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Tab. 1 Sampling record
% wE e m g | R F O amee | LSS
4032 32°00° 122°30’ % 21.6 15.07 1988.5.18 21:14
4033 32°00" 123°01° % 29.0 15.98 1988.5.18 23:38
4034 32°01’ 123°30° % 38.0 14.38 1988.5.19  1:55
4035 32°00° 124°00° % 40.0 13.85 1988.5.19  4:05
4036 32°00 124°30’ % 38.0 13.76 1988.5.19  S5:52
4038 32°00° 152°31 = 63.0 15.57 1988.5.19  9:15
4039 32°00° 126°00’ % 78.0 18.12 1988.5.19 11:30
4040 32°01" 126°30° % 98.0 18.15 1988.5.19 13:50
4041 32°00° 126°59’ = 98.0 19.38 1988.5.19 15:54
4032 32°00° 122°32’ % 28.0 25.31 1988.8.21 19:54
4033 32°00° 123°00’ % 37.0 25.26 1988.8.21 17:50
4034 32°00" 123°30’ % 39.0 25.80 1988.8.21 15:43
4036 32°00° 124°30° ® 35.0 25.87 1988.8.21 11:45
4038 32°00° 125°30’ % 64.0 27.29 1988.8.21 7:32
4039 32°00° 126°00’ % 80.0 28.01 1988.8.21  4:59
4040 32°00" 126°30’ ﬁ 95.0 28,12 1988.8.21 2:45
4041 32°00° 126°59 % 119.0 28.55 1988.8.21  0:30

A1 RILERASEE

Fig. 1 Sampling stations in the Changjiang River estuary

2. A SEENEENIE

HWKRELAOEEEE A WDA X E SRMGUEY, DIEPRRREEK PL0S HEX RS
B G FRERAE LSS, MR MR Y £0.001, WEERTHITE 3%,

WABEFERBIBENTENRY, BBEN £3.5 X 107%kg/m’, MEHEAH 38X
107kg/m’s % BB IR EB FREALARBERITRE, ZAKA—BREEFKEES
Millipore Super Q HUESFZ3¥nBRALTH, A5 B8 T- 323 /K7E 18°C INTHLPH & 18MQ, £ H
RIWERE B EN TN MAT 251 BIFRE, DL SMOW (Standard Mean Ocean
Water)? 4K IR BELEHPRME, Al CO/H,O FHEH MG 6°0% = —7.45, RIAEX
EINIFAARESRIFTANERLA/KEEL SMOW 4UKEEERIK 2.77 X 107°
kg /m?, H ARG K ZEEAE 25°C BTEVE DG 997.04519kg/m’t 71, ZEBEM/KEE
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Tab. 2 Contants for equation (1)

& B f w 14 dp,
&) (g/A) (® (m1i) (g/ml)
25.004 ©1.1053 27.7275 28.659 584 21.4826
20.007 1.105 3 27.7275 28.657 823 21.485 4
15.011 1.1053 27.7275 28.656 06 21.488 3

£ 15.011°C, 20.007°C F125.004°C EMBELBET, XAKEET T UE, WEERET]
F# 3, R Ad HLRWENEAEE (ds) 5 SMOW ZiKBEE (dw) 2%, A
AL\ ABEESCALEMBEERE 1980 EEERE ARSI BITHENEKEE
BZERE. &2 KR EX T AKEERXRMZ,

i it 1 1 :
5 10 15 20+ 25 30
K

B2 BKEENRESTEEZRNREREKREZRLXA

Fig. 2 Relationship between salinity and average differene
of ds measured and 4, calculated
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Tab, 3 Measured and calculated density (ds and d,) of sea
water in the Changjiang River estuary

