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Abstract: This paper aims to investigate the concentration, partitioning and sources of As in the major rivers of
eastern China. Samples of filtered water and suspended particulate matter were sampled, from more than 30 riv-
ers at the lower reaches in 2007 and 2008. The results indicated that the concentration of dissolved As is aver-
aged to 3. 1 pg/L, significantly higher than most other rivers in the world. The frequency distribution histogram
with more than one peak showed that most of the rivers have been obviously polluted by anthropogenic activities,
which was also confirmed by the enrichment factors (EF) of the suspended particulate matter samples. The
partitioning of As in the river was dominated by the dissolved phase other than the particulate one. The distribu-
tion of As in the two phases was controlled by water pH and temperature. The concentration of As is also influ-
enced by rock type in the river basins and is significantly higher in the rivers whose catchments were mostly cov-
ered by volcanic and pyroclactic rocks, whereas the content was relatively lower in the rivers with their catch-

ments covered by the granite and metamorphic rocks. The sources of anthropogenic pollution of typical rivers
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were presumed mainly coming from industrial and domestic waste water. The order of main four rivers’ contribu-
tion was that, Haihe(46.7% ) > Huanghe(18.7% ) > Changjiang(13.5% ) > Zhujiang(8.3% ).

Key words: arsenic(As); distribution; source; anthropogenic pollution; rivers of eastern China
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As REIEHTE, RASE. #%. BEK
e/, BESIRERRABAMEE, EETHA
LB BTERESABHOBERME N RAY,
EHEk, EREAE. HE. #M. AKSE. 1
TS R B T b B pl, HrEs,
5ok As SEEEAE XD Y, B
Mo, As fEFRAIRE P BRI 21 R KT B Rk
BAESIR T Z R, MR REHBREEYFRER
WEERE, HAXRBEYRAEER(20 x10”
kg) H7k)1 (0.8 x 10" kg) 5K5.(0.5 x10” ~0.9
x 10" kg) 6@ B SAM 10 FI L RER
FRE, MR ERYEEt R Ry RR%E
BhEEEERN, KBRLELBiRtRLET
BB P, FRAESRERLEATFMETS
—, BEWBETHBESREREBAFHRAE
AFMRTR, A, EHREA M As REMT
ENAHNE, YERENZWEE, HHT As
B LR SRR R R R R B 9T

As KEFRECR 33, BRAFIUHFE—1E
EHRME As, HBEEHEMBEHR 1.5 ~2.5
mg/kg!'t "%, Heh#4 60% NRRBEET I, 20% K
B R B R L, 4 20% IR {LY. ALy,
PHERSEAGE ., SAKERT, VIREH
A TBHMNER, As EETREF (13
mg/kg!'" ). AsR B EE SHALY . BHRER A
AREE, RS SHENELY RRRiLEE",
As ERENBPIENNER, —MUBRRSERT
BLP ARRAT, WRPH As SE—HKH
0.1~2.0 pg/L""), BRBXEZHYRMELE
WAL, SBATi5S5 000 pg/L L ED, WA
As TERURATFEB. TR, E5%Z3
ARESREW, WRE . BE. TWMEFES
K, UERRHERARAGMLESE ™, BIAXR
EmMRK As BFR, £ FRIT P K
222420028 gy 22) s O X RS2
sk AR IE S R 7 BN R R
FAUNIMRREERBLZANTLRNT

WO, T AW B & AR S — R AT,
AR K As TR REHE R B, F
BREFERERBABIR, X As TR EWN
fiE. SEAHFAERMEERALTHE, FXHH
T As TTERBME T M T HHER.

1 BFRXHENL

FARBAGHES T RERBEEZARH
B, i35 FK(E 1) XL NS & 18° ~
45°N BITaE, FHRM8 ~27 €, FHBRWES
FUEE S (FEL, BHL. TRERE) K
1 600 ~2 000 mm, -7 405 A i 35 2 100 ~ 600
mm, KPEMBIERY, KEILG TR, SFF
Big RS ARIGRF, BFELH 0% ~80% K2
RERSBFYBEAERBF KBTI A)BEEA
B, FRRBET RS KMHE AT, HRE
IEEARHTRER . LR . TR E, B
MR WM—XEE WA, PREDF, LREELH
6 ERMBMRERNEALR, k¥4
BUCT, mIBAM A, SR, BEK. EEE,
ARARESHTRERERBK, ZEEXX
K As ARRELE & BRES LR,

