€550
Eco-Environmental
Knowledge Web

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

EFPMFFALRRERIEE G EBIR SIRE L SYIFRERMT « LAR 5 XL 79 51
A, 18, T, REM, BXR, AHE

2021418
H42% H 11

Vol.42 No.l




w % # 3 W42 % 1

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 46 1 A 15 H

H K

2019 4EE KA IS L St A SRS BRI BE TR AT« vveemreeemes ettt
------------------ @%%,%ﬂ%,%%%,?ﬁ,Eﬁm,ﬁ%#,%%i,éﬁﬁ B, ARY, BEH, M, FEE( 1)
T RN IBAE R R BTG Y BT oooeeeemeeeeeeeenes wie, RIA, BEF, £#, %ﬁﬁ,%% ﬂﬁﬁ(9)
o T T R R T R A TR A pM“Em rﬁ&@&ﬂﬁ ............................................. YEE, £, %%# BEHE, FEX( 19 )
b TR o N ol L R 2 e R 1 R TEM, €78, TAH, REF, KEA( 30 )
PREHLIX PM, R B TG 3R (KT R AE SRR MBI ooovveveeeeveeeseeesecneee XA, FEH, %i,ﬁﬁ MXE, AFH( 38 )
HT PMEF AR 5300 H 01 (R R SOBRBEAL & WORURARATY - AR s DO 1) oo R, I, TAW, REH, %X% PRAR(45)
2019 4F R TR SAEAT LG RRFAE ORI -+ -oveeveeeees BRR, HERX, fhir, Fuf, F8, FR, T, R, FEI, BE(55)
WM T BT RS R VA WIS YL TR IBURATE - vveerveeeme et XNF, FEM, €8, Th( 65 )
JCHTRS LS RV AL E BILHIRED VOCs HRIARAT oo FHT, ARR, B, REE, KBF, LR T5)

2017 4E-5 B W1 10] B 50 X SR AR TS Y SN B VAR TB IR, +oeeeeerermr e e e
............................................................ Bk, %57%;&, Wik, EXE, B, WBE, TH, G5, TRA, ﬁ}%?ﬁ'\( 8 )
2006 ~2019 4F k= FHLDC TR TGYH -oveveeereenenee b, B, PR, #EE, AR, AR, DHE, ARE, KD, BAE( 97 )
UL Al A3 BRI 5 IR SRR R TR v EXE, K%, 2, K, T4, &%w (106 )
R RS R I AN e A T B BB R L «oeeeeerereerrer BB EE EARE, EHE(14)
R T B A HE RO A TR TR, - vveeevr oo Wk, REE RRE(127)
FATETLIA SR E BT BT A G0 MR 5 A AR RS veevvene e Wik, TR, Tk, BEE, HLh, BAE(136)
F—lhd“\ﬁﬂﬁﬂi)ﬁ %POPS(S 5[; E&Qﬁjfmﬁ(ﬁﬂ?ﬁl\ ............................................. ?ﬁ%, ?3‘%, Tiﬁﬂ—g], 2 ig‘ﬁu /ggl%ﬁ— 7]“?]]2’%4( 147 )
S M F K TR PPCPs 434 Jo AR S KU T veeeevveermmmeermeesmeenniie s B, Rk, b, i g, 5, SH(15)
B AT 0T R IR A RV BERRAT G oo Eo, G, T, AR, R, TAE, Y5, A 166)
VTR 3K 4 B 2 M A L B AR U A - vveveeerrmeemeeee e X, AR, EXE, AE, 2EXECLT5)
LAHERRHIET AR TSR ICR IS H -ooerveeeoeee EE, R, HMBE, EXT, REk, i, EA, AAR(184)
= XA AL S0 T 37 DOM FEE AR AEZE TR AL, «veevveeemeessmnen i W R 195)
NG L E AN SO N TR Gl U L TO7 ey BHA, AR, BEE, RAM, Btk 55, HEH(204)
ST R IR A AR ACT WK RELH |25 R D B LASERRIARE ooveeemeememememeeesees Kir, 4, H (211
YR RK P B AN RS (O 0 G RO RS LA] oo Eltrw, Kigm, BEM, ZEF, AOX, GWa, Hhul, #&, TH(221)
PRRANR VLRSS i L RSP 8E 8 21115 SRR AfRE, TRF, FRE,RE, 2Eh, FEE, Bk#(234)
PN TR BT R S e )82 ) N € AL %?ﬁ,ﬁ@ WA, AT, B, RS, RPE(242)
AR /NN ] AT R BRI A JOI R oeoeeeeeeeseeeenes W, EH, AR, BER, TEE, TTF(251)
HI T 2 KRB A Wi 88 R B GR RE R ELI - Wi, ZRE, AR, &, 4Fh, EEH(263)
A KAV PP RS E SR oo WA, BHE, FHB, D%, RFA, £4, £F, FTH(24)
RIS TR T I A CANON FEFHIRALIIFEM o ereerrrremmneee e ;(M( ;wg% TS ﬁ ﬁ;ﬁ}]( 283 )
FeMnNi- LDHSXTﬂ(EF‘As(Iﬂ)E’JﬂﬁW@ lﬁmﬁﬂ ..................................................................... Eszﬁ /\7): @%tb_tgﬁ j@y\ﬁ( 293)
(S L e 2 RR b ot ST Gk € LG K I KEh, hEH, BRE, AW, AR 305)
BV A BT B BTG RRAE +veeveeeemrevee e HT ﬁ/\%% A BRI, X Fm(315)
R 5 8 P T T e B A BB BRI oo R, ﬁ@z %ﬁ? el HIR(323)
FIRE R Z R BITEE ceeoeveeeeemeemee s FHEYE, vHH, , R, W, IEK(333)
RN E L B S LIS Ak SR Gl P)x BHE, HEH, z% m L mk, HEECH)
T T KRR 145 ( CA) BRI oo ﬁmﬁﬁ BIFH, HH, TEE, ["%Jl%( 353 )
LT R I E Ry L/ IIE 30 I | RS WAK, BEE, BAE, TRE NEA, HER(359)

