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Chemicohydrographic Characteristics and the Seasonal Variations of Nutrients

at 35°N Transect in the Cold Water Mass of the Southern Yellow Sea
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Abstract:Based on the four cruises during 20062007 the chemicohydrographic characteristics and the seasonal variations of nutrients
at 35°N transect in the cold water mass of the Southern Yellow Sea were analyzed. The results showed that:In Winter hydrological
conditions in the eastern part of the section was significantly influenced by the Yellow Sea Warm Current and the vertical mixing in the
deep water had not reached the bottom which led to the different distribution of the elements in the eastern and western part of the
section the vertically uniform distribution was presented in the west and the upper water of the east while the stratification structure was
found in the bottom water of the east. In Spring the Yellow Sea warm current residual water and the Qingdao cold water mass were the
most obviously hydrological characteristics and because of the increasing of the temperature in the upper water and the weakening of the
vertical mixing the stability of the water column increased gradually ; compared with winter the contour trend of DO pH and nutrients in
deep water transferred to the more horizontal direction and with the arrival of spring blooming the nutrient concentrations in the upper
water decreased significantly besides the subsurface chlorophyll maximum (SCM) phenomena also began to emerge. In Summer the
section was influenced by the thermocline and the Yellow Sea cold water mass which was accompanied with the maximum value
phenomenon of DO and pH in addition the nutrient concentrations were low in upper water and high in bottom water and compared
with spring the further reduction of the nutrient concentrations existed in upper water but the nutrient concentrations were increasing
dominantly in the water below the thermocline. In Autumn with the decreasing of the temperature in the upper water and the enhancing
of the vertical mixing the stability of the water column decreased but the vertical mixing in the deep water was still not smooth and the
nutrient concentrations in the bottom water of the east were higher than those in summer. This study further revealed the influencing
mechanism of the mixing stratification as well as other physical processes on the vertical distribution and its seasonal variations of the
elements.
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Table 1 Range average and seasonal variations of the related variables concentration in each water layer and the whole section

