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Abstract ; The charaeteristics of heavy metal pollution in drmklng water in the Liujiang river basin and its potential hazards on human
health wpre investigated. In this study, the regular water-quality indices and the contents of metal elements Cd, As, Cr, Hg, Zn, Cu,
Pb, Fe, and Mn in the Liujiang river and its main tributaries were detected from January to December of 2016. The health risks of
drinking contaminated water were evaluated by the health risk assessment model recommended by the US EPA. The results showed that
the concentrations of all of the aforementioned metal elements, except Hg, did not exceed the limits recommended by China’s surface
water environmental quality standard ( GB 3838-2002). Pearson correlation analysis of the concentrations of metal elements indicated
that Cd, Pb, As, and Fe may have similar sources, and Cu, Cr, Hg, and Zn may have source of diversity, while there was no
significant correlation between the concentrations of metal elements and the pH value. The carcinogenic health risks posed by heavy
metal elements in the Liujiang river basin in adults and children were 4. 52E =04 a™' and 5.91E =04 a™', respectively, while the
non-carcinogenic health risks were 8. 96E =09 a ™' and 1. 14E =08 a™', respectively. The heavy metal elements in drinking water, on
the basis of their average carcinogenic health risks, were ranked as Cr > As > Cd, and the risk levels ranged from 3. 58E —06 to 1. 21E
—-04 a™'; the risk values of Cr and As were higher than the maximum allowance levels recommended by ICRP (5.0 x 107> a™").
Simultaneously, the risk levels of the average non-carcinogenic health risks ranged from 3. 53E =12 to 2. 87E =09 a™', and the range
was lower than the maximum allowance levels recommended by EPA. Carcinogens, especially Cr and As, are the main causes of health
risks in the aquatic environment of the Liujiang river basin, and should be prioritized as the main objects of aquatic environmental risk
management in the Liujiang river basin.

Key words : Liujiang River Basin; water sources; health risk assessment; model; heavy metal
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HL 2%/ pS - em )
A 263. 4 27677 298.2 231.8 183.5 152.3 ¥307.8 &
M s s | 4 oy L10 L1l T AV) L13 = . 14
I~ K A 6.0~24./5 | I1.0~28°0 #12.0~29.0 11.0-30.%6 40.0~29.8 #712.0~29.0  12.0~29.0
# & F L X - -
A 2 17.5 | W 008 4 216 21.5 2000 = 21.6 . 25 ’
pH o RRRVERE 7.62~8:37 ©57044 #8370 6,58 ~8.04 6.65~7.83 16.73~7.70, 7.03~8.13 | 7. 07 ~8.09°
| S Sl 7.98° § 7 88 ©7.26 7¢28 Wy 7:90' 7.52 Te7.59
" Bl 0.02-0.09 ) Nd~0.07)  Nd-0.09  Nd2006 [ Nd-0.05 | Nd~0.13  Nd~off3
e -
{ j, ST 0. 036| 1 0.032 0. 026 0. 025 0.022 0.034 0.034
oo L;"l ' g R 7.15~11.16 670~},0 45 . 694;«10 58 6.65~10.64 6.46~10.62 6.91~10.39 6.91 ~10.39
mg - ! -

F . W g 8.40 8. 41 st “8.30 8.15 8.15 8.33 8.33
s ¥, KEHEE 0.05~0.10  0.01~0.09 0.03~0.16 0.02~0.11  0.03~0.12  0.04~0.59  0.04 ~0.59
A/ mgiL

