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AR IR < A AT 2 BRI, R TR SR AR A R
TV AT AL B 2 O R B AR AL, IR T
IRt < IR A BILI 23 BC RS2 R A 2

2 BRSO

21 HmREEWMLE

T 2019 4 9 H BE BI85 B 5 M AE 1M SR 42
FE (2 m) KIEE (BE 2 m) WK RE S, 4825 5 47 10
1 s, Hodr K /NT 5.0 m 9 S2 F S3 uh v AR
EFRIZKFE . F IR QAW Y 2R, IR 4R
it SR B 2o AR v A GRE A il B AR L A AR, 2
K HITUSETE Ve i A & . FE S AR 2R CTD SR 4R
S5 ST 20 % N o 9 BE B R SRR P O B 220 DL 3
20 B 1 DLkE S Ys 4y, B ] 52 = e L

120.1 120.2 120.3 120.4° E
T T T T

L M R

Fig. 1 Locations of the sampling stations in the Jiaozhou Bay

0.45 pm Jif§ % £F 4t 3 55 DR B L 0B, BT 4C
TV, — AR T B RS IR AR, )
— 53 T2 R R Ay RS . Dy B R K
KA LL 0.45 pm FS 2 2F 4 R L U8, DA N, N-Z
P Mok e 2 SO B 1 - 2 3R 01 AR FH 98 D16 43 0l 6 B
(F-4600, Hitachi) Il 5E MM 48 K a W JE .
22 AEHFERBRBENRREFRGREAREEEN

ABRERSKN

AR A3 F IR o 4 R A LIS G W 04 43 85 R R 4k
FE 20 A 8 2% B (UFSC40001, Millipore) 58 i . B
P 0.45 pm P8 B8 8 I A TR K RE S, AR UGE i 10 kDa,
3 kDa } 1 kDa [ JiE J5% ( Millipore ), AS [A] 2% 43 JK 1 4>
J& A HLEC A 9 1 4 1 LA T g P L A2 s (A
0.45 pm P8 B U8 W0 v rh B A W B9 R OR
<0.45 um). FUEPEHUT J5 & T % R LBt
BERAE, <1 kDa UEVR B T UL K5 B 2R QAR
HITE 4°C R ARAE, 4300 0 2 D8 5 R R P R i )
T, DHAERRLEMRSEESRIKRE . A,
PR 8 3 R v B IS R, T 4°C T G AR A
FF IR LLEA LR 53 BT 1L (Vario EL, Elementar) Il 5
VS A MR MR B o LR A T WL 43 % 6 B 3 (Te,
Persee) I 5 1% fift A5 ML TG 48 S0 =] WL IR AE 2880, I
K Fl 2 250~ 700 nm, B FF 1 nmisg BC— R OGRE,
A T 45 W 06 B T H B34 S AE 275~ 295 nm I K i
DAL ) B 2 ARE 8 (S a0s) LA 20 HIT U5 i AT LT SR U B 4L K
FHE, L 250 nm 5 365 nm T W% BE 59 W AE (E, ¢ E,)
Y AT A AL A S5 AR RR B o LSO e BT
W B IO GREE, BUR IEARTER ) 200~500 nm,
55 KT B S 250~ 600 nm, AR I 75 5% 5l 06 1 7
BN MAILR Y BRI 45 K5 RS
i

HIEE FIR B 48 L 5% HNO,(JE & 2%, Merck)
VB Ry 32 IR R FH 75 32 Bk 1R A7 09, 42 BRI B S8 A
FH 4£ 48T (BFDUV-X800W230, 18 K ik ) FE G JE I 4 h
(800 W) LA YRR 5t 4 )@ S5 A ML iy 45 G0, % 2kt
1 3 W45 it 30 min, 10 min 2 10 min {9 48 75 4% 3%
(40 kHz, 240 W), Jf 7 %3 Y 75 41 35 17 8 46 42 O
(10mL, 5%HNO,), #EAEEHREHIHERGE, L4 500 r/min
B .0 5 min( ST 40R, Thermo Scientific), B I 15 ¥ LA Fg
JEFR A S B TR % A (ICP-MS, ICAP Q, Thermo Sci-
entific) Fr I FHUR & 4 8 & . DU R AR milli-Q 7K
it R IR R, R R R R S DT A R S

