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A+ YOERIHCONE 72 /) —VOFBKRTHLT =V =V, 7=/ —-VERRDETY - BY
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HWT, 48% FRBRAKEWH, EALWA 4+ Y FLET, A 4+ v L RIG - BBt EfErsend )
HEIZOWTHE L7z, BIRREHTTO7 =V — IV ERMEEA 4 Y ORIGICE Y EREZw22naic gL, %
INHE R IR F 485 nm (2B 5 RENT O VIR EIE 1.22 X 10°~1.44 X 10* cm ™ '(mol/L) ' THh o7z, 7
=/ = VORGEICHR TR RERIIRERTH ), FHOKEERELHV 2 HFEOVTR LD b HIE
BEThoiz. TOT=V—NVafvahEa b TFRPOWEESZEOERIIDHA Lz, ZOHE, BTFKF
DM EROERIIBWTHE TR EHBEEIE L k.

1 El

A & VICHR L CRET A= Mk 3T
/) —Lo= bu v bREARIGEFR LWEEA 4 V28
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— VLA TH B Z EIZHEH LT Velghe b D% KK
A DR R K O A R 2 S ORI O E D I O TF ok
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7 b= V8 AWK VEEE VA HE STV A,

oA FEFERLEGRTZ TR KB TH S5, B
KERINTDOWTIE, Nakamura 284,5-Fk Faofd s <
VY EBOVALEEEEA Y OFEE (NVEY) e ER
EERMELZY. LaL, BiHhlE A EcTRED
KRICREDOHF BN LM T 208D 5130, HHEEE
BEW A VA R CRfl S R BEk b EL 5. 22T,
ARAZHEEME O RIE 2 B — B BRI B B BB~ AT
5T ENMEER HIE, WA 4 v OSIICBT 55 RSE
DFIRFEATER SN, XU PRI A ST AP ST g &
WRFETE 5. AR TIIRICHEEOBKRETHL 7T =
V=NVDRAY )= VERERORIEERE LTHY, 1t
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HHEH—BRE RV BROBRSHIRI B L2 RNELE
DT, COHEZFHAL-MBRESEFZOCEEDORE LR
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2485 nm TH Y, RENFOENVIEGHREIE 1.22 X 10*~
1.44 X 10 cm '(mol/L) ' TdH Y, KiskoHEFHILEY
FRAWHEBORAGITEONTRIVLIERETH -
2. ZOFEREMEA T V28T Wb T/ROWEEA
Y OERIIGHATRETH o /2.
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TR S AT . TR S I (NOs™ (N &
LT): 1000 pg/mL: FGHMSEE 2 AW L CA L.

T=V—= {0.35% (w/v)t & 7=V - Gk,
99.0% ALk, FIEMIER) 035g% 25— GRAE
FE Ry a7 2 VRN, FOEMIER) 100 mL
B L7,

WALF b Uy AEH: WAk bU YA GRE BRI,
99.5% LLL, HIGHZEER) 23.0 g Z/KIZ &4 LT 100 mL
EL7.
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Fig. 1 Absorption spectrum of a final solution treat-
ed with the proposed procedure

Concentration of nitrate-nitrogen was 1.0 pug/mlL.
Reference was water.
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AOABREEBREITREOEBY THS.

SIENGEEEE (V-B50: HASOGEL) : 485 nm OWRILIE %
FETHHEI, KENBELTHTS AL E2BWTllE
L72. 300~800 nm DWLIXARZ b IVORIEICIZAE L
) %3 IRV AN

AF>7uax b7 774 — (DX-AQ: DIONEX #): #
J L1 AS12A (4 mm) T (0.0135mMNaCOs + 0.0015mM
NaHCOs) OEHEE % it 1.0 mL/min D4 THW .

