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Tab. 1

The global maximum background values (c,") and toxic factors (7,') of heavy metal elements

[10]

Cr Cu Zn Pb Cd As Hg
Cni(XIO’é) 60.00 30.00 80.00 25.00 0.50 15.00 0.25
Tri 2.00 5.00 1.00 5.00 30.00 10.00 40.00
, , Hg
(GB15618 -1995) [12] :
P = Ci/S; (D ,
L P ; G 1 Hg 0.03 mg/kg ,
(mg/kg); S; ; Cr ,  56.15 mg/kg,
(mg/kg), P;i<1 ; 1<P<2 ; ,
2<Pi<3 ; P>3 , P; , 62.43 mg/kg ; Cu
Zn Pb Cd As Hg
1.2.3 (N. L. Nemerow) ’ ’
[10, 13] : Cr
Py = [M () ’ ’ e
2 s
 Pint 3 Pimax ,Cu Zn
P Pb Cd As ,
R Hg s Cr
Cd As , 24
2 , Cd As
, Cu s 11 ,Cr Zn Pb
2 HHSRIHHEEOE , 3 2 1 .Hg

Tab. 2 The classification standards for the evaluation of
soil pollution!"*'7!

P
P<0.7
0.7<P<1
1<P<2 >
2<P<3
P>3

2 BELRBILENME
21 EFT=ZAMNERELIEETLEAETIH
(

2), surfer

Hg R

E)

22 HAZAMNERELZEREERERLAR
NFELELE
3
224 3 )
Ct Cu Zn Pb Cd As
Hg 0 46.7~97.0 10.0~42.8
34.1~102.6 13.4~39.2 0.08~0.28 5.9~21.9 0.004~
0.145 mg/kg, Cr Cu
Zn Pb Cd As Hg :45.9~
75.8 8.2~33.2 30.5~84.56 13.8~24.7 0.07~0.19
5.1~15.3 0.003~0.062 mg/kg,

[19]

Marine Sciences / Vol. 40, No. 2 /2016 67



38°00'14"N

37°39'03" -

38°00'14"N

37°39'03"

38°00'14"N

37°39'03" |

38°00'14"N

37°39'03"

68

WRIRE REPORTS

44
40
36
32
28
24
20
16
12

T18%3511” T19°0257"E

7 mg/kg
§ 100

119°02'57"E

119°02'57E

AL mg/kg

7 mg/kg
#

119°0257"E

7 mg/kg

e

118°35'11"

119°02'57"E

2

N\

</

118"3.5’11" 119°0I2’57"E

el - PR e — SRR
TUREv (L, FREWE L — bt

A B

i X 2

[18]

Fig.2 The distribution of heavy metal elements in the Yellow River Deltal'®]

/2016 /

40 /2




e IRkE REPOATS

®3 BAZANRELIRRIEETAYIEERTENEE(me/ke) RE M X

Tab.3 The content of heavy metal elements in the Yellow River Delta and other region

( ) Cr Cu Zn Pb Cd As Hg
. 63 19.9 58.3 19.4 0.14 10.5 0.022
Ssjzav 2006=2007" 467 97)  (10~42.8) (34.1~102.6) (13.4~39.2) (0.08~0.28) (5.9~21.9) (0.004~0.145)
59.5 15.9 48.7 18.1 0.11 8.9 0.015
Qhav 2007~2008 (45.9~75.8) (8.2~33.2) (30.5~84.6) (13.8~24.7) (0.07~0.19) (5.1~15.3) (0.003~0.062)
91 2008 38.7 10.5 3443 7.7 0.98 — —
211 2004~2005 20 18.6 32 13.3 0.13 9 0.045
22 2007 57.1 13.3 59.4 20.2 0.081 13.1 0.053
31 9001~2003  33.6 27.7 112 22.1 — — —
24 2003~2005  81.1 38.6 100.7 44 0.2 22.9 0.17
. 1998 76 42 138 67 — 14 —
pe  1994~1995 — 94 168 92 0.62 — —
. 1995 90 35 100 35 0.2 15 0.15
201 1991 61 22.6 74.2 26
(27] 2007 11.6 52.7 25.2 0.22 13.3 0.07
(28] 2008 146.2 13.01 68.72 22.21 0.116
(29 1998 57.9 34 108 24.1 0.25 6.58 0.061
: Ssjzav“gl R Qhav“gl
[12]
, R Cr Cd
S 28 R Cu ,As Hg Zn Pb
1 ; [23] ,
, Cr ,Cu Pb
s /n ; (241
, 87%, , Cu Pb Zn
25]
[19] 2008 [26]
. ) 27
(20] , Cr Cd As , , Cu ,
Cu Zn Pb Hg , Cd , ;
As ,Cu Zn Pb Hg Cr ; (28] , Cu S
2004~2005 21] : [29] , Cr As
, Cr Cu Pb Zn Cd As s
b H 9 ! — ~ =3 -
o g b g c og 23 EAZANRELEARRYGEL
s - XX SS P
As Hg ,
2.3.1
[22] 2
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, 245.71 km’ 799.69 km?,
, , , 8.18%,
, 1984
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| ’ , 331 2
, Cr Pb Hg Zn
2001 5381 , 2005 6505 , Cu Cd As
134.8 , , ) ,
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Hg Cr Cd As Cu Zn
’ [34-36]
40 , ,
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; 3R ANE SR TR R
’ F4