<1 kDa }¢<0.45 pm 38 1 A9 I T 4 s SR A
TR B AT & A0, Jir FHAE LRI Chelex-100 28 &



1230 RO TR P9 KR et < s — I A ML B 20 BC AR AE R HGS o R 3 ) 3

WG (s34 4li, Bio-rad). #IE7EM FHRTE 6L 1 mol/L
HNO;(JK 2%, Merck) 12 {01 1k 48 h, LR T4 3k
B B IRAE N TE o B VRTE B ST R AR AT 5 A0
T LUENR i 4 08 S5 A HLBT R A 45 6, JF DL NHLAC
W W (P 9% 4li, Thermofisher) 18 17 pH & 5.5 /& £ Ff
. LA 1 mol/L HNO, M # iF 20 min DA fil HoiF — 25
T4k, W RN 0.5 mL/min, 22 J5HEZS 48 % ) HNO,
W, LA 0.5 mol/L NH,Ac whE# g 5 min, {5 H: 3% 1 fff
T NH,', DA TR i 0 W b o o 4 ) i e ot o HE s
% 2 4319 NH Ac ¥ W, P FE 5% L 0.5 mL/min
) D T2 0 1 A R T, R 4 R B TS S A B
b RS A EE S, BL 0.5 mol/L NH,Ac i #
B AR £ 2R ae 5, 5 AN, Sm g, BL S mL
1 mol/L HNO, Y&t & &£ 7ER i 110 4 )8 25+, Vel
B HLL ICP-MS #E AT IR & & J@ W 52 o A 5 25 11 Il A
DL Milli-Q 7K AR U i 25 [ AH 26 B 72 . 48 CASS-6
R K O R R 9E 22 51 2% ) S ik, 1% 07 125 14 [l
R 87%~ 113%., IR & 46 J& 5 7 ik A A Hh B
S RE 2 T S E (n=3) 50 3 A5 4% DR 2% (GB/T
27417—2017), #BUEME LR 0 4 )@ 1Y 5 AR R Ry
0.01(Cd) ~0.1(Cr) pg/L, K IR HE 42 J@d 1 )7 46 R
49 0.002(Cd) ~0.02(Cr, Cu, Ni)pg/L. %28 g5
T 7K k4 R A U 5 1k ARG %8 B SR FH AT RE i (n=3)
VEAS, 45 3 00 RR XS bR HE AR 22 34 /N T 5%, J5 ik i 44
U o b4, 8L A DR K <1 kDa U8R TR 4R
B IR 5 R o s AR B 4 i T {1, 3
TRAS H1) U8 PR B/ A AR B Ay B R e R
B 151 WS SRy 76%~ 93%, Ui W IZ U7 1k A B R AT
3 B L R R A A R A R Bs Y RN
SR UE 25 5 B HER P, S50 3 A e A s
B I8 %6 B A5 A AR AE A R AT YK LA S mmol/L Na,EDTA
(s, [H25), MakiK, 0.05 mol/L NaOH( I 2% 4li
E25)., #84li/K M 0.02 mol/L HNO,(JE £ %%, Merck) 43
SN 24 h LLEIF LUK T, B E AU
1F K HAt T A 38R 25 25 LA 5% HNO,(JE &8 2%, Merck)
B 7 d I LA 4l K 58 43 vk, 18 IEALE S T ET LA 5%
HNO,(JE & 9%, Merck) ¥ it 24 h Jf L) 2l 7K 58 53 Uk
e, A B S BT A A A5 R A FH i LA 27K 7 43 vk
IR T 450C TG 6 h LR BRA LIS Y. BLAk,
TE IR 5 4 J $2 O 7 B2 %5 e A LA . 58 =T DL Wl
FEPE L 2GR I A2 b B e BN A5 FLRE L LA A0 BR
[E NS Wi KRR e Sy AR A I S TS
J3 1 340 7 U6 25 683~ 687 nm 1 F 241 W6 B LA 2 BR X
LR RS S B 005 ), 2 iR B A N s 2 R Atk
DGR T AH LA 2 B hr & BN 1952 0

