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Regeneration of Cd, P, and N on the continental shelf

of the East China Sea in summer

Kazuo ABE"

Abstract Regeneration of three biolimiting constituents, cadmium Cd[] phosphated PO-s] and

nitrite plus nitrated NO-OO NOs[J was examined on the continental shelf area of the East China

Sea in the summer of [TTTJ. Vertical profiles of these constituents showed increase of concentra-

tions toward the sea bottom. The regenerated] molar( ratios to the consumed oxygenU Onll were
estimated to be OMITTTx [MPP00ITHOOIIITIOO by plotting these constituents against the
Apparent Oxygen Utilization0 AOUJ and these ratios generally agreed with a previous study
near the Ryukyu Islands. The apparent increase of Cd, POs, and NO:O NO:s in the bottom layer
from winter to summer was around O TnM, OO0y M, and Oy M, respectively, and this was

attributable to the active supply caused by the decomposition of the organic matter in the bot-

tom layer in this season[]
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In summer and autumn, the thermocline was
well developed in the continental shelf of the East
China Seal Kusakabe et al., (ITT0O and under this
thermocline, the concentrations of nutrients in-
creased due to the decomposition of organic matter
O Watanabe et al., (OTTJ0 The objective of this
study was to examine the regeneration of biolimit-
ing constituents such as cadmium{ Cdl phosphate
OPO:0O and nitrite plus nitrated NOsO NO-O at  the
shelf edge of the East China Sea in summer[]

Water samplings were carried out vertically at
five stations across the shelf edge of the East
China Seall DK lineQ from O to (IT0m using acid-
cleaned [T11 Niskin bottles aboard the RIV Nol
Kaiyo-Maru of the Nippon Kaiyo Co., LTD., in
July 0 Fig. 10 The water depths at the sta-
tions were (I10m, O Mm, (O0m, O00m, and (I
m for DK{TJ, (1, (11, [1J, and [1J, respectively.
The detailed analytical procedure for Cd was de-
scribed in Abed[ITTI[] and the water samples for
Cd at DK and DK were filtered through a
Opm Nuclepore filter. The analysis of PO,
NO:uO NQO; was carried out using a Bran+Luebbe
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Fig. 1. Sampling sites in this study.

continuous flow analytical system Model Traccs-
(I, and dissolved oxygen was analyzed on board
by Winkler titration.

The concentration levels of Cd and nutrients
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tended to increase toward the inner shelf station,
and maxima of approximately OInM for Cd, Oy M
for PO; and (MuM for NO-O NO; were observed
near the bottom at DKTJ. Cd was inserted into
the Redfield-type stoichiometric equation, as were
the nutrients as follows[d Kudo et al., (ITT10 Abe,
1M

0 CHnOGR NH[dhHoPOnCda OOy
O0DCOOMNGO HHPOSOOTHOO aCd

Figure. 2 shows a plot of Cd, POn, and NO:O
NO» against the AOU at stations DK, [(1J, and [T.
The regression lines of the data at DK{TJ in each
panel were calculated as follows :

CdODMIDMOMMIITOx MYk AOUD 0000 (1)

POOOIDMIOOITIOX AOU 0 r00Imoo (2)

NOONO-OOIMDMOMIOx AOU O »O0II00O (3)

Good linearity was obtained at DK{T], and the
slopes of these equations denote the regeneration
ratios, so the molar ratio of regenerated Cd, POn,
and NO:O NOh to On was DM (M°PP00MOT00
0100, The ratios of the remineralized Cd to
P, Cd to N, and N to P were estimated as O
0 nMcal 4 Mphosphaeld I TI0 nMedl 4 Muitricet nirael]  and
IO P Muitite nitrate I | Mphosphate [ The
Redfield ratio defines the ratio of the regenerated P
and N to the consumed Os as OO0 Redfield
et al., (1T so the ratio noted above was convert-
ible to DM Mx MPPO0MMOOIMONTI, and, as re-
gards P and N, a slightly slower remineralization

respectively.

