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ARXRBHARTRDENIERRAEZRRRENAR, KILOBRLNER, B2 iHH
TR ENERE IR ERARENERAR XIS RE, 5K, HEMER &
A—Ho
& 2 5, R ENRWRARKCERSEER KRB FERS>EFH(ER
BRAOHMRD)>HEESR, TERDIFRFNERYE, F5REX—B; ERLSHE
HE—ENEEYE, EEEELRERREKNOR T EES, RIE S B ERBAKRHOEE
T MEESENE—EHEL %R, X 53 Y HER M 30 TR0 B A b A e om0
8k, 40 SUHBUKMREAEER S & BETRERET R KT YRR WA 8 1R K
(& 1), BRRYERRAK Y mERIE AT ae R AR 53 R 58, ﬁf{ﬁ‘%é‘&%ﬁt&
B E K.

=, %@%H@iﬁﬂ&ﬁﬁﬁﬁﬁhﬁ’ﬂ%{t
M 2 S SREMELE, TUTRETOERARYhAE RS H RA 2 AR

¥2 KIOBRERBETRMERKLERSHILE

PO~ $io, Cu(LI) | Pb{r) cd(in)
B So3- Ca’t Mg+ CI- ci- CI- cI- cl- [Mg*+]
CI- CI- cI- [Ca¥]
X 10~* %10~ K10~ % 10-7 ¥ 107
6 0.14 0.021 0.068 3.4 0.74 . 2.5 0.95 5.3 5.4
9 0.14 0.020 0.068 4.1 0.78 2.7 0.75 5.0 5.6
12 0.15 0.020 0.072 3.7 1.1 2.7 4.5 6.1 5.9
14 0.05 0.009 ~| 0.070- | 5.1 1.8 -} -2.8- 1.8 5.2 11
17 0.13 0.021 0.068 3.5 1.3 3.8 1.8 4.3 5.3
19 0.14 0.021 0.068 3.4 1.3 4.1 1.2 6.8 5.4
21 0.14 3.7 1.7 3.5 0.89 7.9
23 0.14 0.020 0.070 3.2 1.0 5.1 1.7 4.3 5.8
31 0.13 0.018 0.068 3.4 1.4 5.2 1.5 4.3 6.3
35 0.13 0,020 0.068 3.0 1.3 5.2 4.0 6.8 5.6
36 3.1 1.3 1.3 3.7 6.6
38 0.14 0.021 0.069 2.6 0.95 3.4 1.6 6.1 5.5
40 0.07 0.023 0.071 4.1 1.5 8.1 1.8 15 ¢ 5.2
33* 0.13 0.021 0.068 0.47 0.055 5.2
35% 0.14 0.022 0.068 0.46 0.051 5.2
36% 0.13 0.021 0.067 0.45 0.073 5.2
3% 0.13 0.020 0.065 0.45 0.095 5.2
40% 0.15 0.025 0.072 0.59 0.38 4.8
E%ﬁiﬁﬁﬁ&)

LD BEREL1978, REBRARESR. FEARRIRIE,HENPREAEREHR, 1701,

CaMg(CO;), + Ca’* = 2CaCO, + Mg™*
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il
[Mg2+] KD 1 0-—16.7 (1 )

[Ca“‘] K‘E‘: 10-&_4x2 ’

Kp 1 K SBABZANMTRAREBER (250" Ko/KE LLEEE 1, R KH
5 BT HOVE B ABCRRRIE , TR ETLRWERK S B ER RS R, F
Nt ESRELERARENRYEABKSEXINAsAaEHRBI RS KR145
31 S50, HBRA PR EREFRELEBEEE 5.2—5.9 ZH. MEEKUKXES 5.2,
S5XE14]IRERFAKE. BHES 5.3 R—8 HtiiASEMRKPELS TR
ARBEAWEBRREL,LEBSKIREEBER R A, 40 SHREKERHE. HiE
BARM R BRI, BRI BRI O E5ME R EK UK R EK B R A
Bk, 8. SHEEE, X5 RILARME B RSN GRS, RENEREH LRk
REARBEHEEFTETHOARIEEX. AMHG. GEBKhEENETUERE =6
FEHEE, EESETNABRERANRT IR, E4NEBRAFHRERNANEER
R,

M. HESERRLTY
% Swmm SR Silen SUI%TREAREESH MO RE LK TE T (&% )R

BSEENE SRR A TR 3, TR R R AR REEER, ol 9

DRI MREEE DL Si(OH), BREE, Siever LEIEH,LWT pH < 9 B, BWHEEIL
oW A ARE R B KEREE, XTRRIOKSENRER, SFESEEEU
Si0ieey BRIAKSM, EHREARYS, REERS LT WSS W, MAAXRE

