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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 TI 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

DOI: 10.7515/JEE192049



Mo ERFREE-A 4

KA SR A 5 Y R TR
WM TGS, K S 7 AR )RR 1 5 K
MES B ITRIEAREG, HEKR, L, KA.
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 f1 As B&EwE, H
Cd 1 TI A ARES S e, R TSR
RS T G B DORR ) AT R R ) 4 R A S T 7 S
T X HEAR KA DX SR e R ) A R A
K, BRI 2B T BRI Y E
T TIFE R ) RS, =R
Mk 7K (XIS, 2013) o

H 48 JC R SRR AL BRI 2547 o A
BASGENEZER, AOEEEELSEITR
FEIREE R IR sl . Ao R R E R AE B PR S
DOREE AN (FIRE T oo R B i, R TIoE
b2 25 (Rauret et al, 2000; Rao et al, 2008;
Liu et al, 2016) . HIEHE L E TR LFIE
AR, HIE SR Py ] B v S A SR
PIVETE S FEVEARTR . A7 X0 R A DT AR ) 2 1 4
IR A M EZERE, EERUAFNAIESE
TR DURY . B BT R R 5
LB Y e — EATFE NS R A, BT XU AR
Y E SR SRR S B A R X,
AT 5 X B P AR X A S YR AR T )
TI. Cd. Cr. Co Ml Ni py &= Ffb 2B R 1753
B, PEAR Ve R VR TR Y 0 4 JE U5 YR Ol
LR, I PEAR A7 7= IR 3 9 I 7K
b (1) 7 4 T BE X IR BT R I AR fa S, T
PAAIUES R o Tk s S 1B NI B N
1 #MifAE=*E
1.1 #FAAREXHR

YRR AR X TRl R, SR
LW, FHRE21.5C, WEERHEHEEET,
AEREMELS 1700 mm, ZAEREKOV-YY pH (E R R
(pH=4.89) (Z=HE-F4%, 2011) , A KAk
YEFHR . B XA =R EE, BE 2%,
ZBERE W R 2L R T B AL,
TR YR ESe, AR N
BETAE (CRTERH, 2011) o [ 1988 48Py B a2k
T X IE AR LK, % XA P Bk 1 R
AEFE IR 300 7 t, HTHTARKAA R (4920 m)
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FE A ERIR (FEERE, 2016) .

LB R DX P 7K L T 7K U8 A e B8 ) 1T
B, FEH R DURRGES FE s o 8 A )
UKL, BRI FRZ) 20 m*,  EAK I R AR TR TR
JRIEZ130 cm, W29 1 m, FEAKMAFZ 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 MMKBURKIG, BAKHEA FHFAYER,
HERCHE FE 25 0.3 m-s o — e, R K 3tk 3l 7R
&, BKRARMHEREAGT, K2R 20m’h ',
PEHRIGEAT K KRR, He 2, fER KD
MFEEREFIRIZY 1 he BKHEAFUFZER, AR
W, A FEATEIL,

1.2 HmREMSHTE

TERRA XA, AIREIRRAESS ( BAR
6 cm) RET 1 EK 30 cm HJETITRYHOR
FEAh, TR AT AT B (5 25 S5 Pl 43R 0—
2cm, 2—4 cm, 4—18 cm, 18—24 cm Al 24—
30 em HY 5 AN IXR], BEAATESR QIR RS, 5
Fh, RV Ws BRARIRTE 1 7K 3t 8 A K 1 FLEZ 7K it
HER A B IR AR KA . B I 192 7K K A4
EERERYE, pH oA 2—3, JE/KIA HKERR pH 24
3, HERCOR K pH 298 4. JRIETTRIAE =
AN HARRT, RIS 5 200 B, it
OIFRE . R KEERR 22 0.22 pum AYDE IR I 2
TR IS, IR P T e A, i ierh
FEIuE KM X FLIOE (XRF) WHL; 1K
4 )& (TI. Cd, Cr. Co FINi) &AM - 2
R - FhIRIR G IH S A, IKUe iy 20 Y AH iR
XPert Prodiffractometer #f 17 X #f 6415 41 (XRD)
SIAT AR B Ry 0.020-(150 s) ', 45 H v L
5°—90°) . XfFrvE IRMM ( Institute for Reference
Materials and Measurements, KK Z: 2% ¥ o A1 &
JIEWEFE T ) XFEPE R T, Cd. Cr, Co #1Ni [
WEAIE ST A I E . B2 i IRMM 432 £ B
A BRINER 1 R TRAN A /3 AL 20 SR AT LA
2% Liuetal (2016) F1 Rauret et al (2000) . FAF
AL A ke R R B 4 B AT (1CP-
MS, Perkin-Elmer Elan 6000 ) Jl%E .

