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f MSD =AM et TR, DI RBEtE FrR FEER I, M T LK




4

REMNHSHEREHESE—., ROHBATIERSEMEMRBEHET
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%&ﬁj{ﬁtﬁﬁﬁﬁﬂ%&ﬁﬁaﬁﬁﬁﬁﬁﬂ# (buik Property detec-
tor) MRS MAE (solute property detector) B KK, H&H &M
BESHFARMEN. SRDETEJERYBERH L, MR L-1FR
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 EXAREFENE ) HEEEEREIER., M LR
BGEREE () WRBRRRK (1-16):
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t
v
BR, HE8E. RYEEREME, ERARERE/N, Fi
RERMNESTHENEERATESGE TR, BEiEET
HEEERENT 1%, BXEREGEAXTHEBRER (0. B
W.>>107 (1-17)
B 1-4 FR g T A EEBAAE /RN, HEREESHT
R ENTEHE. F14H5ZARSMHILPELEG.

(1-16)

r—

J00F 100

OF

EHRELEH/ %

g 88 T b/ %

1 1 L / — —d

T Zr 5T 10r =Wy

M 1-4 W,.hrTRRERN, Gl TRAOSEEERMIS
B 14 THTE W R EEMENDEENER

WL
e M 3F « {H/ms

B w0 6 T2 ewER/y | WRTR/Y

Sk ) 14 Q &

125 2.5 10 10

0.3 0. 6 53 44

120 1. 25 1G4 0 )

3 2.5 10 10

30 0.3 14 0 t

rEMEERS RN EHENBEE X% 1-5 Aol
SP-3400 StHE S R GRBR R EROBEN T EE.
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® 15 RMBNTOEED

i E{H/ms riB{E/ms

i y &5
x| ma | OMR | BRI ow
FID #1 NPD | 10-'2A 270 50 FFD 10-1°4 1060 50

10-1A 72 50 107%A 101 3
1071 A 7.2 5 10734 10 0.5
10-"A 0.7 5 ECD 1 200 L1
107FA 0. 07 O. 05 10 zi 5

HEHRENEGRE B ZILHP, BEEX, HEREMY
HEHFEREHOANETRZILE. MARBUSRN cEHHEZUZE
Pite, U EREAREZREATOEGENHTER. BIEFTER
BiE Hig |EEPAT,

A, EARmERT. KENKEER

MM R T, ZAHMERECEREERETHSEENS K.

1. FAX M HF (RRF)

@S ENMBRFRESTE, KESHENSHWE, 5K
ANERIRRIE. RIS REERRTHSOERMERE EEBEE
RE). ER—-KNFL, Fl—PWHERESEL, RRNELL: KE
M, BHTARE, HomkEaAE.

AR S G ES TR ASE SRR E EEREES) Ik
FRE., Ak, LAXBEASEASRKGHNE ERWRBFE. HE
R F (Relative Response Factors, RRF) s FRIEX MR {E () HE
WS ER. EREE-AHSHRBRZHLYE, BHER
BiEZ k., WAL (1-18) ]RR:

RRF——-—% (1-18)
X A A,— R RA S MS L R A
Qi» Q— S RHALMEBELHAAR,
HTRRAFE SRR ARG HEER, WRRF BHA
M ERERETF (RWRH ) MEMEBIBMEET (RMR) Zh.
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M4 RRF B, REMMBERL, BXEERER, LHM RRF
i, BHERESEY. ZETMAXKRPED, RoTHN, EES
F S EARITIE .

2. 2

ARIEMEMFNENE (R) SHARNNNESEE. RER
HEBEHE (@ ZBMXH, ddATEXES:

Ri=0CqQ" (1-19)

K C—FE.

n=1 R, KW 3 5K w N
nA 18, RIELKEME,
 AMWmMESXE, FTTAUTHE
FhEE R R RIL.

(1) IR L, fENRE
SA5_RNXAB, APk
FHH 120 0587, HEREWE (4); #

EAFHANPF 14+0.05 (B, C) 8F, 15 1eQ
o3k €& 4w S .'15@3-5, B 15 s saiE L
(2) T B IRA L, fFEA By A 5 2

Sy EEY IR B (PPRR /R R {E ) sUFRKE

WEE AR R 8  (Response Index of detector) 589 EZ M X F
R, ReEmpa. HaasENREEREEY, RE 1-6. KRE
EEEFTFRERNEY.

AFEHEREMEREL FRRALERHE. R XEEERRE
WEe. RmMESH>BRELNE, MB_RKFIFHXFR., B -
19) PFZ a=2, )

3. ZtEE

HEARNSNEASBRESHANERFREXR, SRRBERE
EeREEsXE, REEEE. HTRAYZERSHRMR, SW
NERERERTIIY (EHRXRIL20%) i, AR ER. Hik,




18

+5% W : ]

e e S g s | e

-] | 7 !

S : i

= ' |
- | -

2 ? B |

| |

I 1

| e st B |

— | ] 1 .L| 1 J
10_12 10-” 10-"] lﬂ—‘} lﬂ-ﬁ 10"5

&' s
B 1-6 AL EBPRREwm NS ERE

ERHENE (LR) IR R AFRERAN, HRXAS B Q...
BNASR Q.0 ZHEITE, B (1-20).

QI'I'IB!
LR=5" (1-20)

MFID B PSR RERE R 10 %g/s, HgNERBERMELT
SUBEZHBHRE N 107 °g/s, BAHEWRE R 107, HE 1-6 Fix.

AEMEuEEME T ERER, BT EEMN, ERFEIEP. R
o O 1 28 S X tEm s (FPD BB RIAN), I SIRERN IR BIKE
LEIMEER, ELHEEBRATE.

HEE, EMBHHIEERAESEHEELEA MBS, HESNER
TR ARMBENATEEM SRR, FEHPMNEETELE. 1§
BEERE. HELE R TETRERE. 0 FID K4 E 4 10°~107,
AEBE R 10 ~1C EHERARERSHSTERFITEAEER, L
RIEWEA .

#£1-6 AEASHE G EARHEY .



F#l-6 ERAMNHEALWLNBAVERYBRE .
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#iEM
RME | A MR B | AR [ PR
- E- e
TCD @At 4X 10" g /mL — 108 400 1
(R |
FID | i Bt 2X10-1%g/s — =107 420 1
(HELY:
NFD B4 N:=l1x 10" 13g/s N/P:13 5 108 420 2
P.=5x 107 Yg/s N/C:5X 1011 |
PfC:lﬂsil
ECD |##1H MERE BT |— 104 420 2
510~ "g .
FPD |k Sl X107 Ng/s S/C103~106: 1|8, =107 420 2
P.<1x10"1%g/s P/C:>10%:1 |P.=10¢
AED |ifi Rl{% 0- 1~ 20pg/s (10t~10%) + 1 103~ 108 450 1
(T (HRETFIR)
PID iR (210 g/s S5XBRILEGH| 107 350 2
KB Hy e I R A
ELCD |i%##E  [CLsx10—1%/s Cl/C:>>108¢ 1 |Cl10° 400 i 2
N:(2~4) %107 Rgfe IN/Cy>108 ¢ 1 N 1od
S22~ 10" Re /s |S/C:H %104+ 1 |5, 104
NG/N:>»>102 11
TEA |#%#E#E  |100pg N-NQ/C ;o0 10t e 3
N-NO/NO . B
(1~4) 11 {5 iR
FTIR |EA¥% |4pg—~40ng a] ZF 104 230~3?51 4
1% 2
MSD |8 ¥ aJ 4F 10% 350 | 1% 58
ik HE El:10--)00pg # .4
NCI. 7] (& 2 25{g E;Hﬁ
25

D HEMERERAPHERMEANBROBRRGIIERRF,

FHET  WMEFBCKSE

MERBEFENEFESERE - KABRARMNER, —REXR
BFTHE: —RERBEK, _RERVPICRHNBAERGLE.
HaRESTHT IR,
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—. BMAROEN
BRMETEMRESHEERBEBN. WFID EEEPRAER
WRMEI MR ERE 10°Q UL, HAESBmERMN 107" ~10"7
A, REBOHAHEER<1kO; IELBNS A RHEEE, Gy
10°0, EMSRNMBREAL, HIEER., FUBREFEEHEE, &
VLAt. A5, W PHEEREREARKBERNICRRES. mENF
EShEE N, REUHESICRETHE. Bk, HRBOERER N
—BHARNBABRMER, F5ENFRE, BHLHERER. &
Hid @B BEL B REGEBEETRER;:; ZERCHHEB AR
W AEMEALRT, BEAMBERESCKERELAKL, BIEMN
SRR A, BEFRRK,
R BB A RIS H (Kv) B EKRABR (K) IR
(1-21) AR (1-22);
Ky=U /U= (1-21)
Ky L/ L= WU u/R D Ui/ Ra) = U /U (Ria/Row)  (1-22)
R Uy U= 535 R A28 804 ) AR AL PR
Lo Lo 573 Sy AU RR B0 45 th FUSH A B L5
Rows Rio— 47 SN R 82 B4R 1 A0 861 A B BHL.
# -2 fRAR 1-22) BR (1-23). -
Ki=Ri./Ron (1-23)
BRI A S MR TR RSB A MBS EHE . EHEA
BB % 107~ 100 %tk s B /DT 10°Q; AT DABC K 28 % |3 3 B B KB
¥k 10" ~10" f&.
=, BAENOMEMERERES
PHAENS HEBESHABBIELEEERNSUMBERMK
2%, BWEEAEK. B AT RREEEHOCHRH R HE R
2%, EBRNEFR ST A, i SP-3700, SP-2308, SP-09A %, EX
FLRR -HLAERESG. BASS AL, L BEERER
FEROBRAXSE. THESE: F—SNTIRed, BXAMER
A, BAHRRRMBLHARMK, SERAHER. BETE. A#
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M, BRB. BELZHA.

Bay, &3 ZhARERRANEF NENZRECE. BHIE
f SRR MR RS RE R, —RRAEE ANA AR4LF
B 310) RUAAENRKE ., AR RIER Lo s 4 8 R B 4H R Y
- ETRE, EhiEHBEMD GA). HiEESHESG, BHBK
% AC, B3 DM MERME KSR Gl EMAEmR. EFESE B
- G+ aRE, R TR, BRSIEE. RN RMAMADSIS
. EEFRREEEA/N, ORERE. 8T8 A TFSHEAE FID,
NPD. ECD. FPD %35 S iim K.

AR AR AR KRR ERRAFAT. R 4548 5
BHLFERELEHRE, MHERFEFID BRI X107 A, DET YRR
AArBoAE M ; T ECD & S A Bk H FID 9K 100 45, S K38 dale
BECIXI0PACRES,. BEREXIXIOC"ARTEXT ., [, FPD
AR E ok, B CBRARE<I 10 A BIF]. G4 &0
AN ERBEZFID &5 .NPD k2 ,ECD ¥k, .FPD £(X.
FRE 117,

T 1-7 % TLAR R A0 A 2B O AR N AR

1L TR FID NPD ECD FPD
AEE/A = O T £Ex 107 M <1x107 8 =X 10
MRS A 1 x107H 5% 10— il [/t s1x1p-10
M (30pun) SA 2w 107 [ 1K | <210 | << 2Zx107M
BERAEEE A 10 1078 | 107010712 | 107 E~10-¢ | 107 ~10 "
BAREQ 17~ 108" 107 ~ 1410 10%~ 100 10~ 1 F
WAGER KE REHE S 3. a] L XERK
RIERE 107 108 105 109
053 )i B 18] A B wR — K
WS B R B FibpmEE] @FKmAH e Ex| AXRfEWE
WA | EERMNER] (AR BERSRAER
BET S Am|RURAT ERIERLE HEXECRE
E 7 B K]

=. BAFHRE
ERSFHARMMBERABRTRLBANFTE RS, ETHKS
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MEABHEARFAFESFCHEEATARTRHOEE. BS5RESR
XNBWARBHEMRE I G, ERALEEEN. B 1-7 BiEH XK
RAHRKFEA, BERA»EHE.

WA EIH Wi

== -]

128

i 64
32

Ru i: R )
f 4 I0EBR(0— + ImV)

Rug Higabm (0~ +1Vv)

Mi-7 MASmA. NERESETEE

1. ¥ AR PHER &

PRMERE.R~R HBABBHE. FID@EXR10'~1070, »
Rl £ 10 f5A 8 ik, 32 FERY TH 808 B v I R AR 0 15 BB F (RRF) fH
AE—-S Y. FAKREER RRF EA, THEEHEER: RZHiR
FEMERER, DERARNBAESEY, BAFENRUES.

BENEEE. ARMNUSRAAKMRBEERAHEE, HER,
FHds, SHA L. 10, 10%, 10°8K 1, 2. 3. 4 B RBEZRE, &
HEMh, ARERE. BOENSBHAE. PHEFRA. REEMK.
Wi A B “0” o, P R=0CHAEK. AEESHBARKE.

2. B

ERILFHN, RAFHBEESHEZE-BHTERE. AZ
—ENE ., DEERBIOEEREDP. RN,

RS RPEMARARA.E 17 VBB WKEZRE
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B ‘1" B, E8£ R, (1.8kQ1). Ry (0.2kQ) HER. MR LY
BLESECRBCH. R~RMEEDHHR: 2K, 4K, 8K, 16K,
3ZK. 64K, 128K, Y F 2. 4. 8. 16, 32, 64 1 128 P M
(A), ERERMHEESERMMMEH. TRER (120 HETH BN

P
A= (1-24)

R R— FWH B ESRTHREE, O
Ro— R EHS S i (F1-7 3% 2K, Q.
WE 17 P EREEE “4” B, BBESEL R R Re. R

EWAE K -

_4K+2K+1.8K+0.2K _
2K B

HEXR . BEESH2/4KBER L, 1/4BER, L, TR
EEER 1/4 TiCRB LER. BT, FMSERAL. 2.4, 8, -
128 TR HRIA 1. 1/2. 1/4, 1/8, ++1/128 A, MMBRREDT,
ERBE NN RBESHEE, DXFESHEL.

B CRSEL RIS AREREN 0~1V, L BOCHE
BHAEETIERE, ANEEHESSIHSHMERT. RE1-7.
X, EEEX/NRYTHEAELENESR, TSRASHER
Xk,

4 (1-25)

A

HBAY ERBFMAFELERS

EFEBNHFICRIN, EXEASDTRERTFRUEITFICRES. ©
BULCFTHEERABRBEESHER. BMHIALRFCR. 2
HAREBAERBTLHFAEMIN, ABEN. TRER. KB
BSctEie, Wb sy, MR, EeEES, WA, SREBEERERSE
SoEis, BREREMAIGREINES, HRAH - EHBEDN
g, BET/EEEk. B, CRBMRERCREHEBINTRIR.

BENELHESEEERFESY. AEIRLENNGIET
Yedh, BMBHREBEEARE, THHRERSHE, RETHT
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B, ERITE, THRAHER, BEGHGNSEN. TRLE
ZERHEERETHIFRL AR 1-8.

213 CRENSHAHNELERENHEIEEITANMILR

wman | wwm PN e | oes oy g_;lmﬁm
EPE + -1 -1T-1-1-1-1"
BB Y - + - - | - - - -
wgems | o+ | o+ | o+ | o+ [+ 1o | + ] -
T + + + + |+ + - +

BT AN " R, “x7 HRAEIE, FOEENR.

B AR A AR BERITHOBIEL T TERER.
WEEY. GCRART, BH. BB/, GBEMEEX 24, H
WEMMBEEE FFETEIAETFINGR, URERRS. BE
RpABAEE, 2538, SURXBEREBRAZ, MALAER
HTHRERERAMFETHRMEE. EHit, FHARTBIRLERE
WIERE, SR - HXRBUNDBEEANTHR, FHRRYHXT
FRERFEGENSE, GRRBHNER. FHVUNCHRHN. BE
AL RPN T e fE— 8k, HIGAFTERFAH (G EFHRL ) 77
MAESFA=REAE.

— Eiiﬁta'ﬂ

1. TER#E

M 1-8 AR EMNERTAFEACHTHERBIAERRER. £
AR (A) BRBERNES Vo 58%aE V) kB, RdE
EE (Vx—Vo) BRAXBENETIEH M) L. iDRBLMELER
MREE &, FEM WEITMEEBHG. 0 Vi—V) >0, M,
Fie, @V, 80 X V,=Viit, B Vi—V,=0, RHREEMEHE
F. M, Ry (Vi—V,) <6, M, R, V.BIMNEET Ve, M\ E
L, BT, V, REBEE Ve LS Vo BEARE Vi L. F
e (M) B EREU—F EEBE N X FM, Vy KIELE T
FZELBY FE, REBHEEQ-HE () BEHEER.

2. B3R .
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C G=——W
@:‘:{ﬁz

-
A 1-8 B IfEREREHE

RTEV, BERE, MEMEE VB, 888 5E0{E R
MEEHEAE, CRIEEFOTEX.

(1) AR iC#2R008 AHT N S8 M A% 8 4 B 568 I
. AERTHLELLARENEES, MXWC EZ3, XWT £5]#M
LMi4-Y () RPHDZ S0 A<k, SHEMBMHEHRR<
1k HHIC D,

(2) B8 ERSFEBRELSE. FRICASEREEREN, FE
REBRBWHEREY. EREMNMER, EAFREENCES. W
5 TCD A, Wik lmV; FID Al # 5mV & 10mV,

(3) ICRIRBAFAREE CFRBMNICRRE, XFEREF R
%, NPHTHEBEML0.5%, RAF@BEL1Y%, EFFARAHX, =X
HiCREX, NP THERN0.2%, BXFET 0.3%. &, iB%
REKXK, RBEMK.

(4) BEMEBL CRBEJHNBRBHE/DPTHERMO0.2%. &
BT E/ATHERN 1%, |

(5) & HEBEBRANZRBZFMHEFRIFNLEXR. &
W, S EREREREROERE.

(6) WRIEE XKWESITENE., WHRETHEI I, LA 1s R




a6

2.5s A B BMEES W, MEWRERE/NTF 0. 55 KD,
B, ICREEBRERET/LAGEE, HEREBXE.

(7) FEUE AHCERSFTAMEEREN—W. BAEHE
HAECEFENTRL, BEWMMmMAFRES, FEREHDFEHEWN
B, 2AZ0. S ERAEFRAULEME. TERYA, BEEF
Bz FTokzh, EBHREBEIE. MEFAFSENRR-ME —EEHMN
e, MXWC £7) 10mV BRI FEE, HEBIFIHTN (—1~0) ~
+9mV, XWT EF| M LMI&-Y (O BRFINBE PRI ELBREEHE
MNEEREN, TOHE,

(8) & HETEWS, RENNATL0.2%., ZFXAETL1%.

—. BiRBmAEN

E 4 SCERER P R iR B BRI (35) . BN SR G R b
PLE 4 4k FEAL

NN EMPREENLEEILRBFERMEGR . EEFTEE. E
EMmEEHMRE ABUINIELETENERRRAT TRITEN.
L, TEHARLETHE. OEAIEFFES, MARERES: QBN
SFREHIE. GHULTE, WAREYLEHEAIY: OEF#MMITERE
158

EISEEL I ERE /S (A/D) EBHRE, TRIiTRV. @&l
BER/ATOMHRARS, B1-9 b HEAREE.

o CPU [ROM
G0 - A/ ﬁ%{lf
vo| ¥ /O 1TEl
t l=a| 3 B
# |RAM
in
gZa
4

B 1-9 fis¥igaameEttssH




27

1. B/ (A/D) H§HE

EABNE LR ESETMNBE, BRERES, MiTENEH
HFEES, WHERUBRMNESREHTMUALE, %R REK
FRY. AADBRERTERBEA, BHRENERES. FELE%
B, BBt 2aiEg. HinswtafRiy. wE5HiTEN0.

2. T RITEH

EHPRLEET (CPU), RERKES (ROM), EEFiH
(RAM) LIES A/ (1/0) BOHBMAR.

(1) CPU  NERiRALHM . —REMA 844, #0Z80. 8080. 8085
%, HEH 16 Al WWEHEC-R7A H 80786, T X ER B H S
FHRAMN. SRR BN “METR”, cRWIESRBEREHE
BT, ERRETHEAREBITRENEBEZH. »

(2 ROM RBATHFHIFFEAER, WA/DBA. KELE, 2%
B, ERITE L. R A TR RITHSE, S EX LR, CPU
oA ROM iy, M QIEFaes. 2Bt ENEE.

(3) RAM HITHBAEHIDNRREEHAPEE, EMNEMR
BB ALK. BHREMKX. BERAE - ITHBENEIRASE
—AHAE .

(OLI/OBOERE RECPU 57M8EE&. WA/DRKRE. &M
ITEp/fEE S ZAA AN EREE. BT EEARMEEES.

3. B

EERITENMRARE . ITESWARSITER S MEHELL . 7
Wit EA. BERAS =X

(> 2¥E CRAKEESWSHE. H1ESHRSSHHEME.

(2) ThEEE CUHFLRSREHRTE - BREIBOEE. E
¥, |
(3) Mg Hu@esamnxtiE, wiD . HEEF%E,
B /AT ED 2% . )

ERITAENMMGBHES, LBINSTRE. PRIBEEREE 7
e, S AITEN/{EESF EEESRITEIW.
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FrLl, B ENMITERER. AdES A/D HERBANE
W GCRKPFES . HHEERRBFFEEREETRATENEMER. 2R
MY TIERBEFTHREEE. TRITENESITARABESH
BS, WGEHTHE, HEZAMEER. DIEEE. 2BSHRE.
BIALRMNEE/ATEISE PITH.

=, A ITIEY

BETAHRERETANN—#. EHFEARARSGTETEES
VR, STAETENMBSEITAR, REMENE, £8E
KPR REST, B ANIE, WAER,

BT A ERERE, RREBBTIENER, Af &
# AR E A T AR, |

BETHENRAEIERR. BEHER, BN EEELENE
H., HARATHERELA FZHARY, FRAZLIEANT=4.

(1) #ff LAEANREALRER. MHEREEMERLHEEHR
ARK, WEEHTXHS, RENFTACEFTREE.

THEs it ENERF (B8 &%E DOS 84 T LIE, iE&FE Win-
dows FT{E) I EMEIBEMNLMEN LABENKEE. WE R
EERILPGCHES, TESHAYESE, WigEEFTHLR, ¥ &9 i
K. g5 BB AEEREN; FTHET I E R EEAAA
17%; FIAYE . FEBE. BRELTIHE:, AHETH RIEKEm
Ep@Esathi b, THRARE. 28%.

(2) BAs HELENEXCRT 8Bxn, #TRETER, |ITH
HEIDREE, TEHYNAE CRT B, X EEI X B4 BEHLH T {E ¥
R, MESEFEHELBINKECRREERELEY, BEX
CRT B3 . M#RBS{L

(3) TR 4B ERELHEMA, LHEbhE. T
FEX R IBAES, RTRATHRASE. THRMBEREE. S/
EMRERENERZ. B CEERAE—EHBITHENA.

AW =128, BABT THELENHREERARE.

AN BGE—TH, RAMEESITICRYANAMIHAIERE
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35, AR 2~7 ERFREITIE. FTIR f MSD &7 (& # B A
Ay wBtfeirdE. ZBRAS 8BRS, ERBILERKBEH
ERTHEEEUFHERRIL, AHEBRR. F—8RF6, XL
MRERALA, WMRS s FmITie. BILE, HEBENENA
TR —MESEZENBEHSERE, HES 10 FiTe.

# % X W

1 R. L. Grob ed. Modern Praciice of Gas Chromatography. 2nd ed. New York: Wiley,
1985, Chapter 5
M. Dressler. Selective Gas Chromatographic Detectors. New York: Elecvier, 1986

3 D. G. Meminn and H. H. Hill. Detector for Capillary Chromatography. New York: John
Willey & Sons. 1942

4 R. P. W. Scott. Chromatographic detectors Design, Function and operation. New York,
Marcel Dekker, 1966

5 Do MEEFE. PREE. HAERME. tx. dFEL MR, 1978

6 PHE. SHLEARFEESER. LX. L¥ET M. 1979

7 HHEEILLRAREE. THERTRAFER . Lx. AFTLHEEHE, 1980

8§ MAMEE. SOEEaR. i A I B, 1983

9 PEM ., FHE. NHLENERKEA. RW. W& HEE, 1989

10 LR HINEET . SP-3400 AR B MEBAER . 1092, 5. 17

11 H—#%. FHRBRTFEA. T AFXBICELHMEH, 1995

12 KRR X4 - AHUEFR. 3. ¥R BRI, 1997

13 R. E. Clement et al. Anal. Chem. 1990, 62: 417R~419R

14 G. A. Eicemsan et al. Anal. Chem. 1992, 64: 174dR~176R; 1994, 66: 626K~ 630R;
1996, 68: 298R~302R; 1998, 70: 329R~332R

15 P. C. Weston. trends in Anal. Chem. 19%5, 14 (2): VIII

16 H. M. Menair. J. Chromatogr. Sci. 1973, 11 (9): 454 1978, 16 (12}, 578; 1983, 21
{123, 529

17 F. L. Bayer. ]J. Chromatogr. Sci. 1986, 24 (12): 5349

18 B. E. Wenzel. ). Chromatogr. Sci- 1990, 28 (3): 133

19 A.Van Eseral. J. HRC. 1989, 12; 303

20 J. Sevcik and J. E. Lips. Chromatogrphia. 1979, 12 {10); 683

21 R. K. Simon. Jr. J. Chromatogr. Sci. 1985, 23 (7): 313

22 D. G. Wesimoreland et al. Pure Appl. Chem. 1989, 61 {(6). 1147




F-E ASKRNBE

F— 5l B

SR EE (thermal conductivity detector, TCD) %iﬁlﬁﬁﬁiﬂiﬁ
FTHBSHAFRREAR MENAKERGNME, FHRRRZEN
ae (hot-wire detector, HWD) s #i$+. Efikit (katherometer B
catherometer), ERMAMBEKEEENE, RYUHRFRENI .

BEAite 20, 30 F{, K, ERFFBARETHATSX
TCD M k5 thER . ATHETI B MSEZF. SHEeES
BS. TCD el THRAS MRS, KRERE, B4
I Fom RE HRAEAE 60 EARMO R, BATCD RRERME, BEEX
FRREMEAREME. NZ. ENGEHREE, HERTR; s&ER.
WIRE, 2ARA: LREERERHE. T5SHAKRUZKAE. &
MREFAER. EOETENER, R TCDAERE. BR. miFH.
thor bt fl, A RS, BEEWNEE. REENSEEES T E,
HET AEEEMES. BMEBRNEILHA, AS5HESE. B
SE@EEEEEMRE: FUETHEXEST . @A BEF ce/e RER
B, E20 5D, GRSHAEEHEN ™%, —HE TCD # FID
TSk, A, TCD A RWMEREMAESTN., ESHEMHART
ORI LK N

B 4R TR HR A0 0 AV T3

—. IT{ERFE
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H, (3 He) i8S, Hib SR APYHNRSFABHRLENNEE, &K
B, KMEBITHLEY. BANEAAHSAHRN, 2% 3
TCD, R#ERAHEWENKENEALAHF HID, PID, MSD, AED %, {#
ENHHEEE TCD JLE, EELHE, EEREDBAXREET TCD
B 4 A 3

2. Wy RE A T8 R E

ST . REIEE 88 TCD X m N E A F R -3n), 8
TEE RN TCD X8 (RRALMNIERBEER) . FHif (BE. ¥
. R D UREBERG BH. BRHEE. BSKRE. A%
BE) B, TRUEM. TCD #8458 % M ORPBF, Mt
3R, HEMAFEEN, BRTAR, AN TCD I EHATERIT.
HEJEKHFE,

() BER  AoEESEIFAE17]p#F TCD 9w L -FH,
BHED ., TEHESIA., F2-6 P TR FEOMN HEWEHEE T

YT He REFE, H, REEY., ARK RMRATRAKX
(2-20) MEEBERSZH:

RMR(H,>=0. 86RMR (He)+14 (2-20)

(2) BWM MxePpEFABE RMRE, ATRAT=MFEZ-~
HaBA.

ORI EWMEHENR. REYDELS PR ERE RN E-F
(RMRHESTEBM ZARERITFHRIERE.

RMR=F +« M+ G (2-21)

D e —— m M p——————- 1 - -




%k 26 TCDRHIRERANIEYREWNEETF

LA RWR ey RWR
4 1. 4% R 1. 36
| 1. 25 53 1. 45
& 1. 95 * 1. 28
TR 1- 0% G S 1. 26
— E bk 1- 4% Bl —Rx 1. 23
, 4 1. 82 1.2.4-=9% 1. 25
P& 2. 22 HTE 1. 18
5 1. 66 S 3 1. 72
ETHR 1. 47 .} 1. 56
ECR 1. 43 ETH 1. 28
IEFRE 1. 4} g - | 1. 15
BT 1. 41 AN 1. 47
Btk 1. 42 GVl | 1. 35
2R IRIR 1. 40 L 1. 27
2-PRECIR 1. 36 ZERNE 1. 11
2,2.00-= P ERR 1. 29 L% 1.12
MR 85 1. 39 Gip .. | 1. 23
AR 1 36 WREFOK 1, 72
1,1, 2-ZHER DR 1. 10 IE T 1. 58
i 1.7 H R 1. 22
ZE: 1. 53 otk % 1. 28
BT 1. 48 [ 1. 27
P88 1. 41 o i. 49
1.3-T — 4 1. 48

At F. M, G— 2R AHE, #TFTEREBE.

Messner 09 B2 T AT A, FHAERS. UEERE
(100) LRME T AEERLGMUMRE)EEHEG). RER2-7,

WL EREC ~C, s, o ool b, HEHXRE+ T H
HA,

R BEE: Littlewood i, 33k Fischer Xig—HREREN
P E . T BT E L SR RMR (., ZB: A — 2L G IH
REP RMR . W7 2-8. HFEEA RMR (ERI, MABHEALE
HIRg RMR 8. BT {L&s it mRdmT.
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$FR  Br—-CH;——CH,

1-RZ 5

O

R L i I

LBETE

21

H " ! H
CHy——C—0--(CHe)»——CH;

EHE T4 11 12 12 77 3%11 12
mmE 97 134
TR 98 135
%27 AEEDESWHF. G
¥ i) TRMESLM F G HXFEHK
R Ci~Cy 1. 04 20.6 0. 982
Cs"‘"C]o £.35 b-7 ). 992
Rz
FEHEIRLE -y 1- 25 10. & 0. 999
“PERE e ~Cs 1. 20 13.¢ 0. 998
=HERIT Cr~Cg 1. 16 13. 0 0. 999
a- MR Cy~C,y .20 13.0 0. 998
¥z '
PEXE Ci~s | 1. 16 9.7 0. 599
BEREE Cp~tCg 1. 06 17.9 {1, 499
BEGEE Co~Clo 1. 04 18. 1 0. 999
). CE Cy~Cp 0. 861 35.9 0. 999
2] 3 Co~C;s 0. 808 34. 9 3. 999
i | C3~Cs 0. 857 33. 6 0. 997
FHZEEE a5 0. 841 37.1 0. 957
IE HyRE X Cy~Cip 0. BES 43. 3 0. 994
® 28 HHERE RMRE'
b-4si RMR{H = g%) RMER BH RMP {8
“"CH{ 12
| _(IZ_O 64 CH,— 99
A 11
—CH.
| _U_‘,:=0 77 Fo(fuah) 57
: e —OH 60 Cl— (33 67
- |
|
H_.. I -
. I—(EE> 52
—()— ] 62 —CH,—0OH &1

O LRERS KRN0 0.
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HZEAETREELSDHMMNE. O9ESTRAEARFYS, B
% 2-9,

¥29 FAEARAARMMYORMRESKBRENHEY

%Y BME | RRHE | koW BME | LRA
1- | ix 123 123 ZBRIERE 145 146
- R iR 145 147 5] 38 &6
R TR 119 119 G | 99 98
1-RZE 97 08 —ZM 110 110
1-PP R 117 317 FTH 95 g5
- TR 129 1290 ECH 117 118
LERAK 123 121 ZEIET M 130 130

B FHEEY!.: Barry #l Rosie! """ RIE D FRIMEE . BI5 T
HaFHZ (o) 4+ (M) Wit ® RMR{H., B (2-22).

g, +a1°
) M,-—-Ml]”‘
—_ — [}0 -
RMR v [M,, ar X 100% (2-22)

o)

KPTFTHR, L. O RBREAS . EIMARE, 100 "/RE
> RMR . o 898 A (0. Inm), HHFIERED, WHEERAR
(2-23) f1X, (2-24) it R

a=2.3647(T./ P )" (2-23)
1)
La=0. 785(V )1 (2-24}
g T —HBREE. K;
P—I5REH. atm (1.01325X10°Pa);
V.— IR R&EE, cm®*/mol.

Reid £ EBERFH TARAAYNERER, A rEHME
B, AR BN B8, AIE Lydersen s Wl (2-25)~
(2 26);

T=T:[0. 567+ ZAT— (AT ™ (2-25)
P.=MC0.344+DAp)7°F (2-26)
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V.=410+ 3 Av (2-27)
AF T— e WERERS TS
M— LSV EFRBERETHS TR,
MNEPEFZLGDEEFREANEGF HROSB O M. Bl
BEZhePDHENERERE. AZETETERASHERANE
100 LGRS RMR EH, STRET4WE.
EZRAEBETTN. CANTE. ARDRENERE R, B
HEBEAEERKeYr FERBSBRFIAMNER. BERESPHE
ARG F.CHRER RMR @RH, HXLERWHL Y. ZFHET
BERIW. FEEHENHARR) .
=, REEH
e e J& FN{E B 3 5 py TCD, HEHREHAE. WEH, 57,
{E i /& /7 K3 CO,. CH,. C.H; 1 C.H, k¥ 1 (a3 BE g 3% ~

12|
10f “Hx\+
B3 ﬁ?ﬂiﬂﬁ""’f\\* —16
Y
Bl /'?ﬂ -4
/' \f—' 4
—_— A . pid
i) 30
3 z-_ﬂ.iftﬂio._-._--"‘/mgﬁwmm/ll Jo #
Z &
= L ] I
E o
= ®
1.0 = g
:FK{!.S— ﬁ%ﬁf}t\w- -4 Eﬁ
N 44
0. 4= /,a/iz
o5 las5mA i . —" {0
i i L
0.1 1.0 14 1049
He P TR HEE/ %

M 214 shShamftafEsRTAZERRILRE

4w rm —————
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5%, MEMLZEBE FNLEBELLATER L0, 07k 30%~50% . &
HERREELENSBRE. b T AP IR B P22 6 BE & 18 o i
MK, LisMzE TCD R & B B9 REAE . %08 22 0w 7 B9 R S ok ©T 1 3
100% . B 2-14 ARt MEER -y AL 0B L. B
AEBSHHHETARCETIcMASE. mE 2-14 AT, Bk
EFE 145mA, T 5k EiE 10%8S, BRER A FH2BIELKIER
B, MahSamatn TR T 100Xk, XRA Y T HREKE A
10% %45, TCO BB R IFthI, DhEREEN TR, TRKER
*, BN E, E100%RE, UEMEHRK 3% ~4%.

