2018-06-25 DOI: 10.19675/j.cnki.1006-687x.2017.08035 M1/ NATala Rl R/ 174
NI SIS A W2F 4] Chin J Appl Environ Biol 2018, 24(3): 0602-0608

A RIERETEMRARKETRTE
5 AIE Az 2 R IXUBR ¥

NTxE Wzl KiEE HEE”

WA AR AP =2 K7D 410128

& BB PRI Y 46T B BT K T TS AR VA UM K F i AR, 201648 | 121 5 IR
A L BRI 6 ST 5 34 T A KRR, X KBTI 4 TR (P) L % (Zn) | B (Cr) L 4 (Cu) | %
(Fe) . it (Ni) JEATHEI, I RT3 [ SR BEA YR (USEPA) HE 22RO HERURG VA B8, 6y 46 450 B 2 5 ol g K b
S5 R 04T B DA, BF A1, 2582 %, BFSE X M 23T K TP, Zn, Cr, Cu, Fe S5 Niff) & BE4F 51 472.57 107, 4.66
107, 1.65 x 107, 6.27 x 107, 0.19, 8.50 > 10" mg/L. Hi 101 I /K H 76 5 J 77 2 F £t R XU, 6 85 , A2 OB (Cr) 1 fi
AR (8L 86 A2 AR OB (Pb, Zn, Cu, Ni) 5-6KURESE, A2 RS0 ™ 2 (0 S HER 39 (5 K /R Pb > Cu > Zn
> Ni. T A e B 2 50 ST 460, 1 350 L B TR /K o 6 T 3 0 38 ph 3/ AT L, 48—
Fe 15 Niff 516k 3 433.28%, EZORUET 19U 45— F S Culg Cr SR 3426.98%, FERI T 428 R ik 50h 1 4
M7 A 1 Tl SR K ST AR B BBt 5 55— S M Zny SR N 17.10%, A UET HLBRAL 247 0. A BT 20
P 4 B B A K P R A B XL 52 5 (R SR T Y Cr > Pb > Cu > Zn > Ni. (P2 %7 £:26)

AP P47 s M0 UK 5 7 I O ks U BF A3 2 L3 ST

CLC X171.5 + X820.4

Assessment of heavy metal pollution and health risks in a main river in
Huayuan County, Xiangxi, Hunan Province*

. . . .o *3%
LIU Yabin, XU Yunhai, ZHANG Haitao & YANG Haijun
College of Plant Protection, Hunan Agricultural University, Changsha 410128, China

A[ﬁm To study heavy metal pollution and assess the health risk of river water in Huayuan County, Xiangxi, Hunan
Province, 11 water samples were collected from the Huayuan River and Brother Rivers in August and December 2016. Heavy
metal (Pb, Zn, Cr, Cu, Fe, and Ni) concentrations were determined from the samples. The health risk assessment model
recommended by the U.S. Environmental Protection Agency (USEPA) was applied to assess the health risk of heavy metals in
the main surface waters of Huayuan County. The results indicated that the concentrations of heavy metals (Pb, Zn, Cr, Cu, Fe,
and Ni) of surface water in the research area were 2.57 x 107, 4.66 x 10™, 1.65 x 107, 6.27 x 10, 0.19, and 8.50 x 10 mg/L,
respectively. The health risk of surface waters with heavy metals was high. Therefore, the chemical carcinogenic substance (Cr)
health risk index was five or six times higher than that of chemical non-carcinogens (Pb, Zn, Cu, and Ni). The average health
risk indices of non-carcinogenic substances were in the order Pb > Cu > Zn > Ni. The correlation and principal component
analysis of surface water showed that the six heavy metal elements were composed of three main components in the main
surface waters of the county. The first principal component was comprised of Fe and Ni (33.28%), which was mainly from
internal pollution. The second component was comprised of Cu and Cr (26.98%), which was primarily due to industrial waste
water, rainwater leaching mineral waste produced by heavy metal mining, and smelting enterprises. The third component,
resulting from geochemical pollution, was Zn (17.10%). The health risk indices triggered by heavy metal in surface waters was
high. Heavy metal pollutants in the research area need to be controlled in the order Cr, Pb, Cu, Zn and Ni.

