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Abstract: The concentrations of heavy metals (Cr, Ni, Cu, Zn, Pb, Cd) and arsenic (As) in the water and suspended
particulate matter (SPM) of different layers of the tail reaches of the river and estuary (low-salinity area) of the Yellow
River were sampled in the pre-flood ( April) and post-flood ( October) seasons of 2016 to investigate their distributions in a
seaward direction. The ecological risk of heavy metals and As in the water and SPM of different depth layers were evaluated.
The results showed that in the pre-flood season, only the mean level of Cd in the surface layer was higher in the tail reaches

than in the low-salinity area, whereas the average concentrations of As, Cr, Cu, Ni, and Pb in the bottom layer water were
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higher in the tail reaches than in the low-salinity area. In the post-flood season, the average level of Ni in the surface water
layer was lower in the tail reaches than in the low-salinity area, while the average concentrations of the six heavy metals and
As in the bottom layer were higher than those in the low-salinity area. Moreover, in the pre-flood season, the average
concentrations of As, Cd, Cu, Ni, Pb, and Zn in SPM in the surface layer were lower in the tail reaches than in the low-
salinity area and the average levels of six heavy metals and As in SPM in the bottom layer of tail reaches were all lower than
those in low-salinity areas. In the post-flood season, the average concentrations of six heavy metals and As in SPM of the
surface layer of tail reaches were higher than those in low-salinity areas; the average levels of As, Cd, Cr, Cu, and Pb in
SPM of the bottom layer were higher in tail reaches than in low-salinity areas. As and metal pollution in the water of surface
and bottom layers of tail reaches and low-salinity areas was not serious, and was generally in accordance with the Class I
Criteria of Environmental Quality of Surface Water in China and the Class 1 Criteria of Seawater Quality in China,
respectively. Compared with the pre-flood season, the sum of toxic units ( 2TUs) and the mean probable effects level
(PEL) quotient of As and metals in the SPM of the surface and/or bottom layers of tail reaches and low-salinity areas
decreased greatly in the post-flood season, indicating that the implementation of a Flow-Sediment Regulation Scheme during
the flooding season could reduce the potential ecological toxicity risk caused by the combined effects of these elements in

suspended particles.

Key Words: heavy metals, arsenic, ecological risk, tail-reaches, estuary area
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Fig.1 Location of study area and sampling station
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DR E BG5S km BB 1 ARG, AT 24 DUz (I8 1,2,3, ,24) 355 1—20 il g B2 18]
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Z528 0 JIA HF A1 HNO,(3:1)2 mL, & FHLA A 150 °C Jin#k 12 hy FRE S 2 H S A 0.25 mL HCIO,, T
150°C L b 26 2301, A 2 mL @ 4K Al 1 mL HNO, , JEAKEAS 9 150 °C (8138 12 b 3 b e b FH s 4l
KERZE 10 m L F0, F4JE(Cr Ni Cu.Zn Pb.Cd) Fl As K% Thermo Fisher 23 ] X-Serie II % 1CP-
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AR T TR /K R IR b R e 1 5 A BR ) ] ik K BT GB3097-1997 1 ZEFRUESHATITAN (As=20 pg/L;Cd
=1 pg/L;Cr=50 ng/L;Ni=5 pg/L;Cu=5 pg/L;Pb=1 pg/L;Zn=20 ng/L) o FKAIRKIIAY AT
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Table 1 Guideline values of heavy metals and As adopted by this study

Tt H Project F6 4% Index As Cd Cr Cu Ni Pb Zn
WKLY TEL 5.9 0.596 37.3 35.7 18 35 123
Freshwater sediment PEL 17 3.53 90 197 36 91.3 315
TR TEL 7.24 0.68 52.3 18.7 15.9 30.2 124
Marine sediment PEL 41.6 4.21 160 108 42.8 112 271

TEL I 544808 ¥ B ( TEL, Threshold Effect Level) ; PEL: W] iU ¢ i ( PEL, Probable Effect Level )