B 2-14 3% 300mA B R K ik, XHEN TCD, @ EFRB& .
FF 36 PRI LR M e B R IR R, ETHRE AR ET REESA
H 3%t R A E ML RN, Mo SR Retn FANEHEBET
REEA A 40% . ERMRE, EHLETEH450C, WHRE
BWEH FREE, SREPFBRIE, BRESHRKR. £XETAES.
RRARECEY. ERIAAMER, L KR E . #% TCD
RIZRPE R B 0 10°, WMishAS Rt s 10° 2L, A 2-15,

BWMLES/V

107

lﬂ"ll} Iul}' !ﬁ:ﬁ '1L03 !1::;* Iﬁﬁ Il{?;“'
TiREE/ (neg/g)
W 2-15 shAEEMAFES TCD mmt{a Sk ER
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ZEERATEES (H:. He), ERS (W N RBER. N, E
BN, REKNEHSE|RIIAEY.

A ke TCD MY LB AT &5 100 WA IR . TES M
BEENSEPREE-XEZH., KBRENIHTELHFT—1HHmT
R, PmHEEHZAKK S E. £A¥ TCDF, BN
ML WL, TEARGERBAFANSTAR. NEDTAR
R TCD . FR#HEE, RZBEMAHNSREEGFERE.

HERFHEEFX TCOMEAFRMER oS, THEK
WiEEE, HESNEATAKBRNGREL, THGEERSHERERL
BRI, 0% 2-10 HAACK M BB EWME TR,

® 210 MEEFHNE

ik R BB/ ARER NEiET
pl 100% 4K 100% Z 8% (B R bR
0.1 3240 2073
¢. 8 3343 2103
3.0 3391 2096
1.0 3302 2068
E£h 3319 2085 1. 59
=, ¥R

SRR, TCD 497 88 BE. 1978 4 LIRT ok M R
%107 ~107%g, HitRERMME 10~25xL GRAD B, HE/ e
B2y 50~100pg/g">?", 1978 & Kern ) Elser R T HA £ TR
EEE TCD, BERS. MR 340mA, MEMEE 300Ca, #AHK
¥ 2mL, BARQMEA AT pg/g HY, W3E 2-11.

® 211 TXw[11]TCD R/ RN (ug/R)

5A ShFifHE Parapak Q & SAGFHE Parapak Q B
4l 5 . 5 45 . .. c
HR22C iR c HEOC BER2C | E#ooC | BETO

Ar . - - — CO — 0.2 —

(- 0.2 - - €O, — — .2

M 0.3 - - C:H. — — -2

H2 :-h- ] - Csz — - . 2
{:H, | 0. ] —
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HE, TCDMRAMEXARA, LE 2-12,
® 2-12 IEFEM&E TCD AR

suRe | emam xex  |apwn EB WHE ! amma
HP-5880A % HP 410~ ¥z /mL 10% 10 3.5 fE# iR
GC-17A Hm 20000mV « mL /mg? 105 15 4 B it
SP-3400 fmit4r | 5000 mV + ml /mg 10° 32 140 |EFHLEE
AUTO-SYSTEM | % PE IV /(pg/g) 108 — _ 18 &
3800 R EE |300pg/mL(C,) 10° - — [E¥HiR
§800H + &l 8] 5640 mV » mL/mg — 180 28 g

DX I10EG.

AL FHEREAT IR . B4R TCD AU R R Sa.
MEAHEECHERXES, SEFHAATELERS . B TiHlE
RAX% D, I SEHEHMEEIREMNIATN,. FARPECH
gERES. THEREERED.

EART B RFRER

A EBERAME. GERER, FFRRAQSHEEE R
U S A,

—., #@aWE, AR

1 B |

TCD &% F He & H, KR, BAENORSRBERLFH
ffb &4 . F He 2 H, 58 TCD, XABER, BMBIEHX, M
HETHEE. HTER. AEGEK. LESRAERS. BEX2.
HEREEEARR. £HE. SRIHAUERS, ARBATE
EETE. B TEHERSTRSIRE.

N, % Ar FBS. EEREAME, 5 Wi, WiLE TR
B, R PER A, %OR . R 467 He B H, B, MIELA N, 5 Ar
Ve, 86 He fEEUM H, 3B H, fERS M He, I N, 8 Ar #
et mEE, BRASARA, ReBBARBERTOWRE.
He & H, RS E/NIBE,

bl




57

EHEHETCD &, RIFSmMEWS, ERMERN 3. 5oL 1
u-TCD, HP A BB MEKS . BRAHHERES.

R TCD MM E S, FRAT#EEMEKS. MAFETES TCD
8 REREES, 0 140pL MR TCD 5 50um BT HHE. £4
500Pa (4mmHg) {KE T ¥, KBFEREMY T 0.7.L, RHEERS
i 200 .

2. WA AR

BREAFEW TCDO WREE. LREW . ZEHH 160~200mA 1
B, Fi 90 099%MMaiE SR 9B ERABER 6% ~13%.

BSMEMIEHIRAE YR, B TCD B PRGN, B85
G ST EULE, BN,

3. FHEWE

TCD o BRI R 3 3%, o 50 2 shff 80U, TCD Ay T #20 1 {5
FHTHSHE., Bit. £ENIES, BEIRELARFEE. &
HEAEHFTHERT, DEENZ, REKSTTEIHEKBRENGS
BHA. i TCD, ¥ THNMEEREAGBY ¥, AEREERRAK
BE, 8 E S R IR A0S HBIAE 10~ 20mL /min, 2% b &S, 4 Jit
ESPRMAE, AEFERAN, THESSHREZBEEDD
FuE A NE.

Z. GiRig

B () 5ETCD HREFE S, 75 (N) HEHB (D) BX
EWNE 2-16 A. B, C £k,

B 216 0. FEATEERB TCOMREE. —RIANSH
5 IER., B, BEAFRERSRANERRERM L. BR
FRmES L SPMEMEEASTORM. SHFRRX, BEHZ
W R AR, RS B RARRERE TR ENRBREKX,
BlACXELEF., B, HEE, RABRSBRL. ERFGE
H., IEMGREEERaEN., FL, ERRAMAREEERNE
BT, SBERUENT, XREN, RE@AFaR. EEREX
TCD B AREEWRIR T, Wik 5 /0 B KR 257 I X 0 5 3 1% [R
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70 N

S0~

¥ s
= T T
- =3
— 4[:'-
:__“:_E o -4 -g 2t
= 30 j 3 o™ =
Sy, 1
w.?. j B >
X 20r ! L x
tn o 10
1 -1
L 1 1 1 i . \ ) ;
s 100 150 200 250 304 50 100 150 200 2!50
Bt i/ mA He R/ mA

B216 HigKSS. NADRXER

BRI, ihek C2Z2mEA . BRPEMFRT T/AE, TGRS H,
X el BEMES TCD . —ME& TCD EHREH ., ¥ERE
RWRRENEEEAOFERE. NE2-17. % 25 AR ESRR.

= BMBERE

TCOMRPESHLABEBMPHBENEL. B8, HAHEBEE
AZTRE: —REAVFR, UESHZLEE. fISit, 2K
RS ARE. XRETEIMERAOB LS. RMEBEREE
ETFESAABE. URERMIFALEE. HL, XS AR EER.
FRARZESREEEARN, MASEES. B2 RAESE, T
BT R ROR .

REtH FHEERED

ATRERSGEFETCD (UEMBRHARY, RERAPREEREN

TILAHdE.
. HAREHERBABEESE
MY TRASENEACE AR, SR RERHEN
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Wi

EHABEEROHAEEGBOIAOL, FEHEER/AREKE, W
RYETHR. gL, ELREERMA DL KT, BEEMHEE, R
R TR

BN SAHEE M RARERRE. WRRWPHRAHELE
BOR. BB RIS KR R AR ARY RIS AR .

2. BRRARBELHWERERN

e A - RERZERE. BTHERZNEE. RLREN
BEAHBEHE, FRANMBEAREREN. WHIAIS RN, H
BB MM ERER, MA2BERE, RZHFR, —RELBIEMNE
WIe, MR =E ZEHX R (RE 2-17), TRV TR,
MERIEALBEAZKRE,

200}

100F

7 AL/ A,

0 e 200 60460
w2 {ERBEE/C
B 2-17 TCD b= ¥ 1 35 dh 28

B 217 PHREENR A ERE, BEEXEFENEL, IRA
B N2 2 A TsEs . B, €68 TCD &, FLuFEHS,
REEINMBOSEHETRY, AT TCDHOLKNBINEE—
T, HEE 10~15min 5, AREEFR. TEIEF, DFEER
B, AERBERNE, SLRXNNH, MERE. BREFHNZ
EFARRPER, YURSPHRFRIKN, WA DHHFR, H
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BENAZKBEER, BEEMNEIBRAUARENE.

3. MRS RBERWERORYE

(D ERRFE#Heg BE2E, GREeY. EhENFRELET.
FEEMESRLZMEERE, BAREARMBAR, LAH=EH, Hilk,
BRITRBE4A TCD fEix &R0 H, R —EE2E, WERIERE
FEEEMIRT, ReEEMEERS, HFll b, IRETE—R
BHEE . MR TCO A FERBER KRR ER, oJff “ME” f1 “2&
7 RN R, mEEHER, TERERK.

(2) BARFEERLE AHRSHELEEERELNET RGN
BEOFBERAE, HERFEMEBER, UEXEERIE. &
AEIFEPERUTES. BUBRERERE:. OUHKEAIEHEE
FHRME EHTEL: ORREEE - BEHEERS 20~30C; @I
B, e NSEERFAAZEIERER, BAER.

1 BRBSHILRRER

HEPESE, BERgEPEAML, FHREEFR, HETR
SHERSMIMALER. DREES. REPLEREHP—E0
m, MERMENMAS. ML EHRZ, DWEEFHL. OxR
MER, HALEGRR TRAERSERMIRE, YERTREMSE
RAHEM, CXFERHEAR, FTREARKRATERE. YZ8AS,
B RATFSETEHRS, MESEPRRAAEE, TEEL@ L
B

5. BERFA RN EEREZEBS R/

WRSBSHEAR, ASEANESENHBEEHEE. A%
YEtE AR, RIEH: BEEBFARE, TREELEREX. X
rf, BEREEES/), THENTRHE. QRSSHNEiEHREH
= . OBENERSBERE—BNE, AHORERER; ORS%
SHBHCFELRFDNEANRKRUE, SGREREARF;: QEER
@. @¥E. EEHE.

6. E & TCD 18 1B #5 /Y i B 4= W 5L

£ 2-1399F K T i FAAREEX TCD WIB{EATR WM.,




61

AEHMAZBEN 22-13 SMNRERY TCD W AR E

REEERERELX, BEMX = EREAR e

< " [ 40V /mA
EICRABREZRLES 845 E L - ESprr:mL » mind
12400V, A sk B KB e 7uV /(mL - min)
e, REBREN "5 ol Sy

EHFEEWLE. FR LN E(Gg PHEM 2. 5cm & 10V
MTCD AEgeE, = HI®E TCD KL
REWEORE LM BLRR 124004/
M. —BYRAFH0.01C, MARBAELEMELES, —H
WA LAeh, BIFTRESRIEMERER X,

BAYT W H

TCD —HERER TEPMARZHSHAEENE, EFNET
SEREPHIF ATV RIAEAEEERBRFRN YL
BRBIWFE. #HWMT. -

—. AHERBREHNSH

ApBARENE, A=FEER: K-, eRTIEHIN, X
RTCDEARZNGE: K=, EMSHINKANBRENREY,
KRBT TCD b A REERER: H=, THLLEERNER

C:H,

ﬁ |

CH,
CoHe
CH, [ co

UL

14 12 10 g 1] 1 s 0
i { min

M 2-18 MM o EIRE
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B, T EENBEENEREREEEET, M TCD &A1
BikEMET, REHRELEROBENE. Tl &8P 85%~90%
H TCDR),

H2- 18 ARFEAVEARAEAY, ERXRAN R NRATEHER
&, BB, Aah . Az K, 15min —K, ¥ RIMEBZER
AR 7 HA BT,

.k EREEAL I SRR EBEF BRI R

B2-19 WK REABHATISRHUBTARMITEER., HENF
P EAKER, BHH TCD., AR 25m X 0. 53mm X 5. Opm B
EEMMYELTELHERE, R P 50C Bmin), 25C/min, 200C
(4min), He 85 (<C0. Spg/g12). TCD MiiF#0 25ul., &G4
B S R L.

=, ENdEBRSnEENEY

317 4 5

Ah—_JﬁdﬁJL i .

0 é IID lt5
£/ min
BE 2-19 & RS 4Lk L= 5608 F 4 & ik
1--0.1%#; 2—0.25% P8 3—386.85% ¥ T By
A—10. ORI 5--0.5%UMEE; 6—4-0.3%MEPE
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mﬂﬁgﬁﬁ]—ﬁ COE\ Ctza 02\ N2 %%%Hu C" 25111L é‘%ﬁ&!

H1E 25m < 0. 53mm PoraPLOTQ &, =S _ €k, 898,
EREATFREE, HBRW 2 # CO, MESEE#HA TCD. MEX
EaFREdriE—SnEE, Bit TCD. H2-20 Y HAXE. AHE
WA FR AT % 3ug/g. F 3~300pg/g WEHABNEZRFHPERMELR.

—t

-1 o =

NEN
C 0,
.,
m
=
s
Cl.
o AJU A
Lk 1
1 F] 3 4
¢/ min

/Bz-20 BEPRBUTHERNE QKR

2 ® X W
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F=F XN@pHEHANR

£—% 5 7

KIBHEE WM (flame ionization detector, FID) £F HA S k18
FRBE., EFENDEE, EMBRAMWEOEME, XHEI KB
HERNE. TRASHSHEBRNMRZ —, RESES. BRI
FRR WS, |
1957 fFUIRT, WA RAMEHSIHOERIME . 1958 FRAH
I #) Mcwilliam U89 I A Harley S5V L F £ B o) & 5 7 BRI
TFID, 23 40FEMER, KM FID WA S HERLHEA.

FID {95 B IS 2 LERENE DI R, F5IEHRE
REgESHMANSBREFREER. 4 HO, CO, f1 CS, FXY
FER, MEERE. EHMBEESLARE. CEANNAET, &4
SR BEFE.EHNEEBRNLENR, O S5EAEEERMEE. B,
FID i EZNEEEHBE. CREMELEZHET RS X, 985
LRMESH, FIDfTCD —HREFAASBEHANSHAERIES.

FIDHIEMARREZNRBRANELEHNARS.

BT LIEEBMumMNPLE

—., RERNE |

AEBE 1.5 MOBHENFHHRSHBBRIE. TIHLES
HMEEKMEFRAEES, NAE WAL ENE, HERBERM
AR NERERASESBENAN LS HEE. FIDZAH
S/ S KGR INEERIL 2 e NPD £ 5 3 B 3 0 0012 10 B f i
$; ECD RH M0 2 sk seik; PID BRI AKIBAIE. —
AWAEERNE, BRETLTREAREREOLE, #H
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BENEEESRAMPERTREEFESRAD, MHFECDHER, B
FeRAEKRESHAE/MIE.

REENENBNERRATEERREAE TR, BEX
EIERFTEER, LESHSNNB. FARRERIFIgHER
MEBE, A _—wmEZAn—aty, HIE, A8 FNEFEEREZ
. WERAEAEERACR, JRERETERENOEW. U
Baaite. BEREDNMER K, REREERERYET 25,
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BEE . BT 5T E ROB/ TR (BMRMES), FBEF /N
WA, TRLE, BE—FTAPHRER. BY, EXET R ME—TR
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Bz, BXETPRETARS FIPHES T KETIYERFEME
A, KRMERNL—BR, REFELN 3-2) WEBB L
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36 fi. .8 i HOLE

E&w 4 F = fo | Jie et TR | L | fie
¥ CpHys 1,05 0.90 | {h CHEBr; |0.054] 0. 98
Z% CpHan [1.00| 1,00 |MRZ5 C:H:Br, |0. 073 0. 91
BHoR CeHiCl | 0.64 | 0,95 | M CHi O | 0.86 1 1. 02
1.1.2-Z2 IR CoHx1, 10,21 1.00 0 +— P ER CraHpyOp | 0. 82 | 1. 04
Fi CHCl; | 0.14]1.01 |[Ra&¥EME Ci;HsO | 0. 87 | 1. 03
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HANEMEENEREIER.

FID LU RREMSTE: OXFPAEXTRERNA
(n>1). FRBARYE (Superlinear)!®, H A XHE GRE) ¥W_EH (high-
end rise, HER)V; D BEMB AN TEEMNE <<, i
(overload )% 1]

HMELHHMRARBRS, TBRUT=Hm . OFID B@ it X4E;
QAL OFRAREBMEKX.
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B REHEETREYE.,

(1) BYHE B3-chMRABREREBEXRZE. 0 FID
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(3) HikmE WIBED, “EEEBEEESAOKE. FIE
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FEMMWER X, HETHAKEPRIMKINE, WABRER, BE
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FHARHE Q EIOVHEL2REETAEESH R, B 250V
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2. ABLUAE
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AR 0.67F0. 60, AERPESEEAAFAERKETHSE
HMEMERK, SBELE.
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I, EEEARMEER, 78 LM KBME . FID & B 69 45 & &

{.0F
3.587
o,

3.6k /o

3.4}

5.2k
L
2 3 0F
3 Pt

2 8f % _,

¢ N e
2.6F &/ A |
¢ \\ i

2.4' 'i! l1

2.2k /] “.t

\ 1 \ n N : 1 EL] L a1 L L 1 i 1

=0 cTL:. 1.0 1.5 £ 0 2.5 3.0 3.5 0 a0 40} Bl g0

(#e +Ba S /M5 B S fiE/ {fmL/mm}
# 3-10 WRHESERRE B 3-11 BN mEXN
£ Fi i 2 a8 FID ) o {8 ) B o)

o—N: ﬁ‘si"l‘ﬁﬂi'%:
o—He X+ B S




83

RIETEE, ABESEMBHEGESE, UEEIR,

(2) BE, REFIDNRBARAEHE, BHTFREREHMT
BHFID s REWRE, CEEHSEN, G¥EEIENRRS. A
N, 5 Ar fEBIRS,, REHEH, KEBER; HREE FID BikE
M. @311 YEKRSHKZES FID M Ammm. o RmEKs,
AR TR A K — 4% . A He Bt H, fERSH, o N, = Ar BX.
TR EREEERNRIEGE.

2. EENTKHE

(1) BEL RSEEFTAREBRBORS, THEWEN
MR A AR ERBUEET. TREY, AREILMNAR
o B T o g . B, B % FID
WERBBNEBTITE. &
HERBHEAEP, BALY
FIDHWABERKKEIFR
N PR O E ML R 3 R A
EEmE. CERSAHE,
R AR e O R —
RAE. AREEWSER 3

I3t 40

H. #E/
o ,\[ml./rﬂin :
3t

36

.
\24

RE/ mC/g(C}]

Foab . XA RS HE N, #i#/(mL/min)

WEL & T:j B 31z B 3-12 7 0. 25mm WEHBH FID £,
0. 25mm P WEME F FID |, ENCE & EACEE 4
ARE S R EUE R,

EEREBER. WEBEINFARBBIN, WKW =BE. &
KEKTE, FRAELTHE0.43~0. 72 BEN . BRABENR/X
MEBAHMAMEENNENRE. XA, BASIEHS, THE
RASE. MERBHE. SR, BREKMATRAERARL, TR
THEEHTHCHRERFERAT.

M He B Ar ERSBRERK, EfISEL XM FID AE MK
WRRRRE, SRAAR. BAKKESFTES. TH EARH
EERELRL,
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Mitra FUOBR TS SERKSIMERSS, WHE. BB, 8.
BAMRELRERFEY Y HEEHE R, 4 H, FEH 45mL /min.
WE/ETELY 1. 22 B, T EN KA ST, B LR,

(2) ERME BEREX
! WM BIRS . B A ARG K
BB R REYENE, B

/k’”ﬂﬂﬂt ERER CO,. HO SR
HERKEEA, B TR

. . . . , AMERFERD 10 5. KA
100 200 300 400 500 HRACRR, RV IR, W
L mlmie) MK, BTG, RERA,
FE 3-13 Z=53% FID Wi Es % s A 3-13 % 23405 FID 1 7 44 B9
EogqlE, @Y HERE 300~500mL /min .
3. S k4
TEVERB WA, 88, EMESSgEE 99. 9% LB, B
EERSHA, MER=ZHFSENLEEHENES, ~BRERE
99.999% 1 k. mEFEBERE/MF 0. 1pL/L, MHSEPEIRE, &
BEXS R FID M, HRIER, Bes. BREMBEREH A, Barry™™ A
FRARSEEBRPE LM N, 4EERIL 99.9995% ., EREERTE
H, #i AT 5 99. 99999% . XN B|ATF FIDREIH, BLREEH
4. FAXESERTEA.
=. BRE
FID WA BERRAS. e BES AR EERN TR &Y
W R R, KRR ET LA SRR FID B R SUERMRE, 9T
TNMEEEHRES, SLERETAMFIDHERXEEF T ER
Ny, AEWTE.
1. HiE
EEBEER FID 938, M IcH: R TEEEAE, TEABFHR
. BEFID fBAE, SHEHERARTE L, HRELXRE, LE
A4F. RAXFID £o0pEE, THEME HREFES. B 3-14

W E




&5

FWFID BTE. B, MAREARTERBLTESR.

Fily FID,

o )
L:IJ z

gy

B 3-i4 WFIDHBEEENERER

MHE -4 TTAFE, EERFID #HEXRY. RAREESHTNHE
“o RS, R, (X, EAURESHUERES.
REB—¥, 38, HAEEERALES, BRANHRNEMF, &
WEHELREBLAS. HIPHESHEFARE, L2mAake. &
ZompEh, RAANAPEE. FNBREEBES, AEKH, &
RIGMEL N B, REBIR/D,

mﬁﬁﬁﬁﬁﬁ%ﬁ'ﬂD%%H%$ﬁ'Tﬂﬁﬁ%ﬁﬁﬁ%
Mk BERNE, FEE AERSHEMHERERR, AZEREHE
RS, AZHERSHE. FEREAFERNCE; RRBESRT
KEH, BESRLES L#RE, ML 1~3 K, ZREE. KATH
2. LARAFATSHEEEAPREAWARNE, FZ5MEHEMHEE.

ﬁﬁﬁﬂ&ﬁ%%%ﬁ%ﬁ%ﬁﬁ:Wﬁﬁﬁﬁﬁﬂﬁ“ﬁﬁwﬂ
g7 8, EWMEITERAE BRET F—KBAZA, ETAR
%%Eoﬁ%ﬁ#ﬂﬁﬁF 2% B shxt RER ST, ERBEH
BATHPEEL, MEBERE. XX/ LG IFE I HER
EXRERFUHSARR, L, NXPHERIE, BER K
W ERBERF. WRFBE, HMEBRE.

EERATHEEMATES A FID HE, BRERFABRSI. BEX
B#REDS, ZESENISERELKES.

2. ¥ 2R 1E B

A r—— T - —



S6

FEFIDh, BTEMRE, FERBKES, ZRUFBERT
80°C, KERTREUERKREMAEGRIZPHS, BEMK, #FREE
T, BesEhn, BT, BER FID SRR EAESNE 120CAE. MK
BAE AL ER 150 C, LANBARIE & WA,

M, ¥REN

B¥ FID BEXSAET IE, Bernier #1 Yost™ {2 ) FID #Y
BOBEESTERE, SN, B TESERR,. SHHTVRERD, B,
MR TSGR, FRERERT, KXEEET W FE. 0
HOE SN 17, 3kPa i, BB EL 1/9, FID REEDLHK, By
FretE T A EA—E, FRTRERT.

BT BEERIRE

BEAPEEFID MEENEFE, £EE, REXM B
Sy FVE s B FID M MR ERE, I FID S EPLS K, | fUR.
EMeREED. EEMSEFILSTYPFELT —TERITAL,

-_— Eg FID[23-2SJ _

EFIDMERMKEEAE. BEFERUT=8AFR. CERM4E.
FEAILE: OFGERESS; OFIKRER R : No/H, M0,/
H, 48[4 0.3 0.6 £FH. X ABAHBEE, EATRTEH LIS
4% 8023 NO g HIFRR L 2 X107 "g/s, SRR MR, 3
H,S fil SO, BIR MR 5B 4 X107 % /s, & 3-7 AEE FID A X
PLE IRA MR .

% 37 EEFID HEEXNSEGHRHR

SikEA wE/(Cigy| BB/ (gl & ik | M/ (Crg) | RBMB/(g/s)
T Ar 33 10°F 7X109 NO 1x10-¢ 2% 101
CH, 131072 23101 N,O 35 105 e LA
co L L 1x 107 N 11071 2w 10t
Ok T 4108 O, 41070 L
He 4%10°°% 5% 108 SO, 5 104 4x10°1
H.S Sx1pd 4219340

SREARRER S FID P, BRRMEMREZHRFRIEXR.
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W CCl, FEiE% FID PmmE; MEERAFID P, B RAENEE PR
HEE], BERBAAYET S FID L5 L 7eE % FID M ECD
LXRILFERD,

=, EERE AR RN

1972 4F Aue M Hill®TH & & f HAFID (hydrogen atmosphere
flame ionization detector), HIEHEMNFHLHENERELEMEHREE
AR B AE B, UG, Hl X ETHEMBEAEY T, HAFID 5
HE FID i, EREMSHLIFEUTIAATE: OEZFID EE
SWMESAO-EEE, FID ZER KBESKHREPMEE, HAFID Xk
W R EEAS SRR, QHAFID W HERMKIEE AW 4% 7cm,
i FID $2{L: @HAFID &SP mA L B82S, WE FID AT
{37

HAFID B 22 A TR 2RI _f 2R . S mALERR, R
ANMENS BRI S RFEmmn, GHRSER:; RFMALRAEN
SRS, MAELS AR, MR,

1. ERE

EREBPIEMARREESE. AR, HH bRk Rk, »f
ANERILSYRIERNN, MERKENETHSZTATILE, HH
BNEE ., DS ENREESRER 10~20 1. B 3-15 hERKE ST
ZEBHE AR ERRRAeR, NZEHHER BB A X 5107
g N REMEREEN 1, REERNI10°, HE AR EER 2. 2L/
min, 3CHk [32] B8 T RE M 3 HAFID (sheathed {flow HAFID), &
Wi % A] B £ 360~470mL /min,

2. HER

EESHBABERBNENSRLEY (DR, MRER
HAFID. EETHRB SR, ¥, BNESEELCLEEORGK. &
HAFID #9 W 5% 5 2% 8 4 53 oP i = B L ZE PR B IE L R WA PR ) 35
5 107 1g, FENBREFOEBENT 1105

., KTt A A R

8E — ¥ XGRS 1 B 3% (oxygen-specific flame ionization detec-
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o

401

- 3{}[
- 100
0

3-15 HREESHIEBHEEXRERE

tor, OFID) ZK B 3 B & E LSRN, Wi xHRE TN 8% —1%
RPeE. CUATHEMNERMTSEAEUNESR,. RE2EHRHT
H.OFID i WP MERSEFERXH FID BEAN. B8 98BENA S
FHAREINE. BREBARAHEK, HSELSYPHERET
FEMFERR CO, RIS APRAENBRERP L, EFID LEW.
Bl 3-16 35 OFID R &EE.

HLE R AREENA/EETHNEREE-A88 L HKER
BEZMARE 1000~1400C, FEHEHFT, REFHHEL LN

60 760 300 100 500
SiH, T M/ (pasg)

-] T
1009 fz’-H2+nC (3-12)

C.H.,

1000°C

C.H.O,

52 i J5 T2 800 — WK Z B T/ B E .,
B 4k BN 88 2 A — R B AL 4E PLOT BB AR, KRR

ICO+%1-H2+ (n—x)C (3-13)
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- H/BW

' -+
o / m )
N@M\_\N\h\%\\&\ \%&ﬁ.& - \&\\vw%\w.ﬁ N \xx@\\%\ \\ T,

"V P T e T S — )

= _ : i
il ?h_ .“_ :5"__--_--_-. ;
,.Uuw.\\\i i g

_/\H.N..,\....m“*“\\ 7 ﬁ.\\ T w
L .

Lr ]
a8 ]

4

-

5
B 3-16 OFIDRA®E
1 LEEH: 2—H/ATHF, 3N, S HH, — kS
Sl E; s—HAREHEE: T WMMLEN; s—8H: o—FIDEM®
RN, EEREEATFIDMKMERE D, EANS, BFEF 330~

%
350 C. TEFALA P A CO EMHBHRFR:

avary
A9
;

«

i
-y

e
o

(3-14)

H4+H20

350C

CO+3H,




30

COBF. B CORTFRLIBVDSFROLY, MOTRSHER
W E. OFID M REWMEEF (RWR) FTRTRATHE.

— Mco Mo
RWR—-( M)/{ Ms} (3-15)

AP Mo, M f Ms—— 59128 CO, BARMARDTTRE.
£ I-BFIMT LB R, ES3EALEHM RWR .

R 38 REXELAWHAIEMTE RWR

< "3} i ge A

BRBMER HitE EHHER | BitM

k[ 3spem[33] SRR (35 T mR(33]
By 1. 38 1. 41 1.3 | RAM 0. 73 0. 76 0. 75
. F - 1. 00 1. 00 ETH 0. 60 0. 63
LB 0. 96 0. 99 0.90 [|HIEM 0. 60 . 62 0. 61
71 0. 76 0. 80 AT ERM 0. 50 0. 50 0. 48
ERB 0.73 | o.77 JL&ET;& 0.43 | 0.43

ALLEN. OFID BWEELFLEDTENELSR.MEITA
e FRen, HKMyEETHE. BRSEALaRuEDN. B
M. OFID R R Z4RFEBATC U LHRTFRIEEY.

Riih R E BEA. TRBEMNED MKRED CO,. R
BEET T M, SHBTH. BEMA, w8 LR
Bk,

ERBIHALASPRASERERILEH, WH,O0.CO.CO, F. A4
W, MxwmSEEERSL. Bb BERFEAMNEN, FRALE
R, EESPRERARA, B SRR LR A KK
BER. BRCO, ERBAAHNERES, ERARK.

ARELELAY T RN ERBHFERE. H3-17 A EMER
WA SR R OFID il A, RXXmMM, AASELEY. S
¥ 0,. H,0, MTBE %, % RARMTERERAMAS, £ OFID
FAWR., B, OFID X BE SR RRERKHTE.




3l

b 1—¥,

2—K;

—HE (5%)0
1—Z2Z % (10%)H 0

I s—RTH (Fiff, 5%0),
] 6—THE (5%@,
T—HERTER (10%D

pod
A
§ A T R T
{8/ min
M 3-17 BSOS & 0498 OFID Wk 2 %M

LT MHAEESEM

R FID, REEMEEELRSE, FEZERR FID WEFHE
MBI EBILR .

1. &4

(1 PFE[ME WHLAITWAGEERBS, DHBRE. =&
LA =k, BIATTIRE .

0 BTSN,
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OFE A B QS MR, IOEIN

QHEPaEEN,. BRE—-T, KARELOX;

SMERR FID, ARXA—FID L. ZHELEHRS -F
Fi#h FID Rk a2 858 .

(2) B FIDstR+af, OpEkRERRE, LE®RD.

2. {2% FID WY 1E ¥ HE8E

(1Y E¥ &Kk HEEEXM, FID BESE 120CLE, SKE

HEER=MHSABTIZAE. AXHERIEINRE, KL
ErEEHSERESAX. XBEBARTAUTENTERE: O
A RAESER (MAEHET) MHFIDEO, WAKKLE
HEH, TOCAE: OBBREET, BATERARRE, HiExXE
WAL ES, REAR.
] (2) Bt —EAERN ERERKEETHNEERE (BHIER
KK, FHIT—SERXS B4, FASERMTRE, LUREZE B
LSRN B FER_ALRERE, ERYE TR, BEN
ERML, TREAFREEGEFARER, REFERBASERE
- ELRR, EEAARBEXERSNT, LTRETERAHR,

LERER, NECHREMRTRE., KR EAISEFLS
(ARG PSR EEHERR) o,

(3) Byib KNS HBF bk AR KW FID R %,
BHEXES. SR SAZTEENERSE, 85X FID mfiENGC
5.

3. R BB o e O]

(1) BHEHEE FID HAWERATE 107, HERSTPEEEH
REMEREE_FATEHANRN.

OEEEBLE. AXEEGERKX, EETRETXFID &1
HEM R, SNAFREERSERAEERRERAERE, R
AERBEZEEAFTELT, REKR. BEFHXNAS, REN
EAMBEUN. SHHTEHEFID HEEEE, BL2WRRAEE.

OEMEREIR. EREREHERD, EEERM TEFID
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ERUEEENLR. FINERADE. SRBREHAEESIR, RS
HREN, 1 25mx0. 25mm X 0. 25pm HREEHEEN R AL SR/
7y (2~5) X107°%, LI FID #9+e BH ML 1 X107 g i, SNEw
{235 107, 25m X 0. 10mm X 0. 09um EMEH B AEFTR B S>107"
g, HEHMEEESR, L 10°, R, EAEHERIE, EHEE
AW EST, LRAENEHEEE. 0, S&HkBRRE.

(2) I E EFENFIDARHEFERHN, X— B0, .
Az SHRAE—THOHY, NREMNTSHRESHTRE, X
RHECEN, HUEEES, FRENBAARAER, TRHAHAEIR
HAF, BREEZBSEE. TEFERESEERFX, NEMRRNRE
WET, MR HRRE,

ERGRTHEDEHER (EPC) MSMEE{N T (n HP6890 1
%), RESESHERES, EPCA EHERNERRER, AFHAUR,

BAY N 55|

FID B TCD —#, AR+ . EEEATREIT kWS,
BT, T, &8, RE. FEAE. SANFRENESEL
S, TXEREHEREAMERSE, GESHERESHNIRN.

—, BRI st

BRTFEFERTEMREEE. K2, FABEaERET
¥, B PIANO 4047, B 3-18 M H AN %@ . A /R PIANO R
&8, 50mX0. Smm BT EEMER . BEFEHN Petrocol DH50. 2,
FB% 35C (5Smin), 2C/mins 200C, EHILEEW 20cm/s, T#
IR SR ERANEAR S,

. AFREEEREENDHRESHD

A EEEBRERION RSN, B¥HEAEREAKAESE
R REREEOF. 38, WEk., TERK BETFRRE. A
FID HiKES, TMEng/LE. ERE. RHE. HEH.

