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Abstract: This peper is the result of environmental geological survry engineering.

[Objective] Baiyangdian Lake (BYD Lake) is the main ecological function area of Xiong'an New Area. In order to provide support
for ecological restoration and protection of BYD Lake, we conducted a comprehensive survey on the environmental quality of the
surface sediments in BYD Lake. [Methods] We collected 484 sets of surface sediment samples from Baiyangdian wetland,
identified the geochemical characteristics of heavy metals in surface sediments of Baiyangdian lake, and used multiple methods such
as geo— accumulation index method and potential ecological risk index method to evaluate the ecological risk of heavy
metals. [Results] The results indicate that the average content of most heavy metal elements in the surface sediments of BYD Lake
is significantly higher than the soil background value in Hebei Province. The entrance of Fuhe river and Baigou river are the main
rich areas of heavy metal elements, rivers are the main sources of heavy metals in the surface sediments of BYD Lake. The
distribution area of clean and pollution—free grade is 144.54 km’, accounting for 96.68% of the total surface sediment distribution
area. The pollution degree of each heavy metal can be ranked as Cd > Cu > Hg > Pb > Zn > Ni > Cr > As. The pollution degree of
Cd is mainly moderate, the pollution degree of Cu is mainly light and clean, and the pollution degrees of other elements are mainly
clean and pollution—free. The potential ecological risk of heavy metals in the surface sediments of BYD Lake is mainly mild and
moderate, and the potential ecological risk level of heavy metals near the river entrance is higher than that of other areas. The
potential ecological risk levels can be ranked as Nanliuzhuang > Shaochedian > Xiaobaiyangdian > Wangjiazhai > Zaozhadian >
Laowangdian > Chiyudian > Fanyudian. [Conclusions] The environmental quality of the surface sediments in BYD Lake is
generally good, with heavy metals exceeding the standard in some areas. The environmental quality of surface sediments in
Baiyangdian is generally good. There are potential ecological risks of heavy metal pollution in Nanliuzhuang and other areas, and

Cd is the main pollution element.

Key words: surface sediments; geochemical characteristics; heavy metal; ecological risk; environmental geological survey
engineering; Xiong'an New Area; Baiyangdian Lake

Highlights: Geo— accumulation index method and potential ecological risk index method were used to evaluate the heavy metal
pollution degree and ecological risk of surface sediments in Baiyangdian Wetland. The analysis of heavy metal geochemical
characteristics combined with principal component analysis revealed that the heavy metal pollution in surface sediments were
mainly from river input.
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Fig.1 Distribution map of surface sediments samples in BYD Lake
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Table 4 Potential ecological risk grade of heavy metals
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Table 5 Characteristics of heavy metals in surface sediments of BYD Lake

GuitIX FEAZL it As Hg Cr Ni Cu Zn cd Pb
H/MA 3.71 0.015 29 18.7 14.4 46.1 0.11 15.5

PN 28.6 0.225 253.5 134.5 255.5 408.5 4.13 486
HPEE 484 “FYE 9.91 0.054 75.46 37.22 37.43 102.43 0.33 28.72
£[X LREDA 9.52 0.049 75 36.2 35.48 93.55 0.25 27.28
brifE 2 2.98 0.029 17.39 11.19 15.67 42.43 0.32 21.62
BRZAK 30.1%  542%  23.0%  30.1%  41.9%  41.4%  96.6%  75.3%

