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(1) AR m . ff F2 &5 8 250 mL .
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Zanh, BLRL RAR AR AN [ 25 R O ) £ 1 3%
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3 {5,
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(1) RHERREE A 800A 15 75X

AR R P o IR A T A
5 L/min B 2R, W54 205, 405, 60s,
ARV s e STk B, o A B i 1R S AR
Joi s TESRERRIR B G, Vs i AU AR R (E AN
RENR RS T ]

HRRRENE Y X AR NA 1 mL.
2mL. 3 mL AR RRAMVA R LA (IR P i S
TG A AR R e IS, IE R RS R R
fift AL AR R (AR B e IS T B ), 2
BAEATE, WC SR AR B
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MerfiE s (] 2 500 mL BEESRAE A HER, ¥
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SR R SO I A K AR TS o K Ll
JH A IRt R AL 1 A7 ) A2 IR A R L i 7 R
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SEME 2 LHSEE o X LU AT AN RIS o A AR BB P A
R AR RO 25 57
[0:] = a*[0,] +b (1)
Kb, [0 8% i A A MEE, pumol/L;
(0] ¥ fff S AL IRAR I, pmol/L; e b NI HE
ES
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T REE TS 255
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VR /KRE i BRI 5 BT P 25 4%, IR
i RGm R, RITHAER . M, AENHSE
RPN SR T A AEC I e 5 SR s ) 3 DG
2.1.1 B BEERBAEREALE Yo

3 AN [m] 2 REO 2 R P 00 2 5 SR AN 1 P
T B T, NI RO R i ok
BE, BAEAPRIE DR 25 259/ 1 wmol/L, 6] 78 i
X GEE I i AR AR A T B G AN 25 18 S R, 25
A OGBS I 5 S5 R A W, X —45 R
LW, TESBRARAE Tl RE A AL IR AR 1 /N
i, AR B DR AR 1Y B 1

®1 NEMBREAARSFACEXNE LRI

AEIRESIAE/ (wmol + L)

A= Ja e I Bt 2=
A 250 mL A S500mL  AFFL2000 mL  ZFH 250 mL AR50 mL ZF2 000 mL
1 266.471 266.878 267.256 267.145 267.234 267.121 0.300
2 266.423 267.523 267.614 266.542 266.562 267.767 0.623
3 266.764 266.756 267.287 265.446 267.034 267.175 0.671
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®2 MEMM B ERS A EXNE LR

AEIREFIAE/ (wmol + L)

hac JE W e brifedn 22
b S AR SR i eIk B AR SR i
1 249.173 249.395 249.665 249.356 248.891 249.411 0.261
2 249.244 249,513 249.576 248.867 249.063 248.231 0.495
3 249.264 249.477 249.333 249.193 249.159 249.374 0.119

1 wmol/L, UiHAZSAFAN [R50 1% i ill] s 45 SR i
B RELW, B NN SREEE A BT 2
A TR FH T A A U
213 BFREAFEWI AN

AR ZH SEI A AR SRR I AT 1 SRR AR EE
239.062 wmol/L, A~ [F) %5 P J7 =X iyl 45 SR ik 3
M 4 Fin. GERFRY], KRR EE 5505
KA, Bl B A A BE G, AN ) 25 TR
IKRE RV SR B BEASREE 5 T 2 7K ARV ik SR 2
R TN R EENT, AR G B R 45
AFTANA] 0 58 A O 5 R8 A AE BRI, Rl i
BRI G AN, KA T A B S 8RBT
HyEaH, FKAEARMENR 22 20T 1 wmol/L; PN iR 7E
SERBHIET , K AR AR E . |
I T3 B 000 5 3 ) A0 1 2 0 T 2 R G 3 R
Wi, FESCPRINEErp, 28 ER 3 K AT e R B 5 R
AR 225, ICh TS f oK
SRR, DU B R EL A RO A R AT
B

