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Recent studies on the three new photometric detection in the liquid chro-
matographic methods have been reviewed. The detector and systems based on
these detection theories and their applications to several fields have been also
described.

Differential photometric detection using UV-visible absorbing eluents en-
abled us to examine the retention and detection mechanism of sample and eluent
ions in ion exchange chromatography. Photometric detection in ion chroma-
tography determined transparent ionic compounds using indirect photometric
detection mode of this theory. This method was useful for many samples such as
environmental water and foods.

Polarized photometric detection method has been developed by introducing
two polarizers on either side of the UV-visible absorbance detector flow cell. The
monitor determined optically active compounds as the change in absorbance.
This method was applied for determining food additives such as sugars and
organic compounds.

A HPLC system with a chemiluminescence detector has been developed for
the determination of trace levels of mutagenic nitroarenes such as 1,3-, 1,6-, 1,8-
dinitropyrenes and I-nitropyrene. Utilizing this system, their exhaust from
vehicles and behavior in air were examined in detail. This system was also used
for determining methamphetamines in abuser urine and hair.

Keywords photometric detection ion chromatography; polarized photo-
metric detection; chemiluminescence detection; HPLC
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Fig. 1. Absorbance Detection in Ideal Ion Exchange Chromatography

(A) absorbance spectra of sample and eluent ions. (B) <hromatograms by absorbance
detection at three different wavelength.
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BB LB ORI BR—2 54 V&8 (v 2 Eluent Species in Anion Exchange Column
FLE—2 LN ) BEA L@@)?xﬁﬂbﬁ (A) ideal ion exchange. (B) ion ex-

. 4’, o change+ adsorption.
HDE—7DRKRZIRK () KDL E%E S™, sample anion; E~, eluent anion; &,
HuH LA 98b5, AEanE—-—27dv R anion exchanger.
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XNBH, REHIOER SRR OWRETHEICTR I N 5 T & (Fig. 2(B)), & 51z, 3k
S — 7 HEkE (PA) LRSS Y — 72 MUY 25 4 E— 7 OFFH (K, k') DRI (2) 28
BT 5T EARWHL .

PAXK’|(k'e—k's) (K's#k') ()

RQIEICIVvEa—vialb—Vva VfEREIEBRDOI/I o= bS5k —HL.
ZoEHmRAE, BEBSE—27530VEVYRFAE—- 7 OREBEEFEHTAIEICLY, BE
v — 7 ORERE, NHINAETHEIEEZRTOIOTHD, INFE TOEEREDOAAHH
TE34 4027574 —CTLRELBETZEERRPIEY -7 OhER & ORERN
IKEBMTH B EBSh >t

NII-Electronic Library Service



672 Vol. 114 (1994)

RICEEZ SIL, ERD v 25 4 -7 DIFRFE; cations cu? ce™
Lt%ﬁﬁ Wiz @%&JQ YA ?E.M: Iz 5(1@‘ 3 %ﬁ%[& [Cu(en),]** [Cutrien)]**

EROFREERZER L. IhEVYRFLE-
7 S AR RIS U 7ok, JEfREERY
IBHERI DO b biLangmuir ZITHE D T &2 H, O O C[J
WHHL, ¥ 27 & E—7 OEHEEZETRIARE anions r
sl

AAv o= b5 7 4 —DAIBLT, —& @ O
DA VR = NS5 T 4 —TREMER
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e o AR IS A 2 7o %A HPLC BT, A OMBA 4 v 1 4+ v IBRIE
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5 min
Fig. 4. Chromatogram of Inorganic Anions and Metal Ions Using Metal Complex Eluent
Eluent, 5X107*M Na,[Cu(EDTA)]-5X10"°M Na,H,EDTA; Detection wavelength,

290nm. Peaks: 1, C1I” (8 nmol); 2, Ca’>* (4nmol); 3, NO;~ (8nmol); 4, Mg?* (4 nmol);
5, SO,2~ (4nmol).
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31 RAERXERLEOERE S B o-Mal+[Cu(i-Tar)z]* == [Cu(L-Tar)(p-Mal)]?-
KWBEAET B EX, ZOEVICK > TEYLH ' [
HEMEMSHELTVWS, IhET27u0=tr35 - \\

7 4 — WX BNFREES T EICBET 2R

L, INSDHEREEICLES IBEM X P Fig. 5. Chromatogram of Malate ‘Enantiomers
icb i BEEHOERGT & OREES LTW Using Ligand Exchange Metal Complex

3. ﬁ%&%ﬁ&ﬂj;ﬁ L-Mal+[Cu(L-Tar),]?2~ === [Cu(r-Tar)(r-Mal)]?"
WNRBBIGEVH B, DD, BEERDOA
15 FRERIYNC S WT b EFEEEST D
i3, VT RT LA —~OFE(RIE RN 5 min
HEEHOBRFEEFLICED SN TX, Ly 2

- - N2 e Ny Eluent, 1.5mM Cu(OH);-3mM L-tartrate
5. THSHLT, RibERD 5 OB, St (pH 4.7); Detection wavelength, 283 nm.