B R R AR RRE MR ENEEREL (WEER), X EHIAERA PR

0

Si0; GER ) 1
—IF S0 - b
(% 0 |
10 1

Az Siz Os(OH) v A 7 136538
-2 Jl 3533

o - o ™~
(Y (HO 18 Fop

()4
”

loga
1

-3 }-ACzO; - H;O (E?}L%BE:)
<
&

Ny

12 5 4 3
| ' — log( Si(OH) 4]
3 BEANESFONERERERESHNXA 4 EEFroREEXROLBEERC?
(oo FOR AR @ 5/ABA; (o XABK; OAREK: I R et BRED
ONIREK; Tsicomy =17
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RREROR RS , AR OB R A A B 2 N R B BB B 3 £ - A/ E
ALLE N, KX EERRERA N (EE MR ALEKR G A HIERE 100—
140mg1 =0, 58 3 BFiR—B),iX T4 5 R i KT B Th i/b TE TURE A A %W ]
Bk G 3 MR AR, T A R MR E R 218, AN, MUK X I8 A
£t tRuey s {EZE 33 A1 35 WhEuANE R KR, B A A B0 S KB Y,

& SHREERT WS EEEER(E O FHUEN, KILOSEERTRETE
| BWERERERLE B REERE A BIEN, XIEH T RERNERE. B
R E N, TR RERADOTER A, X SRETRITK LT WX HRHTMET
BB RGO L RE—FN, B 4 FREANALKEBRIO™N GEZ 33 fn
35 35), B GRS KEAEE (AE 3FPR), # Sumn® FFEHEH: mEBIRE
FJWJ‘EEE%E%M%_K%E,E&WEI“%%E 107"M UL Fo IEEREIR RS RS
RO & & ATE—E,

@ﬁﬁmﬂwmsﬁym—w%@a@ﬁ@ﬁww (g ¥ E———Mgs(H 0),8i,01(OH), *
8H,0] 3R I Ay, B ™ BB, B 40 K 6 S¥Esh, KL O i3 BN R FBR AR
FAE FRENEREARRARRETRE, BT —SEEGE- RS FAND %S L2
B, BTE IR A R A T I B X Fh R 4 324 (Supergene precipitate) ™, | 3R i I

kEE

16}

12

log(Si(OH), ]

5 MgO—Si0,—H,0 kRH—LH M THBRE
CE—8K; lv—HRA; W—EFREIE; C—RAAFRE;
& NEBRAKS O AREK; 1=10.7, g+ = 0.217;
[=0.4, Tyg+ = 0.24773; 199+ E LK 4)
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PRI ATIR RS WEIEE XM W FE. b, XMt WA R EET
Y, B AR BB R R . B S5 TREANARL, N GERBRGHERN
FURZS, R KPR M WA . BEAE, EERAHRIESR, BELE
RSN RBRAE RN REEE, WA EET R AR ER, L ESTHERE
MERARNE _EABREEHEENEZNER (BERERCEEFEIS X 10V BZa

FHRIZEALR)™,
T, BRI PR R

Sillén™ [T ELEER K, EEKPREBRKE [Ca,0H(PO,);) EM—HITRTH R
T o B R EEE M Z MRS RL, [

3CaHPQO,([&) + 2Ca** + H,0<===Ca,0H(PO,);(H) + 4H* logK = —16
3Ca;(PO,),([E) + Ca?* + 2H,0===2Ca,0H(PO,);(#) + 2H"* logK =6
KEHER L, WA TXR:
2pH + log ac,+ = 8 (2)
ZpH + logac = —'6. - T (3)

XA, BEBKRAENE 3 FiR KRB R R,

%3 RERXGHERTHE

REHER ' logK
[. Ca,OH(PO,);([A]) + 4H+ = 2Ca’t + 3CaHPO] + H,0 3x10*
2. Ca,O0H(PO,) (@) + 4H* = 5Ca’**+ + 3HPO;~ + H,0 —=5.0
3. Ca,0H(PO,),(#) + 3H,0 = 2[Ca,HPO,(OH), ] g5 + Ca’t + HPO{~ -8.5
4. [Ca,HPO,(OH),lsm = 2Ca*+ + HPO}~ + 20H" =27
5. Ca,0H(PO,),(E) = 5Ca** + 3P0}~ + OH~ o D —=55.6

Mm% 3 R E T, A Ml EEY HPOI, HW¥ CaHPO), U K/DREPO; %5
(#1 HPOO), MLATRIESR 1t pH, Ca**, WBHKREREREERY, HEXK 3
i A E B 1,2 F1 3 R(EHE oH > 6.5 B)IFE, BEE + &8, AUt
P IR R RTERR S B v R A :

