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Speciation and. Risk of Heavy Metals in Surface Sedlments of leferent Types of Water
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Bodies in Balyangdlan Lake ' /| / /74 - g &
XU Mengya' 2, ZHANG Chao” , SHAN Bao- ging’ LIU Ca®” *,- ; = &
(1. College 'of Enuronment Llaomng University, Shen\ang 110036 Chma 2 State Key Laboratory” of Effvnonmenlal A(‘{uatlc Chemistry, Research” Center for Eco-
Enyirerimental Sciences, Chmese Academy of Sciences, Beﬁmg 100085 "lChma 3. University of Chinese Academv of Sciences, Beijing 100049, China; 4. Chinese Resealch
Acadew of EnvnonmemalSuencea Beijing 100012, ! China) :

Abstract The morphofoglcal characteristics of Cd, Cr, CuyNi, Pb, “and 7 mse‘dﬁmenls were analyzed using an improved BCR extraction method in four water types of
Balyangdlan Lake, watercougse, trench, lake surface, and fish pond. The polenual ecological risk index, secondary and primary phases, and risk assessment codes were used
to systemat.ically assess the pollution level and ecological risk of heavy metals in surface sediments. The results showed that; (D) the mean contents of heavy metals Cd, Cu, and
Zn in the sediments were 0.37, 28.49, and 83.08 mg-kg ™", respectively, 94.91%, 73.91%, and 46.39% of which exceeded the soil background value. @) Cd was
dominated hy the non-residual fraction (F1 +F2 +F3) with a fraction ranging from 54% to 97%, whereas Cr was dominated by the residual fraction (F4) with a mass fraction
ranging from 87% to 99%. Cu, Ni, Ph, and Zn were mainly in the fraction of residual fraction. In the non-residual fraction, Cu and Ni were mainly in the oxidizable fraction
(F3) state, whereas Pb and Zn were mainly in the reducible fraction (F2) state. () The RAC risk assessment results showed that there were 68.97%, 39.89%, 54. 84%,
and 49. 78% points in channel, trench, open water, and fish pond samples, respectively, of Cd at high risk. The Cu, Ni, and Pb were at low risk. In general, the overall
heavy metal pollution level in Baiyangdian Lake was low, but Cd had ecological risk and high bioavailability in the Fuhe River of the Nanliuzhuang area and the Baigouyin
River.

Key words: Baiyangdian Lake; sediment; heavy metals; chemical speciation; bioavailability
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Fig. 1 Sampling sites of the sediments in Baiyangdian Lake

ORI i S 56 3 By

TORAY) 4 T ot R FH i T2 -k 1 - S SR
TR EC " PRI IS A UTRIRE S 0. 2 g OREH
Z%0.000 1 g) , A 12 mL E/KA1 4 mL SR, 175
i FE T8 AT e B, 425 RN AR T A (AR
5907511, ) G B A IR B EAT I M. L
THEEmR B R A IR VA 2 150°C , ) M 4 oA
1 ~2 VR AR, 2T AR WA A 8 R K/ INED Ay
REEWR. Z )54 0.45 wm WIE IR U8 2 5048, i
A 4CURFE N A5 .

H 48 WA IE A D E - FRH0. 500 0 g (H B ]
0.000 1 g) VLRI b, R FHECHE Y BCR =204 B
%158 4 MIRAF LA (] 22 4 28 SOk IR R 45 5 48
Fl ., B A &8 F2 . AW KR &5 &4
F3 RIBRAEZS F4) 1 BT B R HUIBHE & 5 1k
& 56 i 1L 1ICP-OES ( OPTIMA 2000 DV, Perkin
Elmer, USA) %"’ ; Cd. Cr, Cu. Ni, Pb #l Zn JC
R TR G 55 B R BT AL ICP-MS (7500 a,

1.3



4534 T

L 43 %

L
&

Agilent, USA ) 1l 52 ") . 5156 7 FH 24 i 25 0y 1 G 4.
R T RIE S G 5 A SR S R FH DU b
HEPI BT (GBWO7427 ) FlEE 43 Ja i3 42 O 25475 1)
T (GBWO7436) , S5 TE A IR I FE 85% ~ 120% 2
6] K BCR $2HUH) 4 FhE & RIE A& 2 fl 5 U0
YirhE 4 s S A L, LTSGR TE 80% ~ 130%, %5
PR RSP 47 A% A 25 435 B T 2 4 o1 A0 o o AR IF Y
ER.
1.4 EEEGRITFN L
1.4.1 FHERH

BERE(EF) H TN TR 48 75
Ye B R 2 HOR IR AR SCH Fe 7R MR EfL T
FCRAAC A 1 £ SHE M SHE, AR
mr.

EF = [C./Fe] /[ C./Fe], (1)

K, [C/Fe]  AUTBEYITESR i SUTRYT Fe
ARG [ C/Fe], FIREIIZBIRICHTLE
15 Fe #FBHEMILLAL. 4 BF {8 <1.5 I, %01 4R

I%iﬁﬁﬂ?ﬂ:i’@nﬂﬁﬁ@é’]ﬁﬁkﬂﬂ: SR > 1.5
U“J?Ajﬂﬁ/\}%i%ﬂéﬂ?jﬂ}\jﬁ%u\ g J : r
1.4/2 VG| JE M A (RSP f"

TR AH 5 I? E I H B 35 ( ration€ of seconda,ry
phase and primary .phase RSP) Eﬁﬂ:iﬁﬁ ﬁ}\?ﬁﬁ/
ﬁ%#ﬂ EEJTE?E E%EV ) — ﬁ“ﬂ:‘fﬁﬁ{{m Ny

iﬁj{l;; "\l g ‘ / A _--""__,.-*‘

" RSP = M_/M .

sec

i = 2"')
A, RSP RS YRR, M DU R 4 e vk AR AR
(F1+F2 + F3) 2GS &7, M, WITRY &4
JE B AR (F4) FRIE S A . IR AR AR B A A HU AR
B E R 1.

F1 RERSEEAELELS RIFA

Table 1  Rations of secondary phase and primary
phase grading standards
BEGYE RS

1 <RSP<2 2<RSP<3

W5 isy
XA  0<RSP<1

£ SEES
RSP >3

1.5 HEEABXEIHN I
L5.1 IR EA S KSR

ToAE A 25 XU 48 2032 ( comprehensive potential
ecological risk index, RI) j&3& T 4 )@ SC(E 5 75
SAE B E &R B RBP4 E %
JEA A E SR BENE | T DX 4 R 7 Y U
JERIX IR SRl 2 5 2 AR F.

PN G RIS TEAE SR E(E,) -

E =T x (C/C) (3)
A

[, O ONBFFRI P E SR  FREE, C,

B IS SE, T RESE | AEEEME. G, Niy Cu,
Zn ., Cd F1 Pb MBEME(E 5 2. 5.5, 1, 30 5.
LSRG AT RS FEEL(RI) .

ZE (4)
A, RI ﬁm%ﬂ%qﬂ%/\i J& E. B, 4

LA VETE S AU 5 5 R I 70 A 25 XU 25 2% I,
2.

