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Determination of total nitrogen in seawater by spectrophotometric/PLS
regression method in UV region and ion chromatographic method after

oxidative digestion with potassium peroxodisulfate in alkaline medium
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A spectrophotometric measurement/PLS regression method and an anion chromatographic
method for the determination of total nitrogen in seawater and brackish water were investigated.
By oxidative digestion of seawater with potassium peroxodisulfate in alkaline borate buffer, nitro-
gen is oxidized to nitrate ion and bromide ion to bromate in seawater medium. No remaining
bromide ion is present in the digested samples, while bromide ion does not fully oxidized to bro-
mate in water not containing high concentration of salts. By using glass test tube with screw cap
and aluminum block heater, digestion can be done simply and easily. After digestion, the
absorption spectra were measured in the range of 220~260 nm. Calibration standards were
prepared by dissolving KNO; and KBrOs into simulated seawater without digestion. By spec-
trophotometric/PLS method, 0.2~5.0 mg-N/1 in seawater and brackish water could be deter-
mined without the interference from bromide/bromate. By IC method, 0.01 ~10 mg-N/1
could be determined with a DEAE column (weak anion exchange resin, 10 cm length glass col-
umn) and 0.2 M-Na(l eluent.

Keywords : total nitrogen in seawater and brackish water; ultravioret absorption spectrum; PLS
regression ; anion chromatography ; peroxodisulfate digestion in borate buffer.

1 T L®IZ

BEORNESTRE, EBENRIMEED L 0VEED
FHERD, —ERERICBILZRAELZHEL T, BE vs.
BWOtEORRER (BER) »ORMBELMLHETH
5, fifE - AELFETHY, EELEHAShTNT, £
COBEFMIBEHOERNE R ENTES. L
L, FRHIEET 2RO LA 2 K RICHB W TR
BOTHRVWEA, ThiIBERS LR, ZOFENTF
MashTwroThHhiE, oL LDO5EE - BRELTEBL

VRRIEE KRR TR RE R B L 240-8501  Migs
NIRRT L » BRERE 79-5

7, WREHEHEICRA SPOMIEEMA R ITEER S %
v, FHiShTwRITE, BEoEREMETSIL
b hb. Pz, BEREKPOLEELERT L HE
D—DELT, TVAVETRNVF XY ZHHES ) 7 L5
L, 220 nm BT 2 EIRINE WET 5 HEEE K
7 &t U CIEEN 2T JIS K 0101, K 0102712 b 4R
Hah, ELARSRTWS, 1SO DKESHEY TIE
U &9 HBILORE T 7288, TERA 4~ 2 ERERA 4
VISR LEAREERT 2 HEEREL, ROREE
FCFALTH IV il Twad, Zhid, Rk
BEOMBEEINCL T, #ARED LS ITRNIRICRIE &
THRFA GV ORBEZIRT WD EEZOND.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

1456 BUNSEKI
ARHEIZIEH 0.8 mM DRAL A 4 VU HFLEL, BEILSEIC
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Tosoh UV-8000), ¥ Y # WK b A —% — . ADVAN-
TEST R6441 (RS-232C i1 &).
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ZoOfh, ERIEE, ARERLEYREEORAEIIHROR
ERBEZOT I, KidA + 22K %E Millipore
B Direct-Q IZ L DR L THW .

HEHEK: NaCl 93.50 g KCl 2.65g MgCls 20.21 g,
CaCl; 4.43 g, Na,SO, 15.67 g, KBr 0.388 g & /KIZiEMD L
T2001EHE LA, Zhid, BEOHAKORH 2ED L+
VIBETHA. JUI, BIALH Y T ARMR R VEEREKD
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ELi. AFvru=br 574 — BB 0.20 M-NaCl
(JiZ 1.0 ml/min). '
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Br &%) 50.00ml % 100ml A A7 5 ZIIZAR,
0.300 mM - KNO; {E# & 1.00 mM -KBrO;, 1.00 mM - KBr
BREVAVWALRES, 0:0, 1:0, 2:4, 3:0, 4:8,
5:0, 6:6, 7:0, 8:2, 9:1, 10: 0IXMXCTREL,
281000 ml DEBRE L7-.

