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Analysis of Characteristics and Sources of Heavy Metals in Farmland SmFS in-the

Xijiang River Dralnlng of Guangxi - . ' o

SONG Bo'*, ZHANG Yun-xia' ,PANG Rui', 'YANG Zi-jie', BIN ]uan ZHOU Zi- yang , CHEN Tong bln .
(1. College of EnVlro_nmental Science and Englneerlng, Guilin Unlver%lty of Technology, Gulhn 541004 China; 2% Collahoratlve

Innovation Center f6r Water Pollution Control and Water Sﬁfety Tn Karst Area, Gulhn UmvexSIty of Techn'ology, Guilin 541004, Chlhd 3

3. Instltute of GEographlc Sciences and NaturaI Resoy‘r/ es'Research Chinese Academy of Smencé}s Bel]lng 100101, China)—

Abstract In order to determine the dlstrlbutlon charactenstlcs “of heavy metal pollutloryin farmlandusoﬂs and related influéncing factors
in the | Xijiang River Basin, 2 187 farmland soil sdmples iyere collécted and their heavymetal contents were tested. The spatial strgeture
and distribution’ characteristics of heavy metal elements ‘were studied using a coffthination of geostatistics theory and GIS spatial
1nterp‘blat19n The potentlal ecological risk! 1ndex was employed for I‘lSk assessment. Multivariate statistical methods, such as correlation
dndlysls dnd prineipal| coniponent analysis, wefe usedto dnd]yze-dhedvy metal sources. Results showed that farmland soils in the Basin
were! enttiched with seven kinds of heavy metal to some ‘extent, with Cd accumulation being the most evident. T-test independent
samples “l'reusults showed significant differences in heavy metal content between dry and field paddy soils (P <0.05). Cd content in
paddy soils was significantly higher than in corresponding dry land soils. Cd in farmland soils in Xijiang River exhibited higher potential
ecological risk. Correlation analysis and principal component analysis showed that enrichment of Pb, Zn, As, Cd, and Cu in soil was
due to anthropogenic factors such as mining activities, traffic, and sewage irrigation, while Ni and Cr were influenced by natural
factors, such as soil parent material. High-content areas of As, Cd, Pb, Zn, and Cu in the upper reaches of the basin are all
distributed in the Diaojiang River basin and the Dahuanjiang River basin. Cd was most widely distributed. The most intensive sampling
sites indicated that mining activities have caused some degree of heavy metal pollution in local farmland soils.

Key words : Xijiang River basin; heavy metal; source analysis; ecological risk; spatial distribution
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Fig. 1 Distribution of sub-watersheds and minerals in the Xijiang River basin of Guangxi
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2SR, WA AT REAZ B AP R 5

2.2
SR

XFFFE X 4 ASF- Il (B 1) 4 1 118 5 4 Jm 4L
AT AR S R B A, SRR (R 2).
FHE% 2 AT, VEYL ik B a X 138 As, Cd, Pb,
Cu, Zn, Ni, Cr i HA h &2 ] A AHOCHE. L
b X4 Zn, Cu, Ni, Cr & HAMEIA 2 B H A
KMk, As, Pb, Cd Z5[H] FUAHDC MRS 5. vl i 4 4
Cd, Pb, Zn, Ni & & B A WA 23 | [ AH G HE,
As. Cr 28 [BJ A #REIZS (8] A SCE. FliF+H3%E Cd,
Pb. Zn, Cu, Ni, Cr & HATEIM) 2 () 7 AHCH:,
As 250 A SCPEAR I . BefR b PEYTIR I L
& IE S R TR E I, EUF a XA b X A 4
ZW G s, 3 8 A AU AR &

AN [ ¥ it S A T 58 < Je =S [ 20 A AR

®2 BEIRSFREFTRAHERNS

Table 2 Parameters of theoretic semivariogram model for the sub-watershed of the Xijiang River basin

