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Abstract

Gas chromatography-mass spectrometry(GC/MS) is one of the most effective methods
for identification of organic substances in the environment. Recently a computer system has
been used to identify unknown mass spectra obtained by GC/MS. A new method for
computer identification of unknown mass spectra has been developed. The method, called
the “NIES-MSLS method (National Institute for Environmental Studies-Mass Spectral
Library Search method)” has the following advantages over other retrieval methods :

1) retrieval periods for unknown spectra are short ,

2) an unknown spectrum can be accurately identified even if the reference spectrum is

not perfectly accurate, and

3) multicomponents in mixed mass spectra can be effectively identified.

The method consists of two levels of retrieval.  One 1s the presearch, which is composed
of several kinds of filterings based on interpretation of mass spectra, and the other is the
main search based on probability of peak appearance. Reference spectra, (about 38,800) are
usually reduced to only a few through pre-filterings. The reference spectra selected by
presearch are submitted to the main search. Tests with a large number of unknown mass
spectra have demonstrated the superiority of the NIES-MSLS method, especially for
unknown mixture mass spectra. The algorithm used is described. Applications, such as
identification of odorous compounds from paint industries are presented. Moreover, in this
study anlon—line computer system has been successfully developed by incorporating a GC/MS
into the computer for identifying unknown mass spectra from sample injection to data

output.

Keywords
Gas chromatography-mass spectrometry (GC/MS), Identification, Mass spectra, Retrieval method,

Computer system.
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Table 1.1 Typical databases of mass spectra
No. Fo- oz N - A F F-s8 | FEE # #
1 | API 44 Catalogue of Selected Mass Spectral Data #9 3000 1947 | pibKESFL, v — AU — 7 PR,
2 | Dow Uncertified Mass Spectral Data #2000 1963 | Dow Chemical Co. & ASTM-E 14 Committee #3eR00Z 7t - TIF
. 7ol LB EET.
Compilation of Mass Spectral Data #7000 1966 | AvFH— FHR, MTHITHFIHETRE,
ASTM Index of Mass Spectral Data #) 8000 1969 | v F 2 — VHRTHFRAEE,
Atlas of Mass Spectral Data %7 6000 1569 | K. Stenhagen, S. Abrahamsson, F. W. McLafferiy @ g £ T,
Interscience (Wiley) I b Hiff,
MTHZ T4 FAWEE, Bt Registry of Mass Spectral Data =
Bl&oinTui,
6 | Archives of Mass Spectral Data 11000 1970 | E. Stenhagen, S. Abrahamsson, F. W. McLafferty © & £ T,
Interscience (Wiley) & b 34EMIETIT Sk dd, TORERET,
7 | Mass Spectrometry of Biologically Important Aromatic 118 1969 | C.W. Williams. A. H. Porter, M. Greer®##C, Univ. Florida
Acids Press 9 flifT.
8 | Identification of Endogenous Urinary Metabolites by Bas 190 1972 | S. P. Markey, H. A. Thobhani, K. B. Hammond, B.F. Stolinsky
Chromatography-Mass Spectrometry : A Collection of Mass D,
Spectral Data IR B AU E BRI,
9 | Mass Spectra of Drugs 376 1972 | MIT®Mass Spectrometry Lab, #8488, TIfT, ¥y & FoBE
2 Fi R LI
10 | Gas Chromatography and Mass Spectrometry of Selected 214 1973 | R. H. Thompson, Jr.,, N.D. Young, J. E. Harten, T. A. Springer,
C,e and C;, Steroids R. Vihko, C.C. Sweeley B8k, A7 » 1 Yo,
1| Fa~trAty atE 112 1973 | HARFB B RE TR EE L 5T,
12 | Application of Gas Chromatography-Mass Spectrometry to 397 1974 | O. A Mamer, W.J. Mitchell, C. R. Scriver#3&#. Ao @#RL
the Investigation of Human Disease ; The Proceedings of a B IRE,
workshop
13 | Final Report on the Rapid Identification of Drugs from #1400 1574 | Batelle Columbus Lab. ©#E%:.
Mass Spectra EH b roRBE®RDEL C1 (CH) A~z b+l
14 | Mass Spectra of Compounds of Biclogical Interest #2000 1974 | S.P. Markey, W.G. Urban, S.P. Levine®#g#C, Natl Tech,

Inform. Service £ b 1T,




#£ 1.1 (k=)
Table 1.1 (Continued)
No. Fo- &2 2 - A F For2E | FHE [l %
15 | Registry of Mass Spectral Data 18,806 1974 | E. Stenhagen, 5. Abrahamsson, F. W. McLafferty £ T, John
witey £ 2 FIfTe F—FDF 2 » 2 XN T B, MT (RFETH
0,000 A ~7 b AZHEh) HFIARNRE,
| 16 | Eight Peak Index of Mass Spectra (ff 2 i) 31,101 1974 | MSDCOFUER T, MTOFIBITEE,
17 | Catalogue of the Mass Spectra of Pesticides 294 1975 | J. Freudenthal, L. G. Gramberg D4, &HAiCRAE,
18 | Mass Spectral Data Compilation of Pesticides and Indus- 1976 | KEOFDAZEE, El CL FI, FDA <7 + -2
‘ trial Chemicals
19 | Mass Spectra of Aromatic Acids and Amines 180 1977 | M. W. Couch, C. M. Williams®D R,
20 | Mass Spectra of Compounds of Biochemical Interest 495 1977 | C.E.Folsome# 8, 7§ /B, €U : v Ri{LE5H, T8
s, MTOFIRTEE,
| 21 | Mass Spectra of Organic Compounds 450 1977 | B. H. Kennett, K.E.Murray, F.B.whitfield, G.Stanley, J.
Shipton, P. A. Bannister, K. Shaw 2\ £,
- 22 | Reference Guide to Mass Spectra of Insecticides, Her- 250 1977 | S. L M. Skinner, R. Greenhalgh? 834,
| bicides, Fungicides and Metabolites
23 | Drugs Used in Horse Racing 300 1978 | Race Truck Supervision, Agriculture Canada# 3 #:. B EHE
DEPCRE,
24 | Handbook of Clinical Toxicology 1000 1978 | [. Sunshine @& #E T, CRC Press X » Fl{7, B & o USEY
DEL CIASZ by,
25 | Mycotoxins Mass Spectral Data Bank 104 1978 | AOACHERERT,
76 | EPA/NIH Mass Spectral Data Base 25,556 1978 | MSDC, John Wiley, EPA, NIH# 2 ~ 7 r A% B L, S R
8,807 1980 | Heller, G. W. A. Milne 7%, MT (&HRT, 38,300 =7 ¢
(Suppement ) Ay DFIFTRTEE,
27 | Mass Spectrometry of Priority Pollutants #2120 1981 | B. S. Middleditch, S. R. Missler, H. B. Hines#45 %,
B E A,
28 | RN AEYOFREO A AL A 9 200 1984 | R ClAMNDREHAEFER »el, BHLEHOTMSE < 7
ATAFANE, F-27e s =T 4 A7 CHEFERTV A,
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Fig. 1.1 The Diagram of NIES-MSLS system
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VHSDE LT, FETHEMS LA NIH/EPA/MSDC i L %5 — 2, Wiley Registry of Mass
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DX300) THIBLEEERA s bk, BR, F—2~N—ACBMNLT, SEEOE-F—4
N—AOBEYHIELTVS, BE BBREOEIH), 1052HEOA~R7 FAENEG XA
T, LTFoxETE, NIH/EPA/MSDC F— 2 #2135 B L TCWAF - ~—2 %4V
FAT—F A=A, FILLV 727 vV AARZ P ARBMLTWEF -8~ ARETLF— %
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2.2.1 7 7 A4 BRE

T2 R AR bATF =77 AN EF LT —F 7 7 ALDTHOD7 v A0 L DER
Ihd, E7 7 A ADNEHBKDOVTE, 223 THEBTAN, A7 b TF—-87 740
i, A7 AT —4 (m/e, ¥—258E), TFHE, A7 b LOFRY R NERE, X
AR P AOBRFECLELEBRZNBELLLOTHY, F—aF—27 r10it, LA
B, o1, CAS+v A% HEYSETLIOCLELBEBERARE IR T VA, W7 r
ANDTr AT r—<y P ERE2.1ETT,

ARIIVF =BT 7 ANEF— AT =27 7 A0 — VEIEA1098 -1+, 32031
FTHED, TAAZEREFET v A G THE3 2 #A1 2 ChE,

ZOOTF -7y A0, BEVSAMBR 7 r AP THD, va—FE—2iEETAH L
wrh, HEYL2-FoRAML, £5H, EXAXENTRETHD, Vr-FVF—i3, &
TrADOF Lo VOEE6 ST W8y b)) KMEL, R22mdyy P ERE-
Twib, V77V v AASZ P AOBEFEOE, oF&R 132 xBTryrAaFadira— FaE—
FHREL, 2 —F—CHb¥ L, #F B—5FE C H O0BoFLVHHEICOWLT,
FRPCHTeohcEFESTH)Y, WBHEETERNETH A, ZOLVaI—FF- LD,
7rArAOV2— Vi, OFFROANE @Co¥oME OHoOEE @O ook
JHw Yy — P E8D, V- Fd—Fa2—F-pRTBRTELLOCTID, 48D bFx 4
oy b0, £40~9, A~FETOI6HELTEERL, 25 FOXFFITERLEL, Z
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MEINIA VI FADTAARS bl —RICEEILE D -7 2FODT, V77
VAR AL LTRET LRGN, 7 r A ABREOHBRCREOWELOLD, -2k
AR TEETH2LEND D, €— 7 #RELLTHE, WACAREZILTVE, FHIL,
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Tuwd, Tibks, UM f#m/izeonwTlv—-7oBHEEMNROLET, ML T+52
ft&Hmo /DD LOEETOm/z0 -7 BFEETLHZ L 2TT, FAMER, -2 HE
R ARBMUEBRBEE,»GHE S, HOMEN LD -2 OFEEHAS /DA THLZ LY
AT, PBM#TE, A~z Al bt UfE: AEOROXEWH2E 152 THRECHA
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ISOPK J MRAP (k5 £ -7 D m/. IRAP (&Y
e o] N RAE (858 £ 7 D m/z) (BB Y — 20 INT) l B(z)[
[ AR Ll
Eleiv|e tx 1 BIT: &= F7l
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1123|457~
h
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(1) ARF T aF—F7740
(1) Spectrum data file
.
=3
=
1
¢ tew s K
*
I
BIT (48) C (20
o Retention [ndex “
CAS
E3 ENRAN
57k Fuaie &
. .
R I
cus Baf |E(E|E|E|E
C e[ty | v | a0 | s €25
BIT: £« + ¥

C  :Character
E Decimal Float

(2) F—aF—27740
(2) Name data file

21 F—F~_—-A77{ L7 x—-7y b
Fig. 2.1 File layouts of database for NIES-MSLS system




a3k | $PED | womoms | §7FR | w &
L i ! | | ]

¥l 7 1 7 12

48Ky b

B 2.2 va—VF&—0l
Fig. 2.2 Internal structure of the record key

LT‘J‘%JO
NIES-MSLS & & 7 &3, Mclafferty @ UfH, AMEAYEAL 12~ brbich, &

KIAEETToOC— 7 #RIN LA, UBEL AR, NIH/EPA/MSDCOMIR T -7 741
wEEThaT~TOr—2v 2l THRELL, £2.1, M23cxrAF2THWZUEE m/
22O - HEEERCAMESERMA IR L, 8L, m/iz260 X DS
DT, FT2UWARLEELY 12 ABY RV,

- 2 BINF B, ROERDTHE, EAIZ PATECHEE | %Ll Eod Y — 7120 T

K=U+A+C

BPHAEL KoXEWHELLEC -7 1 biECEEE (KSORT ) 5z, B
BOANLI00AF TR T —2 XA D, 22TCL, N—-AE—7, §FA4 -
7%, A7 P AABCEETHLE -7 BV BEHCCT A A BT, R2.210%
DHBEETT, KOBELFLVBETE, REEMoY -2/ EBE2hD, £Lom/z 2 (FF
BACIEFEX 2+Br EFE X 2+SIiEFHEFSHETH+ 3 LoXkavwv—2, RV, #F
1A vib4~12amuDEHCIA -2, BERY-27 LLTHENIBERVIS

% 21 AfE-HEEHE

Table 2.1 The ‘A’ values and abundance ranges of the peaks

A-value Intensities
9 0.0% ~ 2.1%
1 2.2% ~ 6.9%
2 7.0% ~ 15.9%
3 16.0% ~ 30.9%
4 31.0% ~54.9%
5 55.0% ~ 100.0%
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Table 2.3 Items stored in the database

(1) AXZ PAF—RTrA0
(1) Spectrum data file

wanes G P 5
KEY * va-FF— KyATATCOLABIDES
MW * BEGTE
m/z, Int HEBEHE (-2 — 2 EE=10000(100 & ¥ T)
U A * Mclafferty 20TBCIAUMELEAMB (K -2 T L)
KSORT * B — s EEIEN  K=U+A+C X2 EDlE (1~100)
Ki5 *  KSORT=15 (I5FELBEIE or—2 tRA—DKoffvio8Xo
KSORT o
NPK 2 *  GHEE 20 (2%) Libov — 2 XxH
NPK *  &r-sEK
BP(2) ¥ AN-A-—sOwArYoA- (RERANL2ERET
MME * HEINLE -7 ORATAS -
(BFFEACIEFHX2HBr RFHX2+Si ETHASETH D
ISNM(4) * #xCl, Br, Si, SOETH
NIS * BREGHEBSSCRLhaRMEY — 758
[sOTOP * [Ffiffr—sroBRk~Arvi-
ISOPK.(5) * gg%fgﬂmﬁkﬁE%Lo&Lt%@@@ﬁ&wﬁ—amﬁﬁm(5
NRAP *  60LLEO=w A7 vl ATHE 200 (20%) Loy — 7 o&Y
MRAP(10) Tk EME-7OeAF V- (10RET)
IRAP(I0) ¥ EEfY -2 OME Q10X T
MOLION *  SHEES0 (5%) Lo TFAAvo~vAr v A-
(2) F—aF—F7740
{2) Name data file
wemAs G " 7

KEY * L2 FF—

NAME b&EHE HEE¥BEREY - ¥FRA)

MFORM G TR

CAS CASvo ALY —Fvai-

MWAC * HESTE

TPRI(5) REHEE GHEOF T L)

COMMENT ALy PADMM, IEEGS
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735 AV IHENEI - Tw R hbETST, LFLLROBHRTORN Y — 7 L 3B S
M, ZOVAT AT, ChbhER—YREBL Ty,

{b&EHEE, EEOERERVELELEHY ¥ CEF-T 2001+t OFEHACEETES,
FHE 45 (Retention Index) 1A TEHRI LY,

T—T,

T =T, +Z ) X100

Retention Index:(
ZZ T, T Tet# 4, n-C.Hppvs, n-CoiiHppoo, BUH Y FADRBHIAZ e~ 75
74 —TOREBMTHIL, REEERISEHON F 220 TBBTES,

COMMENT Hiziz, A~7 t LM, BEEHSELANTESS, BEDE - A, NIH/
EPA/MSDC 7 — # OB & NIH/EPA, BIAEWRH CHE L A7 P A0BER
NIES LEEALTH S,

23 F=8<—2l 0TI L

2.3.1 X

NIES-MSLS v A7 s D Z0D VSAM F— 5 75740 (A7 bV AF—R 7740k
e AT BT AN REETEBOT e IS AR UL, HL2 v . — 212, B
SEAEWRO HITAC M-180(V0OS3) THo, w5 aixmBbPL/ ciRB LTy 5,
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V
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R
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ZF 74 {y \Qj
GCMSF11 GCMSF22

Y=t
SPECTRA

DATA 7740
WiF—gtot

N

AT »7H R

= FHNAME

BATA 774N
WE7— 94 2

GCMSF1

/

B 2.4 F—x-2- AEFIH

Fig. 2.4 Constraction procedure of the database




2.3.2 F—z~—2#EEFR

BR7 - 7 CHREt A i NIH/EPA/MSDC D F — 2 25 — 8 ~— AWBRTLBSIL. &O
5AF v TORTEMAEDL, TOMAXE 2 4R L1,
(AT » 71D

NIH/EPA/MSDC D 5~ 2 % 5 — 4 _~ARE T 5 7 7 s ~OANHRCERL H — ¥ A
A= GC-MS ANV » AL EERT S, AN 742007 - sBHERRZACTRLIEERD
ThHbH,

E 24 FT-E2S-2ABEITe s 7 A~0ARE
Table 2.4 Input items of the database

| ] HE (51 3D 1 1 %
—EHS HFG 1B Ay FARRBT DD L O
Lo — e — RS
CASEE WFEAG A ) o ga i U
{L&%4 CFE200 41 FEUTFY
FFR SLEH(RE A b))
AT P AT | FFEG AT, 5 | 800 A ¥ TANTEE
m/zfl  SEEE (GEEE 19614 L)
REFIRE HFG 1+ XE)
EN RS WE(R5 A R)
(AT » 725

Ty AR IR, Fo2F = o 2R, v - VO, -2 0FR, FI0ER
OHE, BEORBYET, A7 AT~ F T 740, F—AF—FT 740D Y—4 iy
A7 r AR T S, 7—8F=2»2 L LT, REHAOHE SFRPOTELED
Fzv?, mzECEHDHEE, BEDOL YIS Fa vy, N—AE— 2 OHEDF = 7 %h
79,

(AT » 730

ATy T 2 TCHER LI D07 » 4 Ak v a—Fx—DRIFY— 3+ 5, chic LD,
VSAM 7 » A »DF|BHRA M LEERAZEHNCEE (2—F 4 ¥ 7 4 FIF),

(AT v 74

AT PAT =B 7 AN ERZ— AT =3 77 ALERIETEVSAM F -2 774 0% 70
T35,

{(AF v 75>

AT PAT =877 A EF BT — 87 s A REL, VSAMEL? » {1 o ~BHTZ,
LAETF—27 7 4 2 DBEIHRT T 5,
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2.3.3 F-r2-20FH, BE
AEOAF » 72 THVBRALT P 75 AL, WERSLLRENRIC 2 < VR, LEHSEY A
Htrzéimlb, F-x<—2REHTLERE BEIER (F-z20l) BERHELT
Do IV VERERISICRLA, 7w Fig, A =2—FRTHD, HETI2= v VOE

BETAAEh 2,

#& 2.5 T—H~—AFR, BFH v s a0 VAR

Table 2.5 Command system used in the program for database construction and

renewal of the record

H1AF -

2 AT - U

3 A F - U

1 INSERT 1 SUBSTANCE NAME 1 ADD
2 CAS NUMBER 2 DELETE
3 MOLECULAR FORMULA 3 CHANGE
2 CHANGE 4 SPECTRUM DATA 4 REPLACE --- ALL DATA
5 RETENTION INDEX 5 LIST
6 COMMENT 6 NO OPERATION
7 EXECUTE
3 DELETE —_— e
4 OUTPUT 1 USER KEY

2 SUBSTANCE NAME

3 MOLECULAR FORMULA
4 MOLECULAR WEIGHT
5 CAS NUMBER

Bl1AF—2a=v FO 1 INSERT i3, HLVASZ b ABEMTABEC, coa=v
AR, YAT7 20ERCEZLTREK, HES TR A7 b AF—32E¥ ANT5H, AR
BTH, ANF—22BELEVBERE AT -3 VORBYT 2L 0% A CEBESY
mazsz et s, 7. EXECUTE itk - T,

Blrva— VRF— a1 AZBHINR5, BEIC,

NERL,

e 7 EIR, va - VE— fIEROFRE
va- K- w BRI - — -5

2.CHANGE 2= v FlB8E 77— 0—Ha¢EFETLHBET, = —F-—F-iT L bR E
TEME (vo—F) HEETA, B2AF—vavr L, BET~ZHABLERL, &
ET%, AXZ bAT—2OBEDBEIL, HIAT—va=v FRFEIZ LI, RO4
LR DBIESTIETH D,

99 —




12 &hn CADD) I m/z k3EEDOE S oEMT S

2> KB (DELETE) i m/z LB O OMEBRT 5

3) £¥E (CHANGE) [ ff2 Lt m/z cr+ 58EDHA*TET S

4) 75— s inE 2z (REPLACE) | A2 AT -2 ¥ 2WANRET
B, F2A7—v2~v PO 7. EXECUTEK L9, BRI DT -2 2EEBFE
na,

3.DELETE i1, BBl F—% (Va—¥) Oa—F-F—2FFETLILILLD, £O
F—& (V- ¥F) ZEETS,

4. OUTPUT &2, B2A7 - va=v i ThreEETLI L b, EEToLv2—
FORBHABYENTHLOTHL, ~—F—F—, FTFRIGHEHIEEHTE TS, i, ¥
B, BWO—HEHETLIERLID, TONFFNEGTRTVLELDOFTNTHINEE
Th, = —¥—F-THEELLHGL, QANT-20z0l1 ONNERLFALET -
OO 2 LB DHDTRLPTRETH Y, = —F—F—LATHEELLBETL, =—¥—
¥, MER, CASES, 7T STEOZSVHNTENS,

OQutput O FI* K 2.5~2.7 om T,




*xkdx SESSTON START *****

SELECT FUNCTION NUMBER
1 INPUT 2 CHANGE 3 DELETE 4 QUTPUT 5 BATCH & END

OUT PUT FUNCTIONS

KEY NUMBER
SUBSTANCE NAME
MOLECULAR FORMULA
MOLECULAR WEIGHTI(S}
CAS NUMBER

[CRCSY S

SELECT FUNCTION NUMBER

1

1

ENTER KEY BUMBER FROM_VALUE

O51EFFETFO00

TO_VALUE
FROM_VALUE TO_VALUE
051EFFETFC00 OS1EFFETFOQO

ENTER 1 OR 2
1 = PRINT ONLY INUT DATA. 2 = PRINT ALL DATA

KEY NUMBER ¢ OS51EFFE7FOQ0Q

NAME

1-PROPYNE (9CI) ¥ ALLYLENE ¥ METHYLACETYLENE ¥ PROPINE ¥ PROPYNWE /
CAS NUMBER T 74997
MOLECULA FORMULA : C 3 H 4
SPECTRUM DATA H N B B I EXR) 2( 40, 1000) 30 39, 783
4f 27, 103 5{ 2§&, 32} 6( 25, 38)
7C 20, 27) a¢ 15, 113 . 14, 19)
10 13, 3y M 12, 34) 124 2, i1)
RETENTION IMDEX : 14 0.0y 29 0.0y 3y a.any
4( 0.0) 54 0.0

COMMENT :  EPA/NIH

B 25 F¥—FvAi-miaAhF—xolNH
Fig. 25 An output example of the data by specifying USER KEY number
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SELECT FUNCTION NUMBER
1 INPUT 2 CHANGE 3 DELETE 4 OUTBRUT 5 BATCHE & END

OUT PUT FUKCTIQONS

KEY NUMBER
SUBSTANCE NAME
MOLECULAR FORMULA
MOLECULAR WEIGHT{S)
CAS NUMBER

[yt

SELECT FUNCTI1ON NUMBER

i

ENTER KEY NUMBER FROM_VALUE
651EFFBTFOD‘!

