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Necessity and Purpose of the Present Study

TR —RE - K R
Keiichiro FUWA and Akira OTSUKI

This research report is the first one of a series of reports from the research project entitled
“Studies on the Methods for Long-Term Monitoring of Environmental Pollutants in the
Background Regions”.

This research project was planned taking into consideration of “Global Environmental
Monitoring System”(GEMS) reported by Scientific Committee on Problems of the Environment
(SCOPE) of International Council of Scientific Unions (ICSU). Although the GEMS contains, as
components, the monitoring of atmosphere, oceans, rivers, lakes, groundwater, soils, vegetation and
forest, drinking water and foods, the developments of the methodology should be most important
to implement the pilot studies on the GEMS. Thus the main purpose of this research is to develop
the methodology for the monitoring of national and global environmental pollution in Japan
Islands. -

The levels of pollutants in the background regions, which are not influenced by local human
activities and its regulations, can be extremely low. Thus the developments of highly sensitive and
reliable analytical methods for the monitoring of ultra trace of pollutants in all media are essential
as the first step to detect the trend of changes in the baseline of pollutants. The first effort of this
project was focussed upon the developments of analytical methods for the monitoring of specific

pollutants in the background regions.
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Analysis of Ultra Trace Levels of Mercury in Lake Water
Utilizing Atmospheric Pressure Helium Microwave

Induced Plasma Emission Spectrometry

B - A W

Yukihiro NOJIRI' and Akira OTSUKI!
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Kkt 7777 R OMMROATOR O, 74 7 vEFES7 AR
FHFEEL AV IBRBREARSE MR Lz, AEboREE, AA(IDick-
TETLTABRER LT, €7 vAadt Ty FCflBETa, Kb wTr724
THEICHAL, 253.7 nm R EER TABOERET Y. JOFECLEY, 0.5 pg D
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Abstract

A highly sensitive analytical method for the analysis of Hg in natural water samples
was developed utilizing atmospheric pressure He microwave induced plasma (He-MIP)
emission spectrometry. A combination of He-MIP and Hg preconcentration apparatus real-
ized a quite high sensitivity for Hg. Mercury vapor was generated from water samples by
reduction with Sn (IT) and He gas purging. [t was trapped with an amalgamation trap, using -
a Au coated pumice. The Hg vapor, removed by heating the trap, was introduced into the
He-MIP. The atomic emission line of 253.7nm from the excited Hg atom in the plasma wag
observed with a monochremator and used for the determination of Hg, The detection limit,
defined as 3 times the standard deviation of the blank operations, was 0.5 pg in 50 m/ of
water sample. It corresponded to 0.01 ng/ [ in a solution sample. The linear range of the
calibration curve of this method was more than 10*, which was far wider than the
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Chemistry and Physics Division, the National Institute for Environmental Studjes. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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conventional atomic absorption method for Hg analysis. The accuracy of the apalytical
method was confirmed with the analysis of a certified reference material. The improvement
of the sensitivity appeared to be due to the good separation of Hg vapor from water and other
concomitants, and the reduction of peak width of the introduced Hg vapor into the plasma
source. The method was applied to the determination of ultra trace levels of Hg in lake water
samples. The inorganic Hg concentration in sub-surface water from unpolluted Lake Mashu
was found to be 0.3 ng//. It was one of the lowest reported values for Hg in natural
freshwater samples. The surface lake water contained 1.0 ng/ [ of it. Deep lake water also
contained higher concentration of Hg than subsurface water. Both atmospheric and
hydrothermal input of Hg were estimated from the results,

1 #

BEGUBNTEH TEHFITNETHAKBEOMTE, INETREARBELSHONT
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Table

1
1

FEMK

Instrumentation

microwave cavity
plasma torch
microwave generator
focusing lens

monoechromator

high voltage supply
photomultiplier tube
DC amplifier

chart recorder

data processor

model 218L (EMS, UK.), TM,,,. Beenakker type

7 mm ¢.d., 1 mm id., quartz

model MR-301 (Ewig Shokai Co. Japan). 2450 MHz
quartz, 50 mm diameter, 75 mm focal length

model HR-320 (ISA. U.S.A)), Czerny-Turner mounting
focal length: 0.32 m

grating : 1200 grooves/mm, holographic

dispersion : 2.5 nm/mm

one part of JY38P (Jobin Yvon Co., France)

model R-955 (Hamamatsu Photonics Co., Japan)
laboratory constructed

model U228 (Nippon Denshi Kagaku Co., Japan)
model TOO0AS (System Instruments Co., Japan)

