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RE RMAENRATEEREENEEEE 5—5CZRN=ZITREETNETAR
OB 36 Muhhrig/KRER (T 1989 7 AR 1990 & 7 ARBONERE, RKAFA LN
EESRBRREMRER 1980 FRRGKAREGTENOTTEAELE, SARBNERE, L
ERERS K ERRTIN A, £85I SE KRS THRENEN, CAIEEKE
EIEfmE 58K [Cart]/s, [Mgt*]/s, [SO7]/s ZIMEFREBEHER, M EWMEZRIE s ¥
BELRAHSS, (HIEREE 25. 723157 JHEA B AL UEF ERMEX. HF ORISR K= E
B [Cart]/s AHEMHE, XhRHBEERENETEWEE, AXEAHTHEEN O
e i K BRI A Ko

XER RO BEE BKEE HTH

P A EH R SCHREEF T AR R AT R/NA (JPOTS) HAxzpy 1980 £ H
PRIG/ACIRA T AT 1978 £ELHEIREE 1982 F 1 A 1| HEAS R EXMEH (Unesco,
1981), T 20 FRWMEREETBEAFER —ERAEXEKNEESRE., BEXANK
EMa R AENEKXREFERERTRES KFERE S KRR KERELD
K, M —iEKEEE THRBXEEKEFEEKEREEROHFASEHARN
ABXAA DX EKHATELEM, FEHARRBEERNRZE (Brewer, P.G. et al,,
1975; Millero, F.J. et al., 1976a;Millero, F. J. et al., 1976b; Millero, F. J., et al.,
1976¢c; Poisson, A., 1980; FREE%, 1992a),

EECRFFHOBENRENZNTERREENERE, WEWR T hERER
ARKIOEKOBESREREENXARCREERE, 19923, 1992b)o AR B HFH
O BEBEKEERLE . BEXRNVRER,

1 TR

L1 KEESRIR BARERBE R DR EEE, BT —MNEE AL, EaEX
REBARE, RAMMSIE 1B, £1989 57 AFI1990 5 7 AR KRR K. HRE
A EAERZERE D E, LRETHE 0.45pm MIAREREHR, ESEAES., BEEX
SFEE, BBE 3L WEREE/A RIS, MRS ERESENREE, L,
721989 £ 12 AR EE AH T REEAF K 25L, SEEEIINEKEREES 6 1

* HRERAMELSHBINE, 488023 5,
WHHR: 19914F5 J10 B3EZEM: 199243 A15H,




184

&

B 5

WA 24 %

REh KR, XEAHRRELT 0.45um BELBERECT HEIEREENERERE

4
/J\[:lﬁﬁqjﬁﬁﬁo
118° 110° 1720° 121°E
N[ I T T  — (
: 7A 16
I\ E R T 17"‘\ ° -
A L .1
’ < o ' g e 7
R N
* \r Yoewe To%
2 )3
X
B Pt \ ~
.
37 | S 1. 1
B Kkt E

Fig. 1 Sampling stations in the Huanghe

Estuary and Bohai Bay

1.2 EAHREEMZERNE B
BEMEIEE F WDA fExfEFF M0 E
(BRE%2%,1989), DIEPRIRAERG K P1OS
AOAE S L SR D PR R AR, 1R
DB i 7K 35 BE MERREE 9 +£0.001 , B 5554
EFIT & 2 o
HWKBERNESE A% ENTEE
WEENERLE, EMRARKIOBKEE
ZREXEHT ZEE(RESRSE, 1992b),
MEFENRGEREHEESB X 03X
107kg/m*f1 2 X 107°kg/m’; RIEFE F
THK, HREEEE SMOW BEERK
2.77 X 107%kg/m® (BrE4%,1992b),