f FHIME 0.076 0. 048 0.108 0.070 0.070 0. 149 0. 149
. » KB 0.061 ~0.23 0.082~0.27 0.01~0.05 0.03~0.056 0.03~0.12 0.04~0.14  0.04 ~0.15
WA/ mg- L )
FHME 0.108 0.176 0.019 0. 045 0. 043 0. 063 0. 067
o, MOBYER 199.3 ~245.5 112.5~178.2 178.2~197.4 127.8 ~196.2 138.9 ~217.6 118.7 ~156.2 299.1 ~312.4
LR /S - cm
FHIME 200. 9 123. 4 182.0 150. 9 175.3 143.7 231.6
Hh A L15 L16 L17 L18 L19 .20 L21
/e Kyl 11.0~32.4  11.0~31.9  12.0~29.0 12.0~29.0 12.0~29.0 12.0~29.0  9.0~31.1
THIE 22.2 22.0 21.4 21.4 21.5 21.5 19.6
pH KithiiE  6.81~8.15 7.29~8.85 7.14~8.04 7.33~8.07 7.24~8.14 6.98~8.08 7.24~8.16
FH(E 7.42 7.94 7. 60 7.73 7.69 7.61 7.71
» LioAR RN Nd~0.10  0.08~0.23  Nd~0.10 Nd ~0.07 Nd ~0.07 Nd ~0.07 0.03 ~0.09
TP/mg-L )
FHME 0. 030 0.168 0.053 0.038 0. 042 0.028 0.048
DO/me -1 K 6.85~10.44 6.10~10.58 6.65~9.89 6.46~9.73 6.28~9.84 7.10~10.08 6.59 ~10. 41

m.

: FHIME 8.27 7.88 8.03 7.96 8.02 8.25 7.89
e » KB 0.02~0.21  0.17~0.60 0.06~0.37 0.02~0.20 0.04~0.30 0.06~0.24  0.01 ~0.16
2 A/ mg-L )

SHME 0. 080 0. 301 0.185 0.121 0.153 0.118 0.92
- » Kty 0.036 ~0.13  0.056 ~0.17 0.043 ~0.15 0.054~0.17 0.052~0.15 0.042~0.15 0.076 ~0.27
T/ mg- L
FHIME 0. 060 0. 090 0.071 0.083 0.078 0. 069 0.127
, _, KBVERL 123.8 ~156.3 156.2 ~198.7 266.7 ~298.1 177.7 ~208.9 221.3 ~346.2 98.7 ~136.8 143.7 ~198.6
HL 23/ pS - em )
FHME 137.5 172. 1 283.5 183.2 236.7 105.2 157.3
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Table 3 Content of metal.pollutants in the Liujiang River Basin/pug-L "

221 FECHI As) , BKTTAE I IR R I B 7 40
A B V5 U ES SR R, BP9 X B
5 2 VT FLAT 0 5.6 M B A6 R (1
LT R TR 25 TG B T B0 T K, 4
AT A T LB K ), i Tl
S HERIOU TSR R | (AR K B
W 4 B CH PHHE EUR I K A
) My AR B

P 3 TR, AR A T o LA
O GBI A5G, b 5B A, &
TRLRS AU , K 4 JE VR th B
i1 0 7 2 2 R KA 98 e R 7 T
BIVLR T AR, 7. 8 1 WA,
R, K e T 4 B o TR R ST
6, KL, S0 0 T U TS
T A TR BT, A BRI,

!

=l

T

ot

e TR B | Tk i ‘ Pk
Cd Nd ~5.01 1.39£0.27 0719 (Nd~12.00  1.2820.11  0.086 .~ Nd~1.3 1.2320.047 0704
As Nd~2.4477% 0.99+0.34  0.35 Nd ~3430- 1.28+0.077 [ 0.06} 0.10+2.10 0.93+0453 [ 0. 57
Croe 1.25~840 2942190 [0.65, [ NdZ396 2885146 | f0551 0 Na~7.8 3.65£1.96 0S4
Hg | Nd0.04 [0.019£0.003 0.16 &/ /N‘q #0.10  0.02£0.003  0.15 Nd50.04 00230004 0. 1=~
Zii Nd=51.00/" 10.78 £3.51 #0.60° " * #Nd23.00 6.00%3.51  /0.59 | [25.00~158.00 47.5+26.51 Q.565%
Cu No=32" [ 17.78+6.48 70.36 /1 Na~@5.10 16.83+2.41 / 014 | 2000 -47.00 23.67+7. 27 031"
Pt 150~7.17 7 2442202 0.84 [/ NA£5.60 | 2.45:0.59 | 0.2 1.30 ~8. 60 2.10£0.91  0F43

