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Mn> 5 B Ak K Mn®, e 5% 46 0 R ZS MnO, 1B
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6 5 B P F Ul B —K BT R A A R &1
T BRGSO B R Min* A JEURE Min*, [ L K
Bl 2 AR A PE IR R b S 56 Ak ol Min®, Bl LR T
TR, R TR AR ) A A T A A ) B SR T R
L, SR SR E A BURT [ H I R AR B R ) R
HENA T, EMEEFRITRE Fe RZMANT, By
UL R S 36 2 Min e S5 96 4IE B, DIMn AT RE & I
Ui H 0 A K G BRI PR 01, Min 2 ] B 98 1 R 2 A
8RR 00 R K R 20906 7 2 ) M Bk AL 2 1 26
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SVHTENLF IR B 2R v, V5 1 1) AR, AT I B 0A
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(R . i D145 ) i) 77 B A DT 2B %58 Sk F20% XLFE AN
T iy 55 B TR AT 8 5% V) T A VA el FRL Y 2/309, 4%
25 YT 5 BH A ) kR g K A M, FR R K AS B AT, OF-
By 2 45 10 30 d, AR FRG AR W) A KRS ) 2
H7, BN K PRS0 53508 38.5 d A1 31.5 dM,
VT JLAF SR Z2 (S F 95 35 0 3590 V5 O 4 42 A AR 40 A
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Fig. 1 Sampling stations in the Sanggou Bay( sediment pore
water samples were collected at red stations

during the April 2013 cruises)
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M AT R g AR 15 DURR AL 5t o DURRA R o ) I 48
RV RAET AT, BUR)Z 1~2 cm AURE b 25 31 25 1t
WY IR A T, R URORAE o FESAAE S AT Z A5 PR VR T
PEALIEAT 0, SR 5 P 2 BRI S T I J 2 A 7 VR TR 01 e
JE g o EAEBGE AR A T TR R 2 2 om AT
H 75 B0 (3 000 r/min, 15 min), B E R & LN
0.45 pm 1) I 12 27 4 J5 5k 8 A5 B FLBRK , K B AT
FePR S R 2 B AT . KB R
T LI 5 1) 388 1) 55 W SR e, SR T A (PR LT 1.5 m)
W B R KA i 5, S BV 3 D B A T2 R 1) 2R SRR
T BT

PRI A DL S T AR, TE AR S A LB
R KR R T CEFE o SRK A N RE R SE N
HE A Milli-Q 7KW Bk o SRAF IR RIVRE o 6 ol P i 38 FH 44
UK 1 SEERRIZ I 1A, SR 5 R FH 28 1K
I Milli-Q 7K Pk i, 28 A UBUZ i S B 48 2 H .

BT A S R R 4R 5 H 4 3 R Ab R Y Nal-
gene 1 JE 28 M FL A2 4 0.45 um A 5 B2 £F 4k 38 8 (&
pH=2 Y HCI1 2 3, F Milli-Q 7K ¥= 1t - fiiy 21| v % ) 3
UE, o U8 I R e AR SR RE RO, R (—20°C)
TRAF o JERE B TAS R0k SPM BE S, Ho B 2 o g AT
Je BE T U8 R o i 25 0E . B 45 1F TR MlL-Q K
TR ZS I OKRE, DA B3 SRR 2 A L R R R A
' DIMn ¥ B2 RS20 o I B | 3k B AN B 2 Multi 3501
2 ZBOK BT Hr AL B3 00 78 3 A% . 4 a(Chl a)
e B AR i Cif v W B9 ) w9 O i, A Turner 11
RUGENE BTN 2 3R A% .