chart recorder data processor

f HV power

supply l: DC amplifier

{

PMT l

menochromatar

scan controller

He-MIP

i
lens TL

microwave generator |

sample gas

1 He-MIP £ H 26 A O 8HIE B
Fig. 1 Schematic diagram of He- MIP detection system used for this study
22 B ¥

AR I oAEseysE (lmg/ ¢, 0.1 N W4ERERME) W, TIRNO IR Tt AissEgs (100 mg//,
R L) 2o 5 %L, Pyrex FBMICHRIFL . 1 RU0.1 ug/ ! OFEHEEE (0.1 N feiett)
R EA LA, JAVRETE 1mg/ ! AR S S, HREE L. R, HESBRMT
i (FLSEEE) 2R, BN E L TRWERE—A X 10%EH (0.1 N HEbEE) &,
EEEB AT RN (FEHSE) b 5 /B LT, 2hoild, TROBRMEORETH 25, ng/ !
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VALDAOBEICRFEE R 5BOKBEFATHR D, HLBRIEKBHEICL-T
R 72, TH81E, TNOBT THRARE (ELSS, BMHELE) %, 7V —vERENOSRES
By 7R v IRBEBTREL TRV, LEZMAE, Milli-Q v A 7 4 (Millipore, U.S.
A) Lo THMLLELDRH W,

ERBOBAREN, 1984 £ 6 A 20 H, ERSEILAHE THERL 72, B IRE 2 1R 72,

1 km ][

B 2 ER#csIYLTY o IE
Fig. 2 Location of sampling point in Lake Mashu
A lake shore line. B: border of intake area. C: crater of Mt. Kamuinupuri

volcano. K : Is. Kamuishu (volcanic cone). §: sampling point. Numbers in the

map indicate the water depths.

COMEOEERH20MmTHY, F7a>a—p XN 10/ Go-FloBiFEAS (General
Oceanic, USA) T, ZBH»SEBE T, 10EEICHL o TRA LR, FIRL AR, £T8
FE8, FRLH00m, SPCYaAf Y FOFFZAF v v PTERY XA S AMWIC LN, FBHHERE
4mil =Mz THRRTCRELID, M,

ENAEMENRELESAE, ALZE (NIES CRM, No. 5, “Human Hair")* &, 4403
FEDRED 20TV 2, 10~20 mg OFFHCRBIMER 2 M2, 77 o U HEMERNT
InEHEL 7249, oK, KO LS aMEASEPEREL LT AROMTICEL, FH
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R eDELERMED TLIRVHETH S, FHERE 00 FCHFRL, 2035 10 2 —EO
KEERRIZHLT,

2.3 MIP ~OhBEASHAEE

AKBOEZRKERD MIP ~OBAR, 77 X2 PEHELTEL8, KBOBRODALE T 7
Av~EVAL Y AT AZMET 2 2 L BSEOHBRICRESZ Lhof, FITHIDL I 2K
FRIEEEARESHEL 0, TATOREICENEZMm O FEP 77 a y B2, $T02
I —WRFIOYA Y MIEOAT YLV AV a4 2RO, BEBEA—-JHDOA~
Yo AFA (F3HDA) &, bFyALAKEOF v ) ¥ —La B~V T AHA (K 3HOD B)
(3, BRT CEHEETRMTA) 2R TALEF 2 AH T4 (REF30cm, M3H0P) 28
BEETAEEEVW, SRHEOAY YAFAORRRIT~AT300m//min ¥ L, 4HFH VT

(F3FD VAL 28807 (A3ShO VA2 i, TFEF7 70y /A7 »VADT ALY
NNTTHD, KIGEE (B3HOR) & Pyrex BT, FRIWmI TH S,

E&7=NHAMELZ v A (E3PD T) ik, WE4mm OERE K 100 mg O # ARABHER
O&a— b BALEREE (10/20 A v 2, P2 2RV —AVOBIZRTALTHERLT,
IOBRBRITSHSSHERE L LOT, FOME, R ESEREsNTHE Y, Thitd b

B 3 KESATAORSEAZEBEOBER

Fig. 3 Schematic diagram of sample introduction system for mercury analysis
VAIL: 4 way valve. VA2: 8 way valve. R: reaction vessel. A : He gas line for
sample purging. B: He gas line for carrier of Hg vapor into MIP. C: He gas line
for plasma sustenance. P: gas purifiers of silver columns. F: flow control valves.
VTI, VT2: vents. T: amalgamation trap. V: variable transformer. M:
connection 10 He-MIP,




MIP SXESTER £ 2RBAPOAROBRB T

i, BREETEREMZSET (0.5~2.5,m) ¥ 2HEEL0THD, BHTEELHFA
PABREREERF-> T2, EBHEEB L2 HLEREY L2312,

A 9 FRECIH->TIO L 7y FHENRAT S X302 >THB Y, BEENLSITRGTH,
SRR T 247 /s (MBABARGTR 30 s O WCHREL 2, 0sDOMEZ LD 25 v 7ORER 900
CETLET A, P 7OMBEIThTWEZEE, 77 XINI0OEI2ERTELEIR
L7z