s 63 },l.m
’ B 3.0 BAZAMNESBLENTRERIN
( , ,
)9 s . /n
, 20%, Cu Cd
25%,
: , 4
Cr,
5 1.05,
R 0.99, Pb Zn

) As Cu Cd Hg,
, 0.78 0.73 0.7 0.66 027  0.09,
, 0.72 0.61 0.59
0.53 0.22 0.06

s : Cr>Pb>Zn>As>Cu>Cd>Hg,
[39]

®4 EIZANRELIBEREETRYTELRETEN S E(me/keg) RETHREBH"

Tab.4 The content (x107°%) and accumulation ratios of heavy metal elements in surface soil and sedimen

Cr Cu Zn Pb Cd As Hg

18l

96.97 1.62 42.76 1.43 102.63 128 39.15 1.57 0.28 0.55 21.89 146 0.14 0.58
46.73 0.78 10.01 033 34.07 043 1344 054 0.08 0.16 590 0.39 0.00 0.01
63.00 1.05 19.93 0.66 5829 0.73 1939 0.78 0.14 027 1047 0.70 0.02 0.09
10.15 0.17 7.01 023 1592 020 392 0.16 0.04 008 348 023 0.02 0.07

0.16 0.16 035 035 027 027 020 020 030 030 033 033 074 074
75777 126 33.18 1.11 8459 1.06 2472 099 0.19 038 1531 1.02 0.06 0.25
45.89 0.76 817 027 3052 0.38 1383 055 0.07 0.14 511 034 0.00 0.01
59.49 0.99 1593 053 4875 0.61 18.09 0.72 0.11 022 891 0.59 0.01 0.06

8.09 0.13 732 024 1649 0.21 3.03 0.12 0.03 0.06 281 0.19 0.01 0.05

0.14 0.14 046 046 034 034 0.17 0.17 029 029 032 032 09 090

32 BREASAERN

Cd>As>Pb>Hg>
Cu>Cr>Zn,
Cd>As>Pb>Cu>Hg>Cr>Zn, RI E/
) 5 RI E/ ,

Marine Sciences / Vol. 40, No. 2 /2016 71



e IRkE REPOATS

RI 80 :
RI 16.93~70.68, 28.75, Si 2
RI  16.67~37.22, 23.66, ;
RI RI 6 7
E/ 30, 10
’ £ %0, , 209
RI 150 , ’
Cr 98.56% Cu 94.74% Zn 99.04%
’ Pb99.52% Cd88.52% As88.52% Hg 100%;
3.3 FRREFREASRETF RN 0.45, 1.24,
, , 0.63, 27.67%,
GB15618-
1995 (21, ( 6 :
: : 0.7,
He 0.11,

x5 ET-ANRELIBERESENNYPELRAENBELESRERBEMBFIERRD

Tab.S5 The potential ecological risk factors (E,i) and risk indices (R]) of heavy metal elements in the Yellow River Delta