22 H@NE

TE 552 56 5 vk A AL 3l ) 27 43 6 016 B 1k DN v
JK . T 2K K LB AKRE B b DIMn Bk B0 %07 R K
R4 0.6 nmol/L, %25 1A f AR 24 5.5 nmol/L 1Y
B i 20 M7 FRORS 55 5 50 501 A 6.8% A 2.7%. SR AR 7k
g T v [ PR BT DR 4P FR MEAE 5 (GSB 07-1189-2000),
A3 B4t 5 (0.30£0.008) pg/L 5 #EF7 {1 (0.30+0.015) pg/L
o E T (R, p<0.05, n=11). F] F W5 4 $2 B
PARBCIURLA) () Mn (9 25 48 U J2 R 25% B
T2 (HAC) SF 4755 — WA B, W 1 335 Y Ay s T 2
A Mn(HAc-Mn), {5 % BV W5 M ARSR B 1 h, B
SRS BT AR, FH A R A R T VR IS R VR TR
—IFE A AR, SR B0 A AL S (HF) fin #odk 46,
I J P R A W 1% h R W B A8 A HEAT I E ), ARG
K FAAE AR 30 7 27 43 5606 B2 0 I I v Min (9 3 i .
i 3 R X B S AR ) B K R TR (GSD-9)
HAc-Mn FLEVER (TMn,) #E47 71700 % , K %5 B2 430 R

3.0% il 4.3%, 525 5% TMn, B9 HEF2(E N A7 I 5k 2%
S (K5, p <0.05, n=T7), [ ZH 99.9%.,

3 ZER510He

30 RAEDIMnHISHRETTNH

FHH T 20112012 4F 4 AN FT (B H 4 A .
8H .10 A1 HARFE 440 F17) R W NI KR
JE AR SPM. 4R Z a(Chl a) ¥ B3 il AT 3
B 1 AT, SR8 5 7K DIMn YV B 7E 5 22 i
L BRI, B AR, AATE ] W 2=y M 22
St (K45, p<0.05, n=19), 6 157K £h FE B AR R I
oy HR I A T, AR R RS AR R L Bk
FMAFP R, BN AEERS . EENERK
) g e, ;A T N A KR A e, HLOE R
R, REIRAKATE BRIV 5 S Z 84 W] 2.1
EREERRE . TERKTE L &%, FEZ BRI S A 7Y
S, NN ERFERE BN . T A, BK TR L AR
ZRFR B B T AR, T PN AP K S i 1 2 3 TS T
AR K ER FERR EAN R IR

R KB, RZ . RIZ KRGS, 1
IKEEAR b ANTETE B EVE 2 7 (K5, p<0.05, n=19).
JIr A2V 3R 2 . i 2 8 7K DIMn 1 43 A LA A AL,
AR SC H 25 H 36 )2 1 7K DIMn (973 i 25 (H 26 1 .
[ 2 Al 0, 2011 4F 4 A Wi 7 S-13. S-18. S-19 4%
R 20112012 FRAE 4 MURKLEE

Chl a 71 DIMn 33K & 38 E
Table 1 The ranges of temperature, salinity, SPM, and

E. SPM.

concentrations of Chl 4 and DIMn in the Sanggou
Bay from 2011 to 2012

IRV 20114E4H  20114E8H  20114E10H  20124E1AH
R/ 5.5~11.6 18.5~242 149~175 1.9~5.6
(9.0+2.1) (21.442.0)  (16.5+0.8) (3.8+1.2)

thpe 30.21~30.74 26.17~31.41 30.57~31.37 31.32~31.57

(30.5140.12) (29.39+1.78) (31.18+0.23) (31.52+0.06)

SPM/(mg-L™") 10.8~63.98 9.2~32.8 13.8~73.9 8.0~67.2
(29.915.2)  (17.343.5)  (22.5%6.3)  (28.2%15.5)
DIMn¥ [ 12.5~579.3 19.1~1829 89~49.4 5.4~56.0
/(nmol-L ™"
(170.0+163.7) (42.04£30.5) (23.4£11.2) (18.2£13.5)
Chl aift Ji 0.7~2.7 5.7~38.7 0.7~19.6 0.4~29
AugL™)
(13£0.6)  (14449.7)  (6.5£6.0)  (0.90.6)

TE: 55 O I AR 22 o
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Fig. 2 The horizontal distributions of DIMn (nmol/L) in the surface layer of the Sanggou Bay
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Fig.3 Comparison of salinity and concentration of DIMn in the Sanggou Bay, the Lidao Bay and the Ailian Bay
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R3S AE B, 52 AN K AR 520 A5 K, DIMn (¥
JE 5 H A AN I TS A LA B E 22 R (KR, p<
0.10, n=19).

