ith B IR IR F IR

J E E Vol.11 No.5 | Oct. 2020 ARTICLE

Journal of Earth Environment [li»oYo) [\ WA EYAI 3PV

Hmgy XEXKBRTAME mrEEBEUERESSH
FINE TG

i, B, st MERS, R, mERS, Bk, e 59,
=2 ‘«»%3, ks ) 450
Lo ERRERE T MR 2= ST T A R 2 E R R 0=, T 510640

2. ERLEBE RS, dbat 100049
3TN BRI AWK SRS E T E S E, T 510006

HRFRIEX

o OE: 7L R R iﬁ/\/ﬁ%%;{éé’aﬁﬁi@ﬁé BT ELBEFTERN S EAFIER L LSBT
SMHELBFTEGEAETEEL, AERERST REARLIRYINEAFRT S, RACLBBEEET
E‘I%M%ﬂ’\ﬁ%’mﬂi‘«%/\*fr}sz}z‘# Tl, Cr, Ni, Co 5 Cd B &P H SO RAFIER LS RNE, F4
BH DB TN G ER ISR, EREA: RET CdALELZAEBLERFTME, L Cd 205
BRI BEGHBXALE; TISZRAHLZBABLETFME, AELAIHHBXSE; CrRNIiSEFHRF
TRELEF L, LEZUBELABSHHBXGLE; CoSTNTREBLERET XA, LARKG BT
R|EWH, %o EATERREFNIEHIH, KRRF Cd AARBOARELBHEALELTHE; Tl LA R
HIRBRELER, CrtRNIAAFPEREGTRBERELETR, Co R AMEBLENGEE, By X EK
WERRRAEELE (Cd, TI, Nife Cr) T2 Lindfi k5 Lk, ﬂuéﬁ%l}‘[:)?y:7lir@a}fw)%“l’ Cd 4= Tl &
BEg%E, Nife Cr BAR—PERENTE, BARLRRNYEEGSES T RESKFEEZEE XE,
KW BARERER; £2/5; BRI FIITEFN

Speciation distribution and environmental pollution assessment of heavy metals in sediments
from wastewater pond of a pyrite mine

ZHONG Qiaohui”?, WANG Yuxuan’, REN Shixing’, ZHOU Yuting’, WU Yang’, YIN Meiling’, WEI Xudong’,
BAI Xiuming’, WANG Jin’, ZHANG Zhaofeng', LIU Juan’

1. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Science, Guangzhou 510640, China
2. University of Chinese Academy of Sciences, Beijing 100049, China

3. Innovation Center and Key Laboratory of Waters Safety & Protection in the Pearl River Delta, Ministry of Education, Guangzhou
University, Guangzhou 510006, China

RSB HA: 2019-08-06; RAABH: 2019-11-25; PZHAR: 2019-12-10

Received Date: 2019-08-06; Accepted Date: 2019-11-25; Online first: 2019-12-10

EEWB: BXAKXMFLALMA (41573008, 41873015) ; J A A AAAFELMA (2017A030313247 ) 5 S MR FFH

FRRAFRB (BI201709) 5 % 17 /& “BBkAR” 2B X F AR FRARAERTR

Foundation Item: National Natural Science Foundation of China (41573008, 41873015); Natural Science Foundation of Guangdong
Province (2017A030313247); Guangzhou University Youth Talents Project (BJ201709); 17th “Challenge Cup”
Technological Innovation Competition

BIEEE: x| 48, E-mail: liujuan858585@163.com

Corresponding Author: LIU Juan, E-mail: liujuan858585@163.com

SIS B, EAE , ARG, 55 . 2020, FEGREET DB K M TR I 4 IR A B A A A RAEE VS YL PP (J). MERFR B AR

11(5): 524—535.

Citation: Zhong Q H, Wang Y X, Ren S X, et al . 2020. Speciation distribution and environmental pollution assessment of heavy metals in sediments from
wastewater pond of a pyrite mine [J]. Journal of Earth Environment, 11(5): 524—535.



