€550

Eco-Environmental
Knowledge Web

£

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

PM2s5 3 K E {2 B fa 18 F0 255 R BRI

x5, FF, pF@E, 85, MR

PM. .12 | SR
R Z T

B =5 PENFRESHRHFTRC

2021548

$B42% F4H
Vol.42 No.4




W % B 3 a2 % B4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 4E 4 H 15 H

H e
B I SR L X B R TS e M HE A AL R BT - ovverevereeeee e EE, %ﬁﬁ}, gg;‘(ﬁh ® g;g % (1591)
BRVT = fa R SO0 E AR ( x)'ﬁpMz_sEAﬁﬁ@ AT TS LIS ovveeveneesenrenen e
................................................... FEs, R, ¥, EE, AAM, 4HE, £HE HEE, IS8, A#EFE (1600)
VN T LR TS e %ﬂc}ﬁggﬁHjlmjc%ﬁ@&@ﬂg?mh\*ﬁ .......................................................................................
........................................................................ ERE, $/j_[jj k¥wE, WIEE, MR, EAL, THER, ZRM (1615)
BRI T LA AR E BORIRAEAT - RE, Z44, #, K2, M, WA, BT, EE, FXI, UHE (1626)
g YN D N A1 L =P BEE NEA, VEE, TFE (1636)
B F DM, TR B v Bh, FRE, RN, AR, HE KA AR (1642)
BT AL R EAT LI HE BN B ovvvvvesssssnnvccnnnnes BH, BHE, A, 2EF, Shk, k%, Bif, S (1649)
RO RIS IR T HABE P TR R ZF SRR ERERE IR woovvvvreoon A, TEA, &k, K7 (1660)
R = G IR T R AT [ X S Bi, B8, B, KA, TTH (1668)
KA TEYAETRG AT TL L] o vevvevmerennenmennenin e R, ERYE, BRI, KA, B, ERE (1679)
PM, 75 e X J0 B BE SR RIZE R MBI ooovveeseeessme e £5 BE KFHE, 5, BHE (1688)
e S VR YN R TS o3 Sl S e LRE, AB, REB, S, L, S 2 (1696)
%ﬁ%m%ﬂmﬁﬂi**%%ﬁﬁ&%ﬁﬂ% --------------------------------------- KA, ek, BUHE, kb, ZRE, BIE, Bk (1706)
NN o ST e 193 S 3 HER, BA, TR, BAY, BEA, THA, 2HE (1714)
3 20 4EA BB AIRIZ U ST BB TC 2 8 T Y oo EE, BF, B, AT, Ak, REA, R (1724)
PN SR T K KA 22 R R S [ BT B AT 8L vveveerrereeeseerie st X&, Ak, A& (1739)
SUEHLH T K BB TR RIS o ovvvovoneesssns B ABE, B, HEH, REL, BRE, KR, AEA (1750)
SN LT BRI T KK AR BHUBGE R AG T -oeeoveereeomeeeeesee e EEE, %%%, Wi, AW, EXE (1761)
LTI R AR AT S SR - 8, B, B EWH, 22 0, 24%, K (1772)
TS ) R B FE ORI oo BT, B, BTR, BEE, BEE, BET (1781)
VBT b X SR B R PAHs TSV TR ANT  woeoeveverereeeseermnnnananes Bm s A FE EBRET, BT, B (1791)
AR B AR A BB TR TR 015 YL R TE XU BEAT ooeeeereeeeeeeeenns KU, KIRE, HEME, BER, FEE, KE, RE (1801)
KW BRI RS2 AR RVEZS KU T «oeeeeeremmememe, Tolth, X4, AW, BRY, G4, #4E (1811)
0T 2 0 DU T4 R A L 5 e BT T KU STy v veeeeermemmenmereeeeneeieeieene s BEH, GNE, 28, 28 ﬁ% £ (1820)
=IETTARY) PAHs Fl PCBs (534 SRISRBE TR «overeereeremremmmemnnninnnns Bk, HEE, HILW, i, KUE, HiE (1830)
gﬂgftﬁ;[jliu{)?(g wagkﬁﬁﬂj gﬂ:&/ﬁ\:;’g{)ﬁﬁg*ﬁ ................................................ HfUE Eﬂg{ﬂ, 5 iﬁk %%‘fﬁ ??}]E)—L (1839)