TR A B IR T T UK AE AR 23 MITERERE Cd BRI FE YRS e eeverevmee et
................................................................................. M, BREE R, BB, R, TR, B, MHEE(368)
ZIUE B T RN S AR R R, e R, N, ERE, i E, GM, THT, A, BHE(3T8)
IAEA R R AVES /K o B BN KRR P SR SRR A B oo MIR%, RER, HRk, EE, BB E(386)
TRt BB Yo KR - S DR BT BN v e vvvmeree s BAY, TER, Ik, BEE(394)
Y ZER R PN ITE ony 72y e i ey @ e EEE IS R TP SRR Wil, B, K, @R, ZRAT, 2EF(403)
B+ L R T A T 4 SRR M R AL S AR AR < vveeeememe e WEE U, ERA, HEE(411)
BT T AR DR B AL oo LRk, BRE, MR, B, KH, 20k, £XE, BAU, AER(42)
HBEDR S %5 T S5 AR A A 5 S R - %%ﬁ,%%,ﬁﬂ# B, Whs, TH, TAE, KER(433)
PR 1S 0 B R BK AR IR SR BRI e ERM, T, AEH, BRS, REA(4M3)
E ST R L SR () A3 R L RN 2 L7 A, T, I, AR, X, FT8H, FHE(450)
BT SR LA LSRN RERLAORAN s HWE, KA, HEL, TFA, KK, ﬁ%ﬁ(%9)
He 1 SRR A N G S B B R M BAIR] +vveeeemeeermeees et B, WEW, B4, BAE, 1% B (467 )
LRI S TN e DOE AT HE Ky (o) 21 I Wi, TSR, B, R, R, ARE, BRL(47)
1o B B 42 T A TBEAL S % LR AR A T AT L v eve et M, KT, B, BB (485)
T MM A I AR R BE IR oo e ereee e m&% @;* WEE x#E(492)
TR R B o [ T A R I 23 A IR B R TAATT - vevveveeveeemeemesmesie e W, T, HEE, HA(501)

(FEREAVEITIR S (8)  (RIERME)AERIRIN (220)  fRE(233, 352, 421)



55505

Eco-Environmental
Knowledge Web

A% 1] 20214F1 A
Vol42,No.l Jan.,2021

7o A %

Environmental Science

im LBt RKEE BETIES MHHE MR XBE TG

XU, R o R 2L

(1. E R (280 SR A i oE e, BRI 430074 2. Hp [ b B} 2% e V8 M S BT B SR B R 3R 25  8l 0 4 T S S
WE, FEAR 541004; 3. P EM A R AR RN ARKER AR ESRZRE S ARABEHESIRE,
EERR 541004)

W . N P LR S 2 K 4 R (R S AR B AR SC LIS T K R 5 X &2 e U VL R B — R AL BT
TR B R ABEWT HEURE , X RE S G, Cu Zn, Pb, Cd, As Fl Mn X 7 FHEE 4 J@ 04790 %E 434 , £ USEPA A9 7K PR35 {3 XU 1T
AT XTI 5 DX = At 90 2 L 3R K P B 4 X N 5 L3 7 A ) R A S AT T LU AL 25 SRR PR X B RARE AR R
Mn, 5 T R UK TSGR RIS E M, As BEA BAR, SR o T N RIS B, Rl K30 4% 3 45 8 e B 1 O T 20Kk 8 (1
ZRPEAK; Cr, Cu, Zn Fl Cd FEZH H AR, Pb FEORIFE TIEBEASHE , As EEORFE T ARG, Mn 75 T iF EZRIE TR
Wb, e i TN B ARORIR . HhRK 45 A B X B R L3 T AR A R A R K] > SRk T, S A R XU fE
X3l Ay HiE ST A T, BB ARG F TR A As, JLEE N BB AR, IR rh i S0 AT U B b 2 AR 9 R s R
TG AR E A o~
LA EILRE K, BAIR, HHEIRIT, st , B
FESES. X522 XEARIRE. A XEHS . 0250-330+(2021)01-0175-09 DOI: 10. 13227/.j.hjkx.202006050 B