B 3-19 % sng/L (X RIBEDEHHEHME 4L EFID LM AR
B. T EEER 1058 L .50m X0, 32mm X 2pm P EEHIRE
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24 3z 40 is 56 -k

IR/ v

3-18 PIANO #iTHLABS B
1—%: 2--H®, 3—mMTHFE, —H_HPE, s—HFPXK
5

[ ] T 6

s-v-h-‘. ol L] N

M 319 KPEEHBHEFTSLHOEE DD
bk 2— Al 3—TMR: 4—T0 kg
S—H: 6—ZHZM; T-HERTER
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K, ERI106C. HETH I BEHREQ 2107 g, AFKER
BN, HETHREFATHEN. -

$ ¥ X W
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FHE @R NE

B—% 5 7

R (nitrogen-phosphorus detector, NPD) £ 5 116, i1%5&
R EZFE, CTELEDRRBEY —, RPEEKTRTESS
WMEEIM NPD M ARMASUREERS, ¥—HF. *ATHRER. B
LePrian,

NPD kA4S h 5 & M2 (alkali flame ionization detector.,
AFID) B3 . 1964 4F Karman 1 Giufirida" 8 BB T 8 A 4G5 B
AEME AR ELGDARFENWE, LEXHZHE
AU, ENHERAEXENMERENEE M, ERe BN,
AL, IRABMASDHFERMRGENEEE. B8
REBTRESHRRBESHABRE, BRE K. UWBTRES&E, ML
S . 1674 F Kolb #0 Bischof {1 B T —F MR ERE R, R
MBEREHRENR, AEgEHERE. EN S RILEWAEE,
R BHL &R wL HIRIEK 10000 fF, SE—HRR, BLGE
FREBMEE. SChrk, ATHRRNER, AENSE. SELEY
HARBWREE. FMURENXEIMK AFID, R E FR R
{thermionic detector, TID}, #4578 Bf ¥ ¥ 2% (thermionic ionization
detector, TID) BE#E FE¥ — (R) ELMEE (thermionic specific
(sensitive ) detector, TSD), B LK A IBE M B F & M £ (flameless
thermionic detector) . L X IEB B L R W 3F (lameless alkali sensitized
detectors, FASD) %,

NPD 5 AFID #, HUTEAMEERXR . OFEREZBOER
MBERHEREEE, ARERERYE; OHBMIERKEREMAE
—REEHRLZ L, ARmAK, MARAGME; QEXHLE
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FH/5r. B CRERT, TAR “BER”. TR T XENGHE, NPD#
AEfk REE. EEHG BFEERB LA 0ARIT 1077
A, BRUMGIRR A RRER, BETERES, EXENBFEAIRFEA
AR S —.

BREIEPE ZABERT, BRSO LETHERY
AP . NPD BGE T E &GP ERABLSHORRN,

BV LAF TR R HLE

—. T{ERBY

NPD Z4iti b BEMGMEBAR, WEH 411 FiR. E583-1
FID £ HAl, BAEEERF: —& NPDEFID £—#& TR RERK
(D (UTFTHFREER REMRRLE (2); Z2 FID M8 il ks
Z2EHEE, MRS AR REEN. T NPD PRI, SR FIHE
ByE, £F 41 FEHEEARBRECCETEN, RaHREE 3-1.
FFEL, NPD T BLA S B i3 %38 FID fn— e R i k.

NPD 4 M B B ARF FID Afl, EL{EREENRS

e

]

20 =

3 - +
-

1 L |
2.7

d] < A
; 1
| o
- 85

|[F=—— =%~
o

5]
| man |

B 4-1 NPD Z2& 7 EHE
1— R, 2— IR 3 RIERE, i—RBERRITX
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¥ .

LA, ERMBNMERELSF, NPD sl 4B =8t
o KGR HE, RUMAREY, 4¥MUFI,PAMNP®#%x, LA 4-
2., REBEZERE 41,

P
i,

Fi P

] - J L

A 4-2 NPD = fibiE =
® 41 FI, PHINP RRERAILE

N+ p

H
s
b—O

10 ¥ 256 o | 10128

. H, % &/ -
0 BRI P R i ARy | SR
Fi TR ~30 i C
P e §1 0% R 0 230 iz P
NF R g 4 26 i} N. P

1. FI®

AR NPD M4E FID AR, FiAR &4 4R E FID. AR
RREKBMEERZEEZ—BER, BEREEMHE, BAFRT,
AeBmEiprAE FID M. BRENER BRI, g 0Bk, ¥
Rt RBEHEES.

2. PH : -

MUEEEXRESUE M THAAES Y, ATALE, 2R
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R EBEA., SANESHEY FID ML, MWL RIEYS KIEG, B
HEREABSERNMAZEL, INTREADREFERD, W
RRESFFHE, BT —H, KT XahBRRAMA, Fk
EAEPREFERE T, THEBTEHBERBMHNE, EHEEHE
MM BBGEERT, R A., AR LS RE~4
R ERE, EERBEETBIABTE, ERAET, BIEERK
%, ZBREKEICR. Rit, ERBFRUAHBHA, HEERE
BMBESHENE, ANTHNBaEY—HEN,

3. NP# -

ERANN.PHEFRAFORAGPENE BN, ik, LFER
AR ERY A, PERTIIERG, 2 ETRLSY TR,
R CN), BEHRBEE 2~6mL/min, MM HR, ERLE
BERRUEREEREOR KIS, HEXENESAREAHEESR
EHEER— B EERRS “BaE”. ke, mMANLBERE
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NPD £ F 255 58, 555 F0me 5y {8 29 Bl 8 R g m g k.
BEEMMBBE RN NPD &, ESLIRESHARBERREEED
VEF. THEHE, EEREMATEIHE. N, fiEgx. RRX, £
I S AR, B 4-15 RS RESER o HBmb, &
HRBET, N, BSHERAFH 8. HAER N, TELXRY
AREOR, T He Bl &£ 53 R FE#1T.
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TATINLYY

0 1 1 1 1
10 20 30 1 B0 60

& 5,0 E / {mil./ min)
M4l “HESHEENERNER

R HES T Lubkowitz PR #E . EB T RARMEAT (WATF
7mL/min), X3 F0W R {5 B 8% S0 1 mm h oK,

(2) &8 SESASEREVMEERAREER R,
KRR ERAMEmME SKEZHELE.

M 4-16 {8 bt ep K A0 NPD, 7 N, #i He M#&<TF . A

RALER
=

93

H, 3%/ { mL/ min) .
B 4-16 45 e 5 7 2R [ 4 S5 3 2 A HE e B (6 69 8w
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6] &<, i 7 X B A e A (i A9
-7

SEESMESREML, B
[KWEA5/b BEET4EE
Fr 8921k . 015 5k 1 71 o 17 B K
WERRTRE. N, (EBRSA, &%
HEM 1.5~8. 3mL/min.He £ 3%
SH, EREM 2.0mL/min F 7. 2mL/min
6. 8mL/min, % NPD %} & &1L 1024 x 1071 A
EYRBEEEN T WA,
MK RERAUEREHTH ’\ ’\
WK, N, flHe 8K, H¥&4
B X F 8. 3mL/min # 6. 8mL/
min B Iy I M e B2 BITFRE,
B & B KR (o). B e
HRXASOHFEA AR
ERT ‘SR ARMERTH
KRS AR AYR REE
fME—tE#H%E, NPFDET FID, ) L : '
BHEAHMEETHE 2~ 6mL/ A ) /e
min, [ 2.5~4. 5mL/min & &
HEL B 4-17 RE A R
AW NPD ZE=ZF TR & H&E
F. dRFoEEE. AAEMNEREFRRE. PN HB6E
—E TR,

WRFEHF NPD £ W A4, Hw o8B % & 6 s
fptee s 17

(3) 2], FEAREMEREFRIE. —RERRFAY BAH
BERE-FWHEHE:, —ARELAEBRERERERE. AMENERSESHE
i, WA 4-181, ARSI, AR SREN NN, EFHYETFRE.

DhrwiR

4. 2ml./min
256 = 1012 8

BEE
BB R

. A

B 4-17 fE a0 R K
ARARET G %HE
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PA— 1L ZEF ()

0.z ] | i ]
100 150 204) 250 300

EXmE/ L/ min)
B 4-18 ESHEMNEFRAEWN

REASEBBANBEROLINER. B He ERSH, BEE S EH
m. BEZH L HGEZH TR, TRBENSS B BERDRE N
TR TERNEH . AW NPD B2 S REEFEAE 60~200mL/min,

2. HERM W TID™ 510

TID 6 #HEEF AP, SERLEIDRENENHEXHF R . Bk
T ANER/E AT —mNE., EHEAER NPD S —
kA,

Patterson A A ARNBEHNSERIESHERMA T HES.
—REENEEmMSEEN H/ A FBRES. P HARNENSIER
R 5B W NPD — R, B DR MRAE , R 80 oMy . % 0 B R
o {8 AL TR HE SRS, AN, 4% H, A Air, URBH IR, HERK
Ay BBEWELK., WEEAK, NWEERETRRY, XEDEES. &
M., EETEH /Al RiEH, EEIIBXRME, ERAKR, H8H
EES. B4-19 ME/BE—mENANE/ B AT Wy R TID
RERA., EEIBRECG RENEMRER., REKT NP A, K
E R 10ml /min & N, S ¥ e s M 60~80ml /min & N, S, ¥X
EEE, B, BASFARFESHERAAEREIMNILSY, =
BEHREESBRERAESY, ZEANFYEREZDBEFRAS
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mkE GERE
400— 600°T

fEkmE Cs B
600~ BODT .

X g

fLf 2 i = k= BRI

J | (H.O0H)  yrsmgm |

W SRR —

L]
He 5 D
5 Ha

(n) {bh)

419 M/BE—WNY ) HME/EAET—mEY b) TIDREA
T AWML, EXMHEELSYNRKENE —HFIE.

AT JWBETHER

Wi frik NPD B AWBCSREFA—BHAE . EHRFAEE.
B, XEMEATRENELLE. ATRREFE, EA4REEN
TILHBEHSZAAIERREE, WELFHEAEIMIEFEREE
R BFRITE.

—., BEBRE

Brazhnikov MR Y ZE, HIRASBEERENE (thermaerosol
detector, TAD). ERE@AK FID L, ii—WeBESBE K XL,
420 A HTER. BB N CsBr, SERELEBT=IEHK: ©
FF (50010 D) CHMERP PIE CsBr Kb, BABSERI@ABEI
ERNK; QASHEAZEZBERY, FSHTRNE. AR
KSER. A XESHRENHRE, ZORBREESBHSEEME: @
BEAE—ENEATANERRN ABESERSAKGBRX . ERABHR
it 100~300V (9 IEH K, SRR b . TAD X B 3 5 B BERI &R
WL 2x 10 Pg/s, BEEME 10', LT {E 2000h AT B H{Ef]
Wi, BRFEAHE BHEAT,

Conte Z* iR E T SLL LR LAMESBRR. ERABFE
L8 KCl KB E, SARMAK SRS B UE GRS HEA

l
L
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4

?

§ m {0 I

1 4 fzx
- '
A

B 1-20 BREBERNBTEA
1—FID; 2- SRR ER: 3B 4—idRM%: 5—a¥; o8,
T-m AR, B— MM o— MR 10—-HWE: 1—EEP

oL E

—. HEIAEELZE

B . Snijders 2 RE T AR ECIEITEHTE, M HKER
FETFEARPBEREXA FE, B 4-21 ARRERE. © 27 Fisons
8000 F 3| A8 &35 (L 4 NPD-40 BB RIAE |, Mk BB E /N
BETF. #%E—"TA% S lmm, Y 10. Smm, & 3mm NER/HF, &
HMWmEmA—ATL. LAEEANE 0. 25mm, M2 0. 45mm M &R ENE
EXBX . HEATHAKENUBRI R MAEMEEE B, A
Bo kK EMEERAYT. ZEHAE LM—-140V AR, MWEER. 85
LAAEHE. RAMETSMRCE., YEAEREREAILE T
Al, BOowE. HTHEFKEE, KA Varian 8500 FEFE., KN
3000kPa F. &4, % 3pL/min HHEBII A4,

F AT HZRWMAEE B (SRR WERERFERH. R 48 HE
¥miagat s (Dhrmis) WM BEXE) BEERER.




%
_ /]
5
8 F
HAC CDE -'_i l ;
I
|
i ! H, e
——i— r—-‘-—\—
} 1

B 4-21 HESIAMIEEREA
A—EER;: B, F—#HWE, C—Vespel F; D—Kalxez 3; F—EBREKH;
CG—EMEEE: H-MELAREZHE (10mX50pm AR,
I—& M, J—ARE, K—kEmn
247 BUBEMIERE

W BN W R
iR RbCI A B/ (L /man) 0s
3 BE / (mg /L) 150 KR/ (ml/min) 295
£ 0 E WK B E mm 6 RS (N BB/ (mL/min) 4
EHEHER P A/ mm 2

* 45 RIABHERER

Er- g P I
AgE 48A + s/g 0.4A +s/g (N)
5 R 51fg/s Bpg (N) /s
g3 1. 5 10°g/g (C/P) 1125g/g (C/N3
M/ mV 1. 50 1. 50
EEEY 5 -
ZANE 164 —
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ZEMEN RSN AEESH® NPD Y, EBEHE, IR
e tsEiE, BTN, TELRMEANR.

BLY FEHAEEEH

AT NPD RIF R EERE, WM D AN, EHPF T
BEULT G4 @A el -,

1. BEHA P

() 4 AEBELHN. UAEEEERNE, TEENTH
LIRS A DTS, BE., ELELZ.

(2) FaEmh FnRBEERES, NZEHARNBRBR, IORR
FARER NP ER.

(3) A5HE SEZRESHEARESIHFERER, WEREBRMK
HEWE, UEKBEEH®.

(4) ¥epindh KB MAET, FOo0%EMABEHR B B4 MR
K. REFEE., DUHTRFAES, mAfidL.

(5) .2 MEBEEEETEATHE AN, MAMRBTR. LUE
FeBiRE w.

2. AR B AR LS YA

(1) EH R 38 % &AL SR, 4. CH.Cl,, CHCL, #. E&
HFREFLB TR, BRUGREETCEHKE, H¥WGH. K,
Ry, ZEBEENNaSENEENEGLE —EEn. BEESR
B, F—EEARKEKAEMBER N, HBRHENEGRLTRE
W, ST ERR—aERE. ASEREHENENR, XA
A5, YBNEETEEREAREZEREME. X, NPD ATRR
B EMELR.

(2) EERMBER AN RERNEER, WOV-275, XE-60
%, AR MRAEERENEEES.

(3) K WNPDKMRBRESREFE S, RMFEATEBK,
ERERAS. xot, TEFIHERT, SEASREEHA £
70°C . 100°C £4%# 30min, BHE 150CH 10min, ZH TR ZE 1pA
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T . FEfERFEASR. B EMERE 1S0CU L,

3. EEMNE LM NPD aEiy B

(1) Bite UImilB&SRAKERMA, UBRE. RE&BIER FID,

(2 ES AERIASEERES, EHEXBEN NPD B RH
ERE—. W—-FEREERS, RELH/NT 3ml/min,

4. Hih

(1) BHEAMSHER NPDUWEREXASENAR FID A
B. BACRWN.PLEDET—HREHBENIE. ST, 500 014E
RN BEHAIERENE,

(2) Bt EARBAELBERRERRRFRLTEDHGS
Yo o FE AT W R 0 W e BRI k.

(3) BFEREHE EXRMMAETRBRASH AR, &
LAMENSE FARSEBTSAN. BSHEMITEE. MAHRMKE,
EFVEHAmEARa LR, L, MR 28 REHN, 2 28
FEARE., EFOHBRRSNE, LYEBERRTREAFHER
BT AL,

BAY A

NPD RRER. BLESYRNNEHTR, cLERR.EZ.
FE. £9ibe, EEaYy., RAgASaRSAI BN, AT
TE MR, AATEREMEEARSW, AR ERIEN A& 5
prabER, KKE&T WAL,

—, BN, BRANAN

REZRERUMBREELELERN—FMET. BR. SHNE
HHE, CRTEEESHEN. 2 H-RARERENEHETHE
BB ECD #l NPD. AR FQ 5% & 8] — U4 i , A {8 & 6 0 4 o
HEAZREE, F—EREEZIR. RE¥IIER, —TH7aW
A3 1 ECD, NPD figk 2 ECD. NPD 455 % .

BEEGNT .

{258, HP 5800 RIS HE %Y




128

4. 30m X 0. 25mm X 0. 25um DB-5 ) DB-17

HiE . 57C (min), 15C/min, 130C (Imin), 2. 3C/min. 270C
(20min}

BALE: 250C; HRE. 300C

ﬁ"‘:{.: He

For#FHE: Spl

WS ENEMERMRRR 4-9. WEERW. FHEMEH
KUHEHHBRE, BRUBHE /LR, NPD XA, BERBGHE
HIFHERXRFECD B WU . NPFDRRE S BREAGEELHHE NI
TH,

¥ 49 RERFHRUETETMRAR

RAEH E{:ﬁﬁﬁmﬂmg”;«;[) ECDﬁﬂﬁf(ngLLPD
SRR " 0.05~0. 80 0.10~1. 00 8 s
g R 0. 10~ 90 0. 16~0. 80 10 5
ey A 0. 050,70 0. 45~0. 80 2 1
B U. 05-~10. 80 0. 15~0. 70 7 3
Z, oL 0. 05~ 60 0. 20~ 1. 00 2 9.1
o & 0. 05~0., 80 0. 10~ 0. §0 1 1
B 0. 20~1. 60 0. 20~ 1. 00 100 23
- 0. 20~ 70 0. 15~0Q. 50 67 16
%R TEW 0. 20--0. 70 0. 15~ 0. 50 74 22
e 5 1 7 0. 10~0. 80 | 0. 10~0. 85 31 6
55 = o 0. 20~0. 70 | 0.10~0. 75 36 1
ThK R 0.05~1.10 § 0.10~1.00 15 2

=, meEHRA S HDY
MmEEHESRERFID &8, % loL 04, RELIRRER.
A g NPD &8 5 B, I 20pl M, HERBMA 98, %7
FIERSE., @422 - aiE3E. TeE. FID gidEF
WwERL, BRRENRK. THEE; W NPD TH”D, HFERE, R

. HER.
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?Eiﬂ‘ﬁ
47 FID{10 % 8)
M-p
(10> 16)
Fe -k
An

o 4-22  FID 8% NPD £ § & i B

£ F X W

. Karmen and L. Giuffeda. MNature (London) - 1964, 201. 1204

L WAEE. BREE. SHAERME. Jue, AFThEEY. 1979
. ¥. Brazhnikov et al. Chromatogr. Rev. 1970, 12; 1

. Kolb and 1. Bischoff. ]. Chromacogr. 1974, 12 (11}, 625

B. Kalb eral. . Chromatogr. Sei. 1977, 134; 65

B
P
K
P

. Kolb et al. ]. Chromatogr. 3ei. 1977, 15 (22, 53
. L. Pawserson ). Chromatogr. 1978, 167 381

. Olah ev al. ). Chromatogr. Sei. 1979, 17 (9); 467

. L. Patterson. ). Chromatogr. Seci. 1986, 24 (2); 4]

P. L. Patrerscn. Detectars for Capillary Chromatography. H. H. Hill and 1. G.
Mcminn ed. Mew York: John Wiley & Sons, Ine. . 1992, 139

P. L. Patterson et al. J. Chromatogr. Sci. 1978, 16 {7); 275
C. A. Burgett et al. J. Chromatogr. 1977, 134; 53

P. L. Patwerson et al. ). Chromatographia 1982, 16: 197

P. L. Patterson =t al. ]. Chromatogr. Sei. 1982, 20 (3), 97
% . PR, BLEER, 1982, 27 (24): 1500

R. P. W. Scort. Chromatographic detectors Design. Function and opetation. New
York: Marcel Dekker, Inc. . 1996, 111
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19
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F. Vander Weiler et al. Anal. Chemn. 1988, 60 {14); 1380

EEELE . HP6s0 RATADMBMETR . B=H. 0ME. BHELF, 1997
Bo

HRTEN . BB . 1982, 27 (22); 1373

J. A, Lubkownz et al. ). Chromatoge. 1977, 133; 37

V. V. Brazhnikov ¢t al. ). Chromarogr. 1979, 175 21

E. D. Conte and E. F. Barry. J. Chromatogr. 1093, 644, 349

H. Snilders et al. ). Chromatogr. A. 1996, 732, 51~ 61

Perkin Elmer Gas Chromarography Auto System XL GC User’s Manual Volume 1.
Chaprer §

i. L. Bernal et al. Chromatographia. 1982, 33 {1/2). 67




FLFE BTFERENHR

®£-¥ 51 7

B {3 K8 W 2% (electron capture detector, ECD) RRAEE RS
RS E M EE . Rt XRSR H M RB IR, o (X AL
REIFTRE THMEEY., R, EN. ONSELFTHLEYE
W, HTEREER. ZBE%F, EERXCT ZHFFERS PR
BRY. ZERBREZNN. KEAm{KTF TCD I FID, —HRRE
i, ECD RS A ERNBZ —, AENESARAF FID ZH A
HERNE, FID R ESERERMEN, ECD GESESTREMRMNM
N ECDBAREZ A RESEBEE D, BHEN 10°~10,

ECDHEBRE—FHHEALETEMIFZTREEBOSER. 192 FH/HK
T 3-8 4% KA 0 B A B 8% 1958 4F Lovelock!' 1 -5 E /B
BN, YR EEDEAZRRRN, BT RE, TR Lovelock
H—EHR, ERBRTHRYERBAKERBNFIYERET
ERE, #mMARRE FRERMBY. WEESH 40 £FEF, ECD
ERBEOAE. llEk, MEHNREAESEFESETRINR
#H, NAFERLECD WRARE. RUERRENE. BRFEHBBE XN
AMESHETRAHSEBNRRE.

FEWHHNECDR TIERE, WML, &M, HEIIE. &%
HEE L EEEENNESERSNOSE. TRINEERIEBHHE
HEFEN ECD B EE R, REREC KB, FAEXEFEES T R
t# ECD. #%% %4 48.

$F 4 ECD T{ERE FN LA

—., TiERE
ECD £t ECD R M AR, LES5-1. €5 FID &%
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(A 3-1) HiL, XFAIEFFAFE: EHITHEEE, HLUEHRHE, B
e EARERR KB PBEL, SR8 (). FTREEMHAK
HOEAETHIE.

-5

T

M 51 ECDEZ&REME
1- @ik, 2—Md: 3—REE: 4—Ri: S—EN: 6o
T- ERBMKPE R S—MABRAMKAS; I—CRBRPELERE

ECD TEEME: A MUMBI WP SHEA ECD # . EH S
Bt S HAMEL THAE, mEXER T, E£RE. BHEMBAR
BpERAT, ZhFiimAE, B8R 107 ~10°A ER. HBAHE
MK AR, BIERBNETF, HRERTHE, PE—f
B, ETR B A, EICRBICR, MAWNES. BERDSEA
WA BRIER, ARABREMLRE, BIREFRNGIER.

=, MENE

% ECD %, W H@0EicHeE. AvAgamEe. B
LEMBEAMWNAOTWMERSE, TRXHA T EEEEHER
RO 2T R A R Y, BUTF O E S E®.

BEAMEIANEMENEECD AR ST EERRERTS
BE T THERBIRN. ERERL: RASREAHATNETERR
M. BEREE L BERETE. ARTFEARPHELS T, s, &
HEEFSRE (W),

1. FALBY RN



133

BRETREAER 1Cke VEEEMBERET. ERSERAKSSF
(P) e EnmE, FRHEBEEEF P, KESET (o), AN
THEBHERBEREZTAMEERT (B7), RNEXER ().
f4-P-—P* et p°+E (5-1)
N, Al R TEEESR., BArE ARFSHT, TR TR
FBEF (Ar'):
B+ Ar —Ar* +58* (5-2
Ar- BA 11. 6eV EER, AFMEK. YEEFERRTFHERTH
4y (AB) A, EHEEERET 11. 6eV, Ar- I B HEEREEF
e F, # ECD ahep &9 N .
Ar* +AB——Ar+AB* e (5-3)
B, 4 Ar fERSZECD, HRR S EBRF. ik, BHEE
Ar plo A sU~10%EHRH PR (R -8EB FEEXH, § Ar—
Wk, WAL TREMERABIBEE, BHIERH:
Ar'+X —Ar+X (5-4)
B, MARRET RS SN TFMRAE TRER. EZR
Rl T (BEBL0.02~0.05eV), + 4 B FHEEAHATFE. BTl
Ar/CH, fE 8BS RERA R,

B+Ar-+CH, Z2P* +e+R" +4° (5-5)
2. BT {F 3R
B WA #EA ECD. R3E#BBEF, IR BETFHEMVLE.
(1) e+AB :=-‘AB- (5-6)
-
(1) c+AB —A" +B- (5-7)
(1) e+AB %AB—-&-A' +B~ (5-8)
(W) e+AB==AB —~A"+B’ (5-9)

ML T N EERRAL R IERZER T A TERBFRELES.
MEER L (E) STRAFHBTFRER (EA). Tk, RELSY
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R FIFEEN R,

PLE T @R, A THEMBE®EERD, ABRERBTAE.
SEBAVERATER. K. OR, B, KBLECAYNE TERREN
Rk,

MIEI, NHR CEERIE. CRENR I EAMLE, WABY
FRUH R (E°) XTIBRPHENEL, E->AE, BIANHAL,
FEWHME. B, LSRR, @ AB > FRENERFTARE
Bk, E-=AE, BINLEN, ZBN. ZBRFESRILILE,

3. BERM

ERBFHREE LR TFAILIERRE, HEBHIEAT. Hizzgh
BEENETFREL, CS5EBTHESERERHTHEBTEGHESR
B 10°~10° %, B, iBFSEIETARERBREES, BRPH
FF.

AB™ +P* bt 4 F (5-10)
AB- +R —MABIR it 5 F (5-11)
B3 A +P e h 4 T (5-12)
B A" +R —SB® AR —h#EAF (513
Bh, AERFESEETRFEENES.
e+ P T (5-14)
e+ R MR- 4 T (5-15)

E=  ECD thah# Fks M e g%

ME 51 @52 R, HEER. ARMHEE=&FNE—EP
WA EE T, M ECD b, EHSASEFEEAFERBEGES . @il
e B (S SR W, BUK. e,

—. HEH

ECD M BENRBERMNRETIHLH.

30 £E ¥, ECD G BMBE—EARHE. AFAR, BtEYE
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MHEEATEE =M. . 8. Y HER. ECDMBEHEBHERR. O
EAE M, MRt -FRENER:; OFBN/D, AR ABEL;, Q)
AEHK., HERE, FHFGEK: ORRSRE. FBSR. ¥4
m. e NEBHEEANRE, AEFLBRE L, FHEBEENAKE
EWYES .y HEEEENE, HEE N KE, #EFLLTELEE
KEHRAE, TEL2, BHTFER. (HEEARENRFH, TEXIT
BEFE1C°~1C BTN, WEEANFEEINN T o, ¥ HEZ6E;
HE¥ hd f 5k, THbEY, BEe. M A HEREGE. "H, f1°N;
RENERHNBZHERE.

M AHAFH—FRE, FEMEELRERS. My HE, &
FEHORRAE. RAHGRHMMBREF. M-kF CH-TH) —BESE
MEEETETRBENIEHF LRARTE, EWRi#HEtE, UEXERT
WREMNEREERTRNRABRAS EOR- R CH-So. MBEAT
M, H{REE, 1966 F Yanger HUVE K EHCN ST H. ©2%
ONi B EEF PHRE, MAHHEBRRE, EFEHBEFME . FE 5
1, ZEEREHNIBRTFHE., R, BEFEEMS ECD LERE
“Ni i, 4. ‘HiFE#EE, fHx, ERREIDRER ECD ¢ER
F, FRA'H K.

¥ 51 SNif'H, #BEfRpkEE

B SN *H-Ti & *H-5¢ |
FEM/ 93 12.5 12.5
BREARE/C 400 200~ 220 300325
SHTH & /keV 67 18 18
A B FHRE/ mm 2= 10 2.5 2.5
B XAEE (mCifom®) 10 170 680
BRXHER pA 5¢15mCi ) 30(500mCi %>
F SR s 63X 1010 ZX 101
My DA 1.5 3

C#E2ICN F, 1.01%10°Pa (1 KSHE) THE.
= . ECD #h &5

ECD i EEH FRERF, WA RERE T, X2 KEY.
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MEFHETFEBB R4, 5 HRIEREWR.

HE, ECOMEHWEEEHE. ARUEIIER (BHIH). |
Fipg My LER, TaR=fEEER. PR, RMEH
RAGBERBBEEHN =8, LB 5-2 @), (b), ),

_”\‘_’_J_,_,__.f < b #m
B A | ]
lh ur—?ﬁﬁ

Ill

(a) FTHRA

[~avavavavavaras] s oun|  #aiE
S o5 5 |

—f— D'!////)l F===-—'—-

(b) (7] 4 0 7T 2 (¢ &ﬁrﬂﬂlﬁfﬁiﬁ‘!

A 5-2 =#ECD R ERY

1. Ei7t Al

BRI AN —MSR, BakREASNHSE, SEFHEEK.

2. [A) il [0 e Y

XRERRAN MR, 5TAREEL, H#E RN
W, MERTANE/., ERARHRERRNER, BT AT
BEHE, XB, S HAT AR SRS THE, BHEH, SHTH
BRERME T, FERKER. B XL EEN SR FRIEE
i, EREARD. BHEXEIRERX, SEBLK. HEWH
(# 1ps) EIE (50V) Bk 2 B4R e . BT S0 o B9 s TR B 52 £ B
&, HABEFAYNIJE. N, FRSE, BERLRLAE. mAERK
‘W, W, ] Ar-CH, eSS B, WA S 3. BN H5°H, WAL, 5
E AR TREKTEE: N, 5 Ar-CH, ML, B3 48 % B6 R T REAX
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REETWIME TFHEAANEE. RS ER . & 10mCi AI%NI #5,
F Ar-CH, fE 8], 40V KRB, <dps KW REREET2WE
WPB TR F, MAN, K, RNEELH KT 20ps THEFE LU
B, A%, BEEEMNRHE ECD, XB&RN 2~4mL,

3. {3 ¥ fm) s (B ) AR

XEGFEZRBRM—MEFEHN. SFRMAZTEMAL, AREREH
HHEE, wiERAEA, ARBENARN SN EHXARY, S FH&F
KATBE SR, WHBEERT R/, EEBEHEILUTHAE
A O RAEE/PETFRRSFERESHEE,; OREFRB LIRS,
{RIETEBK o i B, ECD Wb I FIFBEE £ E . 7. S5mCi ®Ni
. Wik % o.3mL i ECD, # N, fE# S8, —50V k@A,
0. 64ps BBk PR EN T s 2 ER TR T, EFEFEAFTHM ECD,
HEKRER, B 53 (a), (b) AWM ECD RER, MEHRSH
% 150uL. #1 100uL .

Bébh. RASAGEERES, BRGC-17A M “FEH” ECD, f#Hit
B AS R EESREREM, X, EVEWwWE, XA IEH
AR SR, HYRAESH—&E BT HRG, MEESBHEE
WA A P RR TGRS, EHEE, BAES-3 ©).

=. BNEkH

WAETFTR, ECD MR R E 5 FID A, 7 H ¥ bk b &
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AflE, REFRRMOBRENE, DWAEMRBEARTHNR. OHRE
RES CCL WEEKEXREZMBEH.

Fo-12 LM EMBEE. BS-15 A=ZRHEGYH
KESRENXR.

%512 REfI/FOHMENRER

I
e {kcf?ffglﬁ " ey {kcﬁfiil)'\i} L2
= .02 mEE® | —0.10+0.22] 33.82+0. 3]
* I 5. 50 ZEE — 1, 4740.27) 34. 4110, 33
ZEXE f. 17 RHE —3.1440. 32| 36. 4510. 43
XMW 7. 68 WA TR |—4.07£0.18] 32. 76 £0.17
FRREEHARE 4, 58 148401 = Lol — 4,25+ 0. 26| 35.50%0. 35
- WEFRE 10. 56 TR —4.84£0.23| 36. 90+0. 27
& 12. 41 AR —6.5040.22| 33. 04+0. 28
[ 2 13. 29 Z. RN —7.8240.12| 35. 861 0. 14
2-ZERE 14. 3¢ : ¥ —11.01+£0. 29 40. 55+0. 33
9-JEBE 16. 6¢ & —13. 86+ 0. 35 25.55+0. 39

(T leal =4. 18],

METAT R . B B, BREAEGHEARRBENE ECD LR MAL
{8 . R B 4 Sy 3 iR B B R Rl R B . 38 5-13 D913 BIS K uE R BY
ARBEDSREAXR.

Bk, RO AFBEENOESGS. REARREKER
REEMFE, BGEMAFESHE, TRYOEER N, K7 #®F
YA T B R . AR EMREEEE RN R LR, @,
MEECDETHEBRY. AR ECDETHAEINH RN,




Ink T¥¢

6
34F~
32r
30

23{
2eF
24}
221

20F

18}
16f

14f
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_"\"""\—--.____ @
~ T ——L L
™,
\
S
M
S ‘
\\ CHO
Ny
/)\ Br
d ©
/
~
e
Vv
s
s
Va
227C
4 {
1 |
1.0 2.0 3.0
ﬁﬁﬂ‘#jﬂﬁf = 0!

515 K5 THXES

%513 FRTEMVBETFEENEERCRERR

fTEpv

t4m PFP HFB CA CDFA PFB PFPA

ne v yEe T |(y1#E T (B T (B T (B T
EC® | I - 1 - ] | -1 n -1 i % I i
»om| -] 1 - | [ | o ] & I &
.. I i ! ftk 1 [ I - I i R "
iEC i L] B I =1 I -] | .| ! ' I &
M L] ] ¥ & 1 ) ! [ [ {& ! %
313 1 1% I {i& i # I 1% I 1% I &

D PFP A ANMARE: HFBAYLHTHE,; CA AN ZEE, CODFA SN K7 .BX;

PFEARREFEYE: PFPA BN LBE.

@ AERERFEHEAAMELCRHBDMEER.

g1 T ECD gy ¥ pf 8] B2 W RN, FHit, RS EE
S AREER DT L (0.1~0.3)C, BLRIEmWNESNERE®
1% LN, B, ERER— G mEERR RSB, TEE
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MG, TRBBRENHLERREMN.
N, BERIEBE
EimE, fam#E., EEi=frx, HEEPHEST=ZH
TAEX: DATHE TFREAYN,; QECD PR FRE:; @HS S
B -F R MR AT 1E) . R4 B B R 5K 2R 00 e i (H R R e B 4 38 i
. TERE _AFTICWT.
1. HiflsER
BHAPEERBEER
REEARE. EERED,
i = I B B 1, BA E i A B3 g i
5.0} ! | K. BHRYEHEN 4X107°A
. ! f Bt BIE{EE. EEERER
2.u|: SRR E (V) M
1.5k EH D), WE 5-16. MEE
1.0} ARMBEPHRAERE T
0.5 g =
. 5 &5 P60 W E 7 4 b E R
MV Fo/h, BT RLT MRS IS O R
5-16  Hifi-8 EMLR RS . OEEFREBFLER.
MRBHBHSRBEE, EHEL TR, BERP-EARETE
B B/, BEAMA, SERSGEESFERES, HECER
B W ARER, HERBRIK.
MABERME YA ERABLEN O, FIDRBEHEBRE
ORR., BHARKRLEE, CRBEHABAFEESI L, A “=
B, g EMNORAERERN. XIETESES BRiBE” %

W7, HEKAEE . mhERETAITE:
7 _BekasldmE (V)
" TORKBEWARE (Q)
m+ KA
~ R+« 1000

ik

(5-23)
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K— 5
A— R AFMBHHNBERME, WE 1-7 5 1/10;
R— W ABMH,. O

1000———mV BEE V,

EERAESHEBERFETF I1X107%A, "NIBE 1X107°~1x
10 A ZH, EhTFHEMEREH.

