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Abstract: Distribution characteristics and interfacial diffusion fluxes of seven heavy metals ( Co

Ni Cu Zn As Cr and Pb) were examined in the overlying water and sediment porewater
from four sampling sites from Aha Reservoir in summer and winter to understand the pollution
status of dissolved heavy metals in the water body. Results showed that the average concentrations
of dissolved heavy metals in the overlying water from Aha reservoir were lower than the standard
of Grade I of Environmental Quality Standard for Surface Water ( GB 3838-2002) and the Sani—
tary Standard for Drinking Water ( GB 5749-2006) in China. Concentrations of As Co and Cr in
the bottom water increased during the anoxic period in summer and the vertical changes of all
heavy metals during the mixed season in winter were not significant. The mean concentrations of
heavy metals in pore water were significantly higher than that in overlying water. There were sig—
nificant positive correlations among Co Ni and As indicating their migration and transformation
processes being affected by the iron-manganese cycle in Aha Reservoir. Concentrations of Cu  Zn
and Pb had a positive correlation with the same pollution source. Results from the analysis of the
diffusion fluxes of heavy metals at the sediment-water interface ( SWI) showed that Zn remained
negative diffusion which indicated that sediment had a good adsorption effect on Zn. Co Ni As

and Pb showed positive values at the SWI. The concentration of As reached 2.07 pg * cm™ *a”'
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in summer which may impose a greater release risk on the overlying water. Our results demon—

strated that the pollution control of heavy metals had achieved remarkable results in the past dec—

ade in Aha Reservoir.

Key words: heavy metal; pollution; temporal-spatial distribution; interface diffusion flux; Aha
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Fig.1 Location of sampling sites in Aha Reservoir
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o 2#
° pH 8~9 0 Co.Ni.Pb 44 Zn,
8 As 3# Cr o As,
m DO I mgeL" Co.Cr
0.2 mg * L™ o
; DO 5~6 mg'L_1 2.3
2.2 N Pearson 2 o
Ni  Co.As Cr
1 7 /n As
{ ; /n Cu~Cr As Co
Y GB 3838—2002) | ( Cu  Ni.As .
>>( GB 5749—2006) 2.4
o Zn.Ni.As 3 3 N
lpg*L™" Cu Cr Co Pb Ni. Cu. As
0.10 pg * L' NivZn.Pb o Cu.Zn-As



1512 38 5

1 . (pg-L
Table 1 Concentrations of dissolved heavy metals during summer and winter in Aha Reservoir and other lakes or reservoirs

(pg- L

Co Ni Cu In As Cr Ph
14 0.07~0.08 0.85~1.59 0.60~0.9 1.21~2.23 0.73~1.00 0.38~0.70 0.06~0.13
0.07+0.01 1.12£0.36 0.76£0.12 1.62+0.35 0.920.11 0.48+0.12 0.10£0.02
24 0.06~0.61 0.96~3.18 0.49~0.75 0.92~2.46 0.48~0.93 0.41~0.59 0.06~0.15
0.16:0.22 1.41£0.88 0.57£0.1 1.53£0.57 0.800.16 0.48+0.06 0.10£0.03
34 0.07~0.08 0.85~1.00 0.45~0.60 1.22~2.62 0.99~1.10 0.35~0.65 0.08~0.10
0.07+0.00 0.90+0.07 0.52+0.06 1.71£0.63 1.04£0.04 0.54+0.13 0.09+0.01
44 0.10~0.15 0.60~0.96 0.45~0.58 2.36~3.25 1.27~1.81 0.36~0.62 0.10~0.11

0.12£0.02 0.72£0.12 0.51x0.05 2.7240.3 1.48+0.21 0.42+0.10 0.10£0.01
0.06~0.61 0.6~3.18 0.45~0.90 0.92~3.25 0.48~1.81 0.35~0.70 0.06~0.15
0.11£0.11 1.050.54 0.60£0.14 1.91£0.67 1.06+0.31 0.48+0.10 0.10£0.02

