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%
1 2 1 2 1 1
(1. 300072; 2.
300457)
a (chl a) )
, chla 80% R
[ap(/l)] [aph(/l)] )
[aa(D)] , ap(440)  ay(440) < < ,
chla . ap(440) chla , ap(440)
5 5 a,
P714.2+2 doi: 10.11693/hyhz20230700143

(suspended particulate matter, SPM)

E

(Hong et al, 1999; Che et al, 2003),

(Reynolds et al, 2021) , SPM
(Turner et al, 2002),
SPM
(Goldberg, 1979)
SPM
’ [ap(i)]
[apn(2)] [aa(D]  apn(4)
400~450 nm 675 nm
(Bricaud et al, 1990) a,,(4) a (chl a)
, (Sathyendranath
, 42106095 ,

* , 42076033

:2023-07-10, :2023-09-26

et al, 1988; Bricaud et al, 1995) ,

(Bricaud et al, 1995, 1998; Stramski
et al, 2002) s
(Babin et al, 2003) S

B B

, (Morel et al, 1981; Bricaud et al,

1990) apn(4)  chla ,
apn(A)(Bricaud et al, 1995),
( ,2012; Sun et al, 2022)
ap(440) , 440 nm
> > ad()“) aph(;{);
aq(2) (Wozniak et al, 1992) aq(X) SPM
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(Bowers et al, 1996; Babin

et al, 2003), (Bricaud et al,

1998):
aq(A)=ay (4 )exp[Sq (49 — A1, (1)
Ao , S4 > a4
Sq )
(Babin et al, 2003),
(Bricaud et al, 2010) , (2008)

ag  Sq

(Rabalais et al, 2007),

(Dortch et al, 1994; Song et al, 2020)

B

(Morse et al, 2007; Hetland et al, 2008; Zhang et al,
2017),
2012),
POM) , ;

, (Li et al, 2015)

(Corbett et al, 2004; Green et al, 2006; Hetland et al,
2008) R s POM

(Bourgault et al,

(particulate organic matter,

( , 2002)

s SPM (Qiu et al, 2016) ,

118° 119° 120°

41°N

40°

39° |

38°

37°
118° 119° 120°

1

(Zhai et al, 2012;
,2021) Song

, 2016; Zhao et al, 2017,
(2020)
(Morse et al,
2007; Hetland et al, 2008; Zhang et al, 2017)

b b

( , 2016;
» 2020), , POM
(Wei et
al, 2021) ,
apn(A) chl a s
1
1.1
2021 6 20 7 20
8 30 - (1,
1) )
R 3 m 5 5
8~12 m ; 2m
Seabird CTD rosette(SBE19 plus)
4 L Niskin , 4 L
(DO) (CTD)
121° 122°E 0
41°N
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40°
20
£
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38°
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Fig.1 The study area and sampling station

1
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Tab.1 Latitude, longitude and water depth of sampling stations

/°N I°E /m
A3 39.617 119.833 21
A4 39.533 120.033 25
AS 39.467 120.250 26
A6 39.400 120.450 22
A7 39.367 120.533 22
(450 °C, 4 h) 25 mm
GF/F (Whatman)
250 mL (PP) ,
20 um
2 um (Pall Life Science) GF/F(Whatman)
chl a
, -20 °C
1.2
1.2.1
(PerkinElmer, LAMBDAZg50)
150 mm , 750~300 nm,
1 nm s s 1~2
0.2 pm ,
120° , ,
[ODsample(4)]
, GF/F 1~2
MilliQ [ODptank(4)]
, 10 mL (Merck)
18~24 h, ,
MilliQ )

(Rottgers et al, 2012):

) = 2 A0 () =D (D7, )

L) =29x% OD?ample (4)=4.760Dgy (1) +4.5,  (3)
a(A) A (
‘m), 4 ( cm?), V
( :m), A A ( )
Aoy = a, —dy - 4)

1.2.2 Chl a 90%
24 h (Trilogy) (Parsons et al,
1984), 20 pm 2 um GF/F
(Micro, >20 um) (Nano, 2~20 pm)
(Pico, 0.7~2 pum) chl a
Hansen(1999) s AA3
(Seal, )
2
2.1
( 2),
(Song et al,2020) 6 7 , 8 ,
8 (A6 A7 )
( 2c, 2f, 2i),
6~8 (20.79+£0.54) °C
(25.54+0.20) °C, 31.74+0.05 30.78+0.20;
(13.16£1.67) °C (21.37¢
2.10) °C, 32.06+0.21 31.16+0.30
, 7
, 7.35~12.59 °C,
0.34~1.22
chl a R