TO_VALUE

FROM_VALUE TO_VALUE
051EFFETFO01 QSV1EFFETFQ01
ENTER ! OR 2
1 = PRINT CNLY INPUT DATA. 2 = PRINT ALL DATA

KEY NUMBER : OS1EFFE7FOG1

NAME : 1,2-PROPADIENE{9CI) ¥ ALLENE (8CI) ¥ SYM-ALLYLENE § DIMETHY LENEMETHANE ¥
PROPA-1,2-DIERE ¥ PROPADIENE /

CAS NUMBER 1463490

MOLECULA FORMULA : C 3 H 4

RETENTION INDEX : 1¢( 0.0 24 9.0 3 0.0)
41 0.0) 51 a.0)

COMMENT : EPA/NIH

MOLECULA WEIGHT : 40( 40,031296)

SPECTRUM DATA ' NG, Hz INT A u KSORT

1 41 24 ] 1 4

2 40 1000 ] 5 1

3 39 946 ] 5 3

4 26 47 o 1 5

5 25 45 ] 1 6

6 20 41 o 1 7

7 14 40 ] 1 g

a 13 34 ] 1 9

9 12 43 o 1 2
K15 : 2 NPKZ2 : 8 NPK ; 9
MME ; 41 ISKM : CL{ 0) BR( 0) ST( o) 8( b
NIS : @ ISOTOP : 0 ISOPK : ( 0 4 0 0 0)

EVODM ; 1¢( o) 21 o) 3 Q) 4 Q) 54 o)
(1} 0} T 0) 81 ) 9 ay 100 Q)
EVOPI ; 1( (3] 21 o) 3 ) 4 o) E 0}
6( 0} 7 0) 8 ) al ay 104 3]

ILIM : O MOLION 40

M 26 F—IFvA-KIANEAEONN
Fig. 2.6 An output example of the spectral data and the additional information by
specifying USER KEY number
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SELECT FUNCTION NUMBER
1 INPUT 2 CHANGE 3 DELETE 4 OUTPUT % BATCH & END

4
QUT PUT FUNCTIONS

KEY

SUBSTANCE NAME
MOLECULAR FORMULA
MOLECULAR WEIGHT(S)
CAS NUMBER

(LY Sey N

SELECT FUNCTION NUMBER
2
ENTER SUBSTANCE MNAME

ETHANOL

KEY NUMBER i 041EFFF7E000

NAME ; METHANOL (8CISCI) ¥ CARBINOL ¥ METHANOL-WATER MIXTURE ¥ METH YI, ALCOHOL
¥ METHYL, HYDROXIDE ¥ METHYLOL ¥ MONCOHYDROXYMETHANE ¥ WOOD A LOOHOL /

CAS NUMBER i 675861

MOLECULA FORMULA : C 1 H 4 0 1

MOLECULA WEIGHT : 32( 32,026399)

KEY NUMBER : 05DEVFEFEOGO

NAME : ETHANOL (9CI) ¥ ETHYL ALCOHOL (8CI) ¥ ALCOHOL ¥ ALCOHOL ANHY DROUS

¥ ALGRAIN ANHYDROLE ¥ DENATURED ETHANQL ¥ ETHYL ALC ¥ ETHYL

HYDRATE ¥ ETHYL HYDROXIDE ¥ ETOH ¥ JAYSOL ¥ JAYSOL S ¥ METHYLCARBINOL /
CAS NUMBER : 64175
MOLECULA FORMULA : € 2 H 6 0 1

MOLECULA WEIGHT : 46 | 46.041840)

073F3FEFE0GO

=
m
>4
=z
(=1
=z
m
ta
]

=z
2
=
m

ACETONITRILE, HYDROXY- {9CI) ¥ GLYCOLONITRILE (BCI) ¥ CYANOM
ETHANOL ¥ FORMALDEHYDE CYANOHYDRIN ¥ FORMALDEHYDE, CYANOHYDRIN ¥ GLYCO
LIC NITRTLE ¥ GLYCONITRILE ¥ HYDROXYACETONITRILE ¥ HYDROXYACTONITRILE /[

CAS NUMBER

107164
MOLECULA FORMULA : C 2 H 3 N 1 01

MOLECULA WEIGHT : 57{( 57.021429)

H 2.7 {LE&EHEHCIALEA
Fig. 27 An output example of the compound information by specifying the name of
the compound
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Fig. 31 Identification procedures of the unknown spectrum
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Table 3.1 Seven steps of filters applied in the pre-search
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Table 3.2 Bad marks for unmatched peaks used in NIES method and PBM method
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®*SAMPLE DATAY*
TEST 240 M/z 300 299 298 269 256 255 241 239 238 236 227 21

INT 11 90 401 19 24 103 31 10 13 15 21 24 LE]
M/Z 158 157 455 154 153 144 143 141 140 139 138 130 129
INT 11 n 15 19 13 12 50 17 10 20 10 32 249
Mfz 116 115 113 112 111 110 187 102 101 k] 98 87 96
INT 45 84 34 35 77 20 10 22 59 56 102 162 33
M/z 54 83 82 81 79 74 73 72 kAl 70 69 68 67
INT 78 229 46 56 21 25 626 18 308 100 377 57 78
M/Z 56 55 54 53 45 44 43 42 41 40 39 1 30

INT 164 683 53 44 58 30 1000 155 747 19 %0 1
*AGOOUNT**  MOL-WT MOL-ION MASS-NUM! MASS-NUM2 BASE-PK REARRANGE
12648 5631 2969 1568 170 52
o NIES ok ke Rk PBM ek
8 SUBSTANCES SELECTED 2 SUBSTANCES SELECTED
KS PC ID NO. K3 BV Cc% D NO.
11.000  €.012  25567F67D002 1 0.976 121 0.16% 25567F670002
2 0.898  0.4M 2DD27F2FF000 2 0.740 91 0.153 25567F67D012
3 0.852 0,025  25567F57D012
4 0.800 0,388  27958F5FFOC0
5 0.688 0.482  2A537F3FFOM
6 0.622 0.403  2DD27F2FF002
7 0.620 0,430  2DD27F2FFO09
8 0.606 0.411  2899FFSFDOOE
25567F67D002 C 15 H 38 0 2 MW=298.287 CAS=646300
NOTE: DX-30C(NIES}*,1982.9.14
/ NONADECANOIC ACID /
25567F67D012 C 19 H 38 0 2 MW=298.287 CAS=646300
/ NONADECANQIC ACID /
NOTE: EPA/NIH
/*/ NONADECANOIC ACID /
260S7FSTEOO0 C 21 H 42 0 1 MW=310,323 CAS=19781727

NOTE:EPA/NIH
11-HENETCOSANONE ({BC19CI)

*% SAMPLE DATA **

4 10
ISO-PK
52
ok

MM = OO E-dO L W=

RI 0.
RI 0.
RI 0.

TEST 247 M/2 144 143 142 116 115 114 113 112 131 110 102 101 100
INT 49 636 207 15 172 767 21 48 680 35 4 181 k13
M/2 81 82 81 75 74 73 72 71 69 €8 60 59 58
INT 274 125 13 21 499 336 99 49 94 49 33 1000 25

M/Z 45 44 43 42 41 39 n
INT 6B 64 40B 182 316 124 73

*% SCOUNT ** MOL-WT MOL-ION MASS-NUM1 MASS-NUM2 BASE-PX REARRANGE
22670 7554 4581 2734 56

w¥x NIES *** *%% PRM *¥¥¥

2 SUBSTANCES SELECTED 2 SUBSTANCES SELECTED

KS PC ID NO., K% Kv CR ID NO.
1 1.0060 0.000 15DC7FEF8004 1 1.000 124 0,000 15DCTF8FBOO4
2 1.000 0.024 15DC7FAF8019 2 0.867 104 0©0.150 15DCYFBF8018
15DC7FEFB004 C B H 14 0 4 MW=174.089 CAS=627930 RI

NOTE: DX-300{NIES)*,1983.9.14
/ DIMETHYL ADIPATE / DIMETHYL HEXANEDIGATE /

15DCTFBFB019 C B H 14 0 4 MW=174.089 CA5=627930 RI

NOTE: EPA/NIH
/*}/ DIMETHYL HEXANEDIOATE /

M 3.2 KA~y AOBREEREIN

I50-PK
kXl

ok

BIEMANN ***
22 SUBSTANCES SELECTED

51 ID NO.

0.816 25567F67D012
0.813 25567F67D002
0.556 2ES37F3FF000
0.522 27958F5FF000
0.499 26D57F57EQQ0
0.483 2LD27FZFFO00
0.474 3214FF47A000
0.471 2DDZ7F2FF002
0.462 2A537F3FFO00
0.454 ZA537FIFFQO0
0,450 2DD27F2FF009
0.446 37D4TF1FBO0G
0.445 36D57F379C01
0.444 3794FF1FE001
0.442 ZDD27F2FFQ06

0 0.0 0.0 0.0 0.0

o 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0

99 97 88 87 a6
23 42 24 144 11

50 110 7356 108 46

BIEMANN *¥¥
2 SUBSTANCES SELECTED
81 IC NO.
0.967 15DCTFEFRO004
0.740 150CC7FEFB019

¢.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

Fig. 3.2 Examples of the search output of the unknown spectrum
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SPECTRUM REDUCTION TABLE
SAMPLE : HEXACHL ORUBENZEN

SRC. FILE: ITD-S -B (2 ... TABLE=1
2 4 1Y g 1B 12 14 RT
5@8 : R t . . A |
] B
L
LA
\\_H%‘ A ¢
B _I|I|I|I|I|l|l|||||I|l‘[|[I]||l|l|]|l]]|wl|T||||tl|"l*|(]l|l[l{i|l|ll_i'1|[
e 58 1940 150 200 259 300 350 SOAN
NO. R.TIMEZR,INDEX HEIGHT  SAMPLE PARTS ~COEF. BACKEROUND PARTS
1 8'2" 203 262 283-223 1.8@ 201~2@1,2171-2171/

B 33 bt=spdtrvoe<t s anf
Fig. 3.3 "An example of total ion current chromatogram

MBENEFTED AT 2R E - T B,

Bl BE A Ay —A3BORIELAEy = v F 5Ty, BHoMETSRD, £0E
F— g PTREEE (F4 A7y 2 (BEH4 X)) KBERERE, MI33ETRTE
5&%—&»4%VﬂvvrﬁﬁAm%Efﬁﬂﬁ%ﬁ5ﬁ,*%@7%%&?%»@5—9@
TRABML w725 FA COVEBEYELTAEELTERDLRS, R34EELN
few ARAY VADA—F T T RTET, £, K35 mie LT A EE (Rel
Int) #HMALLIb 0w TT, HEERERREAY -7 HE (-2 2) % 1000 =Bl
LT, kbbhd, com/z LHENEEAREOME L kb, BFRCHVWLE -7 AR IEX
W0AETELTGA, LT, €— s FEA 20082 8E L+ v EEOEVHD
BT A5, miz DEEYERTLENSD,

333 =AARY AT - RDEE

K3.6iimE7 R e ADOWEME R+, M7 —CGC/MSEBTMEI NI v AAANT b
NHF — A B AT ATRBEEIR, MzRUOE -7 BEENA v F ) Pz v b E - N
AF o (TITTl ¥ A7 &) KEEShE,

Tl tAMa vy -2BO7 r— <y FEERIRE, 200 F F CEHIR X hic m/z,
ey MEESEROAHICBEEEAYAL TCRKE 2 v 2 -2 ~EZbhd, Ao vl — 2
Ty, RHAZ Y ABRET 2 75 AR BESHRTRERT I, REERIAE v -2
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MASS SPECTRUM

SAMPLE : HEXACHLOROBEMNZEN

FILE : ITO-5 -B (2 euan

(1)8°27",283 262 203 (1.00) 201,217;TX 286,BF 284-5%0.8
PEAKS 5@(8),RANGE 18 TO 588(18 TO <821 ,L EVEL @@

INT. ' %
1960
_ - 1@
1642
181
36 -
B — r]l'“r"t'rTYr!‘r‘ll"Y‘l‘TlT|1!1Y‘T1|1ll— a
5@ 100 150 2ea M/ZE
INT, TI%
1000
284
_] ~ 19
249
o — T 8
2SR 306 35@ 480 M/2

B 3.4 ~AARZ bADA—FF7HH
Fig. 3.4 An output example of mass spectrum

DIA VTV E—FR T w257 607V v i —O TN TRZ ETES,
TiT7l v AT All=AF 2 A 7Y FH o= 5923 v a2 VAT LTHD,
TMA-3500 & Ti7T1l & DA v 3 —7 = —2DIRIEROEEY TH S,

(1D FEE#HIEHRE: 7V —7v=v7FIH
(2 FEfEg=-V i Fe-¥
(3} [EEHEE 1200 BPS
(4> v 74 EVEN
(5) MfEEE: IMAEE
6) *++322—+. 1 USASCii
Tt v, kRLim/z, ©—siggEEofic, MTOHEBXBEMLT, RET6 =77
ARPER LT 5,
(1) HFEHEBOFRTE (X1, X2)
EREE XD »o@EE X2 $TeBEONR LTS, sTFRBESFETE LV



MASS SPECTRUM
SAMPLE: HEXACHLOROBENZERN
FILE : ITC-5 -B (27).0 ..
(1)8727"/203 262 203 (1.00) 201,217; TX 286,BP 284-50.8
PEAKS 50(0),RANGE 10 TO 500(10 TG 400),LEVEL 0(10}
M/Z RAW INT. REL.INT. TI(Z) M/Z RAW INT. REL., INT. TI(%)

36.0 1.815 35.682 0.665 216,0 3,189 62,668 1.169
47.0 1.266 24 887 (0.4064 218.0 g.717 14.092 J.262
60.0 0.930 18.290 0.341 247.0 7.629 149,925 2,767
71.0 3.448 67.766 1.2064 248.0 0.549 10.794 0.201
72.0 1.846 36.281 0.676 269.0 11,917 234,182 4,369
73.0 0.869 17.091 0.318 250.0 0.946 18.590 0,346
88.0 F.251 24.587 0.458 251.0 7.675 150.824 2.814
89.0 1.205 23,688 0.441 252.0 ¢.537¢9 11,394 0.212
95.0 1.144 22.488 0.419 253.0 2.532 49.775 0.928
106.0 3.799 74,6062 1,393 282,0 26.886 528.335 9.857
107.0 7.202 141.529 2.640 283.0 1.992 37.781 0,704
108.0 2.594 50.974 0.951 284.0 50.888 1000.000 18.658
109.0 1.663 32.683 0.609 285.0 3.463 68.065 1.270
118.0 2.456 48.275 0.900 286.0 41.123 80B.095 15,077
120,0 1,571 30.884 0.576 287.0 2.822 55.472 1,035
123.0 0.900 17.691 0.33C 288.0 17.715 348,125 6.495
124.0 1.342 26.386 0.492 289.0 1.251 24,587 0.458
125.0 0,915 17.991 0.335 290.0 4.180 82.158 1.532
141.0 3.494 68.665 1.28) 292.0 0,549 10.794 D.201 (/)
142.0 13.031 256.07r 4.777

143.0 5.600 110,044 2,053

144.0 6.775 133.133 2.484

145.0 0.915 17.991 0.335

146.0 0.946 18.590 0.346

177.0 3.250 63.868 1.1491

179.0 3.173 62.368 1.163

181.0 1.007 19.790 0.369

212.0 4,943 97.151 1.812

214.0 6.378 125.337 2,338

3.5 wAARS FADmM/z bEE
Fig. 35 Mass number and intensity in mass spectrum

BER X1, X2=0%ANT 5,
(23 #—~7v--1 (NO)

BE&ARZ »AOBE, E—HoIBHOLEERTORFDOY 77 VY ARAAT FAD
F—Fvoa— (NO) #ANT 5, E—BoPFEELGRBE— 227 b LOBREOHE
ENO=0 % AN+ 5,

(3) B—mooR&HE (8

EaA~7 P BBEOEEOFE NG ORERETT, =05~ ofEBoOEEOEY

RET D, BEETHOEESRTE—A7 v OFAT, =04 ANTE,
(4) #F—3v.3-2 (N)

B A~s P LOBRBERABEYF = v 7 T28E, FOV 770V AARY FAD
F—r A ANTEH, BEEIN=0TH5,

TiTTl W L ABEBRBEDO 7 2 —=» PIRZTDERYTHDB, Wby 72¥ () i1, B
K20 v T A CONEARICBRAETS B,
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Fig. 3.6 Diagram of mass spectral library search system
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Fig. 3.7 Data format of mass spectrum for search
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TN ALRE 7 v 2 - 2 ~DEEHROERIKD L B) TH D,

() @ERAHEALR TTY FIR

(2) #fss—-Vr :&_EHx-V

(3) {EEHE D 300BPS A% ik, 1200BPS

4) V54 EVEN

(5) KEEHEBEORS  RETURN #-

) #~=v—s— Avx—~vrav  BPE-AK
(N FViya—=—F CR (HeX. ODJ

8) F+r5278—tyt 1 JISOTHL

‘iTC, Ti771 D> a 7';‘@*}{; = 2 _%&P:ii_ﬂ‘-c
(1) JMA INTERFACE SECTION

IMA-3500 s b D= A A7 b AT — 2% Tl ~EET BicbDy a7 THENK 7
Py E—-F 4 A ~BAERD,

(2) DATA CONVERSION SECTION

(LD F—sHhKRavra—2BeERTLD a7 TLF— 23— F— 2 0%
BEXAETH B,

(3) HITACHI INTERFACE SECTION

1

2

D

4)

iy

6)

BHEERLAHCTTITN hbRB 2 v a2 ~AF -2 %EETEHY 2 7 TH B,
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Fig. 4.1 Distribution of molecular weights in reference mass spectra
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Fig. 4.2 Distribution of base peaks in reference mass spectra
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Fig. 46 Three dimensional expression of hydrocarbons taken out from reference

X 4.6

mass spectra
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1) Abramson, F. P. (1975} : Automded. ldentification of mass spectra by the reverse search. Anal.

Chem., 47, 45-49,
2) McLafferty, F. W. and R. Venkataraghavan {1979) : Coraputer techniques for mass spectral

identification. J. Chromatogr. Sci., 17, 24-29.
3) Blaisdell, B. E. (1977) : Automatic computer construction, and use of specialized joint libraries

of mass spectra and retention indices from gas chromatography-mass spectrometry systems.

Anal. Chem., 49, 130-136.
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B (LUF "Biemann i, SWES) Th A,

52 FRAMTF-20ER

WA FEHO(LEHD A AT + A% GC/MSETHE L, ZOLEHTTHEBERL
B 77 v AARS b AP LIARBBORET LA -T2 X BEnT w5 (M8 3
FTxkHOBLED), HHLILESIARETH IMS-DX 3004 A 2 2+ 735 7BERBSTE
oY, PEEEREKD IS THD, 14 YEENE 2X10-5Torr, 1+ v FEE T 180°C,
A4 LB 00 uA, 14 vb=F 0 F 1270V, AF+ VIBIIm/iz 10~500, A%+
EERIIW Ay, Y EURMIE 258, MEEERIKV, AFvvraviba—i,



F—s2 8, <2770 VORKLEOBECHAEFH IMA-3500 7 -2 @ > 2 7
AW, A2 PAOBRICBIOBA0Rs ARER L, —F, B&EASS T
Ay, LD 254 DLEHFH LG onR R, RO L HBRECLD, BHloA~s + A
RIERE L2 (B3P TEHDDHL0), 2BEO LAY YRS LABRYEEL, GC/MS
THIE L BAL2ADE —/DARZ b AR T— s 0B AT ADREYF-TERS D
B, WA s S0V VkRRELLE, BREAYT, BERAS P AwE,

5.3 FUH—FniFk

BHFRE IO FTEFTThE LIV, =—F—HeE oBEL, S12-FE52
E-VFOWE- FEEAETTLOREF L, ZThLOERIG, E2HEMIE-FHE
M2 — VREFTTAELENRDLSE S mEETRIEI L,

Fog - Ad 3B, BM0AETHOV Ty AT NEEGLTHED, TV H—F
Ao kick b, REMCIEEIALREBOY) 7y vy AARZ PARLELRD, 7Y
Y FOEFET4LE =T EE )Ty VAR PANRLEY D FR TV ETFERES LICTL

£ 51 FIH—FOEAT» THEBULIY 77 LV AASS b ADE
Table 5.1 The number of reference spectra passed through each step in pre-search of

S1 mode
it & AF 7l AF9 72 AFy73 AF e T4 AF 97D AFTE ATy TI]
Camphene 21867 7307 4343 2548 87 33 32
p.p-DDT 8293 3662 2305 2135 8 & 6
2-Hexanol 11533 3889 1388 1149 68 58 Y
Citronellol 23099 7667 4661 2397 210 67 66
Cholesterol 6132 3096 2088 1131 27 6 6
Acetophenone 19807 6445 3458 2118 71 48 48
3-Octanone 21144 6936 3900 2438 419 232 228
Hexanoic acid 15070 4895 2153 1967 18 11 10
[sobutyl butyrate 18781 6033 3065 2895 120 53 53
Butyl benzoate 22498 7156 4151 3893 125 70 67
Skatole 20785 6937 3921 2521 51 20 20
o-Nitrophenol 21236 7037 4095 2646 37 9 6
Methylparathion 15544 5871 3422 1811 9 6 6
Dipropyl sulfide 19661 6455 3483 2178 309 156 149
Hexachlorocyclopentadiene 14417 5819 3484 1871 12 10 10
Hexachlorobiphenyl 7605 3763 2559 1252 19 6 6
Dibutyl phthalate 14281 5368 3044 2543 30 18 18

VT v s AR b ORI 38812, S1 € Fiok 2¥E




To BID 7402030V 77 VY AART FADOEEARLAE (B SRHTCLBZ L n
Do BUEEIE(HFETHEGITN, BFRIEBEL AZ203PUXBL, TEHEO 7 4 48—
i, 7442 Vv IFRBOBGIACENLGRT VWD, 22 T7 A& 0w ZRER b, BATRR
RAEL AN P ARREL T CHEDZETHY, v/t  TEEND, r id7 402 -1
KHEAIRCY 7y b ARS FABRECH LT, TN ASy bl LTBREESALAA
7 VBB OBETHD, Erot VA E - 1R EALLE ZOMERMEE A P ABE
TE KB THE, V77 bV AARYZ PARRT - - 20BHI-TEHLIHLTHS
D vl ATEERRNTCII Ay P AKITERELIEE s T D, b BT 4 NE—D
AR EBAGRThIIE, » /t RERIGE Y 4 A8 =R~ il Vv, Lo Liehs, 7
B—F DT 4N —D DT, 7k OERT 4 v F —OJERF IR L TV A2,
ERRD7 4 A2 U V7 HRIIROTHETERD I, TXTDY 7y vy AAARZ P (38812 7 —
2) EXHLTC, THEO7 448 — & ABMTETL, BEXOr /i R Lic7 s v g%
Fang—1ELE, ftds, ThEOERCEVT, v B, OEL 24 EORMA~Z P
THRONHERYFHEL CRDL, 7148 - I RRELARLEDF -2 #E5 2R L1,
RBYUHRARZ A RBRETDEGHIARINLLNE, A—AK—7F =y s REBY -2
Foo P BIEEICED RO THLY, TALDF = » 7 JEE LS, BR, RRKOr/tE
RlLic7 s g — (RESFEREOBBRE) H7 44021 ERES NI, RITT7 4V
2 — I RBETELDEE, 74N A - 1 EREBLIY Ty Ly ARARS P AGTOWT, BOD
GREHEO Y s A Z — {2 BMCHTLT, BRKr/t TR T 7402 BRIV il
Bo LFABKLT, THE07 4 44— OBBIERYRE L, ZOREYFES.3CRLI,

% 5.2 FTIVH—FOEAT » TERMTETLILBEEO 7 s v 5 ) v 7 2E
Table 5.2 Filtering efficiency (r/7¢) of each step in pre-search when all reference
spectra were used

AT v TORE r f rit
s B TR o R 0.5517 5.577x 10 ¢s 9.89 % 10% s~
cRAHEB -2 0.6591 1.337x 108 4.93%10*
CBAARY s F 2 o1l 0.2457 1.545% 1078 1.59 % 10#
N AT F xS 0.9844 1.274% 107 7.73%10°
CEBE—F ey 0.8183 5.399 10-° 1.52% 10
cRFAA I~ F s 0.6273 2.585X 103 2,43 10"
N LR~ P S 0.1724 2.312x10-% 7.46%10°

riiBREIREYU Ty AARZ P ADEE,
_ PR U i)
THEARLY 7 s VY RAANS L ADER

!