1# 0.04~0.05 1.15~1.29 0.29~0.39 2.43~3.48 0.77~0.93 0.13~0.20 0.05~0.14
0.05+0.00 1.230.05 0.33£0.04 2.97£0.34 0.85+0.05 0.17£0.03 0.08+0.04
24 0.04~0.06 1.41~1.58 0.27~0.44 2.54~5.60 0.67~0.78 0.20~0.30 0.05~1.96
0.05+0.01 1.50+0.06 0.35£0.07 3.63£1.20 0.73+0.04 0.24+0.05 0.50+0.83
3# 0.04~0.06 1.20~1.54 0.25~0.61 2.48~6.75 0.80~1.05 0.16~0.52 0.06~0.47
0.05£0.01 1.32£0.13 0.41+0.14 4.42+1.74 0.89+0.09 0.32+0.13 0.19+0.15
44 0.05~0.11 1.22~1.52 0.36~0.93 3.23~6.74 0.91~1.09 0.20~0.31 0.09~0.36

0.07+0.02 1.3720.11 0.63+0.21 4.67£1.35 0.98+0.07 0.23+0.05 0.16+0.10
0.04~0.11 1.15~1.58 0.25~0.93 2.43~6.75 0.67~1.09 0.13~0.52 0.05~1.96

0.05+0.02 1.35+0.13 0.43£0.17 3.94£1.37 0.87£0.11 0.2420.09 0.22+0.40
1.03~3.98 2.30~8.98 - 0.33~1.97 - 0.12~0.23 - 2012
0.57~0.79 7.54~8.45 - 1.98~5.06 - 1.32~2.41 -
- - 1.15~4.89 7.99~11.99 0.84~3.24 1.76~4.74 0.20~2.37 2015
- - 2.67 28.82 1.43 2.21 0.81
- - 3.21 10. 96 0. 07 0. 88 0. 02 Tao et al. 2012,
2017
0.10~0.40 1.00~8.70 6.30~22.70  4.40~984.50 - 0.10~7.80 0.70~6.70 Lietal. 2012
0.15 2.93 12.21 66.44 - 0.95 1.83
ND~0.51 0.81~2.38 1.28~2.49 0.10~4.16 - 0.59~3.26 0.69~3.35
0.18 1.40 1.80 1.40 - 1.33 1.73
- - 4.56 12.07 4.50 1.73 0.95 2007
- - 1.24 33.10 - - 4.63 2011a
- - 0.70~2.50 2.46~18.40 0.75~1.56 8.00~19.00 0.23~0.52 2011b
- - 1.50 11.70 1.12 13.00 0.36
- - 6.80 9.50 - 3130 5.90 2010
- - 13.32 2.02 - 6.29 10.59 Liet al. 2008
o Cu Cr N As
Co-Ni.Zn.As.Pb 36.84 pg+ L' Ni 16
(1 34~99.3~ o CusZn.Cr Pb
7.2~3.9~10 1.5~2 ( 3).
Co-Ni. As As Cr
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Table 2 Correlation analysis of heavy metals in overlying water with physical-chemical parameters
Co Ni Cu Zn As Cr Pb
Co
Ni 0.820** 1
Cu -0.235 -0.084 1
Zn 0.341 -0.008 -0.364 1
As -0.234 -0.673** -0.315 0.559** 1
Cr 0.184 0.426" -0.186 0.050 -0.368 1
Ph 0.171 0.017 0.305 0.279 0.089 -0.108 1
pH -0.586** -0.584** 0.354 -0.317 0.102 -0.242 -0.044
DO -0.276 -0.277 0.162 -0.293 -0.091 -0.202 0.057
T -0.151 -0.386 0.009 -0.222 0.130 -0.327 0.012
Co 1
Ni 0.14 1
Cu 0.32 0.453" 1
Zn 0.238 0.396 0.528** 1
As 0.607** -0.202 0.463" 0.32 1
Cr 0.015 0.200 0.178 0.577** -0.004 1
Pb -0.108 0.193 -0.007 -0.098 -0.071 0.009 1
pH 0.466" 0.438" 0.612** 0.451" 0.345 0.044 0.148
DO -0.046 0.284 0.608* * -0.037 0.057 -0.100 -0.037
T 0.005 -0.242 -0.619%* 0.033 -0.143 0.071 -0.006
* % 0.01 ( ) o ¥ 0.05 ( ) B
3 (pg+L™)

Table 3 Concentration range and mean value of heavy metals in sediment porewater during summer and winter from Aha
Reservoir (pg * L™)

3 1# .