FEEE: B 1000ml ZF—VEXRY b HCVTR
BEICHY, o@RAEBEW2.00ml ZMR TERL,
130C IR E L7 ay e —¥ — |2 AT 35 4RIz
L7z, 7y re—7— Il BREL 10 XBEHATL L
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Fig. 1 Absorption spectra of NOs , Br, BrOs ™ in
ultraviolet region

Cell length 1.00 cm
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ENTWBEDT, REEENLRDZEELY 125 L TR
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ra< 75 AOHE, TEETHE, PLS G2 L
T XTHED BASIC 712 7 5 A (Micro Soft, Visual
Basic X U Excel VBA) &=V Fvar¥Ea—%%H
WTliro7:.
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PLS BRSO M2 AL, MEFEEDRMEIC
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FEH Y T AFNERIIOWT —EIEEKB DB R~
b vE@EIEL (Fig. 1), £RHIC0A0ARIEDEA
(RREEHICHY) 2FUCTMAZERANRY PV ESELE
BLTEEY I 2L —Ya r&fTo. BEHBZVAN
AUEZTART P NVF— TR DOEF A 5 condition
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number (R AREAfE & &NEAEDOL) ZRD/NF— >
OHEEZHEL, BT 250008 OMREZE LS
b, FEICHH T EE#HMZ 220~260nm & L7
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RN L AR ERIIFECH L 2 L2300,

SHWADWEIZRD L HIZ L7z, BRIBE: ISHE DK
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Table 1 Recovery of total nitrogen from nitrogen-containing compounds in simulated seawater medium
Compound exp 1 exp 2 exp 3 average
Glycine 0.150 mM 0.148 mM 0.144 mM 0.147 mM 0.147 mM
Nicotinic acid 0.150 mM 0.144 0.147 0.147 0.146
p-nitrophenol 0.150 mM 0.151 0.152 0.151 0.152
Ammonium chloride 0.201 0.203 0.202 0.202

0.200 mM

5 Tosoh # DEAE-SPW /1 5 & (F5IEHMERE A 4 20 s
PR, EX10cm HIAHT L) #RAY. SHEL A
MZ2ZRL CERNZRFEOMKE, BT MY LEER
0.20 M A5 Y & MR L7z, MHERIBRELRX—XF5 1
VEEENS 210nm & L7z, LW EREETREREIEKL
B0, HEETIEMMAF LBy 750 FIR
HEPKEL Lo TR—AF 4 YPEREEICLE DB, 210
nm ZBF BNy 275y FREEIRH 02 THo7o.
COEHETT, IDIWIATFAY -2 (FE O NaCl i
BIZXIDEHLWIZAY —2), 45512 BrOs , 10759
IZBr, 135 I NOy A%, ZREFNERFEME -2 LT
Bha, 35,2, REHO SO BENEVE, Br kil
BRILEICAY -8B on: (BHOREBR)., L
MBoT, Br bRARICERE L VWEEIBEHBRELEZ
LULENDHL., AV-HRHEBIIEREE 1 02 LT
ANV EFOMDLEOT, @EE, FYVIVKLVIA—=F—D
ANV VR 22VICRELCRSLE (BT 40
7). AHVL Y IV%£200mVICELDE, R—=ZAF4 >
I AR ULKEL ZBH, 10BOREIHEONS.

BgEK + E2RCEYRCEBOERRE B L
T, zux s 7L A, BACLREMA 4
VT RTREBA A VICBILSINE ZEHL MR-
7. BpHS&M (JIS&B4LE) OoBLTIXBLRIH T
DEL RV ELMERLZ. BERSIE OH 2HET 5
DT, FERIICEZ S LK pH B TIIEBIE KT L
T Br 205 BrOs ~OBALIZEIHI SN S L HZFH L Tw
2%, KN O#RE o KT MY v 7 225w, %
KABTIEFE L ABEHETOTNTBILENE v
DT, BELL HIREDOEALY A 4 HEIRT 5 SUCHERE
PHEETHLOLFHENS. HMRABEORBEIZOWTHE
FBEIRARTL2vD, BIEERIEI L a2 o7,

NO; BE % 0~0.3mM DOHPH T 10 BEREICE 2 TRD
Y- HBEREOHBRIIE N B BT LER
(R*=0.9990) #mL7:.

KIZ, #K< by 7 AhOBFEILEWHISO &4 T
TAICEIEA R END Z L ERERET A0, BOor0E
FILE&WEEEEK Br 28t) KEL LZARARN
DOV TEAL G BER LT, SEBROBREI A0~
NS 74 —TREL. ZOEE Table 1 1IRT.

ZOMRRE, REFAPIIZELICBILSEIhTY
B EPHER IR ZORBETIIKRERPOTTH
EFEVHFEEIINO, FTRILX DI TR ZW
AWK MY Y 2 ADINO, DENEICHET L
LiER3EHITHS.

DEORRD»S, KM E 2 RaiEE % w7 PLS
EUEHHTEEC L - THKPOSBRMEDOTHELE G T -
7o. ZITHREEEREEY L, EBROBAROEK
AEOLBRMWELIT- 7.