2 RERRERHT

KFHBRERMTAUET %, DS
ELMGT AN B, FXRERAMAE, FRE
a7 37K (2007 4 6—8 A ) FAfi K (2007 4F 11
H—2008 £ 1 H)R&E. BERSHRE L, HRT
ZRFHEF O XIRBKESERAFU L. #5
BERAET W EK R PO ERHE, FAET
30 em A REE . RAEERTEBITHES O FH B AR5
Remlo FATH T LT # 05 SR

BEMiAKE . pH E¥ER. HaA2d4e
BHRIBBROKRERE, RA—H s —EK 80
~300 L, #EIGEHA 0.45 wm JE e fF 58 B Hh i 32
BERY, KEHEABL24 ho B MHEERS ~
10 FKIERR, FRIEHREIEBE. AR 10% LRRE
BN, EEAESAREKERIEBEEENAMRE.
K RRGEREEEHRER, HRFKE 1%
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®2 REFDEBNGARDP As TEBRSHBES

28% pH &
Dissolved and suspended As concentrations and
pH value in the rivers of eastern China

Table 2

FKH K
tok A " As/ (/L) As/(pg/’L) Zz
PR emenes T wms 2es
KTH 7.3 3.44 0.56 7.8 0.79 103 A
WE T 7.6 3.69 113 7.6 211 1.23 B
KB 7.2 13.24 19.43 7.7 12.94 5.36 BC
2 81 191 011 7.8 158 0.88 CBAD
6 80 3.5 033 7.8 132 039 D
¥t 87 891 117 83 4123 037 D
23] 8.6 865 124 81 343 025 D
A 8.3 2.80 825 82 225 4.81
/AN 7.5 3.95 343 7.6 132 0.8 D
iR 7.6 3.8 050 7.9 132 028 D
HELE 7.5 420 092 87 502 019 D
b 7.6 560 0.64 7.9 145 049 D
KT 7.8 2.42 058 7.8 0.53 0.24
B 7.3 433 046 7.8 079 039 D
HWme 7.2 395 039 7.8 119 0.8 D
BRIEIL 7.2 2.8 0.30 7.3 0.26 0.34 BC
BRI 7.5 2.67 109 80 872 350 B
AL 7.4 216 9.05 85 1.06 6.8 BD
HUT(RIT) 81 840 27.93 8.2 225 99.43 B
BRI 80 305 377 79 238 04 B
G 6.8 216 010 7.7 172 0.27 AB
b 6.6 127 016 7.1 119 0.18 A
E1Fa Rl 6.5 204 0.14 7.6 0.92 023 A
BiL 6.8 0.76 0.10 7.9 3.83 0.06 B
A4 6.9 178 0.15 7.8 462 021 A
i 81 178 0.14 81 423 0.18 A
RIT 6.5 178 0.26 7.6 277 0.44
T 6.7 3.44 0.8 7.5 370 127
i 6.7 458 043 7.5 119 0.47
Jei 6.5 4.45 042 7.8 132 077
[ifad 6.6 2.55 0.25 80 3.04 0.25
"L 6.5 2.29 040 7.7 317 023 A
ki 6.8 2.8 0.39 69 304 024 C
T 7.7 1.25 1.0t 7.3 11.36 144 A
BT 6.9 293 029 - 343 029 CA
oo 7.0 1.15 0.30 7.6 1.98 0.17 C
22 $a 7.3 129 0.8 7.4 006 008 CA
B 6.9 146 0.42 7.0 0.11 0.06 A
TR 6.7 0.24 009 7.0 002 0.05 AC

H: o« MBAHBAER: =« WHERTEES: - TH
£ MHERA 3. 2.1 FEPRR,

EEER, RBARTESHERT, BRENY
B, BEZRBMAI %4, HFE200EKER
SR E, AL, HK, RITEKPR
WIRIIH K EE - LR B, —iBiA
%, YKEKEZIA RS RE, BRYRAR
PHESBEREE. NEK3FH, BITEKY.
ML KPP As TESBSHH K 119, 5.0
mg/kg, 52+ BA G 9.2 my/ke) A
A, B, SRMEABHREEEETES R
R %HENEEYT As WEERERE X,
FR, BEETER, WEEL, BT, FEE
K As TESBRMK, TESHEER. <K%
RBRANREWENE %, & ERE, KA,
FHTF As TENEE; ZXHEFRR, BwERE
WA PLRAREERFA T As 9938 ZX LK
W RHEABFIRA R K%, PERKEL, H
SERH, WERM, FHRKSKIERKSE
IR,