At EREBE: 5 mL I TOHERYMNET, HEIW
30 mL D3N & RERE & AL CTORGBLEICH W,

AVTGrTANEY— (R ZRAFNVETIED 0.45
pm Db D FN YT AR T AKOWMBREEFE W
ET HHET, FRNCIRPUKDOF BT DIZH 7=,

2-3 FHEMZEROSEETEIRFE

AAK (WEEEFELLTOoOug 25 200 ug 25T
10.0 mL % 3BT ICILY , 28.0% ¥EALF DU 7 AEH 05
mL & 0.85% 7 =V — VER 1.0 mL 2N X TREEFEHAD
BilE L CREAE LA, 95% BifE 10.0 mL 202 T RIS
%R 30 s L7z, 2o, RBEL L (ko THRAET
SEMEEMY i, o, FO—E T T ALV
0, 485 nm ICBIFAWRELZME L. T2, MEHIEZ
DTFoREICI 0 ER L. 9, SBREIC 2.0 ug/mL
OIS FREHER 0, 25, 5.0, 7.5, 10.0mL 2]V,
7.5 mL BT % W o 72 RS I3k 22 T 10.0 mL &
L7z, DO EERME L AT 72,
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Fig. 2 Absorption spectrum of a final solution treat-

ed with 1.0% phenol solution dissolved in methanol

Concentration of nitrate-nitrogen was 5.0 pg/mL.
Added volume of 23.0% sodium chrolide solution
and 1.0% phenol solution were 0.5 mL of each. The
(4 + 1) sulfuric acid (10 mL) was added. Reference
was water.
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Fig. 112Kz E Lza05h S E72ERD 300
nm 2*5 800 nm T THORINARS b VERT. BREYE
T2EHIE 72w T, IR KERIL 485 nm Th o 72,
T —=VEROWLFEPIDLEERETH Y, BIUR
KHPBEREICY 7 M TE2 WG otz. RISEEWZT
SV VORTEZ PO YVAFE Y (NOY) I2ED
BEFERIGEZTCTAERSIN p-= a7y —
WTHAHH) EHEMLTD, IV MiDHE, 7/ -
OARBIERKMIC, = b s Ft s (NOT) OBEIC
LT, A MR VEPGVEREELRILERLIZSWZE
DR SN B,

32 AR/ —IDREADEE

Tx)—=ViE, AFI—NVIZHBRTE. TTHEBEO
DI L21.0% 72/ — VDAY ) —ViEHERWT
To =MW A F Y EREZ B U CRZRIARY P VvE
Fig. 2 \IRY. FHBRISHK, @Rz L WEEGIZh 07295,
KB R R BN EIE 380 nm I2d H Y, BRI
XBEBRRINIBN SN olz. A5/ —VERERV
ZHEb, KBWOLER p-= by 7)) —VH4k
BL7zbobEzZoN5. T, ZoOEEFERETIE,
LS EE, BROEERKTH S 200mLICED S A
/=it (1.0mL) &, #5% (v/v) EHzb6h, T
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TIROTERE (95%) %K THIRLT, 67, 76, 86% &
L7z, SR L 7-BEEEIE O FER RBERE 2 10.0 mL i L
T, 7=V =0 = a VA LAEEH D 485 nm 2B SR
RIEZWE L 7. ZDOMD5MIE 1.0 ng/mL ORjERYES
FEW 10 mL, 23% BEOHALF b ¥ ABHIRIMNE 0.5
mL, 0.09% 7=V —)V1.0mL & L72. 67% HifETI33
Bl h ol 76% WEEOHEIIZWIGE X 0.146 Th
D, 86% DA TITRIGEL 0.834 &7 0, 95% DIEF:
FIERL Tl 1.098 TH o 7. WLIEN BRI E O E &
HIZHML 72D T, PHOBIETIE 95% DOHTIROH;R %
ZOEFMP L.
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Fig. 3 Effect of concentration of sodium chrolide on
the absorbance at 485 nm

Concentration of nitrate-nitrogen was 0.2 ug/mkL.
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TEV= VD= ra VALERY O 485 nm (2B1F 5 WIGEE
ZWE L7z, Fig. SITHERT. o4, nimka
F02ug/mL, 7=V —VOEIEIE0.36% T1.0mL & L
7o WALF PO ARRMLAVEIZEALRBLEVD
T, = hadFFr (NO,) WKEAHBFERIETH
Lo bofbiZiZE ALRETVWEVWEEZ NS, ULD
mRLY, DBEOFEETIE, 23.0% DI LF Y v Ak
BIRE 05mLNA S I LI,

