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Abstract: The aim of this article is to explore the source and level of heavy metals pollution in the water envi-
ronment of the Daliao River. Concentrations of Cr,Co,Cd,Mn,Zn,Ni,Cu,Pb and As in overlying water and sediments
from sewage outfalls and upstream rivers were analyzed. The complex pollution indices method and geological accu-
mulation index method were used to evaluate the water quality, The results showed that the contents of Cr,Cd,Zn,
Cu,As,Pb in upstream water were below “Environmental quality standards for surface water” (GB 3838-2002, grade
T );the contents of Cr,Co,Ni,Cu,Zn,Cd,Pb were higher in the Taizi River,and Mn, As were higher in the Haicheng
River; concentrations of Cr,Cu, As,Cd,Pb in the water of outfalls were also below GB 3838-2002, grade I ,but the
sewage outfalls of Shachang and Gangjian were higher than the others;Concentrations of heavy metals in sediments of
the Daliac River decreased from upstream to downstream,and heavy metals in sediments of sewage outfalls of Xi and
Gangjian were higher than the other outfalls. The complex pollution indices method showed that the potential pollu-
tion risk in the Daliao River was low and a higher potential pollution risk in Taizi River was detected; the geological accu-
mulation index method showed that only As in the sediment of Xi sewage outfall showed slightly polluted, while others were
at the unpolluted level.
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HMENIXTRKENRYESRTRRSL,
FEEVEELBRAMAE SRSMEMBLBRE
M BRBEAHETES . FEEEAR TRY
ARBKERR, BKAREELBHTRANOESR
), B 4 B E KU R M Y 3 S TE [ VR
BERSENIBREETLH . E—ERXBFTLEN
BN WA A T Y IR,

KAIMEBRKTFAMENE = WMILESTE
A BRI B B, A% BT, T riC
HEHEFHMBEDAE, 2K 94 km, JEEAR 1 926
km’, KM BHETIARBEEBEABRERERNA
W EERL RBEE T RYRL MR, HEK
MEMHETERITAZER . RITEREEN
Mifz—. BELERSGFELSHIRERRE, KiL
WAKBREREE. FRERA, KIFAOKEREEE
FMPEERKE.EZBBEENEBERAERR
A0, LIU %™ &3 KGIE NP 155k E R
(HbF K FRIE B2 A5 4E ) (GB 3838—2002) V 2545 #E
MERMRE. WU SN SR ER, RUARER
MY FEEHESEM Cd,Cr,Mn,Ni,Co.Cu,Pb.Zn
BRYRR ALY, HEREHRERY, AT
WO As V53R B O 4 FH & KT, 2010 4
KiITFMOK As RBREN T 1.19~44.10 pg/L. 8
EBRTRIIOKRITO RBEME, BEEVIHAER
B, R ERTMARRARYESBITER
TEHREHREY ENEREELARTE;
PR T =& I A KT, AT ] 883 KL
FRFEFEERW, WEREEIAN, REFKEE
ERBT LiFR R PR YEFRMA LSS, MBNE
BT AEEEKBE N EERE. EHRE. K
AMREMEOTARES B . BEEEEE
BEHE ORI K AR FESEERIE, R X
SeHETS O A 15 e M HE BOR B X R AL K = £
W, EEEMBRILEHXRE. FTFRLUKRKIH
B AR A E B O PR &, 4 B X KT
_E sk A EEHBE DNREKEURRBRIA
VMESBRERLRAHFTHR. FSREAMAH
KERBIRWELBWES L, RASKEIFLE
BIE MM RREFOEM N KRB KENRE
WRYESE NG YR EHIT MR, R R
2E I RE R R HA K.
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1.1 HEARSBBEALERHEEE

KAL) 1 i 2 BT AT 3 ORI DA R
KFMEIREBBE. BERESEVFYRAEZHENR
3136 X100 m*, KFHEFEFHXALHRENR
44.96 X 10° m*T IR R Y RREH BN
19.58 X 10% m?2

