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TE. T 2013 43 A RERGHIHR KR HKMERZE IR ( FZE0~10 em, 210 ~20 em) % 20 4, I IEEF
WA E R I E e 428 (Cu, Pb., Cd. Zn) B 255K WK P Cu, Pb, Cd, Zn BSF3SMEAM 51K 7. 14, 25.94
15.72,37.58 pg-L ™", Hor CdBH T V2EHRK IS b, LT /E 248 Cu, Pb, Cd., Zn V3 &40 314 108. 38,
53.92,3.55, 139.26 mg-kg ' f193.00, 51.72, 2.08, 171. 00 mg-kg ™", Hrp [ F 2 L3 Cd #4348 1+ HEER 58 i it T 2 br
7. Pb 78 AR BB RO E , T Zn MBS 2 TR R A A R K. VR W E & R T B R R
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Zn P Cu, Pb A 50% DL LV RER AR N I RAFTE R R T5 Ye AU, 38 2k XUBS: P4 8 805 i ZE XU R A5 Cd S 22
EYET A R R SRR E T TR 8.
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Transportation and Risk Assessment of Heavy Metal Pollution in Water-Soil

from the Riparian Zone of Daye Lake, China

ZHANG Jia-quan'?, LI Xiu', ZHANG Quan-fa>*, LI Qiong', XIAO Wen-sheng', WANG Yong-kui', ZHANG
Jian-chun® , GAI Xi-guang’

(1. School of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, China; 2. Key Laboratory of
Aquatic Botany and Watershed Ecology, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China;
3. Huangshi Water Conservancy and Aquatic Products Bureau, Huangshi 435002, China)

Abstract; Each 20 water samples and soil samples(0-10 e¢m, 10-20 ¢m) were collected from the riparian zone of Daye Lake in dry
season during March 2013. Heavy metals( Cu, Pb, Cd, Zn) have been detected by flame atomic absorption spectrometric (FAAS).
The results showed that the average concentrations of Cu, Pb, Cd, Zn in the water were 7. 14, 25.94, 15.72 and 37.58 pg-L™",
respectively. The concentration of Cu was higher than the five degree of the surface water environment quality standard. The average
concentrations of Cu, Pb, Cd, Zn in soil(0-10 ¢cm) were 108.38, 53.92, 3.55, 139.26 mg-kg ™' and in soil (10-20 c¢m) were
93.00, 51.72,2.08, 171. 00 mg-kg ™", respectively. The Cd concentrations were higher than the three grade value of the national soil
environment quality standard. The transportation of Pb from soil to water was relatively stable, and Zn was greatly influenced by soil
property and the surrounding environment from soil to water. The transformation of heavy metal in west riparian zone was higher than
that of east riparian zone. The potential environmental risk was relatively high. Cu, Pb, Cd, Zn were dominated by residue fraction of
the modified BCR sequential extraction method. The overall migration order of heavy metal element was: Pb > Cu > Cd > Zn. There
were stronger transformation and higher environmental pollution risk of Cu, Pb. The index of assessment and potential ecological risk
coefficient indicated that heavy metal pollution in soil(0-10 c¢m) was higher than the s0il(10-20 ¢m), Cd was particularly serious.

Key words: Daye Lake; the riparian zone; water-soil; heavy metal; risk assessment
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1.1 FEAIRAE

T 2013 AEFA K, A5 20 A~ RAHE S (GPS
FENL) U 1 TR, i R K RS K W AR
) (HI-T 91-2002) R RAEKT 0.5 m AL A KHE
AL R 500 mL R 25 SRV 1, A 5.0 mL
1% R AEAHIR. HAEFERRIIK 0 ~5 m A+
BERAE L, IS LR AR AR A &R 000
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Fig. 1 Sites of sampling
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TRBEZE ™ TR + BUEEK” AR i 74k B
AEHESRSE. B 25 ~30 ¢ K, Rk
TR AR ) AR, BF S O3k 100 H AL, ao G A
A PRAE TR OB AT W AR s Y. LR
G SR PR FER H EoK + HF BRI k. B4
J&IE 2 73 M 2k BR 3 44 4% E 4 5T =) ( European
Communities Bureau of Reference) #i¢ i} I 2t i#f BCR