P52 90 o 72 1 o s 5 O T, DURR A i
DURIARMEY) Bt GBWO7311 (GSD-11) R T
] A SO A AL B, T 0T A R0 4 i S 30 4 i 4k
P HERRPE . FE S ROV BE A A5 SR R S
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AL, AH AR E R 22 /0T 5%, B2 IRMM 43
IR BGE S b TI, Cd. Cr. Co HI1 Ni ¥ [=5] 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 /EMHCE £, X T XRD

¥ 2F 5 i 43 M7, A& JCPDS PDF-2 £ ¥
A4 Philips X’Pert HighScore %X {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 £
F 3% (Enrichment factor ) A1 XU P-4 48 4% ( Risk
assessment code ) PR 7 0 IC e LAY rh
LRI T IR TS Y

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

YRR
Steps and code

et s

Chemical fraction

EEAFTER HARIA

Nominal target phases

leegnvil IR S SR

Chemical reagents and conditions

SRR AT A A

T T T SEHH E T AR 0.5 ¢ BE b B D A,

fim A 20 mL 0.11 mol-L™"

- o ERLH AL CH;COOH (pH=3) , Zi F#% 16 ho
‘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.
A5 B 1 R Hh i A 20 mL 0.5 mol- L' NH,OH-HCI ( pH=
15) , =RTEY 16 ho
Al SRS F2 5 Fe-Mn (%) 242G B
F2 TﬁE ERS Fe-Mn () Eﬂﬂﬁ_% "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.
B0 2 s b, IO 10 mL 8.8 mol-L ' H,0,, 7 85°C
TIEf#E 2 h, M/REEFEE T, A 25 mL CH,COONH,
(1mol-L™) , il Fi%Y 16 ho
AT L SRS A
F3 ‘I%L.ﬂ’, = Iﬁﬁml%?‘ gLt 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 FHERESW TR LI T4 Cr. Ni (54, Wi 4

2.1 [RiRHEIT YIAR

JE R RS [R) R B ORI I 22 AR 4k 2
Fimse R FET YA FMA B, BFFAE
BEZWE Loy CnEiea, BRa) | BEk
Y Cangrekn . mEERDT) . ERAERY (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 B £
Byl £7, MR 18—24 cm TR Z A 5
Y. fHkT KRS &SRB FREEAR
N, T4 e B AR AR W B A LR AT (X SR AE
2018) o 0—24 cm WUTRUZH, AR
i, 7 18—30 cm PIFUZ T A T #A", Chen
etal (2013) KBTI £ LWAF Tk . R