FF P PEL @4 JIR S ok 4 b 4 B BCA B R B R HO TR A IR .
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Fig.2 Distributions of pH, EC ( Electrical Conductivity) and SPM ( Suspended Particulate Matter) in tail-reaches and low-salt areas (S,
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Fig.3 Distributions of heavy metals and As in water in tail-reaches and low-salinity area
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VT, B IENATE B ] FHIRER X R 2 EIR PR 6 FhE &8 1 As & AW A8 b Eb AL, B Cr A1 Zn
TR E I ([ 4) RIS B BNAE K TR EL X R 2277 kY th As Pb . Cu . Cd Cr A1 Ni &
SRR — 80, HAME AR TR . STRATAHL, UG RZBIZ PR Cr F Zn & S TR FRAR
BT R NI, 8 AES 18 sl 7t B e R A, T AE AT AR DX R 5 23 b IR R (1 4)
HRZEFPRYAL, RBENE R E BRI b 6 MESEM As &R AL TR ETH AL 7 R
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1 Ni SRR AR —3, R84 T4 22 sl v I BIR(E . ARSI IE S 1—17 3507 Zn & 7T
AR5 As Pb Cu . Cd 1 Ni AHL, {E 76 5T B2 BT 18 S5 ] DR Eh X A8 Ak i A8 b 5 2 22 R K Bk sh i
BRI AR O RER X, Zn SRS/ Cr As . Pb Cu.Cd Fl Ni & H728 4k h—5 (K 4)

F2 REEMERTOMRBXKEMZZFTHYPESEM As FHEE

Table 2 Average levels of heavy metals and As in water and suspended particulate matter in tail reaches and low-salinity area

IR ES BIFURLY) SPM
[ B Stage VB Reach 562 Element Water/ ( ng/L) Suspended particulate matter/ ( mg/kg)
Rz ez x2 2
Surface water layer ~ Bottom water layer ~ Surface water layer Bottom water layer
A FE 8T IH As 1.24+0.49 1.50+0.93 17.42+3.59 14.39+2.63
Pre-flood season cd 0.10+0.20 0.08+0.08 0.49+0.11 0.40+0.09
Cr 1.03£0.41 2.07+4.53 108.62+34.13 89.94+18.47
Cu 3.28+1.60 3.90+3.56 34.62+8.13 28.05+6.43
Ni 2.17£0.70 4.13+5.36 45.26+14.22 35.11%8.31
Pb 2.27£1.70 2.66+2.71 29.24+5.95 24.89+4.36
Zn 22.85+14.58 19.08+11.87 92.79+22.43 73.59+15.56
W ERER X As 1.53+1.20 1.19+0.40 18.57+3.22 17.64+3.23
Cd 0.08+0.05 0.09+0.09 0.54+0.10 0.52+0.15
Cr 3.024.11 1.01£0.27 107.35+19.09 119.51£30.04
Cu 4.04+3.68 2.99+1.03 39.20+7.60 35.42+7.02
Ni 4.39+4.87 2.64+1.05 49.93+11.53 48.19£9.52
Pb 2.35+1.46 2.27+1.30 31.12+5.23 30.62+5.56
Zn 29.61+11.50 31.58+21.86 103.72+19.15 98.56+14.63
W A CIRGIBTE] As 1.63+0.53 1.89+0.44 12.79£1.39 11.92+1.65
Post-flood season Cd 0.05+0.02 0.05+0.02 0.36+0.05 0.32+0.07
Cr 8.66%2.73 10.44+2.26 82.21+11.95 78.63+9.88
Cu 4.05+3.85 3.60+0.85 23.87+4.01 21.25+4.58
Ni 8.15+7.10 6.57+1.57 31.79+4.70 29.91+4.52
Pb 1.11£0.40 1.11+0.34 21.79+2.69 20.41+3.08
Zn 13.58+4.83 13.27+4.64 74.28+20.79 66.09+18.53
W ERER X As 1.43+0.55 1.43+0.51 11.44+2.38 10.95+2.71
cd 0.04+0.01 0.04+0.02 0.30+0.10 0.26+0.12
Cr 7.69+2.43 5.43+3.58 79.71£14.87 77.80£13.77
Cu 3.01£1.13 2.58+1.10 22.16+7.19 19.27+7.44
Ni 11.15£11.65 4.01£1.97 30.66+6.41 30.64+8.08
Pb 0.90+0.41 0.90+0.66 21.07+3.86 20.40+4.37
Zn 11.46+3.30 14.03+4.31 70.69+20.40 72.31£31.18

