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G MR M Fodr ki, MRKP 7R ESBICE FEZFRIENG S . 18 H 3 M5 5
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Distribution and health risk assessment of heavy metals in Xiaohuangni
River Basin on Yunnan-Guizhou Plateau

TU Chunlin CUN Dexin TAO Lanchu ™ CHEN Chao

Z0U Zujian HE Chengzhong PANG Long
(Kunming General Survey of Natural Resources Center, China Geological Survey, Kunming, 650100, China)

Abstract The Xiaohuangni River is one of the main tributaries of the Nanpan River Basin in the
source area of the Pearl River, and it is also an important river water function area in the Yunnan-
Guizhou Plateau. The identification of the distribution characteristics, pollution levels and health
risks of heavy metals in the surface water of the Xiaohuangni River basin can provide strong support
for the protection of the source area of the Pearl River. The samples of main stream and tributaries of
Xiaohuangni River were collected to determine the concentrations of Fe, Mn, Cu, Pb, Zn, Cd and
metalloid of As in the water. The Nemerow index method and health risk assessment model were

applied to assess the degree of contamination and health risk of heavy metals in surface water. The
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results show that the average concentration of each heavy metals can be ranked as
Fe ( 810.66 pg-L™") >Mn ( 126.90 pg-L™') >Zn ( 24.71 pg'L™") >As (2.45 ug-L™") >Cu ( 2.33
ug-L™") >Pb (0.43 ug:'L™") >Cd (0.03 ug-L™") , in which Fe and Mn are the main excessive heavy
metals, and other heavy metals do not exceed the standard. Correlation analysis and factor analysis
show that the seven heavy metals are mainly affected by coal mining activities, traffic sources and
geological background, and their contribution rates are 48.00%, 19.66% and 15.97%, respectively.
According to single factor pollution index, Fe and Mn have different degrees of pollution, while other
heavy metals generally are pollution-free. And according to the comprehensive pollution index, the
water quality of the main stream is better than that of the tributaries, the downstream tributaries are
highly polluted and the upstream tributaries are slightly polluted, both are mainly affected by Fe and
Mn. The health risk caused by heavy metals in the surface water is generally controllable, and the
health risk value of each heavy metals can be ranked as As > Cd > Fe > Cu > Pb > Zn > Mn. Except
that the health risk of As at some points of downstream tributaries is higher than the maximum
acceptable risk value, the health risk of carcinogen Cd and non-carcinogens Cu, Pb, Fe, Mn and Zn
are far lower than the maximum acceptable risk value.

Keywords Yunnan-Guizhou Plateau, Xiaohuangni River basin, surface water, heavy metals,

distribution characteristics, health risk.
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104°47'58 ", b4 25°3'59 " — 25°4028 ", M ERVLH IR L 7 RS BL VT AY SR AN BRI TR T K
98.7 km, JINEFZY 1 446 ki* (K] 1), WBUKFREE R, Z240-FH0a 42.6 m* s, AFR R 13.4 14 m’.
X A I BHT 5 R R e R X, AR SRR 16.2 °C, A RN A 1384 mm M8 1), A b 3
b ik, = 1152 — 2355 m, F b3 2 T UE, Tl R 520 i AT, TRl 79 52 22 3 b, 7K 3 R AH
X N IR R, AR A AET . B wa A, b R A T
VR UL X, 0040 055 250 A0 T il —ar, 0 MV A0 W TS, B an EZIF R RO,
oAty Fp 2y 8 5GP /INEE R I B HL SRR e 2 VAR AT S A, XV A A IR B A e RN R R
A AR BT VR A B SR
1.2 FEECRE SN

FE/NECIR TS AT BT 58 AN SRAE S, X H A PR SR SR AT T s ), A b T Bl A X
WO ATRE, I T 2020 4F 9 — 10 H#E T REGMZKAER S TAE, RETWKHE 12 (Gl — G12), Lif
S IKEE 9 4 (S1 — S9), Wil SR AKEE 13 14 (Z21 — Z13), FIFSZHKEE 24 4 (X1 — X24), RAEE S
g E 1 s 500 mL 2R 205 SRR EA TR AR, SRAE T S FH Z8 1R /K 0 2R 2 0 SRS kT4,
K REIT FEFH K RETE VR 3 YR, KRR SR AE —AE/K T 10 cm LATF, 3037 R 45 2 £ 2 50K il 52 1Y (DZB-
718 L)W E pH. KR (T)SE S50, T Hrs . 8. 85, BF . BA KA A S mL R AS R IR fk & pH<2,
FH 20 BT S A A (8 7K JEURE CR A, 26 [ 4 B U5 AR A 7™ W 5 A A ) v S, PP L L A
BRI B A S T R B R I A, AR O R E . AR EA T KRR AT s, SR R A [l
Wy ST T i WA, R B 52 43 B 5 IR AR R S 3 AT R 8 B, KRR 0 B 45 S S s b TS A
&3I4 100%.