[@m’ﬁh Huayuan County in Xiangxi; surfacle river water; heavy metal content; risk assessment; principal component

analysis
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Fig. 1 Distribution of the main surface river sampling points in Huayuan County.
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Table 1 The heavy metal concentrations in the main surface river of Huayuan County

s 4 bR 2 : ' WRATEHE  EFRE [H R R
HE R bR/ FEA L i Standard )r&{]\ﬁ )r}}jtﬁ Average of Coefficient P National secondary
Heavy Ri S le si Average deviati Minimum Maximum £ £ variati dard of Chi
metal 1ver ample size (p/mg L’l) ( e/vlat}?Ill) (p/mg L’l) (p/mg L'l) su(r /ace \;Vjiit)el‘ (@) (\(/:a\l‘/l/il/tl)on stan( ?:1/1’ OL") ma

p/mg p/mg 0 plmg
- At 60 2.80x 107 3.80x 107 0.00 1.62 x 107 134
uayuan Rriver 3
Pb e 2.57 %107 0.86 <0.01
LA 50 2.30% 107 3.50x 107 0.00 518 %107 152
Brother River
S 60 451 %10 3.74x 107 0.00 1.77x 10" 83
Huayuan River 4
Zn . 4.66 x 10 <0.05 <1.00
JLA] 50 480x 10" 570x 10" 0.00 1.19x 10" 119
Brother River
AESIH 60 3.00x 107 470 x 107 0.00 2.20% 107 158
Huayuan River 3
Cr s 1.65 x 10~ <0.05 <0.05
ST 50 2.00x10° 1.00x 10" 0.00 5.00x 107" 450
Brother River
- ST 60 9.00x 10 1.70 x 107 0.00 8.00x 107 191
uayuan River 4
Cu s 6.27 x 10 <0.05 <1.00
LA 50 3.00x 10 4.00x 10 0.00 1.40x 107 133
Brother River
LS 60 1.52x 10" 1.35x 10" 0.00 0.61 89
Huayuan River
Fe s 0.19 0.06 <0.30
JLAI] 50 227x10" 2.44x10" 2.60x 107 1.09 107
Brother River
H AL 60 7.00 x 10 9.00 x 10 0.00 3.80x 107 131
. uayuan River "
Ni s 8.50 x 10 <0.05 <0.02
LA 50 1.00x 107 1.00x 107 0.00 2.80%10° 102

Brother River

AR (b K PR B iAot ) (GB 3838 -2002) T2 AR,

Evaluation are performed by the surface water environment quality standard (GB 3838-2002) II class standard.
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23 HIEEMRARKEEETEHENE

AR 7R B T i K v 4 JE 4 o3 AR BT RS ARAE, X
AeHE B I3 K Pb, Zn, Cu, Fe, Cr Fl Nighf7 140 CHE
3. S5 RANFE3 R, AT AL T B 20164F H 2 0 7 K R 45
)8 Z (A G EAFAE 22 5, Hoh Cul5 Cr, Fe 5 NIt i 1 3 1E
A2 (P<0.01) , #1562 E55140.597, 0.772, Pb5Fekt 3%
EAISE (P <0.05), 5 REh0.237, I &A1= 8] 0y ¥ BF

Table 2 The health hazard risk indices of the chemical carcinogens and the chemical non-carcinogens in the main surface river of Huayuan County

2L T e ol e
DX Ik H{i‘;'ﬂ']ﬁi{ﬁ . Cherﬂ?c%alffagffogen Chem%aql‘ j(%f%:gf?nogen
Area Monitoring point -
Cr Pb Cu Zn Ni
W74 7K F. 36 The Lion Bridge Hydropower Station 3.04 x 107 9.90x 10" 5.60x 10" 1.54x 10" 143 x10™
JILC3% Chuanxincheng 9.25 x 107 744 x10" 459 x 10" 932x10" 2,04 x 10"
PR HAkts 3k Enlightenment Wharf 4.35x 107 729 x 10" 371x10"  854x10"  1.11x10"
Huayuan River {4311 Convergence Area 3.79 x 107 8.12x 10"  6.53x10"  4.60x 10"  2.57x10™"
A LG Pontoon Bridge Station 1.04 x 10" 127107 263 x10"  252x10"  1.57x 10"
T 750 m 50 m upstream of the float bridge 4.27x10° 117 x10°  345x 10"  257x10"  1.30x 10"
K24 HF 7K HL 3t The hydropower station of Daxing Village — 2.86x 10" 2.14x10"  6.53x10"  2.61x10™
s FHIEAR I 1 The ferry of Tiantang Village — 295x 10" 230x10"  2.54x10"  2.30x 10"
gﬁh‘g River b 5% 2E47 0T34 The station of Longjiazhai Village 9.96 x 107 4.64x10"  322x10"  3.81x10"”  2.33x10"
HEAFFE R HF The bridge of Yaqiao Town 6.05 x 107 240x107 261 x10™  217x10"  215x10™
JHBE A 37 18 KA The new bridge of Youma Village 4.69 x 107 3.67x10" 241 x10™  349x10"  2.36x 10"
it /o Maximum 1.04 x 10" 240x107  2.63x10"  1.54x10"  2.61x10™
f%/ME Minimum 4.69 x 107 2.86x 10" 214x10"  254x10"  L11x10™"
{4 Mean 3.21 %107 8.66x 10"  572x10"  425x10" 198 x10™
ICRP#51fE ICRP standard *% 5.0x10°