SRS A S, VTR B E 2 BV Uk As . Cd  Cu Ni . Pb Hl Zn (934 & 5 ¥ T D%k
DX, TS JZ R TR 6 FREE &2 IR A As (93 s BT EIRER X, TS, B2 11T 18 28 2 8 7 ok 47 o
6 FiEE 42 JE AN As -4 85 1 24 1 CIRER IX, TS J2 B TR0k 0 As Cd  Cr,Cu A1 Ph [ F- 2 & 5 2 i i
FRER DX, A UG , TR [T 18 K 3mT FIRER X 3R )2 AR JZ B2 R 6 P 4 8 A As (-3 & i
P (R 2) o
2.4 KRN VT R A A 25 RS DA

WG TR R B A AR 14 3 2 KRG Zn &0 I #b K BRES i ( GB3838—2002) 1 K5
YERRAR 5 1T FARER DA 22 Bl 2R ZKARRY Cu & 6 5 20—22 3 iy Zn &5 55 20—22 24 S50 1) Pb %
B KK B (GB3097—1997) T ZKAniFR(E . TRATEBIAGE S 12 30K JZKAR A Cr .Cu Ni . Pb 1 Zn
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Y i S K P ST (GB3838—2002) T ZEARERRAE ; i IR ER X 56 20—22 24 i (i JiK 2 KK Zn &k
MPTA B ALY Ph & it Y8 i g KK BT (GB3097—1997) 1 KARHERR(E., TS REWEESS 1.5.8—11,15,

18—19 3l {vi )2 KK Cr

A~ Bl AN

RN

3 UL FRJZKMAAY Cu 5 i 18 B 3RIZ /KR Ni 5 i 4 i K

BT (GB3838—2002) 1 ZShRuERRAA ; 1] FIRER X 55 21 ,23—24 i3 FRIZKAARM Ni & &R 21 .24 B f
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21 W2 KRR Ni &5 F Ph & 4 i K K BT (GB3097—1997) 1T ARk FRAE

AT, B E )2 B R W0k 35% 361 1Y Cr 30% 5457 i Ni \45% i (i) Cu , 10% 35 [ Zn  50% i {if
1 As 20%35 02 ) Pb Al 15% 3507 1 Cd & BT TEL—PEL 2Z [8] ;65%35 (2 1) Cr 14% 3507 1 Ni F1 50% vk
PifR) As B85 PEL, 0 I ER X )2 20% 36 057 1Y Ni 80% 5457 () Pb FI A B A7) Cr.Cu . As S& /T
TEL—PEL Z[8] ;4% 80% 3 {37 i) Ni 81t PEL, FEBIWEEJEZE 5% 1) Cu Cd  70%35i {57 1) Ni \75% 5537 ¥ Cr
1 85% Vi) As B & AT TEL—PEL Z[8] ; 15% 3657 1Y As 25%3 i i Cr A1 30% 3457 i Ni #83d PEL, i
RS X2 20% 5507 f Cd . 40% 36 457 1Y Ph F1 Ni 80% 3547 1) Cr LA KA S 32 A As 1 Cu &84 F TEL-
PEL ZZ 1] ;20% 3 57 1 Cr F11 60% 3547 () Ni Y81 PEL, T, R EIAE %2 85% i i il Cr Ni FIFFA v 7
) As AT TEL—PEL Z[8] ; 15%36 57 () Cr 1 Ni #1d PEL, 52 AR 1 OEEL X %2 85% v (7 1Y Cu
MBI H) Cr NiAs 0T TEL—PEL Z[8], R ENAEKZ 95% i i i) Cr MG 55678 Ni As &
AT TEL—PEL 2Z 0] ;4 5% 350789 Cr #id PEL, ] FHRER X2 40% 35028 Cu FIFTA 2567/ Cr Ni,
As S E¥ANT TEL—PEL ZJa]

