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JEWT Y T XI5, RSP K He We R 5 K
922 S AROK T3 AU HE WL S S | EH 0T S FE T B I A
A AR He WAL, A 32 2 R B i
JETG YT E AR, T He NOZUR TG R IIER
BB R B, /N A D B e 2 2R TS i T5 e+
Jr"H ,CODMn 2 A FHIREL AR L % K Bk
JETR B 10 224500 Wk He 5504 K,

Pb. F /KW VW VL VT VL HUL )
TR AS Po W B AR YT BT DY
BT A e JEE AR 5 A K SIS BHRT i i U i) X

i ALV b MR

Se: KA K Se W J&E Z B4 T 0.1~0.5 u g/L
TN ZEJCTE FESZTT /N BRI KL PR
SR, KA R R N A BRYE b
L Se W EERLH

T1: F oK K i T 5 S fl 1) DXl 4 A
AR, R M DRI T W Rt T AR
PVERVL A0 VE SR g Al A X300 A 5 K AR ]
PIABYL BV, X Rh o A B 5 o [ g 3 X
Tl JC &R SR B A By kb 2% w75 5 20 A AR X

R3I AMKBESTRRERITSH

Table 3 Statistical parameters of soluble element concentrations of river water

Ay FKH HiliZk 3 Hh=E A
fbs P BB ARERE BME WK cv TR P bR BOME BORT ov KRERH
pH 7.39 7.34 0.67 6.50 8.92 0.09 7.76 7.71 0.37 6.86 8.65 0.05 0.530
EC 8543  366.0 1438.1 74.8 7350.0 1.68 5746 3450  609.8 73.0  2380.0 1.06 0.851
Al 0.098 0030 0174 0010  0.720 1.78 0.027  0.001 0.052  0.001 0.178 1.89 0.687
As 3.87 3.05 2.68 0.76 13.24 0.69 3.19 2.38 2.84 0.26 12.94 0.89 0.523
Ba 51.9 40.0 392 1.1 146.9 0.76 57.0 37.0 42.1 3.8 174.1 0.74 0.858
Ca 40.2 328 28.6 54 111.1 0.71 54.4 389 47.7 6.8 250.6 0.88 0.898
Cd 0.021 0.019  0.012  0.003  0.054 0.57 0.016 0006  0.038  0.001 0.216 232 0.552
Co 0344 0230 0364 0.044 1.629 1.06 0482 0276 0649 0.046 2732 1.35 0.745
Cu 2.65 243 1.18 0.87 5.94 0.45 272 1.96 226 0.76 13.10 0.83 0.701
Fe 0.136 0042 0246  0.000 1.134 1.80 0.072 0027 0094 0.000 0315 1.30 0.558
Hg 0.011 0.009  0.006  0.005  0.033 0.60 0.012 0008 0015 0.005 0084 1.24 -0.125
K 7.20 5.66 7.11 1.54 37.20 0.99 7.81 6.53 5.64 2.69 30.50 0.72 0.670
Li 10.92 5.52 16.20 0.52 81.42 1.48 9.84 395 17.35 0.09 85.98 1.76 0.981
Mg 225 102 38.1 1.1 182.0 1.69 221 10.1 28.6 1.3 102.9 1.30 0.903
Mn 102.1 247 176.3 1.0 691.6 1.73 238.9 49.8 728.8 0.7 41743  3.05 0.178
Mo 4.03 2.04 4.19 0.66 1575 1.04 3.50 1.59 4.32 0.40 17.68 1.23 0.883
Na 113.0 257 249.7 4.1 12624 221 90.4 348 140.9 5.0 6252 1.56 0.775
Ni 445 2.64 8.08 0.69 47.66 1.81 7.82 2.63 18.95 0.48 107.73 242 0.975
P 131.0 553 209.8 2.0 1066.0 1.60 127.5 69.4 145.7 19.3 571.9 1.14 0.751
Pb 0.80 0.40 0.83 0.07 3.52 1.03 0.20 0.09 0.27 0.01 0.90 1.35 0.176
Rb 9.15 8.80 5.94 1.32 21.92 0.65 8.40 5.90 8.17 0.49 39.50 0.97 0.593
REE 0.679  0.306 1.134  0.063  5.070 1.67 0244  0.135  0.251 0.041 0.948 1.03 0.594
Sb 0.91 0.54 0.98 0.12 4.15 1.07 0.60 0.36 0.57 0.09 2.51 0.95 0.774
Se 0.25 0.23 0.12 0.07 0.59 0.49 0.70 0.52 0.84 0.26 5.18 1.21 0.207
Sr 4256 2424 5789 382  2651.7 1.36 407.3 174.1 500.9 414 1886.4 1.23 0.942
Tl 0.045 0017 0055 0.004 0259 1.22 0.056 0008 0210  0.002 1.222 3.74 0.517
W 0.59 0.17 1.21 0.02 6.47 2.06 0.90 0.19 233 0.01 12.58 2.60 0.642
Zn 11.07 6.37 11.15 2.06 44.46 1.01 31.01 2426 2345 4.16 80.88 0.76 0.087