PEBRIT Lk KU RAREEHE N E R
B REHITE XN R, REEES 2 4HHT,
81 AMAELNEFEE RSN, 25 2EF. K
Fl . HPERNAMNREEX FEHEN
ABF(HH . KA FRAMNEEECESRENEDSH
(TZ), B3R 23 AR B TE 4 W 4 EAHF (HO.,
B2HARNERBEEN ERITENTREFE
HEOREBERES, BFESIACTEORREAN, T
REEEGY TIERETE KL A O HAE A KL W B 5 §
B DHERFITB KA BRHER DO (WSTP),
FEEA RS 0 (XO) (2T 3 HETS 0 (SO) s 5
WHBEOGDVEOZMER YT 8 L EERT i
(HGS #1 HGX) LA B 55 3l ] 838 ¥l B oK 1) (LD) 3%
BTORES, A FELE, S5 ERTHT
ME =2 (DL) LM A E (LG MBEES (TZT)
MR RERE S . R, 2 BITE 58 V& B
B B AT R . BARKRAEE S IE 1 R,
1.2 #auifsam
1.2.1 KEMNXRESLE

FHRKBEHTERKENRE  REHHT
Kb 3, BN RN EL L. PG 3 RREE
HREREHBKHERS,. Z/5H 0.45 ym IR
WMWK HBRILE pH<2, BT ¢ CIKIEH#TE
Frill
1.2.2 RPHESAARESLHE

BHEARMLREBHERE 0~10 cm HERET
Y Z2REHESFHETRCHBHE  BIHEE
HEF. 2R G THRVLLGHES, AP$EBR D 100
B&ER.
1.3 @& T %k
1.3.1 KBEELENE

FI BB FE FIERENCP-MS, EH
Agilent7500cx B 5 K H Cr.Co,Cd.Mn.Zn,
Ni.Cu.Pb . AsEELBWKE.
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Fig.1 Sampling profile in the Daliao River
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Table 1 Concentrations of heavy metals in upstream water of Daliac River ng/L
HLR Cr Mn Co Ni Cu Zn As Cd Pb
TZ 1.10 85.09 0.34 2.50 6.34 37.34 0.39 0.47 5.11
HH 0.49 11.43 0.24 2.19 2.43 9.75 1.29 0.33 2.95
HC 0.38 179.90 0.30 1.15 2.56 7.71 4.88 0.03 1.62
DL 0.29 99,18 .25 1.47 1.39 33.06 0.37 0.04 1.41
GB 3838—2002 iy

L, 0 1 10 50 50 1 0

T 4R : & !

1.3.2 MRYRESRELENE HHEAREXREZMET GB 3838—2002 H T R ARAER

FREX 0.100 0 g R YHE G E TR HBE P
WM. HRT25 BARIZER . KEES
F100 mL AEMH,. N2 mL kB ER,. 2EFH
ICP-MS W 2 LA 4% 5 % Cr.Mn.Co.Ni.Cu.Zn,
As.Cd.Pb EELBIRE.

2 BREWR

2.1 RAEFTELEHNE
2,11 L HESRAKERE
KIMEEFHRKTESEREKENLR 1. A
FZ1AHL,CrEREAWT . K-TF > &M > EH
A>=ZFRGCoRBEMEAR, URKFRNREWRE
BE,A 0.34 pg/L;CARERIA K. KT >%
A > S8 > W R 5 M IR R K AR Mn BB YR
BFiE 179.90 pg/L, IR E =& W MK FH ., &
W MnRERME: Zo WERANT . KFH>=ZH
] > V9 > ¥ 3% s Ni, Cu 1 Pb I EF R RE LA K T
MEE: SR SEBEREERN As, BEKE,
BRAIFMFELHERKITENELEBETEREL
o 34 .