R3 KERESHNRASERNEBNS TN

i FREEHE/  SEARUT AR/ Pzl
7 min (mol - L) (mol - L) (pmol - L)
1 5 239.378 238.197 239.248
2 10 240.184 238.467 239.176
3 15 239.737 238.558 239.431
Frifdm 2% 0.404 0.188 0.131

x4 KERESHMRASFENEERNIR[NSZERMN

B et/ SEAeRUT AR/ SEA A/
7 min (mol - L) (mol - L) (pmol - L)
1 5 166.741 166.377 165.928
2 10 169.108 167.68 166.284
3 15 171.518 169.576 166.452
b2 2.389 1.609 0.268
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AR M MR, X2y EON A 1
B 2205, H HEXT T3 il e SR s e vk B S8
05 % S U VRN SR AR YA, ARG
WG, N T ARUEI 1 s i b B 0 MR P N
AR, AT B —FE T R R T 1
AR SN it A B R 1 RS M S RO A T T
5T XFLEAHT, RIS AN [ B A o 1h 4 1 Ak
PEHEAT T 5040
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TR A TR BB 2R BERBFE A0, IR
fif AR FE BRI R S PRk B RS, R AR
TR ERCR I ek, 32 S MR 6 B THlA R
SR A7 R BT 5 A5 8 B F 0 B T 5 s ]
MREmREE GURD . “—" fr5foRTEizdcmd,
FRFEAEAE 30 min WIRZAR IR BIREIRE . R
3 PR UL Ay 2 B () B S 500 s PR A et D
FEEIER . HRPEERAH, EARFRKAS
PR i A BE R RE A BIAR E RAS, HakFIAR
RS E 2054 162 s, 289 s, 453 s, TMifil
A1 mL W BRFREATE RN, 7K A7 fire AU B 3 21 AR
RS FTTFE A 1407 s, FEEEMA 1 mL, 2 mL
TEBRBRENIA L, KRV S BETE 30 min NIAHE
RENFE o SR BRRR AN W 1) 7 YRR 15 7K AR
VAR, ARMETERLIN ) R BIRGE , PRI 5 Vi
SR FERR B BUOR FH A T
222 ARREAUE M R ABOE BT AT

1 I RAEARAE T, PR VA b X A% SRt i
FTIEHE SR R e ORI SR . AR SO RS I A0 R

x5 SREANRSEHIEEERER

WARAIKSs  RPIRGEIREFEN /s A2 W/ (wmol - L)
WItHE — 283.227
30 162 239.306
60 289 147.016
90 453 89.428
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F 6 FEMANLFREBINEREEHRERMER
ZH AR /mL B ERASFEN /s FAEWE GERD /(wmol -1
WItHE — 279.913
1 1 407 241.288
2 — 146.03~150.756
3 — 86.193~89.263

AREUT 10 ZRACUEM L, F g A5 it Zexs g iy A%
YA 2T T T [R]— 2 2 i I (5 300 12 JEn A
WEGEL, THE AL IR AR A M (R 5 A 00 5 {000 O 22
SERLANEE T BT, A0 3 BN, 2 4L SLE pAG HE L
LRI RIFIAMERR, HAHXRE R KR
T 0.99, RUMEIRLSME S Winkler BLEE A A w

FE—hE . RPPAR R TRV HE s B RS R, it
ST RS 5 R R DA ) I 22 T LU, 55—
20 S A X 22 Y5 LA 8.592~12.518 pumol/L, H:
10 SASHER R 2 K, 2 SRHERY T34 1
255/ o B T S T B4 O 25 0 1L Dl 9.405 ~
12.158 pmol/L, Horp 4 SRR Z R K, 2
SERHEF w22 e/ o RZH S0 1) - 34 i 22 JC I
Xl FESEPRIE LA ERT, RSt 24
HEEAER ZeAb, SR D AT RS S S L
PER2E, PRI, T4 A0 a7 o M Fn ek 20 BE ML 1E 25
8, RN ESCPRIRVERER A 6 AN S A A
HERHZE