PhBERE, . FEERET XKUY R

Abstract: Background, aim, and scope Mining/smelting is one of the important anthropogenic activities
leading to heavy metal pollution in the environment. It is critical to investigate the enrichment characteristics
and potential ecological effects of heavy metals in polluted areas for the prevention and control of pollution. In
a pyrite mining area in western Guangdong, the wastewater produced by the separation and cleaning process of
pyrite was discharged into a wastewater pond along a ditch. When the pond was full, the water overflowed into
the stream, merged into Nanshan River, and finally entered Xijiang River. Herein, the contents, the main mineral
composition and chemical fractionation of heavy metals in a sediment profile from the pyrite wastewater pond
were studied. Materials and methods A sediment core with a total length of 30 cm was taken using a column
sampler (6 cm in diameter) from the wastewater pond in the pyrite area. The sediment core was divided into
0—2cm, 2—4 cm, 4—18 cm, 18—24 cm and 24—30 cm, respectively, depending on the color distinction.
The sediment samples were air-dried to a constant weight. The dried sediment samples were ground in an agate
mortar and sieved to obtain <<2 mm fractions, then well homogenized for further analysis. The main elements in
the sediment samples were tested by X-ray fluorescence. The samples were characterized by semi-quantitative
X-ray diffraction for analyzing mineralogical compositions. To determine the total heavy metal contents, the
sediment samples were digested using a mixture of concentrated HNO,, HF, and HCIO, on a hotplate at 150°C.
The chemical fractionation of heavy metals were analyzed using sequential extraction IRMM (Institute for
Reference Materials and Measurements). All the samples were finally measured with high precision inductively
coupled plasma mass spectrometry (ICP-MS, Perkin-Elmer, Elan 6000). Results The X-ray diffraction results
showed that the bulk mineralogy of the sediments was dominated by quartz, muscovite, kaolinite and iron
oxides (such as goethite, magnetite), with minor amounts of manganese oxide (e.g. manganese dioxide, iron
manganate), pyrite, calcite and dipotassium chromate. The X-ray fluorescence results showed that the main
elements in the sediment were Si and Fe, accounting for up to 85%. The variation range of Al and total S content
was 2.05%—4.60% and 2.82% —8.13%, respectively. In the sediment profile, the Cd content in the sediment far
exceeded the background value of the Chinese soil (BVCS), and the major part of Cd was generally presented in
the weak acid exchangeable fraction. The Tl content also far outweighed the BVCS, but it was mainly contained
in the residual fraction. Both Cr and Ni contents were slightly higher than the BVCS, and primarily contained
in the residual fraction. The Co content was generally lower than the BVCS, and dominantly presented in weak
acid exchangeable fraction. Discussion In the sediment profile, the Cd content reached the level of extremely
serious environmental pollution, and most of them existed in the weak acid exchangeable fraction, showing strong
environmental potential hazard. The mobile fraction of Tl in the sediment profile was relatively small, but an
obvious enrichment of Tl was found for depth profiles. Therefore, the Tl in the sediment profile still had strong
environmental potential hazard. Cr and Ni were contaminated from moderate to severe levels; considering that
their mobile fractions were relatively small, there was moderate environmental potential hazard for these two
metals. While the Co content was significantly smaller than the BVCS, the metal had no potential environmental
hazard. Conclusions T1, Cd, Cr and Ni were obviously enriched in the sludge of the wastewater pond in the pyrite
mine area, showing various heavy metal pollution characteristics. Based on the comprehensive risk assessment
code, Cd and TI were in the status of serious environmental pollution, and Cr and Ni were considered moderate
environmental pollution, while Co had no environmental pollution risk. Recommendations and perspectives The
sediments in the pyrite mine wastewater pond are a sink of heavy metals (typical of Cd, Tl, Ni and Cr) and also
an important secondary source of pollution. The pollution prevention and resource recovery of the sediments in the
wastewater pond are also worthy of consideration.