[ Fe (30,50 ~243757 150.85+10.05 [0.067, 99.78~542.00 357.1+38.05 . 0.11" 107.00 ~134.73 122.91+11.44 0.09
Mf; 10,40 ~70.83 | 45:75+34.35  0.75  BSaA6 L233760418.17+25.63  0.22  10.05~71.42  35.57+14.42  0.41
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38 ol | & Cr % .:,.-' Z;y ) G Ph AN T | pH TP “ %
f G 0a T G-':' i /¢ ]\ o )

Asl !:"0 042 F ('-j” LA I:;fj/""‘ )

cf 4 7{; 142 o ,-;_._f"‘/

Hg r,f-to 336 -0 17 0.208 1

Zn 420108 0.062 -0.130 -0.022 1

Co 0291 0033 0.023  0.19%4 0.059 1

Ph o 0.6657 0.142 -0.246 -0.303 0.222  0.39% 1

Fe  0.831" 0.987" 0.0379 -0.029 -0.655 -0.568 -0.448 1

Mo 0.396  0.157  0.917°  0.000 -0.263 -0.244 -0.036 0.019 1

pH  0.444 -0.102 -0.207 -0.006 0.342  0.519  0.338 -0.599 -0.018 1

TP -0.108 -0.113 -0.093  0.048 0.542° 0.462° 0.173 -0.857  0.270 0.514° 1
HA -0.227  0.036 -0.176  —0.040 0.648™ 0.372  0.121 -0.932* -0.233 0.348  0.855" 1

1) *F/RP<0.05, % = Fmx P<0.01
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“ad 4.03E -06 5. 14E -06 3.72E -06 4.75E -06 3.58E -06 4.56E - 06

As 5.59E -05 7. 14E -05 9.30E -05 1. 19E - 04 7.95E -05 1.01E -04
Cr 5.74E -05 7.32E -05 9.51E -05 1.21E -04 7.11E -05 9.08E -05
g SR 1. 17E - 04 1. 50E - 04 1.92E -04 2.45E -04 1.54E -04 1. 96E - 04
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Table 6  Average annual non-carcinogenic risk caused by metal pollution of the drinking water sources in the towns of the Liujiang River Basin/a ™!

AR T TR T i
A JLFE A L A JLFE
Pb 8.30E -10 1. 06E -09 8.32E -10 1. 06E -09 7.13E-10 9.10E - 10
Hg 3.06E -11 3.91E -11 3.19E -11 4.08E - 11 3.67E -11 4.68E - 11
Zn 1.71E -11 2.18E -11 9.50E -12 1. 12E - 11 7.52E -11 9.60E - 11
Cu 1. 69E -09 2. 16E -09 1. 60E -09 2.04E -09 2.25E -09 2.87E -09
Fe 1.02E -10 1.31E-10 6. 13E - 11 7.82E -11 6. 05E - 10 7.72E -10
Mn 1.55E -11 1.98E - 11 5.84E - 11 7.45E -11 3.53E-12 4.51E-12
A B B XS 2.69E -09 3.43E -09 2.59E -09 3.30E -09 3.68E -09 4.70E -09

Borh . KT ORI s BRI AT GRS RIS A5 G f
Cr> As > Cd, 365 SR R TTMIT-EITIE  As 24 e DS B s 3040 5 e
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Fig. 4 Histogram of average annual carcinogenic risk and non-carcinogenic risk of adult people casual by metal pollution

of drinking water sources of the towns in the different sublevels of the Liujiang River Basin
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