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Flow injection—spectrophotometry analysis of manganese in
seawater samples

FENG Si-chao, CHEN Zhi-gang, YUAN Dong-xing
(College of Oceanography and Environmental Science, Xiamen University, Xiamen 361005, China)

Abstract: A flow injection analysis (FIA) method coupled with spectrophotometry detection utilizing the complex
reaction between 1-(2-pyridylazo)-2-naphthol and manganese was developed for the determination of dissolved
manganese in seawater. A program written in labview was used to control the detecting system. A method detection limit
(MDL) 14 nmol/L and linear range 0.020—2.000 pumol/L were obtained in ultra pure water matrix and possible
interferences from Zn, Cu, Ni, Fe were also investigated. Because of the lack of low-Mn seawater as the matrix solution
of the calibration curve and the FIA carrier, the MDL and linear range of the seawater detection still needs further
confirmed. The results show that this method is easy to operate, fast and with wider linear range, and can be applied as
on-field analytical technique for dissolved manganese in seawater.
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1 #RF077E

1.1 RIRF

(1) 0.1 mol/L NaOH #i#: 0.4 g NaOH(GR i 1l
W A SIS ) AR )% T 100 mL 4K .

(2) H;BO; ZZ11: 0.618 g H;BO3(ACS 7 [H
Merck 22 &2 77) A4 100 mL 0.1 mol/L NaOH %5
.

(3) PAN JEAiRF1: 0.05 g PAN(ACS 7 [F Merck
A4 7), 5 mL Triton X-100(LG 3£ [ Sigma-Aldrich
AR IERAK ER S 50 mL, T80 ‘C NI
£ 8 h &2 PAN 582 %ifi#, A 100 mL H;BO; &
WA A 250 mL. R EE I 66 mg {355 FH FH i
LBk % Desferal(Fiii 1= Novartis 2 5] 427%) . 1R AR
pH 4 10 /45

(4) Mn FrUEFE F(20 pmol/L): 110 pL Mn Frufi
il #1000 g/L Mn>*, 7EJEH0N 1% HNO; %
Wi, 6 Sigma-Aldrich 28 5] 4227 B 4L KRB &
100 mL.

(5) i @A, YLk A Ak 3k
Wi, DU E KIS A i ZE A5 FH R g 2K VE R
1.2 IW{USFMEE

SIS A = VBT T A (I 53 AL AT TR
owlig); NI (S E VICT Valeo 2y 7 iliE); 2 cm
A flF ;s USB2000+i A4 4535 (36 H Ocean
Optics 2w #illif); LS-1-LL Y6 (3 [E Ocean Optics 2
A 3% ) ; Millipore Simplicity #8 4l /K & 45 (3£

Millipore A ] #illit); ZE NHE I (144, WIRHN 1.6
mm, BEJE 1.6 mm, £R7E 2R A A PR A F )
PR I N R VU L5555 (PTFE, 4M2 1/16, W12 0.75
mm, 3E[E VICI Valco 7w #illit).

SIS R E R W 1 Pos, B TR 1
FiR o

% 1.3 mL/min

HA
o /ﬁiﬂil.9 mL/min 2cm
G 7 ] 563~650 nm

#Hiff | SR> )% K
#B ' Ve X1
PAN JEW| 50cm

TR AT {21#0.27 mL/min

1 ZRBREEAKRA

Fig.1 Experimental device flow circuit diagram
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Table 1 Program of experimental

S INA)s NIRRT i B
1 60 H7E RFER IR TE i e B30
2 60 HEA FHE SRS NS S Y

1.3 KWHZE

21 PR, RS IREREER, 4
WAHESIFE S e =3, 5 B ARI(PAN R4
FIWE LT, AR NEE (50 em) P A O RN, K
WS 5 HEH R ZE AAE 5 (P A 563 nm A1 650 nm)
LL Absorbance {H I A VHEALIC 3. SEE2EE Hh 7N |
(Al A5 5 R AR . il sk R A Labview 5 & 4
HIIRE Y BT 588

TAE M2 il 723N 5% 5 28 £ 4% (HDPE)
RO 0, 0.038, 0.075, 0.125, 0.312 i1 0.625
mL ] 20 umol/L Mn Ax#EAEH#, FEELIKE AL 25
mL. A% Mn WREEHKIK A 0, 0.030, 0.060, 0.100,
0.250 F110.500 umol/L. HilfE#E A IIbR TAFE HthZeinf, H
W KA R ALK T 25 o PRI I A% bk A B EA T 5