Key words: wastewater pond sediment; heavy metal; fractional extraction; environmental pollution assessment
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KA B R AT A S Y Bk TR
WG, K S AR A R T P K
WEEETRIEAREG, BaEKR, 13 KK
PEYE R AR IR EE, WRARASGEE
(PP, 2013) o Q32 5AL5E (2010) R HI%E
SRR BRI P R T D] 3 AR W 43
FW, DU Cd, T1, Hg fl As B EwE, H
Cd Fl T A AR B i bt R TE 323K
B3 0T 3t ) U B LA AR R & B IR SV TR R
T X HEAR AT DX L e R A 5 v Y R A
K, BRI R B T BRI
T TIFE R ) R ey, EEnRE
Mk 7K (XIS, 2013) o

H 48 JC R SRR AL BRI 2547 o A
BASGENEZER, AOEEEELSEITR
TERRSE R sl A= el AP R e R 2
DOSEREE AN (FIRE T oo R B i, R TIoE
k2 25 (Rauret et al, 2000; Rao et al, 2008;
Liuetal, 2016) . 5 E L E TR NILFIE
AR, HE A A ] v R A S A B
B AE S EVEARNTR . 57 XA R A TR ) S T 4
IR A M EZERE, LR UAFNAIEST
TR TURY . 077 3R R R
LB Y e — EATFE NS R A, BT XU AR
Y E SR SRR S B A R X,
AT X VG B A DX e S R OB 1T Y
TI. Cd. Cr. Co Ml Ni py &= Ffb 2B R 1753
M, PEAS VRS R R VR ORI 0 5 4 8 TS YR
DL R, I PPAR A7 7= IR 3 9 I 7K
b (1) T 4 T T BE X IR BT A AR fa S, T
TE & B LR HE SE LR AR AR
1 #MifAE=*E
1.1 #FAAREXHR

PR X R T e A, SR
LW, FHRE21.5C, WEERHEHEEET,
AEREMELS 1700 mm, ZAEREKOV-YY pH (WL
(pH=4.89) (Z=HE-F4%, 2011) , #hA A KAk
YEFHE, B XA =R EE, B 20,
R W R 2L R T B A 0 AL,
FEA R YR ESe, A DR N
BETAE (CRMEE, 2011) o [ 1988 4 8Py B a2k
T X IEARCRE LK, % XA P kT 1 R
AEFE IR 300 7 t, HTHTIARKAA R (4920 m)
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FE A ERITR (FEER, 2016) .

LR AR DX P 7K i 7K U R g B A& 1) if
B, FEH R DU s o 8 A e )
UKL, BRI FRZ) 20 m*, K R AR TR TR
JREZY 30 cm, WESZ 1 m, EAMAFZY 20 m,
TER B BRERA 28 3 W MG e, 77 AR B R KR )
OB A5 1 1 i AR K b, R K A A T EE 24
0.5m-s o MMKBURIG, BAKHEA YRR,
HERCHE 29 0.3 m-s o — e, R K 3tk 3l 7R
A, BKRARAHEREAGT, K2 20m’ h ',
PR RIGEAT K KRR, HE 2, TERKirh
PEEREFRIZY 1 he BKHEAFUFZER, ICARLL
W, A FEATEL,

1.2 HmREMSHTE

TERRGA XA, AIREIRRAESS ( BAR
6 cm) RET 1 EK 30 cm BRI ITRYHOR
FEAh, TR AT AT B (5 25 S5 Pl 43R 0—
2cm, 2—4 cm, 4—18 cm, 18—24 cm A 24—
30 em HY 5 AN IX[R], BEAATER COIm RS, 5
Fh, RV ERRRE B 7K 3t 8 A 7K 1 FLEZ 7K it
HER A B IR AR KA . B I 192 7K oK 4
EERERYE, pH oA 2—3, JE/KIA LKA R pH 24
F 3, HERCOER K pH 298 4. JRIETTRIAE =
AT BAART, HIRFERRES f5 i 200 Hif, Ht
OIBFRE . R KEERR 22 0.22 pum AYDE IR I 2
TR IS, IR P T e Al . i ierh
FaEIuE KM X FLIPOE (XRF) WHL; 1K
4 )& (TI. Cd, Cr. Co FINi) ZAHR - 2
R - FhIRIR G IH S A, IKTe iy 20 P AH iR
XPert Prodiffractometer #f 17 X #f 6417 41 (XRD)
SIAT A B Ry 0.020-(150 s) ', 45 H v L Ry
5°—90°) . KfFriE IRMM ( Institute for Reference
Materials and Measurements, KKIHZ: % ¥ o 10 &
JIEWEFE T ) XFEPE R TI, Cd. Cr, Co #1Ni [
WEAIE ST AT I E . B2 i IRMM 432 £ B
A BRINER 1 R TRAN A /3 AL 20 SR AT LA
2% Liuetal (2016) 1 Rauret et al (2000) . FAF
A RE AR b B B G A B A B (1CP-
MS, Perkin-Elmer Elan 6000 ) Jll%E .