F1 RKEfE
Tab. 1 Sampling stations in the Huanghe Estuary and Bohai Bay
s | F % [AB] e Jons WP [ % % [[en
1 4FH 8:00) 38°34" 120°33’ 51 &k 16 13 B 17:15 | 38°42" 119°54’ | 27
2 4 H 10:00 | 38°40°  120°33’ 30 B 17A | 13 5 20:00 | 38°30° 119°30’ 27
3 6 0 14:00 | 38°33’ 118°19’ 17 17B | 13 5 20:10 | 38°30"  119°30’ 27 ' EE
4 9 H 8:30] 38°32" 118°40’ 23 & 18 15§ 5:40 | 38°24°  119°18’ 24
5 9H 9:40 | 38°32’ 119°00’ 23 i 19 15 6:53| 38°18’ 119°06° 22
6 9 H 10:50 | 38732’ 119°19° 25 % 20 155 8:10 | 38°12" 118°54" | 12.5
7B 9 H 12:20 | 38°31"  119°39’ 27 7A | 13 5 18:42 | 38°36"  119°42' 29
8B 9 H 15:00 | 38°15’ 119°40° 23 8A |16 H 17:33 | 38°18" 119°54' 23
9B 9 H 22:00 | 37°58’ 119°20’ 17 9A | 16 H 20:52 | 37°54" 119°18’ 17
10B 9 H 22:55 | 38°00’ 119°29' 20 10A | 16 H 19:55 | 38°00’ 119°30' 20
11B 10 @ 3:20 | 38°00’ 119°39° 19 TR | 11A | 16 B 18:45 | 38°06’ 119°42’ 21
12 10§ 4:00 | 38°00’ 119°44’ 20 T/NE | 21 16 H 16:23 | 38°18’ 120°06’ 27
13B | 11 H 10:00 | 37°45’ 119°20' 13 i 13A | 19 3 8:30 | 37°42’ 119°24’ 14
14 | 11 | 17:30 | 38°02"  120°37" | 22 | K& | 22 | 16 B 22:00 | 37°48°  119°06’ | 13
15 | 11 @ 18:00 | 38°01°  120°43’ | 27 (K[ &4h

ERTHRREEVEN, BMESELHAREEARATASE D, SEEFEE
15—20min, {BEMEREERE £0.02°C, IR REE +£0.001°c (Poisson, A. et al.,
1980), FF AR MR B RETHNMELE R S HERIRET B SRR, WHTLTEE
RIS DT-100 BRSPELFEEMET MR ERERE, Z XL — SRk

B,

SHERKEREEMRETHEENRER L 2,
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1.3 5.8, MR, BE. pHAEERNNE (Kremling, K., 1976) wATDHEA
EGTA %&WEEllsE, GHA % RN, FMBEE mkiEs pH(pH = 11.6), FE
TEY GHA-Ca XRZFIANATERBESHAE. WXIRLLERERHEDTA
HREN, BB THHETH. WMBESER BaSO, EEENE, WA ol Wl I,
pH i pHS-2 BIBE I e , REABREENE,
2 HR5®

Z2hPARTEA O RBEEEKOEE, BE . S5.5.8. HERR, BERM oH
HIMESE R, 7 15.230°C, 19.890°C FiI 24.950°C | 36 MN/KBEBE RN s BB T 1980
£ E bR IR S 5 -2 (Unesco, 198 1) BAEKP B RERE AT, 251246 (46.8+£49.2) X
107%kg/m®, (45.9 +49.5) X 10 %kg/m* F] (46.6 +49.2) X 10~%kg/m*, RESEE T %0 B
KEAKBEREE DL, 1 AFELHREGHEI GBBEBHEENRBAEARER
(B 2),5 0, BEFAXHENAGADE SN RBERERNEERBL, X XEEEN
JLEBKEE, EFEERE 21 X 107%kg/m’, BT EW AEEKOERE, 15, 28155
KRR RIS O, BB MR EEA (9—14) X 107°kg/m® Z|A], 3 5 MNE O #K
FEEHRERDY, BEBREEERN O REKENSE LR E AR ERE
T8 , ARSI 1, KA RR B R, KB EREERBK, 0 SKBEAEFKE, K
EREEKRREAME 2021 X 107kg/m’, AKIMEKBEEREZOEHENREER, R
REHEAT SH, BNZAMEHENARRR G <s<315),B3RRT A5 s
*F. REPS, BH FTHLBARGEEXRE r = 0.999):

Ap = 236.5 — 7.5514s (1)
ZHEBESKIODEXUREMESOE, FRETA DM St. Lawrence F AR
HEIERELC (RE%EZ, 1992a; Millero, F. J. and Kremling, K., 1976; Poisson,
A. et al., 1980) {HER O E¥EENEKEEN LTS RERBEMBETCOBE L