3 4iR5TNHE

3.1 BMEEKRELENZTENS

ST, BN TS T KR 4 I B O R VR
o B A AR L, Z2AETE N R AL R B X (R 1),
BTN o NG T A 1 B Ol s g
FEVAT | 28 LLer 453 1, A2 2605 slsg i B g, Kt is
YWy Bl Tl 75 KRR 6 B AKHE TS N . Ak, B ¥
IR AR K SR U A8 e A R G A%, AN R TS G W i i
A, i — 2 S BUR AR X

Ji 1 VS 2 J2 06 7K Cu VR BB 1.59~4.81 pg/L,
SR 2.88 pg/L, ik B B AEZ N KIS
M) fid) B0 T 1 B s 11 4R S VSR . Cr iR E R 0.7~
1.4 ng/L, SEH40E A 1.0 pg/L, R u B 484K H 4315 A
X 3550, VB AR AT 11 5 AR AT 5 W 3 Vi S B e
X CrAY75 Y E 2ok [T Tl K, Wi bl Tk A
7T HE AR A R RS YRR 0D, Cd TR
4 0.04~0.40 pg/L, F-YI{E A 0.02 pg/L, 78 4 L& 1
TV 1B 30 3 B (ALK AR G B M A Ak
KTl A 7= B Cd B IC AT N, B A H 15
W s A Cd B — KOR TR, 2% 1 K B i AR b A
IR Y JEH 2315k Cd Y5 Y40, Ph AR A 0.84~
2.64 ug/L, VM0 1.77 pg/L, BRZACFRSE, M
B4 PR Pb AU B X . Ni MR N 0.31~1.53 pg/L,
SEYIAE R 0.77 pg/L; Co BV FE A 0.75~2.01 pg/L, F-

z1 BRNBEKPRELSERE
Table 1 Concentrations of trace metals in seawater of the

Jiaozhou Bay

IR 4 SR g L

Wi SRR /m
Cu Cd Cr Pb Co Ni

S1(S) 2 481 035 1.4 2.64 201 1.53
S1(B) 7 754 085 1.0 200 249 547
S2(S) 2 226 022 0.8 1.97  1.06 031
S3(S) 2 2.68  0.16 1.0 1.60 134 0.86
S4(S) 2 1.59  0.04 0.9 225 075 073
S4(B) 14 4.04 0.10 0.9 142 079 237
S5(S) 2 312 040 0.7 084 1.57 046
S5(B) 4 505 092 0.8 059 1.80 1.96
S6(S) 2 293 0.04 1.0 1.31 149  0.75
S6(B) 12 525  0.07 1.0 062 177 3.01
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BIA R 1.37 pg/L, FAE X 35 1 BT 5 K R .

53R 2K L, e M TS J2 i 7K Cu(4.04~
7.54 pg/L, t-test, p<0.01) . Ni( 1.96~ 5.47 nug/L, rtest,
p<0.05) F1 Co(0.79~2.49 ug/L, t-test, p<0.05) 1) 3¢ Ji B
B, Pb(0.59~2.00 pg/L, r-test, p<0.05) N 52 B i1 &
JEN I e R Y S N RV Y W
Cd(0.07~0.10 pg/L, t-test, p>0.05) Fl Cr(0.8~1.0 pg/L,
t-test, p>0.05) [ Mk B G 1o Mk 22 5 . RIZ WK IR
i AL 40 1 W W) P 2 5 350 Cu, Ni AT Co e B IR
W R, R 2R AR TR . K
TR A IS R AR ) A B A AR R TUAR A Y R R
W) 25 5 BUR 2 K R 4 Wk T 0, AN
T ZERR LR A VIR AT P BV B L S0 50, 25 R 1
7 Cd H1 Pb [i] 7K A v (8 B il 458 /N, Cu F1 Zn U HE
p=Se Uy ek RN AL 7/ Riak 3/ i S O B |
B UUERY SRR Y R R & R R F s R,
22 T) 1 B 7 A AR X 7, ek ) 1 ) 7K A v 4 i Wk B 1
TR B 05 P ORI 0 B, AEERTT =M
H AR g & 30, DO i 55 V) VR R B P
B SR Zn B Cd AU FE B BB A, %
JZ g 7K R R R BE 1 P IE PR R AR B TR R L R
M5 A Pb i A, A W5 W oR & 8 IR be T 5 3L
B R UTIE i A5 Tk 5 /K HE BT Pb A i 2% 8 2 A
g, BN S JZ K Cu, Cd. Ni Al Co BV B2
KOV 5 R B R EEA — B, ZTEE W R KIS
1Ak 30 e (B X, VS rh 5 v AR B AR . Cr 7 IS
JE KA A A A R 5, BRI E AL vk R AR X AR 2
A, FLA ol 0 v B SE AR AHIT o Pb 7R IR JZ K A 1) 43
A s 5 2 HEK AL, R A X BTV Y AR L A
TR, ¥ 15 A K R b B AR XA