& 5| Legend

Tk #E Main streams
_Ei%3% i Upstream tributaries

T % I Downstream tributaries
3% % i Midstream tributaries
B Mining coal

144 Village

7K Z& Rivers

1 /NG T R AR A5 50 AT 7 T

Fig.1 Location and distribution of sampling sites in Xiaohuangni River basin
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WFFER I M2 255 15 G A8 RO PE A /N B e i it i b 28 /K o 42 Ja ¥ e S5 . NP 25 BT e KR
T2 RE0S B WK AT 4 J 15 2 BIUR B 4% i <63 s X 525 19 G B AN [R) STk, O 001 1 2 295 ), J2 KR
B4 BT5 UV 1w B ki -2,

PR P Y5 Y FE EL
P,' = C,‘/S,‘ ( 1 )
ZHFLR5 15 g R 5
2 2
P - \/ max(P;) 2+ave(P,-) 2)

K, GRE SR (0952 B, S, S A N B 7K BT AR A, 3X HL R F (b 3R K 20 855 5 A A fE ) (GB
3838—2002) i i TN 2K FiAnifEAE 2 LeAn i, H 48 48 Fe Al Mn 75 (Ml /K P45 T & A5 1 ) (GB
3838—2002) Fr A = A 1 A 7K b 2 K U i kb 7RI AR o R AE s max (P;) R B 4 J SRl 15 Y 4R
B KAH; ave(P) Ry 4% 4 8 B K 115 G 48 50 P S48 KoK b i 48 75 Qe PR bR an 55 1 o

® 1 ELEGYITH bR

Table 1 Evaluation criteria for heavy metal pollution

. ., TR
! " Degree of contamination
P<1 P,<0.7 R
I<P;<2 0.7<P,<1 g
2<P<3 1<P,<2 TeEETTY
P;>3 P,>2 RS

1.4 (RS P

Hb K 4 S X R e R XU ) IR AR A IR IR AR L WG AR R i 4, (RN 42 5 4
finh 385 428 RV 38 AR 3 XUBS A7 A 2—3 B R 258, 3% B Z MR T, {75 B T 4 Rl i A i A Xt
N R ) i R DR A 2, A X O RLEE I BUE ) (As F1 Cd) PR B R REE B0 Y ( Fe, Mn,
Cu. Zn Fl Pb) PPAAEAY 20 H b i KU P B R 3 A 2 F

A4 >0, 01, W2 o 57 b AR V1A

Ri=[l—exp (—Diqu‘) ]/70 (4)
AR S0 KU AT R sk 2

H;=[D;/ (RFD;x70) 1x107° (5

o, R, A H, 23 A AL 2E SO Y AR SUR Y § 2R B8R 7 A 9 N AE B KU (a™h), D, A S R
i ZAOK BRI AR H I R [me-(ke-d)'); g; MALESUERY) | KK BB RN EUR R
[mg-( kg-d)'], RFD, NAEEUEY) i /KA H HHELER & [mg (kg d) '], 70 R F-¥F4n (o). BUEY I
EBUEY PN AR S HE WL 2.

®2 WEBHEMESH

Table 2 Toxicological parameters of the heavy metals

ERE 2 JE
%;%gjf q/[mg (kg-d)"] &jjflf:?n RED;/[mg-(kg-d) ']
As 15 Fe 0.7
cd 6.1 Pb 0.001 4
Cu 0. 005
Zn 0.3
Mn 1.4

Yokt H ¥ g EH R D, iR AR
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D= (w-C) JA 7
A, woh BEYOKE, A 1.5 L-d", JLE N 1.0 L-d™"; C; N5 3% i YROKIE 1R B W B, B
mg-L™'s 4 A ANH N, AN 64.3 kg, JLFHHL 22.9 kg,
1.5 Hisabs
AW EAE R H] Excel 2016 #E47T A BRANGE 170, FIH SPSS19. 0 #£47 Pearson AH I 53 A #1 A 43
B, K 4 Mapgis6.7 Fil Arcgis 10.7 Hil1E Fl 4.