ad, = dg — dy (kg/m*) a = dg — d,(10%kg/m?)
wos #E () «
: 15.011°% 20.007°C 25.004°C | 15.011°G | 20.0079G | 25.004°C
ORI 4032 | 31.114 23.883, 23,603, 23.370, 7.3 8.3 9.5
4033 | 30.223 23.199, 22.926, 22.699, 8.1 9.1 9.8
4034 | 30.098 24.642, 24,354, 24.113, 7.8 9.9 10
4035 | 32.957 25.300, 25.006, 24.759, 4.2 7.7 8.1
4036 | 32.798 25.180, 24,885, 24.640, 7.4 7.7 8.9
4038 | 32.477 24,930, 24.640, 24,398, 4.6 7.8 8.8
4039 | 34,334 26.356, 26.053, 25.795, —0.7 4.7 3.9
4040 | 34.692 26.635, 26.326, 26.064, 2.3 4.8 2.6
4041 | 34.453 26.454, 26.147, 25.884, 5.7 8.1 2.4
FKH 4032 | 30,530 23.433, 23,159, 22.930, 6.6 9.0 9.2
4033 | 31.223 23,968, 23.6%6, 23.543, 8.1 8.6 10.0
4034 | 31.157 23.914, 23.638, 23.403, 5.1 10.7 9.9
4036 | 31.149 23.910, 23.630, 23,397, 7.3 9.2 10.0
4038 | 31.195 23.945, 23.665, 23.432, 6.6 8.7 10.0
4039 | 29.700 22.797, 22,529 22.306, 8.4 10.6 11.3
4040 | 30,952 23.757, 23.478, 23.249, 5.1 .2 10.6
4041 | 32.873 25.232, 24.939, 24.695, 1.6 .4 6.7
MBRRIIOEGK 1 25.929° 19.896, 19.662, 19.468, 6.1 9.6 12.3
2 | 22.751 17.460, 17.253, 17.080, 9.4 12.3 13.0
3 | 20.991 16.112, 15.921, 15.761, 11.7 14.7 16.0
4 | 15.552 11.951, 11.806, 11.685, 18.2 19.3 18.7
5 | 10.641 8.200, 8.097, 8.013, 27.8 26.7 25.7
6 8.141 6.290, 6.212, 6.149, 32.1 33.0 34.3
7 5.376 4.177, 4.126, 4.086, 38.9 40.4 43.4
EHERITK 0.134 0.148, 0.155, 0.146, 44,2 52.7 44.8

4 LESREMEBRPEFRE

Tab. 4 Contents of several ions of seawater samples analyzed
by chemical method

koo | wee | (E098) | o | G| reays | BETY oMgmays | po
BiFmoAk | 35.111 | 2.699 0.07686 0.4115 0.01172 1.310 0.03731 | 7.40
F4041 32.873 2.532 0.07702 0.3856 0.01173 1.230 0.03742 ) 7.34
%4040 30.952 2.379 0.07686 0.3659 0.01182 1.156 0.03735 | 7.19
%4033 31.223 2.405 0.07703 0.3712 0.01189 1.170 0.03747 | 7.11
34032 30.>30 2.361 0.07733 0.3626 0.01188 1.145 0.03750 | 7.62
54041 33.729 2.593 0.07687 0.3953 0.,01172 1.262 0.03741 7.60
F54040 34.692 2.662 0.07676 0.4068 0.01173 1.295 0.03733 | 7.67
154033 30,223 2.337 0.07702 0.3633 0.01202 1.136 0.03758 | 7.40

a) ERCHEMPILFEEK pH HHHBREMR.
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Tab. 5 Contents of several major ions of sea water samples analyzed by ICP

[Mg*+] [Ca’*] [Na+*] [Sr**] [K*]

kB 2E () (X 10-5) (x10-%) (x10-%) (x10%) | (x107%)
$54033 30.223 1.101 0.3590 8.922 0.00686 0.297
$54040 34.692 1.272 0.411¢ | 10.751 0.00781 0.354
H54041 34.453 1.218 0.3955 10.181 0.00761 0.333
RERARA|  34.992 1.194 0.3906 10.520 0.00751 | 0.360
EWRITA 0.134 0.00735 0.0348 0.00503 0.00079 0.00077

v S =3 [Ca**]/s [Mgi1/s [Na*t3/s [K+]/s [Sr?+][s
$4033 0.01188 0.03643 0.2952 0.00983 2.27%10-*
£4040 0.01186 0.03667 0.3099 0.01020 2.25% 10"
K401 0.01148 0.03535 0.2955 0.00967 2.26% 104
RERERK  0.01116 0.03412 0.3006 0.01029 2.15% 10-*
WK IT K 0.2597 0.0549 0.0375 0.00575 0.0059