& 3 AR ERIPE T E R H S As T
ERRSSEMRNHGEFTEKN b, Ko, t
RAR— MBI KSR EROENRENA
L7, TWE R BN KT g i B BRI 3 SRR
ABES, hE3 TR, HRERS As FE—&/D
F 1.0 pg/L, RERFAH—MHO0.5~4.5 pg/L
ZiE, HRFIR As TTEN 6 250 B A EIE T
B, MERERPARELSE VBN DS HER,
AsTEARARNS ZEHENLWEW, BESS
43, SR As SRRANEROEW, i
FPAs BN 4.8 my/kg! T, ERIAERF
As BB —M40.6~13.0 mg/kg!"®, REFHL
FAR)As §8H 11.2 mykg™, £EH (A
B)As SEN7.2 mg/kg!'™ . FIHEM R EMITH A
B, FERBAOGEERA, BB &GHE2%,
ANRES e EREFETHEAR, AREELT
Tl feaisl, T RAEFBEKHERERL, &R
THERTAR As TE M 24016 15 E LIRS
ERETHARRYME,

3.1.2 E#A#H

RETHREEYH As SBUE3, HAATH
BlH 3.3 ~377.0 mg/kg, FKBIFMKY As &
BRES R 118.7 mg/kg, 377.0 mg/kg, HIBE
BRMEE, ERBARKKPFHEEY 24.0
mg/kg, 28.7 mg/kg, BERPIFIHIE, As TR
FEREF, SEA., /B, HHE. &S,
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Fig.4 Enrichment factor( EF) of As in the suspended sediments of the rivers

FEFBEEASTRETOR As TESR
Concentrations of As in the suspended sediments

%3
Table 3
of rivers in eastern China

As/(mg/kg) As/(mg/kg)
I FKE WK PR A8 HkH

KL 7.2 7.8 ||ZB& 10.2 8.7
WEFH 6.8 37.6 |mm* 73.6  60.9
P30} 29.2  23.9 |@m* 3.6 4.3
o0 10.3 452 |I®T 9.5 5.2
30 322 16.5 |ARI 24.6 6.0
&R 4.0 425 |[BII(FR) - -
L 21,9  69.5 | 32.3  16.4
i 7.8 1.3 &Kz 20.3 6.6
/N 9.2 8.9 |Ekm* 16.2  53.0
T 8.8 14.5 |EmTe* 14.1 23,7
HELE 6.7 419 |Htir 95.1 43.4
b 118.7  77.3 | 31 49.1
Kir 1.9 148 |@L 29.8  13.9
T 1.1 9.2 |EFHIT 55.8  81.3
i@t 12.9 6.6 |liT 8.6 79.6
BRIBIT 41.9  80.6 ([FE#IT 45.1 54.5
HRIT 4.1 5.0 |k 6.4 6.8
B 1.9  14.8 b 1 125  12.4
WUT(RIT) 1.9 216 |B4d 45.2  377.0
BRI 6.3 3.3 |hRE 301 37.2

E: o+ ARABTHARES » THBETERES - X
i,

T, SYRH ., SREFIL. EIL. BRIC, EMEA,

BTEBEEZRBGERT 1.5, ZYUXTEER B

BEIARTE Yot B

3.4 AsEFAAFHEBHARYHEF
SAHTREARTWRK As tESEHERH

BERESHBERASIBMLLE, As ERHKPHIH

BB HRESRE, FRPFMMKAERS L
BIE B R 78% | T1% , ¥, W,
FIL, MUK As FEURRSERTH, H
BRSSP EHIRHI R T71.4% | 83.7% , 87.3%;
XFEHFKPERYSEIHIE, BWNEEF
MEFEREPLERLIERLERERM, AOIFEE
B R RZEH 58 (HKPEEER 8. 3%,
HSE>100 S/m, HEZEBKEW), MHIL
AREH FIFE Y SIE. BEMEEL. TRWA
AMKIATIK As B REM( <0.15 pg/L), {H As
BESEETEOR . 9%, XREHTEZYP
EHKE Fe. Al BT WURAUY, X As MK
MYERIEA R .