2 5 54718 (Results and discussion)

2.1 INEEUR I B R 4 R A A A
JINEL R I ek F K P pH A R 4 JE VR B SRR L 3.
3 /NECURIT IR 48 TR ke SR AR

Table 3 Statistical characteristics of heavy metal concentration in Xiaohuangni River basin

FER ST
Samples Statistical parameters pH As cd Cu Fe Mn Zn Pb
I/IME 721 0.25 0.02 0.36 55.09 1.50 3.35 0.07
T KA 8.48 3.47 0.06 1.96 469.00  46.90 43.20 0.59
Main streams FIE 8.01 1.60 0.02 1.39 241.66  25.93 16.35 0.34
(¥=12) bRt 22 0.34 1.08 0.01 0.44 14585  16.08 11.61 0.17
R Y 420 67.90 53.52 31.42 60.35 62.00 71.02 49.89
Fe/MH 7.68 0.08 0.02 0.62 40 15 5.35 0.16
B
i KA 8.44 3.09 0.03 570 230658 152 29.18 1.17
Upstream tributaries FEH 7.98 1.26 0.02 2.55 639.71 5.18 14.05 0.49
(¥=9) bR 2z 0.24 1.19 0.01 1.66 683.49 5.01 7.26 0.28
R 3.03 9431 25.06 65.15  106.84  96.64 51.70 58.33
FoME 7.11 051 0015 051 27.8 1.45 7.06 0.1
o
e 1 e KAE 8.45 5.66 0.09 6.31 1567 416 41 0.71
Midstream tributaries FIE 7.77 2.67 0.02 1.46 31175 67.92 18.67 0.26
(N=13) bRt 22 0.39 1.10 0.02 1.47 41053 10748  10.11 0.19
R Y 5.01 41.36 96.23 100.64  131.68 15826  54.13 72.31
F/MH 6.48 04 0.015 041 17.1 0.96 3.99 0.11
B
T KA 8.86 215 0.15 13.4 6471 1201 142 3.94
Downstream tributaries FEH 8.06 3.19 0.04 3.19 142950 25497  36.16 0.54
(N=24) bR 2z 0.50 420 0.04 337  1806.85 330.83  35.73 0.78
5 R EL 6.16 13143 10039  105.67 12640 129.75  98.81 143.00
I/IME 6.48 0.075 0.015 0.362 17.1 0.96 3.35 0.069
o
Ak KA 9.14 21.5 0.15 13.4 6471 1201 142 3.94
Whole basin FIE 7.98 245 0.03 233 810.66 12690  24.71 0.43
(N=58) bRt 22 0.43 2.94 0.03 251 132339 24477  26.11 0.54
R Y 5.34 120.13  104.67 107.87 16325 192.89  105.67 12539
KK AR 6—9 50 5 1000 300 100 1000 50

PH} T, LA bR g L, A5 5 R KR %.
pH is dimensionless, other indicators are pug-L™, and the coefficient of variation is %.

TN WK pH (HAELIE ] 6.48 — 9.14, 34{E > 7.98, B RMMBHE, 25 5 RECN 5.34%, 780
Bl R 2. 7 R 4 )8 R Fe Il Mn 4b, HoAh 5 4 @ W ¥ B 804K, %Ei}%?i’mw“ ¥ A : Fe
( 810.66 pg-L') >Mn( 126.90 pg-L') >Zn( 24.71 pg'L') >As( 2.45 pg-L") >Cu( 2.33 pug'L') >Pb
(0.43 pg'L™")>Cd(0.03 pg-L™"), B Fe Fl Mn (14134 4 i o CHis 3 7K PR35 ot 124 1 ) (GB 3838—2002)
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r b 2% 7K R b bR o FR A A, LAt T 4 Jm Wk B 4 I T b Rk oK Bidn . IG5t & (56 3. &
2), WA Fe VR FE N 17.1 — 6471 pg-L™', ¥ Ky 810.66 pg L, f Kk & A1 A /N Mk B 22 [A] 4H 22
378.42 1%, /5 7 P 4 JE R Y 23.56% — 98.38%, YI{E N 77.17%; Mn ¥R JE A 0.96 — 1201 png-L™, ¥
{80 126.9 g L7, Fe KUk B8 Al f /N 2 [A) A 22 132,19 %, (S B4 8 MY 0.18% — 68.21%, ¥ K
12.27%; Zn #eJE K 3.35 — 142 pg-L7, H{H N 24.71 pg- L', HEAJE BRI 0.33% — 55.98%, ¥I(H K
8.81%, =71 H 4 J& S5 19 95% L b, T HoAth 4 J& Wk AL, SR AR SR 0.11% —
13.76%, BEALH 1.77%.