I AT O R AR Gl Rt A 32 BERVE T
DIMn {4 ¥ B X L DL ¢ 2. 1 F DIMn 52 i U6 5 A 5%
Wi 2, SR TS R T3 TS, S99 TS DIMn
PV B g T I LR PR TR Z B i 5 . 34,
S V5 T RR IR 1) 37 FE B8 B Al 0 4512 X S8 DIMn & JE (1)
ARG TE NI . SR VE JE T A M I T A7 il
TR A B % 58 0% s B Wi B S, T 2R 0 L T VR T A
NG, 52 KRB0 3%, I ZR I | F5VE DIMn

0 5 IR T SRV VS WK M B . AR B IR B R,
Hr Z5 19 Mn 5 B8 5, M, {ff DIMn ¥ B H B0 {8,
PR M 7 B 40 0 v B9 DIMIn ¥ B 378 25 T 5%V VS £ vk
JE 5 FERRNAT X, fy 732 B 22 8E  F0Ri ) W L K
TR AN 20, f830] 11 DIMn 26 30 A 7 A4 57 19 17
9o P, KT O X 4k DIMn Y i R EAR TSR 0
DIMn f4 ¥ 5 29, Bk VT 0 DIMn 9 3k B 352 5 T 38 0008
DIMn Ay &2,
32 RABRENBYDARAESENSIGTRET
T
R R B 25 A i K HE T . ARk

R2 EHEE. MBS ERXFES DIMn 1R E

Table 2 The concentration of DIMn in some bays, shelf marginal seas and oceans of the world

W Fef ] #J=DIMn¥EE/(nmol-L ™) JIEZDIMn# B /(nmol-L.™") S50k
e 20114E4 7 12.5~152.7 A3
201148 A 7.4~67.1 19.2~84 A3
20114E10A 9.1~63.1 7.2~48.2 A3
20124E10A 5.8~56 54~523 A3
K 20124F3 H 2.5~55.1 2.1~59.6 [23]
201247 H 42~74.1 6.9~63.3 [23]
BRITH 20094F5-8 A 2.1~1 660 [24]
R 20114F5H 2.6~21.8 1.5~10.2 [25]
201148 H 42~155 3.8~140.7 [25]
20114F11H 2.5~13.9 3.5~19.5 [25]
20134F5H 2.9~29.1 2.5~27.7 R R FAHA
201348 A 3.1~43.6 2.3~81.5 R R FAHA
20134111 2.2~10.2 1.1~15.2 R R FAHA
Rt 20114F8H 3.0~28.2 1.3~30 R R FAHA
20144F10H 3.7~6.1 0.8~4.6 [26]
201546 H 1.8~7 0.5~4.1 [26]
20154F7H 1.9~16.2 0.6~14.7 R R FAHA
A A ] 1 19954E10 A /1996410 A 33.0~1 460 [27]
ANTEbHE 199942 H-20014F1H 5.9~1836.4 [28]
KIHE(HOT-ALOHA) 20014F4 H /20024F:6 A 1.2~1.7 0.26~0.31 [29]
[k NS eEE 2008478 H 1.3~2.6 0.3~0.7 [30]
MR 20084F2-3 0.04~0.64 0.07~0.23 [3]
TR JE T 199649 A /19974E3 A 1.7~6.9 >6 [31]
i 200146 H <100 6 000~8 000 [32]
W2 (ks 20084E7-8 1 1000 5000 [30]
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Fig.4 The horizontal distributions of TMn, (mg/kg) and HAc-Mn (mg/kg) in the surface layer of the sediments in the Sanggou Bay
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R3O 20112012 FRAZTRENRY P TMn,
HAc-Mn )& 238
Table 3 The content ranges of TMn; and HAc-Mn in the sur-

face sediment of the Sanggou Bay from 2011 to 2012

st ] TMn, 7 t/(mg-kg ™) HAc-Mn# /(mg-kg ™)
20114E4 A 363~1 507(861%308) 297~1 129(500+272)
20114E8 A 392~1 742(915+322) 177~1 108(502+232)
20114E10H 474~760(589+108) 238~450(322+81)
20124F1 H 487~801(653+85) 219~552(345+91)