43 BREBEZEOHER &K/ PLS & D leave-one-
out J&IZ & B 51l

KAEH OMEMRIT KNOs 22T OKBH T LW Do
LT, 2CTEADBWVIEBr & hvBgEEKIC, 3
TR LI, WEEA )T ALZ 0~03mM D& (N
ELT42mg/1 £T) T, KBrOs % 0.8~0.0 mM DT
ERZTHRML, 2BBEOEERE WA~ ) v 7 A%
H#A BKIM) v 7 AXBEBETS) 211HAELT
ARZ P IVEJEL, REF—5 %187, BICEEB %
AEREZ10.00 ml HUY, DFREER 2.00ml 22 TH
BLTI120C, 354 MEL BRIV TLHELR
(e ), WEHBEIZT ANV - R— L OEEIAHE Y T
DEMFEER L T220~260nm @ 41 H L L7z, K%
R B RN B 220 nm BB CHREEH 1 £ T
TNV b s R=VOBEAIFE D LoD T, BrOs A3kl)
L NOs™ 0.3mM (4.2mgN/1) £T, BrOs #°0.8 mM
H5HENO; 0.15mM (2.1 mgN/1) FTHESHEEZ
Z 7.

IS STEHEOMBERICOWT, PLS BIEMTEEOR
L ERARSL —FEE LT leave-one-out E & B L 7-.
Tbb, A, B, COFREFNIIOWT, 11 HEHOKE
HEREO—DOZRMAB LR L, ho 10 ZETHRE
HEEZITV, TOEKREZFAL CFROARBOBE L TR
L, BBHOEEDZEZ LD, RORABZIEICEZ CitE%
BOERL 11 OREFHADLFEIYEEERD 72, Table
QIR LRI T AICBVREL VI bIITIREL, &
WO BBRIEE A A L RREL B X HICRZ 525, PLS
BRI ENEH THH I EERL TS, Eik A B,
COBEHIZO/RZITIIHE LIS WDOT, BiRkoE
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Table 2 Calculation results by leave-one-out method for calibration standards A, B, C
2
Calibration standard Average error R of the plot of
given conc.vs.calculated. conc.
A 0.0029 mM 0.9968
B 0.0030 0.9990
C 0.0046 0.9966
Concentration range of NO; ™ : 0.0~ 0.30 mM
Table 3 Total nitrogen in seawater and brackish water
Sample (2004.5) by IC with std. A with std. B with std. C
1. Enoshima island (outside) 0.18 mg/1 0.10 mg/1 0.34 mg/1 0.31 mg/1
2. Kugenuma beach 0.20 0.09 0.33 0.31
3. Okinawa, sunset beach 0.16 0.07 0.37 0.34
4. Sakaigawa river (mouth) 3.24 2.83 3.17 3.19
5. Sakaigawa river 5.76 5.20 5.79 5.77
(100m inside from the mouth)
Standard deviation 0.03 0.07 0.07 0.08

Each sample was analyzed three times repetitively. Average values are shown in the table. Standard deviations were estimated by the

analysis of variance on 3 X 5 data for each case (column).

{ —— sunset beach
‘—--—mout'h of se}kalgawa 'f,‘ NOY
- = - sakaigawa river B
h
[}
o HR
& !
o H|
< s !
o HE
§ BrOy Br .'l (\‘:
® AR
‘g ‘ A J -
2 [
Qa
< \/—————j L—w_‘
10 15 . .2
SO Time /min

Fig. 2 Anion chromatograms of oxidative-digestion
products of actual water samples.

Column: Tosoh DEAE-5PW, 10 cm length; Eluent:
0.20 M-NaCl 1.0 ml/min; Detection: 210 nm; Sample
injected: 20 ul; Input range of digital volt meter 2V

RBOSHHER L AbETHIT2Z 2L 7.

4-4 BRROCKRKBHOLEFRAE

EFE L UCTERILL 228K R VKD 28 RN E % 5t
WX /PLS i & ICH: L TITVv, WEOHEHRZ BT
BT LICEY, REEREA B, COBLEIML, MHE
DEBRMEEHLPICTAI L EZRA. BONIHERE
Table 3 2R¥. 7z, sHEORABOBLGHHRO A A
»r7u~x b I A% Fig. 21087,