3 5 % B2 (BT T B ] 1 APRER DB P R Th B A R As BEPE LA Z M X TUs ) M9S5S 3R, T 2 18]
WA RIZUE 1 350 X TUs KT 6, R BIZu 7 A 28 50% 55 (7 /19 X TUs A~ F 4—6 Z ], 3R B ik L il
PIAFAE 2 EREE . T RER X R Z A v 0 X TUsY/NT 4 BB R ER IX R 2 b (i ¥ o dett . R IRl
TR )Z 209 358 57 ] FHIRER X R 2 25% 3500 ) X TUs A T 4—6 Z [0, F WX Se b (A7 7E Stk dg bk, R 180
R 80% ki v K3l AR XK )ZE 75% v 7 19 X TUsIA/INT 4 Ui BT 11k [X 36 J2 B 7 JWUk: 4 i v 38 0 7
P, YRGB IE 3 2B I R A5 18 SEALAY T TUsA T 4—6 ZI8], R I Z b A A7 e s v b 5 R 180 3]
T8 % )2 Ho A vl (57 FIYRT AR DX J2 BT A5 3l 457 LA B JR 183 T AT 11 IG5 DXRC J2 8 77 J0URE 90 9 A5 5 432 ) X TUs
BUNT 4 Ul TCREE . XL R I, AN R SRZ R RNT)Z UG B [T 18 R i) AR AR XA v ok ) A 25 5
PE XU AR T IRET (E5) o

BTV PEL RO (1T 1 K im] PR ER OB TR ) rh E 4 B AN As A S B RS E SR (M 25 SR 3R
T Bl T 1 3R 2 IS 2 B ki vh As F 6 R 42 )& 19134 PEL Ry AT 0.29—0.99 (¥{E 40.64)
F0.22—0.75 (¥{E R 0.51) , M AER FKER X 73514 T 0.33—0.57 (¥ K 0.50) 1 0.40—0.59 (¥I{E A 0.
50) , HZAH, WS BN IE R JZ AR Z B ) h As Fi 6 FhvE 4 )8 19724 PEL R £ BT 0.37—
0.63(¥IME K 0.46) 1 0.34—0.51 (FI{H Ny 0.43) , M 7E0] RER X 205 4F 0.20—0.37 (¥I{E M 0.33) F10.23—
0.39(FHEHM 0.32) (E 6) , AHXFFIHAET, UG B (81138 K 3m] 11K 4R X 3¢ 2 iU 2 K AR B2 R As F1 6
Fh 4 8 BY-F-Y PEL RIBUY AL,

3 iTFig

3.1 KIKHRESEM As BIUTRASLERAE

AMEFEF BT, X TRV AT R B0 18 K] FHRER X R 2 AR 2K R T 6 P 4@ As & R AYTR AR
SRR, JE R A REAE T . — & VA0 AT T, 3R /K -5 R B A i Y /K TR T O S AR R A AR AR R kA T
LA, IUAT, EC B SPM #4% A= 0t 2l A8 | 59U A He , TR R 1813 B SPM A4 3% sl 5 A A Gk (1A 2)
T ] BB M 2 K AR B 4 RN A F i 7 R (BT Fn] IR R IX A vy RE AR Ak s — R mT RE S5 VAT AU 2 (8] 30]
TE K B 1 S 0 22 53 S, TS S 81 2 1 i TR ] o ) R ) T T % K TR K RN v (A5 R B
T TE R R ER XA ) A RS W TR . I 55, VRUS K 30 0 S50 55 , DO A 2 T R T g
REAIE S8R 2R 2 K AR 1 BT R & A A . AR 78 30 2 W, VRCHTT 2 18]V 38 6 2 K M As R
B 4 )8 (Cr Cu Ni \Pb Zn) AP35 MK T DHIRER IX, 1 RS 22K A Ni (1437349 3 A1 ) 1 fIG
X (£ 2) . MFEHrE I, AT EHE 22K K As (Cr Ni 5 EC H2 ) 8% 8 8 % 1IE M54 (P<0.01 5
P<0.05) , UG RZAKEH Ni 5 EC 2H R EIEMIE(P<0.01) (£ 3), CAMFRE, KEPIER 40 w]
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Fig.5 Distributions of the toxic units (TUs) and the sum of TUs (XTUs) in SPM ( Suspended Particulate Matter) in tail-reaches and low-