FIEEMB L3 EXRRRICE S 775 Peaks: 1, L-malate; 2, D-malate (each 0.1
7 1 — RO PHRE N T2 D0, pmol).
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KB G 27 8-V ZERT 2L %, ORICEEERMENFET 5L, Zhich
KU TEBLOREHEMEEET 5. LT EEBT 5EBEOME % ORLHE & Mt Fio
R HEITEE L TRE 5. W E, BREFRCERBOKIN - THRECEERINEEEZ 5 &
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Y, Yo Yo Yo v,
A\ i Y, 1
1
levo- ext Fig. 7. Chromatogram of Saccharides by Polar-
4 Xtros
rotation rotation ized Photometric Detection
absorbance absorbance Detection wavelength, 490nm. Peaks: 1,
decrease increase
) o . ) fructose (3.3 umol); 2, glucose (2.8 umol);
Fig. 6. Principle of Polarized Photometric De- 3, sucrose (0.9umol); 4, maltose (1.1
tection wmol).
RtEEE2 2 EMnTE, AFEESEHING, 0L, BAEEELE (JAbs) LFBLE
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AL, BOLE 0N & B OmA 2R HIER S 3 2RI OREFSUEREES: X S IchdtHR
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3. 2. fERmcERLE DROEBERICE SV THRE L L REABOLERIER R, B
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Fig. 6 ® & 5 ic—HH CLFEMD otFicxt LT TlH &) oRtFizd oLy
il 7o & &, K (3) L ATSEHEMHE (8<0) BBOLE DR (4Abs<0), HletitYE
(B>0) FBICE DB (4Abs >0) 2495 Z EA/REN S, —fil& LT, Fig. 734K
B &k AR OBREROATEEED 7 F ok, v alE EFEREOSTI o< 75 L%
LT,

BEANFRE L TERBIOEAN « o]l EERIESELZOEFHVT, a%45° (REick
BERAVITFIN/ ) A XA Z AHRE) ICED, X5IckBEE% 500—-600nm & L1z &
X, #75510°5° ORETIR (v 7+ v/ 7 4 RE=3) BN, O, SEERE %1
FTIEE, e VE GERE) 2B 733 5WESNE.Y h o ORBHRICESVWT, &
FREEREREERORIEEESED ONTVE, I5i, WKE A LEZRATY v IS
o—t ARV EICXBERKDOFCERIE, ® b5V IdHTEWRER L, ROk
FEREESE ER2 R EFEREEZF L TV 5,
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4.1. —bro7L—-vaHiE BHEIHROTEREHETED 1 5Th 50, KB
BoBE(LcES il v O RE S ORFIREAER & OBE GIER S TV A, FRICIAE, KR
ERFEMWOEMAHREL L > TBY, FELAEMO—&% /. L28HEIZOFERRFEEON
TW5, Bic, Sy E RV TR, RRJEERBICEE NN Y ValE LV Vv
D& D BEBBRFBEBIRIOKED VL DDIEN VIHEPEREWDH 5 T EBHIS N TV B,
Bll, =hu7L—VIcEDBOEENRVHE N, T, Y=tobELyP=toEL
VICEFICEOWIEELED LN, ITNoD(EYORESELEREEDITEENLIHK I -
72.® L L, g TORYFRIRRE ML OREE & EENTE Y, HPLC © GC/MS
&V o BB T E T RARKREE S TEW N S LAY E 01T 3 I BEERERE
Thote. O, VERITAKKHNEERIS A0 HEEEHET STHEIICRIES N TV,

Z e T L= VERILTSLET I T L VYBERL, FOMWEREHARIH L 2 80tgH
HPLC A#EIN TV 3.2 —F, WL O OEEMEMIERE X 0 12 »ICEVERE TR
HMTEBRY 2 VR X 7 IWVLEFHIEHP HPLC OftEE LTichbdricEHEh B L H i
BWote,®™ £ TEESIR, ROMEREBR L= o7 L —vikoE 28 E L
T, Chart 1 1Z/RT & 9 SBIURIE EMLFERERIE & 2/ AIAA K HPLC i IcZ D v 2 7