[(3.48+0.58)~(3.92+2.52) pug/L] (1.76+0.56) ng/L
(3.16£1.23) pg/L; ,
(3.94+0.60) pg/L (1.79+0.99) pg/L

chl a, chl a 78.3%+
14.1%, , 10.1%+10.5%
11.7%£8.9% ( 3)
8 ( 3), A3
40%,
, 7 ,
4 ;8 , 1.7
DO
DO 6 [(7.6+0.2) mg/L] [8
: (5.0£0.2) mg/L]( 2g, 2h, 2i),
88.9%+2.0% 66.5%+7.7% 8 DO

(Zhai et al, 2012; Song et
al, 2020),
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100 .
0 = Tassan et al, 1995; ,2015) ayg(A)
LAV el = a(A
o ANBER o) ’
A TARRE apn(A) s aq(A) ,
= ERDRE
o = o EAKE > >
S EPOINCES .
%(%i"/ % . N\BDE apn(4)
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bottom waters 25% ( 5c¢) , ap(440) ,
22 , [ :(0.40+£0.07) m ],
4
apn(A) 435~
445 nm , 675 nm chl a a,(440) )
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Fig.5 Specific absorption coefficients of phytoplankton in surface (a), middle (b), and bottom (c) waters oftf Qinhuangdao

8 A3

, (Zhai et al,  a,(440) 0.010~0.060 m*/mg,
2012; Song et al, 2020) a:h(440) 7 0.032 m*/mg, (0.041~
6 8 , 0.295 m*/mg, 0.137 m*/mg)( ,2005);
6 8 , (0.008~0.102 m?*/mg,
0.030 m*/mg , 0.020 m*/mg , 7 0.041 m*mg)(Millan-Niiiez et al, 2004)
apn(440) ( 0.016~0.123 m*/mg, 0.040 m*/mg;
, 0.012~0.064 m*/mg, 0.029 m*/mg)( ,

: 2015)



112 55

05 05
B 5 a b
= tA
04 mm \3 0.4
E 03 E 03
3 3
T 02 S 02
0.1 01
0
®E BB KRB ®E DB KRB
0.25 0.06
c d
0.20
y B 0.04
£ 015 £
o £
3 =
& 0.10 3
— 0.02
&
0.05
0 0
x®E BB EE =B BB KRB

6 ay(440) (a) aq(440) (b) ay(440) (c) a;h(440) (d)
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3 a,n(440)
(Sathyendranath et al, 1987; Greg Mitchell et al, 1988;
3.1 chla Bricaud ef al, 1990; Babin ef al, 1993) ,
, apn(440)  chl a (P<0.01)( (Stuart et al, 1998;
7a) , apn(440) chla 6 7 Bricaud et al, 2004), ,
, chl a , 7 chl a , 7
ap(440)( 7b), 7 ap(440) 6 8 (0.050+0.007)
, (0.041£0.012) m*mg (  7), 7
020f , @E . a P b o 5%<Fyue<15% c
« NB ° ® Flice<5% °
_ 015 R °* o
I‘\E o ® @ ° °
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Fig.7 Affection plots between a,n(440) and chl a of all samples (a), surface and middle samples (b) and Micro phytoplankton less than
15% samples

b 6 7 [6  :am(440)=0.033chl a—0.004, R>=0.90, P<0.01; 7  : an(440) = 0.045chl a+
0.005, R>=0.75, P<0.01], 95% ,c Fticro , chla
5%~15% =5% [5%<Ftiero<15%: apn(440)=0.031chl a+0.008, R*=0.61, P<0.01; Fyticro=5%: apn(440)=0.032chl a+0.023,

R*=0.60, P<0.01]
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(2.5%+2.0%) 6  (6.0%+3.0%) 8
(15.1%+12.5%)(  3) , 8
 3), apn(440) chl a
( 7b) ,
( ,2016) 8
( 3,
(Micro) =5% 5%~15% , a,n(440)
chl a , aph(440)
(=5%)
(5%~15%) 6% (7o),
apn(440) , ,
(Pico Nano Micro) a
apn(440) , (6)

ay, (2) = a, (A)x chl a(pico)
+a, (A)xchl a(nano) + a,, (A) x chl a(micro) +b ,(6)

a; a. am ,chla
(pico) chl a(nano) chl a(micro)
a , 440 nm 0.033 0.031
0.026 m*mg b , -0.003
(2015)

[a,(440)=0.088 m*/mg
a,(440)=0.022 m?/mg],

a,(440)=0.017 m’/mg
a,(440),

>

(Stuart ef al, 1998; Bricaud et al, 2004)