MR M. PRk, B K RS R A [R] R B U AR
VIRl s 22 5, KR E 4 R & Ak
B RAIE
22 RiEFHITESE

RV E TR RN 3 R, A
FIE DRI S A L0 Si M Fe, (5 HRIA 85%,
UL BB 2R 77 AR 1) K 57 26 K1) Fe b &
WHEERRER T ), H 0—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, £WHE 4—30 cm T2 S5 AL HHL
YVIFBRIRERT W) Al SN T 2.82%—8.13%, £
BT Ao BRI AR RERRER T (ANl £
BHRAE) h(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—I18cm 18—24cm 24—30cm
Eﬁ Quartz 8102 skskoskosk skskeoskosk skskeoskosk skskoskosk skskoskosk
HZR  Muscovite KAL(SL,ADO,(OH), Hrkk o e Hoxox Kok
RFIA Tlite KAL,Si,0,(OH), i
MW" Goethite FeO(OH) & ok * *
A Kaolinite Si,A1,0,,(OH)y RS S R
Jiff4r Calcite CaCoO, & D
A Gypsum Ca(S0,)(H,0), &
—4AbEE  Manganese dioxide MnO, * *
FERET  Pyrite FeS, ok ok *
R 4 Potassium chromate K,CrO, & & & *
BT Liebenbergite Ni, Mgy 34(SiO,) o
HiMR%ER  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
fERRES  Wollastonite CaSiO;, LA
—#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 ZKAERY TL, Cr. Ni, Co i1 Cd & &
435k 633 mg-kg 'L 16.90 mg-kg ', 31.51 mg-kg '
542 mg-kg ' F18.50 mg-kg ', JE/KMHE D AKFERY
Tl. Cr. Ni, Co fll Cd % 4344 3.51 mg kg '
321 mg-kg'. 25.87 mg-kg'. 3.98 mg-kg ' Fl
471 mg-kg o R K R AS 1) 42 S Tl
i B RS BB A ULTE R R AR TR
the JEREE TR U Y TLL Cr. Ni, Co #1 Cd
FELNER 4 FrR. 2K U T TG 7 &Y [
J& 16,55 —36.60 mg-kg ', ¥ {H 26.76 mg-kg ',
SHEEIRE LR TI I S0 24—54 15, %
B T1 B 5w 5. Cr A9 & EVu 2 44.34—
93.72 mg-kg ', ¥JMH 61.0 mg-kg ', SHEIE+
HEUE Cr iy Y 0.88—1.86 177, [HTEA ML+
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Bels Y Cr KBS S FEIY. JEYE T Ni & f 9 3
£ 1923—31.54 mg-kg ', ¥fH 24.57 mg-kg', &
HORRE TR NI = 1.34—2.19 f%, /)
T A 35 e Ni WUSHE ; RIBTUEWIh Cr Al
Ni &5 i A AE A b 39875 e KBS (B AR E Y, R R
T T R (E, ULV LR B AR T Y KU 4
/N Co [ HeFE 5 Bl 2 0.50 —2.21 mg-kg ', ¥I{H
1.83 mg-kg ', /NTIRELHES M, UK
WA Co B4, MEEMBETS YL ; Cd Mk
TR 8.38—23.18 mg-kg ', ¥I{H 13.03 mg-kg ',
TR E TR SEM 139.67—386.33 1%,
JEAR T M - 3ES e Cd B Y 27.93 —77.27 4%,
T Cd 7RI R s RN R, HA RS M EREE
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) ©
i 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 ST B 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, 7E 0—4 em UL
2, BEEWER K, TI. Ni. Cd. Co 1 Cr i &
BE TR, TTRER N 0—2 em VIBUZE A
FRPEAK A - DTRR I, 2555 R A= B T3S i
fif, DIBUAHRIHE FAZ 8K, 1 2—4 cm
FIUIRR 2 HA mis A %ﬂ%ﬁe?ﬂt% QUL R7RIN 5%*
AT U, REWRBH AL UTIE R 2 T1.

Cd. Co l Cr %5 H 4, 4cm UTE@{ni,\nlJﬁtlﬂ,
TL AN Ni HARARUR) T B oA H, 4—24 cm,
T1 A Ni i S S AT, RIZITTE T A Ni
W a R A, (HAE 24—30 em UUA)Z, T
Ni &AW EF B, nTREZ T Ni FEEHH T
W TN, BAh, 24—30 cm VIRE T FE S

4TI ERR, AE R T1 F I T e )
K., 7F 4—24 cm, Co %u TI. Ni BATAH[R] A E AR
{3, 78 24—30 cm, Co &g HLATFHE e,