x7 WMAIBFERKEHBLHNRETL

B . pmol/L
—_— 55—l o5 4l s
PR N N N N N N N N N N
10 s 8 kel 6 SRHE 4Rl 2 8KR0E 10 8KME 8 EAHME 6 mRIE 4 SRME 2 SR
213.750 12.278 11.347 11.129 9.121 9.530 9.949 11.004 12.567 13.928 9.343
176.250 15.113 14.406 14.028 12.020 12.267 12.815 13.741 14.789 15.668 12.080
153.125 14.005 13.456 12.965 10.957 11.092 11.730 12.566 13.254 13.795 10.905
138.125 18.908 18.425 17.887 15.879 15.967 16.643 17.441 17.979 18.379 15.780
113.750 11.310 11.034 10.348 8.340 8.280 9.074 9.754 9.817 9.772 8.093
104.063 3.496 3.334 2.567 0.142 0.417 1.276 1.891 1.694 1.405 0.230
T2 12.518 12.000 11.457 9.410 8.592 10.248 11.066 11.683 12.158 9.405
300 300
; 250 -A 250
g 200 W10 SR g 200 W10 fRE
2 ® 8 B 2 ® 8 Sk
& 150} A 6 sk = 150t A 6 sk
& V4 Nk el V4 gk
i’]ﬁ* 100k & 2 S b 100 - & 2 SR
8 y=1.077x+0.195 R?=0.995 by y=1.086x-1.925 R*=0.998
= y=1.070x+0.731 R?=0.994 >~ y=1.080x-1.709 R*=0.998
= 50 I 5 =) 50 o _ o
2 y=1.070x+0.535 R?=0.994 & y=1.096x-3.501 R*=0.997
y=1.075x-2.544 R?=0.997 p y=1.1124-5.285 R*=0.997
(083 y=1.080x-3.369 R*=1 oF @ y=1.080x-3.369 R’=1

0 50 100 150 200 250 300
FEIEARIAE/ (umol - L)
(a) 5B—4l

0 50 100 150 200 250 300
LR =N (pumol + i)
(b) B4l

B3 ARERHERBERIE &I L

223 BUEW&GH A KIRE

R PR AT SR A N T el P sl it i )
ML ATEEPERN— Bk, XA i 2 A K gt
TTRGVHN . A ST R e th ZtE 1 T 43
Br, AN 4 R, AR IR (A A vk S 3R
I RAFRULAEARDCE, HAHCRE R KT 0.99,
T A HE M 2 T F TR ISR BB IE . Bz
HEMTZe RS HE AU TIETE 1R 15 KA1 30 K24

H LR el , A EIRHELS RN 8 Bk,
IyMrEe 8 RS SRR AL, 1 KIAIBE T AR (- 25 U
2574 5.611 pmol/L, 15 KIAIFG T AAL HEE -1 22
9 4.320 wmol/L, 30 KI[EF N A HE(E -0 22 1
4.543 pmol/Lo ZGEIT240HT, AR T AAL
WEE TP HImET R EZER (p>005), RHZKHE
MEAE 30 RINPRRrRE , R G T
R
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Winkler ZEAETE/ (wmol - L)

350
300
250
200 |
150
100 |

50t =

L
y=1.012-0.90
R*=0.998

L 1 1 1 ]

0 1
0

50 100

150 200 250 300 350

IR E/ (wmol 1)
4 fERIRHIARAE L
x8 AEIREIER TRERFREENREST

FE IR HELE R/ (umol - L)

w2/ (wmol + L)

1R 15K 30 K 1K 15K 30 K
BeEld Bl ROEE ROMEE BOfEE KA
236.242  238.145 248274 7.938 8.363 4.922
189.749  184.253  198.614 6.993 5.929 10.708
141755  136.652  148.256 4.396 6.010 1.470
94.908 96.377 98.470 2.803 6.589 0.473
46.474 50.772 49.536 5.865 5.869 4.970

5.673 6.838 5.120 5.673 6.838 5.120

23 ETRFABEERINIGRENES ZE

VASEER

2.3.1 I RAEM E TR RARA L
MPERISCARTE, AR SCEAT T SRR B3R

FENE I, EARGARRNE 5. BU RN E ik
FEAFELIT I,

(1) fRIRGeAHE: ARSI R
R HH R ) R KA R R, TR 40 )
5 6 IMEFEE VL FEIZE 0~100% 1 BERERE 5, B4~
W B2 A BE sl I R G B o, R AR A
RS E G R I E (A el 2k, dsr 2k
PERIERE GR() .