— i F —

Seasonal Distribution Characterlstlcs and Health RlSk Assessment of Heavy

Metals in Surface Water of ng]lang River [o " .0V

LIU/ Zhao ZHOU. Hong *, CAO Wen-jla fJgIU Jatfell >? LAN Sheng- tao : | ¥ ;
(1. Tnstitute of Geologlcdl Survey, China- Uan&rslty of Ccosuenees Wuhan 430074, .Chinas 2. Key Laboratory of Kdrst Dyndmlcs
Ministry of Natyifal Resour( es & Guangxi, Instltute of Karst Geology, Chinese A(adem of Geologloal Sciences, Guilin 541004 Chlna
3. Ky Ldbordtory of Karst Ecosystem and 'Ijredtmen,t of /Rocky  Desertification, Mmlstry of Natural Resources, Institute of Karst
Geolvgy, Chinese Academy of Geological Sciendes, Gulhn 541004 ~China)

Abstract In order to| assess the health risks-6f heavy metals .m-"surface water of Qingjiang River, surface water samples were taken at
designed ¢ross-sections of the river and analyzed for Cr, Cu Zn, Pb, Cd, As, and Mn. Health risks from these heavy metals for
adults and children in wet and dry seasons were compared by water environmental health risk assessment model of the USEPA. It found
that the main excessive element is Mn, concentrating in the Danshui, Yantouxi, and Pingluoxi, the slightly excessive element is As,
the concentration of Mn was above national standard, and it mainly distributed in Danshui, Yantouxi, and Pingluoxi, As was slightiy
over the standard, and it concentrated in Wujiahe, The content of heavy metals during wet season were all higher than those during dry
season. Cr, Cu, Zn, and Cd are mainly originated from the nature, Pb and As are separately mainly originated from traffic and
agriculture, Mn originated from mining mainly in the downstream, while it has natural source from upper to middle. The health risks of
heavy metals in surface water to adults and children in wet season are higher than those in dry season. The main health risk area was
the midstream. As was the highest health risk element and children were the most preventive group. Specially, people in towns who
drink the water from midstream should pay more attention.

Key words : qingjiang River; surface water; heavy metals; health risk assessment; seasonal changes
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Fig. 1 Location of the study area and sampling cross-sections
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Table 1  Toxicological parameters of the heavy metals/mg- (kg-d) ~!
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Fig. 2 Spatial distribution of the average content of heavy metals in two seasons
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x2 FRASEARBRESESUTESMERRMAERE /mg-L!

Table 2 Geologic background values for the statistical analysis of the heavy metal content of each river in the two seasons/mg+L ™"

i H Cr Cu Zn Cd Pb As Mn
FRW BT E 0 0.03 0.013 0 0. 006 0.001 0.25
FKW PR 0.0005 0.0121 0.047 1 0. 0009 0.0107 0.0121 0.8279
K RV 35ME 0 0. 006 0.27 0 0. 007 0. 002 0.32
iAKW bR i 22 0.0008 0.0120 0. 060 4 0.001 1 0.0142 0.017 6 1.2065
B = = AT S 0. 001 0 0 0 0 0.026 0
ZBRTKEER 0.012 0. 121 0. 056 0. 006 0.002 7 0.015 0.0377
CERREKZEEE 0.011 0.211 0. 061 0. 005 0. 006 0.013 0.250
FERREGKZH =HE 0.0123 0. 110 0.053 0. 006 0.003 2 0.0135 0.1348

£3 KIREIFMRKFEESESREE /mg-17!