REZKHHZKRE 27 R e , L WE S EE Z HNREF R (6.7+2.6) X 107°kg/m®; 8
A FKEAKEE 24 RAE, FHREH (8.1£2.3) X 107°kg/m’, LR KIHER G WM, 7
RaZKHA & AL 7K 3 B BB A K, TR /KA R b Ar i /KR B TL K ik, HBE A b
ABE., HE 2 FH, EREE 2535 2H, FELZNESHEEZHNREMEES
BN, TAESRE 25 DUF , fR E B A Wi 3h B PR M3 N, EWIRIT AR 0.134, R £
ERF 47.2 X 107%kg/m’,

%S BIEER, RKILKEFHRS KL O/MNEXBEEBRE, HEhll [Ca]l/s BIE
HEBRKR, KKK [Ca*1/s H24 0.2597, ELRILOIMEKE 228, #FE 4, 7THK
{LHSMNEK, FEIRE 30—34.7 ZEIE [Mg**]/s {H, 3 24 0.03743+8.1 X 107%;
[Ca**]/s SEHHE% 0.01183+1.0 X 107 [SO"1/s L E 4 0.07698+1.7 X 107%;
{Sr**]/s SEHIEG 2.26 X 10711 1.0 X 1075, Mi-kEEKA X EE 4814 0.03704 £ 2 X
107%, 0.01177—0.01178, 0.077504+1.1 X 107, 2.26 X 107*M_ DI [Ca®*]1/s %F EHREE
E(E 32), fESEERT 33 NEARE, BN FZEERTKBEW, DK 4
MAKEER [Ca*]/s WEMEESHEFERNREEFERE (B 3b), TILRERRTEL
MR, XM BEESHETOE., SOEWFE DF0 St. Lawrence 77 A& BMEIE
;]EH{EZU,IZ,ISJO )

- HT 1980 FRERERE T EAREREH TRILOEK, ATASRITESE,
RATE X L5 e 45 R AT BAETRE, ST RAEAEARTERABHEYE
W), B EE N T AR, .
d—dy= BSl/2+BzS+B333/Z+BS 2
A, dw 29 SMOW 4K EED":
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Fig. 3 [Ca’*t]/s of sea water versus salinity (a) or average difference of
density (b) in the Changjiang River estuary