TEHRME, RAEEAE Mn 3 EE T GB 3838—
2002 By 1 AR UERL € R FRME .
2.1.2 FEERERE

RUMFEFRBEEER TRER KA
BREERFENER 2R BR2HTH.CER
REAKAEEBLBER, NFHERE . XA HY
FEAEHEA>EBERHAEEE 0> HERHEEED
>VWEEEKAET HKERA>E O =ZMEF 4k
T TH>HFHMEMMBE KA >EQ =R
ML T M B

Mn ¥ E L2 B HS OB M mEs O
R, EO=ZMAIAT) M E T EEIE.

CuFHFREWREN T 0.85~3.39 pe/L, LUE
A=ZEANAT ML THER. NS EEKAL
AR BCRE . BRI DRSO ES
KAL) Cu W EBREH KA &, M 8%
Heds O W FE R AL Bt v R

Zn FTEWE LB WHENS D &5, FYES
60.64 peg/L , FEERIT K AL TR V5 K HERK 1 R B B A .
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Table 2 Concentrations of heavy metals in primary pollution source of the Daliao River

during the high tide and low tide period re/L

BERE Cr Mn Co Ni Cu Zn As Cd Pb
LD-low 0.21 156.80 0.33 2.69 2.91 16.43 7.28 0.01 0.55
LD-high 0.44 176.40 0.40 3.20 2.13 42,08 5.88 0.17 2.03
GJ-low 0.85 306.80 0.63 2.24 1.04 44.52 6.61 0.12 1.16
GJ-high 1.84 295.60 0.68 5.24 4.34 76.75 7.69 0.43 6.12
SC-low 2.36 338.20 0.64 3.63 3.36 26.41 3.96 0.20 6.47
SC-high 1.00 349.10 0.65 2.64 0.87 19.20 4.53 0.20 1.05
HGSlow 0.25 76.55 0.27 2.15 2.92 13.68 6.81 0.12 1.29
HGS-high 0.27 52.71 0.24 2.70 3.85 22.34 8.64 0.27 1.31
HGX-low 1.21 89.02 0.40 3.83 4.59 24.59 7.33 0.25 1.75
HGX-high 0.24 42.63 0.23 2.06 1.97 15.80 7.57 0.05 0.86
XC-low 1.15 215,20 0.49 3.85 2.72 3.91 4.32 0.03 0.79
XC-high 1.08 154.20 0.63 5.30 3.28 35.01 5.56 0 2.70
WSTP 0.95 328.00 0.74 18.21 0.85 17.86 1.80 0.16 2.78
GB 3838—2002 i T 2474k 10 100 10 50 50 1 10

7V high 7R 5 ¥ B Bt . low R G AT BL,

I8 AR 91 7K S B ) BE SR o » 7 Bl T SRR T Bk LB
HZAEA S T) 6 b3 | ¥ i e ¥ O A
Y HETS O 16 1 K (L B B Zn Wk B B2 1 0K £ it
H,BEO=SMERVAT M T ML #mHEE 0
JUEi=)

BERE AsERANEOZMEFNMLT
M BB O SMEEHR T BT > S R
5 0 >33 ghin B Bok | > B Ewais 0 >4
BHES O > TR S KAL) 5K D . SR
B K LB (] B SR I 55 3h R RO Bk R A, Ho
BRE As B R LURE A KRERS .

Cd ¥ B2 72 % 1R ¥ 7K B2 R AL 8K, B 4B 3R
B . RUABEMBHEESO>S T MEHEO0>8
D=V T) 8 L3> TR i5 KA B 5K HE
BA>EOZMFNATL BT 3> 5 30 7 B8
Bokm> PR EHEE 0. S 81 K i i ) B ok
EOEMBEAEO VEOZMEAVMLIT B LB
57 3w B ) B K IR 7E B B K it ) Cd W EH B
B TSk e, B O =AY T M T U IER
MR . ML B wHE OEREEK AN Cd K E
EAFT.