5 22 S N Y 9 K R R R 4 TR I BIF S AR L (55 2),
AHFGE T AR 1t 4 -S4 vk R m AR T, (E S AR R
BER /N, B AR5 Qe KO BAIR, Foh Cu, Cd. Cr. Ni ¥
JFE AR T 1 5 — 2 g KK Bids i (GB 3097—1997),
55 [ P At T VS A B, BN VS VK R Y Cu BN Cd
v T R W R M 7, Cr AP R IR TR &,
I (VS 53 M) 7 Cu, Cd, Pb., Co. Ni F¥k &
PR T M o Je N T8 3% 2 0 /K Y Cu, Cd., Pb,
Co ¥ B ¥ B g 3 F 55 [ IH 4 11 ¥, Ni ok B A T )
o ALE IR Z KA Cu M Pb IR AL T
7K, Cd ¥ BE U B St v TSIV o P KOV R R T
K H R B 4 JE VR R 38 I KT R M TS UK, Cu,
Co. Ni ¥ LA F 1H & 1L v Ak #50, Cd kAR T

F2 RMNERHMEEEKDRELEERE
Table 2 Concentrations of trace metals in seawater of the

Jiaozhou Bay and other areas

IS R ug L

oiE A3 B30k
Cu Cd Cr Pb Co Ni

BNTET 392 0.32 1.0 152 151 174 AW

BN 328 011 056 083 NA  0.68 [18-20]

KW 3.20 004 234 240 NA  NA [21]
BONE 372 0228 101 360 NA NA [22]

g 145 0.11 NA 0018 0.02 091 [23]

ST 288 002 1.0 177 137 077 ABEE
[H4ILE® 096 0004 NA 003 011 112 [24-25]

JEEE® 140 024 NA 040 NA  NA [26]

FIRFH 007 0005 NA  NA 0001 020 [27]

TE: aFR I X MH, bRRRZ W KIIE, NARR KA 2% 4 )8

e, (B5IHE IS,
32 RESRERRSFERBEINRPHHE
REART T, N TS TR KR B 4 S 3 B4 e TR
gy F i 4 3 (<1 kDa) 1 (& 2), Br oy L 6 °F 3 38
70.1%(47.5%~86.6% ). A~ [FlJK &t 4 J& 75 A 6] 4 + i
53 T A FCAE A7 AR I B 25 5, ARAE LI A T Al
53 (<1 kDa) it 5 He il o] K& 438 328, Cu fil Cd K
G2 a0 W L T = R R T G < 1
K E] 79.0%(70.7%~ 86.6%) J 77.6%( 68.7%~ 83.0%).
Cr. Ni Fl Co 43 ¥ 43 A1 BN AL, R4 & 2450
7 LB R A, SF B 23 0 71.5%(61.9%~ 79.9%) .
67.3%( 55.8%~ 76.9%) K& 66.9%(57.5%~ 77.4%). Pb
A BCG 0L 5 DL E O R A i 2 5, IRy T4 4y
JIT o5 LU A5 S AR, P X {EAN A 58.2%(47.5%~70.3% ).
V7K IR 1 4 JE 7 AIK 43 F i 41 4 (<1 kDa) 14 43 i &
AHLEC G 5 AL A L RE SR, (A2 0R & 4
J& TCHLEC A4S o5 B A B N . K R 98%
LI F B Zn, 99% LA B Fe Fll Cu 78 ¥ it 25 v LA HL
Be & W B AR, 5 HLBCARAHBC & (19 Pb Al ik
BB R A Pb 19 95%%), 558 AT HLECARAHBL A 1) Co 5
SV AR A Co MR FE AL JLF- A 5500, W il A L BT 7E 3% JL
P4 I i A B b e 2 R E R . RIERZK A
70%~ 99% ¥ fft 45 Cd 5 % fff A AL AH L &, (3]
P10 5 0 35 rp i A7 e 1) A A%, — B 7E 80% L
T K R B RS NUAUE AR 60% LLA HLAD
HY I AFED, WA Cr AR T A N i 4 F
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Cu mmm <1kDa  mmmm 3~10 kDa mmm <1kDa  mmmm 3~10 kDa
100 1~3kDa mssm 10 kDa~0.45 um 100l 1~3kDa mmmm 10 kDa~0.45 um
I.l..-...- .ll.-.-.-
80 - 80 |
= 60 = 60|
= =
40 | 40 |
20 - 20 +
0 0
S N % ‘b q, S & <b QNI q, 0
AP &2 N S i A a,. & 8
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0
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Fig. 2 Distribution of trace metals among different sized DOM in seawater of the Jiaozhou Bay (S: surface seawater; B: bottom seawater)