R2 BEESREERS RiRE

Table 2 Potential ecological risk assessment index grading standards

B PR E A S AR R A LROVB AR A S R 4 L
J5 {E 1X. 1] AU g 15 {5 1X ] A e
E} <40 A RI <150 IS
40<E' <80 XK 150 <RI <300 oE
80<E. <160 RS 300 <RI <600 [
160<E' <320 SR XU RI=600 AR
El =320 AR g :
1.5.2 ﬂﬁ@lﬁ‘r’?ﬁﬁ%/j&‘(ﬁAC)

[ 1¥4ﬁéﬁﬁ%1§i(ﬂlsk assessment/ cod,e' RAC)
*ETE@&T%ERKTM g-gﬁﬁxﬁéﬁ I:Efﬂﬁléﬂ:ﬁ\ﬁﬁ_%’ﬁ
AR Y.

¢ CFI
’ ‘CFI + Cﬁq +Cp + Cpy) :
2, RAC DU Pl 2 KSR 2 € i vl
s A (k) 3 G 0 7T I LS 1
(mg-kg™"); Cu WAL T B (mg-kg™ ) ; Cu M
BRI & (mg-kg ™) A SFLILE 3.

F3 R R ES R E

Table 3  Risk assessment code grading standards

RAC & | 1007% ('5,)'-#"

L AWyl ) SRV S Gkl 4
RAC < 1% A TR
1% <RAC <10% fi% RS
11% <RAC <30% g T A5 XU
31% <RAC <50% =) e S RUR:
RAC >50% e 1 W e AU

1.5.3 #MHIT(TU)

FEPERATIT (toxic units, TU) 22T & 1) 4 @ &
- 5 Al BESE 1 7K S ( probable effect level , PEL) 4 [t
fHZ A, TR DO Y h B & W A 2 5
PEP AR

> TU = ﬁicz/caL (6)
ﬁ¢(7ﬁE£EmAicwﬁE$EWML
{H.Cd. Cr, Cu. Ni. Pb fll Zn [ PEL {35 M 4.2 |

160.4 . 108.2 . 42. 8 112.2 Fl1271.
1.5.4 YA SEEIRE(BMI)
FEF BCR 4330 B0 1 R mT $ BOGHS 2 e 7l



9 19 VPRTEAR . VRV IR R PR 2 U T 1 A7 75 B XU 4535
R REY TR R AR RAR . (). 6 i) IT R S BI04 0.37 (Cd)

( bioavailable metal index, BMI) F T ¥45 £ 2T
4R R A R AR AR
BMI = J/T,/Tyg X =+ X T/ Ty X ==+ x T,/ T
(7)
K, TN ESHEE @ WAEY A BORE  TEAD
FEH AW A RO BE ST BCR 0 b iy FLA,
Ty HHER LAY 3 5 E (N IT R F1 SR
/ME).
1.6 Hdusbr
RS (6 B ArcGIS 10. 3 HI/E XA K, R H
Origin 2018 il V1 &4 73 A7 11 3¢, B Ge i3 B F1 ]
Excel 2019 F1 IBM SPSS Statistics 26 5¢ ..

2 HREWE

2.1 %FﬁF%EAEﬁiéﬂAﬁiﬁ .
(PSR R T R A R ) B
SRR 2 g @@mﬁn%éi%%%

)w.-?afr i

vﬁ% o(Cdymgkg™"
&7 Eiton

0.41
0.60
0.78
0.95
1.38

w{Cu)"m;, kg™
13.07
B 1753
2' gﬂtﬂ"i:f{ﬁ)

";8 68
?3 62

[ ®  w(Pb)mgke™!
0 1292
- Ll 17.46
L 21509 JHE)
27.73
34.39
45.63
0 8 km
| I

58.31(Cr) . 28.49(Cu) . 29.40(Ni) . 22. 14(Pb) Fl
83.08 mg-kg ' (Zn).
w(Cd) A2 ALTE M 0. 08 ~1.39 mg-kg ™', Fr
DUFE S A 94.90% B VLY R i + e 5o (H &
i IS T 508 3. 94 f%; Cu. Pb Fl Zn B9
FEE MR SER 1,31, 1.03 11,05 1%, %
A PR 2 SR TR R BE A R T5 975 G RITNG 3
HABH O RE NEERESES M LK
FHZS R 22 R, B T 0, BEARTE , mXEM
PRAEVE R XS R T X 2 AL S R AR
FIFFAE. Cd A Cu 7 4 FlRRTUE Y h & 2K
Wy . KB > VET > 103 > fallE; o (Ph) (45.63
mg-kg ") Al w(Zn) (223.90 mg-kg ™' )Eﬁﬂiﬁ_’(ﬁﬂﬁ
ML T KA. SRR, FETE A ﬁﬁﬁbﬁﬁm
%ﬁA@aéﬁﬁ%ﬁﬁnizﬂﬁﬂ%ﬁﬂﬁ

Aﬁﬁiﬁ?ﬁmﬁEﬁﬁzﬁgﬁlﬁ
%ﬁixﬁﬂﬁﬁ&ﬁkﬁﬁw oL i@

Y

R

®(Cr)/mg-kg™!

[ 13368

[ 2980

L GBI0(FFEHIL)
72.88
77.99
83.74

o(Niymg-kg ™"
s [N 1895
: - 2501
9  30.80(¥ )
40.81
53.93
9576

® w(Zn)mgke™!
| 48.15
s ~—= 6057
3 Y | T8A(TFEHID)
101.60
188.04
22390

2 B¥RRENRYESLE CA, Cr, Cu, Ni, Pb 1 Zn EEH T
Fig. 2 Spatial distribution of heavy metals Cd, Cr, Cu, Ni, Pb, and Zn in surface sediments of Baiyangdian Lake



4536 w 1%

B 43 %

BRI Tl g A S T B S
2.2 RIZVIBYE SRR R FEE

DU E & B WAL S A EER T ESEIT
RWMEBE ), LR T ESENEBELEY S
PR RIVRE 25 A7 I A5 38 0, 21 ) 35 1k AT A% Bk
T HRRAR. AR SCR FHEGERY BCR 250X ¥ TE
RIZVIRY RS R HT 0 DR SR SR E
3 BN, Cd AAEFREZS (F1 + F2 + F3) b 3, fr 5 i
T RON B 0 E 3 01 85% F10. 33 mg-kg ™.
TR SFERRE S5 14 N 25 5 B, 217 2 %k B 45 1
JEMGAE B BEED U Cd FEFREE ] BE A S
FEHCSTEREE. Cr, Cu, Ni, Pb Fll Zn BRIEAS (F4) &
B, RSB ETE 73% ~ 96% , 7% it 45 B

AAAEJFAT YA AL RERRER 0 1) b A oh , — B
IHELURRL , HoT A% BE 1 A0 A 0 ot sk N
K Cr, Cu., Ni, Pb Fl Zn XFFREE = 5 E /N,

Cd JEFRE A T 7 B B R 54% ~ 97 % , £ %
PLF2 &0 3 75 4 FpoK AR BT & a5 40T 1
{59 41% (JKIB) | 51% (1) . 44% (TETH)
F124% (a3 ). Cd 5% 2 0 & 7 BOeAIL, 43 51
11% (W) <12% (/KiB) <16% (FEMH) <25%
(fd) . Cd yARFRIE A 0 80m T okl &, &
Cd 7E/KIE | B E A FR e 45y LR, A9
AR FPE R RS BE S5k, 25 5 X 7K AR AR W 7= A B
YER.

Cu. Ni, Pb fll Zn EELIFRIES (F4) fE1E, &

ENF4 EEF BEF2 BN F]

100
80
£
=
g 40 -
20 F
0
b i beap: 3 JEH fa il
100
(c)
80
| I !
=2 20
4]
ji=]
=3
§ |
b e T
100
80 F
£ ol
= 60
&
=
B 40
20 !
0 |
b Vil [T

100
—lﬂ’)l .