HEETE 83 THME 8.48 0.049 83.54 39.50 39.19 98.25 0.29 30.52
R 66 SFIE 7.97 0.065 65.49 43.55 43.84  100.07 0.33 26.70
XA 53 “FIME 8.99 0.090 88.47 39.65 40.69 17730 0.84 34.37
TR 28 “FIE 11.64 0.047 76.90 35.43 32.77 92.91 0.30 25.34
i EE 38 FYME 10.68 0.049 72.61 32.67 31.29 85.74 0.24 24.92
MURERS 23 EYME 10.91 0.039 58.52 27.48 24.98 75.53 0.25 24.24
12t E 101 FIME 11.51 0.039 66.46 31.45 31.56 80.45 0.21 24.30
INEEETE 66 SEYME 9.75 0.054 84.93 42.28 46.76  108.37 0.28 30.25
2 3] 5 “FHME 6.58 0.050 79.76 35.46 37.11 102.56 0.25 27.76
IR 6 SFIME 11.83 0.098 87.77 41.51 161.43  381.02 1.76 81.61
SRS R) 3 SFIE 5.15 0.105 119.63  94.03 153.63  182.11 0.57 23.78
() BHE 13.60  0.036 68.30 30.80 21.80 78.40 0.094 21.50
4z R Y] 1120  0.065 66.00 26.90 22.60 74.20 0.097 26.00

T AR B E SR A O E DT RIS (F B R4, 1990) s T4 & 4k i me/kg ..
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Table 6 Statistics of heavy metals in surface sediments of main lakes in eastern China
iG] FEAEL As Hg Cr Ni Cu Zn cd Pb SCHR
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SPERT 15 161.51 4853 2552 2883 91.19 321 4526 mEkEEA,2019
9 8443 3514 31.08 9876 030 40.72  VEHUEAE,2020
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4 2 F W —H S Je W 93 0.100  11.00 21.60 3640 250 29.60  Kishe etal., 2003

SRR -€ 34 590 0.170 860  10.10 11.60 40.00 <l 790 Gewurtz etal., 2007
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1 AR 5 Y mg/kg.
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Table 7 Statistics of pollution index and sample numbers of each grade of heavy metal elements
in surface sediments of BYD Lake

ik TR P, FEERREAEL
AME KM P W RS RS Y RS EES R

As 019 1.43 0.50 480 4 0 0 0
Hg 0.0l 0.23 0.05 484 0 0 0 0
Cr 008 0.72 0.22 484 0 0 0 0
Ni  0.10 0.71 0.20 484 0 0 0 0
Cu 014 2.56 0.37 482 1 1 0 0
Zn  0.15 1.36 0.34 481 3 0 0 0
cd 014 5.16 0.42 456 23 4 0 1
Pb  0.06 2.03 0.12 483 0 1 0 0
Zitr 021 5.16 0.62 449 28 6 0 1

DI P8 3k & R, o R 2 DU 4 A BT AR Y
3.22% ;R | Hp RS R B S Y XA A A R X —
M ARG 0.15 kn?, (5 HER 0.10%.

4.3 BEEETTEEETM

HRE A2 (D TR PR TE R i 2R Z DU AE o
&4 JE L BRI, 5 E AR T R H RER B
AN)G JeAR BE SF R AT IR 8 IR .

W5 X 484 21 3% )2 TR W FE & b As . Cr N,
Zn.Pb.Hg % 6 Fioc Z b REURHCFHE/ N T 0,75
PR ER LIS LG o . Cun R H B RS
B AR TG —1.18~2.97, - YME 0.12, 15 YL 7 s 45
S LARRFE RN 1 o0 3, A 2 AR TS YRR B
L, CdItZ b BRFE B i Y5 Fl h —0.36~4.87,
SEEMEA 0.95, 15 YRR BE S L) rp BE R R R
B A9 HFE ST YRR B ARG T R UL b A5 A
Ja& 15 Y R B ™ B B T O . Cd > Cu > Hg >
Pb>Z7Zn>Ni>Cr> As,

AP T U T i 4543 X HE SR B (T 4) 7 X1
DO ) 45 i ¥ e B e ol ™ i, Cd TG 3R 5 e e
JE N Hg  Cu.Zn  Pb PUFN TR AR TG YL 5 b2
HyEWIX (1) HK,Hg Cu.Cd =Fh ot & NS
Yu s OB X (D) RVNE R D, ¥4
Cu.CAW I 48 TR AT Yy s HA X A Cd
TR NG,