‘\CVE;pH %%?VJ,EC(EETE'F%:)$1EP§ pus-cm™';Al Ca Fe K Mg . Na TR LN mg-L’l,Hfme?ﬁ%ﬂﬂ ueg-LREE
A Ce Dy .Er .Eu,Gd Ho La,Lu Nd Pr.Sm,Tb , Tm.Yb R Z RN D5 B R < IRV R IR

@A EE R b e R DA A 3 E P RS R X 76 FhOT R MR kA B 2005.
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[Fi) B g b DX AR X R P 1)+ IR B 45 R T R
5 AT i AK AR 2 R 22—

Zn: F KW IR b X B VL R BV g
1L AT DA BN T BRI KT ZS Zn W30
MK AR | 607 b DO i K IR A zn R I &8 5
TR
33 BEXE5XEHEBEFXER

XA, WK 2R Ca Mg Na K,
Sr.Ba W EA 3 IE A OGO R (3 4), Ui i K
R G e A IR | IRt 4R B R X R
HEFEEZ W, NME TR AR RS Ca,
Mg Na K Sr Ba X355 15 4 Jy 9 48 51, BEE J7 1]
i — M 8 TR T,

3.4 AKEBULAERNSTETL

(1) AT 7K PR Bl s 5 F 5 %

MR 3 FRTIK pH L BOKRE Ak #EK
AT Qg [ Bl | [ A A K BT 7K Ca \ Mg \Na K St
Ba SR04 8 | BT A B vk I e T AR K
W FL R R — 2R K R K A T IR AR i D
Rk KO Hl 2K AR Ca Mg 55 42 R PH B 10 3 BEAE
PSS ; —RA K] Bl K G K b 5 e R
[0 SR T N B 0 o = S e I8 S N o 7351
A7, Rl KSR 11X 32 38 K L300 9R 5 VB FH B 52 i 45 K
KB E F Ca Mg Na K Sr Ba 5 1 7K ¢ AF FH 25
Tl R

Geit i m SE K AR H G R (R R A R
TR K 8250 3t A2 A B AN AR R] 32 A0 7k 4%
IR BRI =2 TN W E R W YU R A= B T 8
W1, AT RE S I s A HETS SR W ik R AR R
PR 2 B T AN B TR A AR S e o AR Ok

(2)KIEBITCE W

FLBOKIE AR TT R WL AT WL, FEK
Pb Al .REE Fe Sb.Cd .Na . As Mo ¥ K T4 7K 1)
(FfE>1.15), 1M Zn .Se Mn Ni ‘W ,Co ,Ca T1 ¥ &
WIS F A AKHH (Hfl<0.9), % B3 055 (6 7] fE
X P S EAA WA 5 | SR ] v 7 B A T AL, 4 2R
K F KK EEAE Al Pb . Cd REE Tl Fe .Sb.Rb,
Li . Sr.Mo As,Cu TR ECK A (HE>1.15),
M Zn.Se Mn . Na.P .Co.Ca K W WK T4t 7K 1
HEWT KRN AKAE R — AR AR AR R, FRBIR
S R TR AT AR U R R R REVE R B K
Na.Ca K .Zn Se 55 5 I JC 2 W B T B 1 A% F A 7K