WK B, A0 A ML A AR T Bt e e e, Jeal
B A FH AT REAE Ni #1 Cr 74K 7> 75 4173 (<1 kDa) £
ﬁ@ﬂ*‘ﬁ%*ﬁﬁ#mﬁfﬁﬁ, HARAR >+ B AT L
TR AT AT — PR RR . A PTIEOR,
Cu il Cd 5‘/—7-%?@%&% BRI A A 201 A PILBC
PR IALAETE AR SR 1) 35 R 29, P 46 [ 43 Tid R B0 K I
S B SR T R A HLBE R, X AT RS 6
JE A B R BB RE R AR 22 R A 0,

P00 0 ®

un‘i AL

S S E P (R 4> T i (>1 kDa) 4143 o) B 2 v T
Cu f1 Cd Wy EZLFE A . X F & 4> 1 18 5 (1 kDa~
0.45 um) 11 & , 10 kDa~0.45 pm A4 26 3 38 % I o5 Lo 4]
e/, S EEAL N 5.4%, Hoh Cu F1 Cd #4943 BC H 491 53
HIAL 4.4% 5 5.0%, f5 5 fH R 8.7%(Pb), %73 1 i3
FEL PN 45 fi A LT IR B 4 U 1 R A R 55 .
Hb, EREEARBE F , JE & 48 7E 1~ 3 kDa( 13.5%)
5 3~10 kDa( 11.0%) %5 fift A HL 5T H 19 43 FiC L 5] 2 A
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M, HA R 4 8 5 R [ 3l 467 1) 22 B 4 Kk, o4t — M
HAE .

H AT, N AN A 2005 X KA R 4 R
fife A BT 23 B RRAE A B 5, (B BT AR Z5 18 0 A g — . F
FH R I8 AR 43 B JU e T 43 I T A [R) 23 7 4B 40
HR SR 4GJR, KA 60%~80% ) Cu F182% L) - # Ni
SYBEF 3 kDa LAFEY, il ik ) g 8 A 9T 58 P EE Y
TSR 2 8 RIS, G5 R cd 7 97%
SPBEET 10 kDa LR, Cu A7 3 50% 43 B F 10 kDa DA
ek RO R BH €2 33 — 28 SIMG I L AR 43 B AN [ 43
5 1 J B R i, 1T R ICP-MS A Mr Z Rl ot K
16 [5) 9% 31 8 58 J3i (<1 kDa, 1~ 15 kDa, >15 kDa) {14
Iy BE H ), 45 W% U A Th 43 51A 93.0% 1 96.9%
S3CT 2kDa LT BB FE T, As 7E/h T 2kDa(49.7%)
55 2~ 15 kDa( 42.8%) Ji§ 58 J5t H (4 43 T Eb 1) A >4 27,
V) 1) 300 88 U8 B 5 AL B Cd. Cu Al Pb 55 JR i 4
JBHE B, K H A 49.2%~69.1% S T 1 kDa
DA e, f e R] UL, AN [R]ATF 5 X 36 1R i 4 R 1Y 43
FRIEAFAE B 2 22 5, 455 SR DR 3R 43 A L 43 FC AT B
o HRFEEA T EEWE L.