Co Ni Cu Zn As Cr Pb
0.31~15.14 1.98~37.42 0.21~2.81 1.6~11.64 1.36~40.96 0.03~0.86 0.04~2.05
3.79+2.62 7.54+6.14 0.68+0.45 5.08+ 2.06 9.50+ 7.01 0.24+ 0.18 0.24+0.32

0.1~14.5 1.06~19.72 0.12~1.04 3.12~26.81 0.33~55.83 0.09~0.84 0.06~1.55
4.98+3.53 3.96+3.98 0.33+ 0.18 7.31£3.62 8.63+10.20 0.33+0.18 0.33+0.30
1# ik (ng - L)

16 24
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Fig.3 Distribution profile of heavy metals in sediment porewater during summer and winter from the 1# sampling site
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Table 4 Correlation analysis of different heavy metals in sediment porewater of Aha Reservoir
Co Ni Cu Zn As Cr Pb
Co 1
Ni 0.522** 1
Cu 0.083 0.232" 1
Zn 0.203" -0.138 0.193 1
As 0.242" -0.156 0.094 0.194 1
Cr 0.321%* 0.085 0.533** 0.284% * 0.361** 1
Pb 0.05 0.146 0.754** 0.383** 0.228" 0.466* * 1
Co 1
Ni 0.336** 1
Cu 0.173 -0.072 1
Zn 0.108 -0.127 0.610** 1
As 0.319** -0.137 0.203 -0.074 1
Cr 0.175 0.085 0.302" 0.334** 0.193 1
Pb 0.102 -0.188 0.563** 0.462** 0.214 0.303" 1
* % 0.01 ( ) o ¥ 0.05 ( ) o
5 - (pg+em™+a™)

Table 5 Interfacial diffusion fluxes of heavy metals from Aha reservoir and other typical lakes and reservoirs (pg * cm™ *
-1
a

Co Ni Zn As Cu Cr Ph
0.23 0.29 -1.35 2.07 -0.01 -0.01 0.01
0.26 0.10 -1.18 0.93 0.01 0.01 0.02
2.5 6.1 -0.41 0.27 2009
0.17 0.13 -0.03 2009
0.13 2.00 0.07 2009
0.26 0.04 0.10 1999
0.71 0.73 0.49
-0.06~1.05 -0.54~0.44 0.25~1.98 0.29~1.99 -0.09~0.70  Lei et al. 2016
-1.30 -0.76 3.96 -0.19 0.48 2014
0.03 0.002 -0.009 Tang et al. 2015
Lake Hope ( OH USA) -0.0007~0.005 -0.01~0.001 -0.0004~0.05 -0.004~0.02 -0.01~-0.001  0.001~0.01 Lopez et al. 2010
Pb o s cd” D, 6.03x10°cm’ s Co™ D, 5.
2.5 - 72x10° em® « s7' Pb™ D, 7.95%x107° cm® * 57
Fick - H,As0,” D, 9.05x10™ em® + 57
D, - +2 c¢m
o 8 23.5 d
C 25 C D, Cr" D, 594x  C/ox.
10°em® s Cu™ D, 7.14x10°cem® » 87" Zn™ 89.9% 0.956

D, 7.03x10°em® »s™' Ni** D, 6.61x107°

em’ ¢ 5™ Co™ D, 7.32x107° cm’ ¢ s Pb* >
7 -
D, 9.45x10° e¢m” «s' H,AsO,” D, 9.05x ,
10 e -+ <. 12 Lo As.Ni. Co.Pb
an e ' As<Ni
C 15 C D, Cr D, 3.90x107° 14
em”*s' Cu”™ D, 5.88x10° cm’ ¢ s Zn™ . 7n

Dy 6.13x10° em® + s Ni¥* D, 5.81x10° cm’ - Zn”. Cu Cr
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