DO/mgeL.~" 8.73~10.26 9.26  9.37~9.98 9.60 6.86~7.73 7.27 7.16 ~7.99 7.42
pH 8.12 ~8.25 8.19 8.11 ~8.27 8.17 8.07 ~8.23 8.16 8.11~8.25 8.15
NO; N/pmol « L' 0.05~5.29 2.63 0.52 ~1.52 1.10 0.18~0.59 0.33 1.74 ~8.08 3.20
PO}~ P/pmol + L~ 0.06~0.27 0.16 0.10~0.16 0.13 NDV ~0.19 0.06 ND ~0.14  0.04
SiO%'—Si/Mmol'L_] 0.86 ~8.81 4.65 0.46 ~5.47 2.42 ND ~1.43 0.41 0.92~5.75 3.90
DO/mg-L~! 8.70 ~10.09 9.22 9.38~10.04 9.65 6.82~7.79 7.42 7.21 ~7.67 7.42
pH 8.13 ~8.25 8.19 8.12 ~8.28 8.18 8.00 ~8.22 8.13 8.12~8.25 8.16
10 m NO; N/pmol « L~ 0.15~5.19 2.58 0.73 ~1.53 1.21 0.13 ~0.55 0.32 1.45~4.31 2.75
POj’J)/Mmol' L 0.07 ~0.29 0.18 0.09 ~0.21 0.14 ND ~0.19 0.06 ND ~0.14 0.04
SiOg’—Si/pmol'L’] 0.77 ~8.72 4.74  0.56 ~9.65 2.85 ND ~1.75 0.51 2.32~6.40 3.99
DO/mgeL " 8.56 ~8.84 8.73 8.60~9.64 9.12 6.15~9.95 8.34 6.37 ~8.28 7.04
pH 8.13 ~8.23 8.18 8.13 ~8.21 8.18 7.89 ~8.23 8.08 7.99 ~8.20 8.08
30 m NO; N/pmol « L~ 4.07 ~5.40 4.74 2.20~5.70 3.44 0.55~9.84 3.69 2.31 ~11.12 5.80
PO}~ P /pmol « L' 0.20 ~0.29 0.26 0.18~0.62 0.34 0.16 ~0.45 0.25 ND ~0.44 0.20
Si02~ Si/pmol * L' 7.36 ~8.81 8.15 4.49 ~11.05 6.68 0.99 ~7.48 3.62 6.40 ~13.38 8.86
DO/mgeL ! 5.26~10.20 8.54 7.33~9.43 8.68 5.65~7.89 6.89 5.19~7.58 6.51
pH 7.99 ~8.26 8.16 8.05 ~8.17 8.12 7.87 ~8.04 7.97 7.86~8.18 8.05
NO; N/pmol « L' 0.28 ~15.50 5.26 0.97~9.57 4.54 0.26 ~13.33 5.58 1.72 ~18.36 7.23
PO}~ P /pmol = L' 0.07 ~1.05 0.33 0.12 ~0.75 0.40 0.03~1.24 0.41 0.02~1.19 0.44
SiO%’—Si/p,mol'L’] 0.68 ~16.94 6.29 0.32 ~12.03 6.08 ND ~18.64 6.44 3.90 ~23.96 11.00
DO/mgeL ™" 5.26 ~10.26 8.97 7.33 ~10.04 9.29 5.65~9.95 7.37 5.19~8.28 17.11
pH 7.99 ~8.26 8.18 8.05 ~8.28 8.16 7.87 ~8.23 8.09 7.86 ~8.25 8.12
NO; N/pmol « L ™! 0.05~15.50 3.64 0.52~9.57 2.43 0.13 ~13.33 2.33 1.45~18.36 4.56
POj’J)/Mmol'L’] 0.06 ~1.05 0.23 0.09 ~0.75 0.23 ND ~1.24 0.19 ND ~1.19 0.18
Si02~ Si/pmol « L' 0.68 ~16.94 5.58 0.32~12.03 4.14 ND ~18.64 2.63 0.92 ~23.96 6.61
3 W
1)ND
: 35°N
DO 2 (120.5° 123.5°E
) Chla (121°  123°E
DO pH ) Chl-a
DO
(<30 m) DO pH
2.2.2 (2007 4
DO pH ; N
2 3(a) :
( 2.2.4) .
123°E ; 121.5°E
(122°E ) 122.75°E
( ) 120. 5°E
Chl-a 3(h) N
-DO.pH Chl-a 2(a)- ;
2(c)~ 2(d). 2(h) DO pH 121.5° ~122°E (¢

Chl-a

<10°C) 123°F



2066

31

K& /m
£
T
K& /m

0 (@) R (°O)

-80 |
120° 121°
o 7 |
-10 . / s
9% /’ v
20 o o |
. o
-30[ S, [
L] /.
K 40| -
.{,
_60 [
0T (¢) DO (mg/)
-80 I
120° 121°
° ! |
-10 ‘\ O] ‘
- N
-20 ) \
/ !
-30f L, \
E N L) /
e -40 - R
® -50 |-
-60 |-
-70 B
(e) NO;™-N (umol/L)
-80L !
120° 121°

KB /m
5
T

-60

0 (g) SiO#-Si (umol/L) 701 (h) Chl-a (ng/L)

-80 b L L I B -80L I I ! —
120° 121° 122° 123° 124°E 120° 121° 122° 123° 124°E
2 (2007 1 ) 35°N N N Chl-a
Fig.2  Vertical distributions of temperature salinity chemical parameters and Chl-a in section 35°N in Winter
S 11, 4% S 3(h)
24 ~26 22
;o 122.5°E



35°N 2067
0= = ——— 0
R N | ” I VoL ‘ 1
N 3 T
ke i L e, 3 il R
107wl \% i SRy
201 7 T2 /
) / /
£ £
B 40 ®
¥ _sol ¥
=70
-80 1 ! |
120° 121° 122° 123° 124°E
£ £
X X
2 2
7T @ DO ()
-80 I
120° 121°
£ £
X X
2 2
| (e) POS-P (umol/L) \\\\//
-80 I ! I <
120° 121° 122° 123° 124°E
O - —
AT =
;L)
£ £
X X
2 2
10 (g) SO-Si (umol/L) 707 (h) Chl-a (ng/L)
-80 I ! ! -80 ! | I
120° 121° 122° 123° 124°E 120° 121° 122° 123° 124°E
3 2007 4 ) 35°N N N Chl-a
Fig.3  Vertical distributions of temperature salinity chemical parameters and Chl-a in section 35°N in Spring
4 “ ” 10 m
a 3(h) 30 m a
a
(subsurface chlorophyll maximum SCM) DO