B WA ECD AW B T4 40 R F e ERILE, miFRIL
ZYS5HGRERELNFBESDAX. L, LIARIEREARD
HEBERLAEE., FRAESNERNER, XEWE A dH FERFR
BEE. MM S S8 FRYEMe R, RRRHESFHREFHILE, #
B, R NIRMERE 85%, WA 5-16 PHiZn T ph B R 8E &
., ERE, BN EELN; RIK, BEREEENRENFET
W AT, R, FEE R R TR,

2. EHEX

EHREBBEE=SANS%: K EE v, BE V) MAY
(T otw O 3ps ERWVAE WV EGHEBEEERERTRN B HEBE T
RE 517 (a), (b)), B HRPHHERHRBESESH, twEO.5~
1. Ops, V, £ 40~60V, 7 R RS {8 T 5 . Bk ol 730 % e for {0 25
FMAMEEW, CRETEERMNBESL.

T S EMER SR FREFIHEX. P EaA TN
MEERRFHASENESHARSNAR. REFERER. BTE
REERETEN., Bit. WaTFR, EWHPEIRAE (Te—mw. BF
whEEEATI, T A, RFERERE, BAE S-17 (o). B 5-18 A
AKRR T E R FRETER. B THRERR., A0 FKEFHILE
Rk, N, wIREER T, HMmE R,

T WERA R WA T2 RF . WETETR, ERRLE cw BRI PIE AR
Gy, T 0, BkHU SR TEEEROO B BRB TR
B, (BE—ERER (B KRB TFEM—ZRNR., ST,
B mMm s, B5-19 Rk AR s R EREROEH.

WESEFL, AEEANEREREHSEENER. EHit, N
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=
2
6 0.5 1.0 1.5 20 23
BB tw) s
Gr {a)
i .
i
Z 3
2|
1
6 10 20 30 46 50 60 70 80 90 100
MR EE (VA )/V
1001 {b)
gof =
. 6o}
=
qof
2N
0 1000 5000 7000
Biab BB ¢ Tho)ips
{e)

B 5-17 MoPETFIRE (V) SRNEE ).
HE (b)) AN () BXRHE

EAAREO, R T, E, SRR AL E R . 8% 5 E KA
B2 e bk rp B Y 100 5.

3. {EH @ K&
{5 o, 46 0 B B 15 4 B R A A0 K o O BE R R T T2 O B 4E L

ECD G M1 X, 8 # % ECD PRSI REE AL . Bt
HRENSRNB AR (),

EHUEMNRITHRENREENERGAHBE, HER
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PR B 300ps

L

- [ [

JEI R . 50ps
2.-')
> HUUUUUL UL U
630 90 150 300 150 500 750

B 18]/ pes
B S5-18 FRMKSEE (T HhPBEFEREE (N) mEH

15T

-

- u‘-._-
“"n-.-..,-—u.__ - %ﬁ- ﬂ_\
T —y

104+
/

1 1 1 i L
i &0 120 180 240 300 360
M P IR A/ ue

B 5-19 [k b B0 358 00 o o £ B 3 ) I VR
HTZHAFHHEABMHE. mE#EA 7R HP6890 RIS Ai%{X
i) ECD., & H, % 0. 5~5. 0nA, X3 H100~600Hz, BRI S I,
BREE, PMIBHABER, HEAHCEE. ARERKERTFS
HBFAD. LEBK, REERERS. KENEBRRTREB L. f, &
M, BENERK. ARESAUHEERE X LAKRMMH L. #EE,

LA R 37




IeZ

L{EX. REES;: B (5K, REVEERE, RZIRK. Bk, N
ERESIFEFHES LARE. WERA®E. N ZXHHAESW
BB MR THBANEKEEARL, MEYHAKER. @S
HLBERIZEEE P X 0.3~0.7 ZJ6).

Wied . B AS R A/NET LD, AN ECD FKREFLE
% . 0 HP68%0 £%) ECD, RES BN 0.5~5. 0nA B, BIE
100~600Hz A, RZECD REE®. A1 BBR f, HBK,
e, EE, FNEE WM, TREI EREEGE. gl
ZHHBMEFROEERT USFUGKEERH#ETRERSEE.

BN BkebE AT ERENG

A EERITISHAEEERAMNR, REXUFIERSERER
"VE—f A . BJEE A A B — PR E R 0 IR B S ECD— fk R R e
T EHE MR (pulsed discharge ECD. PDECD),

—. B RS

H 1960 4F Lovelock # ¥ ECD £4, HABK -HANMKE. K
SSRGS S, ECD MERRER. NEERA; BE
B O i 5T R AR

(1) REBEEESREN RSP AERHSRBEMERFS
SRAE B3 P P TR R S, KRB B A S RS
®. ENH#AECD ¥, SHEEESEM, BRENREG, FHL5E. &
LR 28 PR S T RE.

(2> BERESR NOERBROBLERE, TR4FLERESEL
S, BRERMBEERN, THEY.

) BETHAESRE HESR, BERRERALEREX. B
WIS, BHENE,. FRERER, BREXTERERESKI
EIEERMRE.

(4 ARLx BENHEE -EHNERASE, ERMENRMK
B FREHIART, FNEERTRERM; TERERETFAE
BB L, H, A TR @R LB, HIIEYN B, MiER




ig3

4D E—ERE.

(5) BAMEYRAE S FEFE. SAMER ECD B g, B
BEEEAGES,

Fk. M0 FEATMMALSE TIEMHMNHE ECD ®F R, 240
AEMIERHERER- T,

=, EHatEEEE

EalieiA A ECD FWMRALIRE . M S AR, mE AR
BEMLEF. BERERN. HaAREaast A, MEHREBRB T, mEE
. Wi, ERFEECDHRAR, REIFIRELRECD dRER
WM HE, I REERBEFHOFTE.

ORER, FEFHIERFERHIBIRE.

1. 1964 5, Backman {{3% 2 %) & YHE i JE AL 51 4E W 5 &5 ECD,
ERESEHEFHE, MEBRTF. BFERREHSFRE, FAR
o G

2. 1975 £, Wentworth ZIHHE S o« LR (10. 2V,
FMESEN=2KE®E, FEAET, WRAEFEHRENE. ©H
HERREFARE, ATEASERE, PEHEHHE T, MREE
fi6. Xt CCl, By &/ s i & S0pg.

3. 1982 4F Neukerman SN & W1 TS FERAR . HiEM
PR FHBE AR T, EXRAOEDRMER S g, REER

4. 1983 4F Kapila FUVRAEEIMT HER, ARSI B AN
IEREREE, "4HETF, ARWREEBRER. & ECD XA 88/
BEWNEX Ipg, BEH#HAT MgF, 8, BT EXR, RIFNERH TR
EEREE.

5. 1987 % Simmonds™ g E/N K H RS R Ew, B3 6HE KN
FEET. ZRBFUARALRALERS, BEREERERRE.

6. 1988 4F Wentworth A HEFEHRBSMRS, PHRiEB R
ShEREFEMECD iz, AMERSHEF-ENERA, #F
BB, FEA B, % ECD X CClL, fy & /Me M M|k 3. 2pg, HAbit
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WREERE,

ai, FRAMEKRHEEEESTER, B, 4 —A8EH
mb LR HE B § # ECD,

=. PDECD

1992 4 Wentworth 5 Valco {% 28 2% 8] & &, F &l &% =
PDECDY 1, LIS, i1 M ZR MBS RT TREARGENT
FLUP 20 1906 EHEH T SR ILEETY,

1. b 55+ #0288 0 B

A 5-20 A PDECD M E~EE. St FHEAEREA®. Ak
R _B: PAMBRE. THEMNREE. BRBMEXBRHAIA%,
W E WA, HES L tmm, RNKXBHBEEG4E
%, EHWITWMESBKRMEIRAER. MARMAERE; A54EE—1TK
BiFE (HB), EHBEREAE. =7 RABEZRKERHSE. FHRFAR
EE5E .

HESHEANBREE . REHARNR SN E, i A RS

.He
i ———

R

‘CH,

- 180V(E,)

- 2.0V(E;)

al FiVL ViV A

BRI E,

A A A A

N B

B0
&

B 5-20 PDECD #i3iE T &E




B HEWB, € E bS5HER
HRIRE, A3 —WwHEE . #sh
SMBIIREBE L 99.9999%
ZES, BRINFZ 0. 3%CH,
ZARX.

A 5-21 % PDECD 4 &
B OTHEE , Bkorp B8 A0 R R AT
Ry, FEREEY . A AT iR JL TR,

2. T ¥F IR B AW R pL R

ERCRERX . FIRGAES RS
BRkob B e, FHEKBHERES
He.. EBRRFRRE, RSk ER
% 60~110mm XK. ENRA

185

411—6 :

#PDECD

B 5-21 PDECD 5h2 i 5 3 12 B
1—riEs;: 2— B EwBkr L%,

R EWER: «— s AR,
S—iu ML KB R ERS, —RENK
MR TR E R

# 11.3~20.7eV E R EREN T, TRREAFSINFAELSGHR
B, YTAIBASPATE, EHBER, FEAKBRAhMAT
(eo) IRWER FERBIEATRRERED . EBITRTSHREE
MR, SIRE TN ARAET (o), B RIBEENE R . XEH
HFERERMERERA SEERE B AR EARMNEEM,
MR XLhm T, FRATHE, ZEFES. OTREXEL T HI

NEYHE,
(1> 7R

k.ﬁu
CH4 + Ay (H32 ﬁgﬁ) _'+P+ "'I_EQ
2y +CH4 ___"E+CH4

et P o 5 F

+1

(5-24>
(5-25)

(5-26)

I~ (5-27)

AP P—FAERTIEPERNESERT:
Eu____})’\. CHq jﬁ%%ﬂﬁf‘:immﬁ%%s

Rin— %%%ﬁﬁmﬁ$i




Ie6

k1 T 5 4% il R o Y S AR 3
(2) HFEENTTRE

AB--e AR A+ B (5-28)

AB+e Yo A 4B (5-29)

AB- 5 B~ +P* —w i i T (5-30)

2 ke —— AN AEBHERESFEREEMBR RS FRMEESR
R

k:—— AB” B 0 4K K
b B AR S TRRARE T OO A
b . OETRMEEREY.
¥ b 31 M 5 S ECD MR, LU o R T 4R
BT — EFES . AR, B, TR (5-19) T PDECD,
K FRREN K S8 EMERERZMNETR N,

e 1 By Chy k)
oA LT DV B TR FE,

B <koti ) EASE, BRERZEED. KEFITHEX,

3. MW ENEE

WA FTiR . PDECD A FWER FO I RXAFRF R
ECD, £M=4u THEERENBERRABAS, BwERTHA
ERmBEMEENFR.

(1) Hemf ZHeBEENBRESHERREWMAE. Kobia
BEHHEHBKRESBD. BE, ERTH. ST ERREN
Bk RS, BN R FHER, E—2WEN, ERARERMAOE
Ik, EE B AR SRR 0. SmA,

(2) BRS HBEEXYMEBSPARBES. BRAIHFERMN
WEEXEE., §, PR, RHT/EBEREY . FEL CH,/He R N (54
B A, 3F -4 Xe/He, CH,/He, N,/He =i 3¢5, 2 H 0 W b {6 53 B 4
1.2,1.0,0.5 HIf/EB YR ERRS, BHEER, SOEWAH LK.

(5-31)

byt
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— R PR E R 0. 3% . I PDECD 5 H #b 40 /88 (in FID ,MS,
IR) B, N,/He BEE. BT “S¥s”, BaFE/D.

) REBEEMBESE, REENEAREMPER B, #
BFEERE, HHKE, @H E, F—180V, E, h—2.0V, &
W—BERAWES, S FRKRBRITIMED, T XEFRHBHK
ECD 0Btk . E, AWERER, FRMHEK, Ezwﬂsm%uﬁslﬁﬁmnﬁ
FIFREEEFER, TAHDFRIE.

PDECD i £ FHAASHEH ECOMHEEH. WEHNH
ECD, M HLERBEFXRMER, EHEMER. (BE% PDECD .,
PR E M RBEMRFIMTEEAS A . B, PDECD J A
HEAFKE.

4. PDECD %151 ECD B HL# -

RS, &FEME. MR R MENEL K, LEONT.

(1) AT HTEERBKEHMEECD ARENIESZR.
AR EE S, EARHMARESRIEW, 3] 5-14 FH T OHR
Al R AL &M 140 CEFZ K ], % 5-15 23 PDECD #%Ni-ECD #
X ma AR AR AN L A, TUER: BOSEEFERARTL
&5, B, BETREEERNLEY ., EPDECD EZ K{H. #
XoF W (B 8 B N R R, IR TR ECDL. 5~3 fF. BRI E
) R 8 FF, PDECD B3 &5 TR # ECD,

M 5-14 TEEHESHEFEREREAMLE (140C)

A=k HEEERS K/ (L/mal)
g ¥ CH,-PDECD (1} IH,-ECD (2) (1) 7/ (D
M | EEE. MR 8. 31010 4. 61010
HEE | EE%. ENEY 9, 2x 108 3. 6 10° A
K] RIS, HEn 4.4 10° 1. 7X 10° 3.1
“HPE |PiRE, B8R 3. 3% 108 1. 6X 108 2.1

(2) %#FEH B2 HAEHRANESHT. R TMARERE
CH,-PDECDH“NI-ECD LRy %E . WJLUE S . KM P s, Hil
BT 1802 o 7 e B AR (BIRY . BIBIENEHREREE B,

. - - L e G MR e
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¥ 5-15 CH,PDECD F®Ni-ECD 3w E I F0 R/ AL BE(150°CH

A Eicbey - Irdic) W/ vi & /pg (s/n=12)
PDECD{1Y 83 Ni-ECD(2)] €1)/(23 | FDECD(1) B3NI-ECD(2) (11/(2)

(g R S 10000 10000 1.6 0. 006 0.01% a. 31
“REPHER 7600 5200 1.5 0. 009 0. 637 0. 24
—ERBR 5800 4900 1.2 0. 008 0.025 0. 32
ZHERP R 5300 5500 1.0 0. 007 8.017 0. 41
W P 5000 4060 1.3 0. 009 0. 024 0. 38
=MPR 4500 2500 1.8 0. 013 0. 053 0. 25
1.2- M2 % 1900 1000 1.9 0. 021 0. 091 0. 23
1,1.2.2-F9 %, 2 8% 990 590 1.7 0. 036 0.16 . 23
K1) 860 470 1. 4 0. 036 0.10 0. 36
ZRLE 570 380 1.5 0. 037 0. 11 0. 34
M-1.3-ZEFAS 170 120 1.4 0.12 0. 58 0. 21
B-1.3-Z K& 130 64 2.0 0. 15 0. 94 0. 16
1.1, 2-=8 % 50 30 1.7 0. 47 2.2 0. 21
1.3-"8/E 13 24 0.5 1.9 0.1%9 10
¥ 13 45 0.3 2.1 0. 45 4. 7
1.2-_ 8% 12 25 0.5 1.9 0. 11 17
1. -2 7.2 6.7 1.1 1.3 4.3 . 31
1.2-Z AR 8. 8 43 0. 2 0. 61 0. 28 2.2
MR £ 8 35 0. 2 1.5 7.1 0. 21
L.4-“H¥E 4.8 16 0.5 61 0. 24 25
l.2-—H % 1.2 0.8 1.6 14 46 0. 30
ot f:F 1.0 0.61 1.5 | 12 40 0. 30
1.1-— R 0.3 0.3 1.1 28 106 0. 26
B-1.2-ZWLH W, T 0.7 o 0 37

(3) o EREER WREMEAMESRERSSHNEEN
BB UL, K S A, W e R, ERASHER. K
Bk ECD B /bt f& Bl 100l , PDECD MIPRA SEE N 550L. 4
o B8R SR B Y 40mL /min B}, W R B [E) AT /N ZE 0. 08s, B4R
iy . 2% 0. 18mm B9 % 0 2 g E &4 CH.Cl,, CHCI, #1 CCl, 4
Fad, HEER 0. 4~0.7s. Bilt, BFI$E#R PDECD IR FBUHE
ECD.
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CH,-FDECT

23

IN-ECD

10 ) 30 0

B 5-22 CH,-PDECD f1*Ni-ECD & L B
1—28,: 2K 3—%8: 4 — =0 WPk s—Bih: 6—4Mm:
7o BB 3—1.2-2RKAK: 9 —F—-APKR; 10— ZHWIMH:
11 -M-1.3-“EFH: 12—F-1,3-ZHFA%: 13—1.1.2-= 8Lk

44— "B —WPHE; 15—1.2-"MZ; 16—AEIMW;
17—E % 18— R 19—1,1,2.2-HEBI%

BT ECD #EMMNE

R FERAGYEHER ECD LR LENAFEER T EBH.
BEETFRERELAEY. BEAMEFRFRFMENRD, H5 H. R,
g EREERE. AW, ELERBACEREETHEREN
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#% (chemically sensitized electron captuse detector, f&# CS-ECD) i
BB AL FEERRME (photodetachment-modulated electron
capture detector, @& PDM-ECD), i 8 {k-S e E MBI T
BENHUE.

—. ¥ ECD

HEMECD RREF, iI3RBHZRBRLRY. FREZHR, T
BEREMAEN, BEREESHRNEERK. TREARENA EH
FMESHRRKSFHIMASHIEY, LXEH B 3% ECD M HZ
E . Grimsrud "4 X ECD 8%k CS-ECD, B &8k, |k
AT,

1. | {k ECD (oxygen-sensitized ECD, O,S-ECD)

W ECD ERB#EAMFIERNSRM/PDT 1pL/L, BEFK. B
FrFHEmTF, FEK. REEMNKRESTHR. FTLL,. B%¥ ECD R4
FEARAE. AW, MRERSPEERNATFZILAE, #EXH
TR GRERAEE, BXHRTFEREBLSY, —-8E. £
HER., ERFRE. —HARENEEN, NTLARFML. Hempl
BT .

(1) |EKXKBFEAET.
O, +e =07 (5-32)
() BRAFE O T F-FRA:
O; +AB—(,+A+B (5-33)

EEFHES TS50, BNE, BEBAERTF, £0; ®b, A
(5-33) BEE+oHhE, Y07 HES, RERPEEES, Ehh
BFEFETH, FEES. G EHXMB. e +FAB——A+B AKX
(5-7), NEREAHE TR, FRUTH O, BERMEMAN . B
BEBEFREEERLSONEFFREN. £5-16 ARB AR TEE
# ECD #1 O,S-ECD #%f MM E R . O.S-ECD {E R AfEH R i
RN RFAN.WEBA 0. 2% 5, 0 CHCl 7] {# W it 3 3% 200 f§
(M8, MBEEREBLER R O0.03%, MANBI4F WL, R
B 5-23, BFl, O.S-ECD ¥ H{E o ifi 7 A |AE.

g e
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A< iR B T 18 % B Ol A E B
5w . 250°C 300C 350°C
ECE | O,5-ECD® | ECD | O:S-ECD ECDh | O,8-ECD
— WP 1.6 189 1.0 113 1.0 56
bt iR 3.8 108 4.6 32 83 10.9
“EP& 459 4.8 662 1.7 815 1.4
LE R 5 9100 1.9 10500 1.2 11400 1.2
—R% 2.1 228 1.5 135 1.4 57
1.2- @25 4.6 161 5.1 69 5.2 22
1-®AE 2.0 201 1.3 127 1.2 57
-WMHE IR 2.0 195 1.4 13 1.2. 50
1.3- “EAR 2.2 180 3.6 81 5.1 34
1-3 T 5 2.3 145 1.6 84 i.4 34
2-WMT B 3.3 132 2.2 65 2.3 25
BHTER 1.7 95 1.3 47 1. 8 13
1.4-Z /T8 3.4 197 3.2 94 2.9 53
| PR 0. D068 107 0. 0063 6% 0. 013 29
1. 1-Z W& 197 1.8 373 1- 1 675 1.0
R-1.2-—HMl® 1.7 17 3.7 38 8. 3 1.6
WR-1.2- - W4 1.2 20 2.3 5.5 4.9 2.0
=% XS 505 2.9 732 1- 4 1070 1.1
Ik 4000 1. 8 4880 1.2 6160 1.0
1-% 1-A% 0. 0036 161 9. 0031 91 . 0056 33
2-¥ 1-FA 0. 180 3.0 0. 190 1. 88 0 21 1.1
3R 1-HE 5.7 153 4.9 81 6. 3 20
B-1.- B2 TH 380 8.5 500 2.9 580 1.7
TEER 42 44 &7 10. 3 97 4.5
w¥ 0. 029 14. 7 . 068 3.7 0. 16 1. 8%
H-RE 20 3.9 43 1.5 77 1.4
A — #| % 29 10.2 £0 2. 4 103 1.0
MIEE 10. 6 £. 8 26 2.0 47 1.3
WPk 1% 55 24 13.3 39 3.0
- M=ERR 6. 9 2.7 9.2 1.1 12. 8 1. 0
—H_EHix 2.0 190 1. 35 50 0.7 62
TEEH R 174 3.4 253 1.5 361 1.1
R - 4450 2.2 5210 1.3 5850 1.0

T kL 300 CCHa CLEE#R % ECD L2 wan i 1. 0 3,
@ N, 5P ESEY 0. 2%et, A XK ECD M HN.
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4 F <’
o {200
d.;‘.'o D‘o\ /
_— O b== 1150
-ﬁ N o qo w
AT ENZ
- B 3 ' E
/ 50
o - .
1if’/. . . L
O 0.05 0. ] 0.15 0.2
HER/%

M 5-23 LK 2 %46 F 3R () A ELARLE (o) 7 S0 6 3 9 RS W
B & T L. O,S-ECD = i B 18 58 A5 30, B & 70 R F om0

B RS AL (TR
Miller B ET 0.2% O, MERKP.ERREHF RN ECD XL

5 p o B R 5 8% ECD #frtb#. WE5-17,30 1%
HEEE O.S-ECD ki bl 59 & T8 H ECD, ERBRLITER
% FX  fE S P EI IR .

¥ 5-17 SRFREEYE ECD # 0,5-ECD

FEMEEEAER250C)

ke Bt A% ECDY | 0,8-ECD2
Ej g“ 1.0 4.6
B m 40 B2
£, 178 gg:
[ <I@ 13 14¢
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4
ey =3 CE-N W% ECD? | O,5-ECD¥®
B8 (%j 20 185
EH[a1W OO“ 130 165
FEHE m 4000 7.4
el ‘O“ 150 400
(]
Fit[a ‘OO“ 2300 20
| 8:8 1000 15
ZE[a. )RBE ‘G“ 500 130
I
.
%4, A AR 0‘.0 640 67
,
B4 Q:NQ 110 200
H
S I [ I Q 1.6 175
W% O\T/Cj 0.9 15
E: q?::l 1100 33




171

&% %
&4 W=, # & ECDY | 0,8 ECD®
o @\/\j@ 14 150
o
N
4- 1 4E i J 12 50
"\ﬁ
1-| 3 N 10 70
Cl
1-EH OOG 2900 1.7
Cl
7- BB @j/ 3500 8.9
Cl
O-8 & @é@ 2800 a0
P
09 |i\ “ 4360 1.7
Cl
o B ff 80 83
9-F & 45 130
-HEN B g“O 70 Lt
7-BEH N O“‘ 500 100
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i
L& LT B K ECD? | 0.S-ECD®
12-A [ M ‘_ % 150 150
§.8-Z ¥ H[IH ;:C(Sj 230 140
7.12-~F £ H# [ 1M (:E:Z? 8500 8.9

@ LAEE L. 0,
@ % ECD M 8% ¥

2. 8 i —H 8 1k ECD (nitrous oxide-sensitized ECD, N,OS-

ECD)

LHSBIBAZILHANO MERBRAS T, A ECD 2 &

JUF3 BB 46 & ¥ 2R A e i

BRENE. EHSFRANSE 3
RNRER. nESE<ERSY T

F H., CO, CO,, CH,. BZH T
Hiiz iz,

Hig BT .

(1) NOREKREFRET —
XN

M
N,O+e —>0"+N, (5-34) %1

O~ +N, O —=NO~ +NO
(5-35)

NO~+N; —=NO+N,+e
(5-36)
=R R#ET TR, FRN
wPH— MO RE (FE OS5

10

1

s
i3
107
2l
10 7
i

{:

103

Tr—a
4

0

1626 230 410 50

60 70

_ NO B/ (ug/Ly v -
B 5-24 NO 3B X5 {H A

B/ ML Em
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ECD i O;).

(2) S O R

BT, CURA AP

O +C,H, —OH +C.H, -,

O JLFREERAHEYRE, FHiEEN

(5-37)

EHMEP O RETE, SIEBFEETRE, mE£{ES. FFLL,
N.OS-ECD @R H T EHFFERBF, mE#EL NO B EERET,
Fed O W R A9 . NO gy BBl 15~70pL/L, BB 5-24, 54k,
HiuwEFERER MK, & 5-18 FRELSHE N,OS-ECD
o R A ELGE % ECD 1SR A E M.

¥ 518 NME4ESHWENOS-ECD EMEMBER (3500

e MEBH L& HREY At HE AR T
| 4 IEfRx 29 EAR 31
—E i 101 EEK 11 ETH 4
i 10000 | WM& 760 AR 1
iz 13 ®, R 1% 782 ZBE 11
A% 27 RN ER 63

=, kHEHAH ECD

ECD I iz B T3 5k & B 8RB 47, T A B s S 4 47 SR8
MPHRAREAE., B2, B THERPRXERABENFE. 2F K
=5 TR RMASA R, B HE K MH ECD (PDM-ECD) )l H T
AEFARTFENEMDPRABRZHRFLLEN,

PDM-ECD H @28, OB EHE S —tEmp w8z
TN ; @3 RALEMBS B A T — /S ARAL . L
HKR0 ) o, WG ERERWT ,

(1) BeZEHNELEH#A PDM-ECD, ##8F. ERAS T

RI+e —=R+1" (5-38)
RCl4+e —R—+CI" (5-39)

(2> E—EWRE (W3C). —EMAKESE (W0 46Pa) XK
BT RS T, I A S5KER, FEBEAXBESHUR. f8TFREm,
7= A MR R
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- +Ay —=4e : (5-40)
EHFHT . ClUESKERERKEHEF, ﬂﬂ:ﬂcﬁﬁi%%x
REBE YIRS, M A .

Cl™ (H,0),-, +H,0 ==Ci~ (H,0), (5-41)

A 5-25 AR EEAEBAKKESAS,. BB ECDAYH

PDM-ECD (B) bFifi%/®, PDM-ECD B 35C., KESJE 46Pa.

HEATR, REZEMSEEXXTE 200 5L L OEG—&iE AR

a8, {B7E PDM-ECD H{N{{ B Z &M, MAZEIITREW. PDM-

ECD W% S P HBEHA MR % 0. 0lng/L. @i ¥ AR ETFEEY
KK, BTG — R R BISE IR, ME —MR A,

\
T (b)

B 5-25 TSHETMEY ECD (a) 1 PDM-ECD (b) k&Y
1 CFClz tanlsLos 2--CHal {InL/L}Ys 3—C:F.Cly (1000l /LY
4 CyHa1 (3nL/L); 5—CHCL; (700nl /L)
f—LUHACE €300nl/LY: 7-—-CCL, (onL /L)

FBAYH FHEEFEH

ECD B PR B B ) RIS RIS, 1 TS RBRET R
W, RO N EE R AW, BRI ECD 38 ERERES,
1. (RIFEA TR A N
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ECD WK+ 282, FAFE—AHHELERETFAGR
FM. R RAHEAECD BB EAHMHREE . —BEFREEDSE,
R AR B aE ) TR, AT B S e BERE R R 5 X ECD £/ T %
RERETXPEMES,: T RAREBERECD PR 7, #HEHR
THREBEHIEE, HERAHNSHRBERK.

Bk REHER.

(1) RESERET AISEHEIR, ARIASEZRNS A
PECSBRENERT. ZETEWA.

(2) Rix4ER RIAREKRSYWHHAEXT 99.99% 4
K, AT 99.999% L)L F B akis .,

(3> RIBFL/D #HHEORENHEHSRS. FRAM. TRER
fEiB4 P T 250 CF &l 8~12h, XEFHBENEER, REHEH.
(4) HEZTHES HNUTPHEREEERENEHENE,

(5) MHfikDd BEBNELRERERAREZLE 5CHAR
Trirek KERER.

Cir FEREY CEHEST NEPLEHE, BERINHZEEREN
iz, HRE— &3,

(7) EHEHERKES HRABHRMBEETRIT, TEES
MEHS R ERE SRR EZEA »HEA ECD M, ik, ATH
IR A T RAT AP RN, URERERERES.

(8) WMSERES TR 10CLLL.

(9) REmEs gaiEvn,. fFPERASGEF ECD,

2. KA TS R R H L

A TERZ— 3K ECD # fEI5 5.

(1) EFHESHEFRXECD BH FTREERRFXNEHEE.
fm HP 6890 f,i% { ECD, #it{HR 100~ 600Hz AT K151 Khe
e, BN TF 500Hz BRI REF IS Uy

(2) MR, {EMRELTRES

(3) RBEBT X,

(4) LRHETBIAE N
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(5) HHneE, FHEREEXESHAE,

MEZBERZECD, #EETHUTXEEMERILECD 2
— bz

(1) $AFRE BERESPREHKMYE. 9ERRSBASZAR
xRy [ (2. 3 Rl &5, @TE%E. ARKEBEEaE
R Pas i L83t . I N, RIS ZE 50~60mL/min, FEMRFEAEE
350C AR ("Nili), Bl 250C., ffff4~8h. Bf5, ¥ EEERE
BE, AEEPERETTHEESE. MEXRBETRE, fEFLMRL,

(2) PUKERHE M|LEHEDPHRLESRE. BHREEHT. #®RE—
BiEHEsE, BN S, REEERE. AR, REEMEE
435K 300~350C, 200CMI50C. AWM BESRAHEOEALE
Tk 50~100pk., EEES, HEH 1020 K. HEEREEBMEDT, B
f—REGHEEROEEAERE. FREA 10~15pL, FLELH 50~
100 %, XH. FIRHORESHER ECD . ZEMN K EHIT R
EhR.BRERSGEAAHESTRE - T/ER, HAMEIK,
EHh—E1~-2 %, EFEEBLFH.

(3) gt TRIEEREAMNE. AEEHESEERSEN
5, HHEEE 20~40mL/min, RAZEMERIGZER, HRMENE
300~350C . {f3% 18~24h, FEERYMESR T SSEMAMERE ., 2H
i, BESARZERFRT, BER/DERIO,

mel &I, PESEr-T BRALHE,

3. 1k ECD id'#

FEREMPAERARRX (BEMEER), HASIHRER
MR, — B dmm AEREHATEFEIERKIE 0.6~1mg. W
2% 0. 25mm B WCOT # R & E/hTF (2~5 X10 %, E£HECD
B S PREBSRY NN, BHESER 107~ 107 %k X MBS
2R AR, BMAEETEEEN ECD,. WRESAWABRM., HE
Mg I S E R (S nieN ), MR, HIRER ECD g #.
BR. ToMARRYRMBAMES. ot LARBERERQER
ZECDWMLEHERUAN, ANEZ.
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1. FRE2

BOattE ECD MR, MBS F, RPN ER:

() BWMBRHOH¢RRBLETEEESN. TR, WA
AiTiBAb

(2) B3+ E L ER Y RIFTIES . A ik ECD, &N
EREL S issI

(3) IHEMER, EL0F 6 TABEMIT—RKBGHEREED .,

FAW M H

BEVERY., ZEABKENIRR. BB, EIEK. =5,
LEAEHPHREEEN, FEEFEREMA GC-ECD &. xXH
EPA Hi#, 501.2, 504, 505, 508, 508A., 515.1, 548, 551, 9552,
ROS, 612 2 ECD BE# KESHECRELS, BEA MK WL A
FCDO - ATEE, MMEEMHAKRAGHRERN. ReE /.

—. ZEMEE (PCBs) MANELADNSRERNS

FERFHFEFNERNRMA—,

WA WSS a0 S S B A RRR R E 5-10. WiERH. Pk
)22 g 28 P T Bl Y EE A L (B BRI TE neg/L 4, ECD % PCB209 )
iy 70 % PR & {5k 0. 002.g/L. FTlA, ECD FFZ N T PCB AN &4t
AR R

#5-19 ZWMEBEENRNELES WS ETERRLNR

L4 hEzEERE/ (mg/L) MBS g/l
- ECD NPD ECD NPI»

AW E

! 0. 15— 1. 00 -— 20
7 O 10—, 90 — 3
R 0. [~ 1. 0 — 3
17 0. 16=1. 0 — 0.4
q 2 0. 10~ 1. 00 — 0.3
[11] 0. 05—, 90 — 0.3
115 0. (05~1.00 - 0.2
baS 0. 05D, 90 — 1
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s
{24 HEHERE/ (mg/L) R/ (pp/L>
ECED NPD ECD NPD
& W
153 0. 05~1. 00 — 0. 08 —
180 0.05~1.10 -— 0. 05 —
194 0. 05~ 1. 00 — 0. 05 —
206 0. 05~1. 00 — 0. 01 —
209 ¢ 05~1. 00 — 0. Q02 -
BENERS
.oy 0. 10~1. 00 — 0. 04 -—
AEE 0. 5 ~0, 70 — 0. 2 —-
4.4"- 7 o H th 35~ 75 — 0. 3 2
#HAahm i 10~ 0. B0 0. 10~0. 85 2 25
HER 0. 05~ 1. 10 0. 15~0. 60 12 —
YA (. b0~ 0. 90 - 0, 4 -
WAB 0. 05~0. 75 — 0. 4 --
@77 AN o 10--1, 10 - 0.5 —
g 4 1. 05 ~0. 60 — 0. 4 -
G-I 0. 10~—0. 80 — 0.3
RO KA 0. 10~~0, 70 _ 0. 4 _
BF A 0. 10~10. 80 — 0.2 -
#- 7NN {r 05~ 00 B0 — 0.3 —
##1 0. 20~1. 00 - 0.2 -
4.1 - 0. 05 ~0. 80 — 0.4
d.1- P 0. 10~0. 70 — 0.3 -
hE& 0. 03~ §0 - 0.3 -
FELE . 05— 0. 80 — 0. 0 -
TUR AN R 0. 10~ 60 - 1 34
9.0 BB T r 15~0. 80 — 2 -
2ot 5 e 0. 200—~1. 00 - 3 =
2.4 223 0. 2u~1. 11 -- 19
- 11 f. 201, 00 — :
3 g, 201, 60 —
Y- T . 2u—1. 19 — 15
4 0. N5~ 0. 70 — 0.2
= | 0. 1t—0. 9 — 0.4 -

T m A E R E SRS,

VA — L L
B o LI L _——— b —— il
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. HAKPEGPIRPEERESH
AELEEENKAK BTFTRSKPEHRMKBRERR Y, &
KPRBRERFAEN. —REPR, " REPHEERAFHREY. i1
RDEADEFERHHARFRI DT 30ug/L. WEKP = 1P hd] H
RARERE., IS RENERSE, HOEEREEEXETH
g /] ECD vl ik K B /K S 7E SR 8 Pyl . AL TR 8 #
PR, ARMSEETRE, KEEE, “Ni-ECDRERFE 350C
EEEE, YEFEBRETEAMORMS. ZERE, K. 287
¥, XE36IMAFEIERANT
{228 B % 3400, 3500 B S M €35 305 BI AL R B A 300pL
0 100pL B*NI-ECD,
. 30mX0. 32mm ¥ 1. 8sm DB-624
WiAE, 4amx0.52mm AREHAESH
HE. 104 C (3min), 10'C/min £ 150C
RO, 60C (0.04min) 75°C/min & 150C
K2, “Ni-ECD. 2 1, B N, : 50mL/min (3400 8l), 25ml./
min (3500 ) B4 ECD B E¥H 350C
B L 20cm/s BAERTH . 68947. 6Pa

' 5 f

11—+

2—Ws

3—H A
I—_HWRPEK;

3 ' " S—_MERE;
. ) u{LJ , > §— M {f
0 2.5 5.6 7.5  10.0

B 3}/ min
E 5-26 thAXP=gPRAKEA GEREH 105nl./1L)
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HER. 1pl

B 5-26 KRR FH= P L%, & 5-20 71 T 3400 0 3500
LRfh ECD (ke ipR,. AT R, B F 100uLECD B ST M E 25mL/
min % M PR E 3000LECD .