= BCR B Mt H R AR M S L ke
HH BARRBGE RN R

(1) 3R B 1.000 ¢ #Ef T RO P ImA
40 mL 0. 1 mol-L™'f{) HAc $2BUR , #&¥% 16 h J5 , &
ot I T B S AT

()RR 4 (1) AR IR 40
mL 0.5 mol-L ™' NH,OH-HCl 25, #%%% 16 h )7,
BRI I WOE A R

— HA R
........... &Eg
®  RHE
115°0400.78" E
)RS &2 hEEHERRY T INA

10 mL H,0,, ¥ 45), F & 1 h, KB (85C +
2°C) & H,0, & T, B HEHIMA 10 mL H,0, /K
WA EZE T, I 50 mL 1 mol-L ™" ) NH,OAc
PEBUR, IR 16 h e, B D ad BB 35 e 245, T
I3HT.

(4)FRIES 203) MG RRAY , BERN
RO HIN 8 mL F/K (HNO,: HCl =1:3) , fEH,
PR NI E FKGEZE T, DA HF B2 IE AR
I R ER, Fror i
1.3 FEso b

JKFERY pH (] PHS-3C BUKG %5 pH 15 |, 4
9 pH AN 72 2R FEL 0 95, 00 2 W38 P b o T TR
R, Bl A pH Y405 R 25°C T bRifE(E. =
% )8 (Cu, Cd, Pb, Zn) & &R F KGR F Iy
HHCEEAL (2 Varian AA240) fll5E.
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YIBt(GSS-3 ., GSS-5) #4770 M B s 45 ], % bR A
i i Cu, Pb, Cd., Zn [E] YL 553 51 7F 86.3% ~
110.5% . 97.9% ~ 116.9% . 91.5% ~ 109.3% .
90. 2% ~125.2% Z[f).
1.5 PHITE

W FH XUBS: PF A 35 20 (risk assessment code,
RAC) " TN i WA 2 1 - 4 A= g ] ) P
JE R T P U A B AR ) L Y 4 R A AN [
MIEE A, B 45 A A0 X I 35 AN R B 45 R 1R
MAEYA SN EEBEESTIESESRTAEY
AR B EE N L RAC R4 8 55 1R
BESTERFR, FEFANE AT LU i b f il
HE PG rp i T R B N PR U AR AR
SIBTEEE AT IR | RSk v 5 D S B
IRBE R CGHE A B B W EE RE T B KN o3 4 R i AR
Py a] R PR EE SR A XU A= ] ) AR
FERIEE AU B XoF Bz Y RAC {ELDLER 1.

F1 EWAH AEEMFRERREERA RAC E"

Tablel  Bioavailability and environment risks of different RAC

RAC {H A 4y ) AR B UG R
RAC<I1% A% TCIABS:
1% < RAC<10% i RS
10% < RAC<30% rf 45 rh &5 U
30% < RAC<50% ] o LR
RAC >50% = e RS

1) RAC = €,/C, 7 €, Fm R4 S e R R A IS, ¢, %
AN R 0 287 B

TE PV A 25 RV 8 BRI i el L3, DA
TSR RGNS ERE. 6
Uoik X e A i R A B e AR S e E
REE BUIRYh 2R E S E A EAS G ER
LRI A 53030 R

E, =T, xC

RI = > &
L, CCNEEBEERB(C =C/C); C RHFE
ZUURR Y E 4 R B SCIE; C RN S L
E" RIS LI E AR RE; TONE
SIRMEERB (/B Cd =30, Pb=5, Cu=5,
Zn=1) B F 2 M 4 JE 1) B A ) i

G5 Y R RSRRE O S K T U 1
&SR TR HRA L, i RS e
FHREE FFEERL, 43R4 E LR T R Mg
RS ERE MO A SRR, BA15 15 Y e
FEM R R I 2.