2.4 REEIRHF

FIOATREARY T Ty ORI | EHREREL, TELER-. SREO
HRBEE, KEODRERET > 70 253.7nm QRS T= 5 — L TTo T2,

g9, BRLLETHBE®R Im/ &, 10N R 3m/ #FIGBC L ->18&, BIROE3I$D
VI ie22wtT, ZEGOTMYOKER2RELL, BRaNLTERL AMEGIE~Y 7 A
HR=PI L o THrhD, BEORETE, BRORGERFELT, Modr 7L 0ER
BERic ZoBE R T 12,

—HOEEFIEEZ R 2 R LT, BEUOALTOME R, 4507 VALIER, 8 L7
VA2ZRARTHZ, LROBFTRHELLBEBROA-LRIEER, VAIERLRE
BRSO ml 2 RIGE A %I, VA1 2EEE 7, BN TERLKRERRZ, FRO&H
Ty AT AR b THESNS, Smin ODFEIGHE, VAL %24 LR LT, BEEWNICE-S
RAERGEHR LTI AYRARBLWI T30, WsBWI»EVA2 2ERs €, 7
FAVEHBEN TR AEN OB L o TIFNICER ¢ 2700, 772 A~T0FLEV S

= 2 He-MIP iZ & 2 kRO ERRFOFIR
Table 2 Operation for mercury determination by He-MIP

« purging of the reducing reagent in the reaction vessel for removal of contaminated mercury
= addition of 50 ml of sample water to the reaction vessel

» turning VAI

» vapor generation of mercury contained in the sample and trapping on the gold amalgamator (5 min)
» turning VAL

» ventilation of the water mist from the sample water (10 s)

« turning VA2

- stabilization of the plasma source (50 s}

« turning on the heater

- generation of mercury vapor from the trap and detection of its emission signat (90 s)

- turning off the heater, turning VA2

+ cooling down the amalgamator for next operation (2 min)
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FIDNR—ATA VEET L, TIT, N—AFA vOEE® 502t E—F—DAA v
FEANT 79 TEMBAL. P29 7027 ) =7 v 7 00T, MR 9s & L7z,
KERD > 7 F i, INBBIMEEWN 17s THIL, E—F 024 v+ 5810, VA2 #F LK,
ROERBBEOLDIEN Ty 7L B0 % F o7, BLF 12081801, KO—EDRIECA
DIEWTER, ZOLIWCLT, 194 27 VOEERECH W0min 2E L7,

ng/ ! VALOEBRERES, IF 13 —var a0 TRREBRTI I LRTARTHIOT,
BERZROESC LT L2, REERICRINEE L 50m! O#Kk% £ 1, —EORES
o7, BFERBROBELTRMBIC L A — 20D W Z L2 LT, S5 RERENELYE,
BROEFET, 77 v 28G5 00, CORBEMCPEOEREER (1 £713 10ng/ml) %
TAZOENy N (1055 W00l DHD)Y FHATHIZ TREEZTY, KEOC—-7Fahs,
—EOKBRIIH T E VAR AR RS, ABZOSFERBO LS nBEOE VLD L, B
WLTHREIN:2HETCER L.

3 BRrEE

3.1 BHOLHNEREFSHORE

He-MIP iz 517 2 B sHCERR BRI, 73 XvFRAWHE, V4 2 oElhH, RUS
7 X DANMIETH 5, KERD 253.7 nm OEFHIERD 7/ 7 7% % > FIL(SBR)
BTELLETREI LD LI, Tho 2B L, M, 77 XoRNRITIE SBR 2L %
WIEERWBENESNE Y, TIATHTARBE v 20Nz, FhEi 300~500 ml/
min R U 60~100 W OEF T, EEL 77 AvO8EE H5i0E v SBR i s iz, —EED
KEMEEREEZ AT, KROFBNBO 757 AN TOMEEBIMIT 2 &, 2RBBRER B0
B2, BETIARONy 7757 FEAOBAMB(CIAN TSI A~OhLEETHE) £—
L7, L252, SBROFBAMER, Pl Fhi-fBrb-7T, 22 TABOBERED
BondEELONT, KPfRO DAV i MIP T3, Beenakker Blw 4 7 i F v &
FADPFLEEDORIZE L P —F (FHE Tmm, AR lmm OFRE) Nic 77 A3 ERE R
L, FRADLYIEWE, P—F2AEIGHT 77 AvHBLEEC ST 2MBrabE It
B, BRI XA 5 20 R, P—F ¥ v OF 4 OMMSUERGCLYREZS L,
Flob—FOFH > THREL 2T 2, KBOBARELB L Lo, HEBEOFEROLU
T, HRABORELETA I L8R LY, HLOREEBERLTOTERY T T VL,
FIU, BEOERAOLDIIR, TIX3v Xy YORAGEKR, HREUEBEEShES
ZEELR, LicdioT, KEEOWHEER, FBROLUD & ioh 285 (SuEim T /-,
AEROBILE SRS, HARETD VLD 2 EBAKEY, SR2CBTENS L3 TRITL 7,
1~2min O RGHETE, FASA—I2BVRT cBUKEBEO C— 7B &N, S5min DR
ICEEE R L, BRBAO L D R ERBHOBEH TR, AR YERVEL T E— 7 3RY
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s hotz, L, Brilidko & O 2EREHORMOREE, Smin ORTERMTYS, K
BEARSITBIany, FRA-VERNVEI LU -7l E N BRELT,
EHAOE » W LEEAD 2 BFE TR, 0min B EORICEHEE2LEE Lk, T4bb, BE
L CEFRESONA TR, RESERPBITCENPTOEETEEATLIDIHL
T, BIERISEOEEE, BALPORTERM EAEREL ST, BLSIZ OB
LiroTwa e, BBk, UVEBEHC L - TEEYEET 2L, bmin®
FICEEM T, AKRRTE2EIShi, B, AX(ID) TEECELS L5 7KEH, inorganic
mercury, & &>k, easily reducible mercury & & #1, total mercury i, 7t A S O SHER(E
DHBICEEINTE, 210, BECL-oTH, TOESNEH, o0k, ABEKRLV2
EICRBEINDS, LHLENS, easily reducible mercury i3, RIGEHICE DEH-TL 3
e, BEERYROZVE SR, TOBKSHVEVEL D, ATETE, BEERNOV S
WE RO IEFEEMAO easily reducible mercury 2 EE L 7288, ZOEIZ, THE T,
ARG ETHRE SN TV 5 ¥ easily reducible mercury D—HEY L EEFAE L IFIEEIL &
FATL, HOEEHTE D,