(2) WEARAAUKARINNE ;. LIRS A B2
o, SRETH S AR B LR R A A, REE TARIR
DIFeBICRBEE . Ml EREhEAKEE, 5% 50
TGS S L BE R il th B
e ST I SR /KRR 1305 B2 FAL IR

(3) FRPERME: AR P e I B2 AN IS
YR BE XS K AREAR R I (AT 2R RS, 15 BIL I
arAMEE

(4) RGBT . HHRBEMEA T T
B IFARIRERAMATH , RIS
232 ARRENE L a3 ik & A 5 B e
x5 H

ARSI E I A, TR s IR A
T 8 ARBEA R B HEARRE A, 30 SR AL 12 ]
SEHCRFEINE R KRR AT 1 3 YCFATINE

i G

PRI = etz
(BRI E

A

KB E

ARBOKAEIR B

SN

e BOIOKHE L TR
wen (Y )= =

(RS e FfE A B LE
BIE IR AMAE

IR I
=

B 5 DSHRENERERERE

Kt BE AR R = R A T 45 S A AR X o g 22
(Relative Standard Deviation, RSD) , A% Hr5 i 22
M, FoRR AR I PR, R 9 T,
D23 52 Ty ¥ B9 RSD 1l [l 7E 0.039% ~0.547% ,
SEXE R 0.178% , 2% B A% B 76 0 2 5 5 0k 3

BN, EEE R R e S BRI, R
D BT 6 FE 0H T SRR, O X AE i R4 T
SEMNAE o TR AR SRAE it A2 2l DU {55 Al V0 1
HIFET iR 2 (Relative Error, RE), FHXiRZE#)N,
Ul W1 43 B 295 SR ) R BB o ) O 4 DU 1Y



52

Ay,
£

M 5445

RE U [~ 1.394%~3.348% , 3] RE & 2.605% .
SR I SRR I S 0 S A A R 25 T 3%,

FWILIEARI E 45 R A BRI, RER T A2
SEBRI TR o

F9 HRESNESHELNENEZENAREITLL
o WL/ DR A
(pmol - L) TIPS R/ (ol - 1) RIS/ (umol - 1) RSD {£/% RE {ti/%
1 290.313 281.797 281.602 281.602 281.67 0.039 2978
2 263.125 255.083 255.180 255.461 255.24 0.075 2.996
3 227.813 221.801 221.705 221.029 221.51 0.197 2.766
4 213.750 206.754 206.754 206.272 206.59 0.141 3348
5 197.500 191.997 192.093 191.804 191.96 0.086 2.803
6 170.938 166.532 166.918 166.725 166.73 0.140 2.464
7 137.813 136.438 135.474 135.763 135.89 0.574 1.394
8 86.250 88.018 87.921 88.211 88.05 0.171 2.087
233 FERENE LSRN LK ST ST 137 mL FEGORXS K AR TR A . DN SRR AN AR

TETR R I A O e A SRR RN T, MG
KA it AR IR R PRI, DRIl e s 28 AP AR it P 9
FER BCHE B, ASURYEIETE AR, 70
SR AL SR i AR A 0 [ — R KA, sk
Tl 2 5 2 A R AR NI S KR 2o AR v A T A
i, A 3 Y

KA AYZERANZE 10 B o A U RAR I 52 1Y
K 2 55 19 U ik 5 ST AR 7 A B 0 T O
SRR, R kI S O FE /K L5 P I e RE
KR =Y A T E R R KR . R A
s, I RICRAE DU 5 R At T T AR (Y KR P-4
PRERN 175 mL, 55 & Ge i ok I 7E B il e i

HR A BT SO I AR R SY , ARl Aan - 545 mL PFE/K ALY, BERETZY 2/3 HURESHTHAE .
deraa 4831 BYE i E G2 AL IR 5], K 190 mL R, AR 5 e i KRR S AT I 2 B, RERE K
175 B SE LA BT A I B R R SE IR =N 3 MK KEACAE i BTH FE
FE G, PG A X A OK REHEATIN 5 L [R) st i