2 ZRER5R

2.1 MERKENEEMES AR

XTE 10 pmol/L Mn FRIEE 47K AR i kA T
S IE, g5 RwE 2 fras. M2 77 IL: PAN-Mn
BAWYILE 563 nm AATERWIG, PAN ) 1) H
PAN-Mn ZGW(E 650 nm AT, #EEH 563
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nm 7E MK, 650 nm VE NS kK, WI5E 45
PL 563 nm ARWOGAE Ik 2 650 nm AW G LA H, DU
TEBH N B HAD AN o] 4 DR 26 S 5 R s . SR
MRsEREAR, A THEENERA. FILERS
JECEER, BRI 5 LME S e I, 78
TN 5 S5 R AE (WA ) IS i sy i P RSB
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Fig.2 Spectrum of PAN-Mn complex
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X% SR SHOAT T . SEEEE: EEAK
. RNEEKE. PAN BAAFH PAN HIKE &
pH. 5. ZHIsEs, LA 2 pmol/L Mn 1
FR AL AR FEAE R MAE, DRI Desferal 1)
PAN VRS OG0, I FE S AT E 3 9K,
DLV AR A 22 s e 45 R . 7025 8 RS
550 PR EEER R, as AT
221 EEZHRKEMNETHH"

S8 TR R PRow BERE AR, %28 T SO RIS
SHsgm, R 3 Pron. K3 T Bl E R
A FEREO, BRI, R IIE SR gk, (A
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— %[
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Fig.3 Effect of length of sampling loop on signal when n=3

IINTHRFERRAR . Z55 7% I8 RBERI M R, k8 e
IS 100 em, SRR EEFEAATRY 0.44 mL.
222 REHEREMME TR0

SN IR BE DT T FE il 55 5 B PR 5[]
DLAC R N =By 4 R B2, RS DA 5 1 5 e 4 &
4 e B4 RTINS, RO S R R
MR Mn 5 PAN [ ROVIRGE, e ARG,
BT SN PR T T AR S R R
TEPE R AL K E A 0.5 mo

0.16
o—2 umol/L Mn
s
o—5
0.121
=
RE} 0.08
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0.04r
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R ALK E/m
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Fig.4 Effect of length of reaction coil on signal when n=3

2.2.3 PAN AR A F PAN JREAME 5 69700
PAN VR A FIT PAN FIUR XA A 5 (R 5
Wil 5 pros. LS o e Bl PAN IR FERIRER, £
WS T XGsm: RN, SPESTHE, Z8G %8R MR
FURERGE, P PAN IKEEH 0.8 mmol/L.
2.2.4 PAN ®&43K7 pH A5 5693
TEFIH E ) PAN YRR BRI E f5, PAN

0.16

o—2 umol/L Mn

W i A
o
&
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0.04}
0 ?——D——‘M"D——D—/—T‘

02 04 06 08 10 12
PANJ J&/(mmol-L™)
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Fig.5 Effect of concentration of PAN on signal when n=3
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WA pH RS0 SN REAT , JE I 52 M A I 4
Fo XS EE S A KA 6 Fis. MIE 6 AT L
PAN JE AR pH 7E 9.00~10.50 2 i) 6 A6 45 5
PEME S IEMIA KR 4 pHAKT 9.00 I, AfES
B A 24 pH T 10,50 B, AU S 18K, R
WO GE I R IER . A T 5 BA B i
B, AEASIE 5 B A A E v, 18 PAN IRGIA
FH pH 4 10.30, M7 I Desferal J& pH 7E 10
KA o

0.16

0.12f W
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W i A
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&
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Fig.6 Effect of pH of PAN mixed reagent on signal when n=3
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ARSEIGAEERH TR, HA A IS PLE SOV,
B T SR RN IR A R TR A L,
TR 2 5 SOV 5 0T RO IONFT ALK pH
SRR o SN SEE AT, B R R A A
&4 30 r/min, £ BN 6 r/min. G % B HE 5
B Affh, 1.3 mL/min; 2%, 1.9 mL/min; PAN
RARHF], 0.27 mL/min.
23 FIEWILZMSEE. MR, FATHMES M

N ER s LA 24, DL AK BRI,
5E 0.020~2.000 pmol/L ¥R JE Il A Mn ArvEik
B, RPERIWO GRS Mn R B EE, [T FE -
A=0.063 5¢+0.012 0 (I3 K EL n=8, R*=0.998 3). 3\
A HWAE: ¢ NIKEE, umol/L. ASJ7ykrettyull
4 0.020~2.000 pmol/L.

