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Abstract:[Objective] The purpose of this research was to investigate the quality of the Liujiang
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River in Guangxi. Concentrations of heavy metals of Cu.Zn.,Pb,Cd., As.Ni,Sb, Tl in the
Longjiang River were analyzed to illustrate the distribution characteristics and risk levels of
heavy metal pollutants in this area. [Methods] The Nemero comprehensive index method and
the health risk assessment model were used to evaluate the grade of Liujiang River water quali-

ty and the health risk level caused by heavy

metals in the water. [ Results] The results
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demonstrated that the concentrations of heavy
metals in each sampling point was in line with
the surface water quality standard [I. Except

that sampling site S2 was pollution and S3 was
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medium pollution, the water quality of the re-
maining 7 samples in Liujiang River was not pol-
luted by heavy metals,and the water quality was

clean. The health risk values of heavy metals As
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and Zn were higher than Cd, Pb,and Cu in the Liujiang River. The health risk values at all

sampling points were below the maximum acceptable risk level (5.0X10 °a ') recommended

by the International Commission on Radiological Protection. [ Conclusion] The smelting and

chemical discharged waste water in Liuzhou city may be the cause of the increase of heavy met-

als in Liujiang water. Arsenic (As) is the main pollutant that causes health risks in Liujiang

water environment, which should be the key target of Liujiang water environmental risk man-

agement.
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Fig.1 Sampling site of Liujiang River
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Table 1 Evaluation table of Nemero index level
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R 477K,

Concentration of heavy metals at each sampling site in surface water of the Liujiang River(pg/L)

e "
Serial I 5 Ca Zn  Pb Cd As Ni sb TI
Section name
number
S1 V517 B Ximenya 0. 86 1.93 0. 70 0. 06 2.62 0. 20 4.53 0.02
S2 7% Lutang 0. 46 ND 0. 54 ND 2. 47 0. 20 6. 86 0.03
S3 # 4k Luowei 0.77 8. 10 0.59 ND 2.83 0.63 8. 11 0.03
S4 A % ¥ Bainiaotan 1.12 ND 0.42 ND 1.02 0.49 1. 06 0.01
S5 J H- 1 Maoer Mountain 1.01 2.31 1.27 0.15 3.62 0. 65 4,78 0.03
S6 b 82 ¥ Shabaotan 1.75 ND 0.47 ND 1. 61 0.51 1.08 0.01
S7 i JE#%Y% 2 Shilong Dock 2 0.78 11.81 0.26  0.09  2.15  0.67  2.91 ND
S8 i3k 1 Shilong Dock 1 0.47 7.96 0.93 0.08 1. 69 0.73 3.08 ND
. W= R TP SIS )
S9 Wuxuan. Chedu Dock 0. 26 31. 20 0.21 ND 1. 80 0.33 1.42 ND
#:/ME Minimum value 0. 26 ND 0.21 ND 1.02 0. 20 1. 06 0. 00
% KA Maximun value 1.75 31. 20 1.27 0.15 3.62 0.73 8. 11 0.03
-4 Average value 0. 83 7.03 0. 60 0. 06 2.20 0.49 3.76 0.02
FrifE 2 Standard deviation 0. 44 10. 04 0.33 ND 0.78 0. 20 2.53 0.01
e L
’i‘ﬁ:%;ﬁ . 0.53 1.43 0. 56 0. 85 0. 35 0.41 0.67 0.91
Coefficient of variation
SRy 7R ey My v Y [
Surface water environmental quality standard class [ 10 50 10 1 50 — — —
standard value
Hb K B A5 5 A v 11 2 A v
Surface water environmental quality standard class [l 1 000 1 000 10 5 50 — — —
standard value
b 3R 7K B 45 5o A oA I 2 v
Surface water environmental quality standard class [l 1 000 1 000 50 5 50 — — —
standard value
A5 v =R TR PR K b 2% K U b 4 2 T H B o PR
Standard limits for specific projects of surface water — — — — — 20 5 0.1
sources for centralized drinking water
3 o]
i i R 0.09 0.8 0.07 0.06 0.09 0.07 0.07 0.01