Co ¥R BE7E = R BAZK AL B AL A K, AP ER 5 7K
SR TEAKHR D G R HEE O ST S
0P 8 v A ¥ O R BE B 5 Bl i R R BOK I
B O=MEANALTTT B b P Wk E A 8.

ZHETS A Ni ¥R B AT AR5 K AL 3 T 15 K HE AL
B, mEE . S Ema g msdE k.

SR B MEWHEE O P REKRE T
BT EAMARS O, E ¥ E A8 3.76.3.64 pg/L, B
BREKUNZERAR, WG KL HKER
AREwRERZ, FHEN 2.78 pg/L, KA HS
AZEMNRK, AT 1.29~1.75 pg/L. BEEE, K
THEHEOTEESBTREREEARKT GB
3838—2002 i) T KAREMEWRE, RABLEANY
HeYs OB IR Y Zon FIRFSTHEIS A Mo IRER R .
5 koK IR ETLLE H, E kK o HOA 8
B Mn ¥ B 5 T GB 3838—2002 {1 RIFHEME K
FRIE, T FiEEFS DR Mn IRERFE LD =R
T8 B TR EMRT GB 3838—2002 1y 1 £
PRAEMLE WBRE . KF PbyRE RS Mg
15 OGBS EE W Hs O BB R, o n® T
fhHEE O, EFREN EWUAZEZAHEMES
BWE ,BAOBHE O, SR KTTHSHEEO.
2.1.3 VIBRYELBRIE

HEIAUFH, RUFAKREENEHEHZT
PR BUR T/ A =& W B EES LA
HsMRFELONBYESRRRELSKER S L
] T 37 33 8 Y #a F, H A BRI T B9 Cr A Ni YR E
BTAFHS  KHMOELEBREHAIRFTES, X
MTRARATEEETAFHE LIFETIFERE
Bo BRCAS, LR FHEMELBERENLT
FUMARBE 1A AP ASsKEERES 1.3
F BB ERBERLIHN THIIRVESRREZRT
ARIFWLWE . HERERIEKEURTFHIES, =
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Table 3 Concentrations of heavy metals in sediments of Daliao River mg/kg
mE Cr Mn Co Ni Cu Zn As Cd Pb
TZ 36.99 361.29 7.32 16,72 15.11 54.43 6.76 0.87 28.18
HC 44.18 261.08 7.01 21.42 12.60 46.10 5.42 0.82 17.41
DL 30.88 253.48 6.01 11,45 9.40 50.32 2.01 0.95 18,53
TZT 25.31 198.82 5.09 9.11 8.13 37.84 3.86 0.71 17.46
LG 22.67 166.28 4.64 8.27 7.78 37.20 2.93 0.71 17.00
HGS 36.66 283.97 6.59 14.60 12.72 51.19 7.38 1.02 22.69
HGX 26.21 269.80 5.17 8.37 8.01 43.24 4.92 1.11 18.58
GJ 37.85 237.91 7.11 17.61 16.06 79.59 11.96 0.88 30.87
XC 40.90 342.85 7.46 18.46 15,63 72.23 18.48 0.94 31.08
S H{E 33.51 263.94 6.27 14.00 11.71 52.46 7.08 0.89 22.42

x4 WERRKARRENRVESBRERENL

Table 4 Comparsion of the concentrations of heavy metals in surface sediment among different watershed in China

mg/kg
mH Cr Mn Co Ni Cu Zn As Cd Pb SCHEE
AL 33.00 21.00 119.00 0.26 5.50 [22]
BT 56.40 39.02 110.85 5.24 0.34 59.43 [23]
KL 73.33 752,78 14,21 33.93 38.50 111.65 11.68 28.41 [24]
T 2007 112.90 28.90 50.90 14.60 0.72 42.20 [25]
KL 2013 33.51 263.94 6.27 14.00 11.71 52.46 7.08 0.89 22.42 o 5

