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Temporal-spahal Dlstrlbutlon and Health Risk Assessment of Heavy Metals 1n the

Surface Water of Ningbo "';" Frely € _ ‘. -4

XU Mel -juan’ YANG Jld , REN Xiao-jing’ ,-ZHA®" Hong yan', GAQ Fu-yan', JIANG Yue-Jun "\ “
(L. Coﬂege of MecHaitical and Energy Engineering, NlngboTech Unl\ versity Zhepang University, Ningho 3151’6'(') China; 2 l\&lnghal Society of Environmental Smenee and
Teehtiology, Nlnghal 315600 China; 3. Yuyao Branch, Nlngbo Ego]oglcal Envmmment Bureau, Yuyao 315400 -China; 4. Institute of Data Industry, Zhe]lcmg dell
Unnem‘itv Nlngbo 315100, Chlna) i

Abstract A total of 120 sutface Water samples were collected from mdustual aud-'("ommemal districts of Ningbo, China in the wet and dry seasons. The concentrations of six
heavy metals(Cd, Cr, Niz*Pb, Zn, and Fe) in the samples were medsured the temporal-spatial distribution characteristics of the six heavy metals were analyzed, and
Pearson correlation coefficients of the six heavy metals were calculated. Combined with the temporal-spatial distribution characteristics and Pearson correlation coefficients of the
six heavy metals, the main pollution sources of the two districts were analyzed, respectively. The risk of heavy metals in surface water to the exposed population was evaluated
by calculating the health risk index and carcinogenic risk index. The results showed that the pollution characteristics of heavy metals in the surface water of Ningbo industrial
district and commercial district differed greatly in different seasons. In the industrial district, the orders of the average concentration of heavy metals in the wet season and dry
season were Fe >Zn > Ni >Ph > Cr > Cd and Fe >Zn > Cr > Ni > Pb > Cd, respectively. The concentrations of Cr, Cd, and Pb in the wet and dry seasons exceeded the class
IV recommended values, following the degrees of Cr > Cd>>Ph and Ph > Cr = Cd, respectively. Sewage containing heavy metals was one of the major pollution sources. In the
commercial district, the average concentrations of heavy metals in the wet season and dry season were in the order of Fe >Ph >Ni>Zn >Cd > Cr and Fe >Ph>Ni>Zn > Cr
=Cd, respectively. The concentrations of Cd and Pb in the wet season exceeded the corresponding levels (class IV) , and the degree followed Cd > Ph. Only Pb exceeded the
standard in the dry season, with the exceeding standard rate of 60% . Road pollution containing heavy metals was the major pollution source, and heavy metals entered surface
water mostly with surface runoff and precipitation. The carcinogenic risk posed by heavy metals in the surface water of the Ningbo industrial district and commercial district was
very high, and the carcinogenic risk in the commercial district was much higher than that in the industrial district. The main carcinogen was Cr. Compared to the research
results of the research group in 2015, the pollution degree of heavy metals has been greatly reduced. In the future, we still need to give adequate attention to the prevention
and control of heavy metal pollution in surface water in Ningho.

Key words: surface water; heavy metals; temporal-spatial distribution; pollution assessments; health risk; Ningbo
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'Fig. 2 Distribution of heavy metal concentration values in the surface water of industrial district during wet season and dry season
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Table 2 Descriptive statistics of heavy metals in the surface water of commercial district during wet season and dry season

. Gigeni
=
Cd Cr Ni Pb Zn Fe
JEl/mg- 1! 0.000 ~0.014 0.000 ~0.035 0.000 ~0.055 0.000~0.119 0.001 ~0.086  0.259 ~0.593
FHE/mg- 1! 0.006 0.002 0.023 0.048 0.021 0.396
FK FREMR 22/ mg- 17! 0.006 0.008 0.018 0.040 0.020 0.082
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pH 6.84 ~8.31
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A/ mg- 1! 0. 000 0.000 0.014 0.070 0.011 0.467
ik PR R 2/ mg-L~! 0. 000 0.002 0.014 0.058 0.010 0.075
’ AT 2B % 4.47 4.47 1.04 0.83 0.92 0.31
HBARRAE 1/ % 0 0 — 60 0 ——
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Fig. 3  Distribution of heavy metal concentration values in the surface water of commercial district during wet season and dry season
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Table 3 Spearman correlation coefficient of five heavy metals in the surface water of industrial district

" AH A N
1 EER 7Zn Cd Ni Pb Cr Fe thie

7n 1
cd 0.295 1

k] Ni 0.217 0.578 ** 1 Ni ' Cd, Ni 55 Pb Z A7
Pb -0.111 0.209 0.491 ** 1 TEAR 5 25 A9 AH G
Cr 0.042 0.060 0.020 -0.016 1
Fe 0.158 -0.004 -0.028 -0.177 0.222 1
Zn 1
cd 0.233 1

ok Ni 0.220 0.251 1 Ni 5 Cr Z MI7EZEMR I B
Pb 0.271 0.236 0.234 1 EAH DG
Cr 0.178 0.275 0.560*  -0.177 1
Fe -0.271 -0.119 -0.040 -0.034