P52 0 o 72 0 T s 25 O T, DU AL i AN
DURIARMEY) i GBWO7311 (GSD-11) R T 4
[F) A0 SO A P AL R FH T IPAk 4 i S 50 A o 2
P HERRPE . FE S PR B A P A5 R R S
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AL, AH XS AR HEAR 22 /N T 5%, &2 B9 IRMM 41
PR BGE S b TI, Cd. Cr. Co HI1 Ni ¥ [l i
R H 90%—105% ( [IiR = (F1+F2+F3+F4 ) /
Total x 100 ) .
1.3 HIEALIE

SCH R AR O DL Excel EATIC 5 MR, LU
Excel 2013, Origin 8.0 il EMCE £, X T XRD

(1 2 2 43 B, fdE TG 4 JCPDS PDF-2 %4
A4 Philips X’Pert HighScore %% {4 1 FX 43 It £,
T e W65 8 . R T SPSS Statistics 19.0 X I i1 i
M4 JE U R S E I T A T, R s £
“F7% (Enrichment factor ) XU -4t 48 % ( Risk
assessment code ) PR 7 20 IC Y AR Yy rh
LRI T IR TS Y

F 1 MBS IRMM -2 U
Tab.l Modified IRMM sequential extraction procedure

R
Steps and code

et s

Chemical fraction

EEAFTER HARIA

Nominal target phases

leegnvil IR S SR

Chemical reagents and conditions

SRR AT A A

o T T T SEHH E T AR 0.5 ¢ BE b B D A,

fim A 20 mL 0.11 mol-L™"

- S ERLH AL CH;COOH (pH=3) , % Fi&¥% 16 h.
‘eak aci
b bl Consisting in soluble and exchangeable Sample of 0.5 g digested with 20 mL 0.11 mol-L™" CH,COOH
exchangeable
2 cations, and carbonates (pH=3) for 16 h with continuous agitation at room temperature.
A B 1 R R A 20 mL 0.5 mol- L' NH,OH-HCI ( pH=
1.5) , %R T 16 h,
Al SRS F2 5 Fe-Mn (%) 242G B
F2 TﬁE ERS Fe-Mn () aﬂﬂﬁ_% "5 Residue from step 1 leached with 20 mL 0.5 mol-L™"
Reducible Bound to Fe-Mn (oxy)hydroxides . . L
NH,OH-HCI (pH=1.5) for 16 h with continuous agitation at
room temperature.
AU 2 sk R, PRI 10 mL 8.8 mol-L ™' H,0,, 7E 85°C
TIEf#E 2 h, M/REEFEE T, A 25 mL CH,COONH,
(1mol-L™) , il Fi%Y 16 ho
Ak EESHISEE S
F3 ‘I%L.ﬂ’, £ Iﬁﬁml%?‘ ALY S Digesting the residue from step 2 twice with 10 mL 8.8 mol-L™'
Oxidizable Bound to organic matter and sulfides . . . .
H,0, at 85°C for 2 h with occasional agitation until almost
dryness followed by 16 h continuous agitation of the cake by
25 mL of CH;COONH, (1 mol-L™") at room temperature.
. EW M LS PR3 gk, AR, W AURAL. SRR
F4 R /‘(\1@1 Bound to silicates or crystalline iron Digestion by HNO;-HF-HCI1O, (same procedure as for total
esidua oxides digestion)
2 HREHH AR BRI T & Cr. Ni (097, Wk 4

2.1 [RiRHAIT PIAR

JE R AN [R) R B ORI 1 22 A 4k 2
Fimse R FET YA A B, BFFAE
BEZME Loy CnEie A, BRa) | gAML
Y Cangrekn . mERDT) . ERAEARY (4 Ak
B ORRPRER ) MRS, R WE R E
SRR, RIULRE B E R &R TR (U7
AR 4E, 2015) , 0— 18 em T E S H K £
Byl £T, MR 18—24 cm U Z A 5
Y. frkT KRS &SRB T RAEEAR
N, T A e B AR AR M B A LR A (X SR AE
2018) o 0—24 cm UTRUZH, AR
fi, 7 18—30 cm PIFUZ T A T #A", Chen
etal (2013) A BL Tl EEWAF Tk . R