— 60 —



£ 53 TS —FERIBEAT e TOT a2V IBHEG/ LEAA
~7 s B

Table 5.3 Filtering efficiency (»/¢) and the number of reference spectra remaining
after each step in pre-search

jito ST Fas ) IR (r/" WA~z bt
1 RS TEEEORE 9.89x10* 5™ 17398
7 BFAFvE—FF oyl 8. 70% 10¢ 5913
3 BARERY-7F=-21 2.60x 104 3311
4 BRAKEEY-7F=v 71 2.51% 104 2183
5 N—AE—2F xS 1.22x10* 81
6 EBEY-29=zs7 1.97x 10° 43
7 RAEBE—sFz=»2 6.87x 10 42

*  204AZ P AT OVTOERH, VT y v AAZ P ADEK 138812,

gl BRIT, 74 F -5 FTTY 77 Vv ARNZ b ADIREREBEENRTED,
AAVH—FEBATERABALT FATHTA 1% TE o, I FTEBETCH-
T, EBEOr Y TARAY b ATRES I TRINE L I, BAOBIC,

TV —FRBATL LI L T, BECETBEMeME Y OBRE, EFEEREMITO
T, 254 A2 P ARBELTHEA, s, 24 vy —FCouwTRBTEHERTHS o
2504 AT b AT NTIELCHEIRLLOTHSD, 22T, S E— VX agEXTY,
FHAARZ AT -2 11T 4 Ay FRBCIFHR RN TG ARET, BE S ey 5 s0RBHEY
HESREL, BEERET 1 A7 ERELT, BRIr 7/ 7 aWET LI L &AL LTH
RRARIE LA, coEit, EE4 7Y v o aEBRMRET AT, —H, ik
Woledhis, 7V —FOT7 402 - 10Lt A4 VP —FTHRRET 1L 2OBHELATEL
7o CHOOERPES AR LL, I0MEIL 1 ARZ PAYSLHICABLTHS, wEHER
DFZEDHTid, EFTHLELHEOT, DEDDOHETHL, JORMLLHLNE LS
i, U —FEAvAIbicry, BEBMEE Iy YA EVBE0 /I CERSh
T BEORRI V-2V BE T, AUV Ba T EAYEbLbil ol

5.4 AA Y —FOiFH

AA VY -FTRGERTWE NIES #il, PBMEOEEZEBFCLTELRLL DT,
RizES HEREFHECH S, 7, Biemann 5V 2R LAFELRLToS TP LREL -
Tuwh, ¥FZOWETHGS Biemann 3 CREBEIICL A 7V vy —F VT Tov, B
BEFHC L 5 7V —F o0 THERCHER L Taicd, EFLPHEELLT Y v—F DD
A4 E TR, BRI L AT 4 A x —HREBL T, st Lo REY S
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Table 5.4 Comparison of time consumption by using all steps in pre-search and by
using only Step 1

aVE A —2D FUIH—FOLAT 7 TV -FnRT 9 71
FEITAHA RIS A iR IR AR R

FHA LT PATF — &

- A 1.01 & 1.01 #
D7 d = TF 4
TV —FDATF 7
1 .22 .22
2 0.14
3 0.09
4 0.03
5 0.19
6 0.02
7 0.1
A A —F 0.23 24.56
& &t 1.94 25.79
254 BEIARS P ATREL ERSL, FA-2 P TEST D CoGTHEA
Lf;q‘iiﬁjﬁﬁo

TEHEOBERCHE b o, T4 Biemann 53, Y7 s L ARANLS b, EHANS P AL

b U~ AR e - s wBECH L TR A7 A ERLTOAR, FELLIO
FHHEREELY, V7L v AARRS b, BHIASRZ PALE AT — 2 £EEFIRLT
BEEERL, Bl 3RDIIOREECY - 23T I3 PR ELCBEINL L)
CEELIRDTHL,

REREEEEY, A VPP TF - FAN—RALBET -5 X ARG TEELT, HROME
Skt X 51257 5t NIES 32T KS OB B E SR Ty, B—0 KS 2§
DA b AT PCIEDNE K H% bfric Ltc, KS, PCticA—Eo & amIEL & L1z,
PBM Tt KRB B VIECIE S 24Ty, R—D K%BEAF2A 7 Pl KIEDX
E oo L, K%, KE#KICR—0& &, Cho/hahsbor biiic L, K% K
i, C%HE—® &2 (ZFEIMER & Ui, Biemann Tt SO A &V NRCIEM S, BED
RO LA HS I aL ST TV AP IRTUVL G S EHEL, 6T TY
AFIHIBEESEYTEEE, VA M EROEb S EERRBLLTE DT,

54 fflnE—2 2y b AR S]] 2 FORELAERYHESSTLE, BEF -4 ~~AT
HEEN % TCHE R HL, AV SF AT -8 A A TR BUBEEI -, TOHEMH
i, ATV FATF—F~A—ATIEY 77 VY ARLF P ALERANT P LI LIERELR
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Table 5.5 Results of search for single spectra in 51 mode

Fo g ei— R AU AT =5 A BIEF—2~—2

A4 v —2+nFE  NIES PBM Biemann NIES PBM Biemann

U A b TolRGE SHEMAAE AT HEL Ay P AROESE (%)
1 57 54 56 9% 96 98

2 10 11 10 3 3 1

3 4 4 7 0 0 0

4 3 2 3 0 0 0

5 1 2 1 0 0 0

6 2 1 1 0 0 0

7 0 0 0 0 0 i

8 1 0 0 0 0 0

9 0 1 ] 0 0 0

10 0 0 1 0 0 0

11 0 0 0 0 0 0

12 0 2 0 . 0 0 0

13 0 0 1 ] 0 0

14 0 0 0 0 0 0

15 0 0 0 0 0 0
EER (%) 75 73 77 100 100 100
AEBOEE (%) 3 4 3 0 0 0
Smofla 90 20 22 19 0 0 0

EFS 1 ~L) A F2AHEEEER, 6~15fwV 2+ ShBEYAE

i;t<Ux+§nnmot%ﬁ SR EHE L, Lok TCERILL 5 EHZL
o Tw2dedThb, B0l L5.2KF0F®RLA, A7 P nBhoTWAERELT
i WEEEOR G LMEREORGHEZ LN, BROEZE >HOHRREHOB IO LR
TroltBE LB THESRI A7 FARF BB S hich, K2AERERIEsbh
otz b DBEY 1h D, — 7, BELIEBRREOHESNHTERA (v s ontfe 7=
N) P2 lAh AT 4O AANY PARAIELL-ELS, FASAE - BicsT
LI ENFD ol DOFMCOVTRETETHEND, Lal, WTFhOBEE A2 FARE
LSBFEIALIE»LHMTA L, COBBEYAT AT ILREOY — 7EEOFEIC LT
DRISCTETE EBbhd, H2HE50, ABRGEOLTHOEEN~AALS P ADE -
PHEYRECEZTLEY, BEIPERIEEDLL DD, 2V AF 2 —ARNLTD 1HIT
HY, BS53EF0ET4RLA., TEh- 2 v TRETFAA v~ —2r—r ks, #l
EEHPDPLE -0 THE, FFAAVYILRKORI o/ A v A -2 ltd L
B D,
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(a) v ornF—2-—2, (b) EEF—4~1—2

Fig. 5.1 Mass spectrum of p-methoxyphenol
(a) Reference in the NIH/EPA data base, {b) reference measured with JEOL
JMS-DX 300 mass spectrometer
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(a) AV vraF—2~—A (b)) BEF—5~—A

Fig. 52 Mass specirum of butyl caproate
(a) Reference in the NIH/EPA data base, (b) reference measured with JEOL
JMS-DX300 mass spectrometer
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B 53 2vAFr—nADrAART b

(a)y EWieA~2r b, (b)) BRERLALZ A
Fig. 5.3 Mass spectrum of cholesteral

{a) Normal spectrum, (b )abnormal spectrum



BEBEILGHTAr— 2 A2 CBELT, $o»0WIEHfTH 0 T 5, Rusmussen &
Isenhour® iz L e, A7 b oS — 2 ¥BRECHCEBESCREROBEAB AT
%o —F, Pesyna LY RREFERBREOIERELGHLH DL, A1 v F—FifFHT LI -2
AL TEIBRGERATD, TORFETE, SERADBEC OV THEROKEE VI
L, AVOIATF—2_-AMALHEORRYES. 6T LI, SHEEOBE Ltk
DEkbThHE,

(1> KSORTYE» 1B 15F TH 15K — 7 ¥HVEBE

(II) KSORT @A 150 —27 0 (U+A+C) BLFA—DERU LU LOELHOE —2

TARTERAGES

am koDl ds e -2 T, HEE %LU Loy -2 2/RveHs

V) ko (IDEHYT 5 -2 T, HMHEE 2% U0 — 27 #RAVigs

(V) HEHE 2 %L Lod v — 72 By fodid

E OB6 VIrUVYARRY b ADE— 7 EREBREOTEBRE
Table 5.6 Correlation between the number of peaks and percentage of successful
search '

e — g AR 1 I i Iv v
A4 vy —FoFEE | NIES PBM | NIES PBM | NIES PBM | NIES PBM | NIES PBM

IEER (%) 76 74 75 70 76 73 74 70 67 68
REHBOEEL (%) 4 5 4 5 4 6 5 5 9 5
L oEE (%) 20 21 21 25 20 21 21 25 24 27

YA P APOEY — s R BRSO EL SR Ty, EONEI A KSORT s 254 — 4 —~TET, €~ 7D
BEX K ETHET,

I. HXGHEE 1 %L D e — 20w, KSORT=15 ¥ ToLr -2 2 #FH+5 (15%),

II. {xEE 1% For—-2itonT, KSORT=150 -2 KELst R KErH T — 7 0Pt GO
KSORT # 42— 7 F T -7 #EFTE (15+a &),

[, 2% LDy — 27120 T, KSORT=15 ¥ T — 7% HRA+S (154,

IV. g 2% Eo -2 250 T, KSORT=150 -7 ;EUKEYHTE2E—rohc, BXO
KSORT # 42V — 2 ¥ T — 7 %8+ 5 (I5+a"4),

V. A#E 2B Ekog e — 7 2AT 5,

o3, Biemamn ETiLV 7y Vv AR P AdhDREE— XA TWADT, OO
BB, BLOELMAEL S, A4 v+ —FTCHERTAY — s kKB 2HEPT L, TH
RIETTHHEECH D, 15EL DDl — s REOBH SV TRER LTV v, — 5,
BIEF— &2 ~—ATRBEORZY LEBSCREA LY — 7 AROS bbb bF, 13iFR
LEERS B L, —BNCEBREO KRBT -2~ 2%HETHC LMz & A E R
fodic, FHHEOTF -2 A-A¥FIATL20XERTH L0, BECHEATL -7 K15
FRELRENELEbR L,
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5.5 EBBARS P VERROFHE & EEE

SBUADBREANZ PAES]I = FRUS2E— VY TRELLBEYRS.TILART, WK,
BEA7 A/ L THRSZE—FOFABR TS, AU 2P AT -5 ~N—ALET
F— N AR LSS, THEROVBLET 2 ~-A0HLAEECEGEREYRL T
e S2E—FNTRAAVH —FO=20FEOBIT, ThiefDENRLATV-OIH LT,

*£ 5.7 SIRUS2E—FVZLbREA7 t v OBRERR
Table 5.7 Results of search of mixture spectra both in S1 and S2 modes

F=k =R EE S e g F F — 2 <~ — =&
€=V 52 S1 S 2 51
44 wapr—2% |INIES PBM Biemann NIES PBM Biemann | NIES PBM Biemann NIES PBM Biemann
16z 42 40 35 37 35 27 82 74 72 51 53 56
24 B 4 6 5 0 5 7 5 10 5 2 2
e 36z 7 6 1 2 4 11 2 3 3 1 1
(%) ‘ !
44 2 G i 1 0 1 3 1 2 1 i} 0
5 fir 2 0 2 1 2 1 i) 0 1 H 0 0
IEWE 9% 63 55 61 47 41 45 94 83 86 60 57 59
FEHDUEH | 13 8 19 6§ 0 6 303 7 12 2
LR OFE (%) 24 37 20 47 59 15 3 14 : 7 39 41 39

S1E—FTil, PBMEFUOFELII» S Er -7, HSAIWRLAERBEAS AT,
NIES tho s a8 | A HIEL < RETE 1, TOBENL NIES T, 1RGO 77 LY
AARZ FADEEAST FAPCEFRTGENE I, 2RGSO A~LS b A LR
CHNBRENBTHL, RELEE LTRSS VDI, BEANZ P ARETRE 2K
FOGERLBE IRD (FERG) L THRESIRDNML, A4 vy —FOFHELL - GHEET S
BENHDHETHL, R55 T LA E T, NIESHETRHERERZ 712, PBM &
HH\V i Biemann G 47 s - A BE1HG £ LTHRFES R, 7 PBM % Biemann
BTy v v 7 3haBETH, NIESETCR LT v+ v 7 3haBEr LT LI
Bh, COBHLIRCANTOLFALTHD, —HEK 5.6 R LT,

KERLBEA2 bAd M2 2 VCRELABRLES SR L, M2 - VTRRE
1B 2R ERCRES R TRAA, RS LS b TREMNS v 2 SRt
BEEARLHATLI, —H, BEA</ AhOBIRGNDLHUDHBAL TS E XKL
W, F2RSOAFRET LI LS Ml £ - FAEVLERE, FITCALEGARZ A Y
MlEx=—FTRELLLZOEREXER §.CRLI, MEoRCHE T IARERILIEREY 6 (L1
TV AP ERED S TBEY, EBRLEEIE VA ZhihotBEYERL TV, BIE
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B 5.4 BE&A227 tadof | KG0BET, NIES Bzl L6
(a) BEA=2 b, (D) FIRG p-rabFoTe2b7asv) DV 77
VAR b

Fig. 54 An example of mixture spectrum whose the lst component was retrieved

correctly only with the NIES method
{a) Mixture spectrum, (b} reference spectrum of p-methoxyacetophenone (the -
1st component)

F—g N—AREEHLHE T, EERIBIZ0~0%EL, GERETX2EENE
bhie, B1IHTORAEE (B #EFETHHEL A4 v —FOFHROALGHEHIT
I T, EERIETEHTSE, H5.TCREO—RERLI, T2 TDEIES, 2RI
Fk, Clis— VA AEVENTOVBA VYT I ATHLE, A4V —FOTROFEETE, £
e, B2HRSELCELSBREINC, SHEEL T, onnd DV ppnd 0.50 DX X0l
OER M » D, BPNEFEEIDEBRMhok, V75 VYRR P ERMASRY P LK
A—#E, F—MESETHEIRTC2BETE, pnn’E 1L RSTORALE L7 IEL L
R LTk, chREREOHGCERTEL, —H, BIRGEHE2ERGOA~7 + APEL
LTWwWaEETl, BNBRETIRAESLOCIVERL Y, HIRFEELF AL E
BuAds, S8 —HlERLi, CRIETHVET Y FHAVDREARZ FATHD, £
m/z142 L 156 D — 7 B C, EFCELU LA b v Fid, RAOEBFETIgH
0.97 75h, BEARZ PAREKRLALLDCRE LA —viZlioTLE S,

FYIFATF - ARFER LB, TEESMEIE S, fOHYED S HE
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B 5.5 A4vy—FOFHEL LT, BRI TLLE RS ERG) &
ARG ASY b AD 1H
() BREM7FAEIATF/ —ADBEFANS b, (C) $AF/—1D
wAAAF A, (b)) BREB7FLO<AANT F

Fig. 55 An example of mixture spectrum whaose the st component depended on the
method of main search used
{ @) Mixture spectrum of butyl benzoate and myrtenol, (b ) reference of myrtenol,
{ ¢ ) reference of butyl benzoate

LT, CoBd, BIBEEENRGERYS L, BN, V7 v v AAST PALR
A -ty b A SEEPRESEEOREV-OS, WBPRLSTULBE LRI pned b id
P& 0.50 DA X e HOEEXBVAHETR AEINE - TLESRALRD D, £DLD
 AMEYHCTE 2R OBREXA -84, ELilvRRToB 1B UEMIy v ¥+
VIARTCHDT, a-¥-—Rohbo sEREOFEVTELTHL Z LB ITHET
5, FOkECil, BIEREECILSHEYAGTERETS L, 5E 0 ENEV,
MR AE5.90FR L1, chitd~Foilvinyy (BIRS) Lo-=tr7=/—0
(2D DREA~Z tADHTHDA, S1, §2 M2E—FOLWThTHE LRFTD
dnF AL AR RS v XRhT &R, 3EEOFEI Y, FRERIEANS ¢
AR5 I0RFE LS, BEREYRVCEBS LS ThVBEOR VSRR D LT
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E 5.6 S2x—FiolBRE&A~LZ A O&FEFl, PBM % Biemann &k Tk
Terw 7 v 7 Shtcsd, NIESETR R v 7 2hicfl
(a) BAARZ A, (b)) 2-F b Fovzg /—AD=ARS b, (C)
TR ENT SO AART b
Fig. 56 An example of search of mixture spectrum in 52 mode where the NIES

method gave better result than other methods
{a) Mixture spectrum of 2-butoxyethanol and di-x-propylamine, (b) reference
of 2-butoxyethanol, { ¢) reference of di-»-propylamine

Do BADHEIOWT, M1 - FRIDZE2ESTEROERYEL L ITmLIL, J 2T
NIES D ZDOER LR LA, MOFEORRSBLASRLTH D, A 0.226 BU
0.500 DBETIE, BIRGD4-~F oA Ay BUET Y7 I ATWEDEN LT, T
MBI LS gEYHVESEETRo-=tr 7=/ —AAEL{BREATD, == 7=
J—ADBERRBEOLTEL CHINTE ERRTEROT, ZoBRHICERETNE
LOThSL, B=050DBAEThL o-=tr 7=/ AWK v 7 EATW52, FEDH
ge & fe HIGEEME, i PC, K%, CHU0BEH R (v,

FVUFAF B R—ALBEF — & - ARERALLES, BREOESBFTKERENRS
it FOREEELTEZLRBDIRY 7 » VY ARAZ P ADEEETHL ) OENRDL
WEHThHD, HINGFTORBEEENY) 77 VVARARZ PADBGIKL - TRTLHEIL

T —




RN, BEASI PADBLEIRGOANS P ARELS CGART, HIRSOY 7 -
VYAASRZ M) QENRSD E, BASY FAREERTRTOA 2 - vibhRkELLT
nTLES oz, E2RGOBRELHELSLVIEL D,

BEA27 F AOBBERGEFAET O, I THELLBR AT A XFECEDITHS
T ERIANTERD, TRTORGEAZ PARKMLTHERLE LA b TIIE, o0l
ArBLLHnBEbis, KE=So0885RY BFCEBAT 5,

F 58 M2 FrlIzREA~7Z FAOBERR
Table 5.8 Results of search for mixture spectra in M2 mode

(1) #YVorATF—5 - 2% BALES

g o B OH ke 1 2 3
A 4 v - | NIES PBM Biemann | NIES PBM Biemann | NIES PBM Biemann
oAb @ JA G BAT L APDEY A P ADEE (%)
1 29 31 35 14 20 31 24 22 29
2 10 10 10 3 12 6 8 10 6
3 6 2 2 6 2 2 4 2 2
4 4 4 4 8 2 4 6 4 8
5 2 2 4 4 2 0 4 2 2
i W RO 51 49 55 41 59 45 47 41 47
RHEEOEEGH 6 4 10 14 2 12 12 2 16
FEoOBEG | 43 47 35 45 59 45 41 57 37
() BEF~8~—2%FH LTSS
Ao H ol B 1 z 3
A 4 v 4 — F | NIES PBM Biemamn | NIES PBM Biemann | NIES PBM Biemann
L £AR2 P ARDHEBR N2 b ADEE (%)
1 58 70 76 65 84 R4 66 84 88
2 5 5 1 7 5 6 6 4 5
3 4 | 1 6 0 0 6 ¢ 0
4 4 1 1 2 2 0 2 2 0
5 1 ¢ 0 1 1 0 1 1 0
E # FO®| N 78 80 82 93 90 82 92 92
THEBOEEGD 9 2 3 7 1 3 7 1
*B o El A& 20 20 17 11 6 7 11 7

ay gONHEIRDERS,
1BAEEE, 2 pnn 3 pmn & 0.500005% X 70 Off,




(1) HIRFEEIEGOTAARLS P AR EALE R LT84

Rs1lim-2 Ly —Akp by —ADREEAL7 P AORAPRLI, 20k 5BE
it BEARZ FAREAORTODARZ PALRAULTHL DI, BIRSIOBERTE IR
B EIHONAHI i T A SRTL R, ZDLIHE, BEAZ ATHSL LGS
¥t Db oria —F— b THBTH S LARKC, FIRTORGEELXELT LA
By, o005 FRRUNDOGHFEYAVCL I EPLETSD,

#£ 5.9 M1a—FilzBeA~7 L LOWERER
Table 59 Results of search for mixture spectra in M1 mode

(1) AV oFrF—rS-Ae@ALEE
A 0 B #E 1 L 2 ’

A A v %+ — F# | NIES PBM Biemann lNIES PBEM Biemann | NIES PBM Biemann

VoA oo g R L a-ts b AhOEE A2 P LOEE (%)
1 24 27 27 10 15 14 18 20 23
2 10 8 10 6 8 6 7 10 4
3 3 1 3 7 1 1 4 1 1
4 4 3 1 6 1 4 6 3 7
5 3 4 4 3 3 1 3 3 1

E OB OE%| #« 44 48 31 30 27 38 37 37

TEREOEE ) 7 2 & 13 4 14 11 4 15

o] 49 54 44 56 66 59 51 5% 48

(2) BEF—-2~—2A%BHLIEHE

B o B oW OEY 1 2 3

4 4 w #+ — F | NIES PBM Biemann | NIES PBM Biemann | NIES PBM Biemann

y o2+ oo JE A A G P APOEL A ADEE (%) 7
1 56 68 74 64 84 84 64 34 86
2 5 5 1 7 5 6 7 3 5
3 3 1 1 6 & 0 6 0 0
4 3 1y 1 2 2 1 2 2 Q
5 1 0 0 1 1 0 1 1 0

I B E%| 68 7 77 80 92 90 80 9] 01

TEHEOEEO 8 2 4 6 1 2 6 1

B o & H(%) 24 23 19 14 7 8 14 8 7

a) gOBEHEIROLEY
1 RDAFE 2 onm 3 b 0.5000K & DM,
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Fig. 5.7
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(a) BE~A~<7 b, (b) BIBAREECL 3 B1E {0.945) #FV-TIREREL
KEA2 P, (C) BIEG (VA-CrAFY) oA AT + A (dd)
HIRG (AT vBA VY7 i) O=AAs F o

An example of successful search of mixture spectrum in' M2 mode

(a2 Mixture spectrum, (b ) residual spectrum generated by means of least squares
method (5=0.945), (¢) reference spectrum of the Ist component {cis-jasmone),
(d2 reference spectrum of the 2nd compenent (isoamyl caproate)
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Fig. 5.8
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An example of search of mixture spectrum where mass spectra of the 1st and
the 2nd components are very similar each other

(a) Mixture spectrum, (b} reference spectrum of the 1st component (#-decane),
{ ¢ ) reference spectrum of the 2nd component (»#-undecane), (d) residual spec-
trum generated by means of least squares method (§=0.971), (&) residual spec-
trum generated by means of pn,, (F=0.494)
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Fig. 5.9 An example of mixture spectrum

(a} Mixture spectrum, (b) reference spectrum of the Ist component (4-
hexylresorcine), ( ¢ ) reference spectrum of the 2nd component {g-nitrophenol)

(2) BeA-172 v A 3mglEngiIntv 256

RERNCE, ISR ETLIFEYBERVERIRV-OTHLY, EAS P ARfE
NTLBRARTELORENRETLEE 2L LHh, BURBaIETE R,

(3) "V 7rv v ARy FADETFEEAEG-ES

177y VY ARSS P ARHER R EOMBEESREASS P AXHELLLEZOE
BrrB BTt a L, EASS FARKRD AL -V IAELFRTILES, —
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K5.10 H6.9 THRLIESALY bR LIEALZ F
() BEFERREICLLZHE (8=0.945) , (b)) pnuic & 2B & (8=
0.2263 , (€) pn& 0.500 DRI HOEL AV SHE (5=0.500)

Fig.510 Residual spectra generated from mixture spectrum shown in Fig. 5.9
(2} By using least squares method (g=0.945), (b) by using pn. (§=0.226), {c)
by using larger value between pm, and 0.500 (5=10.500)

FlwR5.12 1R LA, ZHRA VS FAF -2 ~—2¥RAvT, BPEEECLS 8EYH
WTLE 2R OBBCRERLEMrol, S2E - Fi L2HMECTH 1 4 (BB Y + U
AY 3N F v 2 AR Tvb, T2~ AFDEEEY FVA0) 7y Vv RASS PALYE
ELNERATROSNBHRTHELALASRZ b ALEBETSE, TR —8 LT85 2 &5 h
B, LL, @neRal, miz43, 80, 210 — 27N AE{ Rit>T w3, ZDLH
KEASI PATRIALOE — 7 BKBICIEKERT, B2HS U, 3, 5-rV (v 7ot
NS DYV T s VAR PALRTRTLES S SRS, SOFIL, HIETHE
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Table 5.10 Results of search for mixture spectrum of 4-hexylresorcine (1st compo-
nent) and ¢-nitropheno! (2nd component) in M1 mode

(1) B BEEICIAHE (8=0.945)

i &8 4 KS PC K% C% SI
1 p-Nitrophenol 0.894 0.218 0.602 0.321 0.507
2 ¢-Nitrophenol 0.845 0.154 0.730 0.208 0.580
3  m-Nitrophenol 0.833 0.316 0.480 ¢, 415 0.472

(2) pmntC £ HHE (8=0.206)

[=fvd it & % & KS PC K% C% SI

1 4-Hexylresorcine 0.821 0.269 0,432 0.324 0.449

2 p-Nitrosophenol 0.811 0.404 0.411 0.324 0.415

3 1-(1' 3-Dimethyl- 0.578 0.363 0.391 0.412 0.448
T-butenyl)—4-

fluorohenzene

(3) pmin& 0.500 DR E G OME B BHE (8=0.500)

it &84 KS PC K% C% SI
1 o-Nitrophenol 0.811 0.304 0.463 0.375 0.427
2 4-Hexylresorcine 0.641 0.349 0.395 0.47% —
3 1-(1', 3-Dimethyl- 0.467 0.438 0.356 0500 —
3'-butenyl)-4-

fluorobenzene

NERE i3+~ TNIESE CORERICE - 1.

