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([R5 K2 v o4 B A 0=, LI 200092)

BE: ATFBAELEHT Fe()THALEKERH T AT L KGRI, BAONFEHBERFLE LR
%, B THKF Fe()REMEZBEQHIINF 5 E%., 241208 EHE. 2BR. =8ER
FA(BED. BT B RIERAER, EREZTUREGSH T, TAEMBIE BKAED T Fe(I)RE 1
AAMZ ., ZHRACR R EM (3L KBk E A pH. XA SRR, $HE S, SR E )RR R
A2, FRAE T XN X, FRGIHTE A S Fo G RIEERAALSF] A 80 F7 400 uL, Fe(I1)RZE B
# 0.01~ 8.0 nmol-L' B, £ AAZF5RE S Fe(I)RE ZLMAX, ANMRAKZE 4.1 pmol-L~', 1.0 nmol-L"!
Fe(INAR i 4 11 KM Z AT £ A 3.6%. AR T HKT E2EF4EE T FH HB Rt m 2
HRGTH, 4 REPHEB S Cu(ID L HEFTRAFMRK, ERRERT Cu(l) EEAFNELSEHF
f, @it A P A AT MR- KBTS Cu(IDA, IELA M Cu(IDAW3T Fe(Il)m 2 F Hi ),
HHEAR[FEW R, LW L. 1-Q-—EABR)-2- BB F TN ERRAAEARE Fe(I)SAHF5K
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47771, Fe TR AR RGE . WA S & BRA Mo
AR A LU, W RS Fe RIS
Fe(ID Fe(II)PIFM 2, TEFFRERPEHEK T, FEL
Fe(IID) 2 &, v B — % Sy 44 B8 /K /7 (nmol- L) 4%,
Fe(ID) A ¥ FE AT TEAR, Ry 2 BE 7R/ FH(pmol L4 . 7E
AT R B B AR K P, Fe(IT)He B2 AT AEA iy, B2 Mt
Fe(IlD), WAL [ THA B kAR P Y Fe(LDUE JE e 5
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Hh, ATHITFSR O 4R, M S Fe(ID) L 2
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T AIARCRE 2, ARSI AT, IR R i R 2
PA— M A B o s, R bt it T AR SR G
BR300, SR BEARIAT FIRE Sl I #E £, Oliveira FFBUEEST
T AR A 5 - 1 S5 2 (Mlicro-Sequential  Injection
Lab-On-Valve, uSI-LOV) T &488, ER M1 T 757
FIRESHIARBUL S 54 100 F1 50 ul, Fe(ID)AY R MHAGmFR
41000 pmol-L™; Jones SF32R AT HLACHA AL, 18
FEE TR Fe(ID)#% & R AT G & G155 255 E o0 Hr
Fe(IDIREE, i iR AL AR 3000 33 #1210 pL,
KBRSy 110 pmol- L™, R iR RS T W& KR
TR FIRE S FE R, AR CASI BRAT SR 2 F I Rl Rt 7K
Y Fe(IDIR EE(ZJLEJLH pmol-L), —AT] B %
BT IR R PERR B Fe(IDHREERYINE . 741, R
WK e 4 B T X oK AL Fe(1D) & 6 R
(ISE A B 25T, (HAT HILBC R R & 6 RN 52 A 1)
WD, Ussher SIS 178 pH=5.5 Z&AF T, WE
41100 nmol-L-" (A5 LB AN I 5 25 S (510

A5 38 5 B A W T 3T (Sequential  Injection
Analysis, SIAF AT EAGEE KT Fe(I¥k
JEH ST RG, %R G ARG A, H
SR AN RIS, R E A Pl sk
R BE IR Fe(IDIIINSE o S0, ABFFORERT 2 Fh 4
J& TCF A ALECAARNT KR B 5 i A THRE

1 Me57E
1.1 KA 5HR

FREGE G oK (- -2, 3-2 &1, 448K
M, Sigma-Aldrich 2\ )% f# T NH3-NHLCl K&,
el pH=11.8 A 1.0 mmol- L' & KiFIFM, T 4°C&
PR EOCIRAE, #E 12 /DB S