520 ZHFPRE_WECD LH¥WM

BMR/ (pg/L) (pg/L)
A KR P BB/ (pg
300uLECD | 100xLECD 300sLECD | 100uLECD
CHCI, 0. 078 0. 043 CHC1Br, 0,063 0. 017
CHBrCl; | 0.024 0. 018 CHBr; 0. 195 0. 060
8 F X R

). E. Lovelock J. Chromatogr. 1958, 1, 35

L E. Lovelock and 5. K. Lipsky 1. Am. Chem. Soc. 19680, 82 (2. 431

E. . Pellizzari ). Chromatoge. 1974, 98 323

I. Connor. ). Chromatogr. 1981, 210 193

P. L. Gobby et al. Anal. Chem. 1%80, 52 {3). 473

W. A. Aue and S Kapila. . Chromatogr. 1980, 186 1

5. Kapila et al. J. Chromatogr. 1980, 185. 17

W. A. Aue and K. W. M. Siu. ). Chromatogr. 1982. 239: 127

K. W. b, Sivand W. A. Aue. Microchimica Acta 1983, 1. 417

17 W. L. Yanger et al. |. Assoc. Offic. Anal. Chemists. 1966, 49, 1053

11 1. E. Lovelock Anal. Chemn. 1963, 35 (4); 474

12 R. J. Maggs et al. Anal. Chem. 1971, 43 (14), 1966

13 P. L. Patrerson ). Chromatogr. 1977, 134 25

14 | E. lLovelock et al. Anal, Chem., 1971, 43 (14): 1962

15 M. Dressler. Selective Gas Chromatographic Detectors. New York: Elecvier., 1986.
242

15 1985. Annual Book of ASTM standards. V. 14. (1. E§57-79

17 I. ). Sullivan and C. A. Burgett. Chromatographia. 1975, 8 (43; 176

15 E. . Grimsrod and W. B. Knighton Anal. Chem. 1982, 54 {3). 585

19 W. B. Knighton and E. P. Grimsrud Apal. Chem. 1983. 55 (4); 713

20 B L% . AT . 1986, (4), 62

21 ). H. Bochinski and J. C. Sternberg. Abstracts for the 148tk Nauonal Meeting of the
American Chemical Society, 1964, Abstract Mo. 52, P22A

22 W. E. Wentworth et al. J. Chromatogr. 1975, 112, 229

L= = - B T B S " R o8- B




23
24
25
26
27
28
29
30

31

32
33
L
33
36
37

38

34

184

A+ Neokermans et al. J. Chromarogr- 1982, 235: 1

5. Kagila er al. J. Chromatogr. 1983, 25%. 205

P. G. Simmonds. ). Chromatogr. 1957, 399. 149

W. E. Wenrwarth et al. J. Chromatogr. 1988, 441 45

W. E. Wentworth et al, J. Chromatoge. Sei. 1992, 30 (123, 478

H. Cat et al. Anal. Chem. 1996, 68 {7); 1233

W. E. Wentworth et al. ]J. Chromatogr. Sci. 1996, 34, 368

I+ Chromatogr. Sei. 1996. 34: 9G, 1996 International Chromatography Guide. Gas
Chromatography products

E. P. Grnmsrud. Detector [or Capillary chromacography. edited by H. H. Hill and D.
G MeMinn. New York: John Willey & Sons. 1992, 98

3. A. Miller er al. Anal. Chem. 1981, 53 464

R. E. Arbon and E. P. {rimsrud, Anal, Chem. 1990, 62 (17}; 1762

I. i.. Bernal et al. Chromatographia. 19%2, 33 {1/2}: &7

1. F. M. M. Temmerman ct ai. ). HRC. 1590, 13 (53 374

[*. Carmichael et al. J. HRC. 1980, 13 {4); 267

. Chanel and |. ’hang A HP6830 M ECD S h BHETHAME AR ERHEY. W. &
RE T4 HPesoU SHEREALHR vol. 13te. EHEAF. 1999 69

. L. Chang and J. Murphy. B HP6890 £ 7 GC ff% th ECD 4 7K B EDB
DBCP EPA HEES0. R HRP IS . HP6R0 SHAE M AR, vol. 1 L. &
¥®id] . 1999, 74

F. Dawvid et al. B HP6890 i 0-ECD M ERE WG # A AT IEMHE LR HR.
R, GRS ER . HP6s00 SIFRFRAXE. vol. 1F. EELF. 1999 66




BAE NExXER N

g% 3 &

KAATEEEFE M 2% (flame photometric detector, FPD) BRFIHE &
KXGEFEEH., BEETFHFNDIR, FEBESETF, JENEZ
HEAE, EHE—FHEME. KABESHMNASBRIER. ATLL,
CRUMBESANEEXZIVENBMTE, REERE. REERD
FREGEFX. RTRAEEPRASTTEHERE.

1966 4F Brody 1 Chaney™ & ¥ & 5, H#H . i% FPD. i@ H &
FPD, TH B K K S, LSS R R E /e T B,
X ¥ E 8 k45 FPD (single flame photometric detector. {& %
SFPD). % T %2HE SFPD Mt A, HH T RKERERMAE""" (dual-
flame photometric detector, & # DFPD), AE LB T Bkoob ok Ja G B
B #2 (pulsed-flame photometric detector; PFPDNP', {6 R 4 FF
#EE 4 SFPD, DFPD HRA®RS. £ X TRRTENLE.

FPD BE—FE R B EME RSB B, HAER 3R kL
HwWE ., ERATEEAMNSHEeSRNEZ—~. IERTEH.
o, BHERLYHRERN. EFLRATRILERLSHERE
th&EFEFEGYHREERN.

FW TR o Rz E

—. T{ERE

H6-1 YyFPD RAEREE . EEEH -H oAl KB EAHK.
RN '

KGR ASh RS @) MEXE ) @i, SN
REUE S RS 2, Rk L. B AR B MTLAIRE K AL A




I&s

y

Fib : /‘5 7 8
I fen 11 8 I -
1 ] :
i 31 ) i
i sl E
2 T i
41— ! 1 o
all(# : w
. 4 o
IEW/H, —= / 1
0./%R ¢ k-
T Rt 1 :
3ill7 i
!
N

Ll

F 6-1 FPDEHTEMN
1 AEE: 2 ERT. 3—EAE, e, - THEW,; c— MM
7o MEHEH . A— % 3R W

M., SAAEEREDHESSEBERFAFLIL, IBRENNARK
fLifith. ZIWERT I BREROTHEE XA, BEHE. LD
ek . HrrEERERN, ZEMHIEX. 8. BEAE
FHYREEETRL. BEETREKEERHEAR P RN, HE
KOG EB 0 — A5 78 BR 9 L (3) P44 12 0%, W iR B FPD ik 8 .
RHTHAENAZAEE, aTEMEEFE—#BRARE (1, DIE
RS K T 25 B 00 17 B 8] 4

AR, BRIESHT, ATEHEEXFEENCEKER. B
EYMBRYE. BESKAREW, AHEH (5 HERAE 6) KR
FEMEBRERAF. HFPD A REMAEMWATEBEES MEMAE
YR (7) G, BIFESE. B 6-2 o5 . BB 4948 X 36 i nr oz gy
. LA KE, EREASHS, oF. KaTEHIABRELRS
BN 320~480nm 8956, HB KRS ERK N 3%4nm. B iEA
K, ERBEESEVOHPO ¥, EEHIEESERF BB KN 480~
580nm (3. MK M 526nm. BEHAKME, FECH, C. %5
B 6 R B3 . i 4 % 390~520nm, JLRELfERE N LT KEMLY
W[, R TV S fl PRSFIEHN, AT 39%4nm RO R ., EX
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|
| .
o5 } HPO REO*
| I
' |
a |
|

FRF A 1% ol 17

|
CH | CH
05 | Ca | Cs
|
|
11 i
1 PMT Yo i 6 1
.5
}\S R v 96 1
3] 1 1 ¥
3z0 400 130 860
i om

Bl 6-2 B, B, 8REDH Rk e R i

{8 394nm MHEEEL, MBRAEKPELR, BAFBEHRE, FHTRE
. BEIERLY 10nm, FEE, 8. TH 526nm AR . F
M AR AESEL, MELHMEEEES, AfiAMEBEHNZH®.
FE A E (8) AT ¥ B8 5 B B B

BEFERT. MARES LD & Kby

1 R L [ L TSI 100~ 10° 45, NTIfE T o

MRS RS AR RS, B 63 4}

AT TERRTEE. RS | (b

o A, e B (U, 5 R o J

W R R, RS RmEEEEY 3 mw

50~100V, RIRBRE, hBaE i, B%

WA AR, EiICRWICE. A 63 EEEME TE
FPD %8, KWK SH#A KBS FREFEA
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BB T HFRIER; 8, HERWL A KB PH LR
1= A
AR AT FPD Fif F FID &k, T RHEE FID 55,
Z. FENE
1. B A9 e R 4038
LB HFEATSIENT HB-TBE P, BEUTILERN.
(1) WY aEEE.

Wik —H.S (6-1)
(2> ERS, @3 T+HMEREHFEN. HSER S,
H,S+H, =—=H,+SH (6-2)
SH+H ==H,+S (6-3)
SH+S ==H+S, (6-4)
SH+SH —=H,5+8§ (6-5)
H,S4+OH ==H,0+SH (6-6)
S0, +H ==0CH+50 (6-7)
SO+H =—=0H+S (6-8)
SO+H ==SH+0 (6-9)
Q,+H ==0H+0 (6-10)
O+H, ==0H+H (6-11)

(3 BREAESS, TEXRALIMIES, BRHMES S, , HEH
BHAIMAAR. 82, RBFRNTHEES, . AT EILES,~S,;

BRINERERARETFENES:
H+H+S, —S; +H, (6-12)
B—MALNAHIERAZ=ZRFEISHNER:
SCPY+S('P)—>S; (6-13)
SCPY+SCPY+Y —S, +Y (6-14)

P Y RE=ZET (B
(4) FIREE S; MEFEGAR1077s, €E B HE KB EREREI

Reysti&. N FPDHHES:
S; —*8,+hy (6-15)
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Hib# %2 SmER, iSO .SH RSO, 8 5H FE Y.

2. W% AY b a7 ) 2

Bpm BRI, BRESEEPEESR, REAITU
TREFB#&ES HPO ®A .

P,+0 ==P+PO (6-16)
P+OH =PO+H (6-17)
H+PO+Y —HPO" +Y (6-18)
H+PO ==HPO" (6-19)

#h Y HE=FEF. HPO' FIRRS BB ATk,
B=% FPD M & 1

FPD ik, B REREXEAI X AFRAFSHEENHE.
FPD W[ 43RL = Fb . BEE, SUEEMEBEE. X FPD KGR LK
KES, TiNEE FPD —HBRE K WL AR B E
W ®|, RESEH AR, FAREAR NSFP) §5: &
UAZEERBETHESURFID MES S, FAXEERLHA
B, AU —kHESN, BRIENER. EVARITT,

FFD M kgt RERNMAMEL, E5SHEMGHEEEDME
%, MAKWGECIIT BN, FPD Lo 4 M= . B X[ (SFPD).
KB R (DFPD) #4083 (PFPD),

—., FIiER

i AR FPD MG M i B E Al FriR . BERM 8.

(1) § Kk HEEEBENFILMA, SHERRL, WEREGQ
BRE W BF oK MR K.,
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T, R R IR oE R RE AR R R L, B K. @H FID Wy
WEEXRE,. WAAFIDEPHEREHEANIZELRE, AREES
FPD S5t (B§) 44—, Wi (B LY TgERERHER,

BRRBESERELTHAMER. —RHAMREROFER, T
REM o, ME TSRS, ERBXR: £, BEY
MERKBNEMER. EREMNEX.

(2) Bilk B BFIERXKKFERERM. — R —2H
DFPD s(PFPD, ifiid a0 AHEE, FIZENITH. BribsH
TETE, AW —BEMEAHEHBIS, ANEREROES, WM.
MHEPREFHADHEN BRBRASHRAIEERZAAGERN X
HARERAE Mk,

N, BEAESSFHN

7 SFPD & . Bi. B &AM K H 8 R0, S atifiE A
R—F.H & XA K SFPD MR A m A 54 FHRRETFREX. M
54 TF4MELE. MEHTRILY SFPD MR SR 4 F5H
BX. HEWELDRFRRESEXAZH: Mizany® {8 R R EL
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B HIRAC Y TE SFPD b wa R /D NFF B BB > SR BRI > B > iR
Bt > TF 3 B2 Ak . 0 Sugiyama SFEURBERFE . THE>REBK >0
Wy > T B B > FEHRE >R A - R - iR, TR R
BB K FHiRE. mEHENHEE.

Sass 1 Parker'™ {8 . & P RH N B4k & 0 AT BE /R 09 R {4
(MR) BA%n, HPBRERNKREN MR EEFRHEE., WlkHd
"EXT{E, B4, FRBERERBMEREN MR BEAN “E¥E” EH
—¥F /7. MEZK (FECH MEBREIE “IE¥” H45 3049,
FHAREELE MBS E SFPD 8 MR A& 5 NPD #11
(F£6-3), R6-4 RMEFHBLSYERRN FPD Lok R B A LLE .

® 63 NMEEHNNESWE FPD I NPD £ MR A0 H &

MR
S i
(=01 7 W & FPD NFD
0
i
DIMP (fH;—lE’—(_)CHfCHg)g 19. 80 20, 1
OCHCH;),
(u:n
DMMP L’-Ha-—El’—U(_TH,_ 20. 5 21. 6
OCH,
9]
|
Sarin CH:—-P—(¥'H(CHy)» 16. 8 17. 5
|
F
)
[
Tabun (CH,):N—P—CH,CH; 17- 1 15. 3
C=N
0
|
Vi) CH;--P—OCH-CH:N—[CH{CH3}: > 9. 0 10. 7
|
(YCH,CH,
O
[
VX CH;—P—SCH,CH,N—[CH(CH;»:]» 12. 8 13.4
|
OCH,CH,




% 6-4 £ SFPD 30 DFPD LR EHFHL A HMA BWATILE™

N F AR/ ng W Rl /10040 w8 Ry
amadk

it & th P SFPD (R, |DFPD (R.,) | (R/R)}
Pl =7 M 20 3.4 7.5 28. 1 3.7
PR =1 T BR 20 2.3 1.2 18.1 1.3
HE=XK 20 1.9 2.0 7.2 3.6
TWE= 20 3.7 z1. 1 37.1 1.5
FRA=IL TR ) 2.5 5. 8 7.5 1-3
T A = KB 20 2.0 11. 1 14.1 1.3
R T 21} 3.1 28. 1 27. 9 1.0
BB 3 i R 20 2.3 16. 1 16. 2 1.0
i} i, 20 2.1 15.1 15. 3 1.0
=M 20) 2.4 18. 2 19.4 1.1

I A AogEm

% 6-4 £8 . (ODFPD my i (H X F SFPD; @8, IR FPD a9 i H.
S &P E L. TR ERENRR LMY FNRLETS.

7 DFPD f1 PFPD . B (B8O {E&PHRMEEES LS50 T4
WEE, WMEK BY EFHENER.

R, 2HCHE

1. if &

A FPD S B h e R . SORBERR “RYETEE”, TH FPD £
5 B B W A7 149 35 B (The range of unipower response) {F i Mt 6t 15
. TEAMEMASERIFEIONDANBERTFRBMNEGE.
AR R LIRS MR ke RR, WBE R 10°~10°, SR 5%
107" ~2.5% 10 %g/s (S).

2. B

FPD A MANERALEMMARERITE, REESKLAH
R TR RFEE . BRE N 10°~10°, BN 5X107H~1X1067"g/
s(P), BN E AEHFAEEENE.

BEY RAURGFHEE

. BLSDOBRRRELERE, HREFANUBATELE
RILEMHRMERELAFER,
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—. . HEe

Wi, BETHIL, BRI EAFILEEST R, AR AELE, #% FPD
B EEEE. TERHNRERMNE (REE) #1T7. Bmuaii{Es
FERAZRSARE., GUSEEMESKRE, ATHEREENL
. TEERALEEZEE R, YEHAEAERN. NAEFPD 5
ZiERN . BREBMAS PO BARE,

1. SRR EREFE

BEFPD FH=RSE, =5, ASHHES . O./H, LR LW
NERECENEH, RRKEBESHENRE.

(1) O,/H, . F7iB O./H, t, F1§ FPD kP M= =0k O,
EH. Sk, CRETKEWERMEE, ATEmRB8E. 5
WO, TREFASIMNGO, X2, BEAEK.

BiFO,/H, L FPD WEHMR . CEE TR ED . ATLL
BERE - ETRHFPLAO/H, . THEPMHE FPD 3 S/
BWHS, SHENEEAE, XN REO/H, LAE.

g - iy 95

W

16 n,
{ml/min}

I | ) L 1 1
47 0 3% 031 @ 23 0.41 0,37 0.33

s/ Ha 1E o/ Ha HF.
fal {b}

Me-12 i, BMERES O./H, KX &E

[l
0.2y
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(DSFPD: B 6-12 5%, BFRMN S O,/H, LEXE", ZEIERW.
Wi, BuEREIEE O,/H, W ETMBEEE., AEBL, WHORE O/
H, b ERE™. RTRIEME, KBFAEE, WEETMRH: & TREM,
HTLATHER. WHEMMETE: ~-BXEBBERA®. AHTF S, o F
o 2O, WERM. BresTRSRN: S+1/20, —80., # S,
ST e TR, BMMEEO/H, HLERR Y, hEESXIKEERE.

EE SFPD B O./H, ¥ 0.2~0. 4; BRI XN 0. 1~0. 2, TibE
K. 8- %5 SFPD, &y O,/H, LH & TH, RE6-5.

Res FEHRKFPOMNFERIZMEE O,. H- &R

S FE/ (mL/min) .. H
FPD % % %8 & odey O/ (] | Xk

_ b &Y H: [O-{(Airl)|air{Air2) N:(Hed %28

| [P | 200 10 80 60 013

FI°I -

i &% sl 70 10 30 §0 0. 23 2]

[P] 200 20 a0 60 w5

(] 3 -

f R P = 50 10 i, 60 0. 11 te]
\ F1A [Pk ~] 40 — ) {36) .21 | [13]
- Pl_r' edpier 190AT S 120 10 20 30 0.z21 1[13]
1 F. E. Sigma | (s ) — 83.5 68 0. 35 (241

b TP 150 110 | sO{MIRE Y | .15
. [, 6RO - 25
H.D- 6890 2 "85 B0 — £0 s0(MRBMY | 0,25 (23]
I E. 3920 r«1 68 124 (30) 0.38 1 [26]
Tracor-Hou L5 82 — 109 {30) 0.28 | [26]
Varian 3700 LS 144 — 205 (30) 0.30 | [2z6]
Varian 3700 5] 114 (762 (1667 (30) 0.35 | [26]

TP 216 | (123 (226} 16 0. 34
Fl 06 - 27
DEPD) £33 1001 [s] 174 (82 (208 16 .25 L27]
____iatterson [P &S] 140 (800 {1700 €30 0. 38 (5]
PEPD {Paks]| 10 -- 20 (&) g.42 | (8]

@DFPD. B 6-13 % DFPD  &F S EREX . 8. B I L
HNHEF AR .

ZEEE. Oz RS EEn. B BHERHE (. I B
H, ik k., MatRTH o MER (L) B0 EE D
B, BESHEAN 40mL/ming @Fs, b BRI, LEZS 14
3 70~95mL/min B, EAEE, K TFRAER, ML TH. R
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SR A
' i
NEE ’
| e |
0.5k I|
0 il |
10 |
w - 1
1% { e T
'ﬁ: T
% 1.0F (T |
0.5 ip l*
10 fe i
I
3 in [
20 90 T00 [10 120 120 140 150
H; i/ {ml./min}
{a}
R B 1 R B R
i) ? .
Y e ——— ] 'Y gm :
o 5k I Jl']a o st I IP\‘
v —+ Op——
I |_ 5_
ic 1
T |r {// ar |
g I . IB ig 1+ |
] T
E Lo ! Is % 1.0 ﬁ‘ﬁ
= . -—
| = | s
0.3F 1 Eo.5r ]
G A [t} } -
at lr 2, ot 1
| -
Z | e |
- T 1 Lo &7,
a 1 1 1 1 0 ] 1 | - Lo
T R0 50 100 110 120 T60 170 180 190 200 Z1¢ '@t 33t
=5, 1 LS (ml S min) T 2 ERE  wl min
Wb} (e}

5613 DEPT) o = % S R 08 R 00 (A R 25 9 8
149N 80mL/min; Dls, T EMES 2 HMTEA, BiEES2
%j‘a 170mk. /min; @, WK EO,/H, LE M. AL, MS B
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REPR, RETEREXH.

(B EEEE 7 1001 WSAREIEN DFPD +, MHBEREHRTR
. HHRESARRESHAE, RFE6-5. XAGES DFPD BgHE X,

% 6-5 ﬁ?_ﬁ leﬁlﬁg‘ DFPD ﬁ@]ﬁg 02/H2 tt*ﬁ)&o

{3PFPD: PFPD ff SN ARG A HA KRS O./H, RE . &
BAETK. ~HEEK5EReS, BN 2.7:1; HF—-HER
HESRAES, #REF 11, EdHEREMMIIRARE, B
A S AP A O, /H, B XN 2mm, K 16mm B A RBEF .
R HIR S E PFPD WA — R EME, 2185495 H; 10mL/min.
Air 20ml./min, BD 8t Z O./H, ¥ 0. 42, X PIE R 3mm R EREE
R b A 1 IR R RS MR

(2) MAMEMEE A, A, BT ERS. AR CERE
SFPD. DEFPD HI PFPLY ) £ S0 25 i i 5 F 0 B {8 69 5 e R — B0AY .

T'SFPL. Cardwell 2027 SFPD FRIE T ARBS R H ik EM
CEECHMENES . REe-14, SR EERR, W
) S5 B 7 ) B0 5 N, 3R A 7E A F B, e i £ I 9 o 488 I T 48 KL
2pl/min 5. FIEEN, WHEI(E TFM: He E—ENHA, HEiiER

sof-

/ \°
2
2
E ot /
= —
\\A-Nz
o
20 30 60 D
#H o # %/ (ml./min)

B 6-14  SRAURh S B o R 6 A L E O RN
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MG EE K. EREREN T BHREE.H, 8 SERYKERA. W
AP REE MM L, BiETF/EFPDEXN,

Xk 24, 28 JRIRETE N, SRSE, SFPD TG el o {5 B it 15 B 18
i BreL, S BlRER N, 85, A He, H, 337, BiFA H..

£ P RRIERS, N, WEX wpi HEWF K, =#HBSHAEA.

Patterson™ & DFPD ¥ T N, #l He 88 5 %W 57 {8 F & F A
Bm, Ay He K N, WA X, £ AR

Amirav® £ PFPD t, BT He M H, S KK HERN PFPD 9
REMEN, SR T, i He Fllit 0, BRHEBE. ARE TR,
LKF 6~8mL/min Bf, HFRBEBHNRSEY K. RS ETTLH

|

A

He 85, ;Bml/mini R, = 1

6

| A
‘ H. ﬁf‘”\, Bml/ mom; .EH x 2 J
E 1 ? 3 I [}
 min
# 6-15 He #1 H, 5 MRG I HLE
1T, 2— PRI WY, — X HM: SR —ZWR
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W, BEERSEDTRBER, EXRIANENRAYEERES. B
6-15 XA T He 1 H, FE N SmL/min 8, FEE S MBI EH
K3F. H, FRSH ot e, EXE, SRR PFPD AR
ZH. AHERMER ., ERIRHERATE 40~50mL/min, B #E
KZFE 8~10mL/min X F., A&

8.0 EREEERE. EHTHRE. HEH
T GAmEMRSS PRPD .
P L, EERAZNHET. 85BN

B SLHE AL o 8% T He BIIRE . B
3 SR Y.

0.3F

Alfh

o.6F w; . % Fi&GL, FPD i H, 85
T BfE; BkZ; N. mE,

0.5k 2. KM EE
iR BT Rt AL R A <]
T T MEESHT—. SFPD BEMW
GMBRAT (/T Bk % e A (HF S (R & B 0
B 6-16 04 8% 5 7 %o o A 9 O B R Az 15 Bl 6 A% 8L R T
0 1 4 8 W B ML (A b

RMBEE W, E 616,

BEEXRWNENERIEREFAEBERAMNTS, 4 TH
T, T LA i T 58 R 2 K b (F X AB TR BE R, wa i (A K. HK.
EARSIHERNSEEAEME K. FERY .SFPDREM 80CH
F 2000, HOEEYR TR S~4 5, BAEMSRE W 2~3 M, @i
nfAM 1.7~1.9 FHEZE L. 2~1. 4. Bl Bt o (5@ b B W 45 i
JERET N M, BB, M BERARE, MR ERE SFPD AR
B ERERIEESASEE, BRIERREANT 1250, LBRK AL E.

PFPD & B %4 o oy {5 () B A [F) SFPD.

PFPD BB XTHE. BeaESH BERW., WHFmMHRERARE
Prua ) AR R R . KRRRSE R (0 140C), REERK, FHEE
SRS ER, REATEFEARXEANBRLEDERREELD
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W B MR I E 200~220 CLA L, M EHRIEH BT IR 71220~
250 CHAN (URR-THER, MSASYREREXX. BTERERL
5. REVERI PFPD B MREME R, 100CH 200 REHS 2 ., %
= RRE LG 5. F5b. PFPD Ak IGsR R bl 1 nmi 2R v 4,

3. MR E

E—TFHKELSERN, FARENHOEHNITER. M5HME
UERIE AR S

SFPD F Ttk 7 7 . ER MBI AR B ZEH B A, BAHF LR
CBE 7 o o7 5%, 2 B Wl i ) %) ol B {1 RAELE Y, BT R O SHE MR TR

thF SFPD M &ifva i SHENIEHCR . BEMBEEN, 84
BEMNVAK: MERKEN, BUREWNERK. X¥, BTAF
AR » BRI ﬁ?ﬂmﬁr‘{ﬁﬁﬁ#:ﬁmﬁﬂﬁﬂ’ﬂi He-17 Jy—H

1 _

140*

10.’:

A

0¥k

S [P NEE T IR T B B N L1 |lu|r|||
i, i}] 0l 1.0 16 1EH0

i M B R/ gy (5}
M6-17 —HB_HMATFRMAOTMNESHEMNEXRA
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AR _AHBEGRNESHEMBEXREE. HaES5FR 1. 78
1.96. 48 GEBDTH O 3ng/s N, MIHERMEERTRFE; MESRX
TE, FREMHER. B9 o HE50,/H: . BAUBNEEERX.
Frel. wifetyE Bet, dRdESENS O AR R T T,

4. LR TELL

M EWAAR . RERERMK, FPD X5 M0 o7 {88 . 53X 06 60 R
Bt +a4AH., A THERESNTHOREE, "TRALERNE
ft (chemical linearization) B ¥R 8 A & JE # (background sulfer
doping), EAM{HHE (5. Se. Te) (LSEYWHNABEHE K, HibhME
Thet xR,

(1) JR# FEFE&EM FPD PBAERFELY. BEEIEHREKE
(Sy) B, gEm L (S B, MEREIRmERER: EE
BBE L K. RIS BUE N SRR A RSk EeT,
W 75 0 7 A % AR BRI . [N AE Y E Rt . A g
ERIMEES O TATRITHE.

F=1-+2(5/54)

E5-18 RBAFR B ZHIHE (1 ~ L) KB A (N FHRT,
CHRERBRNEMNREEFRE AL, ZEARE. BASKR
BE, Fl—MBETRENBEWNBEL, MEERE., AYJHRKR
WRBEEEEE 1~5 5. B RIRE % 2~ 10pg/s(S). W TR E AN
WAL SYHREE. B, BAXRKERT R FPD HiEH CO,
THAEED .

GRS RAMTEEREE, (V1.0~1.5 - K. MTFRERP
Ltk askoE =LK, FEXRA.

(2) BHAE BEEECS. SO, BSF, $HEAHELYEA
SRHTFEMBT RENERS ), #AFPD, b2 AELEMN
Wk AY.

BATEBEERAD . OBBETE . HHEA FPD IS & RPIH.
—BENEREBWEHBEER WEBBNSESEA KBRS,
#HAFPD, P _BSERE, PUERHNBASKE. QWRE. X




Bl

i

240

T

16 30 50
FANSHEFAE ng

1} 6-18 ¥ AT [B) 2 i o 69 2 ok il 2%
| ~EMARRECS, Z%;: VERE

W AR AREA-SENRE, 2R, AVERRS XS
AE . BITI GBI E A,

5. FPD i) ok 2

EMEERNERB, B3R FPD AT EFRNRN, a3 R
TR (BAEHEEWSFPD ERHM{ESRERLE. REABRE X, 41X
# SFPD &5 EAESEMAENR . SEANERERIENEF . FoSHieR
REBEM, SEBMH. FREEBERERE,. EB/™& TH. Burinaga
Farwell" R B ERE THAMEHFFTR (LA 6-19). OFEFFKES
fm—Et 6mm AR, 20mm E# Pyrex BRE (a); QEFNENERE
E—& 2mm A2 dnm Y GEEHFEBRHE . R EREIENE N—
B Amm 2. 23mm B AXEE (b, ARTER S RREKH 8
20 2z —: ESBAERME SFPD, HE/AT REEBE K.

B 6-20 0 6 MEMUARENERNE FPD LAKFEB HE. fTH,
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| I
, ' W I
I | 10— 1
||d ! | [l
1 | I
8 ——1”:{ | o] i I' |'I||1I
i | . ] N I
! i l S i
ull . !
? ?I 5 | 1’2
s T.’ﬂ 7 g
4 N7
] A
2 514 !
2% 2
1 9 g
'/ & 1
AR LS
2 by
{a) {b)

B 6-19 8% Tracor/Meloy/Melpar FPD ¥ 2k {1 B
I EEH. 2- FHRRME: —BRHE; . -RMBXEH, 5—30;: 6—H, AD:
- Sk 8 6mm M{E < 20mm MY Pyrex R E: 0—2mm B Xdmm BH
B 10-—dmm AR X 23mm BEEE

34 5 6 7 X
.o 1]
{a} i
1 a H ¥ H
fel
WA VTR | W TRV ey I
0 5 ) 5 : '

Bl 6-20 BUSRATfG GlEm L
(a) MRBT: (b) A HRMFE: © BHFRNE
1 9_1?_5‘..‘-'- 2_“".:0':; 3_H25i 4_0(:5; 5—CH3SHE ﬁ"CHaSCHﬂ
T-—C5p 8—CH,S8SCH;
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SR, EMBE . Gaines EUR M E HF LRI E T KEH
Wby, G TREHEE.

Z., Rt 2FEFENANEHN R SR

BT 60 18 Juver ZDIgR X FPD 8 Ti. As. Zr. Rh. Cr. Mo,
W.Sn Al Z & RESYARALYHIT TR, LUS, Aue FLi i3
XHEHFPD ZE5x a3 T Ge., Sn. Ru, Ni, Cr, Fe, Mn, Se, Os, B,
As, Co, Mo, Re, Sb, N, Pb, BIfIC FLEMEWN. BiE, H. Jing
Fi Amiravi* BT PFPD Lk 27 % (235 S, P, C) JuEKEFME
W&, du, BUAESERENER, HELw @R hmwmE. ¥
Jv W L 0 4 o) fi7

L. 3 75 ) R

R ES#AFPD PRIEFHEMNFEHFMIELL. HER S, Se.Te
TIHEMBr BIEEE, Se. TeRISHHFEMES 6A TE. E©IE
SFPD b Ay RESIE FE 4445 S A BR ., Filon #1 Aue*4RiB

(CiH3 125

{CeHsd:5e

L NER RO

K

T BT m —g m ' =5 !

E6-21 NEEESH, S, Se fIC WML
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Se WBEFEWMTES SHE, O,/H, b 0. 12~0. 15, Se it p M IB
ALK 484nm, Se, Te MY R{EHF S —FE 0 IELYE, BN SHEFH
BREMFHAHREL. BEFES, RaMinSe, Te WREE. H{F
RN ERERMT .Se 1 Te HREERASHFIH S K 10 F1 1060
f&. B 6-21 HENSHLIREEARARAEE SH, S, Se M1 C K%
4% .

Se h &HizRBRR, BRRXBERS /H. WE 622, FHLL, AT H|
FIR P 5t kIR E Se 7 S Hy K,

be € W 100 41

o
\‘b\ S aEE °
NN o

ot — (CH2S  1x1077g
-0~ 00— (n'{:‘HgG}gPO leU-Eg
——— FEHW 2x107 g
—reOm= - C s Haz 1% 10 g

1 i L 1 | 1
] o2 0.4 0.4 0.5 1.4

ML/ {ml./ min)
M 6-22 MAPRENMN Se, S, P#Xay L
XML ETE PFPD L AYIE B &4 FfEpE 4945 W 3% 6-0.

2. ERYEWn -
B E 4 TR, Rt pREma, RXLSYTRREHAN
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WAL RIS ME

Sn., Ge ¥R FP 4A TTE, BEFRAEMEM . B ER
NEBAMAEL. SHAXRRTRNL.

(1) SHEX 7@%¥ SFPD R EEHE (49 300~600C) 1, Sn
N Ge TR EROEHAE SnH #Hl GeH G FEHN I, BAREEREN
610nm F 650nm, i# % F 610nm 8 650nm ¥ R B, & 0E 75
F2x10g/s (Sn)y F1 2X 107 Bg/s (Ge). AR XEIRE H 185 & W)
6 O,/H, 3 0. 025~0. 28, ZRIE K.

SFPD S A X MAHANBO RYENLENESFE FREOCER

Wigs KAk AE, WE 66,
# 6-6 GC-FPD ¥ GC-AAS #5488 1 0 1 #0
UL i B w i/ pe HHAEH e .
FFDD AAS FFD AAS
Bu,Sn ' 1. 5% 102 1. 5x 102 1.5X102~3. 0x 104 | 1.5x102~1.5x 10
Bu S5n- * 1. 2% 10¢ 1. 4% 19° 1- 2% 108 ~3. 06X 30% | 1-4x102~1. 4 = 101
BuSni- 1. 6102 1.1x 107 1. 0 1022, 0= 10¢ | 1. 1 x102~1.1x10°
Sni~ 6. 010 6. AX 10 6.0 10~2.5> 10" | 6.3X10~86. 3> 104

BEh,Sn fl Ge B MRS HBAXBERE KL M 4850m # 470nm
B IR 096 B B9 SCERA BT SnO F GeO R H B MK . B 6%
W Sn f Ge BHRELF.