MR Y. PRIk, PR K RS U A [R] R B U AR
VIR 22 5, KR E A R & Ak
B RAE
22 KiEFHTESE

RV E R TR RN 3 PR, B4
FIE DRI S A 20 Si M Fe, (5 HRIA 85%,
UL BB 2R 77 AR 1) K 57 26 K1) Fe b &
WHEERR T ), H0o—4 em MTTRE S AR ZL
MERAEAY) . B S BT 2.05%—4.60%, H
HAE 4—30 cm VIRUZHEY & 25T 0—4 cm BYUL
FUZ, £UHE 4—30 cm T2 S5 A L HHL
YVIFBRIRET W) Al SN T 2.82%—8.13%, *
BT A o BRI AR RERRER T (ANl £y
HHRA) B (F2) .
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Tab.2 Major mineralogy of sediments in the wastewater pond

#1114

U7 fh2é YU  Sediment sample
Mineral Formula 0—2cm 2—4cm 4—18cm 18—24cm 24—30cm
9% Quartz Si0, Hkotk Hkotk Hkotk Hkotk Hkotk
HZH  Muscovite KAL(SL,A)O,,(OH), wn *ox ok o T
RFIA Tlite KAL,Si,0,(OH), i
MW" Goethite FeO(OH) & ok * *
&4 Kaolinite Si,ALO,((OH)g otoh S T
Jiff4r Calcite CaCoO, & D
A Gypsum Ca(S0,)(H,0), &
454k  Manganese dioxide MnO, g *
WERWT  Pyrite FeS, % % *
IR Potassium chromate K,CrO, g & * *
BHEAT Liebenbergite Ni, Mgy 54(Si0,) *
HilR%k  Iron manganite FeMnO, * *
WA Magnetite Fe,0, < <
TiliREs:  Nikel sulfate NiSO, - 6H,0 ok
RIBEERTT  Stewartite MnFe,(OH),(H,0)4(PO,),- 2H,0 Aok
FEfRES  Wollastonite CaSiO, okt
—#HAA  Aenigmatite Na,Fe;TiSiz0,, ek

rRrkE AR (c) >50%, ¥R 20%<e<50%, ***.

10%<c<<20%, **: 5%<<c<<10%, *:

1%<c<5%,

kREEE: component (¢)>50%, **¥¥*: 20% <<c<<50%, ***: 10%<c<<20%, **: 5% <<c<10%, *: 1% <c<5%.

£3 BRI F 2R &=

B sr4)

Tab.3 Contents of major elements of sediments in the wastewater pond

Yﬁ:fﬂ% Si0,/% Al1,0,/% CaO/% Fe,05/% MnO/% TiO,/% K,0/% MgO/% P,05/% S/%

Sediment

0—2cm 32.69 8.13 0.41 53.71 0.20 0.39 1.79 1.17 0.17 2.10

2—4 cm 35.27 2.82 0.11 58.34 0.16 0.15 0.79 0.62 0.24 2.05
4—18 cm 56.16 6.73 0.18 29.63 0.10 0.53 2.23 0.22 0.18 3.03
18—24 cm 51.22 4.30 0.69 4231 0.11 0.30 1.08 0.45 0.22 4.60
24—30 cm 61.83 4.96 0.09 24.16 0.10 0.43 1.84 0.18 0.15 451