PR OH @ i (NHa)2Fe(SOs4)2-6H,O(Sigma-Aldrich
NADET 0.01 MERER, Bk E 4 10.0 mmol- L
() Fe(IDAf 351 W o R4 T 74 1 T 1 119 3R )23 g 7K i
Je4: Chelex 100 #fJgtEid U8R % Fe. Cu. Mn. Zn
G JE A, 152 KRS . B2 KRR R
B Fe(IN)fi A5 7 WBC ] I s MR BE Y Fe(IDAR TR ML,
FEIARG ER N pH P82 2.0, 431 FH 8 4K 7 B
Mn(II). Cu(Il). V(V). Zn(II). Ni(Il) . Fe(IIT)Hl Cr(I1T)
o 0 I (L v T R 0 3 AR ATE 5 B ) B T 7 e
JE 1) 4 J8 B AR TR o

A ML AR JE W R (Ferrozine) . & — % 4 £ g
(ethylene diamine tetraacetic acid, EDTA)HI —. 2 — i

. Z.FR(diethylenetriamine pentaacetic acid, DTPA)pRiE
Vv R AR FL I, /KA 1E 5 (salicylaldoxime, SA)F
1-(2- ik BE ) & )-2- Z5 M (1-(2-Pyridylazo)-2-naphthol,
PAN) R A O F B, iR iR 20 B Sigma-
Aldrich A .

1.2 RE5F &

MR 527 '3 A R GRS AL (MSP1-CX,
TRAE ARG IR A W) L /7 e 1) (EUA-26021, Valco
Instruments Co. Inc.), il =3#iE K th(4.5 mmx 1 mmx
0.5 mm, HHNAEFIEERH319-01, HAENETHE
AR, REAURWE 1 FiR. HE A
Sopf o H A —SliE i, bamt- s T miE A
EKIR WAL, H H R — E e AR
HHRG 206, T hBUiEiE, e T a3
F ROt HE S o TR B AR R R R
KA, XA DA 5 BAT A R BB iz, A A0 B
TR, HAFE: 2 R AT S HE 3, Apt
FEEE I H9319-01 AUSEFIHARE 420 nm HA
REPE@A.1x10° s1-pW ), GEKIRARIOGHK 425 nm
FEIE USRIy 2R S D2, BDGFHEs B
CE T R RTHASOUE S, A0 Tl e ki
ARSI =, o E R R R ey, A A B
SPERTREA TR, AR Z RERZAE A NAE 0.8 mm
IR OIS, B IR RS E T N LR A e
ST FIITE Keils B HIFA AT PSR
e Ao, SUbss, SPUGE AR 1 s,

2 ERE5®

2.1 R &AL

211 BB

TEATIFE (AR RO CIR R P, SRR R RO
IR, Ho B S IR R A5 SR e . RS T KR
WFEAE 0.1 ~ 10.0 mmol- L J PN &R Sk B 5
Wi(F 2a). Z5REITSEAFEHEE/NT 1.0 mmol-L' B,
RV LRI F B GAE S 1R, (50 HLIRRE = 1
I, MEKEHERT 1.0 mmol-L™, £G5S ENE
AXEN, (EfEME LA IR, FIER: 1.0 mmol L
VERE KRR, LAFRAS o AR
2.1.2 B, SRR R R

T 75 IR i A A R R A e R 5 w3 590 AR
min Z B AR ELIR A AN B B, RS2 0 AR 55 o
WIS T B KGR R 3 T 1 £ 7 1 1 AR ERF
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Fig. 1 Schematic of the sequential injection analysis system with the chemiluminescence method

R1NFEF-UFLLDTRGNEGKD Fe()RERRIZ
Tab. 1 Protocol sequence for determining Fe(II) concentration in seawater using the sequential injection analysis system
with the chemiluminescence method

R Pz TN 2
. AR T
REpat HEFE I R !
EER I
TEITR B 250 L5
T I B it 7
BRI T A1 ggg é@%ﬁ% i
e NS pE Rl 400 pL
e B R 6
o TEH 2 EITHELVIN 600 uL
SRR e W 5
ERNES He B 2lioK 600 pL
Y4 1 W >
SR R R 80 uL
R Na0e e I W 7
TR BEAE it i 750 pL-s!
VIR VS R 80 uL
A G B, b T
HEh B R A R T3
o S
e 1 B 6
s . R BEAE it i 450 pL-s!
SRR TR WK 600 uL
VPR IR Y g
e NS HEHh A 4ok 600 pL
HEHh 5 37 o i FTIF