SRR FIR Slién LU HE RSB, B % 4 B R BB 5%, (3, 2o
BRZEX BB EGE TFT(RETEEEENREERESEL), FRERBERKE
BRA RS RRARGER, BEBKAGEIRYHREEH. FAREKOTEL
.5 Sillén FHEH (13.4) —8, BidE, AREEROLE, TRARKRERAR R
LRI A SR A, SR R RN, KBRS A BRIUR R 3 FURBRENIKA
B WEVE TR W, M T BRI Mg™*, Fet SMBEhs &% (Jn MgHPO}, FeHPO!),
bl R e A WL JRAE AL R IR A T 34T 4 R R B IR B W B 2, 2

(CH,O)L(,(,(NH;)WH,PO4 + 1380, — 106CO; + 16HNO,; + H,PO, + 122H,0
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£41 RERROHERRGERABRER"

. [PO,— P] .
s fr 2pH + logacyr+ - Egi,%r,:?]” loganpol~ . loganeoi™ ¥ logaueoi™ ¥’
~ (X107°M)
6 12.3 6.7 —-6.1 —7.2 —~5.8
9 12.6 8.7 —6.0 ~7.3 —5.8
12 12.4 7.7 —-6.1 -7.3 : -5.8
k4 12.0 10 -5.9 —6.6 -5.5
17 12,4 ) 7.0 -6.1 -7.2 -5.8
19 12.3 6.7 —-6.1 -7.2 ~5.8
3 12.5 6.4 —6.1 | =7.3 -5.8
31 12.1 6.7 —6.1 —7.0 ~5.7
35 12.7 6.1 —6.2 -7.1 ~5.8
8 12.5 5.4 —6.2 . =7.3 -5.8
40 11.2 4.6 —6.1 —6.3 —5.7
33% 13.9 0.96 -7.0 . =8.2 —5.8
35% 13.6 0.90 -7.0 —8.1 ~5.8
36% 13.3 0.93 —-7.0 -7.8 -3.8
38% 13.5 0.96 =7.0 —8.0 -5.8
40% 13.4 0.64 7.0 —~7.8 -~5.7

. 1) [PO, — P] 3% 1 Y MIBEA 35> FIREE > [CaHPOZ] REHE 3 RER 1 HH(E> Ycanrol=17" 2),b)
FRERIRNR 2, I WAL, *—REK: 8 Tcanrol = 1> ERKEZERMEEHEIF JARTFHRE
AR 1= 35.9997CI%/(1000 — 1.81578CI%)™, MIAMAMEMBARIEEK: 1= 0.7, rcort = 0.199
Yuproi = 0.133; 40 Sk 1= 0.4, rcar+ = 0.232, Yypoli~ = 0. 1651277,

(CH,0),06(NH;),H;PO, + 5350}~ — 16NH,” + HPO;™ -+ 106HCO;
+ 53HS™ 4+ 39H*

J& % LR 2 5% M FE T FUR SR M T B h e v, ENMSRERREEANEEAR, X
R, Mo HRDRARE T WEEARTR A KB AU R BEE TR = i,
WA ZEBRERARREATUER RESLEY”(0E 3 KA 3), HXFEAHEKE
 BPRAREN,L IR 4 BARITHEER, XA EKEL

A, BERERL ERAN T RS

fR#E Lu F0 Chen” HIREFMAREEAHT, ESBEERIKESHBRAMGL
W R ARIR R (BIE 65 4. S, 88, BLBAKIL O iR R BT R Y EIRR K 4
HFRI TR B T R A MR E, M T HRBIE P EREE, ]
BRI RY S, E€BEUEERB/ MR MAHEE. B5FSRREHNEMAKNE&ER
(WRER S5 FETRRE &) S, MEEERRAPREREER, ERLEF
TFoESBHTH LT R, SURA RSO REEER (WRBANERER) d1,1K
FERBRAK R T UL BRER b V8 MR @ T R IR B Jush, E—SHREARTRYMEREHNE
BRESHAEZMNTES . EWMEEREARIIRER. REMBEESCEE TEIN
IR R B RS » S A R R AR TR S
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GEOCHEMISTRY OF THE SEDIMENT INTERSTITIAL
WATER IN THE ADJACENT SEA AREA TO THE
CHANGIJIANG RIVER ESTUARY*

Li Yan Hu Zhaobin and Zhu Xiaobin

(Institute bf Oceanology, Academia Sinica)

ABSTRACT

The geochemical characteristics of the sediments and interstitial waters in the adja-
cent sea area to the Changjiang River Estuary are related to the hydrological and geolo-
gical conditions of this area. ‘

The redox parameters such as Eh, pH, and Es of the surface layer sediments in the area
have been measured, and the contents of major, nutrient, and minor elements such as cal-
cium, magnesium, sulphate, chloride (Cl%), phosphate, silicate, copper, lead, and cad-
mium in the interstitial waters of the surface layer sediments have been also analyzed and
listed in Table 1 of this paper. Included in this Table are also the analytical results for the
five station bottom layer waters. The eighteen stations observed are shown in Fig. 1.

