS IR\ a8 A0
cd X EEZS B 0.037/ % 1.006 69.5/ /78.410 0.052 o912
Cu xgers  aamow [ Foosl L ot 8.7 g 280V ) o004 " 0l |
JNi }1?&,{?& BB 0,184 ,"'-/O 369 50. 1% P pol P & 0.003 089
+Pb AP ORI S a0TAST 5 7 0,512 70.5 / 41.00 0. 004 70.934
¥n CMES R 0109 0. 243 ssA o, ) 7l 0.003 ".0.855
= = J‘, 7 ,] ‘ ] =
“ .“fﬁ%ﬁlttﬁfi@%/}lﬁliﬁ [i] 7 Jo e R E’JE%?‘& B PR EARER R AR O R 52

i, WALt B HLIE 3 (9 0t 22 A T

LIRSS

B2 ) Sk 175 SRR BE A, AU o 4% PR 2R
(HSERE B, R A% 25 ) 51 A AR R A
HP LI AN HA T LR R AR B Y A5 (DA G AR
JE BT <25%, 78 50 AL S [ AH DG, 25 ~
75% B AR B A H AE R B 0 25 A AH S, > 75% B AR
B Es A EPERES . 3 6 A%, Cu 1955 [A] 4
KPEARES ,Cd, Ni, Pb, Zn W] ELA7 o 5 75 BF 4 25 i)
A, B - 8 4 & A2 25 W I R FIRE AL N 2
ALl mR. b S DL S AT B i R P 1
BTG X A bR i) (GB 15618-2018) S - bm
HERT A M Cd BARZ(57.5% ) & T Cu AR R
(6.2% ), T LA 4= 498 FL 28 (H S b ofE 1), Cd B A %
(4.1% ) MR T Cu Y EBHR 3 (14.0% ). ML AL
Cd P EELE (69.5% ) IR T Cu BYHLEELL (85.2% )
A RLE Y, Cd 5230 3 50 2 6] 3 AR 56, AT LA id A 4k
I Cd R b S 3 i A S 3

FHRLA S 2] 19728 5 s OB R, SR Kriging i
(A2 il A T 4398 8 4 @ 25 (8] 40 A FRAE , anf&l 2 Jr
AL e o 1B 1/ B L C VA R G = S = S <
T R PH B 43 S P LS, R o AR B K5

p I 2 T, 4 Cd RECH VG RAG , h
TSI R S O = A AR AR v P S B B T Y R
IR, A Cd R IR T 0.34 mg-kg ™' R,
H 4P Cu &8 X BB AL PR A R ER 4 X
Sl e ) P L R r S A B RN S A T R
X3, IZ XK Cu F & LART 36 mg-kg ™' A ; 1
Ni Fl Zn W23 (B0 A8 AL HHE | AR E | F
S B RE AR & AR T U M, P R A B
R M L R S AW A = B liimsg
FAb - HE Ni A Zn WS RIEGE. 346, KO R
] X35 Ni A Zn & 2T R R 4 R o &
t4gerh Ph I W IR AR SR B R
ME R TR ERER X, £ Pb & & KT 80
mg-kg "' 3, LAEEH Ry rfuls Ph F 5% ) Y JE
U, AR , 3 Cd, Ni, Pb, Zn &SR]
A Sy 22 B0 R R, PH AL IR ., AR A
PO A Cu &8 7S B A% R B FRIR , 2
PGt FE R, TR A ) e g, e i i
R DA F PRI AR R = B m i A
FH B &
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Mr, ﬁﬁlfﬁﬁki%ﬁ?:ﬁ%m?f“ﬁiﬁéﬁﬁﬁ [F)
oL B0 BRI ¢ P M5 e IR s
HEY (GB 15618-2018)%niﬁ%%%%ﬁﬁﬁﬁ%{ﬁ,ﬂi
A +3E Cd ., Cu. Ni, Pb Hl Zn BIFFEAEA 6] 72 BE
HYREPRIR G | J0H R X A ) A AR i B 7= A 7 AR
A Cd. A, A D Z X ek fb 22 55 5 X -3
G JE R TR
3.1 ARkIE

HErTp s 45 R R ARG SR id il LR E 4R
b et S IR iy i) Rl 1 /i |2 S Rt
EUVE TRREEE . mEER, RREEENS
L EmmIX 2 — KA b i s i 5 i 1+ 38 4
JEBIE G HRTRI R BR 2. AR SCH B T fE7E B 9R
R Z 2 T ek {2 ﬁ&i%iéﬁ“aﬂﬁﬁ
PRI T e PR e 25 N 2890 Bl i 32 N 283 sl /N L
o AT ﬁ%EﬂﬁE’JEﬁkii}%%ﬂﬂﬁiﬂ“ﬁE’ M)
A 3 E e X &, T LA IR S S A
JEAS A IE s TS L ).