Method detection limit

TE : ND SRR AR
Note: ND means not detected
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Table 3 Correlation analysis of 8 heavy metals in surface water body of the Liujiang River

vaf "o Cu Zn Pb cd As Ni Sb I
Cu 1 —0.598 0.081 —0.011 —0.124 0. 186 —0. 316 0.003
Zn 1 —0.452 —0.105 —0.139 —0.007 —0.25 —0. 457
Pb 1 0.717" 0.611 0.318 0. 347 0.496
Cd 1 0.626 0. 481 0.102 0.16
As 1 0.029 0.727* 0.782"
Ni 1 —0.084 —0.216
Sb 1 0.851* "
T1 1

TE e 6 B B CRID R 0. 05 I ARG BB 5« » FEEAFEE XD A 0. 01 W, AH D E R W 25

Note: * When the confidence level (double test) is 0. 05,the correlation is significant. * * When the confidence (double test) is 0. 01,the correla-

tion is significant

M 4 R 5 Al T R 2 KR T 8 M 48
A E 3 A FE AL R 85. 008 % B B T, i 1
) STk R A 42.49% , As Sb Fl T1 A % w5 i 1E 257
WA 2 BIBTRR N 23. 041 %, Pb.Cd Fl Ni B4 1F % 1
*4 REKBELEABRIRSSNHAFTEBR

B s A 3 M TTEREE R 19, 477 %, Cu 1Y IF 8 8%
. Zn BB AT B . 4% T 4 R TS Y W 1 TR 3R Ay
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Table 4 Total variance of principal component analysis of heavy metal content in surface water body

W) R FEAE (B FRBOFJ5 Fag A JiE e S J5 FaE A
Initial eigenvalue Extract square sum loading Rotation square sum loading
%
< % : %G5
Component gl MFNE gy ey BEIE  spoe wmmm mmrz 2R2
. Interpreta < ; . Interpreta < . . : < .
Eigen . Cumulative Eigen . Cumulative Eigen Interpretation Cumulative
) tion of . tion of . - h
values . variance values . variance values of variance variance
variance variance
1 3.399 42.49 42.49 3.399 42.49 42.49 3.011 37.643 37.643
2 1. 843 23.041 65.531 1. 843 23.041 65.531 2.078 25.976 63.619
3 1. 558 19. 477 85.008 1.558 19. 477 85.008 1.711 21. 389 85.008
i 0.571 7.136 92. 144
5 0.411 5.134 97.278
6 0.173 2.163 99. 44
7 0. 045 0.559 99. 999
8 5. 05E-05 0.001 100

x5 REKFESESCEINSANNEFRETERE
Table 5 Factor load matrix for principal component analysis of

heavy metal content in surface water

: /- e e I PR 2817 A R
HEE EI%Z*&H}%EM Post-rotation factor
Factor load matrix h
Heavy load matrix
metal
PC1 PC2 PC3 PC1 PC2 PC3
Cu 0.008 0.645 —0.666 —0.237 0.079 0.893
Zn —0.475 —0.341 0.736 —0.324 —0.043 —0.881
Pb 0. 808 0.371 0.117 0.509 0.691 0. 261
Cd 0.615 0.49 0.509 0. 242 0.904 —0.036
As 0.904 —0.173 0.201 0. 847 0.405 —0.079
Ni 0.14 0.705 0.408 —0.264 0.780 0.067
Sh 0.762 —0.521 —0.046 0.919 —0.039 —0.088
Tl 0.851 —0.369 —0.302 0.949 —0.036 0.221

oA E 201848 A F25 K% 4l
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o
« 0.5 As
NE Zn ©
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8 il
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1 o 3
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P2 & Fh e 4 Jm T g i il = 4 R 3y 181
Fig. 2 Three dimensional factor load diagram of various
heavy metal pollutants
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*6. N6 ATLIA . A6 S2 8 Tig i KLkl
RARHL P 09 0. 92~15 00 S3 J& TP i5 4, ML
TSUARRL Py N 1~1. 73 HoR AL 8 T30 - 28 i
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Table 6

2.3 AEREREEEEEXREITMN

PR 15 1 5 XL 50 T A0 A58 78 355008 55 2R BRCRTA VLK
PArb R 4 JE I L TR A VK AR A A R
R st 4 Rl 3 K iR AR BT 5 A et e XU L 35 4
KWL,