HLTWABETAIEINIAXRZ ALY 77 v ARy P LD, HEBEOERS -
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LI EETELT VD, 21, thbolBfed, —EOREESETTI 77 vy AAS b
AEBELEL, LI EEEDEVERT -4 ~—2%BIE LTt E s h sMECTH
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®5.11 HIBGEFIRTOA27 FPARL<ANULTVAERADRESA Y
F A
(a) BEAn~z b, (BD)HEIEG p-2v /=) DY Fr LV AAALY
Fa, () H2ES m-2 L1y =) DV 7 sy RAALY b

Fig. 511 An example of mixture spectrum where reference spectra of the 1st and the
2nd components are identical
(a3 Mixture spectrum, (b} reference spectrum of the 1st component {p-cresol),
(¢ ) reference spectrum of the 2nd component (m—cresol)
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(a) BEA=7 ra, (b)) ADBRBCLIZEA7 b, (¢) H2WSG
(1, 3, 55 VAV TREANYEY) DY T7rVvAR~Lr b, (d) H1®
G BV FIA) DY TV AARS b, () BEALL P ARHE
LD ERUEBBTHES A HE I8GD A7 b
Fig.512 An example of mixture spectrum whose the 2nd component was not searched

correctly because of erronecus reference spectrum of the st component
(a) Mixture spectrum, (b residual spectrum generated by least squares method,
(<) reference spectrum of the 2nd component (1,3,5-triisopropylbenzene), {(d)
reference spectrum of the lst component (linaly} acetate), (e) mass spectrum of
linalyl acetate measured with the same instrument as mixture spectrum
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6 TRARZ pINIAEFOHEIEL

6.1 # %

GC/MS il »THBLRE~AAAY P ARBRFETLHRE, V7 rvvyR2Aas b bifbh
FoREIA Sy P S —FT A, AN PANRELSBEIR TGS EAEE Ly
FHEO~-AA~Z P AT — 24— A, HOBBT L2 EBHCER THNES KT — 2T
Bh, ¥, HVCEBLI-THEIALLOLE LV, Lid-T, TRETCCAMEIATV3
CAANRYG PAT 2= (F118R) OFERLTLIEBRTEL LD TEN, 48,
GC/MS D F — # MBI v & — FI L » TiThbh TV B8, =2 7ABETE, vy 27
59wk (N, Op CO, HOXHF A0 2F) #BLr~AARZ P ARET, FHECI
D, Ry p 73 FEXELSE, TOHHEDwAAR bARB T, B, V= —
FHEDBEARCL T, Ay s 777y FMEDELFIEAEBRCTHR, ELOHELGTHE
HovAr~z bAnBERL L oimieot, 2O, EBEMCLLER BHALO>2H D,
¥t BESHEHL, 44 v SHFREOUBRITHR, EELLvARAS7 bABELRS
Iowitat, LasLictts, FEbata, RBE AFHE BE FFOBALALLOTHD
fodh, JISEOE&EI L 5Tk, FDwAALY bADA2 - XBETL, Fad i
LTy, BGHELEGLO, Hi vl BESREOTRELLONEYH B,

LicdiaT, o CREERERCRMA? P AYMBETAHEDL Y R AA7 b
YBE SO —IRORE L 85 GO/MS &R UBIFC > THR L,

6.2 EEMEAT O HO GC/MS ORIEEMG & —WERE

6.2.1 #ATv= 774 — (GO O R UERE

GCm &, bt > TR H, BEHMEDFTPP {Decafluorotriphenylphosphine)
DHED—Fi%, H6.11wT,

hTADOMEBIL, I ANT ANEBORELVEI SO ERTHL, RTARITA
B, 1B EOBEXHLAF 508 AH L, BTAROEHED 2 —7 4 7R, LG8
HERBEVT, SUMTOLOXEL, ThllioHse, GC/MSoA+ v BRUA V& —
7= — ADWHE LABLREETANE S S, T, MESELEHD - 7757V
FLHBT D, BEORCHEETAILE, AR FAOF — 2 B, BAHOA
_7 b r o THRET HBESDH D,

BEDz b, 07 FA3 AT THLY, BR300 -2 7 anE{EMZR
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Column : la x 2mm,I.D, Glass column

Packing : 3% Silicon 0V-1 on 80-100 mesh
Chromosorb AW-DMCS

Column Temperature : 200 °C

Injection Temperature : 230 °C

Carrier Gas : He gas

Flow rate : 30 ml/min

K 6.1 DFTPP fIED-shd GC &4F
Fig. 6.1 GC conditions for measurement of DFTPP

LELOIWH T &N, F+ 5V —h7 a3, ARS02-0.3mmBETE2E Fm it ks,
Ay VAT ATHGRLEr Tk E LS TE, RESHCIRBEOH Z ATHLEE
2bhb, i, 8, YidAK V247 rra v s 70F 50 —HF 480
RL, REC, BHOBH P GCMS K3 FHAH T LTHL, 2OF+ES) —HF
LEERATLEE, FE2HUMEE, 3BUHEET > 0RRY, Ik, SEXHLOBRER, @
ECHEATZRELD, 20~30CRV-REX L, RHORSERARECRKBE TS, o T8
BETN&AR, RXBLT258075 coB0d, EREGFHCERLIGRbEC 8 ThH
2o

HESVEHCERLTARTLEE6E, EEERRE I v 0CEVCBELATLERD
e Thid, BBELDGE/MSDS v E —7 22 (=v ) v v =) 244 VEEDE
A<t d, BEOWHFEHEORDILY 7 20ESHTHEBEESETFTT500TH 5,
GCORERML, AR IO » 7 sREFREL, AREANRER, 7 AEELI Y b
20~50C BEBVRECHRET S, ¥t ¥RAZ <t 7574 - tHEBOWHYERETL A
YE -7z~ ADRED RABOBREFESARIOLGI R, 27 ABE,L 20CHNEVEREC
HELicthidlesiny,

6.2.2 EE%%%@%#&U@#
BESWHO A 4 b, BFEHBE (ED, k2414 bl C), BRBEE (FD) =
MHEN, V77 v ATAANZ PAFUFRHARALZ P EELTHEE DO,

El#TH 5,
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4 LB, W0~75V, 14 BB, 100~300 A CRET 5,

BENox+ V7 v—vavid, PFK (A—vadmraxy) #AGTHY, GC/MS D
BE, PETARAT TR 600 THELD, PFK C+4Tth o, BEREBOME
OLENRHIIL, 7 a0 vEBLTT Y,

HRESFHOSMEL 500~1000 BECHRET S, CHICBELT, 7+-52A2Y 5 i
BER, EBOv S TARR-THY,

HBESWEGTO7 » — 2 A7, BFTOLABOAEDES, ~y s/ 7 F—2,
m/z2i En e - RRKICE LT e, HAHVvk, PFKYEA L, m/z69, 119, 169
REDE -7k > THETLZLENSH D, Shd, “ERREMHBESHHCR, BCMEs
Bigps, BIRBIESEGNE T, BEEN, SEEUO7 + —-» AG/RS LB EE L
Lo,

WHEOAFy /=2 FAL—Fil, GCHZ Ay 7 VAT 4 2BGKEE, 74020 —0
WELINTT S, Ti, Fr 70 -7 A8 HGLESE, IPLATHELcHRETES
v, fods, MIEEBEMEG, B m/z10~500 (FARr—AY REE LT,

Tofy, EREBIZL - TRBFHTTILEY DL, HREBETA2813, 1+ VLEE 1
A VLBHEOMETH S, BCETHME LR, (LEMD AR tADN—AY -2, 4
FAH v FEHNR RS,

6.3 GC/MS = & 5R#4E (DFTPP) ofilE
ERpE Y ET 58S, GC/MS £ELRENENEF =« v 2T A0ENH B, 2D,
EPA T#EHOF = » 2 2B v-Hh T w2 8EY, DFTPP (Decafluorotriphenylphosphine)
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Fig. 6.2 Mass spectrum of DFTPP
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YRV, M6.2@mT X5z, DFTPP 4, EEEASTHEREY T 7574V 44 v ATE
ET20FEM2OHETHE,

6.3.1 DFTPP @ EESH

(1) GC# 541t EBUED LV IBEEOTRTAK (OV-1, OV-17) #H\v5%, # 74D
EXR 1~2mOF T AN T ANFE L,

(27 27 21BER200C T, EADBER20CEBECHRET 2, ¥+ ) ¥ —#F ADfE,
20~30 m//min TfT 5,

(3) MSoOFEHR, 6.2 LEAMKHREL, BBDAFy v ALY - FiL, 3~5sTHBAF++ Vv
EfE, m/z 10~500 F THET 5,

(4> #F#i2, DFTPP O#EE, 0.1~1ug/ul T, HEARR, 1 THD, BRI 7 = b
v, Flseasa ik Buvb,

(5) <ARRZ bADT - A, 3.3 TRt 3T,

6.3.2 DFTPP JisE#SE

HEOGC/MSEBCL » TR 0&EGETAEL-DFTPPOFEY — 7 O 1 4 v 4H
6.1, A LB, JMS-DX 300, JMS-D 100, LKB-9000, GCMS-6020 T# %,

NIH/EPAD Y 7 r v v 25— & L+ 4 &, #EBER I m/z 198 4K 42 DFTPP
DTFTAY P AA Y ELTH2EFERECE -7 ThH), BECL->TiL, ~—AK—-27ki
LHENDLIEHERTHE, BEELCEVHETHL LT 2D, 4, BEHRETEIOE
B RLRDA, M2 00T A4+ (R—AE—2) Lm/fz2150 7374 b 44D
it 10~30% Thhilicb oy, Thin EHOREVEERL BREOFEYEETIL
EhbH L,

EEOREYLUEDT 5 DFTPPIC S » THEL, BRHPHO AR ~7 P ARHETD
BERSHD, T, BRTL2AAS PO TLABTHS, il BREERYAECT
LB ThHHDH, AR P AIEBESTHOTBECEBOHERERS RIS LS
{, ¥OHRWTLF = 7 TEEOTHATH 5,

6.3.3 =AA2 FLOFEYE

GC/MS #f& JMS-DX 300 2T, <Az ~<7 b AOBFEMYEE L, ik, DFTPP
RV, GCA T 442, OV-1EOVAITH ImEEHLL, TOMDOEMAI26.3.1 LAZETH
o DFTPP O ~A7 57 A v b A+ VIEOR D EUKEE Y 6.2 10577, WEL MBI
W% E T 6 EfT~>%o DFTPP offF '~ 7 (16 ¥ —7) #EY, 00 FibfE, ik
RERVEBFERYRD I, BBHRI, O%LRCHSED, FHENEL LML, LaL,
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%

6.1 NIH/EPA ¥ - % & 4o GC/MS B« X 2 DFTPP o HIX 38
aYid 7

Table 6.1 Comparison of relative intensity in mass spectra of DFTPP measured with
4 kinds of GC/MS and reference of NIH/EPA data
Relative intensity
Instrument A B C D NIH/EPA
m/z
442 1000 1000 1000 1000 1000
423 52 46 51 56 b5
275 205 173 225 161 138
255 240 203 270 214 159
244 63 43 69 53 35
221 54 42 26 36 15
206 122 103 133 97 66
198 712 504 660 575 303
186 56 37 54 44 26
127 282 236 303 157 126
110 160 94 158 108 63
77 287 249 307 165 116
51 237 147 255 122 95
A 1 JEOL JMS-DX 300, B : JEOL JMS-D 100,
C : LKB 9000, I} | Shimadzu GCMS 6020.
# 6.2 DFTPPRIZ~A73 74V 44 vORESE
Table 6.2 Reproducibility of fragment ions in mass spectra of DFTPP
m/z |Runl Run2 Run3 Run4 Run5 Runé x‘iz‘; dséi?ii‘;i of fa‘}'?gft‘i‘ﬂsnz%)
51 223 237 230 228 231 233 230 4.7 2.0
69 247 263 254 :243 240 244 248 8.5 3.4
77 275 287 283 289 288 280 283 5.4 1.9
110 154 160 158 187 176 148 163 14.7 8.9
127 267 282 275 272 269 273 272 5.4 1.9
129 77 79 79 79 80 73 77 2.5 3.2
198 684 712 705 800 765 697 727 45.2 6.2
206 118 122 121 128 126 114 122 5.1 4.2
224 57 59 59 64 61 60 6 2.3 3.9
244 60 63 62 68 64 66 64 2.8 44
255 231 240 238 270 263 243 247 15.3 6.2
275 198 205 203 217 210 201 206 6.8 3.3
423 51 52 53 57 59 51 54 3.3 6.2
441 113 115 120 134 135 123 123 8.3 7.5
442 1000 1000 1000 1000 1000 1000 1000 0 0
443 194 201 200 201 204 199 199 3.3 1.6




ICTHEETNECLE, CoBRBRERIEMEBRECS Ao LTkl b5 o ETh
S0 MEHIK LTI, TRERLDSHD, TOPRITAARY P ADAZ — v 3FEHLPT
Ly,

Lichi-T, ToOFRMMER:LREI A2 P A RTHBT 28T, Houi), BE
DEHLLT, BEBETRZTHLLEEDLAS,

6.4 SEHOGC/MS EEBIZLBZIXAAS b AGOEE

BADEBITLL~AA~ P AOEBERAL 0, REEOHBLSY L ET LTI
AT o1,

B 3 T, 3 1 2 Cholesterol, 3 ¥l 2 11, Pentachlorophenol (PCP), Anthra-
cene, n-Octadecane, Methylparathion, DFTPP, Methyl stearate DiESSE, 3E 341,
Trimethylphosphate, Geraniol, Indole DB &L tH %,

#H¥ 1 @ Cholesterol 11, F—##%+45 LT, BLEBELHEO—2THN, =247 b Lot
2 —vOHRUOHECEHRETES, BRH20REHER, ~rr it 20hEEL
T, PCP %#ZE{R L1z, Anthracenet, 77 7 2 v b 44 v ie BILKETH D, HELT
WEHI TR HSHWETH S, n-Octadecane it, RBERILAEZETHED S, F 14 MR
, FR7? 575 AV A G v nELFETLIHETH S, Methylparathion 2 FHE 4 SeHE
ELTEDORfGY -7 DEREF = » 775 AW TRIRL Ao, DFTPP 12, §ih L okic B8
GWFORELY S = » 7 T2 B L 51CEE LI, Methyl stearate i, « F A= A5 A{L&HT
HY, REORES = » 7 FEHIL TV HHETHE, BB 3, ¥ vBErEhhams L
‘T, Trimethylphosphate %, Geraniol it, ik v —7 0 HBRECDFTPP L A EBE Rk
BEE~5700iZ, Indole RESHENMEHELTRIRLES LA TH L, BB 1 LEK 2
DRETHS GC # 7 213 8EH, H2\ 2, HBEOTERCRAENTETH D, HE 3
i3, BAEORLH T AFRALEVEL, -7 e~ Filieotd, HBLEM -0 15,

RECH» THRROPEYBELT A Link £, GC/MS &S5BS LicliEs
OF|HF s E e,

6.4.1 REREOHEER

GC/MS 1o & 3 LRt B o BIER RS, BRI >WTH FEd~2, ok, LTFoE
#, No.1i, NIH/EPA®J 7 » Vv AF— 2T, No. 256 No. 12 371, #EBCRAEX
hieboTthsn, FHARLCERE, No 2 No.4, No 102, JMS-DX 300, No.11, No.12
#% JMS-D 300, No. 3, No. 5, No. 825 LKB9000, No. 6 No. 725, M-80, No. 925
GCMS-6020 T4 %,
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TE—2FEEL, OF 14 ML, miz 386 TH B,
#6.3i1, Cholesterol © 12 HEEDRIFEETH 2%, {ESTFHIRLEE LA,

Int.
1690

400m/z

M 6.3 aVATR—ADTAANT M
Fig. 6.3 Mass spectrum of cholesterol

% 6.3 A rIszVvATF e AOEHEE (m/z 350~388)
Table 6,3 Comparison of relative intensity in mass spectra of cholestercl measured in
several laboratories (m/z 350-388)

Relative intensity
m/z |[No. 1 No.2 No.3 No.4 No.5 No. 6 No.7 No.8 No.9 No 10 No 1l No. .12
353 249 451 103 347 576 37 386 313 358 287 437 400
354 75 134 115 180 11 98 107 118 83 139 168
366 13 20 32 31 17 18 39
367 22 28 23 41 22 35 23 28 41
368 351 748 187 355 733 44 485 337 376 509 581 685
369 113 236 66 236 16 157 99 125 154 181 315
370 27 48 123 210 32 37 33 36
371 289 270 71 216 373 33 389 200 328 250 275 333
372 86 80 123 13 122 106 73 82 139
382 7l 30
384 59 22 27 23 13 33
386 | 1000 637 66 308 631 117 1000 305 696 1000 596 1000
387 305 193 210 37 276 102 214 309 183 452
388 49 34 49 105 40 51 kh) 56 30

No. 31, ¥ 1A v B &L, 75747 bA4F %y, ¥, No. 3, No. 4, M+ 1
(m/z 387) HRIBL TS, EEOREVNR -t LT 25,

NIH/EPA o7 — # L I8+ 5 & M-H,0 (m/z 368) oike —2 K&, m/z 386 -2
AE—7 TR ESNRLA, FFECAIFONyRLTW-%, Z0oBER, MELHOEET
BHECR I~ AARZ PARRLBVWET L2, LicdiaT, O HBBEOIHEL &



FITELT -4~ —AR, THEAD~AARZ PARBMTALENSL 2 #5 bh 5,

2) BRI 20DFTPP 0FEY — 7 o BIEERY, F6.4 10901,
FIHR I L 5, m/z4420 19882 — A € — 7/t » T X X WA, No. 60 8B,
M/z6Y HR— A~ 7 Lo T diew, MEEENRRVEELORS, £/, No. 30
BB, M+ 10 m/z 43 BFEL TR BT, FRESES -0 TRAVHEBbhE,

3) #¥ 2 @ Methylparathion (CgH,;\NOyPS) @ RIERBE %, X6 5051, “SOHFE
EBMA 2 -2 0BEIRIM O 4% Th 200, SHEEIHE FDERIELLG SV,

4) #E# 29 Anthracene (C,H,,) DHRIEREXE 6.6 17T,
Anthraceneit, £EHFHFHRELKE T, FRCEELLD T4 A2 HBT2HETH 5,
m/z 177 2 NIH/EPA @ F — # T fTELEL Tv a2y, ZhE NIH/EPA F— 2 O R{E L £ &
=% (N

BB No. 4, No. 7om/z264, 266, 268 D — 2 B GC oGBS L T { PCPiz L
E— 2 PRALTGB I bbb, ¥, No. 612, w277V FOELSEARIATL
Tudy, ERAEEABRE TR oo hedlt, A9 2 /T VYV s BB CHELT By

5) R 2o PCP (CHOCK) w2, ik Thntom, *Cl, ¥Clict 2 M, M+2, M+
4, M+6 M8y — 7 2FEET B, T, ¥ClL, H*ClL, *Ci, HYClify

# 6.4 /B L% DFTPP oM EE
Table 6.4 Comparison of relative intensity in mass spectra of DFTPP measured in
several laboratories

Relative intensity
m/z [No.1 No.2 No. 3 No.4 No & No.6 No.7 No. 8 No. 9 No 10 No.ll No 12

ol 95 228 419 241 173 976 45 311 185 232 244 137
69 W7 243 484 242 214 1000 117 N 221 216 219

7 123 289 495 305 190 936 139 358 242 244 283 217
110 63 187 264 203 142 285 66 160 122 148 177 110
127 127 272 472 287 229 594 217 386 227 2H 268 198
129 43 79 149 9 73 219 61 105 % 75 74 39
198 303 800 1000 840 665 783 479 671 501 656 781 602
206 67 128 198 148 134 210 132 176 114 108 125 1
224 35 64 94 70 66 98 85 79 47 54 60 53
244 35 68 99 68 59 84 47 72 49 61 66 28
250 158 270 366 308 299 318 264 376 237 238 251 194
275 139 217 287 202 208 253 181 280 150 189 203 187 -
423 59 57 52 58 53 44 53 70 63 59 57 53

441 107 134 138 149 63 117 147 164 109 134 123
442 | 1000 1000 948 1000 1000 649 1000 1000 1000 1000 1000 1000
443 199 201 188 243 130 215 228 22 205 204 196

— BB —
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Table 6.5 Comparison of relative intensity in mass spectra of methylparathion
measured in several laboratories (m/z 109-266)

Relative intensity
m/z [No.1 No.2 No.3 No.4 No 5 No.s No.7 No.8 No 9 No. 10 No. 11 No. 12

109 993 1000 1000 1000 1000 1000 941 995 1000 1000 1000 1000
110 20 23 i 31 34 3 30 33 27 33 27 25

111 18 20 20 29 27 13 32 33 23 16 12
122 10 17 20 17 19 17 11 20 15 16 15 12
123 31 36 29 3 31 27 41 M 35 277 30
124 20 118 Ky} 35 42 13 109 RN 17 1 22

125 997 775 851 811 869 775 932 1000 932 778 760 784
126 31 26 31 31 37 26 40 35 36 27 27 28
127 48 33 44 35 46 39 30 a0 48 51 42 42
136 81 46 36 46 59 30 44 36 44 59 47 44

137 60 51 62 56 62 73 51 54 73 63 60
138 19 26 26 22 25 25 27 29 21 26 25 30
139 26 - 36 25 32 26 46 35 31 30 25 29
153 22 15 27 24 13 13 15 15 25 25 17
154 25 21 W1 21 22 14 27 39 20 20 20 19
155 26 27 34 3 24 35 36 32 32 26 28
200 52 48 42 74 37 87 73 68 65 47 58
201 14 17 15 20 17 17 11 12

216 40 19 18 21 28 14 24 22 20 21 19 21
217 37 14 19 18 22 13 28 30 22 17 12 17
232 45 27 26 22 33 14 49 31 36 33 24 33
233 73 41 129 50 68 11 45 127 51 43 27 44
246 72 48 3 58 52 17 43 32 29 53 49 51
247 23 28 35 4h 60 i 83 43 18 23 29
263 | 1000 582 536 478 686 257 1060 549 630 621 562 678
264 104 53 33 37 86 26 91 58 61 62 52 68
265 61 39 41 33 45 18 68 30 42 42 34 40
266 10

THE -2 BT 5. ¥Cl, YCloRMGH, #=C1:3Cl=75.8:24.2 ThbH, Lid-T,
BRLELOGF A4 vOAAR7 p A HERY, M M+2 M+4:. M+6: M+8=0.6:1:
0.6:0.2:0.03 £7c5h,

#6713, WIS PCPOST A4 vHBOL YR LI D THSB, b, FL
EOFIELL, BEAYOBBIABHELR L TH54, No 12 0HBI T2 m/z265 271,
- BPFRBLT S, TORAW, m/z269 0, RUTofo 574 v A4 vvd
Lk, MOBBOMEL Y Pled, Ny 22TV M ERXFZAE LD LN SRS, T, No.
6Tm/z272 MWRIAL T2 DB 8~ I BEDIH TS » oo & Bbhd, No. 1D m/z 271,
2 DRI, BRETE,
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Table 66 Comparison of relative intensity in mass spectra of anthracene measured in
several laboratories

Relative intensity

m/z [No. 1 No. 2 No.3 No.4 No.5 No.6& No.7 No. 8 No 9 No.l0 No.1l No. 12
27 17

38 20

39 29 12 69

50 32 16 72 11 12

51 27 10 19 71 11 17 - 15

62 24 10 16 10 56 13 11 13 12 10

63 46 39 43 38 27 56 31 27 34 38 38 28
74 32 14 24 14 15 81 23 17 23 18 13 11
75 49 49 50 50 38 113 45 32 40 - 51 53 42
76 110 152 134 167 100 256 136 65 101 158 165 122
77 19 21 25 15 13 15 18

86 14 11 35 14 15

87 29 18 29 20 17 42 28 19 24 15 21 19
88 88 106 91 101 67 148 129 41 72 90 124 83
89 141 171 151 176 107 278 222 66 134 178 185 147
90 22 27 27 38 40 28

98 15 14 34 15 13

99 11 11 27 16 11

102 14 10

110 12

111 12 18

113 10

125 . i4 12

126 16 12 17 12 12 35 47 18 15 13 10 11
127 16 16 11

128 10 10 23 19 12

139 12 12 10 32 21 12 12

149 11 10 13

150 44 45 44 45 47 77 HilH 51 42 43 41 42
151 64 66 74 68 66 117 179 72 61 65 62 64
- 152 59 65 69 7l 73 121 165 76 59 68 61 61
153 11 19 23 10

174 18 17 28 18 18 18 56 19 20 17 19 17
175 44 25 47 27 31 32 69 32 37 25 26 24
176 170 177 177 184 170 197 406 161 159 172 174 170
177 101 103 112 97 a2 156 81 17 96 100 98
178 | 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
179 158 159 161 160 163 236 485 55 164 160 158 158
180 11 11 15 12 14 23 37 10 13 11 12 14
264 14 72

266 21 102

268 14 76
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F 6.7 BEBCILsNvsrer T s —AOWlMEE (n/z 264~272)
Table 6.7 Comparison of relative intensity in mass spectra of pentachlorophenol
measured in several laboratories (m/z 264-272)

Relative intensity
m/z [No. 1 No.2 No. 3 No 4 No.5 No 6 No 7 Na. 8 No 9 No 10 Ne.ll No. 12

264 680 630 632 629 588 567 656 651 647 613 632 623
265 40 48 74 47 57 69 34 51 61 47 50

266 | 1000 1000 10600 1006 1000 1000 1000 1000 1000 1000 1006 1000
267 80 66 85 74 104 82 94 67 54 76 75 95
268 700 645 650 612 648 613 649 642 646 636 633 697

269 40 46 48 47 49 57 45 48 51 47 48 13
270 220 215 208 219 221 221 174 227 232 206 214 203
2N 14 14 16 22 54 17 16 17 16 14
272 35 34 35 a3 a7 34 32 38 34

FofoWE I, SEOKEREIDE, FEEICEEL A4 vEEYTL, E55
HhIEH - DO TEFET A,

SEm-wAAy P AOEECOWTE, BBRERSHF LR L, WEBRERS T
L, WA E L, MER - AGKBH AL LT, Ry A8 - URRLE, BF
WEH - ATHELLYAZ~y P AXRETLEE, Bbhic~ARA~7 P VT LD
BAndT, BHECAELL ) 7 vy AF -2 LBETHLEND D,

Ft, BESFHORBEAE L, GC/MSH, BEEAE, ¥, F+Y50-27ahbHE
BHATAIAELRD 58, EEo08ETF, GC/MSETH L,
EEIAETEELLEBED = AARI bADAZ—Y (A 75727 F) L, GC/MS TRl
FELi LR ERIBENL 2 5L, Zhit, RHOBANREOREF RS CLTLOA4 L
TEBAOMEEL, EEHEAKY BMEORMTHATRERVA<z bAREBLARGI LT
LTatDEBhbRna,

LLEDE RN AAT b ARBETIHE, B, RO LERTIUELD D,

(1) %BoOREX THHELTAETS I &
(2) A4vILoBE, BREOCRGSHEAECHETL L,
(3) Ao 273V IiDELEZE, RAEOMECERLTS 2 L,

2. —2OBEAIIY, ABEIRT, R -Tu5H, i, BEHEOHI, B
OFEM, Hla, Sy 75 FOELZORREYE- A BT Th Ty
Do

%< OB, B BB THIESALTAASZ PADBREDISCHHET ALV DD
HEIhLKEAMERBETH S,

Speck HP 4t A ALY FAOEHEFES L THERFREEL (L D,
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Q=11 QFn (0.05QF#<1.0)

= 2, Q=Quality Index
QF=A~y b A DBEEYE 2 5HF (Quality Factor) T 7#ENLE - TV 5,
QF=1.0D&&, A2 P LIEETHD,
QF=0.00& %, RLEE-T-5Z LHERL TS,
QF @5 B { 23 BERAH L T2 3 03B 0, JOEFECLEE H D, Fih,
Martinsen &% E O Milne 5% 13, McLafferty Lo FER o LicFEAES LTV 5,
Bll, BT mD, vwAA~Z FAMEORENAREI R TS,
T AARZ P ADEOFHEFEC OV TRSERE T LT,

Bl B x ®

1) Eichelberger, J. W., L. E. Harris and W. L. Badde (1975) : Reference compound to calibrate ion
abundance measurements in gas chromatography-mass spectrometry systems. Anal. Chem., 47,
995-1000.