M Fe M Mn W Zn M As m Cu H Pb | Cd
100

90 H

80 H

70 H

60 H

50 H

40

Proportion of heavy metals/%

30 H

20

10

0

Gl G3 G5 G7 GO GIISI §3 55 S7 89 22 74 26 Z8 210212 X1 X3 X5 X7 X9 XI1XI3 XI5 X17 XI9X2I X23
Sampling sites
B2 /NER A R S R i T
Fig.2 Proportion of heavy metals in each sampling point of Xiaohuangni River basin
5272 5 X BRVT IR A AT 1A L (3% 4), /N B8 TR B 2 K H Fe A1 Min ¥ B85, i T4
VLI 52 N 2D 2 (L, (AR T 5 JH i R LA B v TR XA YA YR B 8 32 Fs Zn P28 i THIVL, T

{I%H@zljlﬁmi’%{éi, SR TTAN ST ZLARIAH 24, G AR T 53 P A2 a0 i S0 2R TR KA i S 44 {5 Cu,
As 1 Pb ¥ FEMS = T e TLA PG I, AR T ARV AL Cd Wk BERLAR, S5 P5 VL RAR >, oz
IT S K 2 . LR AL I e A 44
R4 /NI S 2 K G vk B A (R B R MR LU (ug L)

Table 4 Comparison of heavy metal concentrations in surface water of Xiaohuangni River basin with other water bodies

Fe Mn Zn Cu As Cd Pb
AT 810.66 126.9 2471 2.33 2.45 0.03 0.43
B E K P — — — 3.332 0.036 0.334 497
UM kel R 68479 2745 184 — 11.1 — —
g ARG 247 iy} 33.1 1.24 - 0.11 4.63
ARITIRIK I LI - 305.00 151.5 67.5 - - 15
ARyres - 145 30 8 - - 8.5
[ haRTTeC 150. 85 45.75 10. 78 17.78 0.99 1.28 2.44
FEVLH T ) - - 2.39 0.90 1.31 0.05 0.34
[LLEA N R R N - - 3.14 1.28 1.66 0.03 0.35

T — R ToEE. —no data.

S RE(CV) R T BASFEA ) JC 2 09 25 BOFR B, AT DL 47 M S w55 4 00 g ot . — i
CV<10% R 55728 57K F-, 10%<CV<100% R 4548 F K, CV>100% A i A8 Sk 2L /NBE e o] i
Wt KA E A B 5 R EE, HAHEY 8 Mn>Fe>Pb> As>Cu>Zn>Cd, £ 8t Fl ] 45 3] T 5%
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AR IR, RIS E 4 R U R I A (B 40 A R A A b T A A B AR = REGE L 31.42% —
71.02%, ¥I{E A 50.04%; |17 AR 7 R EBGEE A 25.06% — 106.84%, HIMEH N 62.63%:; HiiF 2 i 48 5
RBOEFIN 41.36% — 158.26%, PIME N 82.45%; T liF i 48 R BN 98.81% — 143.00%, 1A
K 105.20%, 28 5 R AN N UE SR> PS> IS P>, AN I IS R B R I S AR R A
i, S BT AN TR B 4 S EL A R TR AR TR
2,11 HEAEJRUREEAS RS A IR

INEE YR I I e K A% FE A T R B 0 A e 2 B) B R B R R I ARRAE (81 3), Ui b 45 4
Ja R Y 3 v, A IX AT SR X, B R AT S IR A, ML R G & Rl R A B
FoKkt, FEEEEIBWEE . NS EEJEWERE KT, Fe Il Mn (9 5 {8 a8 F 20T LI Al
NUWESC U, Fe 8k B SR T U S 0> I S 3> P SO>I, Min S 34 B SR TR Ui S > v i S >
T > i S, Herh R E SR Feo Min W B2 i e, 8006 B 43501 DR 1429.50 pg- L T 254.97 pg' L™, N
FRUEBRIE Y 4.77 5 H0 2.55 £, T5 225 AR AL, HoAh 4% 5 4 8 W Y A AR LG, Zn F 39k i 3
LR T U S > i S > T > B S, AR R RN, R Zn 2 BB 5. Cu, As,
Cd 1 Pb ¥ B 431G, AR FAREBR A, H AR & S 307 F R WS, 7 X JLASE 4 Ja 22 (7] ] fg
LA AR Bk 5.