salinity area

AT A FRTES T3S 0 (49 1 4 S 8 1k A KR, b T AR b LA e K R R R A I gE R W, 75
)T DX A RIR K AR BIR A R v, Zn i B —IR 20 B R A S SR R R L, BB 35 B 35, 4 IE R BRRAIC, Zn
65 1) - M SBURE AS  B 2 A b 2 ARBIF S YRR G ER X8R 22 3 2 KR As Ni \Zn  Cu Pb Fl
Cr & B S {E A EUE LRSS 20 547 (R 181N IE 590 FHIRER X 38 B AL ) 2K AR i Ni 25 5 = (i A9 BUAS nT B
IS AL OC (B 3) o AR B WHETA IRER X R 2K IR Cd 5 pH 2 B3 IE A (P<0.05) (£
3) . ABEFEH AT ERER X R Z KRR pH {EFEN T 7.10—7.68 , Imdst:, H 2 FEIEH (B 1), SA
TR, Cd R AR T LA €SO, #E A KV, 76 1] ISR X - B 1 9 R85 F 5 & A= ik ™, | F Cd
SAARNE  DLTE R, o A T IR ER X R 2K AR B Cd 25 3 A1 T B2 18]l

AHFFE LR AT R B E 2K As FIZ 40 42 )8 (Cr,Cu  Ni 1 Pb) 1973 & & 24 T3 K
AR DX USRS 2K AR 6 Fh 42 @ A As (9P 20 b 2 m Tl EIRER X (22 2) o TR AT REAE T, TR 7K it 1t
BN KN 185855 , KRR I 4 B BB E R K, S A R e e T o 6 B, BTl K b B R Uk £, LU
HEVG 32 R WS IR AK BTk B s e AR R, R 40 H 4 S s DURR TR, S B0 11 X 4 i & R
IR R, TR BT R 2K As T80 42 g 10 P35 & by il TSR X, EAEIRiR &
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Fig.6 Variations of mean PEL quotient of heavy metals and As in SPM ( Suspended Particulate Matter ) of tail reaches and low-

salinity area

OB T35 PEL BifE R 1.5

#3 KEHELEM As 5 pH. EC.SPM & BHHEES#H
Table 3 Correlation analyses between As/heavy metals and pH (or EC and SPM) in water