ANV 3 3y it AR AT 4% 25 9 TA Sk ] RE 2 5 1
FIEE B Y EE A IS YR, )RR s

i g g ~ B
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T T T T R 15 A Bl
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AR, DR o 3 T X AR RE Y a4
3RPYL 2000 ~ 2008 4 4 XA AR W A 3% o AR
625. 86 J7 hm® T[] 569. 56 J7 hm® , i fLHE i Fi 4
(Hral) Fh 157,76 J7 ¢ HEHnE] T 222. 58 Ji v, HA
FE A0 T AR RE it & (Hr4l) H 252 kg hm ~> 3 £
391 kg-hm ' LA 2008 4 {1k AE i & 391
kg+hm 2 A Ak B A 2 b E 4R & . U
M T EALAE T Cd, Cu, Ni, Pb £l Zn ({51
i 0.28.7.50, 12,5, 21.5 f148. 1 mg-kg ' HZ:
HB) 4 EHER R 20 em, TIEZSTE K 1160 kg -
m P DL SR A AR AR X 5 Cd | Cu, Ni,
Pb. Zn % A 4350 4:0.05, 1.26, 2.10, 3.61
18.08 pg-ke ™", W LR AL Hh B 4 & g A B b 1R
4@ BB FL 143 3R 0. 008% ., 0. 004% ., 0. 008% .
0.009% 1 0. 007% . [F1 B¢ 2 2 4 AR 45 36 1= 2015
AEAR R it FH R 9 A HE AR X 3 Cd B TR R AN
0.04% .
A AT 7R Xk B R TRl 6 3l X
JEH X, 207 22 R AR W] - 58 48 (Cd | Ni, Pb

1 Zn) SZA5HE PR PR R AIL DA 28 A S [R5 it A
T 5z et P AR R AE — 5 A B2 BEAS 32 i) - F
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& S ELLL BT A B A S JE LS B
45 J i i R AR 0, £ )R o (s
IR A PRk 3 ST .
3.2 [SRKIE

bR A A e A 2 L 2
S BT M AL 1 P AT T A, E B R AL
ALZR 1 P BT, PG 1) B LA R PR T
T AR A VIR B LR AL R R
WL SRR TN RN B T Rk
BIGH | BRI TR AL AR 5 % 45 254
PR IR ) K Kriging A5+ 10 4
TR 25 1) 53 A5 PR S5 R 5 IX 5 R A3 A BEAT X0 1L, 45 51
WLFH B EN RSN BE, RS e
AT PR R AE Cu S 3R A AR S8y
TR 53.4 mg-kg ™', B 2 BRIZIX L 4 Cu &
S TG L bR B B Cu A B
SR MR BRI 25 B BB Cu B, (G F
FEVG LA h = S e B 1 e Pk
" Ag, Cu, Pb, Zn FEHEE. Jlk,@jt%ﬁj:i%
Cuu it 5 1 5 0 PR 0 80 7 0 B T Tl
B JIF S8 X N5 96 5 A, F H49/0% By 70, 8
mg-kg_] ,Ni %%%ﬁgﬁ:‘fﬂﬁ Cu E*‘%ﬁ-’(ﬁﬁ%ﬁ%jﬁf{%‘
R RO {0485 A X 8 4 o i AR i 23
27T NG R A 122 XAk T e e A 20

B R 1T N R OE R

I FAT A A R B , 76 BRAL ST PR 2 e TR
MEA, FIE0 Ni Rl Cu ELA HIBLA 43 A5 B3 1E. M Bk
A2 S X P Ph AT Zn (10 5 3 3R BG4 85
BRI A B, EEE DR G
FoprE | B B MBS AT ST Ph i e,
ICH R A b B S A T M — 5 T R T 75 %
B, Zn (AR XIS B RN BT R AN L, %
DX 3o 7 G i U 4 42 L W - o A - R
WL PRI A - AR | BEE- T
TR AR ST R (), H AR T
BB BT X Cd S B i AT
Ab T R Cd AR L, Cd SE I E S 1,21
mg-kg ™', Cd MR EHERITER , 8 TN
[l SR SR A TR, B AR TE T45 | 4 AL
B, 1 Cd A R X B P A A A
FIRE R, 1% X Ak T4 - 7 5 - 2 B R L ]
i DX 38 P 0 A SRR R, IR, Cd 55 Pb ., Zn 7EHR
S PR 30 DX 3l LA A DL F 43 A A