J Ak 4y %

p

Jo Ak 53 v

I Ak 53 8%

(a)Cd, (b)Cr, (¢)Cu, (d)Ni, (e)Pb, (f)Zn
B3 BFERRKERRYESEREST

Fig. 3 Speciation distribution of heavy metals in surface sediments of different regions in Baiyangdian Lake



9 1

VPETESE . I PRTEA R 2B AR 2 TR 6 B AR 25 B XU

4537

TP IK 27,92, 27.24 1209 1 64.76 mg-kg ™",
T B N 73% ~86% . Horh, Cu JEFR A A&
FEUL F3 BN E, 0BG 5350 13% (KIE) |
17% ({5 | 12% (JET ) F1 5% (fdE). F3 4565
R A LT, — B A R S LR EE T A RE
BRI R A R Mg YL T Ph DL F2 AN
F, KNI 20% (JKIB) > 19% (IHIF) > 18%
(fay%) >16% (VEM ) , F2 R A 4638,
ST I LA AL ) 8 K AR SR ST 3k 5 5 T 2
14 T 4 T SR SR, R AR T RS AT R okt
P/ NI IR/ SCE

Cr LIS (F4) S 3, & AT i o0 8500 F 4
%14 40. 93 ~97.30 mg-kg ™' Fl 87% ~ 99% , H/K &
IG5 50 96% (IKIB) . 95% (IH¥5) . 97%
(TET) 1 97% (a3 ) . LA F4 SAETE R 4 8 M
EHFE AT R I R A ORI A=
PRI o

KA 11 9 B R XA, TR 5
i kiR R S %Oy L R E &R sz Al
A RN T3 A AR i A B e, e

IR g 3 A e

T 160
140
120
100

SRRSO AN
2.3 VIR SRS YU T
2.3.1 WEE SRR

WA 4(a) BRI IER R B4 8 57
S XU S B (ED) BT 42115 (Cd) > 6/( Cu)
>5(Pb) >4(Ni) >2(Cr) >1(Zn), [ Cd M-
iR IR, FAt 5 b B 440 2 AR R KT B9
KRS K | VSR T 3 RS -
Cd H{E 313K 2] 133 | 137 1 141, 34 5 Bl 58 K
[, S R ST, 5 op 2 U S5 9% IS5 T AE
5 U 15 ORI 4 (b)), P 5E R 2 BT
Y 4 Jm S PR XUR (RT =137 < 150) . Be 4 3E A
DCHURFIRT T 11 (9 0B T 48 RT3 K (H
S AE] 469 1 441, J& T i AU S 9. B A TE N
T ERIEROK EHX, HHTE % 5 ™ & R AL,
VE DA PR X, OA R R v K | el
b e i DX 3 gl B K %6 95 2 0 A 4 75
Y30 o 5 ARG 17 0 1 K Tl e k)
I 26 T R 3l AP PR E I, i Tyt
BT EL A 5 75 2 TR A 1 o 4 o v
LA T (A

——
(b) o A ‘,

Z

\ ;
D 1
RI i‘, Z
P o Mo be
97.43 4 M,'b
150,58 5 <
232.38
300.88
371.64
. 468.71 2 o

E4 ERBEESKEELITN

Fig. 4 Evaluation of potential ecological risk index of heavy metals

2.3.2 YRS EAAE LA PEMY (RSP)

2k 4 PR, Cd & DR TS Je i & 1Y 5
)R (RSP =6.75) , I A1 i B AFFET5 4L, Ho
84% [ s AV Ab T H V5 YLK 8 4 Fhok k28R
RSP V- I(E 3 A L 0y :9. 89 (K1) >8. 04 (1H15%)
>7.35(VEMH) >3. 71(fadf) , Hoh K8 75 Y de 0
PR, 929% B A5 A T EE BE VS e, e K AE A T T
ATE T (31,77 ), H 5 PR i 9o 2 4 9 A4 3 e Tl
KB ATERR, 4 i S A ST
MBI FEEEE Y 31 NEm A 3 TR
Ve A S o TG Yy B TR h

JEEREE B T GRS B S 4300 65% , 22% F
13%. Cr, Cu, Ni, Pb Hl Zn iy RSP 314 43 5 Ky
0.04,0.17,0.24 . 0.35 Fi10. 42, #hbF T i5 4K
. BARORT , Cd /Y RSP {E# 8, EKGHE | (5 e
T 25 2 3 L R, A= T R I L R g
ek, 5 2.2 ATRTET BG4 R —2.

2.3.3 KB IPALgmAs ik IEAT (RAC)

MR 4 L5 IR, IR S0 m 6 FhE AR
RAC F-XI{EHEF M :38.76% (Cd) > 10.75% (Zn)
>4.67% (Ni) >1.99% (Pb) > 1.23% (Cu) >
0.21% (Cr). Cd 275 W H ol & m TR, A



4538 w 1%

L 43 %

e
&

33% B AT ASEAL TR ARG G 51, 33 % 11 s A Ak T 1
KBS 2% ). A K 8 (9.47% ~ 57.91% ) . 14 ¥
(5.30%~47.22% ) . VEM (2.92% ~ 69. 56% ) Fl i
HE(18.05% ~ 62.05% ) 1% 4 FK RIS A v /K38 |
TR TR £ 378 2 g ARG 1), T 45 S 0 v XU 01
RAC 23LiH F1IEAR S R®AYTTHR, Cd B F1 &85 1
B, RAC HE K, PUTTTH AT 5 v 1 o8 76 B8 M RN AR
Pyl R, B 5y ot A 25 IR 95 1 ™ T 0 0
ST AP TIR Y E 2R A S K 4R
Zn W RS FRIUR T Cd, Ak T r 45 XU 2 ), Hep

JKIB (13.10% ) . 1535 (13.98% ) FIVETE (11.31% )
X 3 K AR Y 5t g v A U 900, 0.5 (5. 07% )
RG] ; Cu, Ni 1 Pb B {4 5L B XU 2%
SRR AR T AE G F BN Cr S ITE XU S
S, 3R W Cr 0y A ] AL M, J8 T T XU
1.

ZEA RI, RSP Ml RAC 75 Y2 MU RN &5 R B,
HFERERZIURY h E SR Cd W7 A S KU K
K, T X ARSI R RO, U2 K IE R Cd
e Sl

®4 BFRREMBRYHESESRIRNBFILE

Table 4 Chemical fraction of heavy metals in surface sediments of Baiyangdian Lake