was observed. The ratio of remineralization for P
was shown to be about OOOT] in the equatorial
surface water(] Abe, [TTTJ[] which agreed with the
result of FOOOOTOin this study. The obtained ra-
tio of Cd to P was very similar to that in a previ-
ous report on the remineralization and seawater ra-
tios near the Ryukyu Island{] Abe, (TTTI[] Abe, sub-
mitted[] and the ratio of NUP was similar to the
ratio of NOJPOs in seawater e.g., Pai and Chen,
EEENIE

The intercept of the y-axis in Fig. 2 denotes
the preformed fraction, and the preformed Cd, POn,

and NOJONO: were OIITnM, O0IOuM, and

ABE

O0OuM at DK{T, respectively. A preformed frac-
tion itself indicates an initial concentration when
the water mass is exposed to excess oxygen in the
In this study, at DK{T] and 1], the

preformed concentration was assumed to indicate

surface layer.

the concentration in winter because the water in
winter was well mixed and the calculated AOU
values were almost OuM from the surface to the
bottom at the station near DK{I] and [0 Iseki,
(IO The slopes calculated using the data at DK
{11 were applied to the DK{IJ and [1J plots for
the area near the bottom, and the other layers in
each panel with the assumption that the reminerali-
zation rate at DK{TJ was equal to that at the other

0.3
@ ; DK-08,09 other :ayer
— ®; DK-08,09 hottom
=z «; DK-O7
- 0.2 .
L v
&
01 4 & .
-
4] o
L
LI ) 8 @
® oW 7 N
a.0 : T T T T T T
08 _
@ DK-08,09 other layer .
— e DK-08,0% hottam :
Z 06 | vioxo7
il =}
-
e
0.4 _ =
0.2 °
o S
D-O T T T T T
12 .
o ; DK-08,09 other layver .
19 4 % DK-08,09 bottom .
-~ <1 DR-07
i 8 |
m e
g 6 | .
+
4
g s L
e a
2 4 @
.
0 T T T T
-40 20 QO 20 40 60
ACU (M)
Fig. 2. Relationship between AOU and Cd, POQOg, and

NOONOo. The solid three lines are regression
curves at DK{Tl. The slope of this line was ap-
plied to DK and [0 data for the bottom and
the other layers and is shown as a broken line in
each panel. The hatched area shows the winter
concentration level of the bottom( upper( and the
other layerO lower for each constituents.
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stations(] Fig. 2[1 The y-intercept, namely the con-
centrations in winter at DK{T] and (1] were around
OnM and O TnMO CdO OOy M and OO0y M
OPO:0 and OMMpyM and OmMpMONOLO NOLO for
data near the bottom and for the other layers,
respectively. These values generally agree with the
concentrations( around JIInM and OOnM of Cd,
OMuM and O0pM of PO, and OMMuM and
OMpM of NOONO: for the deep and surface
layer, respectively[]at the near station to DK{T]
and (1] in the wintef] Iseki, (TTT10 Abe, unpublished
datald

The percentage of the regenerated fractions
was calculated by dividing the difference between
the observed and the preformed values by the ob-
served concentration. Approximately OO of
the apparent regenerated fractions for the three
constituents were calculated to be near the bottom
layer, which suggested that there was an active
supply caused by the remineralization in the bot-
tom layer in this season. Near the bottom at DK-
(O and [IJ, high total carbon concentrations over
OMm molll and low pHs below O were also ob-
served in this study, supporting the idea of the de-
composition and remineralization of organic matter
in the bottom layer. Tsunogai et al.0ITT]Oshowed
that the continental shelf zone was a large net
source of dissolved inorganic carbon to the ocean,
which means that remineralization of biolimiting
constituents also occurs actively in the continental
shelf zone. The apparent increase in the concen-
trations in the bottom layer of DK{Tl and (1] from
winter to summer was around OIITInMO CdO
O0p M1 PO, and O0p MJ NO the regeneration ratio
was OO0 [P0 0 0M@mWO The enhancement in
the bottom layer was considered to be the result
of the decomposition of the accumulated biogenic
particulate matter.

In conclusion, the concentrations of Cd, POn,
and NO-O NOs in the bottom layer increased at the
continental shelf stations in the summer, and these
enhancements corresponded to the consumption of
dissolved oxygen, which suggested that the appar-
ent increase was attributable to the decomposition

and remineralization of biogenic organic matter.
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