4.4 BELEBEESKEER

A (2) F1(3) T34 H 4 B TR i dbbr
WA SIS TR 5L B S i A e AR S XU R BRI,
GATEERINFR 9 PR . WFSRIX 484 4 RIZ DI

il 1 As Cr Ni Fl Zn 3876 KU 68 5035 /N T 40, I AIG
JEAE SRS S, Cu Fl P VA AR 25 XU 48 B
5390 8.59 F16.68 , LIMIREE XU A5 9¢ =, 444 —4H
FE A 25 XU A8 RO T 40, 43 510 A v 38 R0 6 5 XU
9, Heg WA X8 E0E A 16.56~250.00,
FEFEAR B 28 7™ 5 T A 25 UG, AR B A e B2
T, A REAS Y 24.8% 11 59.3% , A5 8 ZHAE
FEAE = B AE KUK o Cd W7 A 25 KU 48 50 Lk
35.11~1316.49 , 77 FEAR B 28 7™ o v 6 AR S XU, DA
RSN R 32, 7 LA 50.2%F1 36.8% , £1 54
ZH R AT AR P E VAR A S NG

SRE K, AT RIZ DR 4 4R e e
TRAE A KU UGB 32, Cd e B AR S KU
HWK R Hg TR, BAA8 AR 1 76 A4 25 WU b s 2K HE
J¥ 4 :Cd>Hg>Cu>As>Pb>Ni>Cr>Zn, %
W45 51 5 JH e 25 (2020 ) 1E 28357 IX A 1+ 98 4>
JETEAEAE S KBS PR 25 SR AR — 3

PV T W0l 2% 2 DO R R 1 A 2 A AU 25
A 8 B0 R4y A6 1 il 9 70.06~1596.91, - 34 {1 Ky
197.49, AFFEAREE 2/ B IGFE A SR o 224
PAERITA: LB PRIV S ) I R g =Ry € YA BN A 2 3 M P
KI(ES) ., AR ZTBYES BB ESES
JRUBSE A HH B FIATG 8 o 3=, o ™ o KU X 2 AL
Ao HRE RS X A3 AR AR K, 4 97.43 km?, (82
TUR) 2310 S TR 65.2% (I B2 IXURS: X 437 T AR
W, M 4514 km?, (5 H30.2% 5 5188 XU (X350 A
TR X7 BRI Sk DL B e ZE v I )=y
HIIX, S0 A T AR 6.65km?, 5 HE 4.5% ; 7 5 RU: X AN 43
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Fig.3 Comprehensive grade of environmental geochemistry of surface sediments in BYD Lake
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Fig.4 Geoaccumulation index of heavy metal elements in
surface sediments of each subregion
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4.5 BELREITHKIEMEN

RIZVORYE 4R v RERIE FHEA H 2R KL
™ UEEEAE,2018) , AT AR IR T-32 15 Ll A 65
IK B T AN TG K HERCSE , R rT REAFAE 2 PR
R, X HPETE IR R VO 4R & b T
Pearson AH /08T (32 10) , M M2 )2 TR v Hg |
Cr.Ni,Cu.Zn.Cd 5 6 7T 2 P W 2 [H] 251 S A dnb 3
FIZE(P<0.01) , eI 6 F e 2 HA A1 R S L)
i, Pb 5 AL E 4 8 T RAH XML, 5 Zn T
FE MW B FEME, 5 NI .Cu.Cd B FEMHK, AsTC
R 5 HABITT R A MR, 5 Cu.Cd A i 3 A0
X, 5N A,

F RS TR — R T IR R 2 A
BY I E (IS, 2015) , AVEIERZDIRY 8
Pl 42 8 JU 2 N T R (B 6a) , BT PUAS 3%
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55— o F1RRF(E (3.48) 3% = T Hofth 3=
RO, 7 22 TTRR RN 44% , HoRR SR B AR

http:/geochina.cgs.gov.cn H1[EHBJFT, 2022, 49(3)