—: KA. —: Not detected.
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ASAL A AR R AL, 2B Cu5Cr, Fe'5Ni, Pb5FeH A HH
IS VR BT A e B AR . Cr NI AR i 3 ¢ (P <0.01)
HA RZEN-0.259, Fe5Crit B 3 ¢ (P < 0.05) , HiAH
KRB HN-0.212, BEACTSE NI, Fe5Crz M RIT ALK EAN
K.

R3 HEETEMRARAFESEHEXE (N=110)

F240.898 0.894; 55 — 3= il 43 Cul5 Cr, HALE RE 514
0.905, 0.803; 28 — F 43~ Zn, HALE %444 0.809.

RS WEETEMRARKESBEINSSHER
Table 5 The consequence of principal component analysis (PCA) of heavy
metals in the main surface river water of Huayuan County

VIR A AE(H Initial eigenvalue

i/ N [ ] e 2
Table 3 Correlation of heavy metals in the main surface river of Huayuan Coxjrjlj;c])ient k ERXIEN Vajl?iaz‘.:r;ce Coﬁﬁiﬁfwn iiﬁﬁuﬁi
County (V= 110) Eigenvalue (P/%) rate (#/%) contribution rate (/%)
i Pb 7n Cu Fe Cr Ni 1 2.00 33.28 33.28 33.28
Heavy metal 2 1.62 26.98 26.98 60.26
Pb 1 3 1.03 17.10 17.10 77.36
Zn 0.076 1 4 0.85 14.19 14.19 91.54
Cu 0.056 0.059 1 5 0.29 4.81 4.81 96.36
Fe 0.237* -0.005 0.173 1 6 0.22 3.65 3.65 100.00
Cr -0.121 0.158  0.597** -0.212* 1

Ni 0.172  -0.019 0.159 0.772%* —0.259%* 1
#ER TN AE0.017K - I 8 3540 3G 5 * R AR AE0.057KF - i 3E AH G

** indicates significant correlation at 0.01 level; * indicates significant

correlation at 0.05 level.

A TR 5 b 5 T 45 3t 2 K v 6 EE 4 I o0 2 AH M
g AR AT R, W FIAE TR KR 1 B 42 JB JC & Pb., Fe, Nih
W2 (0], Culy Crigt il {8 35 IEAHIC (P < 0.01) , $iHAPb, Fe, Ni
3PP E 4 EIOCHR | CujCr A —Z RIEME. MiPb5 Crig i
BRI (P <0.01), HAHEZEH-0.349, Fe5Cr, Cr5
Nif B EFAH L (P <0.05), M5 R4 09-0.316, -0.326.
SLEB I 2 /K Cu, Fe, Cr, Nil P 2 [6] 54 & 3 IEAH ¢ (P
<0.01), UtBA LA R K F1Cu, Fe, Cr, NiEL A AH A A9k K
o e A

R4 EREERG TR RKPESEHEXME
Table 4 Correlation of heavy metals in the surface river of Huayuan
River and Brother River in Huayuan County

I{{E“}ﬁ HpELR Pb Zn Cu Fe Cr Ni
iver  Heavy metal
Pb 1
A6 /n 0.156 1
Huayuan Cu 0092 —0104 1
River Fe 0.775% 0241 0.141 1
(N=160) Cr ~0.349%* _0.089 0.572%*—0.316* 1
Ni 0.578**  0.063 0.118  0.787** —0.326* 1
Pb 1
i B /n 0.156 1
Brother Cu 0.092 -0.104 1
River Fe 0.775% 0241 0.141 1
(V=50 Cr ~0.349%* _0.089 0.572%* —0.316* 1
Ni 0.578** 0063 0.118  0.787** _0.326* 1

#RINAE0.01KF I B2 AT OG ; * R IR 7E0.057K - | b A 5.
** indicates significant correlation at 0.01 level; * indicates significant
correlation at 0.05 level.