R i Bl B2 B3 B4 RSP RSP 15 4285 RAC/%  RAC RUS &3
S 0.13 0.18 0.03 0.06 6.75 38.76
Cd HRME 0.72 0.86 0.18 0.39 31.77 C-REE S 69. 56 )i
/M 0.01 0. 001 0.001 0.004 1.18 - 2.92 i ’J::'.‘ =
T 0.12 0.20 2.10 65.67 0.04 [ ' 0.21, &=/ ¢
Cr mAM 0.33 0.58 9748 101.46 0.15 | emdfiiife | 0.56 T SRR
I/ ME 0.02 0.07 0/25  27.25 0.0 | | & 0.04 ' a9
FHIfE 0.35 0.23. 4.33 27.92 o J 1R\ 13 & )
Cu BAM 3.80 140l 2 el 0.75 | s | 554 e d
wAME ] 0.0 oj2l .22 /71065 0.05/ o ¥ WV 025 gy
;. EHE | 1.43 1143 /) F3ef 7 27.24 0.24 4 /7 &) ., 4.67 i -
F | i i oy | : 1 ~ B
SN %jt{ﬁ 4.92 3:‘57‘;_:._-;-"5*‘. A0~ 43.40 0.93 / | et | 16.29 TP _;:;r:j
aB Tontl 0.8 0.34 | 08¢ ‘5,, $13.74 0.0/ g \ '~ % 156 ' % 2
| | SFﬂJ{E,_ 0.43 2,70 / ,' 0§2 12.09 o gl F T 1.99 2
~Pb 4 KM 1.06 6.59f nlll 2840 4528 0.85 pd 4 EIGY 4.22 ﬁmﬁfl
e /| w00 0.45s | [0.06,  /5.55 0.03" 408
ST 1 TmsE 0060 14912 Blis'—_64776 0.42 10.75
il ar ot -
V2 S (N : | 71.05 50.70 20.19° 111.67 1.42 e 32.8 H A KU
A B 0.49 0.95 0.07 31.76 0.03 0.85
B

2.3.4 FHEHIC(TU)
WA CA B EE R EI, Y > TU KT 4 B,
SR 2 A REME Y IPRTE 6 R 43w i b

> TU fHAE0. 88 ~4.05 Z[al. > TU £ 4 FhkikJs
BRI G4 N 2 2. 11 (K3E) > 1,95 (195%) >
L 92(PEM) > 1. 59 (k) , R e R)Z TR

BICNIE 5 (a) 7R, Cd, Cr, Cu, Ni, Pb fl Zn () BEGEFEER. TU (B 3 DR AT K

!!l |||!!||i!||!!||||| |||}||||l|||||

|h|!!i!!||hl ,.|!;!|!|,||. |II!:!!I!!!u| Ilulll'lI!!I!.!:uI
D

15

|
!!!I|||||I|‘I|u.|.l] !,I||”

10.87%

5 EHBTREALL

Fig. 5 Toxic unit and its proportion



9 1

VPETESE . I PRTEA R 2B AR 2 TR 6 B AR 25 B XU 4539

BMI

430 S (4.05) | R (3.57) FTEE G

(a)

32.60

TU

4.5

(b)
40 b ®

35+

30 F

y=1310+0.076 3x
R*=0527

25

6 MRYMHENENERIEYESFHATHAXESH

Fig. 6 Bioavailable metal index of sediments and its correlation with toxic units

TAGEKIE (3.39) , FHA S AGE H G AL 2

(F1+F2+F3)# & fit/mg-ke ™!

(F1+F2+F3)Z 4 fit/mg-ke ™!

(FI+F2+F3)#& & fit/mg-kg™!

1.4
= (FI+F2+F3) . 4 040
12+ F . ™ 1 03s
y=0.122 + 0.054 5x
1.0 | " R2=0582 4 030
08 | 4 0325
4 020
0.6 -
4 015
04 4 0,10
02+ +4 0,05
10
0 N
L 1 ' L _0.05
0 5 10 15
EF-Cd
40 +
- . 4 60
-
L L }
30 * .
™ ]
= - 40
20
10 | T =-1.141 + 4.909x {20
R*=0.401
]
0 k-
' i D
0 2 4 6
EF-Cu
ok . 4 60
[ ]
-
¥ -
S | - .I:I - T 40
LYy ‘-I
-
25 -
iE s 5o 4 20
v =6.232 + 5.857x
Al § YUoR-02e7
-
L L L l]
0 1 2 3
EF-Pb

Fig. 7

FaZsfrfit/me kg™

FaZs & fit/mg kg™

FazZs & itimg kg™

T 4, R B E UV RS B2, 113495
R I EUEI AT, 205 RO 5

=

- . . 4 100
W 10 F '
2
£ " e 2
pr e o 1% %
P sats o €O -0.386+ 3.717x £
‘@‘ 5F g L e R-=00490, | :‘;
2 : ﬁ! ~j
L " L] . ﬁ? ._,.-J‘
€ ke " Ja © v
u -
L]
L 1 1 1 20
0.6 0.8 1.0 12 1.4
EF-Cr
20
4 60
2 15F =
= &
po £
% 10 =
= =
o %
& )
X S5
&
(1] 1 L L 0
0.5 1.0 1.5
EF-Ni
140 120
130 + . .
120 + .
T, Mot = -4 100
= 100 o o =
£ 90t T I = &
= 80 ] 1T 4 80 Ej
2 70 V=-13064 +29.941x =
/o6 R*=0445 &
£ 50t 160
40 b 5
T o3¢t
= 20 - - 40
10 +
0 f=
_”} L L L L 20
0 1 2 3 4 5

EF-Zn

E7 BFREMRYESER/ REREEEREMMAEXNE

Correlation between secondary/primary phases and enrichment coefficient of heavy metals in Baiyangdian Lake sediments



4540 o

ATETE K TRZK A i A TR IR IR 1 A 24 JIE A o 1 B
SIRHEA FTETE, v BE 2 i AR O R R
[ BEME R A T TS KA TR K HE O AN
T Sh T PR A . B S (b) AT RIS, A
HVRERZVIRYIH 6 M4 8 it b R/
WK K. 37.02% (Ni) > 17.83% (Cr) > 15.93%
(Zn) > 13.76% (Cu) > 10.87% (Pb) > 4.59%
(Cd),Ni BRI 19 o e d s, XK AE A BAT
e TEREE. Cd B R ITh A o BURAX,
{H RI 5 RAC 455 B/~ Cd By X FREE BRI, PEMY
ZERAE], oA AT BE A R A& Cd 1) PEL fH# =,
SHEHERFEEZSY . WL, N E R &
PERZRA I Jr i, LA 4R AL B8 of ot A 4 ar i T AR
B
2.3.5 HEWAKEERRE(BMI)

Kl 6(a) R T HFEREIY E SR DA
R BT A, BMI (B A [ 2. 06 ~ 32060, %5
8153435 4 10. 56 (/KIE) | 7. 26 (FETH)-, 6. 94(T4HE)
5. 50 (fa3f) ,BMI {E’Fmﬂm/\nﬁuu?lﬂ(@%l
W RT3 A K R R e
imﬁ*ﬁ*&¢ﬁF$?mM¥@ﬁﬁé%ﬁﬂ

. ﬂnl@ 6 (1) i, BMI {5 > Tu mﬁaé;b%éﬁz

R j;o 527 W%Zlﬂﬁﬁ&méﬁiﬁaér& FlE 4
Eéﬁi%ﬁxﬂﬁw T 1 T R DI 7&
e R AR G R PR R TR b
BT ER, 20 R IR S e A4
FR A A RN AE ™ A RS .
2.4 HEEJERIFEM