5 3RJZMEACH L, B TSR 1K h S5 A% 5
4143 (<1 kDa) ML A B Ni, Cd., Cr F1 Co T (% L 51 ]
B TR B MK (-test, p<0.05), Cu F1 Pb N K %& B i3
EVE2ES . AL, RNV I K A R R 4 R K T
A5 (<1 kDa) BT i B 35 ik A% 9 10 R T Ah K
. Cu Fl Cd AR+ i 4 43 A2 AR A A4 e o - 34
Ll 481 43 S AR 4% 3l 67 °F- 37 L 461) 7.9% 55 4.8%. Cr
1 Co W] B, H2EH 735134 10.1% 5 9.9%, Ni F1 Pb
U] 5 Ay 2, VS 1 RV AR K A P AR Ay e 4 43
1153 0 v T AL KK 13.0% 5 13.4%. 52 M4, &
i 453 (>1 kDa) ZE L EB K A4 (35.8%) H Y ~F- 35 43
B E A8 43 300 v T 15 T AR KA (26.0%), {H B iR %%
OB (DS R I N W S o | 1 € N 26
4 JBFE 10 kDa~0.45 pm 43 F 12 3 [l N 18 43 Bid B A3 K
BOE T O B AN KR, 78 1~3 kDa J 3~10 kDa 43
T TR 3 B U By 5 2, R R A XA o B R
N
33 RELZEEARN FEIBENRFHHEIIE

IR B 4 R TE AN [R) 43 H2 U A AL R Y 43 B
BEIHF ARAA  ff A LT Y 4 i A AR TR oy
TRIFMAVIRNSERAREN.

LA Z IS UE B, SR K M b i 5 i BILJSE LA
BAL T RA N F . B IEE AR 55K b A
6] 43 F & A A AL, BRI P 65%~80% 43 Fi
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Fig.3 Size distribution of dissolved organic carbon in seawater of the Jiaozhou Bay
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Fig. 4 UV-Vis absorption characteristics and fluorescence intensities of dissolved organic matters in seawater of the Jiaozhou Bay
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UV-Vis absorption characteristics: a. Sy75.095, b. E,:E3; fluorescence intensities: ¢. protein-like DOM; d. humic-like DOM
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Table 3 Chlorophyll a concentration and salinity in seawater of the Jiaozhou Bay
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Abstract: The spatial distribution of Cu, Cr, Cd, Pb, Ni and Co in the Jiaozhou Bay seawater and their distribution

among different size fractions were investigated. The distribution mechanism of trace metals and the influence of

environmental factors such as plankton activity and salinity during the distribution process were also discussed. The

results showed that the highest values for most trace metals were distributed along north and northeast coast, while

Cd and Pb also presented high value areas in the mouth and middle of the bay respectively. The trace metals in the
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Jiaozhou Bay seawater were mostly partitioned in the <1 kDa fraction with an average value of 70.1%, of which the
percentages of Cu and Cd were up to 79.0% and 77.6% respectively, while Pb was only 58.2%. Similarly, the bulk
dissolved organic carbon was also mostly partitioned in the <1 kDa size fraction with an average value of 73.1%.
Spectroscopic properties indicated that low molecular weight (LMW, <1 kDa) fractions which mainly composed of
humic-like organic matters contained more effective functional groups like hydroxyl and carboxyl groups and had
higher complexing capacities with trace metals. There were significant positive correlations between chlorophyll a
concentrations and high molecular weight (HMW, >1 kDa) proportions, indicating that primary production by
phytoplankton in the euphotic zone was the major source of HMW dissolved organic matters in seawater and influ-
enced complexation between trace metals and dissolved organic matters. The top area of the Jiaozhou Bay with
lower salinity was characterized with higher proportions of large size components, which may be resulted from the

combined effects of biological activity, terrestrial input and salinity.

Key words: trace metals; dissolved organic matters; molecular size; Jiaozhou Bay