Yy B = Sh%
e S T 2
T #®Z pH A0.06 A-0.11 A0.02 A0.04 A0.12 A-0.07 A-0.20
Pre-flood season B0.37 B0.90* B0.27 B0.36 B0.22 B0.76 B0.83
EC A0.49* A0.37 A0.57""  A0.13 A0.46* A0.43 A0.41
B0.24 B-0.10 B0.16 B0.17 B0.18 B-0.18 B-0.02
SPM A0.25 A-0.05 A0.19 A-0.02 A0.12 A0.03 A-0.06
B-0.45 B-0.55 B-0.89 B-0.46 B-0.53 B-0.39 B-0.55
9= pH A-0.14 A0.04 A-0.21 A-0.17 A-0.13 A-0.16 A0.03
B0.45 BO.21 B0.77 B0.39 B0.57 B0.21 B0.24
EC A-0.33 A-0.38 A-0.25 A-0.28 A-0.07 A-0.27 A-0.23
B-0.22 B0.03 B-0.60 B-0.12 B-0.33 B0.03 B-0.01
SPM A-0.13 A-0.05 A-0.18 A-0.18 A-0.00 A-0.15 A0.06
B-0.54 B-0.37 B-0.83 B-0.32 B-0.58 B-0.27 B-0.32
e A pH A-0.28 A-0.37 A-0.22 A-0.38 A0.25 A-0.51* A-0.08
Post-flood season B0.40 BO.74 BO.17 B0.36 B0.27 B0.77 B0.68
EC A-0.15 A0.11 A-0.12 A-0.23 A0.57*F  A-0.21 A0.12
B0.36 BO.11 B0.53 B0.40 B-0.34 B-0.05 B-0.27
SPM A0.35 A0.09 A0.29 A0.38 A-0.18 A0.34 A0.11
B0.09 B0.34 B-0.17 B0.04 B0.29 B0.70 B0.42
9= pH A-0.01 A-0.00 A0.02 A0.03 A0.01 A0.13 A-0.02
B0.86 B0.92* BO.81 B0.91* B0.84 B0.84 B0.97 **
EC A-0.11 A0.13 A-0.26 A-0.06 A-0.10 A0.16 A0.23
B-0.07 B-0.51 B-0.92* B-0.69 B-0.85 B-0.77 B-0.51
SPM A0.07 A0.04 A0.00 A0.11 A0.04 A0.29 A0.13
B-0.48 B0.08 B0.38 B0.25 B0.40 B0.40 B-0.07

“* P<0.01; " P<0.05; A B 48335 75 B BT 38 (n=20) AT FEEE X (n=5) ; EC. B 2 (EC, Electrical conductivity) ; SPM : £ 7% U7 )

(SPM, Suspended particulate matter)
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B, KAV I Tk s B S 3 i O AR TR Hh R R v Bk R B AU, HL TR DT A I R TR,
ST CUER XA K s R F ik sh 17 RS A BT B8, YRR AT F IR XU 2K (R i Cr 5 EC
HE A (P<0.05) |, T EHEER X Z KR Zn .Cd F1 Cu 5 pH 20 8 3580 835 1IEAHE (P <0.01 8% P<
0.05) (£ 3), ABFFEH UG IR X R Z KR A EC BT T (K 2) |, i 5% o] fig 2 S 800 0K EL X g2
KA Cr SRR PRI 3) —AEZERER, ERRSE5E R0, BUR % 8 4 )8 i e i e pH T i
WK, 24 Zn (Cd M Cu /9 pH 2350 83T pH I 5 (pHy, 55 = 7.6, pHeqyem = 8.2, pHe, e = 7.9) I KSR RIAFAT S
SR EEAEM, b pH Fh, EA R ARG AREEGE U R ER X2 KR pH A T
7.81—8.13, B WA T R (BT 18 IS 2 /K A 1Y pH (1] 2) , 1Ml Zn ,Cd FI Cu S5 K280 E 4 )8 & S 3978 R (Bl
PR E (1 3) , UiHA pH AU FRAR AL AT 2 S 20U 1T DR XU 2K IR i R 2 80 4 8 F 1 & R TR 18
T[T B R A
3.2 EipBRihE AR As BT R AR AL REE

