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Fig.1 Locations for sampling during the cruise in the Jiaozhou Bay in October 2010
£ 1 2010-10 BME 15 MERHETSH

Table 1 Fundamental parameters at the 15 stations in the Jiaozhou Bay (Cruise in Oct, 2010)

¥ iz % /E /N HCRE B 1] "R/ C WE/m
Al 120°10'30" 36°10'59" 12:15 15.0 3
A2 120°19'30" 36°12'00" 9:30 13.6 6
Bl 120°09’00" 36°09'50" 12:50 15.0 3
B2 120°12'54" 36°09'50" 10,50 14.9 4
B3 120°16'48" 36°09'50" 10:10 14.3 5
B5 120°21'00" 36°09'50" 8.40 15.8 5
C1 120°07'30" 36°07'41" 13:30 13.8 2
C2 120°11'24" 36°07'41" 1445 16.5 7
C3 120°15'18" 36°07'41" 1600 17.1 15
C5 120°19'19" 36°07'41" 8:00 16.1 9
D1 120°09’00" 36°05'31" 14:10 15.5 7
D2 120°13'30" 36°05'31" 15,23 17. 4 16
D4 120°18’00" 36°05'31" 7:10 16. 4 11
E1l 120°15'00" 36°18'00" 1700 17.7 18
E3 120°18’07" 36°01'59" 17:35 16. 4 27
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RZ WA BRI R BB KK 8 RE KFERER BHE AARERN 0. 22 pm (R BET I8 BT
VR Ve AR, [ B B SE B 2 7 B A3 AT . SRR RN A3 M e AR v BT BB A AR S B SE T 450 C OBy K 4% 6
h, X FABESE AT R B HL A 25 2R 5 b X AT S AL S L SE A 100 3hMRVERBIE 24 h ARG R A £
B /K MILL-Q 7K I BEAIIE O e ofr e T3, T L PIE VR S XL T SR AR A T J5 IO DR AE

1.2 LMWOAs 4 #

N FA B ) Daniel B, Albert™ {77k XH i K £ 5 # 19 LWMOASs 47 @B &0 . ¥ 2 mL 4 0. 22
pm BB BT B KRR R B A E SR 4 mL B GO P A SRR AL B ML SR vh W, A
R 4 min, RJGRKKIMA 0.1 mol « L™ IEEE R BB (NPH, Sigma) %W 0.3 mol « L' 2-"HILHR
EiR W (EDC, Sigma) 4 0.2 mL & FEET,1.5 h FMA 0.2 mL 40 % (w/v) &AL
HIEBOPRAEMTE 70 THE 10 min, S5 AR H % 7R B .0 ML (SC-3610, B R 8181 B0 A R A B/ FAE A
ADRERE G T VR I AR ERY O RBR BB 100 pL R BORAH A TS (HPLO) 4347 .

BT F HPLC 24 Agilent-1100, LA ZELMBE S ML . VU T #6 BE R . T 3h it M 28 (100 pL) %8 B 36, 25046 T 2%
(400 nm) } Agilent fb2= TAEu; . B 4154 4 Agilent Eclipse X DB-C8(4. 6 mm X150 mm X5 pm), ¥
A A:2. 5% IET BE, 50 mmol « L' BEER 4K, 2 mmol « L' & & 4L 19 T 4% (Cy Hy;; NO » 30H, O, Sigma),
2 mmol « L™ RAb 1 Wkt 3L H 42 (TDTMAB, Sigma) , R J5 FIBEER K 8 pH 2 4. 5; W 348 B {4 50 mmol
« L' TDTMAB, ¥R AH1ES min WRESIAHHZ PR A BB B IR0RFF 20 min, BEER.IET EEH
B Byl HPLC kA, 2% F 7K 2 Milli-Q 7K (Millipore Elix10 USA),

FHMG 7 8 B vl AR I i 3 R A HLER . 4R B B B4R KA 6. 9,9. 0,10, 2 min, 43 HIMRRILER . S BR P R,
X 3 ARV EE M SR ER R LS . 7k B R T B L A R A9 A E it SR AT e R BU(R?) LA
S AR ENR 22 (RSDY &3 2 B,

2 LMWOAs 5 #77 B0 R AT R R E B A X R

Table 2 The detection limit, relative standard deviation (RSD) and linear correlation coefficient
of the analysis method for LMWQOAs