SR AT R R B B 0 TR X IR D8 h A A4 e AL 0 5 o SR 2 R UR B DRAy v eveemeeneenenes FHY MEME, Y (1847)
BRI A I E RS A B R B EIRAKIR oo ZWE, FES, Ravi Naidu, B R, HKE, BEE (1861)
FWITE W AT AU B TLE MIIEAIR  +eeeveeeereereereee ettt e s ;&rgﬁﬁ IME, HBEH JUNT (1870)
TR e TR A B A SR SRR R LIRS R F o - R, Fubsk, R, Tk, EE, BWE, BF, ke K (1879)
T EEMs 5 UV-vis 2087 70 TR 2000 18 7 DOM it %ﬁlﬁ;@ﬁ .................................................................................
.................................................................................... WA, REE, B, 22% Fak, Ak, Ak, T (1889)
AR RIS BB 5 A BRI BRI Sy vovveessssssssssnen AR, S GIPE, 22 AR, (1901
R O RS LA D7 X 1 T -1 < RSN IEE, ZERE, BH, BIUF, B, BAE, L4 (1913)
U S T O A DR AV R G AU AU out 3 71 ST FE, EF, BRE, BH, KAF, KET (1923)
HT R MBI B R B TS TR S MU E M SRR AIHT v erveerrereeree ettt FwE, HE (1930)
CIO, T8 T A5 K AL HH KB ZRTTZGHED AR +eevevereseessss sttt
...................................................... BEE, Zhd, BAE, AW, BEH, %, 98, G-, 2EX, 44 (1939)
1@@3@*"_ PES iﬁz 4-DCP EA(E XTBE%/H(JEH@&I\%A*J %1‘%@5#]%%%? I'] .....................................................................
................................................................................. %ﬁ@a}] ﬁ;&@’ %jﬁ@, %ﬁ?ﬂ, ;[3':1:5', %éﬂu ﬁ—ﬁ’ 7’%,%7}* (1946)
SRELTE KA 5 TR R W B TR KR T cvvevererermereesmeenme et B EhE, ﬁ;]gzﬂ% (1956)
SR IR VR 2 BB LT SRR oo EFA, AE, EUF, FHE, R (1967)
SRR FFIBE 56 2 P S 2 JAE S B A PRI 00000000000 T, HEH, Had, B, BEE (1979)
B RS T S MR AL 22 T 1 s LAMEZE T I I R ] -+ vereevermersermen ettt
............................................................ BT &, BEE, A%, s4, L4, REL, WEE, 9%, THHA, A (1989)
ST A LB PP R T A U S BICOREAT 5%, 5, B A, EAC, %, R, 51548 (200)
W RS T RTFDK B B Cd 1) BB SR oo RTE, 7k, Ik, HEH, A%, $HE, &7 (2016)
NGl e TR L NSl i G L iy T T L e O P
.......................................... ;(M% %[ﬂf]g E@( ;(|JWW Pornplmol Kleawsampan]al Hg’g %ﬁ Eﬂg;ﬂ’ T{IW 7'7%;4—“” (2024)
N R ISR B A2 BB LB ZE v eovvereeee oo st Wik, T8, THE, B E, H/EL (2031)
Cd W3t R AR FISMEAE A AR RS AL R I Cd SRR RE IR v Wi, F%, 20, RFA, FAE (2040)
TR I UL X 7K R MR 2 R TSR S B TE (M «evee e eeeemmermenmmeie e Rt HiElE, HE, ;\;@—L (2047)
BB I R B0 H I B S S INEE SR E e [s;]t\g;‘(’ g&ﬂ ?gbl x| B (2056)
{0 I TEVE IR AM ZLT RIS B A T B VDAL T AR T T ++eeevereereermemsen ettt
.................................................................. %*ﬁi@ )@Kﬁ]’ ﬁﬁﬁ%, ﬁr’ﬂjg ?1&fﬁ ?rg" jj’u% ‘%ﬁ 5, g[g,% (2066)
e G e TR I e A 1€ SR K, #55%, ALk, %%ﬁ %%m,%ﬁﬁ(mm)
UK 2 25 SO BB B BRI B R BT ST oo FRM, HEE, HEE, £EF (2089)