10 20 . 130

B2 wREEFSRZCNFEIAE EH3 BKEEFHRE (20) SHE (OBKXA
Fig. 2 The horizontal distribution of scawater Fig. 3 The relationship between seawa«

density average differences (aQ) ter density average differences (A@) and
slinity (s)

1) FEES, RNBEANEEBEFRsFRE.
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Tab, 2 The measured results of density, salnity, chlorinity and

a = (IR~ FE) 10 kg/m*
KES # K
«n
15.230°C 19.890°%C 24.950°C F i
1 31.567 17.474 8.8 9.8 9.5 9.4
2 31.557 17.477 14.7 15.0 11.7 13.8
3 30.869 17.078 33.2 29.2 31.2 31.2
4 30.839 17.080 29.8 27.9 30.5 29.4
5 30.904 17.099 28.1 22.7 25.6 25.5
6 30.798 17.036 27.1 23.7 24.7 25.2
7A 30.614 16.947 26.0 23.4 31.6 27.0
7B 30.862 17.082 23.6 22.3 24.0 23.3
8A 30,427 16.843 29.9 22.5 25.8 26.1
8 B 29.154 16.131 27.9 30.6 29.3 29.3
9A 29,399 16.266 32.0 35.0 40.1 35.7
9B 30.175 16.710 29.1 26.5 32.9 29.5
10A 29.685 16.426 33.5 32.5 31.6 32.5
10B 30,359 16.807 28.5 29.0 26.2 27.9
11A 30.371 16.810 30.6 27.8 27.1 28.5
11B 27.514 15.214 23.0 19.8 23.4 22.1
12 25.723 14.218 26.8 24.3 20.0 23.7
134 27.941 15.442 59.8 59.4 66.7 62.0
138 13.329 7.332 111.3 114.7 116.1 114.0
14 29,984 16.595 7.1 . 16.6 20.8 18.2
15 30.456 16.869 12.2 9.7 17.8 13.2
16 30.806 17.052 20.5 21.9 26.1 22.8
17A 31.131 17.217 22.4 23.5 22.9 22.9
178 31.457 17.406 18.9 17.5 14.5 17.0
18 31.062 17.185 25.1 20.9 29.7 25.2
19 30.908 17.099 30.6 31.7 31.8 31.4
20 30.365 16.807 37.3 39.8 - 35.2 37.4
21 30.351 16.797 20.0 22,2 - 23.5 21.9
22 29.488 16.340 35.1 33,0 29.4 32.5
0 0.422 0.091 202.5 203,71 200.7 202.1
X5 5.068 2.692 194.6 ©192.8 194.9 194.1
X10 10.077 5.513 161.8 160.0 . 162.5 161.4
X15 15.212 8.387 125.1 123.4 124.3 124.3
X20 20.135 11.135 89.9 |  91.4 84.7 88.7
X25 25.011 13.830 46.8 48.7 47.5 47.7
X30 30.537 16.918 1.6 1.5 3.2 2.1
G132 34.990 19.373 — 3.8 2.0 2.9
P110 34,9996 19.375 |- . — R —
P105 , 34.995 19.373 — 1.4 T 2.0 -

122 QYEArEK; O ABFEERARTRENHETK Xs—X, A Xy SEAKEAFENRREK;
B AR Ko ¢ ‘ -
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HEEERETRENRER
content of ions on samples from .the Huanghe Estuary and Bohai Bay
4 )
24 2+ 2= Alk