3(c) (122°F



2068

31

123°E ) 30 m
2  Chl-a ; 3(c)
DO
3(d)
pH DO
DO.pH
Chl-a 20 ~ 30
m 2 Chl-a (122°E
123.5°E )
122.5°E
Chl-a
2.2.3 (2006 7 )
7 4(a) . 4(b) : N
- - 3
28
4(c) DO
4(d) ;
DO DO
; DO
123.25°E
DO pH
4(e) SCM 4(1)
123. 25°E
DO
7 35°N
122°E
DO  Chla
4 (1) :DO
Chl-a

Chl-a .
4(f) ~4(h) N
121°E N
pH
122° 123°E
122°E
» 123°E
. Chl-a
122°E
(
) Chl-a
(i) ;123°E
Chl-a
SCM 123.5°E
4(i) .
2.2.4 (2007 10 )
5(a)~ 5(b) N
121. 5°E 30 ~40 m
(10 )
(121.5°E ) .
(1o )
4(c) ~4(g) DO.pH
; (121.5°E

(>30 m)

Chl-a



: 35°N

2069

K& /m

KE/m

KE/m

K /m

| (&) DO (mgL)
80 I ) ) -

120° 121° 122°

(d) DORURAIEE (%)

1
121°

KE/m
5
T

(f) NOs™-N (umol/L)

1
121°

(g) POS*-P (umol/L)

-80 |-
120°

L 1 1
121° 122° 122°

K /m
3
T

| ) Chl-a(ug/L) L
120°

L 1 -
121° 122° 124°E

4 006 7 ) 35°N NN Chl-a

Fig.4 Vertical distributions of temperature salinity chemical parameters and Chl-a in section 35°N in Summer



2070 31

V1e-

e
[=]
T
-30.5
zie

K& /m
5
T
K& /m
5
T

-70 - (b) #HE

-0 (a) #E (°0)

1 |
120° 120.25° 120.5° 121° 121.5° 122° 122.5° 123° 124°E 120° 120.25° 120.5° 121° 121.5° 122° 122.5° 123° 124°E

Y N L

N

Feo®
-
o

K¥/m
4
T
K¥/m

-70 (c) DO (mg/L)
1 1 1
120° 121° 122° 123° 124°E

o 0. o N
—20—\ i

K¥/m
5
T
K¥/m

70l (¢) NO;™-N (umol/L)

120° 121° 122° 123° 124°E
/ ./

N 4/\/
-20

7K /m
5

3

[ .

I\
7K /m

| (g) Si0s>-Si (umol/L) | (h) Chl-a(pg/L)

I I I ! ! I
120° 121° 122° 123¢ 124°E 120° 121° 122° 123¢ 124°E

5 (2007 10 ) 35°N N N Chl-a

Fig.5 Vertical distributions of temperature salinity chemical parameters and Chl-a in section 35°N in Autumn

a ) a )
; 122.5°E
; ( ) DO.
123.5°E pH

122.5°E 20 ~30 m



35°N

2071

10 m DO ;1 DO 7
47630 10 1
(30 m) DO
Chl-a >0.5 w g/l 5(h) 7 >4 >1  >10
; (121.5°E ) 10 >7 >4 >1 7 10
; 7
4 DO 30 m
Chl-a 5(Ch)
123.5°E 20 ~30 m DO N
Chl-a
123.5° 4 ;
E Chl-a DO
Chl-a (20 ~ 30 |
m)  Chl-a
Chl-a DO DO
DO 1
pH ;
Chl-a (a )
2.3 « 2 ) DO
35°N
. DO (1
N ).
K(123.5°E 35°N) 6(c) 10 m pH
4 > 10 >1 >7
14 2000 “ co,
” 1996 ~ 1998 pH ;
K
1 pH ;10
6 K pH ;
6(b) 10 m DO Co, pH
4  >1 > 10 >7 .30 m (7
6(a) 7 >10 >4 >1 )
DO DO
DO 4 6(b) . pH 4 >
~7 DO 1 >7 > 10
DO
; €O,
4 1 4 DO 1 co,
1 4 pH
10 m .
6(d) (0 ~30 m)