988 i [

b J 2022 4

*8 BiFRRENRYMRRIEH S Rt

Table 8 Classification statistics of geoaccumulation index of surface sediment in BYD Lake

o i SRR REE RS
BME WOKE S CPIME W RE WPEOPE WEE OEE WEE
As 246 049 -1.10 481 3 0 0 0 0 0
Hg  -186 206  -0.18 304 156 23 1 0 0 0
Cr -1.82 131 -047 477 5 0 0 0 0
Ni -130 154 -0.36 444 36 4 0 0 0 0
Cu  -L18 297 0.2 184 287 11 2 0 0 0
Zn  -135 180  -0.28 398 74 12 0 0 0 0
cd  -036 487 095 36 261 138 35 13 1 0
Pb -106 391 -0.24 393 90 0 0 1 0 0

®9 BFERRENMRYESETRBEESNRIEH S Rit

Table 9 Statistics of potential ecological risk index of heavy metal elements in surface sediments of BYD Lake

T TBAE A A R R A # ISR AR
BoMiE ROKE CPIE TR T HE FeE
As 272 21.03 7.29 484 0 0 0
Hg  16.56 250.00 59.44 120 287 69 8
Cr 085 7.42 2.21 484 0 0
NI 3.04 21.83 6.04 484 0 0
Pla 330 58.60 8.59 483 1 0
Zn 059 5.21 1.31 484 0 0
cd 3511 131649 106.29 9 243 178 54
Pb  3.60 113.02 6.68 483 0 1 0
RI 7006 159691  197.84 171 260 40 13

R0 AFERENFAMESRSEMAXME

Table 10 Correlation of heavy metal content in surface sediments of BYD Lake

HER As Hg Cr Ni Cu Zn Cd Pb
As 1
Hg 0.052 1
Cr -0.037 0.360" 1
Ni 0.154' 0.339" 0.696" 1
Cu 0.189" 0.509" 0.573" 0.794" 1
Zn 0.135 0.625" 0.560" 0.612" 0.680" 1
cd 0.186™ 0.640" 0.349" 0.304" 0.460" 0.798" 1
Pb 0.017 0.099 0.087 0.153' 0.168' 0.418" 0.142' 1

T ##2R P<0.01, WA #3278 P < 0.05, 0 B,

Zn.Cu Hg Ni .Cd.Cr A K& IEZAT (El 6b),
FARE Pb HR, As B far il . RS HAeJRILR
SPARHIE, bR 6 Pl A s L R F R AR XY
SRNFRL A 5 R AGE D, B 2 18]35 Ak
ARG, DRI A — 32 AR R AT A

KA RIS IR AR T D5 TR 9 Tl K AR
IR B QR IR Fate ol Rl b ol e o7 A E i N L
U, A5 T X I DX PG A R E 5 A 5 T U R
P H B HTRAE L Tl IXCHEK , B AL R AR, 1R
BE AR TE W DX ZR AL B A AR ME A F PR TE . AT
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Fig.5 Potential ecological risk levels of heavy metals in surface sediments of BYD Lake
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Fig.6 Principal component analysis of heavy metal elements in surface sediments of BYD Lake
a—Gravel figure ; b—Principal component diagram F1—F3;c—Principal component diagram F1—-F4
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AR 144.54 km?, (55040 SA TR 96.68% o

Q) EES BB YREE MR, ARt
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YRR R AR DA B AR R R 2, Cu e RIS YR
GGV BN 32 AT R LIE S T ol
&, 75 YRR il B HEF O Cd > Cu>Hg > Pb>
Zn>Ni>Cr> As, EA T s , AJER A
R ETE AR R BRI

(3) AR 2 2 DT & 4 B I e A B
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