, pico
apn(440)  0~0.25 m ,
( 3, (0.023+

0.022)m”  22%, (0.015£0.021) m™*
(<14%)(Rottgers et al, 2012, )
ay(440) ,
(28 ), ,
apn(440) (Hoepffner et al, 1992; Wozniak
et al, 1992; Sathyendranath et al, 2001),
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Fig.8 Comparison of multiple regression model a,n(440) results
with the measured values

3.2
6 7 a4(440)
(P>0.05), , aq(440) (DSi)
8 (9 , 8
DSi,
, DSi
, 8 (  6b)
A3 ,
37% ,
2.5~5.7 A3 ,
(Olsson et al, 1992),
( ,
2023) A3,
DSi, DSi

(045  0.19 pmol/L),
(Si:N<0.7, Si:P<7)(Justié et al, 1995)

04

a,(440)/m™
o o
N w

o
-

DSi/(umol/L)

9 8 a4q(440) DSi
Fig.9 Correlation between aq (440) and DSi in August
: 95% , @ph(440)=0.014(chl a)*~0.023chl a
+0.049, R*=0.95, P<0.01
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Sd 5 aph(ﬂ’) s ad(ﬂ’) >
0.008 4~0.011 7 nm ', 2008 ,
(2008) Sy aq(440) ;
> Sq ay(440) : < <
(Babin et al, 2003), ,6~7  Sq 8 (2, . aq(440) ,
6~7 an(440)  chla
S chl a

( 31 ), (Song et al, ,
2020) 8 5 Sd >

Fx2 FEBNMNE6. 7. 8 BRKBEERIERE
Tab.2  Spectral slopes of nonalgal particles in each water layer 06

of study area in June, July and August ' s
T SiOy
Sq/mm’! 0.4
NO, 3-
6 0.010 0+£0.0002  0.010 0+£0.000 5 0.010 1+0.000 2 e 0.2 il PO"ad(440)
7 0.010 4+0.000 5 0.010 2+0.000 6  0.010 3+0.000 O % 3 (440
o] 0 p( )
8 0.009 6+0.000 8 0.010 0+£0.001 0  0.009 7+0.000 5 S/ @4
€ s DO% /| chka
3.3
, -0.4 Do S
(PCA),
-0.6 : : : :
DO 11 ( 10) PCA -06 -04 -02 O 02 04 06
PC1 (47.11%)
—1~1,
76% PC1 , DO 10 DO 11

(DO%)  ay(440)  ay(440)

, DO ,
; DO%  a,(440)
DO0%
DO DO%
DO

>

Song (2020)

PC2

(Rabalai

et al, 2010; McCarthy et al, 2013; Zhang et al, 2017)

4

Chl a
a 80% 8 ,
( ) apn(4)

aa(4) » ap(A)

>

>

S

, chl

Fig.10 The principal component analysis (PCA) based on 11
indexes, include absorption coefficient, nutrient, temperature,
salinity, chlorophyll and DO
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ABSORPTION SPECTRUM OF PARTICULATE MATTER IN LOW-OXYGEN AREA
OFF THE QINHUANGDAO

YU Lian-Tao', ZHANG Gui-Cheng?, YANG Wei', ZHAO Liang?>, LI Meng-Ting', SONG Gui-Sheng'

(1. Tianjin Key Laboratory for Marine Environmental Research and Service, School of Marine Science and Technology, Tianjin
University, Tianjin 300072, China; 2. College of Marine and Environmental Sciences, Tianjin University of Science and Technology,
Tianjin 300457, China)

Abstract More and more attention has been paid on the oxygen depletion in the Bohai Sea in recent years. However,
the mechanism of deoxygenation has not been well known. We investigated the characterization of the absorption spectra
of suspended particles in seawater off Qinhuangdao, Hebei, China. Furthermore, and evaluated the sources and features of
organic matter responsible for deoxygenation in bottom water in summer based on the relationships of particulate
absorption spectra with the size-based components of chlorophyll a (chl a) and with environment factors. Results show that
nano-phytoplankton contributed approximately 80% of total chl a. The absorption spectra of pigment [a,,(4)] reflected the
major feature of total particulate absorption spectra [a,(4)]in surface water, while that of detritus [a4(4)] was dominant in
middle and bottom layers. a,(440) and a4(440) increased from surfac to bottom waters. The size of phytoplankton
controlled the absorption efficiency of pigment, i.e., a;h(440). Therefore, a,,(440) could be calculated using multiple
regression based on Chl a concentrations of three phytoplankton size classes. The characters of a4(1) were also influenced
by the phytoplankton community and the relative abundance of organic detritus. This study revealed that nano-sized
organic particles produced during primary production were the main substrates of deoxygenation in summer in Bohai Sea.
Key words particles; absorption spectra; chlorophyll @; offshore of Qinhuangdao