DY

JTTE [ATRARY R BB A AR /m HAAE(Cy) HEBMHE(C, +C) LG (Gl + €]
Fifa X Rl 29 637 0.69 | 1.06 . 65
Ae Lli#Eb X HORALR 9435 0.32 10.96 9,;_3’5- T
i R 1665 0.18 " 0.75 €23 - &
o T R | 332 Qo6 | 0.24 E .y
e A HiiFalX i T e ) pagn o v ¥od 0.53" )
"4 Ay B gt f,— 330 o 1y & o3l
o | I P AREREEIY S 7 8400 0,19 0., 69 © 0728
I T w4 6660 6. 04/ % oy .09
i a X B 171871 0.62 1.12 0.56. =
o o Bl D X BRREER 3 600 0f24 0. 59 0.41
7 U i L ERIR AR 3072 0.16 050 0.32
"] 7 i i Efibim T g30) 0.17 0.74 0.231
' | BifalX R T 27639 0.66 1.17 0.57
Zn L¥EDb X =y i 6 000 0.15 0.61 0.24
i ERORAB TR 1860 0.36 1.02 0.35
T Ui BR AR T 5330 0.04 0.39 0.11
L alX BRCRAR Y 20202 0.56 0.93 0.59
Cu LW Db X BRORAS 7Y 4500 0. 008 0.39 0.02
i BRPRAT Y 2340 0.21 0.48 0.43
T iF ERRAZ R 1584 0.04 1.09 0.04
L a X FER Y 4000 0.25 0. 81 0.31
Ni LD X BRR ALY 3000 0.14 0.79 0.17
i BR AR T 3120 0.25 0.81 0.31
T iE [Ey i) 1440 0. 02 0. 86 0.02
L alX FEER T 4200 0.27 0.48 0.55
Cr L¥E b X BT 3014 0.16 1.03 0.15
i BRORAS Y 3828 0.19 1.09 0.18
T iF 1o AR Y 1080 0.03 0.27 0.10

IS, 052 B LG 35 AN M R 52,
b IX - 398 5 4 Jm A i 25 0 2 () A AR G, S5k
SR, Bz, B | A R A
SRECA 5 ) i

K FHEE Kriging $fi {8 5 35 2 k4R (B A

- ERAE T B FRIE) (GB 15618-1995 ) Xof 4 1 & 4>
J& 5 R o A G 5 VG T A 4 B R as ()
SR (R 3), sl i As & i g b AR ik
W, P B AR AR, B As A XU
YL AR, B I 2 AR X As & it B3
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Asimgkg™!

= <500

= |5.00-30.00

= 35.00-40.00
40.00~-120.00

= 120.00-360.00

== 360.0-2 000

Pbh/mg-kg™!

= <3500

== 35.0-100.0

== 100.0-250.0
250.0-350.0

= 350.0-500.0

= 500.0-2 000

- 2000

Cd/mg-kg™!

. = <) 10

: = 0.10-0.30

WS 0.30~0.60
0.60~1.00

== 1.00-3.00

= 3.00-5.00

Nifmg-kg™!

= <]5.00

== 15.00-40.00

= 40.00~60.00
60.00-80.00

=80.00~120.0

== 120.0~-160.0

- |60

Zn/mg-kg™!

== <5000

== 50.00-100.0

s 100.00~200.0
200.00-300.0

= 300.00-500.0

== 500.00-2 000

= >2 000

Cu/mg-kg™! |

= <20.00

== 20.00~-35.00

== 35.00-50.00
50.00-100.0

e 100.0-300.0

T

Crimg-kg™'

= <50.00
== 50,00~150.0
= 150.00-250.0
250.00~300.0
= 300.00-500.0
= 500.00~750.0
= >750.0

B3 BIRBRELESEEZEASHE
Fig. 3  Spatial distribution of heavy metals in farmland soils in the Xijiang River basin

P HA X, e (E k2 286 mg'kg_1 , PR
W BRI HLIX As s 40 mg-kg ™' LIAL,
HAKELA AL T 0. 440 ~ 40 mg-kg ™' Z[A]. Pb ffd/)
T 250 mg-kg ', BIRHE T E R LIRS Pb & FR
HIME —ZbnifE. & Pb & B AF TR VL B RN
LR T AL TR 2B, iR X (RE 5 ) 177

TE Pb S fH. L Cd S s Trh R, _LiE Cd
T KR 1 me-kg ™", B Cd S EXET TR
PRI 2R X | AT AR 2e BT W B | M T B,
K KA 5 B8 4 A0 e i X 8K Ni B RN T 40
mg-kg ™, BT AT Ph & PR 2%
Bt Z1KIT 5 VTR e IX I8 Ni & i 48 e LR
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BN, Zn S FE AT AT FE, UL
WA 2 B A B KAV, 34k I Zn 7 7T 1
TR KT VLN IERR 4 By, MINL-A - 3%
H DB R TR Zn BARMEE . Cu BEAA & #/N T
50 mg-kg ™", AVLHIR - E A ORI VLGE IR T iE 4
W Er s, iR R X (IRE B ) FA7E Cu
. Cr & EIE/NT 50 mg-kg ™', %5 1, PHVLHEL
e 3 E A E R L, b R A
B, TR DA (A 1 B, AR R As, Cd. Pb,
Zn, Cu & & XA T ATLG SR IR,
Hrr cd mEA e &, D Elitm R, M
FHE T AT b DX fERE R B4R 5 Ni| Cr TEZL
TR RN A VT S DX 3l v B R i )32 T 9+
2.3 A H 4 SR V5 YT 5 KU PEA