S P L RETR, B- U 5E 52 B
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Fig. 2 Effect of different reaction conditions on the chemiluminescence intensity

RS FER T EERERZE0=3)

WIRG AR OGRS B, 25 R E 2b(Z14)
IR, MEORIE SR IRTIE R 5 0 1G] SR
TRFR 50 400 pL F1 80 pL)IF 7 Ak 1 & 6AE 5%
5o HERR T R OGRS R B A S A R 2b(HE4R)
Fias, SEREE RGN, KOG(E S i R e s
FEARA RS, MR R 750 pL-s' B, ZEfES
58 I R o P T K 1 R G S I o AP, AR
JLT2Z RPN SE K, P 5 A 18 25 5 ) & 1R
SR, H IR PR T RE S B S R
GAE), S ROGE SR . LA LIRS A
B, BEFE 750 pL-s ' VBN AT A SERE R
2.1.3 BKIBEHW pH

Fe(ID 58 K &GN B pH X RO 5 580 B
I W, AT B R, %Ak kO RN Y
HAE pHOAH SHMR G AR 9.9~10.563431, —
T2 Fe(IDMRBE MK FE S, AHFEIK Fe(ID)%

84

TR R, FEMBRILE pH<2.0. TEABIZEH, FEd
TENE Z B R AL 2 pH=2.0, DN i & K ik
WA IR pHo 20 BC ] pH AE 11.0~12.6 Z ] | ¥
4 1.0 mmol L™ A E KB, MEH Y pH=2,
4 1.0 nmol-L' 1) Fe(IT)brAEIA I [ v i 1Y & 615
SR (] 2¢), 45HRFEM pH=11.8 By& KimikFI1E R
RGN I 0 77 A 0 O = ek, AT IR
N JEIRAF W pH 4 10.2,
2.1.4 RNRE

BR bR S R4, Bny i BE X OGRS i A
H—E R0, MET 1.0 nmol-L' Fe(IN)br I I AE
S IREESY R 2°C L 10°C . 20°C . 30°CHIl 40°CH}
S8R FOCN W AOGAE S B, 45 R 2d fir
No BERRWITE 2~40°CHa BN, KIGIF 5 5 A Bl iR
JEFmmyg ok, H 5 RN R IEA R, @i
FE AT PR AR BN A R A T TE R (AN 2= 3 ) o
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22 FHEE
221 ERBEFTHEZR

1E Bk A RO AT, BFSE T KRR WL 4
J& B F4U3E Fe(Il). Mn(Il). Cu(l). Zn(II). Ni(I).
Cr(IIDF V(V))XF Fe(IDil % /T4 . 7€ 1.0 nmol-L™!
Fe(INFRAEF R T4 HMA Fe(IIT), Mn(IT), Cu(Il),
Zn(Il). Ni(Il). Cr(IIFI V(V)E TARMEA R, Hi44
J& B TR EE 3 5h Fe(IDMREEIY 1. 10, 20, 50 F1 100
%, M AOLE S . K’ 3 IR, Zn(1l). Ni(Il),
Fe(IIT) . Cr(IIT) . V(V)*} Fe(IN)M % JL-F-A 7= T4, 5
Mn(IDF1 Cu(ID)ZREAIRAIGIE S, X 5HT oL
HREPBT, ARFREE RIS Mn(IDHK R Fe(1D)
WREE 10 150, AOGIF T FEAL 3.4%, >4 Mn(IDiR B R

2.0
Bl | nmol-L'
1 10 nmol-L™'
I 20 nmol-L™'
L5 150 nmol-L™
I 100 nmol-L™"

Mn(l) Cu(ll) Zn(l) Ni(ll) Fe(lll) Cr(ll) V(V)
R A

B3 AN [ B8 4 T 1 o A X 6 I i JEE F4 52 1)

Fig. 3 Effect of metal ions with different concentrations on
the relative chemiluminescence intensity