35 HEDREOHE

95% DML VT, 7=V — Vit 0.09~1.0% @
P TR NSRS EE 2 BT L7z, Table 1 12J&REE# R
FOENVISERET, HEEZMEBERERTELERZR
. OREEFICHEOWRE CHETE AR 0.34~
0.36% DT =V — VIBEDEEIZED Sz, 0.85% T
=V —VEBE VW eE, 0~2.0 ng/mL ORREEEEH
BEE (X: pg/mL) & 485 nm IZBIF B WBE (V) & D
M, ¥ =1.03X-0.087 25D iih, Y & X MO
784213 0.996 TH - 7-.
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FISEZOERITSHRTS D, BOLENEXEEETH -
7o, OIS RMNE 30 505 30 Moz buvik
FOBHER D 485 nm 12 BT 5 WILEE O RE A ZE T % #egt
L7z, RIS#E#% 30 528V T 1.0 pg/mL ORISR
BB DOYE TWIEEEL 0.856 Th o 7225, 30 5HICI1E
0.864 127 Y, 30 s3I TOEDE 1% U T THo 7.

0, 0.5, 1.0, 1.5 MTNC 2.0 pg/mL OHEEYEEERKILED
FEHEE 10.0 mL % IV T4 4 5 [@E L CEBMiEZ RS
T, TRICHESEMREREZER L. MBEEHE (X
ng/mL) EWEJGHE (Y) ORIZIE, Y =0.880X — 0.002 ®
BIGRHIEL LT, MBIFREIE 0.997 TdH - 72, Table 1 A
LA &I, WENLLINZZFTHRREDEN
WRELRY, ZODIC 35 THENLWEESEE (X
ug/mL) EWOSEEE (Y) OO v=1.03X-0.087 £ %
VRS TRERI o bDEEZLNS,

Table 1 Effect of concentration of anisole on sensitivity and precision
. o . . .
Comccntr‘atlon (%) Range of mtrate_-?ltrogen/ Apparent {rllolar abso_r]puvxty/ Coeffcient of correlation
of anisole g mL cm ™ (mol/L)
0.09 0.0~0.4 140 0.895
0.33 0.0~2.0 14050 0.995
0.34 0.0~2.0 14040 0.996
0.35 0.0~2.0 14400 0.996
0.36 0.0~2.0 13410 0.995
0.40 0.0~1.0 10840 0.990
0.50 0.0~2.0 12000 0.990
1.00 0.0~2.0 8740 0.991
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Table 2 Effect of various inorganic ions on determination of nitrate-nitrogen (5.0 ug) with anisole

Added as Weight of ion/ug Absorbance at 485 nm
Control — 0.38 (—)
Na* NasSO, 9.72 0.386 (1.57)
Ca®” CaCly 10.8 0.39 (2.63)
Mg*" MgSO,* 7H0 9.87 0.38 (0)
Fe'* FeSO;* 7TH.O 10 0.38 (0)
NO;~ NaNO, 10 0.624 (64.2)
HPO,*~ NaHPO;* 12H,0 10.7 0.368 (—3.16)
NH," (NH,)2SO; 10.6 0.396 (4.21)
K* KsCOs 11.4 0.382 (0.52)

a) Figures in parentheses are relative errors in %.

Table 3 Analytical results of NOs-N(mg LY in well
water samples

Samp]e NOs-N found/mg LV1

No. Ton Chromatography® Present method
1 0.5 0.4
2 2.5 2.0
3 2.8 27
4 3.5 3.6
5 2.0 1.7
6 5.8 6.0
7" <0.1 01
8 1.6 1.7
9 3.7 3.8

10 35 3.6

11 1.8 17

a) Refer to ref.15;b) In calculation of coefficient of correla-
tion sample No.7 was omitted

WIPEHEMRZ (RSD) & 5 BIPEDHER, 0.5ug/mL T
1% 7.52% (F3fii: 0.351) T, 1.5ug/mL TId 6.41%
CE¥ft: 1.362) Thol:.