FZ 4 ARKEBEBSEECOS Ca.Mg.Na. K iREHBKXRL
Table 4 Correlation coefficients between electric
conductivity and Ca, Mg, Na and K concentrations in
river water

KICENT AR Ca Mg Na K
FKI 33 0.634 0.987 0.994 0.938
K3 33 0.753 0978 0.939 0.782

W REARR N=33, BEIEE a =0.01 8, BEHEIETEN
0.443,

W IR R 22— 5340 F2 K ) e sk Kk & ok el 1 Az
Vg 7K 0 i A /N 2 AT B LA

HRHEHT 0.45 pom JE T8 2T 2 J5 5t v 1) /K 45 3 1) o
LKA TR B TR i (BB IR MR ) T T A5
UK S A KR IR YR B U, R R
1B 5 45 WA 7K A 55 SE K KA S T 2 A I AH ¢
FE, B5REHL, 33 A E AT TR Y e S K
A ALLREE W& B2 LU 09 AH ¢ 3 5053 3158 0.968
0.594 1 8.3 1EAH KT | BABH K ¥4 Al REE ¥
SRR ERA R A, HT 0450 m
UE L3 U8 5 B K FE ST R AL TR T L IR A TR R ff
P 2 METEIE ST ER, Fok B koK g AL
REE Fe 55 7K I 1 550 55 I By 52 07 0 JURr 580 JE AR ik
TR ICER MW EE R TA K, ATae S 2 F=RWAR N
5 KA AR OB AT KR A G 55
= KA T A A% I H DR X TR G U A P Bl | B 465
A 2 B R ROORE A G

4 LR

41 SESLESHHEZME

H 1 3 2 BUE AT 0L, T8 R A K A R K
W, A5 R pH A T & LA Ca Mg Na K,
Sr.Ba 5B W E —Mm TR r i, wosde i
ALK AR i BR T 2RSS B B S TR) T T T

F ] A R R 43 A O] UL AR b XL
M 4k = (pH H 7.5~8.5) , {1 AR Ll Ml Fr B2 i
M BEAR X AT L AR Ml X AT b 4 B4 A (pH
{8 6.5~7.5) , [ 7K pH {H B 5 0 /=5 (140 0] B 380 4
Bl | BN A A v - g B —
SE T R SRR (pH>8.5) 380 A1 I K VT
SRCA TP R | g PO R M AR R 1
B ARG AL T X i) R B e i duk A P
BlPE R HE R 32 AR XM B SRR T e | XA
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& 5 L] - I DT L pHfF A AR T A8 b 1] 3 A X
B BE— RIS 22 F bR X el BR Ak 2 8 A R
FU ) mU U F M X 2 - L A AR 3R AR (CIA =
[ALO/(ALO;+CaO+Na,O+K,0)]x100) 4 53.5%, 1M
AL e 2 1 CIA {2 58.8%, bt B AL Vi Jii 4u
AR R R TR X R R R TR, LT
B AR AE 400~1 200 mm, 50 ET HE X FEK i
400~800 mm!"" | B 6 AT UL R& 7K o S A S 2 R R
1 AR b 5 AR b A 8 KU Ik i R R R G A
[Fi] , 5 1052 M R K AR pH 25 5 0 2R

F AT UL v AR TR K A pH LS
P Ca Mg Na K Sr.Ba 55 &8 W B 1 pg b 22
SRR T R BRI X 5
FRA AR e X T, R TR
WK, R SRR P WK ez
AR I B A AN FE 0T AR KRR R
FHO K pH A LR R BE B TR A X A
MLy X 78 & K TRk HEEnFw 20
i B R R RIS T I Y e AR K
FUHL R K & A 3 m AR AL 43 b KR /N i
YERISS , S KR pH (E FER BT BE K
42 XFMIKHFEETSHHM

rh [ 2 ) S A R I R TR KA pH (E  H
T DL Ca Mg Na K. Sr . Ba 558 FWJE LA
e SR, SRR T - ek A
Gl B B, BRI K AR Ca Mg \Na K Sr Ba ¥
JE 5 X 35 L ER b 25 75 S DA G