(REREEVEITIRE (1738)  (IRERLE)VERIMMI(1790)  fZE.(1860, 1878, 1900)



)
IET-HUFE‘ In BB R = 554245 Hal 202144 /1

Eco-Environmental

Knowledge Web Environmental Science Vol42,No4 Apr.,2021

BiLRIEKAE R EEE T R AE A R XU TEy

wAAE, B, EHER, AR AR, aiE A ZEm !
(L EEMHE TR EAERL 2 5 TSRS, FEAR 5410045 2. T PURAEETS L4 80 SRR E S0 00 3, Hadk 5410045 3.
E PR 2= AT ST e 0% 3 5 WU PP Al Bl R S S8 s, bt 100012)

. O TR RIBUK R P AR5 YK, 7E 2019 4F 5 A MBI R4 62 R JIZKFE, W KFET As, Cd, Cr, Mn,
Cu, Zn, Hg. Co I Sb 3X 9 Fh i 4 J& vk B - T T 43 HTAG I | 32 FH 38 [ R BE (9738 (US EPA) HH 7 (1 fif FRE XUBS 7 A5 8 3o 5|
TR {E R XU AT T 025 AT, G5 2R 3R B KR v i 463 3 7 K Wk B U 24 - Mn > Zn > As > Cr > Cu > Sb > Co > Cd > Hg, H 4 {H
FRA I AR TE IR FZK TAARAE (GB 5749-2006) ) FLE MFR IR, A6 ZR/K 455 BT f A vfl ( GB 3838-2002) ) 1 27K T
Bl A2 [8] 372K, As | Cr, Zn I Sb (Y SV BE X E B4 M 7RIS L T il 17 Cd. Cu, Hg, Co il Mn & ¥ Ji X 32 24317 4£ 1
LB, Z2I05 s R WoR ,Cd, Mn, Cu il Co FZORIETF A E=; Cr, Zn 1 Sb FEORIE TiRiiEscimic i ; As 8K
TFAA WAL 200 He BB T 26 36 b Ak BN Y RS TR, (e KB EM 45 388 L LN 5 T2 3| &
G YR 1 B, A2 B D T G S o K R AR A AR R A 1 ST 8 AT A R XU Sz a7 et A B0 T 1 S 3 AR
fit XU, Cr E’J%i’}/\}\@ﬁeﬁﬂﬁﬁ‘%kﬁﬁ?lFT%ETWF%E/\(ICRP)T’erEﬁmﬁT %52 MK (5.0 x 107 a7 ) 5
RS0 Y 4 A T A AR (107 ~ 10 a ™! )Ifm'l' Co > Cu > Hg >Zn > Sb > Mun, #E{i T ICRP Tﬁfrﬂ’]ﬁsz%
2K : 7
SEGRL VT TR RUNT ; (R T u 7=
hESES. X522 i?ﬁk’hﬂﬂiq A XEHS.: 0250-3301(2021)04-1714-10 DO 10/ 13227/J k. 2()2008068 i * ;

Pollution Characterlstlcs and Health Risk Assessment of‘ Heavy Metals in the

Water of- LlJlang River Basm 7 g fo— g

HUANG Hong weil, XIAO He'? |, WANG/ Dun- qlu 7 XI Bei-dou'” SﬁNj’f(iao—jie ﬂ-LI Jie-yue' " | LI"Xiang- ku1
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Abstract ; In order to-clarify the pollution levels of heavy ‘metals in the drinking water sources of the Lijiang River Basin, surface water
samples/were collected from 62 sites throughout the Lijiang River during May 2019. Heavy metals, including As, Cd, Cr, Mn, Cu,
Zn, Hg, Co, and Sb, in the water samples were analysed. Health risk assessments associated with these nine heavy metals were
conducted using the health risk assessment model from the US EPA. The results indicated that the order of the average concentrations of
heavy metals in the water samples were Mn >Zn > As > Cr > Cu > Sb > Co > Cd > Hg. No heavy metals exceeded the limit values of the
drinking water health standards in China ( GB 5749-2006) , and the concentrations were lower than the limitations of Grade I level in
the environmental quality standards for surface water ( GB 3838-2002). According to the spatial distribution, the high contents areas of
As, Cr, Zn, and Sb were predominantly distributed downstream of the Lijiang River, while the high contents areas of Cd, Cu, Hg,
Co, and Mn were mostly distributed in the upper reaches. Multivariate analysis indicated that Cd, Mn, Cu, and Co were primarily from
agricultural production; Cr, Zn, and Sb were mainly from tourism transportation; As was predominantly from the weathering of rock
parent material and soil erosion; Hg was mainly from the improper disposal of domestic garbage and atmospheric deposition. The results
of the health risk assessment indicated that children were more susceptible to the threat of heavy metal pollution than adults, and the
average annual risk of carcinogenic heavy metals to human health through drinking water ingestion were higher than those of non-
carcinogenic metals. The maximum personal average annual health risk of Cr was higher than the maximum allowance levels
recommended by the International Commission on Radiological Protection (5 x 107> a™"). The average annual risk of non-carcinogenic
heavy metals (107“-107° a™") decreased in the order of Co > Cu > Hg >Zn > Sb > Mn, which were far below the maximum allowance
levels recommended by the ICRP.

Key words : Lijiang River basin; heavy metals; source analysis; health risk assessment
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Table 1 ~ Concentrations of heavy metals in the water of the Lijiang River basin(n =62)/pg-L""
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Fig. 2 Spatial distributions of heavy metals in the water of the Lijiang River basin
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Table 3 Partial correlation matrix of heavy metals in the water of the Lijiang River basin(n =62)
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Table 5 Average personal annual health risks caused by heavy metal pollutants in the water of Lijiang River basin/a ™'

- A A L A
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Table 6 Total health risk caused by heavy metal pollutants

in the water of the Lijiang River basin/a ™'

PN R, R, Ry SRV S5 4%
LN 4.27E-05 4.16E-10 4.27E-05 Eake
JLE 5.45E-05 5.20E-10 5.45E -05 B

(1) TR A 4 S VR B (g 171 I
J¥4:Mn(28.52) > Zn(14.33) > As(2.77) > Cr
(1.61) > Cu(0.78) >Sb(0.19) > Co(0.17) > Cd
(0.03) > Hg(0.02) , {& ¥ ( H /K B 5T 5 A vfE )
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