pH [Ca**]/s [Mgit]/s [S0*"]/s (meq/kg) Hews B
7.94 0.01202 0.037 21 0.077 60 2.289 0.1310
8.06 0.01205 0.037 19 0.077 76 2.352 0.1348
8.28 0.01204 0.037 14 — 2.569 0.1504
8.25 0.01206 0.036 97 - 2.535 0.1484
5.05 0.01205 0.036 98 — 2.521 0.1474
7.96 0.0121 4 0.036 86 - 2.535 0.1488
7.97 0.01195 0.037 04 — 2.491 0.1470
8.08 0.01216 0.037 20 0.077 79 2.456 0.1438
7.92 0.01206 0.03692 — 2.501 0.1485
7.93 0.01206 0.03685 — 2.477 0.1536
7.83 0.01218 0.037 02 - 2.463 0.1514
7.94 0.01215 0,036 79 — 2.430 0.1454
7.56 0.01227 0.037 33 0.077 87 2.527 0.1538
7.98 0.01214 0.037 32 0.077 98 2.514 0.1496
7.65 0.01216 0.036 96 — 2.495 0.1484
7.70 0.01203 0.036 84 -~ 2.284 0.1561
8.10 0.01216 0.037 30 0.078 30 2.218 0.1560
8.00 0.01257 0.036 97 — 2.918 0.1890
7.98 0.01507 0.037 53 0.082 16 2.741 0.3738
— 0.01208 0.037 35 0.077 44 2.440 0.1470
8.04 0.01196 0.012 81 — 2.360 : 0.1399
8.10 0.01206 0.036 82 — 2.467 0.1447
7.91 0.01207 0.037 01 - 2.497 0.1450
7.61 0.01192 0.036 81 — 2.447 0.1406.
7.79. 0.01203 0.036 87 — 2.589 0.1507
7.90 0.01207 0.036 89 - = _
8.00 0.01218 0.036 94 — — -
7.75 -0.012138 0.037 43 0.077 81 2.457 0.1463
8.00 0.01233 0.037 29 0.077 77 2.575 0.1576
8.28 0.15980 "0.08228 0.304 60 3.676 40.40
8.06 0.02230 0.038 52 0.096 10 3.458 1.285
8.20 0.01608 0.037 65 0.086 15 3.224 0.584
8.15 0.01390 0.037 44 0.081 65 2.944 0.3510
8.25 0.01286 0.037 09 0.079 19 2.686 0.2412
8.14 0.01227 0.037 21 0.078 90 2.463 0.1781
8.14 0.01184 0.037 05 0.077 95 1.920 0.1135
7.92 0.01175 0.036 80 0.077 42 2.391 0.1234
— 0.01175 0.036 97 — — _

Xy HEBEBIMLREPROBKS Cue WHERAEBKS Pussy Puo HEE qum‘}y BEREHRRT LN
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XEFRmOKERBL,

BOERAEF OBEEEKEERESRESK RN [C1/s B [Mg*]/s |
(SO™1/s WILLMEHIEMRR, BREAR XA (WE 4—E 6), MEKBEREERE
Ap HWEMAHEMER, B2 S HHEHXXR (WET), HEHRE 25723157 EERN
[Ca?*1/s SEH20 0.01211+1.3 X 1074, [Mg?*]/s E3245 0.037 05£1.9 X 107,[SO 1/s
SEHS 0.077 81423 X 107, WIREESEH 0.1486+1.0 X 1072, 415K KEEER
EEAMELR R, KBEHEK [Ca¥ /s, [Mg*]/s, [SOY/s FaLLERESEHED B0
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[Mg?+)/s [Ca2+)/s
B+ BABEEHRE (20) 5 [Mgt]/s Hs5 BKEEFHRE (a0) 5 [Ca*]/s
(% & HIR A
Fig. 4 The rélationship -between AP and ‘ Fig, 5 The relationship between af and
[Mg™+1/s g [Ca™*]/s
200+
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B 120 g T
E; E}
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E 80 ‘E
40
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B BKBEFEHREE(0)E[S0I"]/s E7 BREEEHRE(0)SHE (L)
X R HI% &R
Fig. 6 The relationship between ap and Fig. 7 The relationship between AQ and

[SO%1/s alkalinity
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0.011 78,0.037 04,0.077 50,0.126 (Riley, J.P. et al., 1974), ®[ I, EROREES
WAL SRR B [Ca /s BRI, ERM XK TS TARA T ik
BBk, BKOERRSEREETRAENAREK, REXURAkBEETERT
KB P HI AR 1980 £ ERR iSRS N Bt A,

B A 5 s (UBHERER Ao =a + bs, ANBTENOBREhHNEES T
TR, ﬁm¢ﬁﬂ$¥%%mgcﬂ%ﬁszmﬂﬂﬁTﬂ%§ C;=d +
b, R E AT S

_ A+ B(C;/s)

D + (Cifs) )
34 Catt, ST HFT K 5 MK B & SRR, RATE R/
Ap(10%kg/m?) ~ —2.79 + 236.5([Ca?*]1/s) (3

—9.7464 X 1073+4-([Ca?*1/s)