3.2 KBORLLTFILOERETS - 20ME

HBALFENXY 7 NOBRER4CRT, KEXAOY -7, VA2 ORERIC L 2 4 AR
DERICE 2. E—F—DAA v FEANTHS §sRI/NERBOY -2 BEHND, ZHIEHTL
MBI RELLAIC LS EEL bR, RISECHKDAE AN TRIFEIT-T b ERS,

2 min

[ E—

O
o

A1 A2

B
4 KEEOIK S F L OERE
Fig. 4 Typical chart recording of mercury emission signal

Al, A2: blank operations. B: standard (50 pg of Hg). C: standard (100 pg of
Hg). D: 50 m/ of lake water sample (calculated amount of Hg was 23 pg).
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Table 3 Comparison of mercury detection limits with various types of atomic
spectroscopic methods

method author ref. line  D. L.

No, Year (nm)  (ng) rernarks
AAS  Long et al. 10 1973 2537 0.3 CV, Ag-trap, D
AAS  Fitzgerald et al. 11 1974 2537 0.2 CV, Cold-trap, D
AAS  Nishimura er af. [2 1975 2537 0.6 CV, Ag-trap, D
AAS  Hawley and Ingle Jr. 19 1975 2837 0001 CV.D
AAS Y oshida and Murozumi 13 1977 2537 0.15 CV, Au-trap, D
AAS  Tanabe et al. 22 1980 1849 0.009 CV, D
AAS Oda and Ingle Jr. 21 1981 2537 0.003 Ccv, D
AAS Haraguchi et al. 23 1981 (849 0014 CV ,ND
AAS Takahashi et al. 6 1981 1849 0008 CV, Au-trap, ND
AFS Kimoto er af. 47 1981 1849 0.005 CV, Au-trap, ND
AES - Braman and Johnsen 24 1974 2537 0.01 traps, He-DC arc
AES Talmi 26 1975 2537 0.0005 GC, Ar-MIP
AES Watling 271975 2537 <001 Ag-trap, Ar-MIP
AES Layman and Hieftjc 28 1975 2537 Q006  microare, Ar-MIP
AES Bricker 25 1980 2537 0.001  Au-trap, He-DC arc
AES Tanabe er al. 29 1981 2537 0008 He-MIP
AES Wrembel 32 1983 2537 0.0007 ED, LPRD
AES Chiba et al. 30 1983 2537 0.0004 GC, He-MIP
AES this work - 1986 2537 0.0005 Au-trap, He-MIP

AAS: atomic absorption spectrometry. AFS: atomic fluprescence spectrometry.

AES: atomic emission spectrometry. CV : cold vapor generation. GC: interfaced to gas chromatography.
D : dispersive (AAS or AFS with monochromator).

NI : nondispersive (AAS or AFS without monochromator).