3.7 HEDEOZE

WTRkPOMEBEESZOER HEL LT, FkbhoE
TR A 4 U S EEBREICHCVS CI7, SOST 2 BRw
72Na®, K', GCa°", Mg’", Fe’*, U VIR UHREEA +
v ENH W2V TOREERRE L.

Table 2IC7 =YV =V EHWARHBREERSTIIB N
T, 5.0ug ODWHEMERICHLTH 2HFRETHS 10ug it
EOMEA T v OTHOBRELZER L. Table 2121801
7oA F o Tk, BEHEEA T Y OADPKRERIERELR
L7 AREICE AEEA L+ OEREIIBWTIE, HEEA 4
VBRI ENTHEWEA & v 2FBLCElt=taI vz
EL, 7=V—NVERRT S, LzHo>T, KETEH 7=
J =W 1-F7 = V8- ANk VEEDEED L FRRIC
WA 4 VI EEZRTIDLEEZONS.

3.8 MTKADICAEATEEEDILE

2005 4E 10 B & 12 B2, REARWA2 SHTFK, 11 #fk
ZIRAK Lz, BEE 2006 4 2 AIlAT - 7228, €O, &
R PUCHRIZIRE L7z, Table 324 F¥27u~ sy
FEPLE IR TRE L2 FEIC L 2 ERREERT.

M ZEOF FHRETME LG ED Do 7225, AE
Wk oTid2ff, 4fBICHEMLTMERITS 2.

AF¥vru< 7o 7HERFLLTETHRE LD
MICiE Y =1.074X — 0.254 O Y 32 b, HBREUL
0.993 & %o ) BRIFLABBRIA L. T2 T, X134
Frravw bS5 7ETHLET, YOIRELLFETEK
WfETHAH., WTFKIZMBICL > TFEINIZKTH S
720, A F UHBL RO T, HEESEL kolzd
DEHEWT 5.

AW TIE, BARERETHLET=Y—NVERXF ) —)V
WHEPTIEICKY, WHEAF OB RRE o7z,
TFoV— VB EREORISWIT TR 485
nm (CH—BAKRIGEEZ 7S, RhTo s vl
1.22 X 10°~1.44 X 10* cm " '(mol/L) ' T o7z, T DfE
TSRS & o s AR AR EHBIC Z N Eh 380
nm IZRIUBEKREEZE> 7 2/ — VO OWEDE VIR
Z3, 1680 cm™'(mol/L)™", HIZiZ 350 nm (ZIRIUARK
EEZED 177 F—V8-A Ik VEODHA D E VLS
122380 cm ™ '(mol/L) ' X D B KE W,

¥ 72, Serrat SHREGY Lo mEE S & 0 BUSE KAt
502 nm IZIRIBAREREE ROV YNV Y =V DENVESE
B (HEBAL PO WBmEERICHREA), 4480
cmil(mol/L)_l L KREMho, LT, THEEA
T OEESTAREARAFEORFL 7o tu—F
O L FBCHIFCE D EEZBND.

RIZICERNC S 2RV BEHE SR O+, ISR
K& T T 7207 AR I MK & STk B 0 B ARHHE RIS 340
LEFET. 72, L CnizRunRRERFE R BAFF
TR D3R MBI LI HEH LT,
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Spectrophotometric Determination of Nitrate-Nitrogen in Groundwaters
Using Hydrophobic Reagent Anisole
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A spectrophotometric method to determine nitrate-nitrogen was developed based on the reac-
tion of anisole with nitrate in the presence of sulfuric acid and sodium chloride. Anisole was
added as its methanol solution to give homogeneous color-developed solutions. Color develop-
ment is probably ascribed to the formation of a nitroso-dervative of anisole caused by nitrosyl
chloride, which resulted from the reaction of nitrate and chloride under strongly acidic condi-
tions. The nitrate-nitrogen contents in well-water samples determined by the present method
were in good agreement those determined by ion chromatography. The sensitivity of the pre-
sent method is higher than those of similar methods based on water-soluble aromatic com-

pounds.

Keywords : nitrate ; anisole ; spectrophotometry; methanol ; groundwater.
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