DRI E SR F1 . F2 i F3 RAFTE S8 N
YRS, N ZE 3K, 1 F4 ﬁaz%iﬁ'—ﬁ
T YA, B2 Z8 ARRERREE D 4
MRE S TENEERE G (F1+ 2 +F3) &
K F4 25 B i AR AE G PR 23 B AT DL B T gy R S
HI20) 6 fhE 4@ Cd, Cu, Pb Fl Zn M EER
BUEME 1.5 09507 5 o5k 76. 47% ., 21.57%
10.78% M1 11.76% , 24 EF {H KT 1.5 i, 48 K
TRET R A HRA K EF EH5 0/ R & AR
AMEA B, W 7 BTk, Cd, Cu Ml Zn B9 ¥R A AH
(F1+F2 +F3) &5 ER R B, R
3SR 0,582, 0.401 F10. 445, Pilix 3 Fhf 4@
F R O] RS 12 Tlb HE ik 28K fiy AR GE R
TN R T S A IR AR D s Rt A A A G
Zifn | RS NEDS  HEs K A Cd, Cu AN
Zn %5 N T h R 4 R R BB

B2 43 %
3 i

(1) AP DU T 4 5 1825 18] 0 A 77 7F 22
Sk, e X 4R S . Hoh cd E S R
SETT AR 3. 94 ff 25 ()43 A S BU/KGHE > E T > 74
B > il

(2) ANIR] 4 i Fh 28 WRAF B AP AE 25 S - Cd
FHLIAEFRIE LS (F1 + F2 + F3) 7245, A 0] #1111k
WK IERERE 1 i, A7 5 R 1 R B TBUAUKY 5 Cr,
Cu, Ni, Pb il Zn EBLIFRIES (F4) 278, B T]
F AT R RS PEA K.

(3) V5 YL T2 BE 5 KRS PE o 45 SR R I, iR TE
FUTRY E 4 R B R RAUVE S K. (B2, Cd o F
FEAKAE | V4 BRI E T 1438 4 7K Sl 2 v - UG, v
ﬁi{**fﬁg*ﬂbéﬁaéﬁ%/\lﬁm%%,Taﬁé%lﬁmiﬂ
Wk A . | /r

(4) 18 B4 %mi*ﬁ/ﬁiwmﬁﬁ/ 7 45
R, HEFEREE SR Cd, Gu Ml Zn f%ﬁ)"ﬂﬂiik%
IRHEHCRGE N A N MR A 5 h EFS {Eﬂ@é

JRRAFIE ﬁﬁﬁﬁﬂrNﬁM%%ﬁigﬁi%
ﬁﬁﬁﬁﬁﬁﬂﬂiﬁME%ﬁﬁfl (6~
s, [ J - s

[1] Coretll E fl"aﬂotlml M, I Riceiarini M I, et al.’ Heavy metals
bioadeunigilafiodfin selected tsues of red swamp eryhéfi an
easy tool for mgnitoring environmental contamination levels[ J].
Science of the Total Environm(;nt, 2016, 559 . 339-346.

(2] E3CF, EE#, KIEE, % A60ESSE T EKRENA T

Y & )8 RS R [T]. T EFREFR, 2019, 39

(9): 3982-3988.
Wang W C, Tang C Y, Zhang H J, et al. Potential ecological
risk assessment of heavy metals in sediment with uncertain
background impact in a shallow lake[ J]. China Environmental
Science, 2019, 39(9) : 3982-3988.

[3] XA, £5, &, & SHUTRYESEES XiEE
PERFFELT]. FREERR:, 2013, 34(9) : 3562-3571.
Wang S H, Wang W W, Jiang X, et al. Heavy metal speciation
and stability in the sediment of Lihu Lake[J].
Science, 2013, 34(9) : 3562-3571.

[4] GaoQ, Li Y, Cheng Q Y, et al. Analysis and assessment of the

nutrients, biochemical indexes and heavy metals in the Three

Environmental

Gorges Reservoir, China, from 2008 to 2013 [ J]. Water
Research, 2016, 92 262-274.
[5] ®MD, s/ha, .ilsE, % GRIZFEKIAESETER

RS [T ].
349.
Zhao S N, Shi X H, Zhang H M, et al. Simulation on the
species of heavy metals in Wuliangsuhai Lake water[ J].
and Environment Sciences, 2018, 27(2) ; 341-349.
(6] BRFS, 28, WK, 5. KZUNEITRYE 4 RIES
ST BRI, FRER S HOR, 2013, 36(6) : 177-
182, 194.
Chen C X, Jiang X, Zheng B H, et al. Heavy metals in sediment
of Lake Taihu’s Zhushan Bay.
evaluation[ J]. Environmental Science & Technology, 2013, 36

A EAR, 2018, 27 (2) : 341-

Ecology

chemical speciation and risk



9 1

VPETESE . I PRTEA R 2B AR 2 TR 6 B AR 25 B XU

4541

(9]

[10]

[11]

=Fhang Y, Xu, M Y, Zhang C, et al. Dlstrlbumon ohat‘aclbrlspfs_

L

(6):177-182, 194.

Zhu Y Y, Jin X, Tang W Z,
nitrogen distributions and ammonia nitrogen release fluxes in the
China [ ] ].
Environmental Sciences, 2019, 76 . 319-328.

Ji Z H, Zhang Y, Chen T, et al. Distribution, ecological risk
and source identification of heavy metals in sediments from the
Baiyangdian Lake, Northern China[ J]. 2019,
237, doi: 10.1016/j. chemosphere. 2019. 124425.

W, 25, BB, 5. EVEEIRIETE &R 175 g SO
WIEARSREFEM[T]. R IER 2, 2005, 24(5) -
945-951.

Yang Z, Li G B, Wang D W, et al. Pollution and the potential

ecological risk assessment of heavy metals in sediment of

et al. Comprehensive analysis of

sediments of Baiyangdian Lake, Journal  of

Chemosphere,

Baiyangdian Lake [ J].
2005, 24(5) : 945-951.
miES, EBE, BOUR, % ARERZIBEYESRIES
IR REAE S AR AR A [T, FRBEREE A4, 2020, 40
(6) : 2237-2246.

Xiang Y X, Wang X, Shan B Q, et al.
fractionation and ecological risk of heavy metals in surface
from Baiyangdian Lake [ J ].
Circumstantiae, 2020, 40(6) ; 2237-2246. (=
WA, VP, T, SF. FHRTE RS KR TTRR Y s SR T
FANE AR HAE SRR T T]. ﬂ:fﬁﬂ%ﬁ%ﬁ'}ﬁ, 201,
41(10) : 4074-4085.

Journal of Agro-Environment Science,

Spatial distribution,

sediments Acta ~Seientiae

of nutrient, é'lemqhts and heavy metals and ité nsk esst nt in
sediments ;_u'i-)und Vlllage% in Balyangﬂlan#take T Ty Ac_t_a
i i
Scientiae, -Clrcumsfanllae 2021, 41(10) : 4074 4085 s

[121 r

‘ | Yi -JY J,! Ll:ll CQ, Fvang C H. Hydrology, enwr?_gmem a _,,.f

SR |, wmsu*e¢ﬁmi i
Zﬁ}tﬁ_%[]l"{%/ﬂﬂ% 2020, 32(5) 1333 A347¢

eculoglcdl EVolutlon of Lake Baiyangdiari*'since 19608 [

[14]

[15]

[16]

[17]

Journal of Lake ‘Sclencee 2020, 32(5): 1333-1347.

BN, xR, FHE, % RREMIEYESIRE A NG
JeSUTE LA [T]. FREEREE, 2019, 40(2) : 614-624.
LiXL, LiuEF, YuZ Z,
ecological risk assessment of heavy metals in the sediments of
Yilong Lake, Southwest China [ J].
2019, 40(2) : 614-624.

et al. Contamination and potential

Environmental Science,

mER, TER, HEW. AFERBUE ., BOR R RS
ACAFE B A B R R [T]. o E ARSI 24, 2017,

25(4) . 467-477.
Gao Y C, Wang J F,

relationship ~ of

Feng Z M. Variation trend and response

temperature,  precipitation and runoff in

Baiyangdian Lake Basin[ J]. Chinese Journal of Eco-Agriculture,
2017, 25(4) : 467-4717.