2) Speck, D. D.. R. Venkalaraghavan and F. W. McLafferty (1978) ; A quality index for reference
mass spectra. Org. Mass Spectrom., 13, 209-213.

3> Martinsen, D. P. {1978) : Approach for the acquisition of mass spectral data for inclusion in the
NIH/EPA/MSDC Mass Spectral Data Base, PB-285 868, U. 5. NTIS,

4) Milne. G. W. A, W. L. Budde. S. R. Heller, T}. P. Martinsen and R. G. Oldham (1982) : Quality
control and evaluation of mass spectra. Org. Mass Spectrom., 17, 547-552,

5) BRFREREFAMBES (1980  GC/MS v BEPOLEDBERE =27+ —K
H-BEE— =3
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7.1 B #E

OB T NIES-MSLS v A5 & # AT, B+« oREFBFOFEE G ¥ FE L - Trged)
ERAL, BEEROR RV HRUTOFHE LBRCOVTRNRD, BRERE IEEOM
ﬁbX4V%~?%7U7ﬁLtU77VVZZ&ﬁbw®m%%%,ﬁ?%,ﬁ%i,aﬁ
T A -PRUOBREYRT AT -2 b, KEBEBOS A v v x—hbHhXA
T D, =—F—ilthbOEROTAL, ERVBCET, 2T, BEERSOREOHY
LoD BB,

7.2 ERESORE
7.2.1 BodkeophoERSES
Bt >Hh b WEETEEDHEC L - THB L EBRERS O Az e~ b 75 6% R T.1
w, ERREERO—SAETILRLL, ©— 72 No. 5 OB L CSHWAT2, v—2
No. 5 o ToBEEROHDER LT 7.21n+, BLOEELET KS, K%, Sl ofEsy-+
heREC THEY-70EAOBEYRT PC, CUOBEH NI VLR ETE, “OPEH
MEBTHLZENBERCHETE S, vk, FRHARZ FARY 77 Vv ARRS b A-LFREEWT
—HLTe58E 103 KS=1.000 & 7 5, — 8@ KS20.7, PC=0.3, K%=20.5 C%=
0.4, SIZ0 4 *RYUDOBROK MBI & L, TRLIFEHEO A AV H—FOLTHICE
TV APIRTWDZEAHENRHMBRELLE, o2 b F Y T2/ -0, Tz -0,
REBMELECOVTE, EnbDAT7 25 0fEhs, AEOHENEAZ-20T 5, p-2
vf—»&nwavf—»mﬁ%fmzﬁfémbwf,ﬁifuv&f?Aﬁﬁ®%ﬁ%@m
LRETHZ LHLETHD, 0L 3CHFECHUL A2 P Aar R THELRRCX T
L LiTERY, MAEREAROREECTERILEHOMBRNE TR, BRIZILARLE
Yxboer@mBiIzLEsELArTERG, [7.1C, =2~ (ERBR3- Fedor-2-4
Fr-4H-EFvAo4-Fv) brvA—Ury AR VTSI GEIR WY -2 L LTHRTV S,
COMETHEESNHOT — 2By AT AL — 2 DBEYTI Lk b, BEILKD
LTub, Lasl, »9 7 FA3ACHAIELLESCE, ZhbOoRTHESC 1 EOE -2 &
LTENALDT, M2~ FZIDBEEAL? t LOBRFEXTOILE S D, TOBEOKEY
Bl7.20R0LE, IR ELT=a b~ KS=1.000, PC=0.074 THES I, T LT
AT P ADBRENL YA - v AE YHKS=0.831, PC=0.130 THFE I hi, R7.14
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7.1 BECATLsEILZE0EESHhoBRMES ORTESR

Table 7.1 Results of identification of volatiles in swine manure by means of library
search system
No. ft & % £ KS PC K% C% SI
1 Propanol 0.848 0.036 0.587 0.036 0.749
2 2,3-Dimethyl-2-butanol 0.865 0.244  0.633 0.346 0.525
3 Z-Methoxyethanol 0.857 0.044 0.68 0.113 0.7%1
4 Acetoin 0.900 0.035 0.625 0.070 0.708
5 Acetic acid 0.971 0.024 0.726 0.017 0.812
6 1-Octen-3-ol 1.000 0.176 0.413  0.194 0.588
7 2,3-Butanediol 0.935 0.018 0.712  0.097 0.665
8 Furfuryl a\l;o‘htﬁ 0.872  0.164  0.500 0.457 0.562
9 Isovaleric acid 1.000 0.129 0.885 0.200 0.691
10 p-Cresyl acetate 0.882 0.151 0.710 0.353 0.619
11 Dihydro-4,5-dimethyl-2(3 H)-furancne 0.884 0.167 0.541 1.373 0.5
12  3,7-Dimethyl-3,6-octadien-1-ol 1.000  0.000 0.901 (.0% 0.624
13  o-Methoxyphenol 1.000 0,028 0.965 0.082 0.832
14 Dimethylsulfone 1.000 0.125 0.581 0.208 0.774
15 1,4-Dimethoxybenzene 0.769 0.106 0.596 0.151 0.533
16 3-Hydroxy~2-methylpyrone (Maltol) 1.000 Q.03 1.000 0.096 0.766
17 ¢fs—Jasmone 1,000 0.000  1.000 0.000 0.805
18 Phenol 1.000 0.000 1.000 0.000 0.784
19 p-Cresol 0.962 0.042 0.947 0.056 0.695
20 m-Cresol 6.960 G.151 0.676 (.164 (.562
21 p-Ethylphenol 1.o00  0.026 0.816 0.164 0.756
22 Benzoic acid 0.980 0.023 0.8%1 0.034 0.772
23 Phenylacetic acid 1.000 0,093 0.6v7 0.139 0.670

% 7.2 v—2 Nob5D=ARARy F VOBFERE
Table 7.2 Results of search for unknown spectrum of peak No. 5

2 Substances selected

1

Substance selected

3 Substances selected

KS PC  ID No. K% C% ID No. S1 ID No.
1 0.941  0.156 110 1 0.7 0.174 110 1 0.740 110
2 0.419  0.000 347 2 0.457 334
3 0.412 347

Selected substances

110 C,H.O, MW =60.021
Acetic acid
334 C.H O MW =76.052

1-Methylethyl hydroperoxide

47 C.H,CIO
Acetyl chloride

MW =77 987

CAS=864147

CAS=3031752

CAS=T75365
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H 7.1 Bofke-oHiholRERSO R e< 7T 4
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Fig. 7.1 Gas chromatogram of volatiles in swine manure
Measurement conditions : column, a fused-silica capillary column coated with
PEG20M (0.2mm i.d. x 50m) ; column temperature, 50°C to 180°C with increasing
rate of 4°C/min.

DE—7No. 13Do-A b+ w7 e/~ ACHSTEC—rD<AANY bAdRAE m/z
120l — 223352 b, ELEHOESGOBALTFECEL, Lo TMLIET-FTHE 2R
DERBLLERYETICT L, BRELT, 23 Y Fr~av 735w aKS=0.685
PC=0.342 THREINTELN, KSEFMETELZ L, BRPATHEELh oI LMD,
BRI R AR 33 - T ey,

7.2.2 MELBEEDOCIEREE S

ML ERES LMo T A7 e <t 75 a2 TAE, BRECLIRATERYETIC
Tltc, ¥—2 No. 1Dty 7.t =2, No 904 VEERZSTit PBM BECRB#E X
¥, NIES # & Biemann CEL <BE S hi, Lo L SIENE-od, TE2E 5D
(3 Biemann &2 c E fiov, ERE DRSS B NIES # & Biemann B2 IF L& %
FHREL TS, TOLICIMED A - F BB LTI Y, —DDR
BPRELZTEBCLHHCEAT, BEOWRESEMT 5, BT ICLTRI T Iau,
Ry g PR FAERFER LI BT, ~vErbkrr s —aDrE -7 RELCERD, BEA~Y
P oTLE sfe o TM2E—Fio L BRERERLE DAL, EL{AEGRET
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Fig. 7.2
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M2ZE-VILLABEEAY P L OBER

(a) BEA<z b, () BIEFELTHEES R A -0y 771
VAASNT b, (C) AN R, (d) F2HGELTEREI Ry A -

S AEVDY T L AAALS R

An example of search of mixture spectrum in M2 mode

(&) Mixture spectrum, (b} reference spectrum of maltol searched as the st
component, (<) residual spectrum, (d) reference spectrum of cis—jasmone

searched as the 2nd component.
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7.3

Fig. 7.3
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s (BIRS) DYV 7y v ARs bA, (C) EAr i, (d) B
IS L LTREEIRE23 D Fr vy 250D 77 Vv AALT b
An example of search for the 2nd component in the peak with No. 13, where
the 1st component is o-methoxyphenol, in M1 mode

(a) Spectrum of peak with No. 13 (mixture spectrum), (b ) reference spectrum of
o-methoxyphenol Cthe st component), (¢) residual spectrum, (d} referenice
spectrum of 2,3-dihydrobenzofuran searched as the 2nd component.
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Fig. 74

BMESRME 25 4, 0%Thermon-3000 2 T A LIcH 7 24 7 & (KEES
mm, £23m) »5LRE, 4£C/min T50°C b 210°C  THE

Gas chromatogram of volatiles in heated swine feces

Measurement conditions : column, a glass column packed with Chromaosorb W
coated with 5% Thermon-3000 (3mm i.d. x 3m) ; column temperature, 30°C to 210°
C with an increasing rate of 4°C/min.

i, TORFERTSIART, BIG (RvEY) @7 4 —# —fHI2 KS=1.000, PC=
0.142T, F2RG (=F 7/ —1) ©27 2 —2{BELKS=0.879, PC=0.000 Th - 7=

7.2.3 EhoEERS
eEhomEor A2 R P 75 4K T.6E, BREBRYETACTE LY, Fr© 7

VA aREHLTC20T, E—2DEAEL, BESHHDAF v+ D& 1 2 v 7 WL
LBEE T 2, LOLAHD, BEOBRRMTSEHEREZ LD TH -, T2 TE<
B X BB A T AED=AARZ P ATE, FA4A4YHEARVD, FOMENIEE



% 7.3 BEUATACLAMBL CEEFOERMT OREER
Tahle 7.3 Results of identification of volatiles in heated swine manure by means of
library search system

Ne. b & # % KS PC K% C% |
1 Isopropanol 0.786 0.192 — — (.412
2 Propanol (¢.727 0.000 0.560 0.000 0,777
3 Butanol 0.943 0.053 0.716 0.000 0.706
4 1-Pentanol .840 0.047 0.717 0.068 0.708
5 1-Hydroxy-2-propanone 0.862 0.038 0.535 0.097 0.626
6 Acetic acid 0.882  0.221 0.712  0.240 0.741
7 Isobutyric acid 0.923 0057 0.568 0.048 0.655
8 Butyric acid 0.911  ©¢,000 0.713 0.0530 0.686
9 Isovaleric acid 1.000 0022 — —  0.567
10 Valeric acid 1.000 (¢.022 0.686 0.000 0.667
11, Isocaproic acid 1.000 0,000 0.916 0.051 0.778
12 Caproic acid 0.846 0.217 0.394 0.17¢0 0.555
13 Phenol 0.851 0.000 0.596 0.000 0.644
14 p-Cresol 0.962 0.072 0.895 0.077 (.68
15 p-Ethylphenol (.897 0.246 0.840 0.293 0.615
16 2, 3-Dihydrobenzofuran 0.880 0.25% 0.448 0.273 0.577
17 Indole 0.760 0.216 0.674 0.265 .683
18 Skatole 1.000 0.000 0.968 0.000 0.800

CRUBENE, v TATHAERYT 2 CR TS ARR L DB LETH S, Thisth
T, CoE#EIATLTIL, TNTELLREShTED, 2Dy AF s H5 I ERAMNTH
h, FHTHLZ EHTRERK,

7.2.4 AKREEhOMREARD
AEEFICHEBEOREASIACEY, TRV F A2 a7 5 7 COGHREECT L
B, AEEPOEE YRR LD POBERERSOREY T ok, #A7/ 72T 4w
770, BMEEEYFRTSCRLE, BEMNEE LA A7 22T T HHELEIT A TS
2, BEOERBITOCEBETELZLOTHE -, ELEROLEHOVomiE, ERDBA
FHETV IRV EDIZ, BROCERCIE - Tt Br6HLMaa L 51, KB
B OESNSERTVAEBIC, $F2+E5 V-5 aTh TRl iivey -7 1%
<, TORERPCRUCUDENS ADBEEALDLNRI,

7.2.5 HEETH»H Loy ARG
RO BEARTE Y BRI T o EEE AR S (Bl S h, KABRORED
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Fig. 7.5
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DY 7y AASLS

An example of search of mixture spectrum in M2 mode.

(a) Mixture spectrum, {b) reference spectrum of benzene searched as the Ist
component, ¢ ) residual spectrum, (d ) reference spectrum of ethanol searched as

the 2nd component.
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Fig. 7.6 Gas chromatogram of extracts from poultry manure
Measurement conditions @ column, a fused-silica capillary column chemically
bonded with FFAP (0.25mm i.d. x 50m) ; column temperature, 40°C to 70°C with an
increasing rate of 2°C/min and then to 210°C with an increasing rate of 4°C/min.
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Table 7.4 Results of identification of volatiles in poultry manure by means of library
search system

No. it & % 4% KS PC K% C% SI
1 Propanal 1.000 @¢.150 0.693 0.440 0.533
2 Acetone 0.868 0.197 0.750 0.277 0.591
3 Ethyl formate 0.896 0.098 0.611 0.179 0.533
4 Butanal 0.906 0.025 0.716 0.010 0.699
5 Ethyl acetate 0.935 0.000 0.685 0.094 0.810
6 Propyl formate 0.816 0.097 0.692 0.250 0.664
7 Isopropanol 1.000 0,405 0.899 0.419 0.586
8 Ethanol 0.912 0.000 0.842 G.006 0.756
9 Ethyl propionate 0.955 0.000 0.942 0.000 ©.863
10 Propyl acetate 0.919 0.030 0.557 0.3% 0.649
11 Methyl butyrate 0.943 0.081 0.768 0.051 (.697
12 [Isobutyl acetate 0.917 0.026 0.615 0.392 0.644
13 Butyl formate 0.942 0.119 0.853 0.060 0.562
14 2-Butanol 04.969 0.012 0.716 0.044 0.745
15 Ethyl butyrate 0.954 0.000 0.944 0.000 0.854
16 Propanol 0.844 0.025 0.81 0.034 0.89%
17 Butyl acetate 0.838 0.037 0.557 0.028 0.600
18 Isobutanol 0.980 0.000 0.871 0.000 0.738
19 Propyl butyrate 1.600  0.107 0.848 0.075 (.655
20 Butyl propionate 1.000 0.000 0.905 0.010 0.763
21 Butanol 0,936 0.000 0.899 0.000 0.856
22 Isoamyl alcohol 1.000 0.115 0.859 0.171 0.720
23 Butyl butyrate 1,000 0,000 1.006 0.000 0.908
24 3-Methyl-3-buten-1-ol 0.952 0.030 0.769 0.041 0.688
25 1-Pentanol 0.940 0.000 0,830 0.000 0.873
26 1-Hexanol 1.000  0.097 0.846 0.068 0.729
27 1-Bromononane (Internal standard) 1.000 0.004 0.974 0.008 0.784
28  Acetic acid ¢.875 0.01% 0.683 0.045 0.773
29 Propionic acid 0967 0.000  0.951  0.000 O0.883
30 Isobutyric acid 0.921  0.017 0.787 0.000 0.893
31 Butyric acid 0.976 0.009 0.916 0.047 0.828
32 Isovaleric acid 1.000  0.000 0,908 0.068 0.719
33 Isocaproic acid 0.966 0.000 0.950 0.000 0.885
34 Phenol 1.000  0.016 0.938 0.031 {.845
35 p—Cresol 1.000  0.053 0.747 0.000 0.656
36 Indole 3.958 0.066 0.944 0.098 0.737
37 SKatole 1.000 0.025 0.933 0.045 0.728
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Gas chromatogram of extracts from wood vineger after removal of fatty

acids

Measurement conditions : column, a fused-silica capillary column chemically
bonded with FFAP (0.25 mm i.d. x 50m) ; column temperature, 40°C 1o 200°C with

an increasing rate of 2°C/min,
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Table 7.5 Results of identification of volatiles in wood vinegar after removal of fatty
acids by means of library search system

No. it & #® % KS PC K% C% SI
1 Pyridine 0.946 0.012 0.937 0.020 0.752
2 2-Pentanone 0.900 0.45%6 -— —— 0.501
3 1-Hydroxy-2-propanone 0.862 0.019 0.718 0.033 0.739
4 2-Cyclopenten-1-one 0.882 0.095 0.699 0.136 0.626
5 2-Methyl-2-cyclopenten-1-one 0.574 0,208 0.448 0.250 0.629
6 Methyl propionate 0.773  0.102 0.3%5 0.139 0.506
7 Furfural 0.833 0.018 0.729 0.032 0.753
8 Methylbutenal 0.863 0,035 0.634 0.064 0.643
9 5-Methyl-2-furaldehyde 0.950 0.248 0.500 0.176 (.473

10 Furfuryl alcohol 1.060 0,076 0.725 0.118 0.636

11 2-Methyl-1-penten-1-one (?) .889 0.075 0.513 0.212 0.527

12 2-Pyranone 0.898 0.056 0.83% 0.066 0,738

13 3-Methyl-1,2-cyclopentanedione 1.000 0.000 0.969 0.056 0.801

14 o-Methoxyphenol 0.946 0.049 0.765 0.020 0.601

15 4-Hexen-3-one 0.796 0.211 0.473 0.167 0.556

16 2-Phenylethanol 0.809 0.138 (.52 0.303 0.488

17 p-Dimethoxybenzene 0.808 0.112 0.58% 0.194 0.524

18 Phenol 1.000 0.478 0.75¢ 0.371 0.556

19 2,3-Dihydro-1H-inden-1-one (7} 0.908 0.041 0.888 0.063 0.704

20 Pyrrole-2-aldehyde 0.880 0.068 0.543 0.189 0.670

21 4-Ethyl-2-methoxyphenol 0.818 0.120 0.546 0.088 0.706

22 p—Cresol 1.000  ¢.010 1.000 0.020 0.763

23 2-Methoxy-4-propylphenol 0.879 0.096 0.440 0.133 0.468

24 2.,3-Dimethylphenol 0.952 0.024 0.857 0.028 0.696

25 Eugenol 0.900  0.000 0.806 0.103 0.628

26 p-Ethylphenol 1,000 0.138 0.714 0.128 0.535

27  m~Ethylphenol ¢.774 0.080 0.589 0.081 (.624

28 3,4-Dimethoxyphenol 0.949 0.019 (¢.703 0.100 0.595

29 4-Hydroxy-3-methoxybenzoic acid 0.667 0.088 0.471 0.135 0.486

30 2.6-Dihydroxy-4-methoxyacetophenone 0.960 0.253 0.489 0.360 0.488

31 Dimethy! 3-methyl-4-propyl-2,4-hexadienedioate (.851 0.325 0.528 ©.455 0.531

32 2.6-Dimethoxy-4-(2'-propenyl)phenal 0.758 0.022 0.741 0.020 0.534

33 4-Hydroxy-3-methoxybenzaldehyde 0.900 0.217 0824 0.302 0.625

34 4-Hydroxy-3-methoxyacetophencne 0.830 0.087 0.747 0.126 0.659

35 1-(4-Hydroxy-3'-methoxyphenyl)-2-propanone 0.889 0.214 0.590 0.091 0.500
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Gas chromatograms of organic components in air and gas from painting and

printing industries

(A) Effluent gas before installing deodorizing apparatus in the metal-painting
company, (B) effluent gas passed through the deodorizing apparatus in the same
company, (C) effluent gas from the company printing lumber goods, (D) ambient

air near the same company
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Table 76 Results of identification of organic.components in air and effluent gas from

painting and printing industries.

No. & & # % KS PC K% C% SI
1 Hexane 0.974 0.117 0.705 0.306 0.578
2 Acetone 0.783 0.252 a & al
3 Ethyl acetate 0.906 0.091 0.577 0.171 0.619
4 1,3-Dimethylcyclohexane 1.000 0.021 0.770 0.034 0.695
5 14-Dimethylcyclohexane 1.000 0.000 0.939 0.132 0.664
6 Ethyl prapenoate (4.973  0.023 0,772 0.302 .68
7 Toluene 1.000 0.009 0.933 0.024 0.838
2 Butyl propencate 0.800  0.260 0.471 0.323 0.5941
9 1,3-Butadiene 1.000 0.0063 0.648 0.310 0.550
1¢  Acetaldehyde 0.913 0.301 0.528 0.222  0.594
11. Propenal 0.949 0.191 0,543 0.176 0.624
12 Benzene 1.000  0.000 0.750 0.031 0.516
13 Toluene 0.936 0.008 (.933 0.023 0.829
14 1-Methylethanol 0.893 0.000 0,821 0.000 0.786
15 Ethyl acetate 0.969 0.030 0.732 0.278 0.592
16 2-Methylpropanol 1.000 0.005 0.891 0.103 0.697
17 2-Methylpropy! acetate 0.806 0.07% 0.679 0.333 0.559
18 Toluene 1.000 0,083 0.663 0.024 0.647
19 Butyl acetate 0.794  (.077 0.50¢ 0.143 0.519
20 Ethylbenzene 1.000  0.014 1,000 0.132 0.804
21 m- and p-Xylenes 1.000 0.008 1.000 0.011 0.860
22 p-Xylene 1.000 0,014 0.868 0.G00 0.756
23 Heptane 1.000 0.036 0.955 0.050 0.741
24 Vinyl acetate™ 0.762  0.214  0.481 0.278 0.54Z
25 Ethyl acetate +.906 0.087 0.507 0.188 0.604
26 Benzene 1.000  0.G29 0.900 0.018 0.783
27 2-Methyipropanol 1.000  0.003 0.924 0.020 0.777
28 Toluene 1.000 0.081 0.629 0.023 0.660
29 Butyl acetate 1.000 0.013 0.921 0.053 0.801
30 Ethylbenzene 1.000 0,000 1.006 0.000 0.877
3l - and p-Xylenes 1.000  0.000 1,000 0.022 0.856
32 o-Xylene 1.000  0.005 0.868 0.000 0.756

a) HULEmrmEISRIL -1,
b} S L AWE LI T MLy,
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XEY NUMBER™ 1

O0SCETFEIFZ000

COMPOUND NAME J

ETHANCL

ETHYL ALCOHOL /

CAS REGISTRY NUMBER F4175
MOLECULAR FORMULA <, &, 0, MOLECULAR WEIGHT | 48
m/z INT. m/z INT. m/z INT. m/z INT. @/z INT.