FRZ  Z 52 W 3R, H T & R w2 B B A
ERER As BEEREUXRFAMBHRARE, 7
B2 6.76.5.42 mg/kg, IR FHEE . As #3.86
mg/kg, BT ZZMMIFAR., CdEAMLM
T EEF>RKFR > > HE G~ AR,
AF 0.71~0.95 mg/kg.,

MEZHEORE EEOZMEGNIAT B
L THMBEREHEE D ARWHESEO R, B0
SHEFNAT W TR ESRBRERK, K
3 MEREHARYESRKENTE TILAA
EHETABWHEOMN As FEREEREE X
18.48 mg/kg, BT AR 5.3 5. HMATEL,
BRENLMERIMTHELRIFHEBAERI,H
REFEH#H#-DPRENIH KR, AR EEY
MHEBEREXREER.

HATRPFHESRERLMAKR R 2007 £
KIFAERRARYTESBEREMLE(LE O,
HEATHFAHRYRIATRYP CrikES
2007 EABAR T 0.70 £, S ML R F, mETH
TR F s Mn FRE R E K 263.94 mg/kg, L EITET
0.65f%F;Co REMEN 6.27 mg/kg, LKITKT
0.564%; Ni JE & E H 14.00 mg/kg, b 2007 1
ToS2fEF HIEMTFHMAKE;Cu HEKRE XA
11.17 mg/kg, b 2007 4E{K T 0.77 4%, # B &K T

e 36 o

HAKER; Zn FREIKE N 52.46 mg/kg, LRI,
BRILKILHMRT 0.5 M5 ks As JTREWRE R 7.08
mg/kg, tt 2007 FFK T 0.52 £, K FRIT, LERIT
W= s Cd REWKE 7 0.89 mg/kg, b 2007 £ KL
e . w T HAMKZR; Pb JHEKE RN 22.42
mg/kg, H 2007 4F RALWE T I 0.5 £%, LA BT
BT 3fFME, EBRTFHAAMHR.
2.2 KITFRFTFRRY E AN
2.2.1 RUMER LR AKELSRETELFM
FIRLE A 15 e 38 BOPF A 357205 St KA k¢
KEES BTG RREFTEN . EHBEARX K.

Ai =Ci/Csi )
wal == 34A, @)
noi=

R A NERRCRE HIEREE . hESRERT
RiWMEMEEEE pg/Licu N ELRBITR | T
Hrim HE (B GB 3838—2002 (9 T 2454, pe/L;
WQI AKBGEBREH:n NELBETER
L

BWQIKIH, FHZKBXESBIE L Y
1<WQI<2 W, RHABKBELBIBREGF ;Y
2<WQI3 B, RHZKBELB AP EF ;Y
WQI>3 by KRB KBESRBINEESL.

KA EHRKESBERIEMERILES.
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M S WA, &AM E WQI 7E 0.12~0.41, 35/
FlLERBRTIAAEFBELAMNREESRBGE,
HEEZEMNR  KFHEMNWQI BE, HEEBFR
AR B B RS LA .
F5 KIMLBERKEEETETEMRER
Table 5 Complex pollution indices of heavy metals
in upstream water of Daliao River
ba A TZ HH HC DL
wQi 0.41 0.19 0,12 0.12

2.2.2 RUMEBRFRBEESRBIZHREN
KIMERELABESRERFMNERAE
6, MR ATLIF W, FHBH WQI #FUT .8
EEEHEN>Y T BEHFEO>EO=ZMEFNL
T 89T > 55 3 W B I BUK W > 8 0 ZAEF AL
AT 8 B> B W AT 0 >HEE K AR5
KHEE O, BUEEW. ST BWHELE OFER AW
WQILE//NF LU RIANEHEOESRBITR

®6 XUNIERHBRESRFRTMHER

Table 6 Complex Pollution Indices of heavy metals in primary pollution source of Daliao River

E3ep 4 LD HGS HGX GJ sC XC WSTP
wQlI 0.203 0.201 0.206 0.400 0.249 0.182 0.169
K7 BESETREBESE IMXE
Table 7 Classification of I, and heavy metals contamination levels