TE: AEXE R i 0 R G E ¥ 5 1.0 nmol- L™ Fe(IDFx
HETRR™ LR RO AR SR 2 1

F2 Cu(IDREBNEEWSATEIESEERZI

Fe(IDHJE 20 £, ZGAE SREAK 8.0% (& 3), {55 FEMK
R R AT BB T Mn(IDZEME K h 55 8 Ak MnO,,
MnO, AJ K Fe(ID) 4 {2 Fe(Ill), MM TR S
REARCY, —BOokUt, FFREFIREK T Mn(ILHk B E H N
WNIEEIRGE, 5 Fe(IDMe B ET B = T Fe(IDHEE, ML
XI5 25 5T LT AN = A 0839 e R sk
AT R B AR A ), MK Min(Te BE AR, mTRE
ML Fe(INMREEHCTAF4-4), nfHU ARl 8-
MERHAETER NTA BIEFE, B Fe(IT)A Mn(IT)53 5
Je BRI

Cu(I) 7R BAT A Ak, i & 6 5 i 5 i AL il 5
Mn(IDEAR, i hibR Fe(n Fe(IDi4k, %65
A FTREARB, 24 Cu(IDHFE S Fe(LyWe BEAR S, RIfli%
A SRR 32.7%, 24 Cu(IDHSE A Fe(IDHESE 10 f5HT,
FOUMRE TR 46.5%. Cu(I)FERIREEK T EELIAHL
BADIAECI%), WA Cu(IHRBERARES), (R
IKFESRRAL 2 pH=2.0 B, RIS Cu(ID)HR T e Ty
hn, BRI FESEERASY. Cu(IDXT Fe(IDIE i T4
7 pH=2.0, 1.0 nmol- L Fe(INARHERTRH A HIIIA. Cu(Il)
ZHRIEH 5.0 F110.0 nmol-L!, W& H OGS SomE;
HIA 10.0 nmol-L ' A AL Cu(IDBEAK-SA, XJ il SA fin
AT ZE SR A L, MEss gk 2 fR, £
BHEZEARINA SA A4 F, 5.0 nmol-L™' A1 10.0 nmol-L"!
Wi Cu(Il) AT & CA5 S0 W E BRI, S0 ARt
SRR 58.8%F1 53.2%; {HANA SA J5, BIMdifE
pH=2.0 £, ZGIE S TP ARBAK, 500 k5%
HAF SRR 96.8%F1 95.1%, FUTEAIFSLMET,
7K Cu(ID)X B GAE5 3R B A 5200 ] 20

Tab. 2 Effect of a Cu(Il) and its organic ligand (salicylaldoxime) on the chemiluminescence signal intensity

SA/(nmol-L™1)

1.0 nmol-L™! Fe(IN)#FRHEH

0 nmol-L™! Cu(II)

5.0 nmol-L™! Cu(II) 10.0 nmol-L~! Cu(II)

0 100.0%
10.0 98.3%

58.8%
96.8%

53.2%
95.1%

TE: P 1.0 nmol-L~! Fe(IDFR VA WY K GAF 531 B 100%

222 AHLEAETHER

AT HIBESE H, Ussher FEB3UYAIEGY T4 pH=5.5 5&1F
T, B 100 nmol- L' [ Fe(INHEJE 50 51/ £ Fh
A HUBCRXT b2 B CIR I E Fe(INHE B T4, 25
W], BORE Fe(I)RAE A GIH SRR 90%, 1
B Fe(IDBARMIE ZOUME SR EEFEAR T 10%~40%

ANEE AR HATRE KRS pH=2.0 &4 F, APLEK
XPI 7 5 SR S e v AN . SIS T AE pH=2.0
1 = ST I ) | N N i 7 S R (R S R R N E D
EDTA. DTPA. Ferrozine, SA Fl PAN)X Fe(Il)kJt
BT RIS L AP BEy: FiCA 1.0 nmol L' Fe(Il)
FRUEEI, 73 5MA EDTA, DTPA . Ferrozine, SA Fl
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PAN BRI, i HAR AR BN Fe(IDWEERY 10,20,
50, 100, 1000, 10 000 15, 435l H & A7 58 B
(E 4). 45RFWHHTAVEARS Fe)MZSA1EM, 7T
S Fe(ID)/ A 1 R GAF S5 EEREAR, (AR BCIASEmm
FEREA FIEATA] ., DTPA il PAN W FEIR T Fe(IDHRFE (Y 100
fihf, KICIE S E R/ NT 5%; EDTA. Ferrozine
FSA W FER T Fe(IDHRE 50 151}, & 615500 B AR
YT 9.5%, (H25HMKE K Fe(IDHEE 100 F5H}, 3 Ff