B VE R R K AR A 1) T R RAA AR KR 4 1 B A i A v ke 3 2 G AR, i R i
TRURL ) P 4 T B B 1 TR N R R TR ORI AR B () ST A, VR RCRIAR RN T pH T EC 28 AN IR
DR 22 38 1 552 01 4 o G A TR 14 W o i R o v i) B i B R ORI M 4 B S Y AR SRR,
TR 2 JE] 0] 18 22 )2 B IR R 4 b As T2 80H 428 (Cd . Cu Ni Pb Zn) BF-44 & 8 E 0 T3 DR SR IX, i
JZETERRI Y As F1 6 FhEE 48 A2 S AR T DKL IX 5340, TR (BT 2 )2 K2 B TR Ok
Yrh 6 FHEE 4 IR A As 9T S B THVS (R 4) o AR EEC BRI TRCHT B AR R TR 0R 4 TP
W (>63 wm) H 3.0% MU EP & (32—63 um) K 6.1% oMb & & (16—32 um) K 13.5% Aikab & &
(8—16 wm) N 25.8% MAMHPEE + (<8 wm) &N 51.6% , MG B IF WOk b 1k 850 9 & 120 0
2.2% 7.7% 14.5% 22.6% 1 53.1% , J&JREESE"" AWFoe iR e W, Rk 2545 s 1] 1127 ok 4 vh 6 1 R0 n
S AR A Y B3 9N 20.29%—29.7% . 55.5%—T2.5% . 0.6%—22.1% , i 1£ F 7K Z= 45 43 9~ 25.3%—
35.6% 64.1%—69.8% .0.2%—71.0% ., W] W, A 40k 0 B Zh 1 349 02 J (8] Tl 3 AN ] K3k TR 5 U B
B B NSy . T, BT BT A KRN T R I, R BRI ) A2 VR ORI, i A/
PR TR A H AT B K ) LR TRITR, TR B AR 2 M FE 4 i, SO AR ] I ARAR X B 4 i & i . 5 TR A
Fb, BTN A K AR i AT AR X ] IR R X A SPM i A B 4 J@ A As &4 I i AR B VE T
WA | TRL A v 2 0 R ) TR B R 2 BRI AL 7K 3 4 FIIEE PR K 3 A AR FH AR et B b | IR K320
SN TR K pH A A B A (B 2) I 4 SRR K AR 56 R I 5 AR o 28 e WO I 11 4 485 iy A 7R
WUk b S EOT R X A 4R S AR

AR FE TG B BT 2 BRI Y 6 M A JE AN As B3 & 34 T EIRER X, T2
BIRPRY T As IZEE 4 )8 (Cd .Cr,Cu Pb) B3 & w3 & T LR X, 540 E FIRER X R 2
FEZ B PR 6 FhE G @ As BF S EBEm TG (K 2) . M RB], UG B 18] 8 3R 2 &
TEMURLY T Cu 5 SPM 2 1 3 7R ¢ (P<0.05) , 1 As,Cd Cu Ni Pb Fl Zn 5 SPM 4 54 i 2 7 AH OC (P<
0.01) , ABFFEH TG FE BT E 262 AR 2 KR Hr i) SPM. 5 by Ja] i) 15 05 1) 441 B & A AR, (7 3 TR R X
MR T 2) , SRS BRFTE A 2 I R TR ER X A 7K i A1, {EL TR IAE iR K TR A IE s 4k
(FETTUPBHE ) AR AP BT (R R R B8 VR B ) AR AR RN B0 A /K AR i B K ik, S8 E 4 s &
WETRE, e 2ut, S8 BB E R Z AR Z B R ER Y i As MEZHELSE GBS &0
RERIX , AHOC iR R W] TS AT IR ER X 3R 2 B IR BRI ) Hh Cr 55 EC 24k W 2 ARG (P<0.01) (£ 4)
AW SRR EC H 236 J7 ) S 3G @ s (& 2) | X AT Rg 2 30 Cr % 12t iy 52 (R  a] Jof 1 fIGER
X ALARFRAG (& 4) I —NEZERZE, 740, UG R B S KSR X 2 KA 1) pH- H Ia] 1) ¥ 7 1) Bk 2
AR B (TR 2) i) AR X 2 K R T R Hh 1 Cd X5 pH S0 B 3 IEAH S (P<0.01) (£ 4) , Ui
W ERER XA pH A2 AL ] g2 R BOH R Z B Bk Cd & ARk 2R A
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F4 BEFHRYHTELEM As 5 pH EC.SPM HEHH
Table 4 Correlation analyses between As/heavy metals and pH (or EC and SPM) in suspended particles