T oo [0 0<I go <1 1< o0 <2 2] 103 3< ] gl 1< ] 4o <5 Tgeo™>5
EREE W BIEEGR I T BETS o 9 3 R EE R |G TEETG R
#8 KIITAMBRWH /e
Table 8 I, of heavy metals pollution in sediment of Daliao River

mE Cr Mn Co Ni Cu Zn As Cd Pb
TZ 1.40 —1.28 —1.04 - 1.17 —1.95 —2.24 1.00 -0.92 —1.44
HC 1.14 - 1.74 - 1.10 —0.81 —2.22 2.48 1.32 - 1.01 —2.14
DL 1.66 —1.79 -1.32 — 171 —2.64 —2.36 2.75 -0.80 —2.05
TZT 1.95 —2.14 ~1.56 —2.04 —2.85 - 2.77 1.81 —1.22 —2.13
LG —2.10 —2.39 —1.69 2.18 —2.91 -2.79 —2.20 —1.22 —2.17
HGS -1.41 —1.62 —1.19 1.36 —2.20 -2.33 —0.87 -0.69 —1.75
HGX —1.80 1.70 1.54 2.16 2.87 2.58 1.46 - 0.57 —2.04
GJ —-1.37 1.88 1.08 1.09 —1.86 1.70 0.17 —0.91 — 131
XC —1.25 —1.35 —1.01 —1.02 1.90 1.84 0.45 - 0.81 —1.30

Bz, 5 koK ERE, 7T LUE & HEE AR WQI
BATFATM, AT K FERMA=2W, RET
B HETS O AT IR IS Kk A0 5 K HERR O H ¥ VAT
Mo BBERE . XTHRRKIFNELRERANEER
KBEZ—.,
2.2.3 MBRYELRBEERITN

R BN R EEA ¥ K MULLERD
1979 ER MM, R BRI FEHE I RAT S, RE/M
NHRYELBHERINMHERR ENFE. R
ARWTF

Io=log;(c;/kB;) (3

K L AR BESG ALK ELBRERE,
mg/kgik HEEIEEEH N RIEETREES
MXEWERCR A=1.5;B, A EERAETELRE
IR 295 FAEH  me/ kg, AR R EFITH KR
REVHRYEL BT RME, B Cu.Cd. Zn, As,
Cr.Co.Ni,Pb.Mn % 39.1.1.172.9.65.10,25,51,
583 mg/kg.,

FORSTNER ™ I . S5E£ RIS RRE
XtREERINFE 7 BiR.

REHBRREBINENESLRGERABES
I IER, T BERERIMIIRYES B ERE
W MRS PIR, KERRBEABERNANES
BEREEAEE, REEHEHE ORY H As
ERHBESR, FARITMESKENRYES
BEAERR, XS5KEESLBIGLEBENEMER
2B,

3 &5 i@

(1) KITMEE LK fEBEHE O K
ELRWESAL, KEAET GB 3838—2002 fy T
RARHENE R RE, KPR FHAML T 8.5 108
WHEHAESRBREMANER.

() NKIWMRYEE, TEFNEELREY
ERNLHETHERNEE, SREEMKRT
By BREERIFAARYTESBRERK. 5
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2007 SERILMPTFRY BT B &, 3 JLFE R W
RYWESBELAFLARBRE. EEAHEA
L ESBEREWLS TRIZA T i Pk
HEAR As IERHIZMAR 5.3 15,

) RAEEBTRE G LR EEOFMEI K
LK B #EAT A, G5 R R, RIZ A LK RFF
HELEBLAAZR, K FHMEBEERENRRR ;K
F b 2R AR B0 A 1 0o AT T 2 B AR S G
RHNBRYES RIS REERTITN  SRKA. K
UHEBLARRMEES LB ES BRI L
BREREZNEE REABBHEBZAOIHED S As
RFREGR FEIIREE.
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