K, fE 6 I Bk 5 -4 5 ST R 7E A Z R 9 4y
B, BB RESRFLEARHERNIS
A, HERAXH:

Gy

D=a

AF: KIFERE; G C A FINEESREIT
RERFYIKPERESNSE, BAHN wL,
K fE#R, RUTRBIAHEARM, KE&/D,
BUSAEBEABAR . As FEF K RAKI lg Ky39{E
S50 3.8, 4.1, HoKHSREFKBER.
pHERZWMAEABMER W, A6
AEH, BEE pH ERIEI, As B9 1g K, B BREAK,
pH{EFE, AFT As BIEH(E 6(a)), BITER
HRAT, AsREATABREELAGEE, As WiF
ShEEm, ESEEREE, BES As HEAK
EEMX(E6(b)), HEERENAST, BEW
BYRERH T As B FHBIERNEE,

K
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Table 4 Concentration of As in rocks and sediments from eastern China
EERAFED ’(‘mji; SERAHET ?;ji SR RAFRT ’(‘mji S R RRA ?mji)/
yids k=t 1.2 ks E=1 3.5 ARE 3.0 & E 10.0
BKERHE 1.6 ZiLE 3.7 H=E 3.7 FEEL 11.0
ZRERE L0 TRE L6 BEFA 8.8 D hE+@AR 11.2
HRIRKE 2.0 HE 2.2 B 50 || xRmEy 12.0
A HE 4.2 REE L1 c EBH 7.8 ZRFRILEY 9.9
% HWKE 1.3 ZRIRKE 1.3 % RERE 22.0 REBY 7.7
ThE L3 5 EKE 1.2 BEERE 6.9
R 0.8 BRE 1.4 BREmRE 10.0
A NE 1.6 ® B L0 wE 8.6
gRE 2.6 was 1.2 FHE 7.8
A¥E 2.2 FINEE 1.0 ¢ k] 2.5
M 22.0
ik 4= 4.0
RERSE 4.3
31w 8.5
il =S 8.0

&, REFIZELHRECBEENALERY S E
(6.71 mg/kg!?) H5AKMIE, HAEK, C 3.
BBEFIRERESE, CH—BHAS5 ~8.6 mg/kg,
C% 8.32 ~10.3 mg/kg™™, S* {H— i 400 ~ 500
peq/LI; BREgth B RKEE, CH 2.5 ~3.7
mg/kg, 3* % 3 400 ~5 900 peq/L™', C,% 20.7
mg/kg'™’, AAP As FREIK, HARE AL,
ALY As SRENE &£, KR =AM As
REIH; HMERES. RERE. RS
EREEIFEIRAN C K, D ENAELBBEIH
¥, CAH—BH9.9~12.0 mg/kg,
#KIE2E 1: 2 500 000 #FE, FitH RN
ERUER R RER S HERET & HH, FHL
B WG FFHALK A G KA R R EAE R ZF R
FKH, KIT, |, HRL(FWIT, LT, KRIL),
NBEBREKR, WEAGFERE, BAESFE. B
EREM RN E T EFE, HEKP., WK
RRBZH N T0% ., 30%, HHE As £EFHY
BRI, HRBELEBMR As BRFHEE.
AR, 1.96 pg/LIHPLETZANERELR, B
2 5it8E); B&, 3.89 pg/L; CH, 2.13 pg/'L;
D&, 4.33 ng/L. HWMi, B. DENFEDHXHEF
FHRKP As ESE, WA, CENMRAFTF As &
£, WTFERERP, BERE, REFEH—

AR, HXEEAF As TREE, B
M EFAK PR As BED, KA. KILERE
B2EP. EURAERXHGRX, —F @, BAHX
b, EEBRHEEEN As TR, F—HEEAP
FEHEBEN Ca, Na g1, #78/Kk+ pH EH¥H,
BT As FiER. CREANILENINT A, B
¥z, BREAT As FEES, EXERRY
HFERBEZHM I Y, X As B B8R 0 R
t#H, FHT As BT #, D EMRN S HEMNEE
&, REABEEHE, AOFEKX, TRIEE™
Rik, BRYEHRES, WK As FEF W
BKR,
3.22 ANEW

Tk, AETERT IWTE KA AT 2 KT As
MEBERE, 2009 £ 79 A, 75 RET NI
@, I, KILFI ZABMRATEK, £TE
9K, HUMET As FELRBRNMITE, DLW, 7
LML S MEFBBEKES As FEMYE
(4.225 2 my/L)YRERAETEB KT As FBE, DI
JEERFEATT (M FE) As FBEEI TS
KIS BHE(8. 551 mg/L),
3223 YRAFE#HEE T

A 30HF As Py R IR SR IR 4 R AL 2 KA K IR
PRI, £EBEKERK. WERAYRERET
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Table 5 Natural and anthropogenic sources of As for the typical rivers of eastern China

RRER BHE FULEE RS FIK A AsHBA R4y TIKORIRE As & M,

AR A/ R/ R/ HEFA TUFKk k@ SECG/ RBRER REASE 45 Tk
km? 10°m* (t-km?-a™)Q, /10°m® Q,,/10°m® 4EfE  (pg/L) M./ EMMt wBixn Bkt