Table 3 Reference values of heavy metals in the surface water of the Yangtze River and its tributaries/mg-1.~"

AL Cr Cu Zn Cd Pb As Mn
K] 0. 021 0.011 0. 009 0. 005 0. 055 0.013 0. 025
ey 0. 007 0. 020 0.085 0. 001 0. 002 0.012 —

W2 0.012 0.012 0. 047 0. 004 0. 041 0. 005 0,004
FEpgi 2] 0 0.100 0.180 0.004 0.003 0 “0. 20387
T 120 0 0. 002 0.012 0. 001 0 " 0. 002 '0 083
Iy 27 0. 002 0. 005 0.028 0 [ 0. 001 Tl
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= R 1 v, 5 e T upf 1y |
15, 976%%[1 16 761 % 4 = F 1 4r K As,/wuﬁ@
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Table 4  Correlation matrix of the heavy metals in the wet season

Cr Mn Cu Zn Cd Pb As

Cr 1 0.145 0.550™ 0.509 " 0.499* -0.088 -0.216
Mn 1 0.189 0.189 0.208 -0.141 -0.093
Cu 1 0.980" 0.775*  0.022 -0.105
Zn 1 0.784*  0.007 -0.041
Cd 1 -0.064 -0.032
Pb 1 -0.032
As 1

—

) s 1 A3 BIARFEAE 0. 01 F010. 05 7K (UM | 5340 %

®5 WKBMESBHBEXXRER"

Table 5 Correlation matrix of the heavy metals in the dry season

Cr Mn Cu Zn Cd Pb As

Cr 1 0.183 0.562" 0.504* 0.534™ -0.119 -0.270
Mn 1 0.162 0.172  0.311 -0.129 -0.057
Cu 1 0.994 0.728™  0.027 -0.107
Zn 1 0.732* 0.013 -0.054
Cd 1 -0.107  0.056
Ph 1 -0:056
As L 1

1) s Al 43 BICFEAE 0. 01 0. 05 7K ( X)MIM)J&E%#E?&.

. &S $7}<§HE$)§E’JEEM}I¥§£ ) v,

“Table 6 Fa(,tors llﬂdtI'IX of the heavy meldls 11‘1' the 'p;“ylf 1pa}'
1 Lompbnent analysis in the wél season L A e
v S _PCl rcz A4 P(}%’
) 0. 635 0.135 ¥ J Joe |
7 vy 10,2384 0.660 L1
L w4 0963 TSTRE ) 04T
Zo £0. 962 0. 000 0. 026
Cd 0.876 0.223 0.016
Ph 0.073 -0.826 -0.089
As ~0.022 0. 005 0. 966
FHAEE 3.202 1.118 1.056
79/ % 45.739 15.976 15.082
HWF /% 45.739 61.715 76.796

1) BFRFR B — o B R oy

R HAHESENEIRSEFHET
Table 7 Factors matrix of the heavy metals in the principal

component analysis in the dry season

TE PCl PC2 PC3
Cr 0.628 0. 209 -0. 448
Mn 0.247 0. 700 -0.044
Cu 0. 966 —0.048 -0.077
Zn 0. 961 -0.037 -0.010
cd 0. 844 0.358 0. 080
Pb 0. 090 -0.770 -0.028
As -0.004 0. 036 0. 963

AR 3.191 1. 170 1.074
D722/ % 45.586 16. 761 15.339
B2/ % 45.586 62.301 77. 640

1
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Fig. 3 Loading diagram of heavy metals in the wet season
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Fig. 4 Loading diagram of heavy metals in the dry season
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Table 8  Average personal annual health risks of the heavy metals in the two seasons/a ™!
i3 N Cr Cd As Cu Zn Pb Mn
1k A 3.499x107%  1.04x10°%  3.18x107° 3.06x10°" 2.10x10°""  2.55x10~° 1.00 x10~°
JLE 4.03x107®  1.20x107°®  3.68x107° 3.54x107° 2.43x10°"  2.95x107° 1.16 x107°
ik A 1.39x107°  2.59x10°®  521x107° 3.91x107"" 2.52x10°"  3.28x107° 1.49 x107°
JLEE 1.61x107°  3.00x10™®  6.02x107° 4.53x107"" 2.92x10""" 3. 80x10"° 1.73 x107°
R FHAEEARBREHBERNKEE ™
Table 9 Average total personal annual health risks of each river section in the two seasons/a ™!
ENp ] N TR RS i TR i S T i
- YN 2.86 x10 77 4.59 x10 3 6.30 x 103 1.14x107* 1.93 x10° 6.24 %1076
Lz 3.31x107° 5.31x107° 6.66 x 10 > 1.32x10°* 2.23x107? 7.21x10°°
ok YN 5.92 x10 3 2.86 x10 3 1.70 x 10~ 1.05x107* 3.12x10°° 4.56 x10 3
JL# 6.84 x10°° 3.31x107° 1.97 x 10 ~* 1.21 x10~* 3.61 x10°° 5.27x107°
3 @ FK Ry e BFFEIX 2 bR 4 8 i Mn, &R P TR

BFFE X Ui SCHE K T Sk BRI I R T, As 1%

(1) Db oK PR35 o b fE ( GB 3838-2002) I F bR, FEF R K 5 Th R ST X A (R 50T
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