47 15 46 202 45 s3l 44 11 43 38

42 10 31 1000 3¢ 54 23 110 28 23

27 165 26 43 13 43 1S S0 14 19
RETENTION INDEX i INSTRUMENT JECL JMS-DX 1lco

L. 3iliccne ov-1 | mvizT sysTEM | so/vs

1. ?zG-20M | mvezt t=me. | 200°c

1. Thermaa-3000 | sourcs mewe. | 200°c

i ION. EINERGY | 70 eV

s I ACCEL. VOLT. 3 kv
COMMENT | 0X-300 {NIES) IPESSURE L x 107° torz
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COMPOUND NAME
Tetrachloromethane

Carbon disulfide
Chlorodibromomethane
Chloroform
Chlorodiiocdomethane
Iecdoform
Bromochlorcomethane
Dichloromethane

Methanol
1,2-Dichlero-1,1,2,2-tetrafluoroethane
Tetrachloroethylene
Pentachloroethane
Trichloroacetic acid
Tribromoethylene
Pentabromoethane
1,2-Dibromoethylene,trans
1,2-Dibromoethylene,cis
1,2-Dibromo-1,2-dichlorcethane
1,2-Dibromo-1,1-dichloroethane
1,1,2,2-Tetrabromoethane
1,1,2,2-Tetrachloroethane
1,1,1,2-Tetrachloroethane
1,1,2-Tribromcethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Acetonitrile
Glycolonitrile
1,1-Dibromeethane
2-Bromo-1-chloroethane
1,1-Dichloroethane
Acetaldehyde

Acetic acid

Bromoethane
2-Bromoethanol
Dimethylmercury

Ethanol
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MW
152

76
206
118
302
394
128

84

32
170
164
200
162
262
420
184
184
254
254
342
la6
1646
264
132
132

41

57
186
142
155

44

60
108
124
230

46

MOL. FORM.
cCl,

CSy
CHBr,C1
CHCl4
CHC1I,
CHI3
CH,BrC1
CHZClZ
CH,O
C2C12F4
C2014
CZHClS
C,HC140,
C,yHBrg
C,HBrg
Col,Br,
ColaBry,
C,H,Br,C1,
CszBr2C12
CoHyBr,
CoH,CLy,
C2H2C14
CoHgBrg
CoH4Cl4
C2H3C13
CoH4N
C,H4NO
CZHQBIZ
¢, H,BrCl
C,H,Cl,
C,H,0
C,H,0,
C,HgBr
CyoHgBrO
Colighe
CoHgO



*H

*

Dimethyl sulfide
Ethanethiol

Dimethyl sulfoxide

Dimethyl sulfone

Dimethyl disulfide

Dimethyl pheosphite
1,1,2,2,3,3~Hexachloropropane
cis-1,2,3-Trichloropropene
trans-1,2,3-Trichloropropene
1,2,3-Trichlorepropene
1,1,2,3,3-Pentachloropropane
Acrylronitrile
trans-1,3-Dichloropropene
cis~-1,3-Dichloropropene
1,1,1,2-Tetrachloropropane
1,1,2,3-Tetrachloropropane
Pyruvic acid
1-Bromo~-l-propene
2,3-Dibromo-l-chloropropane
1,2,3-Tribromopropane
3-Chloro-l-propene
2-Chloropropene
cis-1-Chloro-l-propene
trans-1-Chlore-l-propene
Allyl bromide
trans-1-Bromo-l-propene
3-Chloro-1,2-dibromopropane
Methyl bromoacetate
Propionitrile

Acrylamide
2,2-Dibromopropane
1,3-Dibromopropane
1,2-Dibromopropane
1,3-bBichloropropane

Acetone

Propionic acid

Propicnic acid(Abnormal)

— 123 —

62
62
78
94
94

110

248

144

144

144

"214

53
110
110
180
180

88
120
234
278

76

76

76

76

120

120
234
152
55
71
200
200
200
112
58
T4
74

CoHgS
C2H68
C2H650
C, HgSO,
CoHgS,
C,H,04P
CqH,Clg
C3H3Cl3
CqH4C1q
CqHqCl4
C3H3C15
CqH4N
C3H4C12
C4H,C1,
CqHyC1y,
CqH,C1,
CqH,04
C4HsBr
C3HSBrZC1
CqHgBry

: C3H5C1

C4HCL
CqHgCl
C4HgCl
C3H5Br
C4qH5Br
CaHSBr2C1
C3H5Br02
C4HgN
C4HgNO
CyHgBry
CqHgBry
CqllgBry
CaHgCly
C4Hg0
CqHg0y
CqHgOy




%

*

1-Bromoprcpane
1-Chloropropane
2-Chloropropane
N,N-Dimethylformamide
Propancl
2-Propanol
1-Propanethiol
2-Propanethiol
Trimethyl phosphite
Trimethyl phosphate
Isobutyronitrile
Hexachloro-1,3-butadiene
gamma-Bromobutyronitrile
cis~-1,3-Dichloro~2-butene
trans-1,3-Dichloro-2-butene
3,4=Dichloro-1l-butene
3-Bromo-l-butene
1-Bromo-2-butene
4-Bromo-l-butene
alpha-Bromo-n-butyric acid
alpha-Bromoe-iso-butyric acid
1,2-Dibromo-2,2-dichlorcethyl dimethyl
phosphate
3-Chloro-2-methyl-l-propene
2,2-Dichloroethenyl dimethyl phosphate
1,4=-Dibromobutane
2,3-Dibromobutane
1,2-Dibromobutane
1,3-Dibromobutane
1,2-Dichlerecbutane
Tetrahydrofuran
Acetoin
Isobutyric acid
Butyric acid
Ethyl acetate
l-Bromobutane

2-Bromobutane

—124—

122
78
78
73
60
60
76
76

124

140
69

258

147

124

124

124

134

134

134

166

166

378

90
220
214
214
214
214
126

72

88

88

88

88
136
136

C3H7Br
CqH4C1
C4H5C1
CqHi4NO
CqHgO
CqHgO
CsHgS
Cqlgs
C3yHgO4P
CqHgO,P
CLHZN
C,Clg
ChHgBTN
C,HgCLy
CuHgCly
C HgCLy
C,H7Br
C,H-Br
C,HBr
C,H4Br0,
C,H4Br0,
C4H7Br2C1204

C,H,C1
ChH4C1,0,4P
C,HgBr,
CuHgBro
CuHgBry
CyHgBry
ChuligCly
Chligl
C,Hg0,
ChuHgOy
C4H802
C,HgOy
C,HgBr
C HgBr



*

L

X
*§

1-Bromo-2-butancl
2-Bromoethyl ethyl ether
1-Chlorobutane
l-Todobutane

Morpholine
Diethylmercury

0,5-Dimethyl acetylphosphoramidothiocate

1-Butanol

Isobutancl

Diethyl ether
2-Ethoxyethanol
l1-Butanethiol
2-Butanethiol

Diethyl sulfide

Diethyl phosphite
Tetramethylenediamine
Hexachlorcecyclopentadiene
5-Bromo-2-furcic acid
Pyridine

2-Methylpyrazine
Pentaerythritol tetrabromide
Dimethyl malonate
Bromocyclopentane
alpha-Breoemoiso-valeric acid
1,4-Dibromopentane
2-Methylbutanoic acid
Isovaleric acid

Valeric acid

Isoamyl bromide
l-Bromopentane
1-Chloropentane

Isoamyl iodide

Dimethoate
2-Methyl-1-butanol
Ispamyl alcohol

Amyl alcohol

3-Pentanol

—125—

152
152
92
184
87
258
183
74
74
74
90
90
90
90
138
88
270
190
79
94
384
132
148
180
228
102
102
102
150
150
106
198
229
88
88
88
88

ChulgBro
CuHgBro
€ Hgll
CAHQI
C,HgNO
CiHypHg

CuHigNOLPS

C4Hy 0
CuH g0
C,Hy g0
Chutly o0y
CuH ;oS
C4HigS
C,H oS
C,Hy;04P
ASPLY
CsClg
CsH404Br
ol
CeHeN,
C5H88r4
CsHgO,
C5H9Br
CsHgBrO,
CSHIOBrZ
CsHyg0;
CgHyp07
CsH1002
C5H11Br
CgHy (Br
CsHyCl
CsHyql

CgHy 50
CgHyo0
CgHy 50
CgH, 50




g
*4

*#

n-Amylamine

Hexachlorobenzene

2,3,5,6-Tetrachloronitrobenzene

2,3,4,5-Tetrachloronitrobenzene

Pentachlorcbenzene
1,2,4,5-Tetrabromobenzene
2,4,6-Trichloronitrobenzene
2,4,5-Trichloronitrobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3,5-Tetrachlorobenzene
1,2,4,5-Tetrachlorobenzene
2,3,4,5~-Tetrachlorophencl
1,3,5-Tribromobenzene
1-Bromo-2,3~dichlorobenzene
1-Bromo-2,5-dichlorobenzene
1-Bromo-2,6-dichlorobenzene
1-Bromo-3,4-dichlorobenzene
2-Bromo-~1,4-dichlocrobenzene
1,2,3-Trichlorobenzene
1,2;4—Trichlorobenzene
1,3,5-Trichlorobenzene

2,4,6-Trichlorophenol

m-Bromochlorobenzene

o-Bromochlorobenzene
p-Bromochlorobenzene
m-Bromofluorobenzene
c-Bromofluorobenzene
2-Bromo-4,6~dinitroaniline
l1,4-Dibromobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,6=-Dichloro-4-nitroaniline
2,6-Dichlorophenol
2,3-Dichlorophenol
2,4-Dichlorophencl
3,5-Dichlorophenol

— 126 —

87
282
259
256
248
390
225
225
216
214
216
230
154
224
224
224
224
224
180
180
180
196
190
190
190
174
174
261
234
146
146
146
206
162
162
162
162

CgHyqN
CsClg
CgHCL,NO,
CeHC1,NO,
CeHCLg
CeloBry,
CeHyCL4NO,
C6H2C13N02
CgHoCly,
CeHoCLy,
CeHoCTy,
CgHyCL,0
C6H3Br
CeHqBrCl,
CeH4BrCl,
C6H3BrC12
C6H3BrC12
CeHyBrCl,y
CeHqClq
CeHqClg
CeH4aC14
CgHaC140
CgHyBrCl
CeHyBrCl
CyH,BrCl
CgHyBrF
CeHyBrF
06H4BrN304
C6H4Br2
CgH,CLy
CehyCl,

“Cgl,Cl,

Cgll,C1,N,0,
CeH,CL,0
CgH,CL,0
CgH,C1,0
Cgh,C1,0



4
*4

*#

&,5-Dichlorocatechol
Bromobenzene
4-Bromothiophenol
Chlorcobenzene
4-Chloro-2-nitroaniline
2-Chlorophenol
3-Chleorophenol
4-Chlorocatechol(direct inlet)
2,3-Dichloroaniline
2,4-Dichloroaniline
2,5-Dichloroaniline
3,4-Dichloroaniline

Iodobenzene

* Nitrobenzene

w4

4
*4
* 4
*§

*4

2-Nitrophenol
3-Nitrophenol
Hexabromobenzene
Benzene
m-Bromoaniline
o~-Bromoaniline
p-Bromeaniline
2-Chloroaniline
alpha-BHCG
beta-BHC
gamma-BHC
delra-BHC
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Phenol

Catechol
1,3-Benzenediol
2-Methylpyridine
Aniline
3-Aminophenol
4-Aminophenol
2,5-Dimethylpyrazine

— 127 —

178
156
188
112
172
128
128
144
16l
161
161
161
204
123
139
136
546

78
171
171
171
127
288
288
288
288
138
138
138

94
110
110

93

93
109
109
108

CelCLy04
CeHsBr
CeHgBrs
CetigCl
CgHsC1N,0,
C6H5C10
CelisC10
CglgClO,
CelgCLyN
CeHgCLoN
CgHgClyN
CelgCl,N
CgHsl
CgHgNO,y
CeligNO,
CgHgNO4
C6Br6
Celyg
CeligBri
CelgBrN
CeHgBrN
CeHgCLN
CelHgClg
CellpCly
CeHgClg
C6H6Cl6
CeHgNo0y
CeHgNo0q
CellgNo0y
CeHgl
CeHg0o
CeligOq
CgHoN
CegH7N
CghoNO
CeH,NO
Celighy




*4

*4

#f
*#

B

*#
*§

*4

®f

2,6-Dimethylpyrazine
1,4~Benzenediamine
3-Bromocyclohexene
1-Chlorocyclohexene
Cyclohexanone

Mesityl oxide

Methallyl acetate
Dimethyl succinate
Bromocyclohexane
alpha-Bromo-n-caproic acid
Cyclohexane
Tris(2-chlorcethyl) phosphate
4~Methyl-2-pentanone
Ethyl butyrate

Ethyl isobutyrate
Isocaproic acid

Caproic acid
2-Ethylbutyric acid
1-Bromohexane
1-Chlorohexane

n-Hexane

1-Hexanol

2-Hexanol
2,3-Dimethyl-2-butanol
2-Butoxyethanol
Di-n-propyl sulfide
Di-n-propylamine
Di-isopropylamine
Cycolohexylamine

Triethyl phosphite
Triethyl phosphate
Hexamethyl phosphorotriamide
Hexamethyldisiloxane
2,6-Dichlorobenzonitrile
2,3,5-Triiodobenzoic acid
m-Chlorobenzotrifluoride

o-Chlorobenzotrifluoride

—128 —

108
108
160
116

58

98
114
146
162
194

84
284
100
116
116
116
116
116
164
120

86
102
102
102
118
118
101
101
101
166
182
179
162
171
500
180
180

Colighy
Colighy
C6H9Br
C6H9C1
CeHyp0
CeHyg0
Celi002
CeH1004
C6H11Br
CeHy109BT
Cellyg
CoHypCl40,P
CgHy 50
Cely20
CeH1207
CeH1207
Cely20;
CeHy209
C6Hl3Br
CHy4CL
Cellg

CeH 40
CeHy,0
CeHyy0
Cel1402
CeHyyS
CeHy N
Colly N
CoHy SN
CgHy505P
CeHy50,P
CyH gN4OP
CoHyg0Si,
CoH4C1,N
C,H4I40,
CoH,CLF,
C,H,CLF,




4

p-Chlorobenzotrifluoride
m-Bromebenzaldehyde
o-Bromobenzaldehyde
p—Bromobenzaldebyde
5-Bromo—2-hydroxybenzaldehyde
m-Bromobenzoic acid
o-Bromobenzoic acid
p-Bromobenzoic acid

Benzoyl chloride
2-Chlorobenzaldehyde
3-Chlorobenzaldehyde
4-Chlorobenzaldehyde
(Trichloromethyl)benzene
Benzotrifluoride
Benzonitrile

Benzothiazole
2,4=Dichlorotoluene
2,6-Dichlcrotoluene
3,4-Dichlerotoluene
2,4-Dichloro-l-methylbenzene
1,2-Dichlero-4-methylbenzene
1,3-Dichloro-2-methylbenzene
Benzal chloride
2-Methyl-1,3-dinitrobenzene
Benzaldehyde

Benzoic acid

Benzyl bromide
m-Bromotoluene
o-Bromotoluene
p~-Bromotoluene
m-Bromoanisole
o~Bromoanisole-
p-Bromocanisole
2-Bromo-p-cresol
2-Chlorotoluene
3-Chlorotoluene
4L-Chlorotoluene

— 129 —

180
184

184

184
200
200
200
200
140
146
140
140
194
146
103
135
160
160
160
160
160
160
160
182
106
122
170
170
170
170
186
186
186
186
126
126
126

C;H,CL1Fg
C;HgBr0
C;HgBr0
C,H5BrO
C,HgBro,
C;HgBrO,
C7H5Br02
C;HgBr0O,
CsH5C10
C,HgC10
CoHgC10
C,H5C10
CyHgC14
CoHgFq
CoHgN
C;HgNS
CoHECL,y
CsHgCl,
C7HgCL,
CoHgCly
€ HgCl,
CoHgCly
C;HgC1,
CoHgN, 0,
CsHg0
C7H602
C,H5Br
C7H7Br
C,H,Br
C,H4Br
C;H,Br0O
C;H;Bro
C;H4BroO
C,H4Br0
C,H,CL
C;H5C1
€, H,C1




w*
4

*#
4
*§

*4

4

Benzyl chloride

0,0—Dimethyl 0-(3,5,6-trichloro-2-

pyridinyl)} phosphorothiocate
Benzamide
l1-Methyl-2-nitrobenzene
1-Methyl~4-nitrobenzene
1-Methoxy-Z2-nitrobenzene
Toluene
2-Bromo-4-methylaniline
Anisole
o-Cresol
m-Cresol
p—-Cresol
2-Methoxyphenol
3-Methoxyphenecl
4-Methoxyphenol
N-Methylaniline
2-Methoxaniline

3-Methoxaniline

Cyclopentane carboxylic acid, methyl ester

Dimethyl methylsuccinate
Dimethyl pentanediocate

Diethyl malonate
Bromocycloheptane

Ethyl isovalerate

Heptanoic acid

Propyl butyrate

1-Bromoheptane

1-Chleorcoheptane
2-Methyl-2-hexanol
1,4-Di{trichloromethyl)benzene
1,2-Benzenedicarbonitrile
3-(Bromomethyl)benzonitrile
alpha-Bromo-p-Chloroacetophenone
p-Bromophenacyl bromide
Benzo[blthicphene

p-Bromomethyl benzoic acid

— 130 —

126
321

121
137
137
153

92
185
108
108
108
108
124
124
124
107
123
123
128
160
160
160
176
130
130
130
178
134
116
286

128

195
232
276
134
214

'C4H4C1

C7H5C15N0O4PS

CH,NO
C,H,NO,
C,H,NO,
CoH,NO,
CoHg
CoHgBrN
C,HgO
C,HgO
CHgO
CHg0
C,HgO,
C,HgO,
C,HgO,
CHgN
C,HgNO
CHgNO
C7H120
CaM1204
C7H120,
C78129%
CoH ) 4Br
C781402
C71492
C7H1492
CqHygBr
C,Hy5Cl
C,Hyg0
CgH,Clg
CgH,N,
CgHgBrN
CgHgBrC10
CglgBr,0
CgHgS
CgH;Br0,




K

*§
-N-#

%
4
*#

alpha-Chlorcacetophencne
3,4-Dichlerophenyl methylcarbamate

Indole

Benzeneacetonitrile
1,3-Dihydre-2H-indol-2-one
Styrene
1,2-Di{chloromethyl)benzene
1,3-Di(chloromethyl)benzene
1,4-Di{chloromethyl)benzene
Acetophenone

Methyl benzoate

p-Toluic acid

p-Anisic acid
2-Chloromethyltoluene

3-Chloromethyltoluene

4-Chloromethyltocluene

2-Chloro-p-xylene

o—Aminoacetophenone

m-Aminoacetophenone
p-Amincacetophenone

2-Methoxy-4H-1,2,%3-benzedioxaphosphorin-
2-sulfide

1,2-Dimethylbenzene
1,3-Dimethylbenzene
1,4-Dimethylbenzene

Ethylbenzene

Methylparathion

1-Phenylethanol

2-Phenylethanol

p-Ethylphenol

2,4-Dimethylphenol
2,5-Dimethylphenol

2,6-Dimethylphenol
3,4-Dimethylphenol

3,5-Dimethylphenol

N,N-Dimethylaniline

2,4-Dimethylaniline

—131—

154
219
117
117
133
104
174
174
174
120
136
136
152
140
140
140
140
135
1335
135
216

106
106
106
106
263
122
122
122
122
122
122
122
122
121
121

CgH;CL0
CgH7C1,N0,
Cgh oM
CgHyN
CgH40
Cglg
Cglglly
CgHgCl,
Cghglly
CgHgO
CgHg0,
CghgOy
CgHgOq
CgHgCl
CgHgCl
CgHgCl
CgHgCl
CgHgNO
CgHgNO
CglgNO
CgHgO4Ps

Cgllyp
Cgllyp
Cgllo
Cglyg
CqH gNOsFS
CgHy o0
Cghy 0
gl o0
CgHy o0
Cgli10
CgHly 0
CgHy g0
CgH g0
CgHyyN
CgHyyN




h
*4

*#

B3

b
EE

w4
oy
*f
*4
*f

* 4

*4

Cyclohexene-4-carboxylic acid methyl

trans-2-Butene-1,4-dicarboxylic acid

methyl ester
Cyclooctene

Cyclooctene oxide

ester 140
172

110
126

Cyclohexane carboxylic acid, methyl ester 142

Cyclopentylacetic acid, methyl ester 142
Dimethyl 2,2-dimethylsuccinate 174
Dimethyl 3-methylpentanedicate 174
Dimethyl hexanedioate 174
Dimethyl 2,3-dimethylsuccinate 174
N,N-Diethyl-b-methylthio-1,3,5~triazine- 213
2,4-diamine
2-0ctanone 128
5-Methyl-3-heptanone 128
3-0ctanone 128
Isobutyl butyrate 144
Ethyl hexanoate 144
Methyl heptanoate 144
Propyl isovalerate 144
Octanoic acid 144
Butyl isobutyrate 144
Isobutyl isobutyrate 144
Propyl valerate 144
Butyl butyrate 144
Hexyl acetate 144
l1-Bromcoctane 192
1-Chlorooctane 148
1-Chlorooctane 148
l1-Todooctane 240
1-Cctanol 130
N-Nitroso-diiscbutylamine 158
Dibutyl phosphite 194
Octamethylcyclotetrasiloxane 296
Telodrin 408
Coumarin 146
Quinoline 129

— 132 —

Cgty207
CgH1204

“gllis
CgHp,0
Cghl140y
Cgl1492
Cghi404
CeH1404
Cgh149,
CgHt1404
CgHy5NsS

CgH; 0
CgH| 0
CgH; 0
Cgll1692
CaHy602
Cgll1602
CgH1602
Cglt1602
Cgll1697
Cali140:
Cgly607
CgH1602
Cgly602
C8H17Br
Cgliy;C1
CgHy,CL
CgHyq1
CgHy g0
Cgll;gN,0
CgHygO4P
Cghp, 0,51,
CqH,Clg0
Collg0p
CoHoN



if
*4
*§
*

%#

3alpha,4,7,7a-Tetrahydro-2-(trichloro-
methyl) thio-1H-isoindole~1,3(2H)-dione

2,3-Dihydro-lh-inden-1-one

Terephthalaldehydic acid, methyl ester

Terephthalic acid monomethyl ester

2-Bromoethyl Benzoate

2-Methylindele

3-Methylindele

2-Bromo-4-methylacetonilide
(1-Methylethenyl)benzene

Methyl 3-methoxy benzoate

p-Methoxyacetophencone

p-Cresyl acetate

Benzyl acetate

Methyl phenylacetate

3-Phenylpropicnric acid

Ethyl benzoate

Methyl Z2-methylbenzoate

Methyl 3-methylbenzoate

Methyl 4-methylbenzoate

Methyl 2-methoxybenzoate

Methyl 4-methoxybenzoate

0,0-Diethyl 0-(3,5,6-trichloro-2-
pyvridinyl) phosphorothicate

Methyl 3-methylphenyl carbamate

Mesitylene

(1-Methylethyl)benzene
l-Ethyl-3~methylbenzene
1-Ethyl-4-methylbenzene

Propylbenzene

Phosphorothioic acid, o,o-dimethyl-
o-{3-methyl-4-nitrophenyl) ester

2-(1-Methylethyl)phenol

3-(l-Methylethyl)phenol

4-(1-Methylethyl)phenol

2,3,5-Trimethylphenol

trans—Aconitic acid, trimethyl ester

—133 —

299

132
164
180
228
131
131
227
118
166
150
150
150
150
150
150
150
150
150
166
166
349

165
120
120

120

120
120
277

136
136
136
136
216

C9H8C13NOZS

CgHgO
CoHgOs
CgHgOy
C9H9Br02
CgHgN
CqHgN
CgH ) oBrNO
Collpg
CgH1003
CoHy 002
CoHy002
CqHy00;
CoH1007
CgH1q02
CgHy100;
CoHyp02
CgHy007
CgHy002
CgHy003
CgHy 03
CoHy 1 CL5NO5PS