MIP - microwave induced plasma. LPRD: low pressure ring discharge. ED: electro-deposition
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Laser Induced Atomiec Fluorometry with Use of a Carbon
Cup Atomizer for Ultra Trace Determination of Lead

HHEA « A R

Naoki FURUTA! and Akira OTSUKT

£ B

L —¥F—FEFF ki, $EAMWT28EE, RER (283.30m) e 5E JBERTH
E (405.8nm) T, BWELATOREFNETE 0T, FECHRBELHTE LD, B
HBROHEHEHET 20, V- —RFIORHEV AT A2HB L, ¥, 4K
AW ZT oA F—HWT, BERH (W EE mg L) B, HABRS TS
wEfbawt, FOLIRLTHRAEL B, SR v—¥-REOAH#K Ly —F— 2K
L, #0EsReshzitugs:, B, 2208k HRHYATATHETE S &
ALt FO—2iF, XBFHEEES (PMT) 2HAVWERIEVAF LT, B—EROHKO
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W 25 AT, FOEEEROFWEANS b vOEHEEL LTSS, AELLY
AFACED, BEOGEZ 2, AL, 8 0RBEANEBLA TR, I0HEME,
Bl RS RWET LD, soRBENZLELLHNS,

Abstract
Laser induced atomic Auorometry is an extremely high sensitive method for lead since -

the induced fluorescence can be measured at a wavelength (4058 nm) far away from the
exciting one (283.3 nm). In order to determine ultra trace level of lead, laser induced atomic
fluorescence measurement systems were developed. A small amount of sample (g/ or mg
level) was vaporized in a confined volume with use of a carbon cup atomizer. A nitrogen
laser pumped dye laser was irradiated to the vaporized sample, and the induced fluorescence
was measured by two different types of detection systems simultaneously. One is a
photomultiplier tube (PMT) based detection system, which enables to measure atomic
flucrescence line intensity of lead. The other is a silicon intensified target vidicon (SIT)
based detection system, which allows to get information of fluorescence spectra with a wide

1. ERIAHWRM EEGNE T 305 FORREEEG DS NN 16 % 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan. '
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range of wavelengths. At present, the developed system gives a tentative detection limit of
38 fg for lead, which can be improved if measurement conditions are optimized.
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Fig. 1 Block diagram of laser induced atomic fluorometry with use of a carbon cup
atomizer
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Zho HBI]387— A —F —THIEL - 283.3nm DV —F—FHEHIE, 404] TH-7,

2.2 A—Krhy TP hreAH—

A=Ky ST ETA P LT, 1) 7 48 model 63 DRFEOEREEE S, K0
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Laser Beam Flucrescence Observation
3P

Beaam Height

2 A—R Dy IT A F -8B
Fig. 2 Carbon cup atomizer
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OMA

Trigger

Pro-Trigger
g| | Spectrograph-SIT

Ny Gas N: Laser Dye Laser

l Discharge Channsel W=
My -y Lp : 1
@7 i \ .
- a—4-—{ | I
Supply

]Vacuum] D 2| [Monochromator-PMT
Pump =

Wideband
Pre-Amplitier

E

'{Olclrloncope

Boxcar

Recordsr —
Integrator

Sampling
Variable
Gate Unit

=
H

3 H—BuhyTTrvAF—HLIEV—F—RFIOREOVY AT LE
Fig. 3 Schematic diagram of laser induced atomic flucrometry with use of a carbon
cup atomizer
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Fig. 4 Timing sequence of fluorescence signal detection by an SIT (silicon
intensified target vidicon) and a PMT (photomultiplier tube)
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DBE, BRTLV—F—0EREL, FUROEESE U, ik, BEoTwizLTh,
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RO, BET AL —F—E (283.3nm) EKE CERSEE (105.8nm) DY LkESEL
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R /4 ZHBRESNTWE, BEOEZ S, i, h—FK>h v FCsemak b 5ol
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Fig. § Energy levels corresponding to laser excitation light (283.3nm) and lead
atomic fluorescence light (405.8nm)
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Fig. 6 Lead determination with laser induced atomic Auorometry with use of a

carbon cup atomizer
{a) Blank (0.044N HNOQ,), {b) 9.5pg Lead ; (conditions) Dry (150°C)40s,
Ash (200°C)10s, and Atomization (1000°C)
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Table [ Detection limits of lead with laser induced atomic fluorometry and
atomic absorption spectrometry with use of a carbon furnace atomizer
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Development of Analytical Systems of Selenium

REHEAT - AREHER

Yasuyuki SHIBATA! and Masatoshi MORITA!

g 5

DAN(2, 3—9 7 2 /47 7 v )ERul s E TS, shenHRs2E2
SHOY L o ARERERE L, B0V AT AR, BEEKEI O NI 7 4%
THGMIIE GO 2 v o —DAN Eaky HE, TR’T2807T, ThETHEOHLH
TR LEVGRERR 0.13pgSe wEE Lz, BTOY AT AR, T —FT7F 74 ¥ —%F
FU7- B8 EE T, 10ppt 2 V15 RERA 2R L, 208E/ M OFRE TN TED, &
S, A—r7FI4H—%FELT, SellV) L Se(V1) % 10ppt CHBEE TREFC
MEBRTEABSD VAT AL, ZheOMHEE, IR EZF Y L TPA
7 ) —=2 7 OHMTERORESECHER LB 2B EREL Tw 3,

Abstract .