24 IEEMBARKEEEETRS SO

A BH B A B T2 b SRR I K b T 4 B R R | A R
K ALTTRRAR, X AL I EL20164F Mo 330 it /K 5 42 8 #2547 3 AL
DAY HT, R K S-6 L 2. BT, FE4E EL M R K e
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Table 6 Rotation matrix elements of heavy metals in the main surface
river of Huayuan County

E4&EILR &6y Component
Heavy metal 1 2 3
Fe 0.898 0.195 -0.090
Ni 0.894 0.152 -0.142
Cu 0.045 0.905 -0.200
Cr -0.457 0.803 -0.076
Zn -0.059 0.295 0.809
Pb 0.421 0.078 0.545
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n
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Fig. 2 Three-dimensional factor load of heavy metals in the main surface
river water of Huayuan County.
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44.64% ., 25.46%. Z5-E LIRS 4 B AH O R (F24) AT
A, AEIE S — 3 B4 AP, Fel5Ni; 4% — 3 i 4r A CutyCr.
S, o T b 3 oK R 6 TR 4 J IR BE R 24 3 LA AR, 24 3 K
Ay BT BTHRE R 71.97%, TTHRR A B8 54.78% . 17.18%. 454
YU o T v 25 T 4 TR TG 3R A 5 R A (3R 4) TN, L —
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Table 7 The principal component analysis (PCA) results of the Huayuan River and Brother River in Huayuan County

i 31 DU Y 2 UL EY A e

River Component 1 Contribution rate (/%)  Component 2 Contribution rate (/%)  Accumulated contribution rate (/%)
{E3E ] Huayuan River Pb, Fe, Ni 44.64 Cu, Cr 25.46 70.10
57 Brother River Cu, Fe, Cr, Ni 54.78 Zn 17.18 71.97
BB TN TSR (B7) AT (F64) , RIZNAESE 2 BUEs, 22, R0E, XK, TRUE. 3L DX 1) OHE 3 s 0 g L

KA P, Zn, Cu, CrEZORIEFHE 4 B R %56 B4
P R Tk ANHE IR /K B RN K b S P 1 . AR SE L B R
P, AL MR Fe5 Ninl R IET IR (MR K H &
), 5 2R AR ST T LA Hh 4 JE O VR I iR AT 4
TR — 80 Sl &2 AR Shim i/, sk e e
Ak, (B S EB T KA R B 4 g 2 — £ il 43 Cu,, Fe, Cr5Nify
B B VT KPR R 4 R R, BoTAE R A
R, 25 32 B3 Zom] RERVRT M kb 224728,

EAIEIE B R K P E AR A o (KD KAeE BT
)5 0 o T S Ao AT A AR (367D, T AR A i L Rn]
WK 6P 4 B 5 — 3 4 Fe 5 NiZ W s s Kk, 3
FORIET IR (M KB B ) 5 58 —F i Cu5Crz it
W R, IR ok A F 5 4 08 Rk S Aol 5~
A1 Tk A HEE K SR K R W 0 2 = Sy Zn3Z
SLHE M AR, IR T MR 2217 .

3R

(1) At B 20164 3= Zh KW K HE 4 JEPb., Zn,
Cu, Fe, Cr5Nify) % 5 ¥ A1 o [ 5 1 28 b F K brafis, Pb,
Cu, Criy & & BN AL I & F 0L 28, 1 Zn . Fe, Nif) % &
WA 22T, HAS SR EOTAL, AEIE 2% /K P, Cu, Cr,
Ni, W sB i K Pb, Zn, Cu, Fe, Cr, Nif{J5s [6] /345 FEAE
BRES BRRECKTD . i PETTH, LI5S 5
MR KHEAEEICEZn, Cu, Cr. NIfFTER EM 2R (P <
0.05) .

(2) X A6 IE B 2 9 K EE 4 T AT {at R XURS:
P, KB 2E B Y (Cr) i b Y e B XU BH i K k2%
JEEE Y (Pb, Cu, Zn, Ni), SFhEE 4 8 o0 K7 28 il £t g X
K {8 K /IR Cr > Pb > Cu > Zn > Ni.

(3) 3 2 X 46 4E B 32 2 33 5 7K PP, Zn, Cu, Fe,
Cr5 Nt AT S BT B 2 B4 20 BT, 458 Mt AR IR S
b T ) e R e B B SR R K P 6 R 4 JE On R
FZHINF MR, 5 —F K WFe 5N, 52 S o552
AR, SRIETF MR (HE KA FH ) ; 5 _F s hCus
Cr, ZALETGZ MR K, IR EF &8 Rk S5 =4
A Tk A HE P K SRR K IR 0 4 192 3 5 56 = F2 o3 M Zn, 32
L7 LR, YR T M BRI 22 AT .
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