Index grade water quality of heavy metal pollution in the Liujiang River water body

i BATIS YL 8 8 P; Single pollution index P; é’fiﬁ/#‘éfﬂl %gﬁi
Monitoring L& i
int i Lomp()mte Water quality
po Cu Zn Pb Cd As Ni Sb Tl index grade
. T
S1 0. 000 86 0.001 9 0.014 0 0.012 0 0.052 4 0.010 0 0.906 0 0.21 0. 65 Clean
. . 15 Y
S2 0. 000 46 0.000 4 0.010 8 0. 006 0.049 4 0.010 0 1.372 0 0. 34 0.98 .
Pollution
AREE’S
S3 0. 000 77 0.008 1 0.011 8 0. 006 0.056 6 0.031 5 1.622 0 0.29 1.16 Moderately
pollution
i
S4 0.001 12 0.000 4 0.008 4 0. 004 0.020 4 0.024 5 0.212 0 0.09 0.15 Clean
v
S5 0.001 01 0.002 3 0.025 4 0.030 0 0.072 4 0.032 5 0.956 0 0.32 0.69 é"qlé?n
5
S6 0.001 75 0. 000 4 0.009 4 0.006 0 0.032 2 0.025 5 0.216 0 0. 14 0.16 ('?leZn
AL
S7 0.000 78 0.011 8 0.005 1 0.018 9 0.042 91 0.033 3 0.581 11 0.05 0.42 Clean
I
S8 0. 000 47 0.007 9 0.018 6 0.016 1 0.033 79 0.036 4 0.615 53 0.05 0. 44 Clean
it
S9 0. 000 26 0.031 2 0.004 3 0. 006 0 0.035 9 0.016 4 0.284 52 0.05 0. 20 Cchn
T AR TR FR A s 5 A PR — 2R AT
Note: The point below the detection limit is calculated as half of the detection limit
FR7T BEVDMEBEDRRERAEE(a™")
Table 7 The health risk values of carcinogens and non car‘cinogens(a_l )
W fir g W) Carcinogen JEBUEY) Non-Carcinogen B
Monitoring point cd As Pb Cu 7n Total
S1 1. 64E-07 1. 76 E-05 4. 40E-10 1. 93E-09 2. 60E-07 1. 81E-05
S2 8.22E-08 1. 66E-05 3.39E-10 1. 03E-09 5. 39E-08 1. 68E-05
S3 8.22E-08 1. 90E-05 3. 71E-10 1. 73E-09 1. 09E-06 2. 02E-05
S4 5. 48E-08 6. 87E-06 2. 64E-10 2.51E-09 5. 39E-08 6. 98E-06
S5 4. 11E-07 2. 44E-05 7.98E-10 2. 27E-09 3. 11E-07 2.51E-05
S6 8.22E-08 1. 08E-05 2.95E-10 3. 93E-09 5. 39E-08 1. 10E-05
S7 2. 60E-07 1. 44E-05 1. 62E-10 1. 75E-09 1. 59E-06 1. 63E-05
S8 2. 21E-07 1. 14E-05 5.86E-10 1. 06E-09 1. 07E-06 1. 27E-05
S9 8.22E-08 1. 21E-05 1. 34E-10 5. 72E-10 4. 20E-06 1. 64E-05
S-H4{H Mean 1. 60E-07 1. 48E-05 3. 77E-10 1. 87E-09 9. 65E-07 1. 59E-05

TE AR TR PR A s o7 45 A PR A — 2 AT 5

Note: The point below the detection limit is calculated as half of the detection limit

MW 7 Al F W, A E 4w Y E R U HE R R
As>7Zn>Cd>Cu>Pb, HEEY As Ml Cd i ik

KB S] AR XS N 1.0 X 10 ° ~1.0X

10 %a ' Hd As e KL, Cd IRZ . T A RFE 5 0 f

J5RE DRSS 1 1200 T ] s 4 S5F )7 97 25 03 25 HE A7 1 S5 K]

2 KU K 5.0 X 10 °a ', fH As 7E S1.,S2,S3,

S5.56 .S7.S8.S9 R AF a5 AL BT | S A i B XU 1 8 ik
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