1. reduction

NO, NO, NH,
‘ OzN-'E, reductlon ‘ HzN_ : fluorophore
(FL)
1-nitropyrene  dinitropyrene 1-aminopyrene dlammopyrene
(1-NP) (DNP) (1-AP) (DAP)
2. chemiluminescence reaction (proposed)
Cl H(P o Cl
|x u i
C.Q Q ¢ i, = o6+ e p-om
¢ 00 cl
bis(2,4,6- trlchlorophenyl)
oxalate (TCPO)
Cl H? ? Ci
aQ—o—ﬁ:—? + FL = onH + 20, + FL*
¢ 00 cli

FL* =g FL + #&v :chemiluminescence

Chart 1. Reduction and Chemiluminescence Reaction Mechanisms of Nitroarene Deter-
mination v

LDREREE I o7, 9, BY 2 BT 27 VEERERH Y 27 L OfE@E(LE 2 1 BB
ILICBET 2B AIEMBEEBIL,® o7 L—VvOBBTLHEE LT, M4O1IEKELLF Y Y
LEHET, #7354 /'Crmxaﬁ(%%ﬁihtf», Z Dk, BXRALFEITE,” S OIKHEREE
DEBMEH 5 D4 v 54 VLEFREE L, = o T L— YTV R 7 AEFRS S, %
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B AEMAIAALE Y AF LTI}k, =baTL
BERO—EDINBTEI.® ThHDY RT A

LT OEAY 2T AKEAT R, 501
LA EEREAT S &, 1,34 1,6-, 1,8-V =
1857z (Fig. 8).™ —%, oA 5 A DHERKI
—vEED=ba VK T EREEDETEK

WEBBETRIEZY 7724 b EVLRLTH

D, LR HPLC © CG/MS & D) 2 HimBEALOSER S nufe. Lo bALEROEMIE 1%
FAEASE N, HBHIREE 78 ATALER T RGO AR~ OB A FIRE & 75 - 7z,

R DOEVERE LEREEE T AAEE = b
o7 L— YORIANHERITISHA L. £
3, HiAKHD 1,3, 1,6+, 1,8-YV=ro L v
BEE1=tobLrryBEIOH2HEE
W LANLVT, WIS EABRICE BRIV H
NZEEEZ L7/ (Fig. 9). o DHERIIRE
BRLELMOEBEAR L &S, FTERE
BREFETHEIEBDP 7.9 £, K
SJOBEICIEELASEZRTZHEH LS D,
Z DRI IRE AT OB L RGOS
DBHEE S 7.3

Wi, WFhov=trobLr vyE82iEkd
F 4 —EVRBOARSE Y ) viEDT
b, B OZER/ NS EREOBE THEE
Ltzhs, 1-=bo L VT4 —¥IUBERD
APEBETH -1 BEREER VY v
#Hl D574 —EVEHOHENERICZ VDT,
ZDFER, LThOLEY b RSP~ DHEHE
BF 4+ —EBVEOHEBRE YY) vVEEI DS VEE
HSHEA U 7o (Fig. 10).® 57« — EVKEE, &Y

64 mVFS 256 mVFS

[~ [

I
y

chemiluminescence intensity

e
5 min

Fig. 8. Chromatogram of 1,3-Dinitropyrene
(1,3-DNP), 1,6-DNP, 1,8-DNP and 1-Nitro-
pyrene (1-NP) in Benzene/Ethanol Extract
from 4.2nig of Airborne Particulates after
Refluxing with Sodium Sulfide

Peaks: 1, 1,6-DNP (55 fmol/mg); 2, 1,8-
DNP (38fmol/mg); 1,3-DNP (60 fmol/mg);

4, 2-fluoro-7-nitrofluorene (internal stan-
dard); 5, 1-NP (1.4 pmol/mg).