4000
3
3000 i i i s X
%2} ! L]
= 3
5 i
S
= 2000 =
= H
o = EDTA
RE -
= * DTPA :
1000 * PAN .
v SA
* Ferrozine
0

0 10 20 50 100 1000 10000

AALELARHEE (nmol - L™
Bl 4 AS[EE A HLECAR X KGR 508 B 5%

Fig. 4 Effect of organic ligands with different concentra-
tions on the chemiluminescence signal intensity

21000 y=2556.8x+219.54 s

18000l R=09965 .-
2 15000} A~
= -
S 12000} e
# 9000} 7
h 7
2 6000} .-

3000F 7
¢ 1
05 2 4 6

Fe(I1)#¢)&/(nmol-L™")
(a) Fe(ID#¢ 15 FE10.01~8.0 nmol L™

Be AR5y A B EfR SRR T 13.3%. 22.9%F1 18.8%.
AR B AT Fe(IDYRIE 1 000 f5H: E W mik, Ui
BC R4 R OGIE S WE K. HETA KR MK
Fe(ID) AL AV BE I 58 B 4570, X Statham S5 1465
FE T U Itchen W11 Fe(IDA HLELAR, &IMIHLHKE S
Fe(INH FEEAH (20 1 0 DI T Fe(IDM S, PR
WK RARFECARXT Fe(ID)H A9 E TR 5/
BUR BBFSE 61K th Fe(ID A HLEC AR 940 M (0454
HUBC AV BE RN 26 5 5 0, DA S R B D) i UK S8
B4 7K Hh Fe(LDI o 25 S A 520
2.3 S ATH IS BAE S AT

TE FIREAER N 20E T, S m M et T 1T
Al LAZE Chelex 100 ST IERR 24 R B T AF:
HERZREESE RS FRKEERD, A2 ARG S
SEREOETEL 15.613.2, n=5). MRUKIE AN R AR
IKEES I B GAE SR, WA I ROGE S A, Dt
(S5 XRIG Fe(IDIRIELH TAEMZ (A Sa). 7F Fe()ik
JEVEEM 0.01~ 8.0 nmol-L ! i, Fe(INHEEE 5 &5 550
BETEARSE, MOCREIR=0.996 5, L3 5= L1 Fe(Il)
BRI A 4.1 pmol-L-, X§¥EEA7 1.0 nmol-L! 1) Fe(IT)
FRES IR T 11 UGESENE, AHXTRHERZE R 3.6%.

4000 =3 075x + 10.549
R*=0.992 1
» 3000f 2
g -
= _-
8 /’,/’-
= 2000 e
= //,,
i s
S 1000F 7
0 Je L L L L y
0 0.2 0.4 0.6 0.8 1

Fe(I)#¢ J&#/(nmol-L™")
(b) Fe(I)H¢ 4 F10.01~1.0 nmol -L™!

Bl 5 AN[RHBEE TR Fe(ID) TAF fh £k

Fig. 5 Fe(lIl) calibration curve in different concentration ranges

RIS T R W HER P, FRATTAZ O b T E bR
b K AL NASS-6 Fil NASS-7 1 Fe W BE . 1 56AE
FRAETEKFE S A NaSOs ¥, #F Fe(ID) 2 #Bid Jit

* 3 FRAEBKEE M NASS-6 # NASS-7 /A Fe iKE H s R

A Fe(ll), PRI EIR TN E Fe(IDHRE . NASS-6 Fll
NASS-7 [ 72 45 54351~ 8.67+0.24 nmol-L" 1 5.99+
0.21 nmol-L'(F& 3), SFrifE(H 8.8440.82 nmol-L' I

Tab.3 Analytical results of Fe concentrations in reference seawaters (NASS-6 and NASS-7)

e § MEfE 1/ e fH 2/ e {H 3/ 5 S PHEE20/ ~fE(E/
B K RE 7 e A e A g P2 fH+20 PR fE
(nmol-L1) (nmol-L) (nmol-L) (nmol-L1) (nmol-L1)
NASS-6 8.76 8.71 8.53 8.67+0.24 8.84+0.82
NASS-7 5.89 6.10 5.98 5.99+0.21 6.27+0.46
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6.27+0.46 nmol-L' 2T, X NASS-6 Fl NASS-7 [l
SELERAWREEIAT ¢ K056, Frfs ¢ (A58 0.70(P=
0.13)F1 1.91(P=0.52), ¥H/NFim 18 2.78(a=0.05), F*
AN S5 5 5 MR B AR (B 2 (0] G (B 3% 22 5%, AT BRiE
TIrkmER b