AL AL il % R RSD/% R
/X102 mol « L1 /pmol « L1

IO 0.005—2 3.8292X + 0.8322 0.9994 2.6 0.13

Z M 0.005—2 2. 2869X + 3.8876 0.9998 5.1 0.32

H 0.005—2 6.3306X + 29. 788 0.9923 5.2 0.13

1.3 DOC X Chl-a (i 5 #7

DOC {431 2 iz A iR 4 S AL 9 07 i, B A AR 2 DOC 43 #AX (TOC-VCPH, Shimadzu 23 ] , ¥
TKRE T B R TS R BR AL S 28 Al A AWRBR S TR B B TR ST S KRR A R IR (R
0.5%Pt-ALOy) , TAEREEEJ 680 °C, LK PR EE N 50 pL. A LR IE M40 i R = R AL A
1k, EALT 9 CO, W AR ABZL MR BT A0 e W 2 5 5 g A, B R ZF R THEMLEHRE
DOC W . FEMFATIE 2~3 M E XM ZE/NT 226, 78285 BRI E M 44T, 7 35 IR T R
0.05 mg C/LMI,

Chl-a [543 #7132 R DG BB, BUE B K AE 4 Whatman GF/F B4 R L 98 )5, AR 78
BEEET 20 CRERE. HHTEREEEEH 90% (RS0 WE/K BB R AR B 24 h, A Turner 3%
FAGETI N,
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2.1 KMEREKH LMWOAs MR ERKFSH

iR 2010-10 B B R JZK HFLER  Z BRI BRI 2 B 20 A (GR 3) 3R, 1X 3 PR A9 vk I 4L E Bl o
A 1.72~11.11,4.47~17.98,2. 89~6. 04 pmol » L™, F-Ig¥k B 43 5 24 (3. 25 £2. 25), (12. 77 £2. 94),
(4.90%1.27)pmol « L7', 3 FhBR A9 M ¥ BE (TOA) 2 4L i Bl k7 18. 02~24. 66 pmol « L™, FHg ¥k B R
(20.95+1.95) pmol » L', FLBR.ZBMFMHEER L TOA ¥ 4381 K 15.62%,60.97%,23. 41%, &
IS R R BE AL, ZERM MR B AR VR LA . Albert 07 0 BOG B) A A 45 SRR W fEJRIG IR
SRR DB HLER B RS NS R R K B AR ] (P IR YR B g 35 8 10 pmol « LT B, R
TSGR R W T (R 43 7 A DLER RO 4L AR5 KRR R K 76 B B RO R [T ) 4 Xiao 800 1 19 4
HE NG R [E] BR K K W 2] 7 LMWOASs, 73 5 A FL R CBR PR N ER . RS BRI BB M B R, Horh
B R 1) & B o P VR B 24. 35 pmol « L7 5 B R BESED Y 0 5 M 2 TR 2 B K IR 43 7 BT HLER Y 4
BT TR SR B B P FEMAIRARAN R PRAER, KPRV SRR .

RIBMERBEBXPRS FEFVE.DOC.Chl-a FIR E
Table 3 Concentrations of LMWQAs, DOC and Chl-a in the surface water of the Jiaozhou Bay

BAH LR/ ol » L1 TOA DOC Chl-a

L

A OB Z B’ /pmol + L71 /pmol + L1 /ug+ L7}

Al 1.72 13.43 4,19 19. 34 168.17 1.18
A2 2.84 13.21 3.86 19.91 197.50 0.94
Bl 3.54 12.07 4. 39 20.00 156. 00 0.94
B2 2.39 11.59 4.42 18. 40 161. 25 1.21
B3 2.71 12. 77 8.37 23.85 196. 33 1.45
B5 2.92 13.04 5.61 21.57 174.75 1.11
Cl 11.11 4.47 4.68 20. 26 164.75 0. 66
C2 2.16 15. 48 2. 89 20.53 146. 67 0.97
C3 2.47 10. 46 5.09 18.02 151. 67 0.75
C5 2.00 12. 86 5.91 20.77 150. 08 0.72
D1 2.63 17.98 4,05 24, 66 145. 00 1.20
D2 3.70 15.79 4,24 23.73 151.75 0.73
D4 3.54 12.69 6. 04 22.27 169. 25 0.41
El 2.16 13. 30 4,57 20. 03 140. 25 0.70
E3 2.92 12, 47 5.21 20. 90 144. 83 0. 65
SEE 3.25 12.77 4.90 20.95 161. 22 0.91