KNG H9EIX 4 AT SO R N 2 25 G5 g
FRE(FR3). S5RFY], VUL M EE S S
CERTS YRR R . LiiF a X > LliEb X >3 >
WF>2 > Tl > 1, PUyLisEsk M+ 4 i E 2 A

IR RIS YL, Wil Bl N E RIS g, Pk
HEEVE Y, TUR MR . NP, (AT B, ik
W Cd ¥ Z AR T5 4. Bk EiiF a X As,
Cd, Zn PR FI5RAEE0S KT 1, Pb EREFI5
PFEECH 0. 801, FETEJRERA LI Bl 0 X 35 Pb 15
Yo, Flifa XEM As, Cd, Zn, Pb IEAI5Y, |
Jif b X Cd I5gesett, Wil Cd, Pb sy, FilEN
Cd V5%, Ui X 46 5 4 J& o0 Z A 1T RETE % X
B, ARSI H R R T — MR, PG TR
TR M FE R, — 7 TR AT ik
IERESE T B TR EUR RAA AL, 5 K4

25T PN TS e i B SR, 5 —
MAEFEMELE, | IiZd TR R X, 54
JEARAA & AR (% e e — e P AT Re s
S W P VT 3 308 - 9 4 S Y B, RV 3R
FEEA IR R 1Y - e o e SR T e I, FLIS e A
FERAA P , SR 4 T 4 R el
BRI, pui e

=
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%3 WIAETRERALRESENET LN | | 4
Table 3 Nemero index of heavy mé;als in farmland soils in sub-watersheds of the Xijiang River basin §
A Lfa N | S X T Y T
Al A Pe /1 /7 " 7 Py ;| Py & P rf § _-
. B 16 i Ty 0.566 B2 0.343 =
cd S g i s phis © 5 2957 b 2,004
b 0:801 ¢ 110,469 1,430 0.381 7
_ 7a g #1609 5.586 ' W 0.855 | 3.2 0.462 % 2.206 0. 401 1.103
¥ 5 D686 ; olsg | 0.803 © 0638
F NP Y poss T 0.843 g 0. 683 0.725
0.476 0.260

o 0.571 0. 540

WKHEVEIL I 3 4 8 S EVE A S
B VOV 4 i H RS As | Cd |
Pb, Zn, Cu, Ni, Cr WIETEAES A e B S E 64
SRR (F 4). SRRV, RO LEESEW
EAEAS B FEEC R 240 RUAE IR 0 & X,
3 b X, P R RTSERRIMRIR R - A
AR | A A S AU | AP A 28 XU AR A 2 RS
AT DL b I - 3R A R AN A SR . il
o R Cd ARSI REY KT 40, T
Cd V5 I A - - AR A AR S R, Cd 2
ANPEYTIIBAR F A PR 7= A W e AR A KU 1) 32 5
. WA Pb, Cu, Zn, Ni, Cr ¥ 7EAE SRS R
BUINT 40, FEAERBARITE AR A S AU
2.4 R 4T 4 Jm R IR AR AT

3 3o 0T - 498 T 4 R o0 2K (W) DI BE A AH DG4 AT

A B THE 25 5 48 2 AR HA R PR SR IR
T AR PG YT S 4 0 4 R A R AT R A
Gt Hr i sl b, FIH Pearson #1534, 7 #r
TEMEIEITER A OCREL, 4R WK S5 PR,
SRR, PUILEA ST R B R BOY T
0.8, £ JCE [ A AR BE A T 559-1%-h 2 [|]. Cd
SHAMITR BB BE M, Pb Fl Zn BYAHEHE
ZEM T 0.5, 1 Cr-Pb 53 W E AL (P <
0.01), Ni Fl Cr AAH G R %K 0.48 (P <0.01),
ZE EArR, As, Cd. Pb, Zn. Cu °] REA H [A] i) 3k
J5, Ni, Cr AlEA A AR,

HRIETT YD IR T 3 A F A F, EAL
AR F B BELUTTER RN 70.17% (F6) , AT LIS 7
TS ey i 75 Ye i ol 2 . BB — L B SRR R
35.38% , 7€ Zn ., Pb W& LIEMT R, 53008
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Table 4  Potential ecological risk index and compound ecological risk index of heavy metals in sub-watersheds of the Xijiang River basin
ez 3B
M e T K TR T i
As E (%) 13.29(fi%) 4.31(1%) 7.62(fi%) 7.01({%)
cd E (%0) 129.0( HP45) 147.8 (i) 46.4 () 33.22( %)
Pbh E (Z0)) 8.81 (1) 5.60 (1) 4.65(1%) 4.81(f%)
Zn E, (Z0i)) 2.32(fi%) 1.04 (1K) 1.31 (%) 1.19(1%)
Cu E (450) 6.52 (%) 2.48(fi%) 6.78 (%) 5.65(1fi%)
Ni E (05) 3.04(f%) 4.89(fi%) 3.32(1fi%) 7.20(1I%)
Cr E (Z0)) 3.66(fi%) 3.01(f%) 3.34(fi%) 0.92(1%)
RI(Z)) 166. 6 (PEESE) 169. 1 (FEERRE) 73 2(MRAESKE) 60 0(fRAESNE)
*5 BWIREKALEESEHEXEIFY
Table 5 Correlation analysis of heavy metal content in farmland soils of the Xijiang River basin
Cd Pb Cu Zn Ni Cr
As 0.224* 0.253 ** 0.335* 0.331** 0. 060 ** 0.011
cd 0.218** 0. 145 ** 0.282* 0.205 ** 0.109 **
Pb 0.381* 0.673 ™ 0.163 ** -0.087 "™
Cu 0.298 ** 0.289 * 0. 1447
Zn 0205 ~ogn F
Ni - 0. 480
1) % % FORTE0. 01 AT-(RUN) B HI% L F /