A3 IHE P AR RUAR IR K FE S P E S Fe(ID)

x4 BXRFFNREEKER Fe(D) BN ELR

BT, I R il He ik 4). 455 R
VYA KRR A Fe(DHeBEAZAIK, 4 0.012 nmol-L,
RUFHEEKFESL T Fe(IDARESH 0.21 nmol L', FRAEMA
B TS HA T 89.4%~110%22 1], AXFEA AL S A
0.10 nmol-L! Fe(ID)IHIAZIEAR, Hy 83.0%, A5k
VEERR B e R P ) T4 SR T A LA .

Tab.4 Recovery rates of Fe(II) in seawater samples collected from the Western Pacific Ocean and East China Sea

PR PRI 7K R i 7 45 2R

Fe(ID)finAx#% B /(nmol - L) M7 Fe(I)¥& & /(nmol-L ) I/ %

0.00 0.012 —

0.025 0.034 89.4
0.05 0.064 105.0
0.10 0.11 99.8
0.20 0.23 110.0
0.40 0.42 102.5
0.60 0.63 103.3
0.80 0.84 103.7
1.50 1.58 104.6
2.00 1.91 95.0

AR KR 5 D A 25

0.00 0.21 —

0.10 0.29 83.0
0.25 0.46 92.6
0.50 0.72 100.1
0.75 1.02 108.2
1.00 1.26 105.1
2.00 2.26 102.2
4.00 4.16 98.9

3 SR ER

568495 T HurEPr_LEE7K H Fe(ID)2r M 7/
ARG, KRG EEETHOCEE M R Ek,
BRI S TR S A3 MT L T S5 43 W At e 32 45 -
M [ 520 5 A R SE I Fe(IDIE . Hidr, 2006
TGN R A var, A H T 6 R AT R AR S AT U

=5 BKE Fe()KEDNES

FE o i, Blain SEUONAE T 206 B U Sl i o B
Z4t, LA Ferrozine AW A7], iid C18 #ELBRTIE
&R BT IHE 4 Fe(l), KMFRATLZE 100 pmol-L,
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Sequential injection—chemiluminescence detection of Fe(II) in
seawater at picomolar levels

WANG Lequan, WENG Yuang, WANG Wenpeng, WANG Hu
(State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China)
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Abstract: Herein, an automatic and sensitive method for the determination of Fe(II) at the picomolar level in sea-
water is presented. This method employs a sequential injection technique and the chemiluminescence analysis of
luminol catalyzed by Fe(II) under alkaline conditions. The analysis system comprises an injection pump, a selector
valve, a self-made three-channel reaction cell, a photon counter, a control module, and other components. Optimal
conditions for the chemiluminescence reaction (including flow rates, pH, luminol reagent concentration, reagent and
sample volumes, and reaction temperature) and protocol sequence were established. Under these optimal reaction
conditions, the detection limit of the system for Fe(Il) concentration was as low as 4.1 pmol-L™' when using a win-
dow-detection strategy. Each analysis cycle consumed only 400 pL of the reagent and 80 pL of the sample. Chemi-
luminescence intensity showed a linear response to the Fe(Il) concentration in the range of 0.01-8.0 nmol-L ™!, with
a relative standard deviation of 3.6% for 11 consecutive measurements of a 1.0 nmol-L™! Fe(Il) standard solution.
Interference studies indicated that free Cu(Il) significantly influenced the analysis of Fe(Il); however, in natural
seawater, Cu(Il) mainly exists as organic complexes. Adding salicylaldoxime to complex residual Cu(II) confirmed
minimal interference from organic Cu(Il). In addition, tests with organic ligands (e.g., ethylene diamine tetraacetic
acid, diethylenetriamine pentaacetic acid, and ferrozine) showed that increasing organic ligand concentration de-
creased the chemiluminescence intensity. However, when the concentrations of organic ligands were less than 50
times the Fe(II) concentration, the decrease in the chemiluminescence intensity was no more than 9.5%. The accu-
racy of the method was validated using reference seawaters (NASS-6 and NASS-7) and standard addition experi-

ments with seawater samples.
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