TGN, A0, RN, S AR RN 1] 26 0 DX R
JEUURR 4 )& 5 e M A AR S B PN [T]. B RLE,
2014, 35(1) : 186-193.
Mao Z G, Gu X H, Lu X M,

potential ecological risk assessment of heavy metals in sediments

et al. Pollution distribution and

from the different eastern dredging regions of Lake Taihu[]].
Environmental Science, 2014, 35(1) : 186-193.

Rauret G, Lopez-Sanchez J ¥, Sahuquillo A, et al. Improvement
of the BCR three step sequential extraction procedure prior to the
certification of new sediment and soil reference materials [ J].
Journal of Environmental Monitoring, 1999, 1(1); 57-61.
PPRMR, SKOCHR, WU, SF. SLWIVY I O XU A
ATREAE S I ol A B[], SRBERb A, 2018, 38

-

[18]

[20]

[21]

[22]

[23]

[24]

[25]

(28]

(8):2974-2982.

Li Z H, Zhang W Q, Lei P, et al. Distribution of nitrogen and
phosphorus in sediments and estimation of the diffusion fluxes at
river mouths of Western Chaohu Lake [ J].
Circumstantiae, 2018, 38(8) 2974-2982.
FJB, LR, ST, AF. W TRRIZUURY R E SR T
?*ﬂi‘i‘%ﬁ%ﬁﬁ%ﬁ&ﬁmK(Tkﬂ:ﬁ[J]- WhE TR %
iz, 2017, 11(10) ; 5429-5439.

Wang X, Shan B Q, Guo Y H, et al. Distribution characteristics

of nutrient elements and heavy metals content and its risk

Acta Scientiae

assessment in surface sediments from Luan River mainstream| J ].
Chinese Journal of Environmental Engineering, 2017, 11(10) .
5429-5439.

Bhuiyan M A H, Karmaker S C, Bodrud-Doza M,
Enrichment, sources and ecological risk mapping of heavy metals
in agricultural soils of dhaka district employing SOM, PMF and
GIS methods[ J]. Chemosphere, 2021, 263, doi: 10. 1016/].
chemosphere. 2020. 128339.

o [ PR EE LS. b TR R E (M. :Hﬁfi: H
PRI A, 1990. e

CNEMC ( €hina National Environmental Monltopwg Cenler)
The bdckgrounds of soil ‘environment in Chma M]

et al.

Beijing

Env1r0nme.ntal gcwnce Press of China, 1990. ' —

AR, TEE, SR, V. PR S R 2R R T
NS T T 0 T 1 e R VAR [ 10 2
Bl 2017, 38(4) 515661575, 2

Sun J W" Yu R L, Hu G R,.-et al.
pollutlon and tracing soﬂrces"by Pb & Sr Ibotope in lhe soil pro‘f’le_:ﬂ,
of wondland in Qua“nzhoi‘l[ﬂ | 38
(4) #15661575. ) '
Almeida L C, Ida Silva Janior J B, dos Santos 1 F ?et al.

Assessment of loxmlty of metals in river sediments for human
supply: distribution,
identification[ J ]. Marine Pollution Bulletin, 2020, 158, doi:
10. 1016/j. marpolbul. 2020. 111423.

Jain C K. Metal fractionation study on bed sediments of River
Yamuna, India[ J]. Water Research, 2004, 38(3) . 569-578.

Pedersen F, Bjgmestad E, H V, e al
Characterization of sediments from Copenhagen Harbour by use of
Water Science & Technology, 1998, 37 (6-7) .

‘-. ]
Assessment of heayy metallj

Environmental Smence s 2017 2

.
evaluation of pollution and sources

Andersen

biotests[ J .
233-240.
Pueyo M, Rauret G, Liick D,

extractable contents of Cd, Cr,

Certification of the
Pb and Zn in a
tested and

et al.
Cu, Ni,
a collaboratively

freshwater sediment following

optimised three-step sequential extraction procedure[ J]. Journal
of Environmental Monitoring, 2001, 3(2) ; 243-250.

Rosado D, Usero J, Morillo J. Assessment of heavy metals
bioavailability and toxicity toward Vibrio fischert in sediment of the

Huelva estuary[ J]. Chemosphere, 2016, 153 10-17.

R, EiTF, BRI, . SR PG T 4 R VS YL REE
KA P[], %iﬁﬂ%, 2019, 40 (11) . 4914-

4923.
Xu C, Wang P F, Chen J, et al. Contaminant characteristics and
ecological risk assessments of heavy metals from river networks in
the western area of the Wangyu River [ J]. Environmental
Science, 2019, 40(11) ; 4914-4923.

FIZEL, mBRIR, B, &5, FIVETETE AL X Bl 3 T 4
Ja& BRI 4 A FRAE—— LR JE R [T ], MR AR
2013, 11(2) : 271-275.

Bai ] H, Zhao Q Q, Lu Q Q, et al.

heavy metals in the paludification region of Baiyangdian Lake—A

Profile distribution of soil



4542 I

2 43 %

[29]

[32]

[33)

[34]

[35]

case study of Shaochedian Lake[ J]. Wetland Science, 2013, 11
(2):271-275.
BT, SCaRAK, B I DX R R R
B Cd JB A I S AR AR S R 2K [T ] Hfmﬂp"
2022, 43(3) :1375-1383.
Cui X Y, Mo W Q, Liao J] B. Multiphase spatial distribution
characteristics of Cd morphology in typical intertidal zones in the [36]
Guangdong-Hong Kong-Macao Greater Bay Area and its
influencing factors[ J]. Environmental Science, 2022, 43(3) .
1375-1383.
VLW, MAtR, WIE, 55 MV OEE Bk DAY &
GBI AP BRI [J]. HEERL, 2020,
41(12): 5410-5418.
Jiang T, Lin W W, Cao Y J, et al. Pollution and ecological risk [37]
assessment and source apportionment of heavy metals in sediments
of Qingliangshan Reservoir in the Meijiang Basin [ J ].
Environmental Science, 2020, 41(12) ; 5410-5418.
MoK3T, ﬁﬂ;&&, THIE, ﬁﬁr U 3R )2 DU T 4 J T [38]
B R ESKE[T]. HER, 2017, 38(3): 1002-
1009.
Lin CQ, Hu G R, YuR L, et al. Speciation and ecological risk
of heavy metals in surface sediments from Jiulong River [ ] ].
Environmental Science, 2017, 38(3) : 1002-1009. u’__.- . [39]
Zhang C, Shan B Q, Zhao Y, et al. Spatial distribution,
fractionation, toxicity and risk assessment "o surfack sediments
from the Baiyangdian Lake in northern -'China [J]} Ecological™,
_Andicators, 2018 , 90 633-642. ) Y F
BB F\/fjﬁ, HARPE, %, Jﬁi"‘””iﬁﬁfﬁﬂ(ﬁ'-: K
o B %Efﬂﬁ{m%mﬁfmu E )] e@fﬁﬁ%%ﬂi 2015
135(12) ; 3898 3905. / ’
# Tang W Z Wang L. S, Shan B Q, et al. Speaahon dli&nbutlon [41]

of h&'avy metalsfin’the surface sediments of a typl(’al urban river |

" (Liﬁngsh“ui Fiver System)‘ [J]. Acta Smentlae Clrc.}gmlannae pr
2015 1-35(12) 3898-3905.
d‘LEﬂ AR R, % iﬁﬂi’%ﬁmf %E%)ﬁi%ﬁ
BES SRR IEN (1], sPEFBRE, 2015, 35(4)
1223-1229.
Kong M, Dong Z L, Chao J Y, et al. Bioavailability and [42]
ecological risk assessment of heavy metals in surface sediments of
Lake Chaohu[J]. China Environmental Science, 2015, 35(4) :
1223-1229.
WRXR, 2307, TR —, . FIVEVERF S0 DX AR

FRER AN 4 JE IS YRR AR B PR [ D] IREEREAE, 2022,
43(1) . 230-238.