BRI IEERE AR ML, Cd & & 2 ST E P RRAR N AR 1
e, Cd FRAE 0—4 em JeFtiEr, WiTE 4—30 cm
BWEAC, 5 Cd M B R EHEI, Cr ETi
FlT B TR PR AR RS, Cr frERAE 0—
18 em BT, 7E 18—30 cm AWIFEAL, 7ER%
JZIERH (18 em) A0 HVEE TWE(E, o T HADL)Z
PR B PRKHES T I2 i 7 i R M /K Mk rh (pH
H2—3), Cr HFG Wy W Hide (R,

2018) . 7E 0—18 em ULA)Z, £k K%, KR
) Cr S AR K, 1E 18 em 27 877 FE /G Bk
W, IR Y, R IR KR Cr & ARE

0 0

-4 -4
=-12 -12 =
a o
] -l16 -16 &
i -20 20 1
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 Tl Cr. Ni, Co # Cd FLZERT Ry v <3 i 1) R RS s e A A m] A 2 2

i B Y IRMM & S22 UL i, Al 43031
BELARROURYI T ERRIAR B, 145
MR AL A . AR RS ATEAAR SRR AR UL

B &I (ﬂi%ﬁ}?ﬁ}) =, HALHE A
B T A% Bl A o] R Sy e 55 PR AT A8 f
E>nEs > E8AeES>ERAS (Zimmerman
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and Weindorf, 2010; Sungur et al, 2014) . 55 g
A AC P AR EAR B, HLAR ) B Sl AE 9 AR IR SR
Mo AT RS R 45678 55 i i 2k sl it e ) S &
AleRmrER sy, S (2) B E L kA4
M, WP I S A i L 7 AR A e A RRK
HAEGERMERNM T EETE, MEkEN5E
PUS BB AL DI A2 A 1 0, BB v i ik
Pl Canmsie . S EE . | Ak
RAETBHA, BRARE N 5 rERR R B & Ak
WEEG o, PR, 7EHARIREE &AM T
MELURS B BIPAE A B, AT DA B RS e M A7 7
TUURIH , NG (IEEIRS, 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 T1L Cr. Ni, Co Fil
Cd 9 H 4 e Ay A An i 2 Firs o e U 35 1 o TG
R T A2 e A HETE 0.12—0.88 mg-kg ', $5R A2
PSR 0.46% —5.32%, AR I8 35 1 Hra]
LA TI SR IRER RS 1 TI & =R, Xi]
fE & TSR mR 4 (pH H 2—3) , HSO

T1/% Cr/%

W R IR AT, PRV 28 #3S TI A5 5 9
e 7E0—4 cm [WULEUZ T A 038 RS 20 4
12% —15%, i 4—30 cm AYUTAR)Z b T1 A4 AT 3k
JERASIN L) 5 4.86% —7.91%, R4 XRD 43#r,
0—4 cm MIRTTUZ S, AEE . A e
RS (F2) DIEZEAY) (FR3) , i
4—30 cm WULRRZ A B g M/ s e g, —
A S, IR 4—30 cm, 0—4 cm JTF)Z
14 553 i 0T 2 R B B AL W BE W BT A 2 1 T iR
HI R, 24—30 cm 20 AY AL TS A
10.21%—35.33%, 1fifE 0—24 cm WIUTLALZ % (E
INT 6.67%, %5 24—30 cm YIS I8 HP A7 16 B ik
AKX, SEMAYRMNECE S TI kAL TT5E
YEF (Audry et al, 2010) . 7£ 0—24 cm [9JiCTE
W BV BRI A SALAN EAE I T, S* RS
AL RSO, XATRESE 0—24 cm K i TI (7]
AALSE A IR EZ R (P E, 1998;
XI A 58 A K A, 2007 ) o Chen et al (2013) fif
R, EWPEELY PR TI EERATRAS
H(63.40%) 5 JRUEHI T AR TS oy
55.38%—94.82%, ULHIKIE TR T AT g &
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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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