Fe/(ug-L™h)

e 0—300

® 300—1000
® 1000—2000
® 2000—7000

Mn/(ug-L™) Zn/(ng-L™h
° 0—30 {4 e 0—10
® 30—100 ’ ® 1020
® 100—500 ‘ ® 2050
@ 500—1201 ) @ 50142

Pb/(ug-L ™)
e 002

@ 0.2—0.5
® 0510
®1.0-40

As/(ngL™")
® 015

® 1530
®30-50
® 50215

Cdl(pg:L™)
o 0—0.015
® 0.015-0.05
® 0.05—0.1
®0.1-0.15

B3 NEIRES A FK  T  R e E 43 A
Fig.3 Concentration distribution of heavy metals in surface water of Xiaohuangni River basin
2.2 /BRI e K b R A R U A
22,1 EEEERAHCHE T
MK P EE 4 e YA JRE R S T LK T B S A SR TR A A ), A SR [ R 4 i R EE 2 TR AR S
3, U BB AT AT BB EL A AR ALY R IR BT AR i A 0 /N B T I el R K R 4 S Uk BE 2 R Y



12 14 B, TS IR/ INE IR AT A T 4R 40 A R A K g R XU TR A 4245

5

Pearson FH ¢ R B0 45 R WL 3 5. 45 R WK, Fe Ml Cu Z [H]4H 56 PR f 5% (P<0.01), AH2¢ R 40H 0.87; Cu Fl
Cd, Cu Fll As, Fe Fll Cd, Fe Fl As Z [H] A M55 /5 (P<0.01), AHC R %5398 0.78. 0.71, 0.71 F1 0.70,
As Fll Cd A2 R B, 4 0.60(P<0.01), FHHIX 4 Fp 48 T GEAG AH R A9 5. Min 2 9 38k P4 b 36
Kk R E 4R, HS Fe, Cd, Cu Al As 2 [a]th B A 3 38 35 (R AH 56 1 (P<0.01) , AH & R 50453 5]
4 0.60. 0.64, 0.44 F1 0.44, W] Mn 5iX JLNE L S WA B ERIEYE. Zn 5 Cd RILH 5540, HHE
FRECH 0.32(P<0.05), 55 H A F 4 Jm AH MRS, 368 HOR R 5 HoA 5 4 )8 A [F). Pb 5 Cu MG
=, 4 0.52(P<0.01), 5 Fe il Cd 5540 ¢ (P<0.05), #HC R 545374 0.38 il 0.33, W7~ H ] B A2 26 AN [F]
R A
£ 5 NI T AR AR

Table 5 Correlation coefficients between major ions of river water in Xiaohuangni River basin

As Cd Cu Fe Mn Zn Pb
As 1
Cd 0.60™ 1
Cu 0.71" 0.78™ 1
Fe 0.70™ 0.71" 0.87" 1
Mn 0.44™ 0.64 0.44™ 0.60™ 1
Zn 0.03 0.32 0.15 0.22 0.19 1
Pb 0.13 0.33" 0.52" 0.38" 0.11 0.01 1

*FRAE0.01 KT GO B A, * 3= e 0.05 7K GO ) I 55 AH 6.

** means significant correlation at the 0.01 level (two-sided), * means significant correlation at the 0.05 level (two-sided).
222 EEENTF SN

BRI 23 B )32 I 7 7 e e s 72 A A s e IR A A 58 Hh B, X8l 64T KMO #11 Bartlett’s Bk

KSR, KMO K 35 {E N 0.685, Bartlett’s BKJE K6 50 HA 35 1, Wl 2 BB 40 20K . R FH 32 340 i
%, RS T WK IE e 5, $e U BIFFIEE R T 1 89 3 DA+, BRTTEREE AT 15 83.63% (5K 6),
FEA W T 7 e 4 S B R IR L. TS SR A AR A IR B R AR A3, HAR 2 S AT DA i
JZ N LD T A SR A AR BE 8 R/ ING2, AT ) 3 A8 IR -5 20 A8 e s R (1 4).

R 6 T DORFERERE o AR

Table 6 Rotational composition matrix of water samples

F, F, F,
As 0.86 0.04 -0.17
cd 0.81 0.26 0.30

Cu 0.79 0.52 0.03
Fe 0.86 0.33 0.12

Mn 0.76 -0.12 0.23
Zn 0.10 0.01 0.97

Pb 0.12 0.96 0.01
SRR 3.36 1.38 1.12
TR/ Y% 48.00 19.66 15.97
ZRTTHE/ % 48.00 67.66 83.63

H I 4 F13 6 TN, Fy B 10 TTHR R0 48%, 2245wk Fe. As. Cd. Cu Ml Mn, A H. Z M]3 HA
BEsmAH S, WX 5 AhE 4@ AT R A LR AR, F) B0 m S E 80T R 2 (K 4), HEm 52 2)
TR SIS /N U A 4 T R AR SR R, HL i SO B i S U AR S A
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