Chen X H, Li L C, Zhang M Y, et al. Pollution characteristics
and risk assessment of nutrients and heavy metals in sediments of
the Fuhe River influenced area, Baiyangdian Lake [ J ].
Environmental Science, 2022, 43(1) ; 230-238.

FTR, AT, B, AF. BHE I (RIX B YUY E 4R
Ao A AR S BT A [ 1], SRBEREY, 2020, 41(6) -
2653-2663.

Jiang S X, Zhai F J, Zhang C, et al. Speciation distribution and
risk assessment of heavy metals in sediments from the Yitong
River city area[J]. Environmental Science, 2020, 41 (6) .
2653-2663.

JiZ H, Zhang Y, Zhang H, e al. Fraction spatial distributions
and ecological risk assessment of heavy metals in the sediments of
Baiyangdian Lake[ J]. Ecotoxicology and Environmental Safety,
2019, 174 417-428.

Wang J] K, Zeng X L, Xu D Y, et al. Chemical fractions,
diffusion flux and risk assessment of potentially toxic elements in
sediments of Baiyangdian Lake, China[J]. Science of the-Total
Environment; 2020,! 724, doi: 10. 1016/] SC'JIB‘[FQI"IV 2020
138046. ; # o

Gao L, Wang Z W Lis H et al. Bmavallablhty’ and xieity of
trace metals (Cd Cr Cul Ni, and Zn) in sEdlm_‘ core§,.fr0m
the bhlma Rlver.,ll.--Sou'th China[J]. Chemosphere*’j 20_1,‘8“','. l_?f'
31- 42 v o 5
Lhang C" {Shan' B Q lar)g W Z, et al. Heavy metal
concenlraﬁons and spedlallohjm riverine sedlmems and_the ri'éT(s
posed i three urban belts inithe Haihe Ba%ln[ﬂ . Ecotoxmologsf
and hnvm‘fmental Safet}l 2017, 139. 263-271. : ’
WiHemns  SFISE, DA, 4 l&ﬂ“#"?.iﬁ%i%)z?‘“’“/ﬁ
FHATRRGE U JE (1], 4 lb SRR 42 24 4, 2019, 38 (10) .
2219-2238. i

Chen Y L, Weng L P, Ma J, et al. Review on the last ten years
of research on source identification of heavy metal pollution in
soils[J]. Journal of Agro-Environment Science, 2019, 38(10) .
2219-2238.

X, ICP-AES W42 5 410 B Bl v 8 Fh EE & JR T R
[D]. #LIM . HILR, 2015.

Liu T. The determination of 8 heavy metals in textile dyeing and
finishing auxiliaries with ICP-AES [ D ]. Hangzhou: Zhejiang
University, 2015.



HUANJING KEXUE Vol.43  No.9

Environmental Science (monthly) Sep. 15, 2022

CONTENTS

Temporal and Spatial Variation Characteristics of Heavy Metal in Atmospheric Deposition in China from 2000 to 2018 -+

CHEN Qi-yong, GAO Yun-bing, NI Run-xiang, et al.
-+ LI Sha, ZOU Bin, LIU Ning, et al.
CHEN Lu-yao, YU Yang-chun, HUANG Xiao-juan, et al.

Simulation of PM, 5 Concentration Based on Optimized Indexes of 2D/3D Urban Form

Characteristics of Carbonaceous Species in PM, 5 in Chengdu Under the Background of Emission Reduction -

Characteristics and Health Risk Assessment of Trace Elements in Atmospheric PM; During Autumn and Winter in Qingdao +++++ LIU Zi-yang, ZHANG Yi-sheng, ZHANG Hou-yong, et al.
Pollution Characteristics and Source Analysis of Atmospheric PM, s-bound Polycyclic Aromatic Hydrocarbons in a Port Area -+ WANG Peng-cheng, YANG Ling-xiao, BIE Shu-jun, et al.
Size Distribution and Source Appointment of Road Particles During Winter in Tianjin = «+«+xssssessessessessenenmimnsnensnnncneenes ZHANG Guo-tao, YIN Bao-hui, BAI Wen-yu, et al.

LIANG Lin-lin, LIU Chang, LIU Xu-yan, et al.
Characteristic Analysis and Source Apportionment of VOCs in Urban Areas of Beijing in Summer —+:«+essesseeessesensnnienienenininnns MENG Xiang-lai, SUN Yang, LIAO Ting-ting, et al.

Characteristics and Impact Factors of Number Concentration of Primary Biological Aerosol Particles in Beijing -

Characteristics and Source Apportionment of Volatile Organic Compounds ( VOCs) in a Typical Industrial Area in Dongguan During Periods of Ozone and Non-ozone Pollution in Summer

ZHOU Zhen, XIAO Lin-hai, FEI Lei-lei, et al.
- HE Pin-jing, LI Jian-chen, LU Fan, et al.

WU Ting, SUN Shan-wei, FAN Jing-pu, et al.

Temporal and Spatial Variation in Odor Pollution and Membrane Barrier Effect in Municipal Solid Waste Landfill

Comparison of Health Risk from Sources of Perfluoroalkyl Substances in Taihu Lake for Different Years

Pollution Characteristics and Source Apportionment of Typical and Emerging Per- and Polyfluoroalkylated Substances in Tuojiang River Basin — +-vseseeseereesessesenensimnincnsnnincneenes
++ SONG Jiao-jiao, WANG Yi-mei, SUN Jing, et al.
Speciation and Risk of Heavy Metals in Surface Sediments of Different Types of Water Bodies in Baiyangdian Lake ««+:esseesseesesseseens XU Meng-ya, ZHANG Chao, SHAN Bao-qing, et al.
Distribution Coefficient of QNs in Urban Typical Water and Its Main Environmental Influencing Factors «+«+«teereseseeresescinsinniiin JU Ze-jia, FU Yu, ZHAO Xin-yu, et al.
Ecological Risk Assessment of Quinolones Antibiotics and the Correlation Analysis Between QNs and Physical-Chemical Parameters in Groundwater, Shijiazhuang City
..................................................................................................................................................................... CHEN Hui, JU Ze-jia, ZHAO Xin-yu, ef al.
Characteristics and Sources of DOM in Lake Sediments Under Different Inundation Environments —+«+«eesresrereesesemenenseneneneenns CHEN Jia, LI Zhong-wu, JIN Chang-sheng, et al.
Characteristics of Phytoplankton Community Structure and Their Relationships with Environmental Factors in Autumn in Qinhe River Basin of Jincheng Region «-*+
..................................................................................................................................................................... GAO Meng-die, LI Yan-fen, LI Yan-li, et al.
ZHANG Sun-xun, ZHANG Shou-hong, YAN Jing, et al.