7RI FR (Method detection limit, Lyp)Z 8 Sk
(101867, H— @ IR FEMIBREIREE, SPAT I n4)IK,
i Lvp=Ds*t50.010027=Ds*tro 0100 W Lypo H': Dg
ARHEZE , IFRIR BEN<S Ly {ERBZE/K P INFs 20
nmol/L, “TATMIE 9 WK, SiRIKE 7. THEAT
AR PR}y 14 nmol/L, SLyp A 70 nmol/L, & - ks
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Fig.7 MDL signal for Mn (spiked at 20 nmol/L)

WIE 20 nmol/L. [RItk,  VHET BT A6 J5 A8 PR AT 2

AERAESIGZE R, %) 2.000 pmol/L Mn iRFF:5>
BELLINE 9 U, A ARUEN 2 (D ) N 1.07%,
YA T E ARG 0 PAT IR . AEm R SER A T,
X} 2.000 pmol/L Mn iRAFEAEA R B E 8 ¥k, AHXT
PtEM 22 (Dg ) 9 2.89%, BLWIA i RA AP
gk
24 HiEEMTIK

PAN 1E4 —Fh & @B G 7], LU 2 M4 e S v
A . AR SCHR[8], JEHX Zn, Cu, Ni Fl Fe
Ea BT TILL . 230 Zn, Cu, Ni, Fe 5 PAN
TE BB D RIRBOGHE, ik 8 Frm. 4@ s
WREAN 10 pmol/L, Y2l /725 PAN-Mn 254
W T 1) 225 1 7 VR AR ) o
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Fig.8 Spectra of complex of PAN with Mn, Zn, Cu, Ni and Fe
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K 8 WLAEH: Zn, Cu Ml Ni £E 563 nm Aty
AR AHAERARIGIX, Zn, Cu Al Ni K5 LA
LU AEAE, X M (0I5E T HRANE L
10%™, Fe BUARAE 563 nm AEWKAE S5, (HAEHGRIX &
AR HBA) Z 05 Rekis, a6 Mn (R
BT Bk, AJTER AR PAN RS I
S5 FH PRV R 22k i Desferal, #1255 Fe JERUZEE G,
LUV BR Fe XA A T4 . PAN R4 ) Desferal
FESER A R AT LIRRSE 3 d, ATLUERE S Fe Jfaff
WG E T 700~800 nm Ab75 5 (PAN-Fe 75 AN T
W) P B S B R R R LR A
2.5 AHIEHWINA

ARSI B S A P B Al K A, R Tk
FESHIINE, 25K L. Schlieren %3N (ZE W BITE 44>
Mo, SRS SR ER BRI, PR S R
SRR ZE e P AR TS ) B RIS S, G
AT E R SR ARSI % R A7 I B i 2
IKBESAE N, LLISER Schlieren 2, FLAF i
IO GAR R I 0.1(LARB Al K A i WG B R 0.01),
DN S H RIS s ki i, WOGAEL B BT 50%, it
WAL Fe & ARy, IR /KAE AT RIS S B b v fig
ZEN TV BT DI ICRREK, R4
PR S KA sl S R R i, AT S
Ids TAE 26 iIE, asaF 2y 0.06~1.00 pmol/L,
DA U 59 25 205 5 5 E A A bR, bRk FE A
MARKR, AR TAE M2 AT R ML, 4
R 9 fror. mrOL: WEAOIAR TAE Ihk iRl e
ali 7K AR I ZR R IIT 2 £, ATRE S 1K 84
A K

0.12
= ik
0.10f oAk =0.102 0x+0.002 1
R=0.9978
0.08]

1=0.054 5x+0.000 8
" OR=0.9991

0 02 04 06 08 10
Mn iz E/(umol-L™")
9 n=3 BEKF AR b K An AR LA 2%
Fig.9 Calibration curves in seawater and ultra pure water

when n=3
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