The distribution tendencies of pH, Eh, and chlorinity as shown in Fig. 2 a-c indicate
that the different mutual confluence of the Changjiang diluted water, the Huanghai Sea
Coastal Current, the Taiwan Warm Current, and the Kuroshio system gives rise to the
variations of the transport way and distribution of the sedimentary matter in this area.

The ratios represented in Table 2 demonstrate that the constituents in the interstitial
waters of surface layer sediments are approximately in the sequence of major elements >
nutrients > minor elements. The concentration ratios of magnesium to calcium in the intet-
stitial waters lie for the most part between 5.2 and 5.9; however, those in the bottom layer
waters of this area are mainly 5.2, which is compatible with the value of 5.3 as in sea wa-
ter!*). Therefore, it would be of greater advantage to convert calcite into dolomite by the
teplacement of magnesium in the interstitial waters than in the bottom layer waters,

Fig. 3 explains that silicic acid is the predominating species of dissolved silica at pH
< 9 in interstitial or sea water, that the interstitial waters are supersaturated and undersa-
turated with respect to quartz and amorphous silica as shown in the left upper diagram of
Fig. 3, and that it seems to be possible to convert kaolinite into gibbsite in the bottom layer
waters of station 33 and 35 far off this estuary as noted in the diagram and Fig. 1.

According to the predominance diagram for the calcium silicate minerals as presented

in Fig. 4, the resulting points fall into the stability field of kaolinite, which is likely to be
the weathering product of feldspar and the indicating mineral present in the sediments of

this area. Therefore, we may infer that the continental shelf sediments of the East China
Sea should be of terrigenous material. The tendency to convert kaolinite into gibbsite appe-

*Contribution No. 879 from the Institute of Oceanology, Academia Sinica.
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ars to be present in the bottom layer waters of station 33 and 35 as shown in Fig. 3. If this
process progressed successively, silicic acid would have been kept below 10—+ M},

Similarily, it can be seen from Fig. 5 that, except station 6 and 40, the interstitial wa-
ters are supersaturated with respect to sepiolite(c), and that the magnesium silicate mine-
rals such as sepiolite-palygorskite group ‘ate precipitated from the interstitial waters, and
the occurrence of these minerals has already been proved by the X-ray analysis of the Fast
China Sea sediments®!, - E _

As seen from Table 4 which is calculated from the corresponding data in Table 1 and
3, and by comparison of the values of 2 pH plus Ca?+ activity logarithm with equations (2)
and (3) of this paper, it is reasonable to infer that CaHPQ, (s) and Ca; (PO4)2 (s) in these
two reactions should be eventually transformed into CasOH (PO4)s (s). So hydroxylapatite
is the sole stable phase of apatite in the sediments of this area. It follows from the last three
columns of HPOZ- activity logarithms in Table 4 in which the fourth is calculated from
HPO:~ concentrations in the third column, and the fifth and sixth from the formula 2 and
3 in Table 3 in sequence that the contents of soluble inorganic phosphate in the interstitial
and bottom layer watets are contributed not only by hydroxylapatite dissolutions as shown
in Table 3, and but also very likely by the complex formations of Mg?* and Fe’*+ with phos-
phate anions and the organic matter decompositions to release soluble phosphate species in
oxidative or reductive condition as seen from the comparison of the fourth with the fifth
columns. “Surface complex” formed as reaction 3 in Table 3 is metastable equilibrium with
the aqueous solution'™!, so in fact, as in the natural waters it would be unlikely to attain
the values in the final column which are calculated from this reaction equation.

The concentrations of soluble trace metals such as cadmium, lead, and copper in the
interstitial waters are higher than the equilibrium concentrations of their sulfide solids and
lower than that of their carbonate solids. The relationship of soluble cadmium concentra-
tions in the interstitial waters to the equilibrium concentrations of the two solids in redox
conditions is shown in Fig. 6. The results are similar to those obtained by Lu and Chen!]
on the migration of trace metals in interfaces of seawater and polluted sutficial sediments.