CoHy (N0,
Colyy
CgHyp
Colyo
Coll1 2
Collyy
CgH,NO5PS

C9H120
CqH ;50
CoHy120¢
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g
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3,35,5-Trimethyl 2-cyclohexen-l-one
1,2,3-Propane-Tricarboxylic acid
trimethylsilyl ester

Tris{2,3-dibromopropyl)phosphate

Tris(1,3-dichloro-2-propyl)phosphate

Methyl cyclohexylaceteate

Dimethyl 3-methylhexanediocate
Dimethyl 3,3-dimethylpentanedioate

Dimethyl 2,2-dimethylpentanedioate

Dimethyl heptanedicate

Nonanoic acid

Amyl butyrate

Iscamyl butyrate

Butyl isovalerate

Methyl octanoate

Iscamyl isobutyrate

Hexyl propionate

Isobutyl isovalerate

Heptanoic acid,ethyl ester
2-n-Propyl-n-pentanoic acid, methyl ester
l1-Bromononane

l1-Bromononane

1-Chlorcononane

1-Nenanol

Propanedicic acid,bis(trimethylsilyl)ester

Ethion

Mirex

2,3-Dichlore-1,4-naphthalenedion

Heptachlor

Heptachlor epoxide
l1,2-Naphthalenedione
1-Chloronaphthalene

Naphthalene

1-Naphthalenol

2-Naphthalencl

6-Methylcoumarin

Phenylpropiolic acid, methyl ester

— 134 —

138
218

692
428
156
188
188
188

188

158
158
158
158
158
158
158
158
158
158
206
206
162
144
248
384
540
226
370
386
158
162
128
144
144
160
160G

Coly 40
CgHy404

Colq5Brg0,P
CgHy5Clg0,P
CqH1607
Coll) g0y
Coly 604
CaH169
Cqll1694
Coll1 80y
Coll; 507
Coll1809
CoH 807
Coll1505.
Cglt1g07
Colt1 809
CoH, g0y
Coll1g07
CoH 1807
CnggBr
CollygBr

CgHy g0l

CqHy0
CgHyn0,51,
Collpg04P 95,
C1oCly2
C1oH,C1,0,
CyollsCly
CqoHsC170
C10H602
CypH/C1
Ciofg
CygHgO
CqoHgO
C10Mg0;
C1oHgOy



*#

w g

GE
* 4
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2-Methylquinoline
l1-Naphthalenamine

Ferrocene

trans—-Cinnamic acid, methyl ester

Dimethyl phthalate
1,3-benzenedicarboxylic acid,
dimethyl ester
l,4-benzenedicarboxylic acid,
dimethyl ester

Terephthalic acid, dimethyl ester

3a,4,7,7a-Terahydro-4,7-methano lh-indene
1,2,3,4-Tetrahydronaphthalene

Anethole

Isoceugenol

Eugenol
Propyl benzoate

Methyl
Methyl
Methyl

Methyl

2,4-dimethylbenzoate
2,5-dimethylbenzoate
3,4-dimethylbenzoate
3,5-dimethylbenzoate
p-Tolyacetic acid, methyl ester
alpha-Phenylpropionic acid, methyl ester
2-Ethoxybenzoic acid, methyl ester
3,4-Dimethoxybenzoic acid methyl ester
2-Bromo-P-cymene

1,3-Diethylbenzene

l,4-Diethylbenzene

Butylbenzene

Nicaotine

ar,ar-Diethylphenol

1-Carvone

O-sec-Butylphenol

p-sec-Butylphenol
2-(1-Methylpropyl)phenol
4—(1-Methylpropyl)phenol
2-(1,1-Dimethylethyl)phencl
3-(1,1-Dimethylethyl)phenol

—135—

143
143
186
162
194
194

194

194
132
132
148
164
164
164
164
164
164
164
164
164
180
196
212
134
134
134
162
150
150
150
150
150
150
150
150

Cy gV
Cy oHgN
ClOHloFe
C1oM10092
C1oH10%
C1oH10%

CioH1094

Cr0H10%
Ciof12
Ciofy2
CqpHpp0
Ci1oH1202
CioHy202
C1o8;1202
Cyplty20s
C10H;1202
C10l120
C10H120;
CioM129;
Cy10H1202
C10M1203
C10H129,
ClOH13Br
CioH14
Cyofig
Crof14
CioHi14N2
Ci1oH140
C10H140
CioHy40
CioHy40
Cioly40
C10H140
CioHy40
CioHy40




*f

*#
w4

¥

bl

*
*#
w4
* 4
*g

.

w4

4-(1,1-Dimethylethyl)phenol

cis-4-Cyclohexane-1,2~dicarboxylic acid,
dimethyl ester
2,4-Dimethyl-2,4-hexadienedioic acid,
dimethyl ester
p~tert-Butylthiophenol
D-3-Bromocamphor
1-Chloroadamantane
2-Chloroadamantane.

alpha-Pinene

beta-Pinene

Myrcene

Limonene

Camphene

(+)-3-Carene

Pulegone

Genanial

Neral

D-Camphor

Myrtenol

Carveol

trans-Carveol

cis-Carveol

2-Cyclopentylclopentanone

2-Adamantanol

Geranic acid

# Nerolic acid

*4

#
4
*f
*y

cis-1,2-Cyclohexane-dicarboxylic acid,
dimethyl ester
trans-1,2-Cyclohexanedicarboxylic acid,
dimethyl ester

Citronellene

Borneol

Isopulegol

1,8-Cineol

Menthone

Nerol
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150
198

198

166
230
170
170
136
136
136
136
136
136
152
152
152
152
152
152
152
152
152
152
168
168
200

200

138
154
154
154
154
154

CioHy40
Ciof1404

CioH149,

CioM148
ClOHlﬁBrO
CioH, 5Cl
CqoHysCL
Ciofie
Cioie
Crof16
Ciollie
Cirof16
Croflie
CipH160
CioH1e0
CroH160
CioH160
CioH16Y9
CroH1e0
Ciof160
Crof1e®
CroH169
CroH160
Ciot1692
C10H1692
CioM16%

Ci1oH1604

CigH1s

CioH180
C1of18°
C1rgHy1g0
Ciof189
C1oM180



#
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*4

*

R

4
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Geraniol

Linalocl

Citronellal

Linalool oxide A

cis-Linalool oxide
3-Cyclohexanepropionic acid, methyl ester

Cyclohexene~4-carboxylic acid
trimethylsilyl ester

Dimethyl octanedioate

Malathion

2,6-Dimethyl-7~0cten-2-o0l

Menthol

Citronellal

5-Methyl-2=-(l-methylethyl)-,
(l.alpha,,2.beta., 5.alpha)cyclohexancl

Methyl nonanoate

Iscamyl isovalerate

Decanoic acid

Isobutyl caproate

Butyl caproate

Octyl acetate

Cyclohexanecarboxylic acid trimethylsilyl
ester

Cyclopentylacetic acid trimethylsilyl
ester

1-Bromodecane

1-Chlorodecane

n-Decane

Tetrahydrolinalool

l1-Decanol

Trimethylsilyl heptancate

Butanediocic acid bis(trimethylsilyl) ester
l-Naphthalenecarbenitrile
1-Methylnaphthalene

2-Methylnaphthalene

4-Bromoanitipyrine

2,4-Dimethylquinoline

— 137 —

154
154
154
170
170
170
198

202
330
156
156
156
156

172
172
172
172
172
172
200

200

220
176
142
158
158
202
262
153
142
142
262
157

CioH180
Ciroft189
C10H180
C10M1802
CioH1802
C1oM18%2
CqoH 80751

Cio8189%
C1oH1996FS2
C1oH200
C10820°
CroH209
CioHag?

Ci082002
C1oH2092
CypH2002
CyoH2002
CioH2002
CioH2002
CyoHp0251

C10H21Br
CygHp1Cl
CioHaz
C1oH220
CigHy,0
CigHa20251
C1oH220451;
€y HqN
SEL
C11M10
CyyHy BrN,0
C1iHy1N




3

*#

*#

3
*#
#*

*

2,6-Dimethylquinoline
p-Methylcinnamic acid, methyl ester
trans-2-Phenylcyclopropanecarboxylic acid
methyl ester
p-Methoxycinnamic acid, methyl ester
m-Methoxycinnamic acid, methyl ester
o—Carboxfphenylacetic acid dimethyl ester
Butyl benzcate
4-iso-Propylbenzoic acid, methyl ester
alph~Phenyl~n-butylic acid methyl ester
Benzaldehyde-p-carboxylic acid
trimethylsilyl ester
2,5-Dimethoxyphenylacetic acid
methyl ester
cis-Jasmone
2-(1,1-Dimethylethyl)-4-methyl-phenol
2-(1,1-Dimethylethyl)-4-methoxy-phenocl
Trimethylsilyl 2Z-methylbenzoate
Trimethylsilyl 3-methylbenzoate
Trimethylsilyl 4-methylbenzoate
o-Methoxybenzoic acid trimethylsilyl ester
p-Methoxybenzoic acid trimethylsilyl ester
2-Methyl-4-tert-butylthiophenol
1,1-Cyclopentanediacetic acid
dimethyl ester
gamma-Undecalactone
Dimethyl ncnanedioate
Heptane-4,4~dicarboxylic acid methyl ester
11-Bromohendecanoic acid .
Amyl caproate
Isocamyl caproate
n-Undecanoic acid
Methyl decancate
Methyl 4-methylnonanoate
Nonanoic acid, ethyl ester
Cyclohexylacetic acid trimethylsilyl ester

1-Bromoundecane
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157
176
176

192
192
208
178
178
178
222

210

164
164
180
208
208

208 .

224
224
180
214

184
216
216
264
186
186
186
186
186
186
214
234

STLIE
C11H120;
C11H9207

C11H1203
C11H1203
C11H1204
C11H1499
Cy11H140,
C11H140;
CyqHy,0583

C11H149,

Cp1H160
CyiH160
C11H1402
CyyHyg0484
Cq Hqg0,81
Cy1H 0,51
CqqHyg0581
€y H1g055%
C11H16S
C11H18%,

Ci1H2092
C11M20%
C11M2004
Cy1Mp,05Br
C11H2202
C11M2207
C11l2202
C1182202
C11H2207
C1182202
CyHp,0,83
C11fp3Br




*§

*4

w4

*

1-Chloroundecane
n-Undecane

Trimethylsilyl octanoate

Pentanedioic acid bis(trimethylsilyl)ester

Decachlorobiphenyl
Nenachlorobiphenyl
Octachlorobiphenyl
Heptachlorobiphenryl
2,3,7,8—Tetrachlorodibenzodinxine
Hexachlorobiphenyl
Pentachlorobiphenyl

1,3,5-Trichloro-2-(4-nitrophenoxy)benzene

Tetrachlorobiphenyl
2,4-Dichloro-1-(4'-nitrophenoxy)benzene
Trichlorobiphenyl

Acenaphthylene

Aldrin (DX-300)

Aldrin (LKB-9000)

Dieldrin

Endrin

Dibenzofuran

o-Bromobiphenyl

9fi-Carbazole

4-Nitrobiphenyl

1,1'-Biphenyl

1,2-Dihydroacenaphthylene

l-Naphthoic acid, methyl ester
72-Maphthoic acid, methyl ester
l-Hydroxy-2-naphthoic acid methyl ester
2-Hydroxy-l-naphthoic acid methyl ester
N-Phenylaniline

l-Naphthylmethyl carbamate

Diphenyl phosphite

l-Ethylnaphthalene

2-Fthylnaphthalene
2,3—Dimethylnaphthaiene

Trimethyl 1,2,3-benzenetricarboxylate
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190
156
216
276
494
460
426
392
320
358
324
317
290
283
256
152
362
362
378
378
168
232
167
199
154
154

186

186
202
202
169
201
234
156
156
156
252

Crifascl
Ciifag
CqqHps0,81
C13H2404532
Ci2Cl10
C;;HClg
Cy2HyClg
Cy,H4C15
C12H4C1407
C12H4Clg
CiafsCls

€y HgC15N0,
Ci,HgCl,
Cq,H7C1,N0,
Cq,H7C15
C12Mg
Cy,HgCly

" CyoHglly

Cq,HgCLgO
CqoHgClg0
CqoHgO
ClegBr
CqHoN
Cypligh0y
Cy2f10
Ci2810
CyoH1002
Cy1281092
Ci2H1003
C12H1003
Cyply ¥
C12H11N0y
Cioly 03P
CioHy2
Cy2H12
Ciallyg
C12M120%




4

*#

4§
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Trimethyl 1,2,4-benzenetricarboxylate 252

Trimethyl 1,3,5-benzenetricarboxylate 252
1,2,2a,3,4,5-Hexahydroacenaphthylene 158
(E)-2-Chloro-1-(2,4-dichlerophenyljethenyl 3538
diethyl phosphate

(Z)-2-Chloro-1-(2,4-dichlorophenyl)ethenyl 358

diethyl phosphate
Phenylpropionic acid trimethylsilyl ester 218
Diethyl phthalate 222

1,4-Benzenedicarboxylic acid diethyl ester 222

Benzylmalonic acid, dimethyl ester 222
Phenylsuccinic acid, dimethyl ester 222
Methyl 4-n-butylbenzoate 192
Methyl 4-tert-Butylbenzoate 192
4-n-Butoxybenzoic acid, methyl ester 208

trans-Cinnamic acid trimethylsilyl ester 220

2-(1'-Methylpropyl)phenyl methyl carbamate 207

1,3-Bis(l-methylethyl)benzene 162
4-n-Hexylresorcine 194
l-Adamantoic acid, methyl ester 194
Trimethylsilyl 2,4~dimethylbenzoate 222
Trimethylsilyl 2,5-dimethylbenzoate 222
Trimethylsilyl 3,4-dimethylbenzoate 222
Trimethylsilyl 3,5-dimethylbenzoate 222
dl-alpha-Phenylpropionic acid 222

trimethylsilyl ester
beta-Phenylpropionic acid trimethylsilyl 222
ester
p-Tolylacetic acid trimethylsilyl ester 222
o-Ethoxybenzoic acid trimethylsilyl ester 238
3,4-Dimethoxybenzoic acid trimethylsilyl 254
ester

Diisopropyl 1,3-dithian-2-ylidenemalonate 290

alpha-Terpinyl acetate 196
beta-Terpinyl acetate 196
Geranyl acetate 196
Linalyl acetate 196
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Ci2H1206
C12H120
CraHig
CyaH14CLl30,F

CqoHp,0,81
C12H1404
Cy2H149,
C12H1404
STLITAA
C12H1402
Cr2b1692
C12H1403
CqoH 0,51
CqoH 78O,
Ci2H18
C12H1802
C12H1802
CqoHyg0251
CqHyg0,51
CyoH, 0251
Cy,H,g0,51
CqoHyg0751

CyoHyg0,51%
CypH;g0,481

C12H180457
Cy2H2092
C12H002
C12H2002
C12H2002




*#

*#
g

*4
*4

Carphoric acid, dimethyl ester

Diazinon

Phosphorothioic acid,o,o-diethyl o-6-meth-
vyl1-2-(l-methylethyl)~4-pyrimidinyl ester

Geosmin (DX-300)

Geosmin {D-100}

Citreonellyl acetate
10-Undecenoic acid, methyl ester
Dimethyl decanedicate

Dicyclohexylamine

Ethyl decanocate

Dodecanoic acid

Undecanoic acid,methyl ester
3-Cyclohexanepropionic acid
trimethylsilyl ester

Trans-2-butane-1,4-dicarboxylic acid
bis{trimethylsilyl) ester
1,12-Dibromododecane

l-Bromododecane

1-Chlorododecane

n-Dodecane

Di-n-hexyl ether

1-Dodecanol

Trimethylsilyl nonancate

Hexanedioic acid bis(trimethylsilyl)ester

Triburyl phosphite

Tributyl phosphate
dl1-2,3-Bis(trimethylsilyl)oxy~-propionic
acid trimethylsilyl ester

9-Fluorenone

9-Bromofluocrene

Benzo[h]quinoline

Phenanthridine

Acridine

2-Nitrofluorene

9H-Fluorene

alpha-Bromodiphenylmethane
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228
304
304

182
182
198
198
230
181
200
200
200
228

288

326
248
204
170
186
186
230
290
250
266
322

180
244
179
179
179
211
166
246

C12H2004

Cyalip20
CyqH320
CiaHz20;
SPLEPLS
Cy2H220,
CioHp3N
Ci12H2499
Cy2H240;
C12H740,
CqoHp,0,51

C12H240451

CypHp4Bry
C12H25Br
CygHysCl
Ci2H26
CyaHpg0
SPLITA
CyoHp60,81
C12H269451;
C1oHp705P
CyHp704P
C12H3004515

C13Hg0
013H9Br
Cy3HgN
Cy4HgN
Cq3Hgh
Cq3HgNO,
Ci3fio
C13H11Br




4
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1,1'"-Methylenebisbenzene
3-Methyl 1,1'-biphenyl
4-Methyl 1,1"-biphenyl
alpha-Naphthalene acetic acid,
methyl ester
2-Methoxy-l-naphthoic acid methyl ester
1-Methoxy-2-naphthoic acid methyl ester
2,6-Dinitro-N,N-dipropyl-4-
trifluoromethylaniline
0,0-Diethyl 0-(5-phenyl-3-isoxazolyl}
phosphorothiocate
Cyclamen aldehyde
Cyclamen acid

4-n-Amyylbenzoic acid, methyl ester

trans—-2-Phenylcyclopropanecarboxylic acid

trimethylsiliyl ester

p—-Methylcinnamic acid trimethylsilyl ester

m-Methoxycinnamic acid trimethylsilyl
ester

alpha-Ionone

Cyclamen alcohol

alpha-Ethyl-alpha-phenylacetic acid
trimethylsilyl ester

alpha-phenyl-n-butyric acid
trimethylsilyl ester
p-Isopropylbenzoic acid
trimethylsilyl ester
2,5-Dimethoxyphenylacetic acid
trimethylsilyl ester

0,0-Bis(l-methylethyl) S-phenyl-methyl
phospheorothioate

Trimethylsilyl 4-{(trimethylsilyl)-
oxybenzoate

n-Tridecanoic acid

Methyl dodecanoate

Isoamyl octanoate

Ethyl undecanoate
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168
168
168
200
216
216
335

313

190

206.

206
234

250
250
192
192
236
236
236
268
288
282
214
214

214
214

Ci3f12
Cyslyy
Ciafy2
Ci13H120;

Ci3Hy505
C13H1203
C1aly1gFaN30y,

C13H16N04PS

Cy3il180
C13H180
Ci3H102
Cq3H1g0,51

C13H189351
C13H209
C13H200

Cy3Hy0,51

Cy3Hp00,81

CyqHp00451
Cq3Hy104PS
Cy3H350381;
C13H260;
C13H260;

Cy3Hy60,
C13Hp40,



*H

4

* 4

Methyl IO—methylundeéanoate

n-Tridecane

Trimethylsilyl decanocate

Trimethylsilyl 8-methylnonanoate

Heptanedioic acid bis(trimethylsilyl)
ester
2-(Trimethylsilyl)oxy-butanedioic acid
bis(trimethylsilyl)ester

5,10-Dihydro-5,10-dioxonaphtho-[2,3-b]-
l,4-dithiin-2,3~dicarbonitrile

4,4'-DDE

9,10-Anthraquinone

9-Bromoanthracene

p,p'-DDT ‘

4-Chloro-alpha-{4-chlorophenyl)-alpha~-
trichloromethyl-benzenemethanol

9-Nitroanthracene

Phenanthrene

Anthracene

4,47-DDD

Anthrone

(2-Hydroxy-4-methoxyphenyl)phenylmethanone

Naphthalene-1,2-dicarboxylic acid,
dimethyl ester

3,3'-Dimethyl 1,1"'-biphenyl

4,4'-Dimethyl 1,1'-biphenyl

EPN

1,2-Benzenedicarboxylic acid,
di-2-propenyl ester

Tetramethyl 1,2,4,5-benzene-
tetracarboxylate

0-Ethyl 5,S5-diphenyl phosphorodithioate

Trimethylsilyl l-naphthoate

Trimethylsilyl 2-naphthoate

Pyridafenthion

alpha-Cyclopentylphenylacetic acid

methyl ester
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214
184
244
244
304

350

296

316

208

256
352

368

223
178
178
318
194
228
244

182
182
323
246

310

310
244
244
340
218

C13H260;
SELET
Cy4H,50,51
C13H,g0,5%
C13lpg0451,

Cy3H3005513
CiaHyN0,3,

Cy,4HgCL,
C14Hg05
ClAHgBr
Cq4HgCly
Cq4HgC150

Cq4HgNO,
Cialyg
Ci4H10
CratoCly
CyaHyg0
C14H7203
C14H1204

CraHyy
CraHyy
CyH 4 NO,PS

CraR1404
Cy4H1408

C14H1502FS,
Clafip0251
Cy4ly 60550
Cq4Hp7N,0,PS
C14H1807



*

1,2-Benzenedicarboxylic acid
bis{l-methylethyl) ester
1,2-Benzenedicarboxylic acid
dipropyl ester
2,6-Bis(l,l-dimethylethyl)phenol

p-n-butylbenzoic acid trimethylsilyl ester

p-tert-Butylbenzoic acid trimethylsilyl
ester

4-n-Butoxybenzoic acid trimethylsilyl
ester

Di(trimethylsilyl)} o-phthalate

Di{trimethylsilyl) terephthalate
l-Adamantanecarboxylic acid
trimethylsilyl ester

alpha-(Trimethylsilyl)oxy-phenylacetic
acid trimethylsilyl ester

m-{Trimethylsilyl)oxy-phenylacetic acid
trimethylsilyl ester

2-{Trimethylsilyl)oxy-3-methylbenzoic acid

trimethylsilyl ester

2-(Trimethylsilyl)oxy-4-methylbenzoic acid

trimethylsilyl ester
1-Decene-1,10-dicarboxylic acid
dimethyl ester
4-(Trimethylsilyl)oxy~3-methoxybenzoic
acid trimethylsilyl ester
1,3-Butadiene-1,4-dicapbexylic acid
bis(trimethylsilyl) ester

Methyl tridecanocate

Methyl ll-methyl dodecancate

Tetradecanoic acid

10-Undecenoic acid trimethylsilyl ester

Cyclopentylmalonic acid bis-
{trimethylsilyl) ester

cis~1,2-Cyclohexane-dicarboxylic acid
bis{trimethylsilyl) ester

l-Bromotetradecane
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250

250

206

250

250

266

310

310

252

296

296

296

296

256

312

344

228

228

228

256

316

316

276

Cy4H150,
Ci4Hy804
Cy4H970
C14H50281
Cy4Hgpp0451
C14H9990,51,
C14H7204517
C14H,,0351,
Cr4lps 0351y
C14lp,0351,
C148740353,
CyaHpu04
Ci14H940451,
C14H9604515
Ci4lpg0;
Clatog0s
C14H,507
C14Mog0o51
C1482804517
C14H289451;

CyalfpgBr
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*4
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g
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n=-Tetradecane
l1-Tetradecancl

Trimethylsilyl undecancate

Octanedioic acid bis(trimethylsilyl) ester

4-Cyanodiphenylacetylene
Diphenylmethane diisccyanate
4-Methoxy-4'-nitro-diphenylacetylene
1-Methylphenanthrene
2-Methylanthracene
Diphenylmethane-2-carboxylic acid
methyl ester
4,4"-(1-methylethylidene)-bis-phenol
Oxadiazon
alpha-Naphthaleneacetic acid
trimethylsilyl ester
Cycloheximide
beta-Caryophyllene
n-Neonylbenzene
1,3,5-Triiscopropylbenzene
2,6-Di-tert-butyi-4-methylphenol
4-Nonylphencol
p-n~-Amylbenzoic acid trimethylsilyl ester
bata-{Trimethylsilyl)oxy-cinnamic acid
trimethylsilyl ester
p—{(Trimethylsilyl)oxy-cinnamic acid
trimethylsilyl ester
Toluene-2-alpha-dicarboexylic acid
bis(trimethylsilyl) ester
cis~Nerolidol
trans-Nerolidol
Myristoleic acid, methyl ester
dl-alph-Phenyl-beta-(trimethylsilyl)oxy~
propionic acid trimethylsilyl ester
4-{Trimethylsilyl)oxy-3-Methoxy-
phenylacetic acid trimethylsilyl ester
4-(Trimethylsilyl)oxy-3,5-Methoxybenzoic
acid trimethylsilyl ester
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198
214
238
318
203
212
253
192
192
226

228
344
258

281
204
204
204
220
220
264
308

308
324
222
2212
238
310

326

342

C14H3g
C14H300
Cy4H00,51
C14H300451,
CysHgN
CisH1oN20;
SELITLE
SEL Y
CisHiz
C15H140;