JEFK A KA TL, Cr. Ni, Co 1 Cd & &
435k 633 mg-kg 'L 16.90 mg-kg ', 31.51 mg-kg '
542 mg-kg ' F18.50 mg-kg ', E/KMHE D AKFERY
Tl. Cr. Ni, Co fll Cd % 434 3.51 mg kg '
321 mg-kg'. 25.87 mg-kg'. 3.98 mg-kg ' Fl
471 mg-kg o JE K R AS 1 42 S Tl
i B RS BB A ULTE R R AR TR
o, VR UL W T1. Cr. Ni, Co fil Cd
FENER 4 FrR. B2 KU T TR 7 &9 [
& 16,55 —36.60 mg-kg ', ¥ {H 26.76 mg-kg ',
SEEIRE LR TIIF SR 24 —54 17, %
BT T B w4, Cr & R FUE 44.34—
93.72 mg-kg ', ¥l 61.0 mg-kg ', SRETRE T
BT & Cr iy S 0.88—1.86 15, HAEA HHb+
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Bel5 Y Cr KBS S I JIEYE T Ni & f A9
£ 1923—31.54 mg-kg ', ¥IMH 24.57 mg-kg", &
ORI E TR NI = E 1.34—2.19 f%, /)
FAH 35 Y Ni XUSE; IRJeiiR Y+ Cr 1
Ni B i AR AE A b 39805 e KU (B AR E Y, RS R
T T R (E, ULV LR B AR T Y KU 3
/N Co [ He FE 5 Bl 2 0.50 —2.21 mg-kg ', ¥I{H
1.83 mg-kg ', /NTIRE LSS, HEUKRE
WA Co B4, MMEEMBETS YL RS ; Cd Bk
TR 8.38—23.18 mg-kg ', {H 13.03 mg-kg ',
TR E TR SEM 139.67—386.33 1%,
JEAR M 3 e Cd BB Y 27.93 —77.27 4%,
T Cd IR s R R, AR R
15 YL AR
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Tab.4 Heavy metal content in sediments of wastewater ponds

RELIFRE o, RS R
JLE [ EREIVEAE S Chinese soil T (pH=5.5) ©
- R - i Crust abundance . L .
Metal Range/(mg-kg ) Median/(mg-kg ) Average/(mg-kg ) background i Soil contamination risk
,1 /(mg-kg") )
/(mg-kg ) value of agricultural land
Tl 16.55—36.60 26.76 26.88 0.68 0.85 -
Cd 8.38—23.18 12.63 13.03 0.06 0.15 0.30
Cr 44.34—93.72 52.13 60.01 50.50 102.00 250.00
Ni 19.23—31.54 26.19 24.57 14.40 84.00 60.00
Co 0.50—2.21 1.83 1.52 7.00 25.00 -

a: FEFEESN S (1990) ; b: Lide (2005) ;

c: ASIRETARAIE Z T B E LR (2018)

a: China National Environmental Monitoring Center (1990); b: Lide (2005); c: Ministry of Ecology and Environment of the People’s Republic of

China and State Administration for Market Regulation (2018).

JEACGH PR TR E T1. Ni, Cd. Co 1 Cr
AR AL E 1 TR, 1E 0—4 em TN
JZ, MEHEIRER K, Tl Ni. Cd. Co 1 Cr 1y &
BHE TR, TTRER A 0—2 em DIBUZE A
FRPEAK A - DTRRIHE AT, 4555 R A= B T3S i
fif, DIBUAHRIHES FAZ 8K, 1M 2—4 cm
FIUIRR 2 HA mis G %ﬂ%ﬁi?ﬂt% CngHar ﬁ%‘}*
AT U, REWRB AL IR 2 TL.

Cd. Co l Cr % &4, 4cm UTE@{ni,\nlJﬁtlﬂ,
TL AN Ni HARARU T B AR H, 4—24 cm,
T1 A Ni it S S AT, RIZIRTE T A Ni
B a R A, (HAE 24—30 em UUAZ, T
Ni &AW EF B, nTREZ T Ni FEEHH T
W, BAh, 24—30 cm VIRE T FE S

4TI ERR, AE A T1 F I 7 e ) J
K., 7F 4—24 cm, Co %u TI. Ni BATAH[R] A E AR
{78 24—30 cm, Co &g HLATFHE e,

BRI IEERE AR ML, Cd & & 2 ST E P RRAR N AR 1
G, Cd FRAE 0—4 em JeTtEr, WiTE 4—30 cm
BRI 5 Cd IR HEERL, Cr DI
Hlm I TR R R AR b, Cr fEAE 0—
18 cm ZU T, 1 18—30 cm AWML, TERR
JZIERH (18 cm) A0 HVIE TIE(E, o T HADL)Z
PR AR Ve R A s R MK AR h (pH
H2—3) , Cr &Pk WM oiE (PR,