Three analytical systems of Se were developed based on fluorimetric analysis using
DAN (2, 3-diaminonaphthalene) as a Se specific reagent. Each of these methods has its own
specific advantage. By the introduction of an HPLC in the separation stage of Se-DAN
complex, the first one has a detection limit of 0.13pg Se, one of the lowest detection limits
reported so far. The second system is an AutoAnalyzer system having a capability of
analysing 20 samples per hour down to a level of 10 ppt. The third one is related to
speciation of selenium, and can quantitate selenite and selenate simultaneously ‘with a
detection limit of 10 ppt for both species. These methods will help us to clarify various
aspects of Se in the environment.

1 fAn's
EHERIERIY 8L (SCOPE) &, 1971l L THIERRETOREE =2 Y > 7 (GEM)
Y 2 EEY] onhT, BERTO AANBROBE £FHET 2 -0 OHIENRLLT, 1)

I EATHSER EHAEET T 305 FIRBFEERAEEET MR 16 8 2

Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Fig. 1 Reaction between Se (selenite) and DAN!®
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Fig. 2 Excitation and emission spectra of NSD in various solvents

The solvents used are as follows: A : cyclohexane, B: tetrachloromethane, C: chloroform, D :
acetonitrile, E ; methanol. On the measurement of the excitation spectrum in each solvent, the
observation wavelength was fixed to the maximum emission peak in the solvent. The reverse
situation was attained for the measurement of the emission spectrum. The slit width of the
excitation and the emission side are 2nm and $nm, respectively.
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Fig. 3 Comparison of several chromatograms from UNISIL 5CI18 column

The samples are as folows ; A synthesized NSD (dissolved in cyclohexane), B: extract of the
reaction mixture of sclenite andDAMN, C: blank (extract of the reaction mixture of 0.1N HCI
and DAN]), D : blank’ (same with C except that the reaction mixture was not heated in this
case}. See text for the experimental conditions. The final clean-up of DAN by cycloherane was
performed just before the reaction.
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Fig. 4 Relationship between reaction time and peak heights in the chromatograms

A1 NSD peak (corresponding 1o 50pg Se), B : one of the byproducts (peak 3* of Fig. 3), C: 1he
keak in the blank at the same position as NSD (peak 4* of Fig. 3, C).
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Table 1 Experimental conditions of the highly sensitive detection system for

selenium
HPLC system Waters HPLC system
Pump 6000A
Injector U6K
column uBondapack C18 (4.6¢ x 300mm ; Waters Lid.)
UNISIL 5CI18 (4.6¢4 X 250mm ; Gasukuro Kogyo)
eluent Acetonitrile (Wako Pure Chemical Co.,; LC grade)
bubbled by N,
warmed by ribon heater {about 30°C)
flow rate L.5m!//min (gBondapack)
0.7m//min (UNISIL}
DETECTOR system Hitachi 650—10s fluorophotometer
cell 184! micro-flow cell
wavelength Ex. 378nm (15nm)
(stit) Em. 3557nm {17nm)
filter Corning 3-69 sharp cut filter

mounted in front of Em. slit

Mcm
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L (% 4 1 1
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i
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Retention Time

E 5 DANBRCHTZ27 V-7 v 70ME
Fig. 5 Effect of cleanup step of DAN reagent

DAN solution was extracted several times by cyclohexane before use, an aliquot of which was
injected in the system to evaluate the clean-up stage. A : first extract, B : second extract {about
10 min after the first extraction), C: third extract, D: fourth extract (before the fourth
extraction, the solution was left 1.5 h at room temperature in a browm boitle). The increase of
a few by-products are noticiable by comparing C and D.
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Fig. 6 Detection limit of selenium

20 gl of cyclohexane containing NSD (

6.8 pg Se) was injected into the system (celumn:
s Bondapack CI8). Flow rate was (.5m/{, and the other conditions were same as before. )
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[Reaction with DAN]
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Flow chart of the analytical method of selenium

The flow rate of each line is inicated in parenthesis {m//min). DAN was dissolved in 0.IN HCI
at the concentration of 0.1% (w/v). The flow lines in which ¢yclohexane flows were constracted
by glass tube, teflon tube, or Selvafrexpump tube.

Debubble
N: _(0.32)
Sample (2.9) 1 o
= T
clo .
4 ex_a'%_ BQOQ Waste

N, (0.23) Debubble
0.1N Hgm.o)l 00 l — Fl.Detect.
"~ (0.56) l (0.42)

T N
Waste

Autoanalyser Flowsystem

A= bFFIAY—DT7O—FA TS A
Flow diagram of the AutoAnalyzer-based selenium determination system

The concentrations of HCI were as follows; A : 4N, B |7N. Each selenium solution {tng Se/
sampie) was mixed with hydroperchloric acid, and heated to 210°C. Then HCl was added to
each tube, and the solution was heated in an heating block on hotplate, Three independent
samples were analysed for each condition.
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Fig. 9 Examination of the reduction condition of selenate to selenite by HCI
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Fig. 11 Examination of the reduction condition by HBr