2072

t/°C

14

19

24

7K /m
5

—=— 2006-07
—¢ 2007-01
—— 2007-04
—— 2007-10

pH
7.9 8.0

8.1

82 83

K¥/m
£

©

6

K

(123.5°E 35°N)

7K /m

7K /m

DO/mg L1
0 5 6 7 8 9 10

NO3™-N/pmol L
0 2 4 6 8 10 12 14 16

@

.DO.pH NO; N

Fig.6 Seasonal variations of temperature DO pH and NO; N of the station K in the cold water mass of the Southern Yellow Sea

“ )

NO, N.DIN-N.PO] P

(1o )

a )

30 m

Si0%™ -Si

10
(0 ~30 m)

DO

DO

« N.

DO

@)) 35°N

2)



9 35°N 2073
20 20
y=-3.149 6x + 31.984 y=-3.042x +31.925
L. 15 R?=0.900 8, p<0.01 15 R?=0.8769, p<0.01
g s
=
= - 10 |
= s
1
- =
© - L
> 5 A5
0 I | | | 0 I I | I
5 6 7 8 9 10 5 6 7 8 9 10
1.5 25
y=-0.2514x+2.4826 . y=-3.733 7x + 39.566
™ R?=0.853 1, p<0.01 T_] 20 R?=0.9387, p<0.01
- T
= 10| =
g 5 15 -
A % 10|
z'«s 0.5 &
e}
- = 5rF
o &
0 0 I I | I
5 6 7 8 9 10 5 6 7 8 9 10
DO/mg-L! DO/mg-L!
K (123.5°E 35°N)30 m DO
Fig.7 Relationships of DO and nutrients in the layers of 30 m and bottom of the station K from
spring to autumn in the cold water mass of the Southern Yellow Sea
1959 2(1):1145.
3 I.
J . 1979 10(3) :187499.
DO.pH
4 J.
« ”
1992 23(1):743.
5 1.0
SCM ] (B ) 1993 23
(3) (1):93403.
6 .
N DO )
1995 26(3) :149.
H N
p 7
J. (A ) 2005 20( ) :887-
896.
8
(4) 1. 2006 28(5) :26-34.
9 PCR-DGGE
I 2008 29(4):1082-
1091.
10 Lie H J.
J. 2001 23(1):142.
- 11
20 I 1997 19(4) :80-89.
12
J. 1999 21(5):72917.
1
) 13
J. 1999 18(1):13-8.
14 I .
1 2000 22(6) :47-54.
I . 1999 21(6) :124429. 15
2 J .

J. 2003 21(1):140.



2074 31
16 N N I 2000 22(1):17=26.
I 2004 22(4) :38-50. 24
17 G . 46 2004. 13-
I 2004 26(6) :74-88. 21.
18 Liu S M Zhang J Chen S Z et al. Inventory of nutrient 25 Zhang Q L Liu X Q Cheng M H et al. Characteristics and
compounds in the Yellow Sea J . Continental Shelf Research formation cause of Qingdao cold water mass J . Chinese Journal
2003 23:11614174. of Oceanology and Limnology 2002 20(4) :303-308.
19 Zhang S W Wang Q Y Lv Y et al. Observation of the seasonal 26 Lie HJ
evolution of the Yellow Sea Cold Water Mass in 19964998 J . J . 1999 21(5):141.
Continental Shelf Research 2008 28:442-457. 27 .37°N
20 Lin CL Ning X R Su J L et al. Environmental changs and J . 2009 31(2):78-85.
responds of ecosystem of the Yellow Sea during 19762000 J . 28
Joural of Marine System 2005 55:223-234. J . 2009 31(4):69-
21 77.
I 2006 24(4) :478-488. 29
22 N J . 1987 18(3) :217226.
J . 1994 6:50-55. 30 J . 1993
23 . 1996 11(3) :748.
<< >> [13 60 »
2009 12 22 ¢ ” 60 7 4
» “ 60 7 9 000 161

60 N