WrE: Stage Wa: i )i o fji As cd Cr Cu Ni Ph Zn
AT X2 pH A0.02 A0.06 A-0.04 A0.05 A-0.05 A-0.08 A-0.03
Pre-flood season B-0.01 B0.23 B-0.08 B-0.14 B-0.01 B-0.13 B-0.12
EC A-0.21 A-0.16 A-0.02 A-0.13 A-0.18 A-0.25 A-0.16
B-0.15 B-0.01 B-0.23 B0.02 B-0.28 B-0.36 B-0.14
SPM A-0.13 A-0.19 A0.35 A-0.17 A0.12 A-0.03 A-0.04
B0.13 B-0.16 B0.23 B0.06 B0.26 B0.33 B0.15
Ji9= pH A-0.07 A-0.14 A0.03 A-0.10 A-0.23 A-0.10 A-0.13
B0.49 B0.40 B-0.57 B0.61 B0.46 B0.69 B0.36
EC A-0.19 A-0.33 A-0.32 A-0.19 A-0.22 A-0.26 A-0.10
B-0.24 B-0.21 B0.64 B-0.37 B-0.19 B-0.48 B-0.10
SPM A-0.31 A-0.08 A0.29 A-0.38 A-0.04 A0.01 A-0.34
B-0.53 B-0.75 B0.06 B-0.51 B-0.39 B-0.59 B-0.28
b= xKEZE pH A-0.15 A0.05 A0.24 A0.18 A0.05 A0.20 A0.21
Post-flood season B0.74 BO.64 B0.59 B0.72 B0.74 B0.67 B0.59
EC A-0.04 A-0.18 A0.12 A0.02 A-0.10 A-0.10 A0.16
B-0.76 B-0.87 B-0.97**  B-0.76 B-0.84 B-0.84 B-0.08
SPM A-0.31 A-0.43 A-0.15 A-0.45" A-0.31 A-0.41 A-0.30
BO.74 B0.85 B0.87 B0.70 BO.81 B0.70 B0.66
i pH A-0.09 A0.07 A0.14 A0.12 A0.04 A0.39 A0.21
B0.83 B0.96 "~ B0.49 B0.94 B0.56 B0.75 B0.77
EC A-0.18 A0.02 A0.04 A0.10 A0.00 A0.13 A0.26
B-0.04 B-0.37 B0.41 B-0.33 B0.30 B0.04 B-0.23
SPM A-0.63""  A-0.69%*  A-0.12 A-0.79""  A-0.77°"  A-0.63"" A-0.59
B-0.62 B-0.37 B-0.87 B-0.40 B-0.82 B-0.68 B-0.65

** P<0.01; " P<0.05; A B 2313k R B IE (n=20) FI{ HAKER X (n=5)

(1) KA, TR BT E 222 L Cd A3 8 & Il H X T IRZ Y As Cr,Cu Ni #1 Pb f9°F
Yo w3 T 1 X U R BT T 3R )2 A Ni P38 3 s I T 1 X TS )2 e 6 FhEE 42 J@ A As 11
TrEBE T X,

(2) SR IF BRI =, TRETE ENTE R 2 As Cd  Cu Ni Pb Hl Zn §9F-2 &R HE T30 0 X, g )2
W6 ME SR As B2 AR T 1 X VS R B IE R )2 6 FhEE 4R 1 As (9 735 & 3 13 1
X, MJZH As .Cd Cr Cu #1 Ph (- & T O X,

(3) VT 5 U5 2 BT I8 K] 11 X 3R 2 R 2K AR i E & i A As 15 Qe U R 2 3 I T b Rk
It T bR A K K BT T 2RARifEBR A

(4) AT, WU B2 BT ) X 3R 2 s 2B R WOk i As il 6 i 4 Jm 10 B M R 2 FN
( XTUs) FIPF-¥5 PEL FEUESI A, 15 B VI 8 /K 9 VD TR A9 St o] RIS B VR ok ) b Bk e R i A1
FHBT = A A 2SR PR AU
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