E;
Cr Cu Zn Pb Cd As Hg R’
3.23 7.13 1.28 7.83 16.62 14.59 23.15 70.68
1.56 1.67 0.43 2.69 4.70 3.93 0.56 16.93
2.10 3.32 0.73 3.88 8.20 6.98 3.54 28.75
0.34 1.17 0.20 0.78 2.49 2.32 2.62 8.51
0.16 0.35 0.27 0.20 0.30 0.33 0.74 0.30
2.53 5.53 1.06 4.94 11.30 10.20 9.86 37.22
1.53 1.36 0.38 2.77 4.28 3.41 0.49 16.67
1.98 2.65 0.61 3.62 6.53 5.94 2.32 23.66
0.27 1.22 0.21 0.61 1.87 1.87 2.10 7.09
0.14 0.46 0.34 0.17 0.29 0.32 0.90 0.30
k6 t=AMTERERETZESEESFEHS TN
Tab. 6 The descriptive statistics of the heavy metal pollution index in the upper delta plain
Pi<l1 Pi>1
(%)
Pc; 194 1.08 0.52 0.70 0.11 16.11 206 98.56 3 1.44
Pcy 194 1.22 0.29 0.57 0.20 35.19 198 94.74 11 5.26
Pz, 194 1.03 0.34 0.58 0.16 27.32 207 99.04 2 0.96
Ppy, 194 1.12 0.38 0.55 0.11 20.24 208 99.52 1 0.48
Pcy 194 1.39 0.39 0.68 0.21 30.34 185 88.52 24 11.48
Pas 194 1.46 0.39 0.70 0.23 33.21 185 88.52 24 11.48
Py, 194 0.72 0.02 0.11 0.08 74.10 209 100.00 0 0.00
Pine 194 1.24 0.45 0.63 0.18 27.67 193 92.34 16 7.66
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x7 REBEHRETBVESRSRERRITSN

Tab.7 The descriptive statistics of the heavy metal pollution index in the shallow sea

Pi<l1 Pi>1
(%)
Pe, 25 0.84 0.51 0.66 0.09 13.60 25 100.00 0.00 0.00
Pcy 25 0.95 0.23 0.46 0.21 45.99 25 100.00 0.00 0.00
Py, 25 0.85 0.31 0.49 0.16 33.82 25 100.00 0.00 0.00
Ppy 25 0.71 0.40 0.52 0.09 16.73 25 100.00 0.00 0.00
Pcy 25 0.94 0.36 0.54 0.16 28.62 25 100.00 0.00 0.00
P 25 1.02 0.34 0.59 0.19 31.51 24 96.00 1.00 4.00
Py, 25 0.31 0.02 0.07 0.07 90.22 25 100.00 0.00 0.00
Pine 25 0.90 0.46 0.60 0.12 20.27 25 100.00 0.00 0.00
0.63, 1, 4 Ep
As Cd, (1)
11.5% , ,
95%,
s Hg, 100%, ()
: Cr>Pb>Zn>As>Cu>Cd>Hg,
25 ,
As
96%, 3)
100%, Cd >As>Pb>Hg>Cu>Cr>Zn,
0.46, 0.9, 0.6, Cd>As>Pb>Cu>Hg>Cr>Zn,
20.27%, , RI E/ RI
E/ ,
7 E/ 40, RI
0.7, 150 ,
Hg, 0.07, ,
0.6, , 4)
, 1,
, As , ,
l’ )
1, , Q)
As Cd,
, 11.5% ,
As
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Abstract: The research focuses on the distribution of heavy metal elements in surface soil and sediments. Total 219
surface soil samples, including 25 samples of shallow coastal wetlands, were sampled. The content of heavy metal
elements in these samples were tested using modern techniques. The potential ecological risk index (RI), sin-
gle-factor pollution index, and Nemerow index were used, which reflects Cr > Pb > Zn > As > Cu > Cd > Hg. Be-
cause the sea water washes the shallow coastal wetlands, their samples have a lower content of heavy metal ele-
ments. The greatest threat of heavy metal pollution in the upper delta plain is from As and Cd, and 88.5% of soils
achieved the soil environmental standard of National First Grade. Further, the greatest threat of heavy metal pollu-
tion in the shallow coastal wetlands is from As, and 96% of soils achieved the soil environmental standard of Na-
tional First Grade. A deeper analysis of potential pollution disclosed that RI, single-factor pollution index, and Ne-
merow index are too low. They do not reach the lowest pollution standard, implying that the soils in the Yellow

River Delta are in good environmental condition.
(A% #: R 3k)
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