0.894, 0.875, H % MM K:HERe| 254 Pb, Zn
FO T G Tk SRR, L (D B L L
B BRI o8 s 2R ST e
Z AR TSR . OSSR AL [
TR IR LRl 74 25 2 K i R0 g 60
IT% , A% Sl S Al 0 BRIE S 0 (e |

I ot B BT R | i

PRUP BT SIS | B R SRT
AT REMFFRTT L, R R E AR
ZEJRVHZ —, A . 8. B WEEKR,
A i H AR AR 2R B T E K Tk R TR
b, NTFREENEESEY 7, TR E R
Je-b S -HA EYER SRR RUETERT, LTS S
W5 VG VT Sk A -3 4 R BE —
CTHMLHF B AL 5 R STk R R
20.89% , Ni, Cr R4 &1k 0.8 LU L, XMFIIT
RIE0.01 AP E2BFEMLE, 456 Ni, Cr Y& =
S ATRGLE IR, Ni BAR/NT 40 mg-kg ™', Cr Fig i
/NF 50 mg-kg ™', RIARH T B R -1EIREE Ph, Cr
B PRI ehnifE. AR RBCP Cr, Ni &
o REZ MR, FL, B R
R AR T A B B =R As, Cu Y
ki, HEA B ENAECH, RIS GV
As, Cu S HAKE (E3) A AEE, As, Cu B E
e {E HERAE VLA R LD AV AR v, b5 5 &

BTN, MR I, K (A PR
SR B AWIERS , TSI A A 10 ) fir
SR/ AR GRC R i 2o TR A =
B, U R R R s T AL s
Sl BRI R LR, AR M X B e
2 DT R B, T B S KB 4 TR

TS BT 5B Y AR As.

Cd, Cu BATG Y 5 Y5 | w0 w Ik 3h
I R R ASE s {5 KERESE, DLRA KR
AR, AR A A G B R A
WORE S = F2 o A0 o 5 e NSl PRI 17 B S
B Cd 755 =B P BRI BT, Cd R
W2 3 Ao LR, 5 = o g N T &R

*6 BEIREKRELEESESSEEFHN
Table 6  Principal component analysis of heavy metals in farmland

soils of the Xijiang River basin

WiH H—ERS BT HEEAS
As 0.078 -0.119 0. 895
cd 0.227 0.316 0.418
Pb 0. 894 0. 001 0.199
Cu 0. 284 0.239 0. 627

Ni 0.231 0.833 0.052
7n 0. 875 0. 058 0.197

Cr -0.188 0. 848 0. 085
FRAE 2.477 1. 462 0. 896
FRTTER R % 35.38 56.27 70. 17
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TH SR HL T S0t Cd S5 A SE i B R 98 1.

3 #gig

(1) PEYLI A B 48 As, Pb, Cd, Cu, Zn,
Ni, Cr US54 19.6, 80.84. 0.74, 27.05,
118.0, 24.78 . 77.53 mg-kg~'. KT (EHF LK
B REPRAE) (GB 15618-1995) 2 brifi, 4 + 35
Pb, Cd, Cu, Zn, Ni A9 #5 % 5 5 20.76% .
67.15%  14.39% . 29.75% . 26.84% , H:th Cd &
SORBUE I . AT FEAR TR EE R BoR, Bt
BEEKH I EELESEAERFEER (P <
0.05), /KH+3E Cd & B ES T 5+

(2) W FiiF As. Cd. Pb, Zn, Cu & & X
O3 AT AV RV, Hdh Cd SE SR
Y ), BRI M X R e i
B, PEVLI AR B+ Cd ﬁf&mﬂﬁzﬁfiu
IR

(3) +HEh Ph, Zn, As, Cd, Cu E’J*’%%EMT
G Bl 3SE TG KHEBAE N Z 5 R, Ni fil
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