F10 ISR E S R BT EE sk B Xt b
. W R AR BRI E
e WKL AR KEmL SR KL WUREAKRmL  DERAK/mL SRR Kb/l
1 60 114 174 120 413 533
65 115 180 130 415 545
3 58 114 172 125 415 540
2.3.4 I RAEN T T ke i LI B A PEEERANER 11 P,
RIS UEAS SCHE ST /Y B 370 58 v W S R S g RR B, L AR 2 g5 R VE RN

2024 4 8 ARI7E R L AR A i i A 5 0t
17 7 BB N2 . S92 5 T Aanderaa 4831
UV i SR SRR X 16 a6 PV i SR RE AT T
WY BN E , IF RIS (Pl kAT T
TR . AR A BB TR T A% s A T AL
e, FOMESE R A R AL TR T A 200 mIL &R
TF I 0 2 A8 T I %o A il s 0 A SE K R AT SR

RAESERE TR E , LR 16 4140, HAR%L

108.702~306.500 pmol/L, Bl 5 V5 ik SR R FEE
ﬁ@ﬁtﬁ&&%Mﬁumm‘%ﬂ%@*#
Sk e 25 R A & . El 6 R, 1
AN it B AR VR 5 A SR LA iﬁﬁaﬁﬂ%ﬁa‘é
P, HAERE R>=0.985, M 16 LS LI
iR ML R mZE T LUE Y, P I W27
FIA 0.523~12.790 pmol/L, “F¥f2EH 5297 wmol/L.
PRI AE J5 V5 i 25 RAm 22 AR, — B A X3
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B,

S5 BETOL AR IR BT KR i S IR RN E T TS 53

Ufo VA L IRER MR S R A R BN — 2L,
ARSCHEST I 7 7 1 T E ﬂﬁﬁ#ﬁ%ﬁ%
A ESRMEA BB T B, )5
EAE LI RN R 22 .

x11 EiEdLER 16 MERNERBNELSREMWER

i FH

— A

R
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Research on On-Board Sampling and Measurement Methods of Seawater Dissolved

Oxygen Based on Optical Sensors

WEI Jinyan"2 ZHENG Minhui'*** XU Xin’, SHEN Xiaohan"?

(1. Key Laboratory of Marine Ecosystem Dynamics, Ministry of Natural Resources, Hangzhou 310012, China; 2. Technology Innovation
Center for Ocean Intelligent Sensing, Ministry of Natural Resources, Hangzhou 310012, China; 3. State Key Laboratory of Satellite Ocean
Environment Dynamics, Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China; 4. Jiangsu
Innovation Center for Deep-Sea Information Technology and Equipment, Changzhou 213001, China; 5. South China Sea Marine
Survey Center, Ministry of Natural Resources, Guangzhou 510300, China)

Abstract: In view of the current lack of technical guidelines for dissolved oxygen sensors in marine on-board sampling and measurement,
this study systematically analyzed the influence of measurement bottle characteristics on sensor performance using the Aanderaa 4831
optical dissolved oxygen sensor. A rapid calibration method suitable for field operations was explored, and a comprehensive on-board
sampling and measurement protocol was established and applied in marine field tests. The results indicate that the volume and material of
the measurement bottle have no significant impact on the results, but airtightness affects data stability. Compared to the sodium sulfite
solution calibration method, the nitrogen gas calibration method is more suitable for rapid field calibration, with six calibration points
sufficient to meet requirements. The sensor requires no recalibration within 30 days. The sensor-based measurements were consistent with
the Winkler (iodometric) method, demonstrating laboratory precision and accuracy of 0.178% and 2.605%, respectively. Field tests at 16
stations in the South China Sea showed an average deviation of 5.297 pwmol/L from the Winkler method, while the sensor method reduced
water consumption by nearly two-thirds. This study establishes an optical sensor-based on-board sampling and measurement method for
seawater dissolved oxygen and validates its marine application, providing technical support for improving marine survey efficiency and
standardizing dissolved oxygen sensor use.

Keywords: seawater dissolved oxygen; optical dissolved oxygen sensor; sampling and measurement; measurement bottle