FICHERIN TR WIBEKRAB OSSR REIEEDH X
DEL R Fig 2 2BV THEAKRE 3 (F#) O NOs™
¥— 27 BEFINS 0D, ERICETFRRESERLT

Wh. OB KABTOREKRY -2 2R, E2MEI
Table 3 D% 252 mg/1 B DORELE L TRINTW
5. 5 FEOFRIOWTHE 3 M) & LRERHRDT#L
GF 5/ 5 N7z 1C BEORERANEEM I 0.03 mg/1 T
HENLH, INHLOBRBEOHIIEETEIHRLER
LA, ZHIZHLT, AXRZ PVF—FI2 PLS MES
Mradf LR, BAREI O >WTIRER TRISE
, MEEEAZICLTD, ICEICLZHREDTH
Twab. AT, JIS K 0102 O 220 nm (2B1) 5 iR
REBEOERETRIZ0.1mgN/1THD. LAhoT,
HBIIC XN BAKIZ DWW TIZ AR Y b IVIlllE /PLS
OBAICRRLMENH L EVZ DL, I LT, HRO
FLWAITHBENOMORTIWIONS 100 m (3 EA
572l THDOFEBHIWARTHREN/RAKT, BRRER
IC#: e AT PVl /PLS L T, WREEE A ZRE,
I—H LRI 7. AEOMBHEREINLELT
EBR, 42mg/1 £ TT, AB 5 IERTEHE (42x1.2=
50mg/l) ZBRTWAEY, ZWRT—-F2FHLTVD
DT, WHE LIBEORBIBERI - THhIFMIEL 2o
Td, ZOEBINEVIOLEEZONRDL. ICHETIEHA
T UEBETLEIOTT NV - R=VOERNZ X A
@5, REEEORE L RIEROBEIIC L ) R
BEOHMHIE N2 VETE I LN TES. Fig. 20HFH 512
ONWTDAF 70U NI ATII/NER Brr OE—7H
Bohd (SO DAY —-ZICER->TWS) ZEhb,
WA R VHMNENL L Br BEEICBLshizn &
Bas. TOREORERS Br X, NO; BENGWIE
bH-T, PISHIHICEBLLEVWE)THS.
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Fig. 3 Anion chromatogram of an oxidative-diges-
tion product of seawater (Okinawa, sunset beach) with
high sensitive detection

Experimental conditions are almost the same as in Fig.
2 except for the input range of digital volt meter
(200 mV).

Fig. 3 BWOEMIBABROHITZ £200mVDAHL ¥ I T
RELAAB D7 U~ NI LATHE. ZOLNKTIE,
BIEREOEZRDOMEDWRELEEZZON, T2, i
# D NaCl © —#8 Na,SO4 ICBE &M TNy 275/ K
W ZW ST ZEWCEY, HFITLAITLARIL-F7F
NIFVLYTTIVROLRERE GER TR 4 ngN/1Y)
EFRREDERBRES EBWREEZONS.

Fig. 3 D SO™ & NO;” D ¥ — 27 OREIZIZ/N S VAR
RBE—IBRONB. A7 M VHIE/PLS BIF ST ED
WREREN A TRIRYLHEREL T, EREKZ AV
ZUFNERLEWT &, F72, KNOs 7217 T4 {, KBrO,
LRFIELE)DPRALKREE 2D (THITEES
MO KBrOs 2 L b DERS S L THRALZ) &, %
ERFELRTHICHBTETCORVRALPOERIEEL
TWwbbDEEZLND. UEDEENS, TUH IR
WA ZERER A ) T Lo - AV OGG B - PLS [
DI L BHAKOEEFRMETIE, MEFER ZFHT
H5ILT, 02~50mg/l DERVERWEETH D, i
WTE2. ICETE, REBROLMET0.01~10mg/1 O
BERVERTEEL V5.
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WX BH, B, £ . 7uh UV 3 R RERIIROL/PLS BE, ICEICX AR LERERE 1461

= g

MK ZEICEETNLEBROWEILERELEL, LIELIET VA VT A F Y ZHEEA Y 7 A1
S DAL L, BIHEOWRIN (R 220 nm) ZHES 5 HEFFHE L. LaL, #KIZH 0.8 mM
DERALWA * v G A, TP —HBILENTREBA A v E2AL, WHE & SRNMENENEZYET LD
T, BABRNOEEERIITE2VWEZZ SN TE, B{LSRE 1SO 11905-1 DEMTITH &, 2L
A VREBEAETRTRERA F VIS, BIHRLERMNE & partial least squares (PLS) A5
MECL > TEORBLE#E L CLERERVTRTHLILERVZ L. ZOREEHEAT 700K
EEEERGEEZRET L, BEREAKICHBA Y DAL RERA ) T AL BRLBERPESLTHL I 25
MIL7z Fiz, BALWA 4 L OBLIG 2 RIAT 5720 &, SHBOLEE/PLS I L 2RO EL
MELDIZBEAF Y7 ux 7T 7RO - RINEHZRETL, K E EDOFEABOWEZIT, Mk
B L. ZOHRE, BABOLGE/PLSEICL D 0.2~5.0 mgN/l, BA & ¥ 24555 - A R0 1 1%
&1 0.01~10 mgN/1 DERHES TR TH L ExWOL2IT L.
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