BT 3 AR BLER B A LBR A 43 A5 0 2 B . Bl 2a~T8] 2¢ TTLAR Y FLIR 2 R . IR Y B K E
43 B4 T CL.D1 Fl B3 354, ¥R E 490K 11. 11,17, 98,8. 37 pmol « L', H i /ME 4> B4 T A1.C1 1 C2
VL WAy MR 1.72,4.47,2.89 pmol » L & 2d T LAFE ), TOA W& KA T D1 #if, K 24. 66
pmol « L™, F/MEAL T C3 3542, 4 18. 02 ymol » L™, phah, FLER AN 2, R 19 43 A #a 35 A0 50 , 76 1 JH 125 76 o
o A0 B2 T T8 A SO 22 (B R K S, XM ER W E B R T HAM X . SR LR L, B RR 090
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Fig. 2 Horizontal distributions of lactate, acetate, formate and TOA in the surface water

of the Jiaozhou Bay in October 2010
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Fig.3 Correlations among the three organic acids in the surface water of the Jiaozhou Bay

2.3 3MENBREKERHE

LA 45 F 2008 4EXFREK RS F A VLR IORIEIEAT T B 5, AR 5 S IBO7 7 IS R o T IR K o
PR LR LAE (F/AD W FI A HLERR IR O7 5 i T M R 27K 5 KA Z B A7 V- » ds AR 45
i 2 CBATT AT LAFS BN 75 2 2 K A HLBR SR IR B9 0 5 S PR BB (F/ A g

([HCOO™ J+[HCOOH ]
([CH;COO™ ]+ [CH;COOHD

:(PHCOOH/PCchOOH) * (K /K » [KHCOOH/[H+:|+1/(KCH3000H/|:H+:|+1):|

Kucoon/[H"]+1
KCH3COOH/[H+:|+1

%(F/A)g . (Khl/KhZ) . (KHCOOH/KCHSCOOH)
= 6.35
EJ:J@/L\\:—EQEF' »Fornaro %UG] é’lﬁ\ﬁ E‘Ji(%[‘%ﬂiﬁﬁl@ﬂéﬂﬁE‘J#U%i’?ﬁﬁ(F/A)g=1 » Kucoon ,KCHscOOHﬁ’%'J
JH R BRI BB AT 1. 77X10 “ mol « L™, 1. 76 X 107° mol » L™ (298. 15K) ; Ky » Ky 43 Bl 7 B
% . Z R B = ] 3 %1, 4 B 0. 055 mol « (L » Pa) ™', 0. 087 mol » (L « Pa) ' (298. 15K); [HCOO™ J;,
[CH,COO™ 143 5124 B M ¥ R B /K dh R L B8 A9 MR B (mol » L) 5 Prcoon ~ Pen, coon 23 31 8 S AH H FIER
RS R Y E(Pa) s [HT I W H BT A FHRE (mol » LY, BB E R pH ER S, i TRMBERZEK
B pH 7€ 8 &4 » MUA W LU L5 1 A HLER R U5 59 H) & PRI IR(E (F/A) . K 6. 35, HEMEBREK S
T F/A>(F/A) B, RITE MR EZRE TR E YRR ERA LR 4 F/A<(F/A) 0, R
BIAE DR EEREF ARG EF= R ARG RESWHR . N xmEO0, fIA LA HEAR, &
I AR R M RIZ K H AR R R IE (LR O 8RR AERME 15 N F/A 23/ T (F/
A AT RN RZARF AV ZERZ ARG W, AT, R4E Albert % %t 2 ¥ it & /K 195
HREGER E-NEABRAANLEHMHEX RETRMRETRZS T L08R, HMITREE LT 2~4 ZE, &
A AR REISE, RN ATAHE AKX AR THBE K HEF IR EERRERK. LikE,
WEIK FITR KRR S A — DN E B ARG K A KB A YTE S AR 7= 4 FiE 7R & A A pLER , B 2E T+ A
S BRI 1 A B 468 0 2% 1 W P R A0 A e e 3R R R (F/AD VA K AT . (F/A), = (F/A) X
(Ry/Rpa) o Re/RABFERMZBR AR, AT, 8 BRGHIE A S K ik W #p B2 8 5% = E A E 1+
SrF I ANFE Albert™ P S X E R B ZRM A H KR B HTHR, W2 Re/Ra/NF 1. (F/A, A