The concentractions of HBr and the reaction tempetatures were indicated in the figure. Afier
reduction, the pH of each solution was adjusted, and the selenite quantity was measured by
Auto Analyzer systemt.
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Fig. 12 Flow diagram of the AutoAnalyzer-based speciation system of selenium

The flow rate of each line is indicated in the parenthesis (m//min.}). The concentration of each
solution was as follows; HBr 6N, K,PO, 2M, DAN 0.2% {w/v) in 0.05N HCI.
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Fig. 13 Chromatograms of standard solutions and a tap water

The sample velume was 200g/ for each case. A : mixture of selenite (5ppb Se) and selenate
(5ppb Se), B: selenite {5ppb Se), C: selenate (Sppb Se), D : mixture of selenite (0.5 ppb Se)
and selenate {0.5ppb Se), E: a tap water. In the case of D and E, the sensitivity of
spectrofluorimeter was increased 10 fold. The excitation wavelength was 380nm, and the
emission wavelength was 520nm (slit width was 10nm for both sides), Nucleosil 5SB (4.6¢ X
300nm)} was used for the separation.
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Fig. 14 Chromatogram of a standard solution on UNISIL NH, column

2m/ of a mixed standard of selenite and selenate (0.01ppb Se each) was injected. The column
was UNISIL NH, (7.6¢ % 30mm).
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Surface Ionization Detector for Gas Chromatography :
A Potentially Sensitive and Specific Method for Measurements
of Trimethylamine and Related Compounds

BRI

Toshihiro FUJII!

g R .
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Hit, MALLSE F2E88) v —2HL2 4 2 /ERESBT, TOFEER,
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A A ALRT v e L BEEEENER S A ERLSE, BERNC» ORBEITR
RS,

TEL B, e, REE@AR oW, FYTFLT L (TBA)
BRVTRE L, B/MAHEE L LT, TBA RLIX10 g/ s BES R,

Abstract

A new selective detector for gas chromatography is described which uses an electrically
heated Pt filament as an emitter surface. The ionization mechanism is the positive surface
ionization of chemical species on the hot surface. With the Pt emitter in an air environment,
this detector provides extremely sensitive and specific response Lo.organic compounds, which
form their dissociative species at a low ionization potential.

Sensitivity, detectability, and stability characteristics were examined for the newly-
developed surface ionization detector (SID), using wi-x-butylamine (TBA) as a test
compound. The SID for gas chromatography provides high sensitivity of 1.58 Coulomb/g
for TBA.

Lo ERIAEWRT HAESE T 305 REYRKEISHIEEI 6 E2
Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Fig. 1 Construction of the surface ionization detector with Pt emitter
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Table 1 To compare the emitter materials in terms of
sensitivity and detection limit, using the TBA
as a test sample

emitter fworl.(" melting® sensitivity” dete.cti.on” emitter?
materigl  lunction point {Coulomb/g) limit temperature
(eV) (C) (g/sec) (M
Pt 5.65 1774 - 1.58 10X 1071 650
Rh 498 1966 2.7x107" 1.6x107? < 650
Mo 26 2620 2.5% 107! 54x10°H < 650
Ir 527 2450 6.52 1.7x 10718 <650
Ni 515 1453 2X10°® 211071 < 650
Co 5.0 1495 34x107? 1.3x107 <650
Re 4.96 3180
w 4.55 3410
Ta 425 3000
Pd 5.17 1552

a} These date are taken from “CRC Handbook of Chemistry and Physics”, CRC Press,
60 th edition, 197%-1980.

b) To be measured under the optimum condition for the detection limit.

¢) Minimum detectable amount at the signal to noise ratio 2.

d) Temperature for the minimum detectable amount.
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BHBEOFEGRT S (RE® R, BELI vy —BEONy 2777 RER, /41X~
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Fig. 2 Typical gas chromatogram of amine compounds by the SID gas chromato-
graphy
Peaks are (1} trimethylamine, (2) triethylamine, {3) acetone {solvent), and tripropylamine. Sample
size was 140 pg each,
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Fig. 3 Dependence of ion signals on the length of the Pt emitter

The emitier 1emperature ;, 650°C. Sample; 0.1 ppm TBA in acetone., GC operational conditions ;
columm temperatuge, 150°C, a 30 m//min nitrogen carrier gas mixed with the additional gas of air
at 20 m{/min.
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Fig. 4 Emitter current dependence of tributylamine response (solid), noise current
{dotted lines), and background current (dashed line) under a 40m//min
helium carrier gas mixed with additional gas of the dried air at 20m/{/min

Sample size was 16 ng of TBA in acetone.
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Fig. 5 Emitter heating current dependence of TBA response (solid line) and back
ground current {dashed line)

The operational conditions are the same as shown in Fig. 3. The arrow mark indicates the anset
temperature {approximately 650°C) above which the incandescence can be perceived
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Table 2 Performance comparison of the SID with other
lonization detectors