®2 E. RISTLBEEMNXR

Table 2 Indices used to assess the potential ecological risk status

E RI G R
E! <40 RI <150 B
40<E' <80 150 <RI <300 &g
80<E' <160 300 <RI <600 i
160<E' <320 RI=600 AR5
E' =320 e

2 HR5ITE

2.1 KGR/ 3 4 R & B AR

PRGN K M FRIZ(LJE: 0~10 em, T
JZ: 10 ~20 em) 3R pH K E 4R S R®ETET
SR, BT A SR WA 3. & S 8 pH HYNT T,
AR GGERE X AT R 5 ARG W A ER T Tk R
IKHERCA 5. WK H Cu, Pb., Cd . Zn HISFHE ST
MR 714, 25.9415.72, 37.58 pg-L7', Hif cd
T VIEMEROK IR AR . 1 Pb A Cr
SREEBTFE,MCufzn 5EETERTLE
2 BTZIX BUAATE Ph Al Cd {54, b R 2+
Herp Cd Yy i AR R L HbniE. K6
T Cd BTG YL IX X 5 RGBT L A
ol Kk 5, TEoR I BT RS 5 ) 2 5, A P B
A T A 7 AR W HE AR Y 6 e R AR . 45
G T R AR I O 22 1 78 S R BB, B U5
W 4R K5 e 2 AR,

PRGN Rl 3 S8 B 5 e KR
H A B AT e A, e I i v A T A
L, 2K ILH A (2 6 8 i b EZ Al
W7, BAT3 0002 4F (4R 5 1 R Ava e by s | &%
RANER 4 R, KiGNER T HIEPESE Cu &
T ERIL, e IR K Al AR T KT
il T BRI K A, P B R T e 4K
W AR A KRR A AR T BR VL 4 iz i B K
FRal s Cd P& a7 = | LR K KT
BRUL ., ST SR K R 5 Zn B9 & T =k
ST AR ER A3 K R TRV 4 B T B
WK, KIGWIERW LEhE 48 Cu, Pb,
Cd, Zn B9 580 & T =K R HE 48 Cu,
Pb, Cd, Zn B3 8, e {1 T g 17 BRI K
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®3 KARBRARREREGLEpH ERESRTESE"

Table 3 Concentration of heavy metals and pH in riparian zone soils of Daye Lake

L7 WH pH Cu Ph Cd Zn
e/ ME 6.32 0.25 14.25 1.67 BDL
I5oN( 7.50 20.35 39.59 161.97 238. 14
K/pgL~! F-HMH 7.14 7.14 25.94 15.72 37.58
Bt 22 0.35 6.01 7.88 38.65 53.24
5 5 AL 0. 05 0.84 0.30 2.46 1.42
e/ MH 5.11 4.09 9.89 BDL 18.72
SN 6. 66 667. 36 108. 08 14. 64 343.12
F3(0 ~10 em)/mg-kg ™! SFHE 6.24 108. 38 53.29 3.55 139. 26
B 22 0.42 167.53 23.87 4.17 90. 36
5 5 R AL 0.07 1.55 0.45 1.18 0. 65
e/ MA 5. 61 3.04 11.72 BDL 71.17
I 6.75 694. 06 101. 32 7.65 350.26
+3E(10 ~20 em)/mg-kg ™! EHIE 6.37 93.00 51.72 2.08 171.00
i 22 0.26 156. 76 22.11 1.78 89.03
5 5 F AL 0.04 1. 69 0.43 0.86 0.52

1) BDL: below detetion limit, fi& TR ; FEAEL n =20

*4 IEBEERAESHEKRFEFNLLR /mg-kg™!
Table 4  Concentration of heavy metals in riparian zone soils

and comparison with others/mg-kg ™!