C15H1602
C1sHgClyN504
CisH1gUp81,

Cy15Hy3NO,
CysHay
CisHyy
Cysligy
C15H40
Cy15H240
Cygly, 0,81
C15Hp40351,

Ci5Hp40551;
CysHp,0,451,
CysHyg0
SELPTAY
Ci5Hp605
C15H0351,

CisHpg0451s

C1sHp605815




x4

3

Methyl cis-9-tetradecencate
Pentadecanoic acid

Methyl tetradecanoate

Methyl 12-methyltridecancate

Tridecanoic acid, ethyl ester

1,1-Cyclopentaned acid bis(trimethylsilyl)

ester
l1-Propene-1,2,3-tricarboxylic acid
tri{trimethylsilyl)ester
n-Pentadecane
Trimethylsilyl 9-methylundecanocate
Trimethylsilyl dodecanoate
Heptane-4,4~dicarboxylic acid

bis(trimethylsilyl) ester

Nonanedioic acid bis{trimethylsilyl) ester

1,2,3-Propanetricarboxylic acid
tris(trimethylsilyl)ester
3-({Trimethylsilyl)oxy-3-methylglutaric
acid bis{trimethylsilyl)ester
Dinitropyrene

Dinitropyrenol

l1-Nitropyrene

3-Nitrofluoranthene
1-Nitro-2-pyrenol

Fluoranthene

Pyrene

Ahthraquinone—beta—carboxylic acid
methyl ester

l}-Aminopyrene

l-Amino-2-pyrenol

4-Methoxy~4'-cyanodiphenylacetylene

Antracene-9-carboxylic acid methyl ester

3,6-Dimethylphenanthrene

Ethyl bis(4-chlorophenyl)oxyacetate

4-Nitro=4'-N,N-dmethylamno
diphenylacetylene

o-Toluyl-o-benzoic acid methyl ester
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240
242
242
242
242
330

390

212
272
272
332

332
392

378

292
308
247
247
263
202
202
266

217
233
233
236
206
324
266

254

Cy5H2807
C1583007
Cy15H300,
Cy5H300;
€15H300;
CisH300,481,

Cislizg0gSiyg

SELEY
Cy5Hy50,81
CqsHyp0,51
C15H320,481;

C1sH320484,
C15H3206515

Cy5H340581i4

C1pligh0y
C16HgN05
CygHgNO,
CygHgND,
C1HgNOg
Ci6M10
Ci1eM10
C16t1004

CreHygN
CreHyNO
CygHq MO
CieH129;
CigH14
C16H14C1203
CrH14N202

C16M1403




*#

*4

p-Teluyl-o-henzoic acid methyl ester
Diphenic acid methyl ester

Diphenamid

Dibutyl phthalate
1,2-Benzenedicarboxylic acid
bis{2-methylpropyl) ester
alph-Cyclopentylphenylacetic acid
trimethylsilyl ester

Benzylmalonic acid bis(trimethylsilyl)
ester

2-Phenylbutanedioic acid bis-
(trimethylsilyl) ester
4-(Trimethylsilyl)oxy-3-methoxycinnamic
acid trimethylsilyl ester

Trimethylsilyl 2,3-bis(trimethylsilyl)
oxybenzoate

Trimethylsilyl 2,6-bis(trimethylsilyl)
oxybenzoate

Trimethylsilyl 3,4-bis{trimethylsilyl)
oxybenzoate

Methyl 13-methyltetradecancate

Methyl pentadecanoate

Hexadecanoic acid

Camphoric acid bis(trimethylsilyl) ester
l1-Bromohexadecane

l-Bromohexadecane

1-Chlorohexadecane

n-Hexadecane

1-Hexadecanol

Trimethylsilyl 10-methyldodecanoate

Trimethylsilyl tridecanoate

Decanedioic acid bis{trimethylsilyl) ester

Tetrabutylstannane

2,3-Bis(trimethylsilyl)oxybutanedioic acid

bis(trimethylsilyl) ester
(o-Ethynylbenzal )~p-bromoacetophenone

l11H-Benzo[alfluorene

— 147 —

254
270
239
278
278

276

338

338

338

370

370

370

256
256
256
344
284
304
260
216
242
286
286
346
318
438

310
216

C1pH1493
C16M1404
CipHy7NO
C16H2204
Ci1pH2204

CreH240251

CreH269451;
C1eH2604817
Ci1H2604517
C16H3004513
Ci1pH3004514
Ci1H3004513

C16H3207
C1pH320,
C16H3202
Cy6H320451,
C16H33Br
C16H33Br
CqgHy5CL
Crefas
Ci1gH340

C Hq40,51
CygHy,0551
C16M340451,
CqgHsgSn
C16M3806514

Ci7H19



4

1-Phenyl-2-benzylmercapto-5-nitroro-
b-aminopyrimidin-4-one

Isopropyl 4,4'-dibromobenzilate
Isopropyl 4,4'-dichlorobenzilate

9-Fluorenecarboxylic acid trimethylsilil

ester

Xanthene-9-carboxylic acid trimethylsilil

ester

Diphenylacetic acid trimethylsilyl ester

Benzilic acid trimethylsilyl ester

Trimethylsilyl l-(trimethylsilyl)oxy-
Z-naphthoate

Trimethylsilyl 2-(trimethylsilyl)oxy-
l-naphthoate

Trimethylsilyl 2-(trimethylsilyl)oxy-
3-naphthoate

Methyl 9-hexadecenocate

Methyl trans-9-hexadecenoate
palmitoleic acid, methyl ester

dl-p,alpha-Bis{trimethylsilyl)oxy-
phenylacetic acid trimethylsilyl ester
2,5-Bis(trimethylsilyl)oxy~phenylacetic
acid trimethylsilyl ester

3,4-Bis(trimethylsilyl)oxy~phenylacetic
acid trimethylsilyl ester

Methyl hexadecancate

Ethyl pentadecanocate

Methyl l4-methylpentadecanocate

Trimethylsilyl (Z)-9-tetradecencate
1-Bromoheptaclecane

n-Heptadecane

Trimethylsilyl ll-methyltridecancate

Undecanedioic acid bis(trimethysilyl)

ester

Phenylpropionic acid trimethylsilyl ester

Bis(pentafluorophenyl)phenylphosphine
1,4-Bis(o-formylphenyl)butadiyne

— 148 —

338

428

338

282

298

284

372

332

332

332

268

268

268

384

384

384

270
270

270

298
318
240
300
360

2272
442
258

Cy7H140,N4S

C17H1603Br;
C17H16C1,03

Cy7H00,51
Cy7H200551
1782403817

C17H2405815
C17824035%7

Cy17H320,
Cy7H320;
C17H3202
C1783204513

C17H3204513
Cy7H320,4515

Cy7H340;
Cy7H340,
Cy7M3407
Cq7H540,51
C17H35Br
Cy73¢
Cy7H360,51
Cy7H360451;

C, 0,81
CigHsFygP

Cigl100,



Triphenylene

Naphthacene

Benz{alanthracene

Chrysene

Dimedone

1,1'2',1""'-Terphenyl
1,1'3",1""'-Terphenyl
1,1'4',1"'""~Terphenyl

Triphenylphosphine

Triphenylphosphine oxide

Triphenyl phosphite

Triphenyl phosphate

Anthracene-9-carboxylic acid
trimethylsilyl ester
3-Ethyl-3-methyl-glutaric acid, dimethyl
ester

o-Tolylbenzoic acid krimethylsilyl ester

n-Butyl phthalyl n-butylglycolate
1,2-Benzenedicarboxylic acid, dipentyl
ester

Tris(trimethylsilyl) 1,2,3-
benzenetricarboxylate

Tris{trimethylsilyl) 1,3,5-
benzenetricarboxylate

psbeta-Bis(trimethylsilyl)oxy-
cinnamic acid trimethylsilyl ester
3,4~Bis(trimethylsilyl)oxy-
cinnamic acid trimethylsilyl ester

dl-alpha,4-Bis(trimethylsilyl)oxy-3-

methoxymandelic acid trimethylsilyl ester

heptadecanoate

Methyl 15-methylhexadecanoate
1-Decene-1,10~dicarboxylic acid
bis(trimethylsilyl) ester
1-Bromooctadecane
l-Bromooctadecane

1-Chlorooctadecane

— 149 —

228
228
228
228
260
230
230
230
262
278
310
326
294

202

312

336

306

426

426

396

396

414

284

284

372

332

332
288

Cighyip
Cigti2
Ciglio
ML
CygH120;
Cygllyy
CigHis
CigHig
CigHysP
Cqgp50P
CygHi505F
CigH1504P
€, gl 0,54

Ciall1g0,
Cygliy0453
Ci8fa490¢
C18H269%
Ci8H3006513
CiglaglgSis
C1gH3204513
CigH350,513
C18H3405513
C18H360;
Cigtl3602
Ci1gH360451

C1gl378r
CyglasClL




B

#*

kg

*#

1-Todooctadecane

n-Octadecane

1-0Octadecanol

Trimethylsilyl l2-methyltetradecanoate

Trimethylsilyl pentadecanocate

Dodecanedicic acid bis(trimethylsilyl)
ester

Tris(2-butoxyethyl) phosphate

Trimethylsilyl 2-(trimethylsilyl}oxy-
dodecanocate

Amitraz

Allethrin
2«(Trimethylsilyl)oxy-3-phenylbenzoic acid
trimethylsilyl ester
2-(p-tert-Butylphenoxy)cyclohexyl
2-propynyl sulfite

Methyl
Methyl

Methyl
Methyl

Methyl

(2,2,2)Y-9,12,15-0octadecatriencate

(Z,Z2)-9,12-octadecadienocate

(E,E}-9,12-0ctadecadienoate

(Z)~9-octadecenoate

(E)-9-octadecenocate

Nonadecanoic acid

Methyl stearate

Methyl l6-methylheptadecancate

Trimethylsilyl (E)-9-hexadecenoate

Trimethylsilyl Y9-hexadecencate

Palmitelaidic acid trimethylsilyl ester

n-Nonadecane

Trimethylsilyl hexadecanoate

Trimethylsilyl léd-methylpent

Tridecanedioic acid bis(trimethylsilyl)
ester

3alph,4alph,5beta-Tri(trimethylsilyl)oxy-
i-cyclehexane-l-carboxylic acid
trimethylsilyl ester

Benzo[a]pyrene

Benzo[e]pyrene
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380
254
270
314
314
374

398
360

298
312
358

350

292
294
294
296
296
298
298
298
326
326
326
268
328
328
388

462

252
252

CigHs7I
Crgfsg
CigH3g0

€, gHag0,51
CygHag0,51
C18li3g0451,

CygllaglyP
C1gH400351,

CrgHa3N,
Cr9H2603
C1gHp60451,

C1gHp043

C1gll320,
CygH340,
CygH540,
C19M3407
CigH360
C19H350,
C1gM3807
C19H380,
Croliyg0y51
CygH 30,51
CqgHyg0,51
CyoHs40
CqgH, 0,51
C1gHy00751
C1gH4p0481,

C19Hyp05514

CaoHy2
Ca0H1p




i

*#

Benzo[e]acephenanthrylene
Perylene
1,2-Benzenedicarboxylic acid, diphenyl

ester

},2-Benzenedicarboxylic acid, dicyclohexyl

ester
2,2'-Biphenyldicarboxylic acid
bis{(trimethylsilyl) ester
n-Tetradecanophenone
Eicosancic acid
Methyl nconadecanoate
Methyl 17-methyloctadecanocate
Trimethylsilyl heptadecanocate
dl-alpha,3,4-Tri(trimethylsilyl)oxy-
phenylacetic acid trimethylsilyl ester
1-Bromoeicosane
1-Chloroeicosane
n-Eicosane
1-Eicosancel
Methyl 18-methylnonadecanocate
Trimethylsilyl l4-methylhexadecancate
Trimethylsilyl heptadecanoate

Tetradecanedicic acid bis{trimethylsilyl)

ester

Trimethylsilyl 2-(trimethylsilyl)oxy-
tetradecanoate

Tricresyl phosphate

Methyl 5,8,11,l4-eicosatetraenocate

Trimethylsilyl all-(Z)-9,12,15-
octadecatrienoate

Methyl cis-5-Ficosenocate

Trimethylsilyl (E,E)-9,12-octadecadiencate
Trimethylsilyl (Z,Z2)-9,12-octadecadiencate

Methyl eicosanocate
Trimethylsilyl (Z)-9-octadecenoate
Trimethylsilyl (E)~9-octadecencate

Trimethylsilyl trans-ll-octadecenocate

— 151 —

252
252
318

318

386

288
312
312
312
342
472

360
316
282
298
326
342
342
402

388

368
318
350

322
352
352
326
354
354
354

CogHy2
CogHy2
CopH1404

CogH140,4
CogHog0y51,

CaoH320
Caplan02
Ca0H4002
Co0H4002
€0ty 00,51
CooH400s51,

CaoM41Br
C20H41CL
Ca0Ha2
CogHs20
Ca1H4207
€20M420251
CaoH420,51
C20M4204517

CooHys0351,

Cy1Hpy04F

Co1H3407

C21H4002

€, Hyp0,51
€yqH,00,51
C21H4202

Cy Hyp0,51
CyqHyp0,81
Cyq Hyp0,84




*4

1,2,3,4-Cyclopentanetetracarboxylic acid
tetral{trimethylsilyl) ester
n-Heneicosane

Trimethylsilyl 153-methylheptadecanocate
Trimethylsilyl octadecanoate
15-Methylheptadecanoic acid
trimethylsilyl ester

Pentadecanedioic acid bis(trimethylsilyl)
ester
l,4-Bis(o-prop-l-en-3-onyl)butadiyne
[d,J]Dibenzothiacyclopentadeca-
2,12,14-trien-6,8-diyne
[d,J]Dibenzo-6,8~didehydro-
[15]-thiaannulene

Diheptyl phthalate

Tetra(trimethylsilyl) 1,2,4,5-
benzenetetracarboxylate

Methyl heneicosananoate

Methyl 19-methyleicosancate
1-Bromodocosane

Docosane

1-Docosanol

Trimethylsilyl nonadecancate

Trimethylsilyl l6-methyloctadecanoate

Hexadecanedioic acid bis(trimethylsilyl)
ester

Trimethylsilyl 2-(trimethylsilyloxy)
hexadecanoate

Methyl all-(Z)-4,7,10,13,16,19-
docosahexaenocate

Abietic acid trimethylsilyl ester

TrimethylIsilyl (all-cis})-5,8,11,14-
eicosatetraenoate

Methyl 13-docosenoate

Behenic acid, methyl ester

Trimethylsilyl (Z)-5-eicosenoate

Tricosane

— 152 —

534
296
356
356
356

416

310
310

310

362
542

340

340
388
310
326
370
370
430

416

342

374
376

352
354
382
324

Co1Hy 20851,

Ca1Has

Coitgs0g81
€y Hy404951
C21H440751

Co1H440451;

CooHy140,
YL

CopHy4S

Py LEAA
CooHqglgSiy

YLV

S YLIVAY)
CogllysBrT
Coztise
Ca2Hse0
ool g0aSi
Cpqlye0pSi
Co2H4045832

CyoHygUsSiy
Co3H3407

CyqHsg0,51
C23H400251

C23H440;
C23H4692
Ca3H460251
C23fus




Trimethylsilyl eicosanoate

Trimethylsilyl 18-methylnonadecanoate

Heptadecanedioic acid bis(trimethylsilyl)
ester ‘

Tetraphenylstannane

Bis(2-ethylhexyl) phthalate
1,2-Benzenedicarboxylic acid, dioctyl
ester

Methyl tricesanoate

n-Tetracosane

l-Tetracosanol

Trimethylsilyl heneicosanoate
Trimethylsilyl 19-methyleicosanocate

Octadecanedioic acid bis(trimethylsilyl)
ester

Triecctyl phosphate

Trimethylsilyl 2-(trimethylsilyl)oxy
octadecanoate

Methyl l5-tetracosenocate

Trimethylsilyl 13-docosenoate
n-Pentacosane

Trimethylsilyl docosanoate
1,2-Benzenedicarboxylic acid, dinonyl
ester

4,4-Bis{p-(trimethylsilyl)oxy-phenyl}~-
n-valeric acid trimethylsilyl ester

n-Hexacosane

Trimethylsilyl tricesanoate

Trimethylsilyl 2-(trimethylsilyl)oxy-

eicosanoate
Cholesterol {normal)
Cholesterol (abnormal}

Nervonic acid trimethylsilyl ester
Trimethylsilyl (Z)-15-tetracosencate
n-Heptacosane

n-Octacoesane

2-(Trimethylsilyl)oxy-docosancic acid

— 153 —

384
384
444

428
390
390

368
338
354
398
398
458

434
444

378
410
352
412
418

502

366
426
472

386
386
438
438
380
394
500

C23H,g0281
Co3Myg0431,

CyglypSn
Co4H3804
Cyst3p04

Costygly
Cosllsg
Co4Hs500
Co4H500281
CogHs590,51
©2485004517

24851047
CogHs5203515

Cy5H4802
Ca5H500251
Castsy
CysHs520,51
Coety29

CogHynUySis

Coglsy
CopHsg0351iy

©278460
Ca7H460
CpqHs, 0,51
Cp7Hg40251
Ca7Hs4
Cogllsg
CagHgpSiz




trimethylsilyl ester
n-Nonacosane
n-Triacontane

n-Hentriacontane

Diketone of [18]annulenoc|[20}annulene

precursor

—154—

408
4322
436
664

Ca9Mgp
C3otte2
C31Hp4
Chgllsg0n
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Part 5. An observation on the distribution of Chironominae along the main stream in
June with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aguatic environment — with special references to Lake Kasumigaura —
Progress report in 1976. (1977)

No. 2* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1977. (19783

[ Starting with Report No. 3, the new title for NIES Reports was changed to: ]
Research Report from the National Institute for Environmental Studies

# No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). (1978)
No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen eoxides system
— Progress report in 1977. (1978)
No. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and
on their effects on Cultured Cells — Research report in 1976-1977. (1978)
No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1977-1978. (1979)
# No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979
# No. 8* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (1979)
No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system
- Progress report in 1978. (1979)
No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1978. (1979)
# No.1l Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. {19803
No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (1980)
No.13 Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of
pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
No.14* Studies on the effects of organic wastes on the soil ecosystemm — Progress report in 1978
-1979. {19807
# No.I5* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (19800
No.16* Remote measurement of air pollution by a mobile laser radar. (19803
3% No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological char-
acteristics and atmospheric diffusion phenomena in the coastal region — Progress report
in 1978-1979. (1980)
No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material,
(1980)
% No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of
Kasumigaura (Nishiura} — 1978-1979. (1981)
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No.20*

Neo.21*
No.22*
No.23*
No.24*
No.25*
No.26*
No.27*
No.28*

No.2%

Nao.30*
No.31*

No.32+*
No.33*

No.34*

No.35*
No.36*

No.37*
No.38
No.39*

No40*

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological

and hydrometeorological characteristics of Kasumigaura watershed as related to the

lake environment — 1978-1979, (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Variation of pol-

lutant load by influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of eco-

system and standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of

trophic state indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis

of eutrophication effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth character-

istics of Blue—Green Algae, Mycrocysizs — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of

argal growth potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of re-

searches — 1978-1979. (1981) )

Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980.

(1981

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species on the subfamily Orthocladiinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress report in 1979

-1980. (1982) '

Studies on the biological effects of single and combined exposure of air pollutants —

Research report in 1980. (19813

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-

tem — Progress report in 1979 — Research on the photochemical secondary pollutants

formation mechanism in the environmental atmosphere. (Part 1). (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region

— Simulation of atmospheric motions and diffusion processes — Progress report in 1980.

{1982)

The development and evaluation of remote measurement methods for environmentatl

pollution — Research report in 1980. {1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980

-1981. (1982) '

Study on supporting technology for systems analysis of environmental policy — The

evaluation laboratory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material.

(1982)

The development and evaluation of remote measurement methods for environmental

pollution — Research report in 1981. (1983)

Studies on the biological effects of single and combined exposure of air pollutants —
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- Research report in.1981. (1983) S i i
¥ "No.41* Statistical studies on methods of measurement and evaluation.of chemical COdlthl’l of soil
— with special reference to heavy metals'™—. (1983)
# .No.42* Experimental studies on the physmal properties of mud and the characteristics of mud
transportation. (1983 . . = : : Lo !
No:43 Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae’along 'the main stream in

i

 June; with description. of 15 new:species. ; .
Part 6. Description of species of the subfamily Orthocladunae recovered from the main
stream in the June survey, B :
Part 7. Additional species collected in winter from the main stream. -
“No44* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1979 — Research on. the-photochemical secondary pollutants
- formation mechanism in the environmental atomosphere (Part 2). (1983)
No.45* Studies on the effect of organic“wastes-on' the soil ecosystem — Outlines of special
. research project —.1978-1980. (1983) " :
No.46* Studies on the effect of orgamc wastes on the soil ecosystem:— Research report in 1979
PN ~1980; Part 1. (1983) e " ; '
No.47* Studies on the effect of organic wastes on the soil ecosystem Research report in 1979
-1980, Part 2, (1983} RERTE AR E T L ! Sy ]
¥ No.48* Study .on optimal allocation of water quality monitoring points: (1983)
No.49* The development and evaluation-of ' remote measurement'method for environmental
pollution — Research report in 1982:+ (19841 o
# No.50* Comprehensivestudies on the eutrophication control of freshwaters — Estimatmn of input
loading in Lake Kasumigaura — 1980-1982. (1984) Tote o
No.51* Comprehensive studies on the éutrophication control of freshwaters = Thefunction-of the
ecosystem and 51gmflcance of sediment in nutrient cycle in-Lake Kasum:gaura — 1980
-1482.-(1984). - Co T T PN L I T
~:No52* Comprehensive studies -on the eutrophication! control of ‘freshwaters — Enclosure ex-
periments for restoratlon of hlghly eutrophlc shallow Lake- Kasumlgaura - 1980 1982.
(19840, e T < T R L T
© No:b3* Comprehensive studies on the edtrophication control-of fréshwaters —.Seasonal changes
of the biomass of fishes and crustacia in Lake Kasumigaura — 1980-1982.°(1984)
No.54* Comprehénsive ‘studies: on. the eutrophication ccontrol -of freshwaters —Modeling’ the
eutrophication of Lake Kasumigaura — 1980-1982. (1984} - ' v
No.55* Comprehensive: studies. on. the' eutrophication’ ¢ontrol of- freshwaters.-— Meastires ‘for
# " .. - eutrophication control — 1980-1982. {1984) - S T g
No.56* Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in
. Lake Yunoko — 1980-1982: (1984) . -~ C e
No.57* Comprehensive studies on the' eutrophication control of freshwaters + Summary of
researches — 1980-1982. (1984)° ) ’
No.58* Studies on the method for long term environmental monitoring — Outlmes of special
© .o+ . research-prdject in-1980-1982. (1984) - A T o
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No.74*

No.75

No.76
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No.78*
No.79

No.80*

Studies on photochemical reactions of hydrocarbon-nitrogen .oxides-sulfer "oxides sys-
tem — Photochemical ozene formation studied by the evacuable smog .chamber —
Atmosphpheric photooxidation mechanisms of selected organic compounds — Research
report in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system

tii. = Formation -mechanisms of photochemical aerozol — Research repoert in 1980-1982.

Studies on photochemical reactions of hydrocarbon:nitrogen oxides-sulfer oxides system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere. — Research report in 1980-1982. (1984) . -

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment - Progress report in 1981.
(1984)

Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984}
Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the
environment, using epidemiological and analytical techniques — Project research report
in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to seil —
Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report.
(1984)

Studies on chironomid midges in lakes of the Nikko Naticonal Park — Part 1. Ecological
studies on chronomids in lakes of the Nikko National Park. — Part IT. Taxonomical and
morphological studies on the chironomid species collected from lakes in the Nikko
National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegatation by remote
sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-oxides sulfer oxides-system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere — Research report in 1980-1982. (1983)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides-system
— Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and suburban
environmental quality. Environmental indices-basic notion formation — Research report
in 1984. (19843

Limnelogical and environmental studies of elements in the sediment of Lake Biwa. (1985)
Study on the behavior of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution. {1985)

Study on citizens role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring — Research report 1980
-1982. (1985)

Modeling of red tide blooms in the coastal sea — Research report 1982-1983. (1985)
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No.81* A study on effects of implementing environmental impact assessment procedure — With
particular reference to implementation by local governments. (1985)

No.B2* Studies on the role of vegetation as a sink of air pollutants — Research report in 1982
-1983. (1985) :

No.83 Studies on chironomid midges of some lakes in Japan. (1985)

No.84* A comprehensive study on the development of assessment techniques for health effects
due to environmental heavy metal exposure — Final report in 1982-1984. (1985}

No.85 Studies on the rate constants of free radical reactions and related spectroscopic and
thermochemical parameters. (1985)

No.86 A Novel Retrieval System for Identifications of Unknown Mass Spectra

.

in Japanese
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