1) * R P<0.01
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Fig. 4 Average concentrations of heavy metals in surface

Pb Zn

water of industrial and commercial district
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Table 4  Spearman correlation coefficient of five heavy metals in the surface water of commercial district
o MR .
Fh T Zn cd Ni Ph Cr Fe At

Zn 1
Cd 0.165 ! Ni.Cd #l Pb =% 2 [ & Pb

K Ni 0.195 0.939 1 5 Cr Z eI 82 (Y AR
Pb 0.196 0.794 ** 0.692 ™ 1 KM, Zn 5 Fe Z MIFFAE 3%
Cr ~0.113  -0.391  -0.155  —0.626" 1 AR
Fe -0.483" 0.057 0.090 -0.031 0.214 1
Zn 1
Cd 0.276 1

ik ] Ni 0.019 -0.173 1 Zn Fe f Pb =3 Z [ f- 7E M
Ph 0.651™ 0.335 0.330 1 2 (A
Cr 0. 140 -0.187 -0.102 0.000 1
Fe 0.748 ™ 0.178 -0.044 0.706 ™" 0.300 1

1)* 8 P<0.05, ™K P<0.01
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Table 5 Hazard quotient indices (HQ) and carcinogenic risk indices (Risk;) of heavy metals

in the surface water of industrial district and commercial district

R HQ Risk; )
X Z= - - - ” g
Zn Cd Ni Pb Cr Fe S Cd Cr <IN
4 B/ME0.000  0.000  0.000  0.000  0.000 0.029 0.00E +00  0.00E +00 =" |
KoOBCKRME 0.043 1,133 0.612 1407  2.289  0.145 3.78EL05  6.87E-03+F S =
T My 00 0217 0058 o 08 0.152  0.064 0,603 7.205-06 4.55E-04 4 62B=04
flxk; 4 W/ME 0000 0.000  0.000  0.000  0.533 0.0l © 0.00E300 1.60E-03 4
KOBCRfE 0.096  3.733  0.822 01944  2.356  0.049 ATHEL04 7.07E-03 | %, 4
& TR 0,007 0.093 (0061 0.093,-70,992  0.023 [1.269 3.LIE 406 | 2.98E -03 /298K, 03
— F/NME 00000 0.000 [ 0:000 J0:000 £70.000  0.029 | _00.00E +005" 0.00E +00 J
Sk mAfED 0010 0933 0.092 )/ ‘},,frm;r’ 0.778  0.066 6.206 -2 1.56E+00 . . - y
i, W ¥l J0.002  0.367 06038~ * 407444 10053 0.044  0.904 | 2.44E-02 1.07E-01 | 1.31E-015"
% ‘ b M (1 0.000  0.000 0.000 “ 0.000° 0.000 0.019 / & 0.00¥+00 0.00E+00 ' &
SOk ReRfE T0.004 0067 | 00000 10222 0156 0.070 | 4.44E'-03) 3.11E-01 F
. B e o001 0.003 | 00028 F0.652 0:008 0.052 40.687 2.22E-04. 1.56E-02  1.58E-02
| ‘ ¥ = ‘al - ._f.-“"'-l
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(1) XFF Tk X, = 7K 9 20K 5 4 Ja Wk 1
YIER KN K : Fe > Zn > Ni > Pb > Cr > Cd, %
FE R BRI ™ B PEIUT 4 < Cr > Cd>Pb; HliZKIH
4 Ja R BB K/ NIBUY 4 < Fe > Zn > Cr > Ni >
Pb > Cd , KA SUBAR Y™ LI 7 . Pb > Cr = Cd.
WIS RAEEIA A G, Cr A0 Cd 78 =F /K ) FR 56 ™ 5, Ph
TEPGASRAE ] 0 88 A 16 0 42230, Zn R Ni 7E A 7K 18]
PRV B 4 vy % T 4 B 15 K IR A TR 51 b 3 K
Cd. Pb, Cr, Zn Fl Ni 15§y 2, 53 FP K I
M RAR AL Tolk X F /K H %7K Cd ., Fe, Pb Al
Ni V5 gL iy 3= 2275 YLl

(2) X TR X, FE oK 4 ok - S Y
KINGFH . Fe > Pb > Ni > Zn > Cd > Cr, ke 5
FrE ™ BT R . Cd > Phy Bk XA KA E 4 )R
e S B R /NI A . Fe > Pb > Ni > Zn > Cr =
Cd, fEFraESE E T, U Pb AR 60% . B4R
AL, Cd 75 F /K S A5 51 ™ 51, Ph 74 7K S0 A
TP, Zn, Cr A1 NI ZE AR 7K 0T i) e 32 3t o A 5. 2
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(3) Tl DX AR Ml DX b 2 K Xof 5 i A HF 4477
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