T 455 AR P (AR i 22 o

n=8), F# Z UL th TMn, NAFAE 245 1 8 & T 2 57
(¢t K55, p<0.05, n=8). FZVIFY T HAc-Mn [3iX Ff
Zi Pk 22 5 5V N T K B DIMn (1) 275 1 25 AR,
XEEEHTHESR, AR ANFREAY ERKIED,
TS PN PERE DR B T8 . AR A ) R o T A % i 90
A, B E 2 J B K9 DIMn B9 IR BE i . K
i DIMn 5 AE W R B A ) HE ) S 2 iy 2H 2R
T e B DI UL ) W82 A 28 A T DA A o 0 B O e ¢
A BV, Rt R 2 TR H HAc-Mn %
HE S TR AF,
33 EMRHEBKDIMNKERSHHEERS
33,1 TEURLYY) W R R T i S R AT ) )
SRS MG K 4 A 25715 Eh B2 FI DIMn ik B2 22 ] ) A
KRZR VLK 50, K TP BRI RZ (TDL) LML 15 S Se Ak
V4 L-6 11 L-10 343 DIMn [ 343 & (23.21 nmol/L)
1 S B K 3 o6, LA I A9 DIMn oA ¥R K S G
(1236 nmol/L). KM Al LLFE H, 587678 KH8 45 3k
i DIMn A & B AE BB TR BE L LT, 2R WV P 3 R Ak
N S, AT RE S VS N AR HTFD SPM. W BRI BR AT G .
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Distributions, seasonal variations and influence factors of
different manganese species in the Sanggou Bay

Liu Jiagi', Ren Jingling', ChenJing', Fang Ruixue', Jiang Zengjie?

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100,
China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: The distribution of dissolved manganese (DIMn) and manganese in surface sediment in the Sanggou Bay
were investigated in April, August, October 2011 and January 2012. The concentrations of DIMn and manganese in
surface sediment were measured by the the catalytic-kinetic spectrophotometric and two-step extraction method, re-
spectively. The results showed that the average concentration of DIMn in 2011-2012 were (60.5+43.1) nmol/L in
April, (42.0£30.5) nmol/L in August, (23.4+11.2) nmol/L in October and (18.24+13.5) nmol/L in January. The high
concentrations of DIMn always being found in the estuary and decreased from nearshore to the coastal area. There
exists significant seasonal variation for concentrations of DIMn with highest value in spring, followed by summer
and autumn, and lowest value in winter. The concentrations of DIMn in the Sanggou Bay were higher than the Aili-
an Bay and the Lidao Bay in spring and summer, and with insignificant variation in autumn and winter. The aver-
age content of total manganese (TMn,) in surface sediment were (861£308) mg/kg in April 2011, (915+
322) mg/kg in August 2011, (589+£108) mg/kg in October 2011 and (653+185) mg/kg in January 2012. The average
content of acetic acid-soluble manganese (HAc-Mn) in surface sediment were (500+272) mg/kg in April 2011,
(502+232) mg/kg in August 2011, (322+81) mg/kg in October 2011, (345+91) mg/kg in January 2012. The content
of TMn, and HAc-Mn in the sediment of the bay were both decreased with the increasing distance from the coast.
There exists significant seasonal variation for concentrations of HAc-Mn in the surface sediments during the invest-
igations, with higher concentrations occurred in spring and summer than that in autumn and winter. The adsorption
of SPM and utilization of plankton were important factors affecting the content and distribution of DIMn in the
Sanggou Bay. The major sources for DIMn in the Sanggou Bay included the inputs from riverine, groundwater dis-
charge, atmospheric deposition and release from the sediment-water interface. The major sinks for DIMn included
the output into the Yellow Sea and the absorption or accumulation by biological activities. A preliminary box mod-
el was established to estimate the budgets of DIMn for the Sanggou Bay, which demonstrated that in addition to out-
put into the Yellow Sea and biological activities, there was other sinks of DIMns in the Sanggou Bay. The results

provide basic data for further understanding the biogeochemical cycle of DIMn in the Sanggou Bay.

Key words: dissolved manganese; sediment; distribution; seasonal variation; influence factors; flux and budget; Sanggou

Bay
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