2018) o 7E 0—18 em VIFH)Z, £ EWHKZ, Kl
HE) Cr S AR, 76 18 em J2 (LI 77E wE 4k
W, IR Y, RIS IR R Cr & B AFE

0 0
-4 -4
57 R
=-12 -12 =
Q. o
] -l16 -16 &
i -20 -20 N
ISy o4 ¥
_28 _28
-32 -32
15 20 25 30 35 40 0.5 1.5 20 2515 25 40 100
T1/(mg-kg") Co/(mg kg™) Nl/(mg kg ) Cd/(mg kg b} Cr/(mg kg b}
K1 EREcR S BRI
Fig.1 Heavy metal element content varies with sediment depth
2.3 JRiEH TI, Cr. Ni, Co # Cd MLZERT Ry v <5 i 1) R) RS s e A A m] A 2 sz

i B Y IRMM & ZE 8 UL i, Al 43031
BELARROURYI T ER BRI AR A, 665
MR AL s . RS AR SRR AR UL

Mg &I (ﬂi%ﬁ}?ﬁ}) i, HALE A
(T A% Bl A ] R Sy e 55 PR T A8 H
E>nwEs > E8AeES>ERAS (Zimmerman
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and Weindorf, 2010; Sungur et al, 2014) . 558
ISP A E RS PEAR B, HLAR ) B ShAE 9 AR I i A
Mo AT RS R 45678 55 i i 2k sl it e ) S &
AleRmrER sy, S (2) B E L kA4
MR, WP A S A i L o7 AR A A BEK
HEGHERMERG T RAEEE, TARAS NS A
PUSR BB AL DA ZE A o, BB i A ik
Pl ConmsiR . e EE . /RS A
RETBHA, BRARE R 5 rERR RS & kA b
WEEG o, PR, 7E AR &AM T
MELURS L BIPAR A By, AT DA 3 RR o M A 7
TURIH, NG (TEEIRS%, 2009) . LA,
DU 43 8 JU R AL 22 T8 A AL 45 55 1. T 28
AL WTHRESATEAS, NaERATRBIE,
FERT 5% A5 25 HLAA R vl 32 B Pk A A 4 ml )
( Wang etal, 2019) .

JE e A [ 4k 22 T2 A 19 TLL Cr. Ni, Co Fi
Cd 9 H 4 e A3 A An i 2 i o e U 35 1 o TG
iR T] A e A HEE 0.12—0.88 mg-kg ', $5FR A2
PSR 0.46% —5.32%, 1A RS I8 35 1f Hm]
LA TI SR FRER R A5G 1 TI & m AR, X ]
AEJE  TAEsRBR I 25 F (pH i 2—3) , HSO;

T1/% Cr/%

W R IR R T, PRV 28 #3S T A5 5 9
e 7E0—4 cm [WULEUZ P T1 A 038 RS 29 4
12% —15%, i 4—30 cm AYUTARJZ b T1 A4 AT 3k
JERASIN L) 5 4.86% —7.91%, R4 XRD 43#r,
0—4 cm MIRRTTUZ S, AEHE . A ke
RS (F2) DIEZEAMY) (FR3) , i
4—30 cm WULARZ A B /b s e g, —
A S, IR 4—30 cm, 0—4 cm JLF)Z
14 553 i O 2 K B AL W BE W BT A 2 1 T, iR
HI R, 24—30 cm 20 AY AL TH S el
10.21% —35.33%, 1fifE 0—24 cm WUTALZ % (E
INT 6.67%, %5 24—30 cm YIS I8 HP A7 16 B ik
AKX, SEMAYRMNECE S TI k40T 5E
YEF (Audry et al, 2010) . 7£ 0—24 cm [JiCTE
W BV BRI AESALAN EAE T, SRS
AL HSOT, X ATRESE 0—24 cm K i TI (7]
AALSE A IR EZ R (P E, 1998;
XI55 A 7K A, 2007 ) o Chen et al (2013) fif
SRR, EPEELY PR TI EERATERAS
1 (63.40% ) 5 JiCUe I AR AR A T H
55.38%—94.82%, ULHIKIE TR T AT e £
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Fig.2 Proportions of different chemical forms of heavy metals in the sediment profile
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Fig.3 Enrichment factor of heavy metals concerned
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Fig.4 Risk assessment index of heavy metals concerned
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