50 5
w0l 4l
' o ®
E 3 Esp
o °
20| L
% 0 %2 7
o - é
7
10 1 é
%
7
Z
ot o %
15 17 19 21 23

Fig. 9. Time Courses of 1,3-Dinitropyrene (
rene (1-NP) Concentrations in Urban Air as

Traffic voiume ( x 103)

o'clock

1,3-DNP), 1,6-DNP, 1,8-DNP and 1-Nitropy-
well as Traffic Volume

Sampling site, heavy traffic road-side, Kanazawa; Sampling date, February 2—3, 1993.
Columns and symbol: [, 1,3-DNP; B, 1,6-DNP; #, 1,8-DNP; M, 1-NP; @, traffic volume.
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Concentration in exhaust
particuiate (pmol/mg)

l?ll 10 1 0.1 1 10
T T

Concentration in air (pmol/m3)

100
T

1,3-DNP
1,6 -DNP
1,8 -DNP
1-NP
[ 1 ] 1 1 ! 1 !
100 10 1 0.1 1 10 100

Fig. 10. A Comparison of Gasoline and Diesel Engine Exhausts

Columns: B, gasoline exhaust (n=38); @, diesel exhaust (n=7). Each column and
horizontal bar represent the mean and S.D.

) VBRBRUARKEFEHRERICEE N INS
DALEYIDOBELOEICE S WTCEE L ok
%, Fig. 9 O#FMAKIICHELET S 1-= ot
LYDIREAERT 4+ —ENLVERNS, Y=tuo
L vREERD 8EE T « — ¥V, 2EIIA
v vEPSHHENTWBE I EBHL M E
75t

X oIT, Ao EEYRRED 1 2&E LT
Ames REBEEAFHL-ECA, ERLLEK

>
N

chemiluminescence intensity

HIRRZHORY = b v L v EEERE RV \

Thbl-= o ELVBELDREPIED | R

DD, TNENDREE TR N SERRME —

DEEE1-= oL vicltid 55, Th 10 min

PIETHEEMHLLEN 72D Fig. 11. Chromatogram of Methamphetamine
CokIT, BER L= o T L — vAE and Amphetamine in Abuse’s Hair after Dan-

_ :m’ e ] X P e sylation

‘:‘ &0, EE%%ME%&@;T ?if 1370 :J f: Sample hair; 0.3mg (5.3cm). Peaks: dan-

=7 L YORIABEZERHRL, X561 sylated (1) amphetamine (3.3 ng/hair) and

ZREV: L ORE A EEINCHRNT LR, 8 (2) methamphetamine (7.4 ng/hair).
HAKE RO 7 + — € IVEBE NI ZE
CBELTOWAAREMD E T IR B/, = o7 L — v ORN /i, KRFEERSEY
CEHOBSMESNTWAY, BIRLL= o7 L — YORERREYAICOER TS
H, Thicky=1to7L—vOREEE{LEEOEENENIT PEDL O LI 5.
4. 2. BHUOEISHE  EUFERRIREUALSHED 1->THY, HATIREDDIEY
VWHIESZ O, FEEE, LRO(LERERE HPLC A2 H Y WEIR U2 0REPI O ST IC b
ISH L. bbb, 29 v 7293 vRUZOREYIOT 3/ BE% 5 v v VEEK{LS 5
By 7/ Xy A4y F—VEERET ST Licky, (WERERIBICH L THVESZT%E
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FEXYE, hrx=bo7L—UOEEEHOBY 2 9B X 7 IVFEFEERE HPLC v
25 LCEHTAODTH B, AEld, 7L FENLNLVDRA Y VT 24 3 VESSHAIRE
ThHD,™ ZDREEIX GC ® GCMS % F[a]- 72,39

REC &Y, FTHEBRDD SHERETEAAETH > 1BV XV DA Y v T 253 v
TYT7 2y I VBT ER. X5, /I T2 FY YEMALINSD p-sKigbikD—
BEarEages L, B- /v o= — A HAADE L LICIDENLD VI o VR
AEEROAEIREE L. ThEROWT, #HEEBERDD X 4 v 7 = 4 3 vHElft OREOZ IR S H
KT BT EMTER® £, AERLVEBEIADODA IV I 253 VETVT2H Y
OBHZERREE L, BERER 7 ) —=v /e LTOREDOERMEMRE N (Fig. 11).%
AEFEEOVHILAD WL 20 OELHEYNC S ICHARETH O, ZOERSIRFTE 5.

HE AR, FRERKFEETICBVLTT-2b0TH0 T, MIELEXTTBIC
b1y, BHEETEE, HERV IV EETRHEECERE SRt L BB L
EiFEd. £/, APFRRBLICER, SHmcr LTk niEL 0, BEEELOICEYE
WA DIEFZEE, SOIBERAPSEZEVEEZL DX DHAOBYITHY, FHBL £
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