(F/A),,=[HCOO 1;/[CH,COO J;=

:(F/A)g * (Ku /K2 e
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WHLNLIZ /DT 6. 35, 3 ELHEH FE b F P AR 19 R 35 i R 9 AL M 2246 . [ Albert BYBF T 45 RAT B, ATR
Y JEE N VSRR v TR BR R LR A EL ARG R /N T 2. RE I T HLZ Re/Ra BBHE 1 TC 1 RAR (F/ A
o T AR (F/A) G H FUE BN B R Z WK P A FLER R IR T A S S A2 & B, AT & N 5 19 58
PRiE UL

F4 RMERBEKDENBRARER

Table 4 The sources of organic acids in the surface water of the Jiaozhou Bay

WL pH F/A
Al 8. 048 0.31
A2 7.926 0.29
Bl 8.048 0.36
B2 8.011 0.38
B3 7.950 0.66
B5 7.951 0.43
Cl 7.990 1.05
C2 8. 020 0.19
C3 8.035 0.49
C5 7.990 0.46
D1 8. 037 0.23
D2 8. 040 0.27
D4 8.011 0.48
El 8. 058 0. 34
E3 8. 050 0.42

2.4 REMEREKST LMWOAs FHpEE

BMEREZK S LMWOAs MIRE S A Z M AEMEN R ZMAEY S RYERHZm, EHET
LMWOAs MR+ a2 2 BREFEENYERERATRE BB RYHER B KFEFADTE. B
£ 1985 4, Sansone!' ™ By B 55 K B , 7E Cape Lookout Bight R UL 1 . 45 K ZHF VLI B B KRGS T
W A PR AR RENBRMNEEERERANREES TS RER, Tl Rl AEEGK.
PLE Tl A R F Y P Re B M B K R h AR W i E B MR TE ANRE S ELPRHEWEX,

2.4.1 QHEFMREFZRD G YR

EHEMEXERITHATEZEO MERRY R EFY NG X, NEREF , GLR W2 1 E R
FYPRERRKN—K, HEEMIEETRERFYN 80%~90%" . F W HEMEIRA TF S BME 05
AN (35°59'24"~35°58"39"N,120°18'00" ~120°20"00"E) , BEBS % M T 6. 7 km, T ARYY 7 km?, ¥ IF- ¥k
W22m, REMEGHRYCEWBHESHRERT —ERENGEE, T EESHEBIGEKE RV EE
R BEARK AR 78 S0 » AT BB B2 A Wy 9 6 B A ) BB AR A R A 7 07 5 o — D TG » AU 30 ) Y K R B 17 )
YA YFRBE T AEE. BEEYELSR T XERSEERA TREEYEAF WL, M LM-
WOAs B P AR AR MI R P IEE BEEA PRI =Y, #mn T ARG SRS, RIS
RBEH AT RINE OB E1 R E3S 342 TOA By HBE435124 20. 03 F1 20. 90 pmol « L1, X B> 4l fL 52 15 1§
BYSEMABE K — 8, 3 Bk il TOA ME R IZAR —2, HEFR EX WA TOA B ¥R B 3F A%, W 20
pmol « L™ PA b, FATH 22 15 45 T 48] X i % il o
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2.4.2 AEXGBREDGHH

Alexander van Geen %758 szt X 3% [ A48 J2 WM 1B & LG WS UL R RO B 58 R W L 9% 46 9 A28 08 sh it
EEIRENGREAERWEN, EARFAES, RNEHILHAREBEX S5EREEZAE —E 1N ZE X,
DA K 35 ) A 10 Ak B W 04 7 ) 5 000 328 fek J R B X T B N 98 R EL b VO 3t X S R A O B R A N8 TE B
X3, DI amERT S ELTE F & KRB AR REAL LT, 7 £ 15 4 ¥l o 18 B0 A
AT ENADBREE . C5 a2 T B . BS BifLE A I AN O 5h, M2 I 5 5 i
WMEMGERMAL FANALT ER BT FELZL . RORETIR, GEHTHSHHWREEBRK
AT A R AR S T Tl . ALK B A 7 0 gl v 7 A B RSB K 58 DA B B AR 3 P AR 75 K
B AF AR AT LA B R) B o R A BN o BE R A R R B, TOA By KAB AL T D1 3 iz, g 24. 66
pmol « L7V, T T3 59 B1,B5,C1,C5 #l D4 3542 TOA B ¥R JE WA X 588 , 16 20 ymol « LA b, T
f FRER Y B2,C3 AR FGILHRA AL 3 AL TOA B BEAR X 88/, AT L 3X 88 A 2K 7% B % LMWOAS () % i
B,
2.4.3 MEFRAEHHTR