301 44900 4.790  38.10 0.15240  0.43555 2002  1.811 8.67 8.21 0.06 0.37
M9 318000 23.300 28.16  21.18000 26.29000 2007  2.888 67.29  42.98 8.95  22.48
#HA 750000 58.020  33.60 12.90000 27.15000 2008  2.635 152.88  120.96 545  23.22
KT 1088500 928.000 112.00 106.30000 218.80000 2008  1.853 1719.58  585.18 44.91 187.10
FRIT 453960 336.000 128.81  53.48000 88.34000 2008  3.518 1182.05  280.68 22.60  75.54
[i:pan 351 500 221.500  120.00 5.26000 8.97000 2008  2.697 597.39  202.46 2.22 7.67
[:F R 8635 7.350 174.00 0.49105  0.21649 2005 3. 080 22.64 7.21 0.21 0.19

H: BFM, =AxRxC, B CHARMBEEHE, A EBEEEBINE Coppor o (4.8 mg/kg) W IRB M, = Y € xQ,,, | TR
WAKEE, CHIFK As &, £EFKC, =4.2252 my/L, TlI5KC, =8.551 mg/L; M, = C, xR, , C, A BREXR, HEXK
8. BAKBBALH 70% , 30% “2IREG; AHFAKEHR. RRERRIERQTOIRE: £@2), wmle], gmiel gl
L5035 wyrls), mawir!S); WIS K HER B ORI, B M) wgmel, gmld) gm0l it w

s atsd,

HARL, TKESRBEBNEALEARE
RALHERRAGE . BT5KHTT As WETTH &K
WL As SR STEKHERERFKRS, UT74%
R KRR B E N 5 REFEREEL, HE
HRRES,

WIEHELER, M5M,, M3FH, LK
mEEwE ., W, BRYSREMRY R, Bk
DAL IR 9y SR A X W =5, T RS 5 T R L. B
1L, WYL, BEMILEMEERK, hERREY R
Wfk. X5 FHARMBERATEZRE D, W
HERBRERKE X, BF., BH., KL, ZkiT
4 %KAM M/ME 455N 46.7% ., 18.7% .
13.5% ., 8.3%, ¥H N 21.8%, ARFEEX As
EwmRAEEEA, TlkisKA, AT LBK, T
BUREPARR, MEFREEY, ANERBRR
BASHA As BRZ 4 40: 6017, BEiHA
KK As WBBSHIIREEEARETE, B4
AUARTRITEPANBRSBEREZLNR
40: 60, HW, MAKFARBNETF LRITHE
g1,

BRHRE FERET: (1)As REHIRL
HHFESHAPEEEFE—EER, s B5F
PR, &mEkpsal), ERIBERARTH
BRI, BRRMASEIE; (2)TKF As Hy
ARRBEARAE T, &FEK, BT ILEK,
FRBIERES, HEPRETHE;: (3)As &R
RIFHITHIN M, MREBHESE. TUMERES

kK, RUEBRESHBIEREH LS ESEME, L
EAEXRAKBRENEZRR, E4FT
1 B 7 WU — B BB

4 & B

(D EERBAH D As TRFRSTEYE
H3.1 wy/L, FEFMFEAELL, H&R]EHE MW
B, MEAGETEREE M EME, RUHHAE
AT S,

(2)BEYF As FEIIEN 26.3 mg/kg, F
AFERR LRGSR, AEERHTEREBXR
BWATIHBEDT As FE>1.5, RAKRZIHK
HEBRARTER,

(3)As B KFHIBEAUBRSH E,
AERNERYITEREIHR, WEWUUZEE
BN E, FRATERE KRBT As TREMK
FEBEMAR, BIRKRY, KF pH ENEEY
MK, 4 pH{E. ¢ BEARET, K BB/, As i
AW

() R B RIBA A AR S EFTR P As
FEMLE, A v kLBBERY. EEEAS
RBA TR As TRIOER, MLRELE
. BREETAESHTEAFTHAS As TR
HER.

(S)RAMLZERAL . Tk FAE 15 T5 K18 7 i
i As TRREMIT, IHHETTHREFR As TR
REMEE, ERERET, BN, KL, ROLHF
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TR As HERBEREPR ARES SR 46.7% |
18.7% ., 13.5% ., 8.3% , T ANBEFHHFELEHR
EE, B, MEgFULE

Bl PERMAMERARYERRCES

EHRAHEHERBRTFEABEIEANETR
AARBREMERERH, PERLRHEKNA
HARUEFRXRERKTARKRREHHT X
AMAURTHE, ZREHREBARTERT £
BRILFAMTERMMMATE, £l—*%
TR
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