BEERLHE Ap 5 [Ca*l/s ZHARMESHE 3 KRR —Bl. XPF—FIEE
THTERAKNEEE TEARARN B EERENEMN. FIAAR)R 1980 EEHER
BAREBTERTTRBARNIFEEE, MNARKRENITEES SRERRERZRD
+8.3 X 107%kg/m%,

BRI e FKETT , #5K ZRK M AR, E IR Aig K — ﬁ?(lyf@fé%,

1992¢) K EEREER K, M HE BB R EIEMAS, BXEEREERHMIEE
25 AL R R BE T K TE A B DT o

g X% X W
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Kremling, K. 1976, 3B A MIME 17K 4 87 5 M2 198255 1 BE 5538 B4 2 AL 148 — 149,

Riley, J.P. and Skirrow, G., 1974, [LEHEF, Vol 1, XN%iF,1982 4£ 05 H Ik #1,446 —451,

Bigg, P.H., 1967, Density of water in S.I units over the range 0—40°C, Brirish J. Applied Physics,
18:521—537.

Brewer, P.G. and Bradshaw, A.B., 1975, The effect of the non-ideal composition of seawater on
salinity and density, J. Mar. Res., 33:157—175.

Cox, R. A., et al., 1968, Pure water for relative density standard, Deep-Sea Res., 15;319—325,

Millero, F.J. and Emmet, R. T., 1976a, The effect of dissolved air and natural isotopic distributions
on the density of water, J. Mar. Res,, 34: 15—24,

Millero, F.J. and Kremling, K., 1976b, The denisty of Baltic seawater, Deep-Sea Res., 23(12):1129—
1138,

Millero, F. J., et al., 1976¢c, The density of artificial river and estuarine water, J. Geophysical Res.
81: 1177—1179, .

Poisson, A. et al., 1980, Influence of local variations in the ionic rations on the densny of seawa-
ter in the St. Lawrence area, Deep-Sea Res., 27 (10A): 763—781.

Unesco, 1981, Tenth report of the Joint Panel on Oceanographic Tables and Standards, Unesco Tech.
Paper in Mar. Sci., 36:17—21.



190 B OB 5 W M 24 %

DENSITY OF SEAWATER IN THE HUANGHE RIVER
ESTUARY AND BOHAI BAY

Chen Guohua, Ji Rong, Xie Shinan, Zhang Lijun
(Deparimen: of Chemistry, Ocean University of Qingdao, 266003)

ABSTRACT

The density and salinity of 36 seawater samples collected from the Huanghe
River Estuary and Bohai Bay were measured with a high precision magnetic float
densimeter at 24.950°C, 19.890°C and 15.230°C, respectively. The chemical parame-
ter of the calcium, magnesium, alkalinity, pH, SOI7, chlorinity etc. were also
determined. All the measured densities were higher than that calculated by the
International Equation of State of Seawater, 1980. The average difference between the
measured and computed densities increase with the decrease of salinity. The ave-
rage differences for the North Huanghai, the outside and the inside of the Bohai
Bay were 2.1 X 107%kg/m’, 9.4 X 107°kg/m* and 13.8 X 107°kg/m’, respectively. The
average differences were(26.6 +9.4)X107kg/m’ in the Huanghe River Estuary and
Bohai Bay from 25.72 to 31.57 in salinity ranges. For the Huanghe River water
(Jinan), the difference was 202.1 X 107%kg/m®, The relationship between the ave-
rage difference and the ratio of [Ca®*1/s or [Mg**1/s or [SO3"1/s appeared in expo-
nential curve in all salinities, but the relationship between average difference and
alkalirity exhibited S type curve. And all the ionic ratios mentioned above were
linear with salinity in the salinity range from 25.72 to 31.57. The seawater ave-
rage ionic ratio values of [Ca**1/s, [Mg**1/s, [SOi /s] was 0.012 11+1.3 X 107*,
0.03705+1.9X 107 and 0.077 81 £2.3 X 107, respectively. The high specific alkali-
nity and the high [Ca**]/s ratio are the characteristics of the Huanghe Estuary
and Bohai Bay seawater. They are the main factors affecting positive deviation of
seawater density. ‘

Key words Huanghe River estuary Bohai Bay Seawater density
Ionic ratio