dy = 999.842594 + 6.793952 X 107% — 9.095290 X 1072 4 1.001685
X 1072 — 1.120083 X 107%* + 6.536332 X 107°
B, = —0.07018763 4 2.358058 X 107% — 9.816499 X 107%2 4 2.909451
X 107%% — 5.145927 X 1077¢
B, = 0.6897096 + 1.234062 X 107% — 1.156184 X 107%* + 2.243322
X 107%% 4 7.683595 X 107%*
By = 3.379665 X 107% 4 1.335356 X 107* + 1.941641
X 107%2 + 2.459122 X 1075%* — 1.002083 X 1077#
B, = —2.287495 X 107* + 1.893682 X 107% — 3.225756
X 107%? — 1.219577 X 10772 + 6.508086 X 107%* ‘
A R B K B 5 SRS REL B, 7E 25°C, 20°C R 15 MBI 2
AB1% £2.6 X 107, +£3.9 X 1073, £3.3 X 107kg/m’,
RAVAE SRR (2 1RAT D AR B R IRE R Rrh ARk B SR BT % 7
s = 1.8063CI HUBHHEE, o AR (2) o B KRB, 5 P E A b s 2 SR e (39
REREY £13 X 10 kg/m) 1L IE L RIRE U
T RITAR [C2*]/s 5 [Mg*1/s ELLARAR, ZHEWHKITOSNG K1
[Ca*1/s 1 [Mgh*1/s HAINT , B ARS8 BE (L0, 0k WK o B 5 F 4 O
AR R BB, AR TR, AITFKEL R, BB, SRR
Ko IRV RITR S O K SO0 R 31 T IS,
e AT CAME K B i R KA RIS KRR A TR T Wk R B
S, I B A TR EEE TN R RFHER, [ HiHEIT NG KRR
SR BE TR BV R A AR RE B, AR (2) 5 R (2005 RE AV A R —
BIE,
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L R AF T ENEERZEREN R 04— BrEE R B K KRk
WMARBENUEERRZR: BRKEENEHESH 1980 FEREARET B &A%
EEZAAEHERENERE, 9 MEKBIKERSRERS (63+2.3) X 107%kg/m’, 84
FABKFEFHME (8.11£2.3) X 107°ke/m’; XA ERE 5K EEH B, HiE
KR B E AR, EREH A, BEW R KFENERESBREACESY 472 X 107
kg/m*)o

2 RO P KEEERESEKN [C]/s EFIRAER, RMEMERIE, WK
K, [Ca*1/s EHHKR, HEEERELAK. lﬁé%%ﬂmﬁmqﬂigﬁi’iﬁgﬁﬂ(ﬂl
SHERURERAAS T, A BELEX, BATEKBEERE TR Z,

3. MBI KRR B E 25 R, AT ENUAB MR OSMNEKBWRESE: d—
dw~B s/ + Bys + Bys** + B.s?, AH B OyIREEEHI AR FHB’?‘J‘&#Q’%E’J@K%&‘%Q&

NEFHIRERENT £3.9 X 107°kg/m’
g % X &
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DENSITY OF CHANGJIANG RIVER ESTUARY SEAWATER

Chen Guohua, Hu Bolu, Zhang Lijun, Ji Rong and Jin Jiancheng
(Ocean University of Qingdao, Qingdao 266003)

ABSTRACT

In order to check the validity of the International Equation of State of Seawater,
1980 (UNESCO Equation), in its application to Chinese coastal waters, we have
measured the relative density of seawater from the estuary of Changjiang River and
seawater solutions diluted with the Changjiang River water at one atmosphere from
5-—35 salinity and 15—25°C with a high precision magnetic float densimeter desi-
gned by us. The average standard deviation of measurement values was +2.3 X 1073
kg/m® The statistical results have shown that for all samples from the estuary of
Chingjiang River, the measured density with our densimeter was always higher than
the density calculated by the UNESCO Equation, the average difference, for seawater
samples taken in dryseason and floodseason, being (6.3%2.3) X 1072 kg/m*® and
(8.1£2.3) X 107° kg/m’, respectively. The average difference between the measured
and calculated densities increased with decreased salinity and reached 47.2 X 1073
kg/m?® (Changjiang River water). We have also found linear correlation relation-
ships between this average difference and [Ca*"]/s value. Our experimental average
value of [Ca**]/s, [SO*"1/s, [Mg**1/s and [Sr**]1/s was 0.01183 % 1.0 X 107,
0.07698 +1.7 X 107%, 0.03743%8.1 X 107 and 2.26 X 107, respectively, at the
salinities of samples range from 30 to 35. The experimental value fof [Ca®*1/s for
the Wuhu section of Changjiang River was 0.2597. The resulting densities of all
samples have been fitted to an equation of the form: d — dy = Bs'*-B,s-+B,;s**+
+ B,?, where dy is the density of SMOW and B,, B,, B;, B, are temperature
dependent parameters. The average standard deviation between calculated densities
of this equation and experimental value was +3.9 X 107* kg/m?

Key words Changjiang River estuary, Density of seawater, International
Equation of State of Seawater.