Crawford ZE™ %t F DU 3% 78 IX B 3 ) TR0 3 5 18 2 2 B0 R 1 Th DR B DO B WA 400 9 R I L LBk
W& BRI R B N R R B E M EE AR T NRREIEEESRENE W, ENRE
S X AEYUIFEEMIET A, AW UiREE KRR YRGS 2R, H @5 A R &7 5 & A PR 5/
OB, 1 e ML) TE R 2 (9 HE AR AR 0 SIS L J TR R L K, BRI T AT A AR S S T A
ROFREEE, SR A Y E AR M SRR AR ER S TR A VBRI B KRR IS B, ME 2d 7T
DI 7R IS 2R PG 9 o DL 3R 8 X 3R TOA ok BER M, ) 4 B5, C5, D1 i TOA ¥k BE 3 7E 20
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Fig. 4 The scallop culture areas in the Jiaozhou Bay
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2.5 TOA 5 DOC K Chl-a JfH <%

2.5.1 TOA 5 DOC # # %
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B4 19. 65% ~33.03% . F-3 Ll K 25. 23% , LMWOAs %} DOC B R B ZE. HE Sa iTUE L, BN E
RIzZ/KH TOA 5 TOA/DOC W4 3 R ARF , i X fr & M & i 2 TOA 5 TOA/DOC ¥ FE 247
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Fig.5 The relationship between TOA and TOA/DOC in the surface water of the Jiaozhou Bay

2.5.2 TOA 5 Chl-a #5483 £

Chl-a B HEY AT HEGEANFTECR AN ERIERHEYEYEN—TEEER" . Goutx
S0000 3 3 of b, Vi ZE B 3 AT IS K B B R & 4 T R LI (B I Z TR AR T ER %) 5 Chla ZJH]
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Fig. 6 The correlation between TOA and chlorophyll-a in the surface water of the Jiaozhou Bay
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Distribution and Characteristics of Low Molecular-Weight
Organic Acids in the Surface Water of the Jiaozhou Bay

LIU Zong-li"*, DING Hai-bing"?, YANG Gui-peng'**
(1. College of Chemistry and Chemical Engineer , Ocean University of China, Qingdao 266003, China;
2. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Qingdao 266003, China)

Abstract: Qualitative and quantitative analyses of low molecular weight organic acids (LMWOQOASs) in the
surface water samples collected from 15 stations in the Jiaozhou Bay in October 2010 were conducted by
means of high performance liquid chromatography (HPLC). The results show that three typical LM-
WOAs, lactate, acetate and formate, are detected in the surface water of the Jiaozhou Bay. The total con-
centration of the three acids (TOA) ranges from 18. 02 to 24. 66 mol L', with an average of (20. 95
1.95) mol L™, Concentrations of lactate, acetate and formate vary between 1. 72~11, 11,4, 47 ~17. 98
and 2.89~6.04 pmol + L™" and have the average values of (3.2522.25), (12.77£2. 94) and (4. 90 %
1.27) pmol « L™, respectively. The average concentration of acetate is significantly higher than those of
lactate and formate. In general, the concentrations of the three acids tend to be higher nearshore and lower
offshore. The human activities are the major sources of LMWOAs and affect critically the distributions of
LMWOAs in the bay. In addition, concentrations of dissolved organic carbon (DOC) and chlorophyll a
(Chl-a) and their relationships with TOA were also analyzed. The results show that the concentration of
DOC in the surface water of the Jiaozhou Bay ranges from 140. 25 to 197. 50 mol L™', with an average of
(161.22=+17.67) mol L', and the concentration of Chl-a ranges from 0. 70 to 1. 45 mol L™!, with an av-
erage of (0.91 0.28) mol L™'. The study also find that a distinct correlation occurs between the concentra-
tion of TOA and the ratio of TOA/DOC (R=0. 554 6, n=15, P<{0. 05), but between the concentrations
of TOA and Chl-a no significant correlation has been found, indicating that the biological effects on LM-
WOASs is not remarkable in the bay.
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