"""" LI Yang, XU Bo-hui, DENG Lin, et al.
Removal Performance of Suspended Solid (SS) and Organic Compounds in the Pre-treatment of Actual Pharmaceutical Wastewater by Microbubble Ozonation «+-««+stseseeserersensmsnenennanens
LIU Chun, CHEN Rui, ZHANG Jing, et al.
CHEN Jia-yu, SU Zhi-guo, YAO Peng-cheng, et al.

.................................................................................................................................................................. GUO Xiao-wen, CHEN Jing, LU Xiao-yu, el dl.
Effects of Organic Materials on Phosphorus Fractions and phoD-harboring Bacterial Community in Karst Soil «-«+vessesreeeeesesensenisnsnnincnennenes XIA Xin, QTAO Hang, SUN Qi, et al.
Effects of Different Vegetation Types on Soil Microbial Functional Genes and Enzyme Activities in Reclaimed Coal Mine — «+s«+seseeseeseesees NING Yue-wei, LIU Yong, ZHANG Hong, et al.
Effects of Biochar Application on Yellow Soil Nutrients and Enzyme Activities =«+«+«+xssessessessssssenensmsntnsnnninsnsns e YUAN Fang, LI Kai-yu, YANG Hui, et al.
Changes in Soil Bacterial Community Diversity in Degraded Patches of Alpine Meadow in the Source Area of the Yellow River «:eoeseeereseeseees SUN Hua-fang, LI Xi-lai, JIN Li-qun, et al.
Effects of Simulated Nitrogen Deposition on Soil Microbial Carbon Metabolism in Calamagrostis angustifolia Wetland in Sanjiang Plain -+ WENG Xiao-hong, SUI Xin, LI Meng-sha, et al.
Spatial Distribution of Quinolone Antibiotics and Its Correlation Relationship with Microhial Community in Soil of Shijiazhuang City «+++++++++++- ZHAO Xin-yu, JU Ze-jia, CHEN Hui, et al.
Composition Characteristics and Construction Mechanism of Microbial Community on Microplastic Surface in Typical Redox Environments «++++«+++-++++ GONG Zhi-wei, MA Jie, SU Qu, et al.
Annual Nitrogen Removal Efficiency and Change in Abundance of Nitrogen Cycling Microorganisms in Swine Wastewater Treated by Crop Straw Materials — «+eoeerrereereesemenensnninenne

.................................................................................................................................................................. LIU Ming-yu, XIA Meng-hua, JIANG Lei, et dl.
Effects of External Carbon Sources on Ultimate Nitrogen Removal Performance and Microbial Community in Secondary Effluent Treating Process —«+sessesserseesesenensenemenensniniinnnne

............................................................................................................................................................ WANG Wei, ZHAO Zhong-yuan, ZHANG Xin, et al.
Microbial Community Structure of Activated Sludge for Total Nitrogen Upgrading Project «-x+«seseresseevessssssssimsnmiiniieisininens LI Hai-song, WANG Ke-dan, CHEN Xiao-lei, et al.
Analysis of Microbial Interaction Law of Mud Membrane in IFAS Process for Treating Low Carbon Source Sewage in South China +++++++++ HE Jun-guo, JIANG Wei-xun, HE Zhuo-yi, et al.
Abundances and Morphology Patterns of Microplastics Under Different Land Use Types on the Loess Plateau ««+«+eseeereeeeeesesnsinse HAO Yong-li, HU Ya-xian, BAI Xiao-xiong, et al.
Evaluation of Heavy Metal Content, Sources, and Potential Ecological Risks in Soils of Southern Hilly Areas +«+«sseseesresseessenennennninennennns WANG Yu, XIN Cun-lin, YU Shi, et al.
Risk Assessment and Attribution Analysis of “Five Toxic” Heavy Metals in Cultivated Land in Lanzhou «++ssssereeresererenennsiennenens ZHANG Li-rui, PENG Xin-bo, MA Yan-long, et al.
Distribution Characteristics and Risk Assessment of Heavy Metal Pollution in Farmland Soils and Crops in Luancheng, Shijiazhuang City = ++«+eereesserersererenememenensnninennsininnenen

......................................................................................................................................................... MENG Xiao-fei, GUO Jun-mei, YANG Jun-xing, ef al.
Distribution Characteristics and Risk Assessment of Antimony in Typical Urban Soil +«reseereseeresresnmnsenneinnnsne e SHEN Cheng, YE Wen-juan, QIAN Shi-ying, et al.
Contamination Assessment and Source Apportionment of Soil Heavy Metals in Typical Villages and Towns in a Nonferrous Metal Mining City »«+seeseeresseseersesessmienennsnninenininennn

......................................................................................................................................................... WANG Feng, HUANG Yan-huan, LI Ru-zhong, et al.
Effect of Citric Acid and Mowing on Enhancing the Remediation of Cadmium Contaminated Soil by Napier Grass ( Pennisetum purpureum Schum) +«+++sssseresssresesssnsisnnssnnnnsninnene

..................................................................................................................................................................... TANG Qi, WU Gang-fan, GU Jiao-feng, et dl.

Arsenic Methylation Efficiency Changes During Paddy Soil Drying and Its Key Influencing Factors Analysis — +«ereeeerereerenenemiencnenenncnns ZHANG Yue, LI Ling-yi, WEN Jiong, et al.

+-= LI Yan, HUANG Yi-zong, BAO Qiong-li, et al.
SONG Jia-jie, XU Xi-yang, BAI Jin-ze, et al.

Effects of Exogenous Jasmonic Acid on Arsenic Accumulation and Response to Stress in Roots of Rice Seedlings

Effects of Straw Returning and Fertilizer Application on Soil Nutrients and Winter Wheat Yield

Effect of Winter Cover Cropping on Soil Greenhouse Gas Emissions in a Dryland Spring Maize Field on the Loess Plateau of China «+«+-«+«sseseersenseesenenenninienennnns

...................................................................................................................................................... ZHANG Shao-hong, WANG Jun, FANG Zhen-wen, et al.
Detection of Influencing Factors of Spatial Variability of Soil Respiration in Pangquangou Nature Reserve «+:toveevesesseesessisiinsisinnn LI Xiao-min, YAN Jun-xia, DU Zi-iang, et al.
Temporal and Spatial Variation Characteristics of Methane, Carbon Dioxide, and Nitrous Oxide Concentrations and the Influencing Factors in Small Aquaculture Pond — «+eereereereseerereeeeees

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SHI Jie, ZHANG Mi, QIU Ji-li, et al.
Effect of Butyl Xanthate on Ph> * and Cd®* Adsorption by Soil Around a Dressing Plant -+ HU Zhi-hao, GUO Zhao-hui, RAN Hong-zhen, et al.
Sorption Mechanism and Site Energy Distribution of Acetaminophen on Straw-derived Biochar »«+«+seseersereeeserenensinienicnsinnes SHANG Cen-yao, GU Ruo-ting, ZHANG Qiang, et al.
Spatial-temporal Variations and Their Driving Forces of the Ecological Vulnerability in the Loess Plateau ZHANG Liang-xia, FAN Jiang-wen, ZHANG Hai-yan, et al.
Mechanism and Application of Plant Growth-Promoting Bacteria in Heavy Metal Bioremediation MA Ying, WANG Yue, SHI Xiao-jun, et al.