Db M 2 2 T AT A S PR 4 A
TR ARz A LA E R I AR
SRR X 43 SV IR (b2 28 ) R AR >

VG AT A AR R A M A, OO A S R R £
HABYIRER. X BRI A A R 9.6 17
k? , 24 (5 42 X ol 8 T L 40, 79% 107 W 345 1 55
VA R A5 T LA KR, 5 & R
TG e A KL AR BRI Ni L Zn
Pb, As fl Cd FFEEJR IR T REEF L5 THE
R R 2 T A 230 5
WFARRLLIIX 3 Cd R Ph (995 0 22 5 R R
T RRT ) BB AE T 25 SRR, BRI () SR
WX 4 T R G HE  R DR T I
SR T ZHE AR ISR As, Cd 4
BRACZETS e S H AR RRIE BT A i As | Cd S
T S R R (B ) WL, R
) TR D S phy TR ER 4 pH M CEC (EAY4%
V(i1 As, Cd H9EERS ORI , 250 0 LHETLHT,
SRR L B DX R HTE A | Cd BERT A, (i
T B A [ S Y BT A SR 1 X R 2 1 (Jura
Mountains) 45, 45/ -4500 T 4922 30 1 G 4
fiE, T4 Cd Friik 2203 mg-kg ™|, L i Ji
X bl Cd BYBRE(ELO. 8 mg kg™ AT H
SIRT RIS S el HE Cd it ) 3 i IF AR
B, — 7 WA BRI | B0 1 0 P O A
SR LI Cd T B TR 5 i R
22 B B TR T B K P
R A RIRGT, 45 SR BRI Cd A
SEHRIE, Cd S Al ik 8. 15 mg-kg ™' TS
) F- 498 rh Cd ki B R B R
). A BB, RIRBTSE 3 TS 2516 oh Bkl 2 %
R A L3 e h Cd 1 A B P B I U Y
ZEH AP AEXS T Cu, Ni, Pb Ml Zn M5, HE Cd @ik
6.8 mg-kg ™, T T LIEFREE T it A% FiT Mo LT
YRS B ARIE) (GB 15618-2018) 1 Cd 15 Y XU
T, F B BT, ST # TS 45 ie A
Bl

L5 LR, Al i B 7E— i FREE L AR S S L
BT 4 R i (EF AN R AL S X
T4 B S bR 0 RS R R Cd R BFST
DX b 25 AR 5 4, A e 0 2, P PR A 2 4%
2 BRCH) ARG RS S REQIR, k7K
Mol 3 B b LSRR R () I E AR, R
VG R MR AL S X e LA i 75 S (O R
Cd) IR B R E.

4 it

(1) A%+ Cd. Cu. Ni, Pb Fl Zn 5 285>
B 0.890, 32.58. 51.50, 55.57 Il 168.1



234

EUBMEAT - 04 R R Al 2 S DA H < S 2 (8] A IR B 7 G 1A

883

mg-kg ™' JE VY HIEE SEM 14.8 . 1.5.3.6,2.4
2.2 1.

()4 M+ pH 7£ 4.8 ~7.9 ZJd],Cd, Cu,
Ni, Pb, Zn 09V ¥ & & 50 5 0.637, 30.76,
27.04 . 39.59 F1123.9 mg-kg™'. LA( T IEIRES i
A FH b A= 385 e XU 4 AR E) (GB 15618-2018)
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2. 1% F12. 1% . 3@ T15 3 R0 i 05 17 S 90 Le i)
1 69.9% F121. 8%, 8.3% 1AL I N5 YL .
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FAMRL, B 3R R R A, P IR, R A
AR Cu 25 M) 50 A0 2 IS b e &, ik
2, PR i R A 8, JFL 5 e 4 DX, TG
(AR EL | ez Bl T i R E B L.

(4) FEPY I ER Al 2 5 X+ M BAT B iy
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