[X 45k Cu Pb cd Zn

IR (RS 100. 69 52.51 2.81 155.13
Ry 60. 95 93. 06 4. 60 274. 41
= [10] 35.70 42.89 0.49 88.09
Skyartin] 217.90 25. 64 — 89. 38
HETT BRI 665.20  331.91 9.24 1368. 34
L1 2R 8 43 7k g s 18.38 22.48 0.14 56.13

1) " SR

HESJE Cu, Pb, Cd, Zn HY& &,
2.2 HEEJE SRS AR

R T RT3 AR R Y A (R A A R
TIE, XA SR i T 4 R AT LU A AT, e br s SR n
K2 Fis. KIGIIE R L gdh Co EEEDE
D1, D19, DI, D2, D3, D16 ' Pb & E# 5 ,Cd 5
YeFEAEPYE DI, D2, D3, D9, DIS. DI, D2, D3
BT A SR I A0 HERR 15 Y AT bl R AR
TSP IRES; DI, D19 il A M &% 1L, o
GBI F LR ; D16 KA HEBE ) B RA G R
K I Tl i5 K E S W RHEAKIG. Bk E, RiG
WIPEHE4)E Cu, Pb, Cd, Zn BY& 3% T 4K
WL ORR TSI KIGA EEET . RiG
R 77 K Tl B R 43 T R W T e
K& =" WA A0 BT B HE AT X, 20 150
AT Eam G R E, HhES)E Zn
SRR, AT R TR A ) I Tk
W R RERA A, PR AHLA L

T AR FESGER) S ) Tl K .

23 AIE X IR 0 ~ 10 em F110 ~20
em TIEM pH M 45 H & Jm 15 YR O, ZIRTREE R 0
~10 em TIERFIY pH H/NT 10 ~20 em T H
AR BT Btk i P E A R T R sk
k. 0~10 em THIEFE )R Cu, Pb, Cd B FI
HAT 10 ~20 em BRZ L5, HA Zn PFY S &
/NTF 10 ~20 em 3. @& 2 AT 1, D1, D3, D4,
D9, DI8 Y Cu, Pb, Cd, Zn & & 0 ~10 cm 13
=T 10 ~20 em 13, D1, D3 {57 FA gk 114 X
TR W SO iz ol A Y R
J5; D90 ~10 em HIEZ Cd 15 YL 575 M &, 75 RFE
ST 400 m 24 A HES T, RAERT 0 ~ 10 em 15
FRAE 10 ~20 em IER (A AT RERAEIHE EHE
1515 D18 BT o Tl AR 77 S Hl, A 2 K Tl g2 7K
FIHERLSE 0 ~ 10 em IR LI 4 )8 & B . X4
ACH S TS YRR E AT E R b RAR T . KRR
REEIRRHEA I T BUE IS 0 ~ 10 em VR - 5857
TGP 10 ~20 em IR TIEHE. T 10 ~20 em R+
e Zn BEE S BT 0 ~ 10 em 38, DL HAD
10 ~20 ecm HIEFELEIGIE 0 ~ 10 em H, A
UL,10 ~20 em - 3ETE 4 & & & o0 KA I 2 41
B BRI ,0 ~ 10 em T3 4w 15 Y 2
U HI IS Sh A, 3% -5 KR R T AR ik
W AN AR R . NG | MET AR TN S
o AR e R I P N

HAe R TGY BA A g g, nl DLAE 3Rk
b ArieR%. oK E G R AR K E
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Fig. 2 Spatial distribution of heavy metal concentrations in coastal water and riparian zone soils from Daye Lake
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Fig. 3 Chemical forms of heavy metals in riparian zone soils from Daye Lake
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Table 5 Distribution of speciation of heavy metals

in riparian zone soils from Daye Lake

WiH Cu Pb Cd 7n
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Table 6 Bioavailability and environment risks of different heavy metals
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Table 7 Potential ecological risk coefficient in riparian zone soils of Daye Lake
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