1 RN 2 AL BRI K A R i e R
A IX B A i KR P B 2 4%, (H2 80T R
5t — 2 W DB A A, R . (1) F
KI5 WA B SR o3 A A% Ry fi 2% 3 AT L B
T Se .Mn.Pb.Zn Hg %, 48 KR Z 800 R F KW 5
KV B ELAT G 2 TE AR G | R WA I R A 4L
I AN AT A b 52 B K SCRAF | SRAE S A0 BT iR 25 S 4
PR 28 52, R S I S5 B HL b Bk Ak 2F R AR
Xof Y] S 7K AR I 38 2H BRI IX 8k o A R AR R B 3 4 A4
FH. T Hg Mn . Pb.Se . Zn J& T HH AR5 Q0K |
AN [] B 388 G HE 3 17 2 5 1T R R 3 B0k K3 A =F
K IUTIAT 7K T 2R e BE AR St R R BRI (2) 45 X 3k b
AL E I REUIA G, BT Cd kRS T
e, 5 E RS Cd ALK Cd 1 X
BR Ak 43 A A O X 7 5 A ) AR R AR 1 Y i

W Cu MBEEBAR, SARMEE Cu KEKHE 54
K IR R R He W SRR E R R, S
R 7 X3 Hg 351 5o 0% KBRS
VLA K MR BE Y As 5 B X As L ERAL 2% 5
SARW G, (3) KBk A7 SR 52, 5 K
BEFrACO AL, LI As Mo WRIEE
&, ATBE S LT R AR A R As Mo HiER
A 2E 0 B PEER R TR ik AR KA G,
4.3 KEKBEIEH

TSR IN R, KR K L 5 S i 3l % AR b F
50~500 ps/cm, B ALK LT 240 R 500~1 000 s/
em, ASUCE A S B AR IS HETT BEBZ /N
PRYTA L 520 10 3 v T AR GBI 3L 5 SF Kk 3 ] | b 98
]GRBT AT H S 3R 2 e T AR AR ; 32K
15K T H A K AT VT ARVE BRYL R Bk
T SRR R T K XM IR T AT RE S ]
T2 15 YA A, AT A i i R R B | i Sl 37
AR LR BN S AR T B R HE TR K
B AR KB T e AR B A B IR K TR A A
S B K H T A SO e Y T A
4.4 NATZLEEI

N R s Qe el a5 K HE . A AROK | HbuTE A%
T KFEFRE KRR TFIRUIRE T KB 855 £ Fhik
& HE A TRT | 52 M 7K R B Ak I R 2 2H i — 2]
Tt PR AR T B Bt e 3R ik B Y S A ) T DX PN A
N NGSRCE Sl NI a3 S

B AR R A e I T NG TR RRLVLE S
AU R N NI ST TIPS (-RL - 3 S
HORVE] NG BRYL R s RN R B i
DA B AN RER oG R bW R AT D EN SR 1/ 7N
Ry WUV 1T 9 7K R B R M Y As .Cd.Cr . Cu \Hg,
Pb.Zn ST | ST S SR 3 KAk T G
A G HUTIR 7K As . Cu \Pb Zn ¥R RS AT REJE -
TG PR SE R B, D3 A, Ak K w1
As .Se Mo Al BE5 WS N Bl 15 e %

FEXE 1 AN AR SE RN LT LA T Y L
N B HEAT T KRR T A5 R (3R 5) R TR
Zo X K L R B G BT A BT K AR
fif 2 Ay 3G, R A JE N p S SRS Yo R 1Y)
WL 2 R BT BRI T e HERORR G K
R, w5 AT EVL R E AR TR Ak
BOERZ LT XA L A E A B g
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Table 5 Values of electric conductivity and concentrations of typical contamination
elements in upriver and downriver of downtown