(2) EEER X Ave # FlinnP 1R BE NS . HEBTRHGRE
% i % 5 B 1 0 350~ 500nm BYESE NG, B EL N 390nm, B
W, RRERE, TEYREERL. RBRAESX107"g(Sn)/s
11X 10 Me(Ge)/s. B 6-23 e TRF AL 47 4 b 1R 7 ) ot 1 4L 28
HESYESEREBERZ. FEEXESHEERSERE 100~1000
£, B 6-24 AR M TP Sn, Ge WS, CHNENELE. SBA
FEt, SEHE AT Sn, Ge, BEFEANXPHR. REEIEILEH
I EE.

L REIPE T AKRER RN FPD, HMELH=RARA
RPHAERSRCEMNGE, MNAZIHSIIIY: BRI, SA0A
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g

L fﬂfﬂ—ﬁ/.—-ﬁ
/D
] | c/ 2 5
0/ ﬁ/
. G/ //
F.
i (ﬁ/
--[3 Tz -1'1 —1:;1 —Ei m: _— mr
Hag

B 6-23 WFAAFEWEIBHOEESEA GRS

B 6-21

I—RERNX: 2—SHEEX

F@ORX
Sn Oe
\.

I
W Tk 32 %20

'ﬂj MHEN
I S
Sn
C
Gie
: ' EE.8 10
0 80 120C

PR kP Sn. Ge 1 S, C o Rz (B B9 HE 3
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K., BRBELAE-HBEA 6~Tom WAXBFHREMAEN. ZFPD X
BRE. BENT. ATERKAARHERPAVISEMFSIRT
MBI R, AETAmET.

IEF“;'-
i e
= L
e
10'FE //f
- ' T
- n -
C /s
= { .'.0"
10 . -
3 N e @ 7 e €
2 F S oS ....}
E [ o -é\"“",-ﬂ’ ot ///‘;*x’
-“:II_ ). ‘f’
E 4
] " 4
N y 4
i RI.I ///:;
10'E d x'/f/
E e
- £ s
/ A 7
L /g s
].GD g bl L il 1 wl P 1] 1o
IR 1% 1 16°¢ 10°° 10°°F 14 ot
AR/
A 6-25 I¥ELSMAAYE SFPD LB HEdh 2R

Ru—= /%47 Mn—BEF R - HZBEE, Fe——%&; Os— %R

FREHER RN FPDERNSBRMOREE L, HRAEIN.
SFPD R#E S F DFPD, HIRETWHAMRAEATARBER
5. WE6-7,

¥ 6-7 AE FPD FHANBPOBRMNR (pg)t

. . TAEE * xB

FPOSMBRTA g [ —TE | STE | %K | %8 | %%
SFPD 7~1500 | 11~1500 | 10~1500 | 22~500 | 195~500 | 20~500
SFPIy! 2. 0% Q.25 I. 6 1.7 4.9 4. 7
SFPL: 3.7¢ 3~30 | 3.4~100 11.5 4.4 4.7
SFPD ( LEAED £ 14 3 — 24 12
FEENX (SFPD) | 0.8~3% | 0.7~~3 0.8~3 0.8 2.3 -
DFPD 270 180 160 — — 455

G ik {a2].

@ 14 Sn .
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A 6-26 AFHIESRESYWE SFPD iR g2 . % 6-8
PN THERERNAFNRBE [BR/s (0] HS5SHERAEHTRE
EERRMFRET L.

oS REIELIRUEAWESFPD LNNMEAGRRMNE

fm' 2t R/ | Ho HBS | A i/ | RME/ | AN |5 H
i mL /min mL fmin mol/s [ /nm| HFAH
Ru |Ru{C;H, s 155 300 80 11073 X th 056
Cr |Critfa), 70 50+500, [2x10°12]| 520 0, 86
160 180 350, 2x10-1| 425.4 | 0.19
Cr |Crico, 6 300 55 sx1 | X 0. 038
N1 [NitCsH5 3, 136 300 55 1 10-M T 038
Mn [C:H,CHMn(CO3; | 130 300 55 sx10-M| 405 0. 38
Fe |Fe(C:iH:: 130 300 60 S5x 101 x 0. 042
' 140 fO4+270, laxio 2| X% 0. 28
(s 1O=(CH. - 170 300 &0 2x10-1 X 0. 042
Re |Re:{CO 0 132 300 55 10~ * 0. 038
Mo | Mo(CO, 52 300 55 zx10-nf X 0, 038
Co Co(CaHa)z 120 300 55 I<lo-w| XE 0. 038
C o1 130 300 60 gx10®| X . 042
SNt 130 300 60 TX10-°| X | 0.042
¢ |FC & 130 300 60 S Ll - 0. (042

#6-9 FIH T 27 FTEE PFPD LAV 3 & ¢ Fs BIRT#E REIFIE .
*6-9 27 HTHE PFPD LB ME s aE-"

. BRisE g o R | MR
. #

TR A R | e [y | W | W o8| Cete | Con/
G mm i (X/CH]| s(X)]
3 200~ )

o 7 o LB
£ 3K B H | BG12 | Re47 2 EX 250 Tk 0
Se
it £ H Bl 200 oo 2.5

—EEE 3 B 12 | R647 2 ER FH
Te
_ HE R B [GG495 2 ¥H oo 200

iff Fikat| S | BG1Z R47 3 EX ) 220 21 150 3
;‘;ﬂ wat | H | RGe {Rsoro| 2 | E#% | 200 | FH s 1000
;ﬂ: 3iE B H |GG495| R647 3 EX 300 | B e 0. 01
Ru QG50 R5070 )

S HiE 54 Sx 10 0. 03

o, 27 RS G495 Ro47 3 E¥ | 3 At




225

g%

|
— ) ad8 MR e/ K MRS
TR/ KBS ISEA ;
R | A | T | Wi | W | Tom | Lw/z | o/
mm C (X/C1]| stX1)
Sn B2 BE | 350
£ I oo
M EE sEh H QG390 RE47 3 (/b 150 B 0. 03
Mn
IR IF 03 TR 1. 2% 1
lE M I ) .
— FRERF S.A BG12 K647 3 ks %) 200 | &kt 2000 |
SEREE
(e } 200~
i B x &0 .
7% i B H [OGE30|lR5070 3 IE#® 350 5 A g .12
_;ﬁ A at| S.A |[GG1yS| Re47 3 ER 300 £ 2000 0.3
Rh
ZZ.BE [ FEr| 5.4 |GG95| Réd7 3 EWX | 300 | #R4F | 6000 0.3
[ -F)
As R(3695|R5070 R ] 350 1
ZEEWM st H G{a95| R647 8 (/b 200 gt - 3
Cr
= 7. MW | RIER| S.A |GG495| R64T 3 iIE% 300 E5 A6 3 1200 1
2 EE
Eu
¥ ) ‘
Eutthd)? FIERT| 5.4 |OG580|R1463) 3 EX | 280 | SiiE 10 1
Ga
=ZKBri| EH H |OGH50| Re4T 3 EMR | 200 | BE o 1
o[
,_;fﬂ FaEnd| S.A [GG495] Rea? 3 [ 300 | i 500 1
N RGY [R5670 2
E¥ I H GG495| RE647 8 E¥ | 250 | RE 200
W
T 3 B ; % 740 p)
AR FERf] S |[GG495] R647 3 X | 280 | &¥%
v
35 0 2
= 7. MR | R EB| S.A OGS9C pruea] 3 | EM | 320 | BR¥E 300
RGS 8000 5
MR
;H FeEs| A |GG495| R64T 3 EX aon | &% 120 3
B ) i ffoo~
=R |AEM| H |GGa95 R647 3 '_E# 350 #_ ¥k 640 4
x¥
Cu
_ H OG5S0 R5070
:;:ﬁ @it | o logros| rRear| 3 E® | 0 | RE 4 4
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&
- ‘ Fo3 Ry K 5 R/ R R
o C (X/C]] s00]

Al
=ZEBA|FEH S5 |GG4i95| R647 3 iE% 320 | &H &00 g8
: K5

Pb 200~
. E . %, N
M FuEef| 5 .ﬂx. BG12 | R607 3 E# 350 [ ¢d B0 10
Sh OGS0 RE070 % 200~ 30
=8B | ER H 3 A 350 £ 1% e
24 G195 R647 200 60
Bi G495 R647 70
~ ik B % .
=ZHEEH RAERE S A OG0 R1463 3 E# | 280 | &b 10 100
) 200
¢ - it it H BG12 | R647 3 EX | 200~ Z% col
W A 350 100

O REENTRANERCRBEY . FT—HILARE . B2,
@ PEPD #EE* fKE B H.S.A IR Oo/He N <C0.5.0.5 EHH>0.5. A,

2t BT RN .
S A [[(CH ) 3CCOCH=C{Q-)C{(CH;s)y ]3Eu.

|AY FREESIM

{# A FPD GBS REN R RAY. R LR BN ERE
M. UL R{RH FPD ¢ RN, EEERRE.

1. FEfERE (PMT) RSP

(1 {9 PMT ESE, IMRER. GHBPER, EEHAEY
40 F FPD B LEE KA B BB UK. ISR AKX P A L R
FETHETT .

(2) J% PMT EWMILAML{EBERMHERE: MEPMT L8
A, R, MEBEATE, FRIEEK: Yeh EFHE—E
M5, ERigkx. #w PMT i T VR e FE7E — 700~ —800V. K
PMT HAETR. RMANSHET, EHRNEET, LW B
MR RIERR LIRS, B, — B TREE A, R
M B RS TR, BEiL, T RS FPD REEASE, I 7 BH i B
PMT B9 T e FE . #u3f PMT 5, RRRER/NA, RIS HEERES
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EH,
2. RELEBSERER
(1) HzxEBEHHACRENFESREEIRAARL, ROFE

BRI (S S E R E S, R KSR REE 0, B —2
MEEE i, HE#HCHBIGLENESRYE (E.+E) HHl

va+&.iﬁﬁﬁm%mnﬁmﬁﬁTﬁﬂ&ﬁ%ﬁ%§ﬁ.%%
BRI MEEAZER R FHNEB/FE LA, AhATEEN I
“BEAE” X,

(2) 48 ABL MR EEEIL O, EESIRBAXMHIES,
Bk, ZZaRERNRE, FAREMERFS.

(3) BEEAERTABABMARSHES, HothridEd,
HRELZARE, BINERRTR,

GO FAZHABRBEAERESHAY 10fF. BEMTRELER
HIfs S, Fa-{LEkic 3 5% 0% 3F -t 2 Jc HE p A 3 .

3. ¥ FPD B9 IE# HERE

FPD &5k FID E tEs; difof R FPD MEAEX, REE AT
B, R0 o i 1R B A B0 R

(1) gk EAHETIRLEEESR. ﬁn&ﬁﬁlﬂf!lﬁ HARHE.

(OFPD @B MM 120CRLE.

QERBEEIRHER S KERME, TENNCESRENEEIR
W, ZEEFID EEHEMHO/H, b, BIA] S, SIREMIBEILT S,
H¥ETE FPD AR O, /H, LAV,

(2) B iEHE FPD MM 53107 2~5 X107 YA, WRA XK
MR AR FPD (A EERAFHFE: —&PMT: Z£X
W, RgcIpFERENER, RAWE: RZAEAE.

OPMT. EHMEXARINRE:. BEESGHARWNL.

a. BB F. Aaket, PMT EEAESETAAMEMAERFESR
W.E# % 107°~10°A, PMT MR R B> LRSS ET
&8 (54, HRRTI Y AXN, RS LEREMBREENHEX. &
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B, Bafsk. MZrEemBEeRt, nERNERERE,
EARMRAE R, WER RGN BEEE, REE>TRE. X
REMERBE. WEMNBELIRBEE, AW PMT RBSHEE.

b. W BAWAPMT, LB AER, REER. BEXERK
FE-MAERAT, HMEERXMEENER. A—3REBHETE FPD
L. mgpsEA). KEREETA, mR. BHBEFERE
BEREREM. FHZ.

@kIE: kHEMELEF N RR. EELATAMES KRS
WA,

a. L PEL. YFPD WFEHMEATRE ., IRFEFESR
A FPDUEE, BET O/H, th, BB KX, BREERMK. X AR
FAHRYE. AR KAREENRES QI RTIRBAEMER.

b, S H ARE. BRI EERETEFAEREm, SIE G
AL, SHAEE. WANESE.

() RHE ROEFRRE. BRER, BREERMEMN, BE
ThRAFEMER, # FPD REE T M.

DA EXETRE;

QHEEEB R

@A AEBHE T

() e i O B A I AR

EPMT iR,

BB ERERT R, SREAE (BIBOSREP SHmHE
By e IR A, EENE — L. PMT INREA R
sTER I FR Y, EHo28AmAE, B PMT WHEGE 2~3
FENLE, BEFR. WENARSETRE, WiARHEHRHMEBRERN. &a
F % B PMT.

Wer, BRBEENF, BEELHTNSHER, TERESER
G5 O B /)

4. &

(1) PSS FPDRIFID —HERAERS, ERPIZ
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LESBAREBESRH. DHRE. B8, RECEIRIDNEES; @
HEXEAS:HEFPD IHA—EN, HFOLED—FEHRILBLIER,
(2) Pi{s FPD -+ adh, IMMERFER, IFEG.

Btw M M

FPD MM AaMFId. Mk, FERP,. KFAFNS
MBI EMNAE. EEERTERRE. #iEsY0EN., BEFH
FHEXBRTENONEN RSO RANBEZRHEL,

—. §. BtESHHREENY

1. RER RN

(1) BRI

X85, HP6890 BISHHE Y., SFPD, 3%4nm 3t H

fo ¥4, 30mX0. 32mm HP-5

HiE. 60C (Qmin). 20C/min, 250C (7min),

SEBE. N, B#SMEWKA . 250 CHE 60mL /min; H,: 50mL/min;
Air: 60mL /min,

BEfh: L. Spg/g BYLRIRAERE, 1pL RO 0HE.

(2) R AiEENEMERE 6-26 ik 6-10. BeaPn
£ 6-10F7 7R,

3000

25000
] :
= 2000

L0

N ]

5
fr  r——

L

| 4 4 1
f 1 7 3 4 N 5

tfmin

W 626 B MALE W AR

' |
I
l l 1 [
_JI?_ [
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Re6-10 ETHRAEWEZTEGETHRRAM

BRI (e=11)/ MR (r=11)/

¥ =g [pe/s(S)] ¥ itat [pg/s(S)]
T o T HEmE 26, 22 RS 1 16, 96
2| T EwA 20,19 5 1 FHM 16, 14
O O I B a1 ; 22, 27 :

2. BEEREVBEALNEN

(1) &

il A

ﬁil‘:

{25 . HP6890 RIS M@ E{ . SFPD. 526nm XK
@4 . 30m X 0. 32mm HP-5 )
#iE, 60C (lminY, 20C/min, 250°C (7min).
ik, N, #S B S ;250 CAY 60mL /mins H, : 50ml. /min:
I 10ml/min,
ff: 20--40ng/g AYIBEREGERIE, 1pl Ao,
7B #& EPA Hik 1618 #47.
jugr RE A
@i . 30m X0, 53mm X 1. 5nm HP-1
HiE: 60C (0.5min). 25C/min, 110C, 3C/min 250 C

(10min? .,

SiEwmE, He 8 &% & 7mL/min, 7F 250 CH B N, §

60mL/min; H.: 75mL/min; Air: 100mL/min.

xR

I 2

BESS . 1~2pg/ BULBERZGHE, 1ol BEELHSE.

(2) %8 BWe-27, 628484 % A BERER. Bhixigs
¥a I B W, 6-11.

—. PFPD 31 ng/g SHERHHR A

1. 2 A R B W gy ) i S

EOT kP2 EAN—LEEMENMENREES. FAP
HBEBEER<1peg/g, HPFEDHEB N <380ng/g. H FHESE

My R AR . MW BEEEQTH, MAPFFDHBRAME. B




2514

BUE 4
- S 11l
3 Iz 3 S I3
iy b Ly
4o 10 12 11
30
20
| | k. [ 1 1 |
11 12 13 14 15 1a 17 15
tfmin
B 6-27 20~-40ng/g ARG A5 E
1490 3
1200k
2
100Q0F
1
2 BUOF

T

2 2

¢/ min

B 6-28 EPA FEMAEIRALE 20 %A
Fo-1l REGMMXNBEEFPD ENR MR

11 13
E goof | 1 6
Aok s’ 8 ¥ 12
L
1) 16 L_
0 !
5 a0 35 40 45

4
o0

2,27
2. 51
1.29
2. 36
1. 24
2. OB

" T B MR/ (pg/s) v R EHF KM/ (pg/s)
1 “h—-- 1. 85 8 1 o %
2 — O A 1.13 5 g R
3 LiE 1. 31 10 EL 4"
4 R 1,74 11 7 W
5 5 e 1.74 12 LER#
6 S5 1. 75 13 B BN
7 S B g 1. 84 14 W& B
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e, B, ERPERAKMEEE 100ng/g AIKFE.

(1) il ExH

% 28 : Varian 3600 RIS MY . PFPD &2  340~460nm I

Kh.

%4 30m X0, 53mm X 1. Opm DB-WAX
HiE: 50C (Imindy 4C/min, 100C

SikBpiE. ;S (H) 7mL/min

BWEERE. 2500, BETHE 2mm
PEGmE: &9 100ng/g MW EES 4pl (4+1 R

(2) R

BiEERs-20. HEIW N, BFPFPD BB RBEENRERE, B
R R, 100ng/ g MMPNIEEERT BREAERL.
2. BAASPREBER (COS mzEhy

mE

_

§ T 2 3 3 ;
54 18}/ min
6-29 P 100ng/ g WE By 4 By 60 5% B

B DTS ok b B R
R REH, VRSB
COS AR MR E R 18| ng/g
K aKF . A PFPD ol MW
s 20ng/g S B COS #17
SERED.

(1) wWEH

1% 28 : Vartan 3800 % S
5% {% . PFPD & W 3% . 340~
460nm P HH .

a3 4. 30m X 0. 53mm
GSQ

HE. 80C

BWASEE. 2500, #MH
N7 2mm

Bad. 250ul (B2
=g
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(2) R
BiEE RN 6-30, AP R, @1F PFPD M R BB, 20ng/g COS
MIEE TR TRFERE, T2TUREERIHIHER.

1817

|\

B 5-30 PR 20ng/g COS 5H¥7 G B

= REREANRLAmHREE N

AULBBHEERR, HAREIRILESOEEEZEMNRR. ULAT
MERANBCES DA, SXREBFINBLSOHEEEL
REMNER . K4S, ZHERTEEFTEAN SR ISR L. F
HEEHEN, THEAEEE. FEERW P ON= T8 x Lo H
EHEHMEFPD HERN,

(1) w4

X2 . HP5890 RSB E . FPD. 611.5nm BEH A

Bt . 30m X 0. 25mm X 0. 25mm DB-1

tE|: 80C, 7C/min, 275C; MALE: 200C: RMIFFEE . 275C

L 6. 377005
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Sk N, &5 20mL/min; H;: 75mL/min; Air: 100ml./min

Ran: CMIEEREE REY 200pg/pL) fil 4 < 10" mol /L. #)
HBr. Aoaiides 1pl.

(2> &iF HE6-31 %—, “HRHNBE, TENERGFSIAL
VMR EEE., REFERPMAT HBr, BEAELER. REH IS

AR, R6-12 59 MAIEBL S ZEZET AR B EE
AR ER .

ol 1 |

0 16 70 30

¢/ min
631 —, THRAHPE, TEARESHE XY as e gH
Fo6-12 HEMETHBLRFE RN EDE MR

- 4Eg L& % 8 B ) / min MR/ pg(Sn)
- Wi RS 2. 94 0. 83
I i AL 4.55 4.0
2 Xit—HF &5 5. 50 3.0
- i =TES 16. 08 1. 6
4 F-THSE 14.53 0. 2%
3 ik TEH 14. 82 2.0
FL=KHEHE 26. 86 4.7
6 ik EEE 22. 09 4.9
5 i —EEH 14. 77 1.7
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34
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M. Abalox et al. §. Chromatogr. A. 1997, 786 1
X.¥.5un er al. Can. J. Chem. 1992, 70, 1129

H. Jing and A. Amirav. ). Chromatogr. A. 1998, 805, 177

Hewlett-Packard Co. Application Note 228-371. GC. February 1997.

A. Arurav and H. Jing. Varian GC Adventage Note 16,
Dy Cov and M. Stevens. Yarian GC Advantage Note 18.
3. Hashimoto and A. Awsoki. [ HRC. 1901, 14 (§); 397




FLE RFESRNHE

£—% 351 7

JRF R KM S (atomic emission detector, AED) BRI & €l &
BEERNZLERNSE. CEEMNASEF FEMMELE. FHAEN
M EMATIETE. RERFRBRZERRE, BRRIERE. &R
SR F G, REX L GIRMNR KR ER AT #ITELMER S
. AFEL. AED BAESREE. A FEREF EEREFET WA
BRAOTHERESE. WERFEITEHMIFZH.

AED B R T & B X iE (atomic emission spectrometry,
AES) R TRHEGAEENESR. FELHLKHEHE [ AES Ei:
AR, EI90FLUGRBIT AES EBamkt, L 30 ¥, i
FTEMHFRHALBEREFHEARAMBER, Fi8 AES XHFEBTHFHRE.
AES HE®REMN®R. REER. R ett. X TREFNS. BEN
BAERENRPETEMNSEEFER., 60 ERLIR, MENRSELSFE. &9
fb2. el b XM ENLZEABH LR, BERBEEHERFH
R EPASMTEARFS ., A THEBEEAFHBEMN T HEE
F1. B, GC-AES BRI EMAE. 1965 4F McCormack S5 9 iR U
GC 5% iEESEE T4t (microwave induced plasma-AES, MIP-
AES) BAl: G X BT BERGERAED ) 1976 4 Beenakker™/{2
H# E T #E GC-MIP-AES, (EX 8 figkfE A AR, £ 80 M, M
FHE RIS, FEBTFHRREEER, mZXEEAR, il
EHBEVRGN#ES AED BREAHCREFAZ. I FXBEEL
BRI TRALHE HP5921 B AEDY, 7S5 G XA Tik—HH
# i) HPG2350 8§ AED-*, F 1998 4, &£ AED & BikH: AC
Analytical conirols BY . CDS Analytical Inc. #l Hellamco®™ ',
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AED BHEIFEZ MR . In. QAED o L DL £ 04 M8
MERmE T T, ERARETEE, AED iffeR&F L8, 8
HiEEMREEEEHEMEE (NECD., FPD, ELCD ) 55, &
Rk, SofE. AED P B AN, BR&EER T FID: @AED
AR BMEFRELUAVEM —FTRITEN . RETERT .
gATMERBESYRWERING TR X0 %ErFE. AED E
MSD, FTIR B A RFER: O F AED S EHR, TERK 8 &
REVYETHRIENER, WkE2oBRFA455ERH: @HT
AED Wit WM ET L ERIEEN . FRIRENRTERER. EF.
AED p i B METSHY X, ER—FH 4B ERIIRNSHA K
R LK

H -1 AED LERBEM{NHEEH

—. {LER&H |

SHEE REEFEBTFTARETENAERAHAZRN EEH K
WahSHEE. EF2stiE ABRRTFEHRMEE), &
FHIERZRINED AEFRER. BRARSER. WRE. S5 T&K
HMEBREMEEESFEURBBEENMRELRREFORET T .4
VEENLHP 5021A GC-AED U ERPHE O MARMN .,

1. $#1

(1) EHLEEmMMESL GC-AEDHWTREBERE 7-1. #0O
Had =T mB M. GC Em#Apix, FMRIFREET. &
®EWM5 L ERN GC-MIP #iF, ARZARBERIERNENEE KA
1. 17mm, RS T (A 7-2 Frn) FH 70W e b B A O W
BUAKE, EHENERES GC B LTL, FHHABREYEHAE
ERGFNET. oM ESAREHNESR G EPPBEFET
BOHEEEANEEY. ARAEHEHONENRTESETERS
8~15mm 4. HEETHN, MAREMAEHHAEEGE L O iR
BB

() BREEREE ERBESHWA 7-2 iR, MEERE,
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[/ ToSCTE R —m]
L _IL®H ] 2gpw
LB

O Ff ~ F—
L #s5Em e
s

)
i 38 T o R
]
Kb 79

SAHE
BEE

ERES
I

B 7-1 GC-AED £ 404

Rl TM, i tkiE, RRETBEIREP LA -2, HeRBEHAE,
iFRENZE ). EEREPFLFEREELTARBARINKNARE
B, BIREFARERAEHEMHRATESIAK . ARKEEELER
WIEMF ¥ ZH,. KRIEFK, ERKBREFHEC,

FrE AR 1. Omm 2 X 1. 25mm $M8 X 42mm K W BB T KR
ERIER A EE (Hewlett-Packard ), B 88 % B 38 8% T o 28 P8 8] 2 768
R GC — ], 3 %iE{— A Viton O RIB EE . T LA ER
TR ARt EE T ETa.

KEHKMEER S TREEABRMEHE, & TM, FEFHEAR
HRERISENBERENEE, REFAREDIEAR, EFH~12h G
HEEMNERERT R, FEERMARE S TR (KA %
HREEEHIENXR., OB EABIMESHBEESHRE L T 20~ 30h,
Al GAREENOEIRBELTETR. AT KEHRE. KB
EEFEHT 30d BAHABRMOEMR, REHNREREE LR
SR, HREEATELAYER, BAXEEsTREALFTER
K.
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28 103 5 2 1 47 g 1
25 '
27
an y
2\ \

j 14
Mo : 17
rF - _ __t
J
|
|
L ] _
_18
4% —
7 !
VA
17|
7
19 4
A 7
i 1
|
e
] ]
B 7 i |
6/ \ T
. 24

30

B 7-2 MERRE
1 f%: 2 AEEH: - Bl 1 WRBTE: s RS ER: ¢ BH
B 7. 8- BERBEHD: 9 10—KE; 11I—OM: 12-TEHEE: 13 BRITE
Bedh: 14 - HERTE . 5. 16— RAIMARO: 17— S AESHK: 15— 8. 10—
SRR 20--Mard . 21— @R, 2—-EAEREN;: 23-HESER
BESANT: 24--BRSWMM O 25— RERE: 26— FEAF8®: 27—,
28 -ERA: 0—-HAFCFH 30—PTFE RlShie ki
BTEREREKRTT. HeLBEAMFEE#TREERN%E
ATk, BAMNEEE R AER LT 2000, BMLFEEAF A MM
MRS, RRKET SH FREMBRERG TN FHE, Bik
HAERER XBERTEFEREN SR, ki, o1
) BRI
A& EMBNE RBES LA TM FRHERE 5~50 %, %
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ZEEFENESHENRE SmL/min MBREFHEHNASEV .M
HELEHHERES, YRASHBEMR T 50mL/min if, EEFESHTFX
SRAEMBATNRETARNBERE, B. EREMNBTRAFNKFZ
BRETEKSHTREERPREEFARRERK, MARE. X
HMBEFE, EEFHERMEMN, EREMER T Z0] HE R WM
BlFEAEE, MEE, KSHNAMEEPREZHRRMNA LK. &
FRELSYERBEEPRESBERERY, ALERGHREE
B E At e S T | R EFE T

(3) BRAMESFE BANZZRANB7-3BAR. B7-3 @ X
WAR S XS (NeEERBYEESASE &), #RLY
R4 30mL/min RS (5F 0. 1% ~0.5%MREMSE) #ASFH
Fik; B4b 20ml/min B3k FES R EE O KB, IS HE
R ESAEFHYELIERTHE, SHFHEASRS . @
HEEEETERYSE (BFR) HdE. B 7-3 (b)) RBEABEIIRE,
BEEITI, §A—SAHRDXH, SERSELERTEITF
Wz, HAeeEERE., BdaMERRERTHESQEERLIR
IS WY, BPR 1918 B BRI RSB E A 10kPa E T, BRI
St EMES . FTRENERRE.

(O MEEES a3 ESMnEEKEL, mE 7-4
B, WHREMESZAOBBEERRED 22mm K. 250 MR
=g, TE—HRESEZY . Imm HRARZHHEEELHERZN
5. 3mm MR, ISREHEBSAEAETATS R, H—mERIRERE
K. WREEHEEE—R 30mm € X25mm HEKNERE, B8 —mA
KBTS — S hER, SEE—RAERoRERRMRIEEL.

SR EFEABRENTH#, AR TR 95mm X 45mm, &
B 3mm, WEPEETEETEESNA R,

BRE . BS., RETAFERISEN R E UEELIEN L.
EiER I — 3 RSTHE . XA L HE R 7658 8 i vy B 9 (3 1 IR
EEFAEY, ZREESEREE.

2. Wi HHEN
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AR HiKix S,

1217 5, 50mL/ min 4UmLfrmn

I
|
|

@G ““'“E:'%% !
1. 0ml/min He ——— :f‘ll‘F ™~ J

3
@

@F i

*Oml./min BE
T0omL/ min
{a) WA=
CBRRSES B iF %,
Fz i+ 5 S0mL/min 40mL/ min

)
N g Ty _ L3 A /
1. OmL/min He ] S nhFiE

e
soml./min E
Toml./min

(W) BRI T

B\ 7-3 BRRERE




2"13

HRE

1= o
J//// S R LK
™~

A R

ZM211 PR

MiEn
[Bﬁx_m_ﬁ

D

B 7-4 MERER

P FE U H A E SR R T 6B 4 B 7-5 YR e g M A . Y
BESAMEEIFS. UE_EERMNERBEEARES S &IT
KA UREME. BAXFREMHBES, KFATLEEEEEE
K4, @ aTis el L E LR ok,

MAFRYENE . ZHBMBHTENIGFEHRAEAR T A
i, FAESRAETAEDE, RARTEATENK K RFE LS.
EESESRTER. B, . HOARNERR TIFESE. BE, &
AR A EMBE MRS, Bk, T HP 5921A E#EFR T 160~
800nm Ay P& JE M . M T e e (LA HE R A0 3R 7-1 Fom , s ke %
P ZRERT. L ERE -8 10Hz, ARE®KIETEP &8
100Hz,

HENEHITLRE—- TR EANRRENNARIFERE. 3K
k. RS, BRS. FARBEARNEBENRSERFL, E7- T3
ETHERNESELESTF.

—. 2

ek R R EE 300MHz~300GH: S LB, tHASE R




244

89 ¢

ALTH G ' -

100nm
G Y L R

I
f00nm

R R

B 7-5 FiE{igam
B, NEBERBHARE. YMEREIXRESKSEEMERT —

MR (SERE ERIASETERESEFETENBRYE Ladf™
ETHRSBTER. FRTHEOHEIBTHAEPESERR, A
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Tesla 280 “HEFh” FETFI&, SBREE.
R7-1 WO BEERERESE

y- 4] 0. 3m M s

WEFT@ICHE | 0 35mm f; 4% 3

FMAEFTHE | 550/mm uv 280nm

MR GE | 0. 08um G 460nm

EKHE 160~ §{0nm B e N oo M4, AFF 0. 13m

B 0. 2nm/ BB (HEEM ]| EMR . 211 FEFAEOE — 5 W RS
EO006/BR GELH) MK 0. Brom X 0. 006mm

B 0. Inm {F 400nm 8> || MK 0. 5pA (25C)

AURGERE | 0 05mm shE MW 108

RETHSRARTHRNEXRTERFE, SHE TR SME
B R Hah. (BR. YREHRETHN. R FREBHEERGE
B (RTH), AENEMANSERFASERET. URSBME TR
HgZmddmEE sl —4HbF, FEFEBEARER.

Wi EE FIERRBENEEAREEERI ST TR LT AR
AR AE%E, REESFEFERRIE T FIRE R EH MR,

AEXETHXRESFBE FRREREERES RIS, B ERE
ERARREXBESRAMBERNBEREEEAEN AT B LK. RIE
EREN T, MESEE FARETESRBEETRE. SHEMES
BTk A0 T 3B g (29 50~100W) TI{EF8/E, BR., B Ti¥E
BERE/D. AYEIEEERBISEFRE. HiK, HRER
FEFHE. FEARCHEFESRTRBLEL THRGERN. MHRE
QEETEOYERRTHARRBEREAES, ESREMERE
BrEANEIRERASEFEIRSENSERE, BB
HITHE MK 8, PEEERER—iFREE,

MK ASEETERNAR MM SE T, Beenakker™F
1976 EHRIREEEET FEHEMNERENERFE, BALFMB %
Wi mMEAESEEEREL, BiIrREMERESNEEY
BEEETTHEHBREL, FEBMEEREPERISFH FERRF
Bk . MR R T RSN 450MHz, Beenakker TM,, il R E
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AT 0 o R R B R R S TR I A9 T AR @ T B R AS EE R | B, KR
BB SR A R KL T GC RN ARLK.

BFEMEBEFEESE EAHBS ABREMNBTRESE
EETH., SETFHRAAFRANEFEHE. MaKCUMOB!' 53 30 %
MERMERSEFENBEFRED 8 VST 61920K) . kAT R
MIP B30 1158 7 %4 6000K A%, Brenner LB R HEEFH F kMM
FERE R 5000~6000K, EHi, EEMEHELR.

MRS EER RS, FASETEDHNEEET® R H
HiEE. YEMAEESRARESSH, RFEXENRIEER. BY
M IE SR BETLENOADRZ L. RMBAKEEHTFAESR
FEE BA L 8, BROCSRA M ZIREES . MABMEBEH LR
HtERF¥KEBEERLH#TEN,

fGC-MIP ZEAT A BRAAEFEFARM IR, AR EH
BEHES. eHEIEPEEBNREYBESRET. BdsorT. &
FTHEF EEEETEP, TBRESETHARERE 11.5¢V
11. 67eV. S B ILEER 15.76eV., EXHMNKH T, S TERRM
Bk EYESmITRER S FRRFHEA AR LEERETERN.
B, ZHbEaEARE T ARSI, RETEnE. K.
B OEMEALHE LUSUR T3 R 8 6 I, X ek i e LLB A
MASRAETRANEHNER, ERRBMNERENEHAEE. £4
HHTAENBNEEESIALAYRANEBNER. EEMN2R
TEMEHAASETFE. B, EXRELBRTENET. EEA
BE7e HiEASES WX (190~800nm) k8, RFEFEREFHET
k. EEFTEHESSSHBRER 19.73V, ABETLER
24.59V, Bk, &4 ‘B HEETFEMEUERNLa DTS
BB 5k LIAE S LR EE B b, #48 Beenakker" S F MMM S A FE T1E
bR TEEEBTHEHANKBRENE FAERHEE, XEHHAP—
R MIP ik i B ST R M R e S — B FILEENBIRFI T3 7-2
W, Oy ET B, 2. 8. A BNRERETAHE, R, B, &
MRS AR S —EFakERm, RRETENEZ. Bit, WiEsR
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Bl BASR T HRERHH.
®7-2 RETROIHEHR

SE . %y B—-WF R i/ HERE/ ¥-®T
_ nm eV fLiE/ eV nim eV {LEE eV
S 247. 86 7. 68 11. 28 - 253.5 7. 18 10,48
£ 186, 13 12. 75 13.6 | 479.45 | 15.89% 12. 97
£ 777,19 10. 74 13. 62 | 470.49 | 14.28 11. 81
E 746, 28 11. 99 14.53 » 516. 12 12. 4% 10. 45
¥ ! 685.8 14. 50 17. 42 ¥ 545.39 { 15.88 14. 36

FEW O E

—. WiRtEeE

LR TMao SRR T 5 MR8 O3 . B MK R 5
gwE:; O AZEESLRBATFREREKIEBABEL: OX&ET
EHERAS; O TERTHRENERESHAESFHHRE: OFE
SZETEREEE, AEMHP S92l AEDRBRWRRAESEHW EHTH
BAMHER, OEMBEMNHEOMT—MEF, #&TEEY 0
ABCRE. B, BETEMEERHRENTR: OQHBEKLPH
WEEAKEHERERT RIS LRERG O ETRE M,
Fiot b2 (6 T W AR M E RIEFENRAE; OMEEMRERIT]
B5ES - BAMBERFIRE, RETHEERORER, AMHER
TH5REEEABEENRE, WPk, HERNHRES.