FID TID SID
(Contombrek 0015 02 138
Det?;;i(o/';e;imh 3107 %g/sec Sx 107 /sec 13107 4g/sec
(5;‘1:‘*;;"}‘2)‘3; 7% 10* 5.3%10°
Lineal;alzé:amic 2% 10° 10° 104

a} X corresponds to s-prapacie for FID, azobenzene for TID and tribatylamine for SID.
b} € stands for acetone in case of TID and dodecane in case of SID,
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FEEL—HF—FAFKEC L HSHBRIFTEPENAE
Measurement of Atmospheric Pollutant Gases with Infrared Laser
Absorption Spectroscopy Using a Tunable Diode Laser
ITIEFT « AR « TEREW!
Masayuki KUNUGTI', Hitoshi MUKATI' and Yoshinari AMBE®
E K

Nwr 3Ty Pt B 3 ARG RMERECRE R, NEMEIES TEY Vv
ThHoOURODAETREL L, IOL3REMNDDIE, J{BBOFARMEL2RA
—FHETEINE L, »OBRECHET 2 FRLLT, EHEV—F-EREL TR
AR R L, BEOESNLHEORER, —RILERZFOBBEY ZAOHE LD
RS, —EMEREL P HENSBECER T A 2EREICHIET 5 L CoRBERD
BH LT, FARD Y AT AT 1ppb OZEMEEESRERETH 228, L D {ERED
ARET R 7V S 24 XTSRS ETH L, £7, 74—V FTERTLLROKR
EHEONELIC OB TORI 2T,

Abstract

Infrared laser absorption spectroscopy using a wavelength tunable Pb salts diode laser
and a multipass White cell was investigated to measure atmospheric gas at and below the ppb
level.

In this system, detection limit for NO; was approximately 1 ppb and it was expected
to get a betier sensitivity below 100 ppt by improving some points in optical system such as
reduction of fringe noise which is caused by spurous etalon effects in the optics.

Several problems which may occur in the very precise analysis of atmospheric gas with
relatively high concentration like CO; was studied and it was concluded that further
reduction of noise in signal is necessary.

The possibility to improve this system into a smaller one both in size and in weight for
the use in field survey was also discussed as a future problem.

L EoHEWRT IR T 305 SRONELpaEne E SA/NEF) ] 165 2

Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Table 1 National primary ambient air quality standards and reference methods
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Table 2

Reguirements of sensitivity for air monitoring in the

remote area
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Fig. | Dependence of laser emission wavelength on composition for commonly
used Pb-salt semiconductors
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Fig. 2 Schematic diagram of the laser absorption spectrometer
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Table 3 Specifications

1 L—Y—HEEE

L —H —HifE E ARZ VIS4 SP-5820
TR +0~2A
ikt i 100:A
ERzTE 100, A /d
BEEEE 0uA/C
754 +200mA
e e © QOI~10mA/s
MR . ER, AR
NI A 50~1kHz

RS HEE AT NFT 4T v SP-5720

3Py = AR VLI T4V v SP-5710

I—j ey F RAEP W37 4w SP-5730
RSt 1~400K.
BELEE 000K
BN . 0.003K

L — ANZVNFT LAY w2 SP-5615
RIREHE 1600~1615cm™*
BAER +1000mA
BRERRE 60K

Ak — 4 — AT TT 4y SP-5610

’_%#E%Elﬁ 2330~2340cm™!
BAER —2000mA
e
BAMARE 60K
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Table 3 Continued
TrvsvavyiiL—F R F$-2201
i B 0.0001 ~200kHz
B 3%, A, =, 8§
BRI GP-IB
2 SdkEH
SRt AP I T 4P SP-5150
bi=d ] 2~154m
v KBr
Fawsi— A A =#H 0 400Hz
ryoay 143>+ Ge
3 REBENL
i ARZPI T4V P LO-3-2
e SRR (.2~30um
HAE lm
HEEE 4.17~-100.17m
EA¥ >13% (100m)
P55 — e ) A S VR A
Hit 1327
FEHHlEEE MKS 250A
NI rorE— MKS 222B
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"y Fhh T M2012AC
B v xF7—x PV25E
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i1 0.3%
[Sapakiilfi: hages PDI
HEM +0.25%
e BA5i/s
4 BB
M ARZEIT 4P w §P-5750
¥ AT Ge: Cu EHE
B BaF,
5 {gEumap
=R ey e NF BIgE 7o v 2 LI-570
R 104 ~-1000mV
i s 10Hz~10kHz
AHmaE s A X 25nV/y/Hz
dvagAXa—7" A ar B Cs-1577R
Bogkat BEMESR
It a—% V—F M-68
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Fig. 9 Experimental spectra for NO; in the 1604cm™ region

A pathlength of 4m was used, with a 996ppm mixture of NO; in N; at 10Torr.
a) Second harmonic detection.

b} Direct absorption detection.

c) Ge Fabry-Perot etalon markers.
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