TR THYL RIL TKiE
gl M REET iy
RFEALHE

L3 g b7 [ i i ik [

FKH e 872.0 940.0 86.2 120.0 79.8 268 187 193
FKH As 433 3.95 127 2.04 2.56 2.56 1.99 2.56
F K] cd 0.011 0.013 0.017 0.013 0.023 0.031 0.052 0.058
F KM Cu 2.90 252 243 3.76 2.82 7.89 235 243
F K] Hg 0.008 0.006 0.008 0.005 0.002 0.005 0.005 0.005
FAKH) Ni 7.84 935 0.85 1.71 4.40 9.82 1.91 1.97
42K 4] P 297.8 280.7 2.0 31.6 50.0 380.0 30.0 60.0
K Pb 0.11 043 1.14 1.99 0.400 0.873 0.260 0.285
FKH Zn 4.63 50.36 4.43 851 5.73 11.49 4.18 20.90
A /K LS 575 591 115 143 150.4 1600 394 410

WAL SN ps/om; TTRWE R u /L,

U T2 U Tl B R s e R RV BE 3
BEY5 YL R [0 A YRR A rp R 5T R kT iR
JE 5 T U AT RE AR5 S Y HE RO B A G
5 45

AR K A2 2 A2 BRFEZR Y | R T ]
K R E W {H 2007—2008 43 A
RAE A3 A7 AR A 04 v ] AR 0 S AR I Ji T B
S DX K AR PR TR | FL 5 38 DL S il 2
FUCER TR VR FE | B b ST e i

(1) 2 1) S 43 5 me v [ R A D ] K 1 2
A8 BRIl 24 2 BURRAE | B 22 B50E 5 3T 3 7K A 2 ok
& SR L e m R OT R T
Ji i, 5 A R IR B S ol W, DAL
AL S H A ] RS 11 DR KR AV E TR

(2) ¥ 43 A0 I K A T A D0 2R MR W OR [F] T
DX E v B D PR — 2 A2 VK el o b R Ak 2
TR IR, ORI AR T YRR S e | S5
Wt b R R AR A BT RO ST IR T VS X K iR
)52

(3)F KA K 55 6 F Na Ca K Zn . Se &
T3 R P AR, S T R R K B A R AR T AL
Pb .REE Tl Fe SF 02 e B2 1 0 = TAG 7K 401, 40 5
A2 I 2 T 485 ol DR St A R A BURE AR A B 2R K AT G
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Hydrogeochemical characteristics of major estuaries in eastern China:
physicochemical indicators and soluble element concentrations of river water

ZHOU Guo—hua'?, SUN Bin—bin"?, ZENG Dao—ming'~,
WEI Hua—ling'?, LIU Zhan—yuan'?, ZHANG Bi—min"’

(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, Hebei, China;
2. Laboratory for Applied Geochemistry, Chinese Academy of Geological Sciences, Langfang 065000, Hebei, China)

Abstract : Hydro—physicochemical properties and element concentrations of rivers constitute key indicators related to water functions.
Chemical flux through river to sea has important impact on marine ecosystem. This paper presents pH values, electric conductivities
and soluble concentrations of major and trace elements in river water sampled at the lower position or estuaries of 33 rivers. It is
demonstrated that pH values, electric conductivities and soluble concentrations of major and trace elements in most rivers of northern
China are much higher than those in rivers of southern China, which is consistent with climate change from north to south. The
soluble concentrations of major elements in river water are associated with the zoning of soil type and soil chemical distribution pattern
from north to south. However, anomalous content of major elements and physicochemical indexes in some rivers may be influenced
by the mixture of sea water with fresh water. It is found that trace element concentrations in some rivers are anomalous in comparison
with the concentrations in other rivers of the same region. Such a phenomenon may be attributed to (1) special geological and
geochemical background of drainage areas; and (2) anthropogenic activity and pollution. It is inferred that the lower concentrations of
soluble Na, Ca, K, Zn, Se in flood season are caused by dilution under higher precipitation, whereas the higher concentration of Al,
REE, Fe and some other elements may be the consequence of containing lots of micro—particulates and colloids derived from soil
through surface current.

Key words:river flowing into sea;hydro —physicochemical indicator;major and trace elements;soluble concentration;climate zone;
geochemical background of drainage area;anthropogenic pollution
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