Wil (LB E T AR REE, & 160~190nm BEIMWER
SENBNBEELERENARTRLKABREESI—THE
%, HENATTREE T HREMOTRHEFEE. X oREBETIEN
BaoFEHATHELSTRIKIE.

HP 5921A JE T 24 W SR, S8EnLEmSeEn
£ 7-3 fim. BRI E XA THE-BEEBENCEENE
B TR R A HEMEARERE (P, - EMEEOEFE
30s.,

guHELEREWAEET (SHMERER BHET 2048




246

Feaa I .
B4 TR Bk B SE S B R IT IR WY e ) 1 5 B R O B Y I O
BEZ G, 30 SRR R 1 bEER o U ek, U (2 A & B R 400 ) TR o D4 e

) B

£ 7-3PHITERUDCRAR ST MY, 35888 55K 7 LR I
WE, FTENRNEHXAHAE _RESENHE-—BEREOHELEEX
P, 24P ARBENWE-BMENSMBRERE . IR
LRERSHK, ARRRE—TERERA, BHERJMTIH—H

HRA .
£ 7-3 HP 5921A AED MtEm®
exa| ik | wiemm | RN lonk o asnme | Ruan | 00
B/ (pgis) (L /min)
[ N 174. 2 7.0 6 43000 02/H; 40
5 1800. 7 1.7 150 20000 :/H; 40
Hg 184. 9 0.1 3000 0, /H; 40
C | 1931 0.5 30000 O/ H; 10
§ P 177. 5 1.5 25 10GO H: 150
] C 247. 9 2.8 21000 O,/ Hy 40
Sl 231. 6 FY o0 40000 q/Hy 40
Hg 233. 7 0.1 3040 O /H, 40
i Br 478. 6 75 19 4000 0Oy 50
'l 478. 5 K1 25 20000 O, 30
H 486. 1 2.2 GO00 Qg 30
C 185. & 12 3000 s 30
¥ ] 656.1 2.5 0.6 4000 O, 200
H 656. 3 3.0 000 Oy 200
Ll F 685. 6 40 30 2000 O/ H; 40
! ) 777. 2 75 25 4000 jHa/N;/CH, 40

) TR ikER . 247- 9nm,
@ &l E B AT RN £30%.

%74 WETHPSRIA BRFRHEBMBSLENEEAMBESE
SER FRITEECIERMBORNBA®RIE. REWELI &
MR R E RS, AEHEN T X ERB RO . BRI, AT
HREMEEEREE AR, Bt SHAEHREFRS. K
LHNMENEE. REENETHLEARRBEAAERERT R




HHIEFRTE,

£ 74 GC-MIP & MER"

R ¥ 4 fom ?:f; MRBEH | ARDEEHE
& (a) 217. 9 2.7 (12) 1 T 1000
# chy 193, 1 2.6 1 21000
o (@ 56, 3 7.5 (22> 160 500
& (b 486, ] 2.2 GLHO
R <{a) 656. 1 7.4 200 194 B CH)
" 219, 8 3.6 (2T 9300 50
Y] 179.5 30 25000 20000
L LR 470, 5 10 11400 = 00
£ D 685. 6 40 30000 24300
¥ b 180. 7 1.7 150000 200100
b 177.5 i SQ00 1000
b 251, & 7.0 90000 400300
£ b FiT. 2 75 25000 4000
& by 174.2 R 8000 430040
# <h) i96. 2 5.0 10000 = 1000
By 21%. 6 5.0 18000 == 1000
W (b 00,3 £ 200 =>10000 TERO0
# (a3 265, 1 1-3 (3.9 7600 T 1000
% 284. 0 1.6 (6.1} 6000 = 1000
& (b 303. 1 (0. 5) 30000 g L
o 189, 0 3.0 47000 i)
b 196. 1 4.6 0004 ol L3110
& (b 267.7 7.5 L0000 000
2 (b 302.1 l 0. 05 3500000 = 06
B ad 2833 0.17 €0. 71D 25000 => 1000
% (b 253. 7 -' 0.1 300000 = 1000
# (b 024 4. Q 38000 = 1000
g (b) 3384 1.0 50000 =100
& (b K113 1.0 200000 = 1000
i 340 4 l 5. {) >>10000 > 1000
g b 257,68 1.6 (7.7) 110060 = 1000

D R, SEEVI: (1) B TMuo MIP: (b); Heweleti-Packard 59214,

Z.. GC-AED St REENLZBANE

GC-AED B E R FERN W RES) ANTIEZ —, MEREH
FSYHTENL, ARRRESREH GC UMK NA
SFHERA. IS EMIP-AED BESSTRNBEE, REEF TN
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B2, REDBANLEEZBEE —MERNEL, MEAREENX
FreBRAMERBES. BR. BYMREREN, REARESEN
S E. R RS IMESYHERAY, Bit, AED GE# AL
H—-FA RN GC HEFSHTR, AR (-1 IR P HFNTE/
BILEFETFRMELAE.

BMTERETH _RANTHUERES

KR K RAD PSS

SHBPRES  BHUTHMTRETH
FROTENTEES | BRBPERTR

TEHFEARWE (7-2) fF (7-3).

3 —4b
_ AM, /¢ o
w;—-———ZAiMi/finlGﬂ/ﬁ (7-2)
SRR
A, gdbE i/ L
wi=j‘%’}‘;—x1oo% (7-3)

Hf w— FMLRWERI %

Ac-——R{E L EBEERRLEYREER
M— s e T &
M.— WGP T '

c-——HREEWEERENERTR;
o— HIFPRHREAENERTE:
m.—— PR

m.—— PFYRE.

BN KRR RRE

G—REE GC ABAGHREN. EEEATERMBEREKR
G MM T EA, HHAEHPRASKKHE. HFORAIURE. £
WA BRI E . ERSAMAURBEESEKESF BT, T
BB K RER M AT RA, SEREHPREKAENE
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ORASKREFEENE SR, FTREEFES,

—. FREUEERENARRE

MATErid, O R GC-AED H— 1T EEHEH . HEOMEK
£:DGC 5 AED KEEARN LMK &8 KA EE: QFEFEKR @
BORFRAMESWRBRSOAGNE, Ak, SRR SAR
B SMEEREERRY S RES MM ERE.

Z. BEES#&

AED SR AARERERABYEMNSAEANITEILEARFH
ESMEMSHEERSET, SEHEANEESER =M. &5, &
SMEF 10 RRARK, X =05 ST LUE S 240 A 8 5 L
AFMESHFAFEMEH, €5, SRS/ PRESSHRE—
438 % 0. 15mL/min. 0. 03mL /min & 0. 25mL/min,

MASETEPMAES. AR BSEEFRBHRNAR, 0
AXESE (AT BRITHEERBEHNERNBRIHA, W3R
AmAKESE, BURKSETENSE O KR, i TERAMSRZME
ERERANEE, MARNSERE SRR, FLESARERRRT
EAAGTEA, Pl HEsRER. 2. K, B2, BERES. B
REREEEAMNTE, NN, BRECHES. FETRWEE
ARASETEEBPRESR, BRYUMNMTEARENGN.

W REFEFEENRER LA MWER. RAR. AEIHEN
17 7 B, B G G S M TE 5 SR MR (FID) 8B IR 2
for, B, TUHMBREERAHEES. B, ARAENENS AL
PR R A AL EE, MERARESERNSH, FEEREK
SWMEEEE LBEWA, ¥iEFEA DR E] LA 78 A
BTG, CRENEESNETRECAMY, HK, BEXST
S SESRLSY. MREAREGEMIINE 10X FREN
HE KRS, SFREERRT . ENEELABAAGRE LS.

B{ENA TREMSHE, B, B, TREKBHERE, XENE
VR T LM RS B GEE Y 40mL/min) E# 150mL/min L
8 i
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BEW M M

—., AR

B F GC-MIP A EARNIEsRM TR RATE, Rilb, &
MER G ERHTEASYPREEEMNILE. £7-5 YUABE
F T M H GC-MIP 44718 iy 7T 3077,

¥ 75 GC-MIP iRt x¥

%
W B g I 1 | N ¥ ] ] | VE
1 H
D
2 Be [ B C N |O F [
Al S P 5 Cl
Cu|Zn | 8c {Ga Ge ¥V [ Cr Se|Mn Br|Fe Co Ni
As
5 AgiCd) In Zr Sn} Mb Mo Te 1 |Ru Rhi:Pd#
Sb
A Hg!Tma|Yb Lu Hi FPb| Bi | W Os

U 2E¥P C Uden.Y. Yoo.T. Wang and Z. Cheng . J. Chromatogr. 458, 3190193853,
() £ % R.]. Lloyd.R. M. Barnes, P. C. Uden and W.G. Elliot, Anal. Chem. . 50, 2025,
1978,

. EeRuEaEEERN

EMIRTECHEANTIFEMA, GC-AED fe# A XA N
kAR, WKk, &, M. /. &, &, #. " A
|, OB BERHMILE.

R FRRMABRENR LS SERBRITENMETRZ .
EINGHEEL, MAERER/ D, BRBZTARMAEMEESHR
R, ERUERL P RTRREXRLEYR. B, AAX
MERFEYREEE, DARIAROSTFE. GCAEDMEER
MAZ-RENESHHEHPHREIRE. RREAMEERNE, XL
BICEHANSSHRME, MELEYY FREEHER. W, |, &,
PMETE, GC-AED W& TR EFEBERRN A UBBSRRILS T
B AR, T ELTT RASL AP SR B ML RR A TR AR, KRR
THWEF. B7-6 RREEBRBPRNRE ORERT re/e) W%
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TER WA,

A,
| 1
F
g g g i P v b s e
1 1] I A i '} ' 1 1

] 10 12 14
£/ min

H7-6 GC-AEDKRMBEERYPENRSGNR. #. BLEY
1--THRIBEE: 2—F8: 3—"8f: -—TKM; 5—HEM;: 6— WM.
T—_HREHER: 8~ RER: I—HKEM: 10— H &R

L£EK, B bW ZEERMIHETT KRR, B, BEY
B4 R R A HRGC-MS, ER, BWRENEZIREEHTE
B, W20 {F B 2 58 MS. 4¢ Mullian #1 Caruso!™ B9 THEZ )&,
Mohamad %45 #1 Bruce? £ # & S 4 G - MIP-AED #iT 7 o+ #v
ZREREME T, MU SRR RNEARADBIRESE. MA
WEL&SBERm/ ATRET.

GC-AED W — 1M EBRBRFRHSNITIE s EF A AIE
HERBAHFE, ISSHEHE (HS-GO B REETHESALRE. B
W, XKKRBLT a3 RPERETRRNERAIOLEREL, 57
WBHFELE, KN AHEREST 2~3 1 HB%, HS-GC-AED CE
ATwinsscEPREEREANE (E7-7),

Bhh. FEENLEY. SR IVABERPHREENFTNLS
MBESALEY. MABLEPHENLAEGY (BX, BEX, Bx.
B, REES NEREAALEGYE. ATSHEBBEFRHASTE
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W RN T —H' W =T DB RS W Rd——
M EFGRMK TR RMAE T DWW FHh T MR LAEM YV EEPRE
METFHMELY W HARN -1
"N ARBR - BTN N BT T A AR TR R T U RENmE
Bote B MY BB ME JIV-00 6l L E

..__:.:___._
e — o 0
4 __ 0
(W oRl - 35
q 1
v .
H 400052

{WUT 26T = 3D

=00k

I i
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i) 28 3 34 W AT R R, PRGN X SR4h B B B0 T0 K 1 B 4 WA
HREEMER ., MIP-AED CEBIRBEAMAKHEERNNE (@7
8}[23]
=. REHSH

MEREENAEEFHAES . FIESYH TR AR,
BHMAMTHIFEXNRENRSDHEANRSY -S4 T XE., HY
ETHABEFERARENE. FHrmirBetemeEyE s, Uk
FROWAHENRSYHY. AROEENCHEATE REYNER
EHAAREEMSIES, BSOTHRESRET IS, M. . W
FELUERNBAKTYDOEISE, B8 GC-AED EIH 8 XA 5
WH . GC-AED f BB E T LUEN — Tl R B A%, 5 SAEWA
B FID, #T—HRNRSYWHARTHMHIERFEFIILS YL R CO,
FCO mEN . BN, MINE B FiEEAT RN SEMARE =PI R
EFHEASF, TREREN MBI, B LdE 4%
GC-AED e AW ER H 4 FHERK.

B b, ERIET PHM R A M precursors P, i GC-AED B i,
i TiEaEatr. ERMEBEREBARCEEARL AL THRA
HENHNBEEDHRAESHENFEL, B 7-0 ARBEM XS0l
MR E R L&Y,

., #RILSWH GC-AED 1

TRBEFGC-AED MELBNEREAFHEN, AN, REH
SREBAHH GC FHHNERELY. s REAYERE LKA ER
Y. ¢BELSYE. GCAED MEAHENREYAO~E. Nk
BB LENRTEREMAEENES T HANETE ., #3580
JLHEE, BENTEBPEIEBLEVRHRABEA, £RES
SR FEENSCRLSUNER. 8. TP EBETL
B GO EREAEERMBRAREANRE R, HHFRIEPH
EOLSRAESY, mMRREE, SRESECRES OGeERFRER
R, UE=. =, NEEES REVPERTE S8 FRSTE
AWEBLET BIESHT) RAVE. EEFARZIERE A, WEIE

-

1]
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ME 7T HEP O BRa T EFRdT 1
BB HERPHERDE¥E ' BEFRRLT AN RTURE OWEH T F Y5
FE3 ddv-00 #YBHBEEYHFEM ol-L B
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TEY, KReaFRATHBHNELEY, L EMAHMFHERFE TP
(AEBEKERBE)PRATRAXACEY . E7-10 AEFIBPHE
P& GEEET ng/mL) £ Tenax I B £ 5 W E 88 % B4 018
A,

AED ZirHIENMESMHEMAS Y LIEESEAMNEREEN
5052 711 R AN ERE/ CRERN R EES.R
ML NN -ZB-TG,5-_PR-A4-FOE-2- TR MBashzhl.
GC-AED i iz B3 F IR h 45 £ & R vb ik (¥ 1 s %)

Wi 301 nm

| - i -
L i ha 1 ; 1 - T

Pt 300nm ’N
P‘Iﬁ—r——-—-—r———rT_l_ . i :

Cu 325nm

L L 'L_l 1 1 al i -'_I | Il i
4 4] 12 14
£/ tnin
B7-11 8. EHNN-ZHBHG,5-ZPE4-E-C
te-2- EHO MR SHIRAY GC-AED M

PHL G EEENHREERIATRH . AXAFHENREGC 2
BELIEHLEPHEREERE Y, HPaFA T miEa. s,
CHENEEEEAED, PREZBETFREET E5H Friedel-
Crafts @V B HF 0%, GC-AED 7o R 26844 5 AT 2L B 2 7€ v

02 2 7 B o AL S ) o L = DA B R BT AT B R




0 =1 R <N = 3 By -

10
11
12
13
14
1o
16
17

i3
1%
pH
Z1
22

23
24

29
30
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$ £ T W

AR RFLFEMBEZH . RBoWHEHE. LR, EFRCEHER, 1997, 104
A. J. McCormack et al. Anal. Chem. 1965, 37. 1470
C. A. Bache and D J. Lisk. Anal. Chem. 1965, 37. 1477
C. A. Bache and D k. Lisk. Anal Chem. 1967, 39: 786
W. R. Mclean et al. Analyst. 1973, 98, 432
C. I. M. Beenakker, Spectrechim. Acta. 1976, 31B: 483
E. L. Firor. Am. Lab. 158%, 21 (5), 40
Hewletr-Packard. HPG 2350A Atomic Emission Detector for Gas Chromatography.
995
LC-GC International. The Directory 1997/1998. August 1997. 505
J. Chromarogr. Sei. 1998, 36; BG
B. D. Quimby and 1. §. Sullivan, Anal. Chem. 1990, 62, 1027
AU, MaKCUMB, C. A. 1966, 66. 32843t
C. 1. M. Beenakker. Spectrochim. Acta, 1977, 32B; 173
P.C. Uden. K.J.Slatkavitz and R. M. Barnes, Anal. Chim. Acta, 1986, 180. 401
Y. Huang. Q- QOu and W. Yu, ]J. Chromatogr. 5¢1. 1950, 28: 584
Y. Huang. Q. Ou and W. Yu, ]. Anal. At. Spectrom. 1980, 5: 115
ARG AE-SEFRALAARBAFTEER R XEN-ERTFEIHLERR
FEXREMSE., 1986F 6. X
S. M. Lee and P. L Wylie. J. Agr. Food Chem. 1991, 39, 2192
K. J. Mulligan. ). A.Caruso and F. L. Fricke, Analyst. 1980, 105. 1060
A. 1. Mohamad . M. Zerszghi and J. A. Caruso, Anal. Chem. 1986. 58 467
M. L. Bruce and J. A. Caruso, Appl. Spectrosc. 1985, 3%:. 942
X.-]. Cai. P.C.Uden. E.Block. X.Zhang, [ J.Sullivan and B. D». Quimby. J. Agr.
Food Chem. 1664, 42. 2085
C. Bradley and J. W. Carnaban. Anal. Chem. 1988, 60. 858
1. A. Seeley. Y. Zeng, P.C.Uden, T.1.Eglinton and L. Ericddor. J. Anal. At. Spec-
trom. 1992, 7. 979
E. Lobinski and F. C. Adams, Analusis 19392, 20, MZ8
M. 5. Black and R. E. Sievers. Anal, Chem. 1976, 48; 1872
P.C. Uden and T. Wang. J. Anal. At. Spectrom. 1988, 3. 919
P. . Uden, in P.C. Uden (Editor), Element Specific Chromatographic Determination by
Aromic Emission Spectroscopy . American Chemical Society, Washington D.C. . 1992,
ACS Symp. Ser. 1992, 479 )
S. A Fstes. P.C.Uden and R. M. Barnes. }. Chromatogr. 1982, 23%: 181
S. A. Estes. C. A. Poirier. P.C. Uden and R. M. Barnes. J. Chromatogr. 1980, 196. 265




EAE EEROIMEE

B 5 F

-, BRRHERV _

e S AMFFAIRE LS BT 1000 FRLLL, TTHH Y
PEREEK . S2EZHIENBNME R YT L ERNBELS.

SHOAEEAEFRBNSEED . ARG ERE =,
i (mass specirometry, MS) WHRHILSHEREMIFHNEEEESN.
HEEREHASREGLEYR 2~3 T HAMMREW. ¥ GC 5 MS
BH. kg k#E. CREEMBESY AN AE HTE. GC/
MS A xmiaE, I WRBASER. EREER. EH
WHEI. ZEfARP. RENBEAEAR. HERF-2FEZLL, £
ERMILEASRHNEBNELIE, BREXZE2XLEH,

EENR, L. B, R, HE. KRENSHE. BEH
RIAMEA, BEREHEREREAZANELEREBRN, EER
SRR AL RREEFFARSRNSEFEHENHERGERRR.
m ZL b Y6 i Gnfrared spectrometry, IR) M4HF S HEARBEHN
“FEar” HHEES . Rit. GC S IR BEHA, AEREARESY S B
WEEHTR. BRE LRk,

. 2R

GC/MS Wi & BB a] 0 0Bt .

(1> BR B GC AMSEdHOKEREXR, GCHENES
WMAEERPHFHAMS #HITRMNFZEE. 8 1957 F Holmes 0
Morrel """ & KRB GC/MS LI, GC RMS H#HEE. L EMS B
GCH— TRy —HER—MF K REE, T LFjT— TSRS S
£ ALY, % Anal. Chem. “H — WS HERBERIFE P, 1994 FLL
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7 GC/MS 2Bl R 5 m1Y;

(2) FASHEGBREUE HFERWBANPERKASN GC/MS
(bench-top GC/MS) fg . FBRHE A 90 £, B TET GC/MS M
B 5 BB, MS AMERT AN, ARE R T W, LRBE MG
FENRER, EHETRIERASHAKENRZ - ATRHITRE
GC/MS BE i, P HH N E % M8 (mass spectrometric
detectors, MSD) ok JE B % EHE RS (mass selective detectors ), 3E
HET AL, £ Anal. Chem. 1998 2 ¥ MSD S Hit ¥ MK
FE 63840 3 2% o — I DY,

GC/IRMERKEEMT Z4HE:

(1 AHEE A SOFREREARSCERLYERE. B 2R
Bk ES ARy, FRAIRENZ. 2R, SABNANERE
REAFHER, HEITHAERASLEFRBELTE 2.

(2) SEKRBOMECEEILEN BSHEERRRR, LER
EMBERSHAEBERUE, AEEFROMHASTEHED> (WKE pg
S, MUOERRM, — A E TR MNBHEE DT 1s, FHEBK
We s S R ARG EE XIS, BA LAIEASD
FHEE, BE., HRAARE K, PEEAETEREMAST R,
REGRAFHEE, PARUBEHENOILEIER. Bk, <4
B S5 ENBIARIENER, BRRERREE.

(3) 5@ F o T 4k (Hourier transform infrared
spectroscopy, FTIR) BEHLie® FTIR PG, HRAMBERIEK.
HTFFS MR ESEARRETRAERCMOERDH, WERR
BERSEEME. EARENERARECN R, EHFEL
EEHHEEAT 1S, ARERFERNMEpe S KR T EAHES
SRR, 5 AR B HENR AR, HIEXRT GC/FTIR
B, R EER R,

BFAAE (BEBEAER) AHEN GC/MS, GC/FTIRAET
HRWAAE, F2 MSD # FTIR k&5 TIERME, HEXE,
YERBASAE . KM A BEMRBSE—BI.
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FHV RIENE

—. MSD {gM T{ERIR

MSD £+ EHMBoAR.: 0. RiEENE. iTEAREM
EF 4. RHES. THEREDEIHROBRIEABTHEN, 85
wHEHEmE, BNATEBERSTFRFNERIES, EMFE. ¥
EEHANRFREESIEE, BEEFERETLYERE, ERFED
% -EROFREEWHE. BESAHENESE. tBRAKBRE. 1T
M ETRNYESR. ASRAERIERE T MSDEEEZRET
L.

Cl B e | -
I = l_—’ M

Foaaas) L, -
1 i

7

e —

¢
31 MSDRE&EREHR

1- BB, 2— @0 3—MR%: +—EEAES: -—HTR: 6 -IMERK;

1--WERTFERSNE, s—-BTFERMNSE;: 9—MSD; 10— A 11— XTHE

1. &0

EOXTEFRAER:. —REEEAN. BGCHOAKKE
C10°Pa), i MSD ERE 107'~107Pa B E T T {E, 87 GC 1 MSD
ZIEBFAH — SRR D, RERENEURERES AR RN
FR, " ERELASTEGABRTHEREBS. HANSAEHER
FRE.BOMEBREL. #6XAGC-MSDhEABH. AEEOMITD
%mﬁml.lln

() HEEN ZEDREE, 0B 81 iR, ERBEATRELD
METREOMAREEBASTFEA. PREBSHERE. FTEWHER
EEHMSD % T . MEN 10%BEABEFRA . CREERS .4
4 DRI R Bt 3t 5 19 AT RE 44 d /) .

FENBEATYREAEEE ORRE 2mL/min FE. WKHE
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Aa2smblE. RO 26mm MEMNEHE, I BEEKMNEHENIET
CEEE, EEHRERCGC-MSD O A ESELED. RAN SRR

() FOS#HFECY MHRBEALMEMEE, BREHAR X,
MAEEED. B4R RE:. -RBSHEABEFFINKESST
HEFSEHUMSE, SEREZHE TR, MSD ABBIE® T/E:; R
HTFEERE/N, FTEIESBRERE, TEEMEEHANEEE
KEEUTF., Xod, fAFOSRED, WEE-Z iR, EHYET—1
AOGHAE. EMEHEOBAZTRENAREN, AEES S —
mEE - RBRRERET, BEHEEN lom, BWHAZED, Wi
SZHNESHERENBRS, BFRESHEARREDAETN. AR
BP A OHS. BERR, FNBRSHESRH SmL/min, 2 HHE
10mL/min A 2mL/min if 53 B ST A MSD, 8mL/min Hifsi. B
LZERBELAAT, ZHROSRMEO SRS IHRILA 41, B
20% B S A MSD,

s
{ 7 3
1—5"—‘—‘?;_1

1
Smlf tnjn —— - Gl S mim

SmL/ min

A s2 FASHKEQOrsEE
1-EHETH: 2- RNES: 3-EMSDOBRRHEHE, - —BWSEACD: ---RIRKHA

AU IERETRATARHNEMRKSRE. S EMEHA
BRER 0.06~0. 6mm. X, A MSD BIE S 1~2mlL/min. ff
REHNEHKA, #AMSD HESBEE, BRATRTZE. B/EX
Sk, WETEES L. BFSETFRAREDRERITENR
ARGE, EMEHERTER.

W T AT RENR i M SRR B SY T R R E TR
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et ESEREMHESRD. EATHAEREMETEN
oS E AT A A

2. PTG W 35

MSD I FE. REHEME THREFAR. CNEEE—%
EEHEN, ESEIA 107" ~10Pa,

(1) BTHE XKFEZR, KEARSENEAsHERETF, H#
R TFNEANREREFE, R FHRA LR, MSD M. &
FEHETRE (ED MFHEE CD. '

DEI . BAs-3¥EIERER.

it
——ifﬂud e

50—~ 100V —/H—
o 9 0

B —d L ERBAHNH
A 3 &

Hsg-3 EIBRRERN

R BEHEMATRMHMNE T, £70VESHNNAET. FAR
BEA&., YBMNApTHABRBEN, BgHETFES. HT-RFEHN
ML R A 15~20eV, 70eV BB FRUES FREFLTRE
A, BUFEEBSTFETNEABRAIET. WPREBTEL T 6
FERPET:

CH,+e ~—CH{ .CHY .CH; .CH*.C* (8-1>
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AREEMD R ZNNEE, THRER-EETTEREZL
TARRBEANER, TERETFAETEASIL. IEMRL. #2
M. ATEDRETHER, Sl okt ARESITE.

El i o 2 MR, BENBEHBRTE: AERER .
B TR HEREE. MBEBRNMLERN. RREAD
W5 T4+ . BRTKERH L YindE i E R A E1 H5 3 6.

QCI R : ERELRNEFSHMALS 0 FRAETFEH 2 5T W
B —FheEE k. CIEMSWS EILRELAR, NASEH: —&
BEHERAOLEMT —RESAD:; Z28FRADHE T L D48/
LB ELED, 428 0. 7~1mm, DFEBKRARMIEIBF+ &
WA EMR . W 84,

h——
1T £
44 O f ¥
Ly U
50~ 100V ”\
o0 0O
HE ., 5 B 5 3
— + t ¢ ——————
1
| lams
il At
b

Hs-4 CIRAER
RRSEBEERPREESTR. EIBRGPEHT. —RET
R A NSRS, FEFEF/ATREE, FERNET. HER
BN R SRR AR 10°~10° £, A LT RSB T RSB
B, TEXEREETSHNMAS S TREEN, BTRINBRESE
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AL, AT FEEEESFEF MDD NHEMERET.
CH,+e —CH;{
CH{f +CH, —CH{ +CHj; -
CH# +M — [MH]* +CH,

Cl5EIHE, #FTFTERS: 2. BF-2TFRESGHARMEE
BN, MTTEFHEAL, BREFEELD, #EEEE, RN, B
f. ClAERY “H” BEHEAR; b.Cl HEELE, BT ABEFRNE
S, THAUSESPAHBEMASRRN, \NWEZHsHaEne
o, Ee LA HERRERREEEAENLE, BERATERR
HiEMEE.

ClIRAFEEERET, U =4 A®F, TP -hahogiy
f#, ABFCIERBHEMREE.

ClEMFRZALR. SERERERE, JURESECl BiaiidA.

FE, GRS CEREIRSCIRESE—ENE/CIHEE
FiR. EHEMHBHREDE,

(2) BESHE TCHERAEERR -/ BF2®., E&£& MSD
BIE.LEE, —BIRAEAER, BRIEBRESITIEMLER, HH
¥, S MSD P AT, MEFRESITA (quadrupole-MS, Q-
MS) B FEHERSFTES Gon wap-MS, IT-MS)H,

(DHQ-MS: T X IR TR R AR i+ . AifE MSD &}, o]
RO FF) B misy, ®8-5 % Q-MS LEFHA. MBEKREE
YA B ENEBIT, FEERREERFELNTAME., KF

¥

85 Q-MS L{ER®A
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XA EE-EN—HABR, EEH_F Y F0D) EE—BH
H—HEE, _HEEAmMAREd - TERBE U M—55ERR
BE (VCoswr) MM, E. L, . TRESZHEHIRKX
NHEE. FEAR. |

HEBTFANZ FAHEAZEBESS, BB X, Y 21 HEs
ERN. IBERAINANEU.V, o LRPUIRBEE 7)) BX. Y
ro Ml R U/V HL{ENEER, ME—-VHE, IEREX-—FEMZE
FHZEZWMEX. Y FR{EABRIREBRHQEN, 5EZ FnFEdH
BH . HXB RS =EES . MHME /2 BFI Z B350 6,
EXSEY FmrtIERREs), REZHEX. EERHTINRA L5
G EE. MARRRTEE.

UV BRFAZE. GBSV HE U BBEZHEE . FARAMEAE
FMPEXR, KRFESNERF,. FEFS.

Q-MS BRE&EV), SR, REDESHRAE; DMEER, B
FROERR: MSESRS. HERMEARS MSD A Rk,

BR. QCMSEHB N EERA,: oo AHRBERYUE. WAFRMAE
MEFFIORINSFEEFE2R (AR/PNETREREE, KEX
ErSERERME; b. HERK, BB 1~0.5u,

@IT-MS*, EXFHUEEFH. B FB. & Finnigan 227
W7 % T Paul # Steinwedel R MTRE FRSA, T 1683 44
HTHE - SHRSHEES FHERNN. RN IT-MS REEERS
F ARSI ER—B FBH#T, RRENE EEENsH. B
8-6 4 Finnigan MAT & FHERFBRER~EB. B8 GC/IT-
MSE¥ETFTESBIEFH2ZA, RABETHR,. 2E5FWE.

BYHgmtore, Nd=48B@A%. L. TmaHi 3,
5) MPAE M (O, REERPAZTEY M E. -, T2 IXFRN .
rim=2:5, BMHR (WEBFHNENS) SHR D AR HS M LR
Bigsl A . ElIRESHEF, STaRkEARTE, #8500 THE
BT, HEFAHERLTHES, EFEREMEFFEE (7).
XH, - ERANENEFES T M TR ELTEEK. €

C o e — e — P —
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IRk

}
el pean)

ﬁ//; - HoRR E—
BHsé6 IT-MSEBET-EED
1—3T 2 2~ HRAD: 3— S\, (—F&; s—THRER; s —BTFENE

ERENMRSEEE, HEEEFHO PO, FHEMEL 1~30ms,
RS, QRSB ENEE, &/ BFWNBIREKKEZ HE#EA
FRERX. ATHBEHEERD, FEmfEy 30~85ms, BILEFHAT
fEREER. Bk, BdiES. B8-7RHIT-MSEH#ETRHFHE.
IT-MSWEEKRESREHE. YHCIRLE R (MS) #1686t

M
A ST et __ REm T

] B | uR

Tk

&
th

¥

T HE S I K fd 4 $7 K5 & 5 8

HL L} L I l 1 |
L i T8 W B WE SIS F

m8-7 IT-MS i fim s
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BMAGERH#BEHS, WEERLRREA BN saturn 2000 B [T-MSD, 7]
Aol XH - RRIES R RiEADINER. BAER TSR TFHE
ARy, ATHITWEFEREFFH4FREMN; MS BRAENE F™
b RBREE,. BFEATNERSNS, U ER —"FHH#T. B
ERE B BB, T ARG AR (A BB F) I MS/MS 52X o] 8 H %k %
HEB FTHMEAMSD IT-MS FEAEAGER . SHAMEA . K7/,
BRETHEHAMK., REXSE. iREZFRE. B, BTFHERD
HATSHEF-TTFRMshHE, Bh%, RRIBSESHEE T
LA RS dr b2zt RS9, .

IT-MSHWARRE FHMBEMAL Q-MS £, B F& B AR
HU ms i, FEL ps i, BHEHCE B F AR E R R R A . N
AR B B AS ZK ORI K. B RE/D . B IT-MS ¥ B 8 R A% V0 5 3 A4
F Q-MS,

(N EFRNE ZSEBETMBIBREZIEF. AT TFEMSE.
ST (F) BT REEREES, MSD d# AR FHREEAERT
oL B

BFEEESLESRERNTAEREBEEYN AIEAREX, A%
BETITAEMAEEDE. m4EFTHETF, MEHETEER (r=10~20)
kGG, RS 10°~10° RoBE . BSERER BB TR, &
FERABEA. ICR. XFGERAWER, REES. TERSE /D,
REERAX 107%A, BLERBERBE. HIREFRE.

FRY{% . W HP5973 B MSD R RILB FEHEH AR THIEEE,
TREEFLEBRITER, BRLUSFER T, ABGIELTFHAA
7S, ST —SRAREE, R X AERETEESR.

TEHLES

MSD S ERAE B RE A B H MM TIE. —RAHE BG4S
B 4 1 g i FE - ) ek B, W MSD $6 B - AT B - ) = 4
HE, RERT X MBE—BIEER 1030 M RFELBH 10~
0 KAREH LN REFRER. BB LENARTEHE T m/ BH
7, -1 RBEEFEETRARIFE. CRNEIER,. FEERN
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— LA IR, MEHITEELCRERURH—HHTEST., 8%, &
EARREEE. eRER. B —-RAFEFHT. EERTIEE
e, HEELBTERZ L, EAIRE. Bk, HAFTEVRES
£ MSD 6] F - S AHGBEMENRTEZ—, TENAZOEEE
EERBTFR ARG,

HGBEREFRRRE, BEAFHREALT THHEE.

() HENEEFRH EREMNHRANESIRARNERH#T
WIERE, FipfFSAMEICALE, BEERENMEREFLEFEL
2.

() ABRHEEMER SR mmw. EeEi-5E
EFERFEA - 55 E, BRE “EE”. 6AMSDAKERE M
. ¥ =Tk (PFTBA) £ EMW (PFK) fEEHF. X
BESEGTIRYE . (S0 R A AR ) B LG (L

(3) ZWEEEIH— HEMEEADRE m/z EREUER
(R4 M) % 100, HEHBAEMER ASEE), ATETHEA
R A R R, DA RAEERITEENED LR, BN
FXE ErE RS AN E T ERRIEE.

(1) HEES HENEAZESVARRENBHMFAR *H
#” W CEENEETRERN, #TESBFRAME BT S,

(5) LM RFAMA. GETHEE THEIERBEEMIED, A
BEHRE, ARET. HER, it ARENSRIHRE; S
Flet, HELETMEETMNRIBER G#THE,

(6) HERMAFMIEBALBAHENE HEIRERTBEEER
m. W, LERRKShEe. TENARRTHBELERER. 27 RLHE
EBRASWARGBENSETRE. EREGEES. ITRNETES
ERTEMEE. THITH.

GO EEKRE RBITAMKRBEAIRREENEEKRE. EHR
MAGEE T RARWREREE., TTEYLA 838K HigELEBRPD—
R ERE, BE—-ENRRTESISETRFERIEE——#T
W, BEEMIaELEEg GRERALE. CRE, REERIHEM
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HERLSMAERATNEAINETHR, HHEMULEEREXANE ., 7
HEMKaK., e, aFR, G825, AT ARSE.

(8) Hit HBANWRERHAT MSD M MBIBELHA, &9
RATAEBN . BEONESZENKE. REER. ARHMELE, &
a2 Az .

4. HE RS

MR, MSD B EREFRET ILE. BB TRENESEN N
107 ~10""'Pa. MEE TR NE 7R MIBERRIE 107 ~107Pa L)
F. BERGETSETERFUTHFEOER.

OWMIEBFHEANEERFERENASSTF, MAERLI TREA
RFH. WEEFEREER, HEITLER: AFEASER. HiE
REAEREFTRDEGTE, RTRREDNHET-FFRMEHR
fibF &, S(EHE TREAIEHAESR,

CHEETFEREIEPEE EMED. RBEAES. ©
SHihS FRETHE. RSB TG HEE.

BTHBRMZPFFORES, EXTELZERS. HEK. A
BRSTFE (Emr8E INMEERK, AR ETE. Bk, &
FHRE. EERE 107" ~107Pabf, BFREDITE. R THF
B g B BEERETF, B 3~5 T8/ min IS EHENTFEEF
s B RETFANEFHE--R, H15~20 K, B EaK5 107 ~107°
Pa, ZEMSEBX, 7 1omin UNHAAIMFRASE., BRI
Bu, TEBNBP. 405 2.5 h, BIEER.

HSENBWHESN. @Y%, K5 A Pirani RMET. B
HERETFHR. e mETHR.

=, EERE

MSD fyiEEA . RiEEMGEREA

1. S

TR EEE R RSB R LE ., AR RS
HRMBE RS,

(1) BERW (scan) ERENENRBEERN, EEUEHHR
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EV, FrARERFLEAEFRRT-ERRES. EXHRENS
(continuous repetitive measurement, CRM) @+ 8® (Hull scan)., A
TERENHWERARBE FHSEE,
BEATEEEHER. MAKK  100f V
Ak ER, MXHFREER,
8-8 Fir o), HLAR AL A R Al ey b o/ 80 40
z, EAE EIERT. B Z A1,
EteimaRETTFERFNE
BRETHRER. ALl T
SR, XFREE, AR HE
. It E —RHER. —RE sl 15
B o 38 BB K B B AR 100, 3 l 26
Hitggyd R, —RuEss Ll ]
B E A 100, B HHE. P e
HHBMREHERR. BEEE B 88 BRI HEEEE
7.

Scan HiEEGMETHMNET TR, TEARMG TFEHNGE
B, BERHASEEMIKSE.

() PRl TRE-RIENEA, BERRESNBBE V.
HHNESLEFFEREER, MAMAHTLEFEFS. 8FH
EIRMEE TR (SIM) B, RAKARTL. ERBABRATEMN
atE R RN M EEEFL, GREFRE. UFBRERTEEN
10~40, SR/ FRRWEE N 0.5 i, WEEG I m/z B THATE
% 0.5/30=16.7 (ms), MBERBEN m/= R 32 1 31 WEEF,
A EE S 0. 55, WA BB FaIPHT EHEE 250ms, R
EREEES. BEREEINEILTSERT&. TEEIRDH
sk i Aiok [

2. BBk

BEEERE-MEE. RETHE (TIC). HEAEE (MO
MEEE-FIEME (SIM),

2y

030

40

|33

[INTTTETS TFRTRTTEw]

1¢ 20 30 40 50
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(D TIC BFMSDAFEHSFENEBFRYFEBHMEEIIH
KEAEE . 8§ TIC, Bt SR FHRANTLUASH TENEERB 3,
el LU H AN — KON SR FREMERER TIC b8 —
TREHESRD. HXKFEREEFROAEE (RGC), MAEL%H MSD
KRG —FAX., EFXE. FEHENFER, XHBEE. FLHER
B TIC. K 8-9 (a) FEKRBERBEA TIC.

TIC 2 F FIDHEEER, AXRRASRLEHEL BEOMSE
HEEELEIFLE, CAERERIERR.

HTHEEEARE, OREESAEENRLELELERE., R
BERUREDSE. —RUSTEEE 10~30 K, RELF 10K, i
PR SR AR, A, BEMEFERR. REELK, B
., ERHEEFH, MARTHRESE, M—MEF 6~7 8o lhT.

() MC ATARSMASERRENFE . ilERHEP LI
B R s . SR RarpERE, BIEH MC, BEMRE T8 TE
H. M XHRRETeFE (EIC),

MC RREF TIC, ERBHRIEMEAEFHEMNGFE . MTERERRR
BT, ABE AR MC, MCESREAREHNHEMEXE T T,
PEfEMess, Ea kBN, SHEMAGE, TEESEM TIC Kk, 3
BEAGPHSNELEYRGETSEH. B 8-8 (b)) HMA A EHF
EBR o z R 178 M 202 BMHEFHMC B, £F 8-9 () AP EHRE
T i e W 3E. YoM, EE 89 (b EFHERR.

MC T HFRE-TREBEEFAFTERRGHE,

(3) SIM TREWgEE el 2~3 FSEE FR TR, B4
X T s A A L AR BERM S SIM X RE S TEE
Al TICHER. SIM 5 MC —-H4RFLEETRHERRE. HE
NERH: MC RESPNEEREFER 7, AR EERKESMEE:
SIM ¥R, RkERHFERTF, SHEM. ©F R 1 1) 8858 3k
BEHRE.

B 8-10 W ELFEFREELKSIM SMC AL, aTEL . #
EW A AEE, H SIM PR H MC K 100 %, 7 MC p—2
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jouoor
) i IE e
% 530 .
&
L]
| A
§ 4 . 1 1L 1 1 h/\. I | lML hlﬂ.i 1 L -Ai.ﬂl liflﬂ 1 I
T [ 1354 [ 106 1150 10410 1250 14
R BT 030 1% 20 19 10 200 ;S0 I} i)
100 . 0 (a) MC
hi L S
10, 0060
NAJMM Amine Aa A
A0 1350 o 1550 1600 1R50 1700 1750 DR EE
15 D 4% 16 22 1 L TER 1) 15 243 18 37 14: 11 19 45 2019 13 m]
(L) SIM

M s-10 SIM#MMCHHLER

BAL N DME, 75 SIM P fgERLE.

=, tEgkdgaEse '

MSD & & H eyt e i iE £ A FR DY E 1% . B AT H
FREEASVER, R MSD HEFEM T ERERIERE. HEE
B, BNk, RE). SHEMEUTEES.

(1> #F BePHREEENE, ZBETEERAMAY RREH
s E, BERaFETRITREENATNTTE: sRAFETE
A FR— sl R E . EEATENARREE. o8 i E g
EE.

(D FE MSDHEBEMRENASTHMBREHERIEL. A
HofregEsemH. AMMrERRREER. ENZTEE2T
HAWBERNTBISEASKNERSE, XRERT-RSHEAHE
RS AR EZ —.

(3) EEHE AL MSD BEAERIREAS R HE &[T, &R
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H—. BEXEBANEEEARAERE:. HENE. AfEE. Regy.
SRR

MEGE MR) RHEESWREGHSTRIE ., @5 BE/MNE
KEFHEFRERAN (W) FTR. u XE/R®E (dalton, Da), lu=
1Da, 1960 FELIAT. HHEE LU0 M 1/16 ERIRTFRESL . iO1F
amu; BUF XUBC W /12 hRMES . i FIH, WAAF AN amu,
EREHENARZ=L2H, HIEL P2 MSD, H u B amu BT,
HEUEBERZ, —X 1~1000u,

HERMA »/: HEEARTEEEE. £8. /- RV EGH
it (thomson. Th),

HiEEREE RS E T EREREREN (0 60~600) FEATT
BORFE]. Fs/HEHu/s FTon, BEBEMBER 0. 1~1. 5s/HF. Q-
MS g fE R E 2000~5000u/s, IT-MS EH, Ak 10000u/s,

R EREHERIRER, EMSD f{ERELENR N 10: 1. —AR
X Q-MS M. ERB TN NAR~EEL T, SIM AEH~K
ek, BPS & LA & & 100~1000 £,

BEE (R XKEIRFEA, CREMSD M ZAARBERE T

SrHEREf . HRE S
M

R=7%7 (8-2)

Kb M—HEWHTHRE;

AM—a S B TR ERE.

“AIEAE " HARAEL. M QMSEEL N AM ETF—1 R
R REE., HAMNYER (Bosw, EIBREEMEX, —B
R=2M.

R IR E L RE N E%, MSD &HETEE -~ 10°~107,

M, RAKERFERRETRERS S

FEAC MSD #5100 % (4 3 B3R AE, BRERE RS, HAid s
Fi. FTHEEMEE., €. ER=34. WHFHEFNRETZES
Mg T .
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1. MSD #&#l %& {4

(1) EFRE MSD FNLEZEIETRE. FAERAZNIKE
Fzh,. HRAFRNKEE, F—EBETES, BFABRRSTE, BEH
“B&1" FHL. BB KSR ENRRREK, BIFAFS, LinE
RESTFREME R,

EELXRZNEERMLE, VBEREMEEEERK. XBE T,
AR Okis B W R L4, DA ERAZI18CLILE, ERIR
FERSF#, WMBERKE, FaiEFil.

BRAYFESHGER N 2~3F h, EXREHLEP; HILBWES
7 B 22 0 i

(2) &5 He, H.. N, 8 /E GC ®#. Ha& MSD ¥R N; &
FHEFEEASHED . B ARA. He B, tHEH, & MSDF
BEERAMESN. H.HEE/N, B —-FREE, FREBEERS. #
SHEERKTF 99.995%.

(3> GC iR EXSIM BRERE . EHEER .
HREERIE, BREFERHFTR; FARARKZ: tRIFERURR
=, HETANEEERAK,

R R O b R T BT B KR s ok L S i AT T
WefE ek AR . T4 MSD W 5E.

(4) Bi%EE RAEAMSDERFHEHERMAHRTE. £
MEF EBTEXENT=4A. OAREEONHA. BFHERE
0.25mm M FATHE®EEQD, 0.32mm U EHAFA S FHEA. @
M. HE. HE. REERENEEHERMNESERY., FlARE
%, GBETHERE. RERAMER WERERK THREAEH.
%A ALIE R, s T3k MSD a9 & . Y120 A (& i HR i A 1E
EAEEEROEAEEREMELARREHRET8E.

G) HEFMRSFEES AR HEX MSD SRR & %
Eop, BIEEED . EERMERAN. |MIFESZEH T E. EMSD
pES AR, A& R MSD R BSEMSEFHEE. A,
BERAERAE. R, AFOSHES, ESEERAN . bEEH
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SHENTE, aRLEEZED, ek, X6, EUER
IR RE.

(6 MS#HHEFX BEETGCHHBER. WNGC B5#A
MSD, #ZFNRERE. G TEARES. BEHSF TFERER
BeEME. VHEREHSE DL AFEBWRH MG (membrane inlet
MS, MIMS) i Bl = SaKEPRHEEZEB VDG A MS, 33
AR —TREREHFTE.

(D BFERE EEEHSEEMAEIR. E4F&kay (WE
Btk BM¥) EEI&HT, RAREN S FrE FrEER FE T+
/0, RMEREREEN, THCIHR. YECIERBERGEHE
FERAF. EREEAT. THACIE, M—%{ag, HARERIE
EIRB 2~31588E.

(8) B Figmss HMIRBIfEEEEmMmER, ¥H 1.2~
—1.5kV , 3475 107 —1.65kV B, HEIHH KT 10°, BiEFER
o 0 A8 B R et/ . MR, ATEMK, MR- FFGERAX
E, FYAGETFRBT 107°A i, B4 8 i
R, AREBETHITAERE L, BEERZHR, EERK. S0
;. Mo ENFER FHERSEE.

EEREMSD FABRAVEE. Y8t~ FH, HFAMXRT
fERSEEE, FSTBREG ET—TdAaRBH, XA AaERT
fEigaRE R, T1E.

2, %ﬁll:‘-:

EERAmAFRAETEREE., AEEEER, —BE
HIT TR RS RFEARE. RIS, FERE. o, figd
., iEEeRMEN.

(1) i BB TEFTER (SCAN 8 SIM) #Hit
FERAERS. AFENESBER. FWEMET, FHRREYGEELE
W, YRR EREN. AR REE »/» B FHAMYE,
MPFTBAZEI B EGHEBINTHEREEEF. 69, 131, 219, 414,
502, 614, HHREE)S « (X 35 7] 8 33k PFTBA MiinHE &g B (WBIE MS
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B3 MSD MR . ¥R, BHMEENERELAITHRERE.
e AN EREMEBALRET . bEREEPFEU /2 (69)H
FoH100% ., HAibEE FEMBENREME, 219, 5028 FoHHN
32.0% /2. 0% . X BEE. .l F Q-MS FEMR B R, B LM PFTBA
FRigE R, MERAT 60 gREMML, W 219, 502 B TFaoBR
13.8%f 0.4% . BE S R—EBARIER T (Hactor) 2.3M4.9)5,
ZEMEELr SHmELE-R, $REEBETF/, RMSD RBEH
A, HWEEY . BEEREMURCREFRETR T AEEIMNEE, HHE
QPSO50A , R FE TR 1. KBS EBRC KA T AR R
pik: § iR G

(2) RMERE BERATIHENEFRBETRARE. GC FiHF
PEEA SEEMSN. KR, MSD BEFENSRNT.

OFBEE. ERfEEERN, XEER. AEEET. 8
i m/z {8 — A% 35 2% 10, m/z Jg 35 Bf, AT @ F H,O (18), N,
(28) MO, 32) BT EMNESFRIASYaE, AT 10 Fi5. m/
HER-BFERKETAY D> TEKY 50,

@R LR G e R 10 KL ERRN . FRR
A, FEEAMRE, KRZHR. BEEHMERERO.5~1.0s,

SHE. CRRPEREREN, BEFRENTR, ATRENR
BRERBE, —AKE 1000~3000,

(T3 £ W4 B ) . A R e VA R F R 1 i SR AR I BB RO et A) , —
B4, AN a R EET, ST ARESR, BRKIENE
HAEFEEITZE%, REEMTRIMITL, &Gt FE Rt
1 4 Ji) 38 0. 5~ 1min , B £T £ A SRR R SE o 7 T BE AR B o — SR it
SR ETEITL ERML S, DHER SR, SRt E X REREE
oy, 8y % FHAHF GC BFEMNE, KTHREENT.,

GRS R, RS, CEANERTFHEEE LNEE
., A HkV, BERDNEERRTESKE. o BER &R E 8/ m
WAk, BER1-2~2.0kV, RERFEHLER, ZEAK/ENE, L
BiE L T8 3% A .

B e re e —— —— -
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GFRIBFE, #—KiEATT, WREAXTENEHWBRT. X
T4, WTilL e AR IR A |

(3) TEfr HBEBEEESHERXEGC M MSD G, X
LML FT I A %R, ZE Ready 175, BRSO . EL8 58
A, EENEALER, FEEEAL. WERKAHIEX, 7
RATEIEE1T: WAKSFIRBEME TS, oJEKS5HafE, H
FERAMERINBEA . EShBETHE, AT 0 BFFLH 2 EE . #
frEEr S HGITIE.

(4) FRabm WaprE, ARV S EHITERLeR, X
EMEENS, TERINARREERE.

QAR ATFHEHEE, FR2FEEFEE. SAMKRERAEE
REEUERE. et OAmAR, EMEEEHEBLE, suMAan
FIEAMBEREEREE. HUERIKAEE.

@it RMES. FRARBEHXBEZEAREMMERAE RN
BEMARUEMRERER, HE, BFITENTERERENRES MR
EHE (lmAwkE, JLERE (PEM) %) xE, DolEHH
HEINHERESRE. FNMREERREREFEH SN TE, GUE
BATH., it. HEREANEENRREARKEXEE, HCF
— AR EREE. KB A ER . NIST BE 75000 3 Wiley/
NBS f£ 130000 3¢, 355 L S YR % FHIBESR - plleger Z5¥HE 1700 3K ;
EWE 2200 % REE (ELMCLE) 45 % 500 300 %L L. A
PARELERES, BABEBGEEPESEEEA T EEE
sk, HE, BTCHLEDBEZER, WENREREERSER
R, YEEPEAEELSEEMREBRN, SHATEERSN. £
FERESREXEECS), XERHITE. BET. KFEESEES
TEMHAEAEAENRZDAR. BENE, mARRNR AR, F
AxfESigEmy, TRATHERNIERE,

3, EE![&.HJ

MSD EBSEER . ON TIC hikERA T HITERE, FEMH
RPABEERASHEE: ORERTEROERT: OFFRER
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R DL, MSD EB, &AM FRAA SCAN f1SIM 2
s ERIBEH MR MARE TR,

(1) SCAN f1SIM #%BMBH X IESHARETL. RER
KA SCAN 7=, #/NF SIM.

Fi SCAN F B, MPEHPASOREFH. THTICHEHRE
BE. A THRARRESPEEEAFER, I AEESHTNFILES T,
AMCEEER.

SIM AR ERAMENXABFHEFIEREATHEBTHES. &%
SRS THET, REARKIEN. REX. BESMNET. SRREMR
HitAnTH, XBEARERERNE.

(2) AMREMAIRE B XHTRGa k. AELEREREER
MEE RGNS, RESEHARAETEEREER R, FEXK
MERRRE. hEtdREd R, ZERNE, BEREMHRE.CC
HHEREY. XA .

MR RIS, REAMNERFE. EREWE MG+
KA. X, RETHEARRE, WAARBIE. A5 N
FRTERE AR IERTIMA . TSR EBR, FelfEAaRAkKIE. B
Mo, KR LT AMRE . AR RESRESMTE . (HEEMZR
SRR ARERATSATRYIERE LLMRELL.

BHGAREEMNASNBRERMERICLESY . HEMNHK
WEHEE. ARSEE . NEYHYLaRBL, TFHBRSIES
F, XEBSE, RERANAEY. bR EEftsd. A
EENERIBEREEREAFREEEN, BAEARY.

B HEATHRLISEIEN

—, FTIR ¥i{y CGEEREOD) MERFRRE

EREMTRE LR EHRB - RETE BT
MBS L REAITAERELE—coP oo AR BHHBRER. L
EHAFHPBRENE TR, NARMEN EREEEPR. AN
m@ﬁﬁﬁ%@ﬁi@%@ﬁmFHR%%ﬂ%ﬁﬂiﬁmﬁ$$ﬂ
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FRBAREMEER. AT TERBEERARGED, KLY
PDERMEEEDEEHGC/FTIR ENER, B 8-11 B GC/
FTIR {{ 8 A R ETE B A .

A — |
| | M,
i |
M,
"IH . |
3
| N o |
TN |
L) |
_____ _ _ 1
L
|
sec | | [N
__@) l G-SH
| S — ]
N A/D R [ DA P ||
r = e ] ||
¥ AR AT JES]

As-1! GC-FTIR UEXxFREREHE

HhRADLE S RO/ EdMER, U—HETARE
AHERBS. — ¢ EHPEEEM,, BB R REB B
M..iBif M, REBEIF BS HARE M, REFESERARITT . 6T M.
. NTTHEESENEESE, HLAXEITHL. EfN
e LP e . A BENELSAEE KRS, DUEINEERE. BER
SOE ., SR B 5 GOC BRI M4 2 dil 3 TOEE LP, MR
BT HREHYTASR TR, BSHERKIHOOIK, % F #1515
THS S FREOEEEE, IXREND, B3 T¥HE. i ANIMER
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BT, AE R BRIG S 2B EERE A/D R EFES, AT
HYl, dTEN#TEREHTHITE. 8TREHEEE. F401 D/A
BEFBRALEY P, ST ANER LS EIERE,

. EORFAE

i T @G Bt TR EM RS R R RS ILE R
P, Wl ERHE R ARENRMEEBMERD., WEOMHEK
HEREMMARERERENE 2B RSB 8 H 5 6E 5 L&
M. B —KKkEEBREMOINER. HXERSNLLI R EE
BB REmT . TR RN E MR EREME. BIEXLEFRER,
R EF R AMBERBEILAED. HailitieinT.

1. HE ’

o NRFLEN . N b AR, BDA @A A S iE R AR
PFEBESEEESACENBSER. CRRABERBEN. mE
Hai vk, AAREY RO —MED, EXENRITSBRIERERT
i 6 15 B0 o % 08

FEMRITEERELEAEMNILARS, 2FWERES GC
DAY (RRUHRICED . 3/ HEEFE - AT HFETHRED . Mk
BHRA G BaiZE o T. KNI T FHER, FRE kL TH
SEBRPNASPIEETRMERT EHPERE, 0N X
HORMR 565G L RENEBAAX . FREHTEAILIEE
MR Imm B, KEME 42cm, MEECHABSHNEEEM. X
HAEBHLEC 2 MER. BB LA EMNARN tmn. K&
B 1ocm, BR#—SHBER T L HMEGERREE RGN R
¥, A 0. 53mm KO E MBSk S EEILER,
RERMESRAEENEE. TEM T, BRALEARNOSIHE, &
I RER K .

B P L EEEREEAMEMEHC AR, Hitk M)
{E& & Mo, WIREREE, R ZYEN. FLEFEHRL
K AGE S, TLUS MR SERNIES X EREFONE, F2
ESESRRENEE Y, BRBEYME. . RERRERY
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RERE. HHTMHRE, HMERLY, ER2RAENGEP. &
ALUABREAFAENEFELOEE LREN. EFERBAES R LT
58 - ERFAE.FAETHREMNDRESINZSRHA M
12 72 8 (5 1 il

BN REWETR, AT EERK— 2, EARER, FH
LR, BEFENR I RAE: $—REERK. B2HIL. AO0EF
EFERABTHMRH B S BRI EERTIZEAY. HERCEM EFTIR
MELXEKRN. RFEAERSTEEE.FTIR S MSAR8E —&
FHEALLEA 2 M RER. $-HLE FTIR { R BESAEML S
KiZE., C5@FHANEEA—FH. $HETE SRR, BHE
BESMEWEMFRESELAD, 8912000 7%. FAESHIES &
AN MESHRASGIEE, BRAXER GC/FTIR & ASH. MR
AR, TEHESEEINGOFH GC/FTIREOQ, RTERSHEE . &
IRMH T AR GC/FTIR MEWEIFLER. BE—1TR2HIERE
BN A E IR T KBRS T AR ERENTRERK., Z4
BREMETAIRENER, AXFTRESINESHEEEEE LK
BEEL . HAESBIFTIR HLERNAN . EEARMBFEER/ET
FrmEL. BREC AN NEEARNSIRAEREHSEE, B34
A RBEEIREA RN, AT ERABARS . ATMEE N GC/FTIR
RERFAED,

2. HEBEER

EERE (MD ERESRANKEFELECHE, EREN
SR ABRNENSESFREE, TRE—TLATHRETHINE
Eo XEEE L S T AT ST 3RS 5 A B W FTIR IMLLG . 8
9l2 GC/FTIR MG, MIERRBATHHOMBWER. XE—
MELEEOZSAEOBENERER. REABERECEERIE
SR PN —A Ar K, RAEFXRBASTHEHN B — & He £
BERMERE (15K THESHEAZEHLET R, BRE—
EHEERE, PEABEEAETR., SEBAEEIINECEN
ST A T EE. BEBEERK Ar 2T RBOERLL TEF
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RS L S BRI 8Y . WRRT AN IR,

11978 4F Reedy M £ A ET I LK E# R W HF GC/FTIR
R 3CEECD), ek R RO ICHER T HIE, B RAESYEA M
AR, KRR R SRR A B R B A TF RS HBH S AER 4557
BER RS, EIB TR AR, 1085 MR ok 5 B & E
# (Aroclor 1221) B4 £, BT ERA E@AEEENERT
Eﬁ&%%ﬂﬁﬁ@%%ﬁﬁﬁwmmu%ﬁ%ﬁﬂ%ﬁﬁ%ﬁﬁﬁ
mﬁ*ﬁ?ﬁﬁm -

ﬁﬁﬁ%ﬁ*%ﬁﬁﬁﬁim,ﬁ% %ﬂmuﬁ&ﬁﬁ$$ﬁ
SN (B 300um) BYFE A, T RLRBE/NTEH (0. 25mm B
B, THENAREY Imm, WEHEZE 166G BSTFR PR
B . BRI A AR R AR . A, R T BB AR, i
F T @ w s, DT #RERENR 2T 4B, LK, #&EST
WHE. EILAZABRBRES . XM UEKKEAN#TERD
BT & BB MY S T RIS R R R K et B
WA A EREEE, EBREERBIEWIE. B2, ATFELK
HESTHRRESSTFREENBABEFQBEN. BLESSTZE
B AT IR . 404 R VR A N 0 7 B R S i PR A ek
REE. DERAREGEReLRESEHNAMNBEA. Su.
RTRAMHLEY. AABRHLAREEREAFFRLEE%E, AR
HREAETEFELRBERNSFREASTH. BEBBERORD
BMETHASTFRORE. BIESEREN, .

Wk, RAMERADEERS, BIBORMNBSRESILE
B, BER He EAHH, BEFSHRBERLER S, WL E
- M E O A 2B Marttson Instrdments Inc 1874 07 W 88 5% i B 7 5
[REEE. £W Cryolect REMAFACHIAETMHRMELRE. #
BRAFBEERFENS - TRERBPHLIEEBRKG. Ko, 8
S5RRFASERSAIHBLA K, BERYACHIEEERBHIRE
T MY ¥ﬁﬁ%ﬁ%#i&ﬁ#lﬁ*ﬁ%7uﬁﬂﬁﬁi%

e '
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3. HEH DD #AR

tEEERT, BEREEARERMRFEREVERE: €
BaBERgs /. B FERHELEAUEEN B MERtE%. B
Griffith ¥ B2 EARBEARAEERRARENXRE TEEMTER
ERG /DA R IEHETERAE, BAaEFESBERAEELR
BEA., KERASREBBRAT —EHEUZL, MEFNETHHEFR
BT TFEHENN, HEAFEEARS. AT EAM He ¥
REGRIERE, THIAHEEE @nSe SO TTUEZER BV IR 100K,
BIEEEHM TR ILASIELNEST &8, FL—EEERABREESH
W, BB ERBHMANTUE, AL BHEMNEGUES M.
ZHEACH Bio-Rad A BB LA (BOED), 4 Tracer. X
AR EARFEEME 3-12 iR,

GO LR

6817 BHERFENREE (BioRad AFEM)

SMEEENREWEERBETTEEBIH A ZnSe @k il L
BREH . BLF LY 100um, WHBIA, WIFTRER N E LHERS
T o8 AR FTIR BHGES S METNE MCT BR8N, B8k
grEiEE, BTELEN. ERFEN, G UEGHEE LR,
RERERE. dRESEHS, BEXEAM, RNER. LUBMERLL,
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MMES A ERMLERNER.

HBAHERRTF SR

ORHFNEFERBEN MTAMERE He, BESEEBEREAR
b, BREEHE, B RABRMK.

QPGS AN, XA TR BT LA D) pg PR G,
HEAERZOESHE. D RETEERBEER.

@XFE AR LEZPHR BN ELENGAIEER, XAIXfELELRy
ARERESERGEEQE, EMES, AHTRESUAMEBAIr MR
W R

DEVU LRI =FEQS., EEH—-TTLIEINEERELINNIE
BEED, MXFASBEECHET 150000 KicHEEE. EX. 8TE
e M REERRIERE,. TRAAETACKIEEE. X8
HFHEIEER, ARTRERER.

SHEUE=FER, ARSI . EBMENREERA, ﬁ?GCK
FTIR 2D, Tracer (DD ¥) BHEORARITHAMEN. i
BREFEMER AZEEAESEHRERCEEXHAEE ., Tracer
RRAEHEREBRIEN., XENAHASTED, T LB EHEL GC/
FTIR T#&. & Tracer 01, 8-13 HUnHEE I Z BEH L FEH
ESHBEOMNMNSESSAMLA B EED, ZEARHMLE
Tracer BRFEIMBEESBRIL, MESTEORNEREXRT 21MEHER.

=, HEEy

— T HERTE#TT GC/FTIR AT UG, BT IE ARG FE
— 446 FTIR %iEE, el SN E M REHNEEAERLAE.

1. £L4h6iEHE

FTIR T A iEE 5 — AT/ BB XFRXH ., E€FT
RS EREFNREREL.

AN EEE ML IR, EXUER (o/om™) REK
Q) BIFE., HMRERCFYGRE, CARMHRTRIE: — LGN
YRE (p) -‘%Aﬂijﬁgﬁg (po) dl : A Eﬂﬁi’ﬁ$ (T) T|oR:

T/%=100%(p/po) (8-3)
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Bl 8-13 =%r#E FTIR {35 A0 sk B 5% 5 B 33 L
(a) X® (I3ng £ )5 (b) MI (4pg )y (c) Tracer (35pg ¥

ZEEIMEERSIGEE., S ERABMELH T, MR
%, ‘RBFXR L. A 8-14, B 8-17 R,
B HMMREANSEERXEZURFRER (WHE 8-16),

F—RMEMER A RBERAEAR, fTREEE A ER.
A=¢gcl (8-4)
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NP e——BEIRRI R
- ) c—— PR 4R ST VR JE 5

i ¥, om,
N [ 3 18 B B 3 1 R O TR ok 1 1R
| ] EERABBGEIE ., BARE,

10}

T/%

AEERARERE . mE s-13. A 8-
16 B . BRAETE TR AL i bn
afem ! HESESRAR TR,
B 8-14 LLAMLIEE a0 T5AMKRAA (8-5) KBk
p Ry BIEIE A=lgp,/p (R-5)
B GC/FTIR REh i RGBT EHEE, 5 MSD —Hir 2
HENGRE. GHLITEEERBRAOLSY, (3T ARSE. B
KEVHEBEIA TR . HERAXRETE. AHITR.
2. AiKHE
[A) MSD a9 3% B —# . ZF RS HA 588 A 65 . 6 IR BIRE
JARRR. ERARNCER, EAERRTUMNERARE -1
BHTHR. AR5 ERNREEFTRATASEY, DERLK
MEBEITHEMHEREELR. AN =HARFELERBNECHEE
ARVHE T
(V) THEBEEE XRAMAET GC/FTIR BAKMSLUE. B
ERARURN—FEGERERER, REFPRTLELDN, HBS
T BERE. TEREEERRE ., RRENDGTEAE, T
it 5 MRBAERKHTSIESE S TE PN E R ER. R
IR ARWKHER, BeFAeE. ATARAMNARE, IBERSE N
Chemigram, Infragram. Functional Group Chromatogram %, SCJR |
RESHIEH.
BEEFEREMNEENEEENRERBISARFEREFTHN
AMRUR BT R L R SAEREANE LG E RS, ZIER
HEADRITERSESRBREHEAXHERIRSHNREL. X
FEAREEY TR ACEPHAREENSRAENEER T RN

.——"L--—-'
i
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. S58ETAHIES EHEMRER, ZHERPNA -THKENE
B L AREFAFNTIIRETA20RY . A TERANRZHE R,
HAEEEENFEAEENE SIS EMeiteg, FRERMNOE
HARAEERE LEP 4, MALEBREGET LRAELE. X
MEA-—BE#HITEZRA.

(2) Gram-Schmidt B2 & 20 EFHhHeaEEAE GC/FTIR B
MRMbETHRER. BATABRABHEEPER T SmE B
EMAMHEERE, UEAIANES, EF 5008 T Lo
(FID) AyigEEXN. AfHAYIRBRY —MMBEHT GC/MS BRI
f TICEEGE., BRTICASFIDETR EHERES . BEES
FID E #at t3E iR B, 1977 £, de Haseth &5 Isenhour 7 A
Gram-Schmidt KRB EXHHFREENTHFRBA#E T GC/FTIR
EREEGER. BAMNEKY Gram-Schmidt EREEE (G-SE). H
EHMNSCEAgErxHEMHRE, HEZKRGHPEIATZH
g B .

B HE. ANELCHREGSHLEEASHHETRERREEES
KEEFLERAAMEENHE, ERR GSEBS FID BEMWNER
BE—-Stbmf, KRS RBEHTTEE. EE®RAT
B IE, B, 3. 8. BB, B, B, BSXm 8 ML,
THRAENWEET. WEHE G-S B LM EEWME. £HRNBL
Sy, BZMER, EPRTERRE, B 19F. WRNEEZ/
aet. HESER, ZHHEG-S HpeEHC REE®R FID El &R
TIC E AR AL M8 Foep 20 R . (BB 10 & 9 A8 X 3 R (B 72 F] —
BEXZH, TERRRLEYWMEERL, W—RRRED LARX
ERE A RENREE. LUER FTIR XiEE S5 F&rtE. FID B
TIC MM E A4 E#TEE BUHA+ 55/, RSN 24

EFRANEBS G-S A RERMMEEMNGFEE . BXET2
Vel SRR AR, ANAELETHR. Hh2RERNREA, B
SANMBEEEENERER, CSERARARNXERENE
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HX.
(3) BAHBEREOEE BOABUBEGER (TIA)
HREREREN—MIE, T Chemigram B E— R M A4k,
BIP {5, 1% Wi Y LN 7 £ 2 LU o 200 A 4 B X TR 6 8L M 9 D 9
£T 90 0 OB E TR 4 S B A 65, {H Chemigram RCAI BB 7 TIA
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BHXBESHAEPID, 60 FKE 70 ERMWEBMFME--LAE
BHX. BTERGELFIDK, BEis, RTAME FID BT, 70
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IR TP TR F I TFrS S Frrsyrrss. m_.w
TS T TFTTPFII S S ETFESFFIIS T #,.m

P77 T i I -
T T e Lt T i

T T | i
IREERFEFEEE ST FEIFFS I EESTEa ..mx
rr# g EITII LI aah T 3

P Tl T e
FRFEIITEFFF I Ny ._I__ **
I B

PIFPEFTEERETRILE 2 ]

o A e e ﬁ ml m
P ] iR

ALTEELLSEIEEE oo
vwarerrrerrre| AN

s A e S | nJ il
Crrrrd e | -

AR Ao A S PR B X R . B 9-5 AR R AR 53R m h fE Y 1.
PID 3 &k RS LT FPD M HECD, XM XD REBE LR,
REBERETH., £9-2HMT PID &L GHBNE.

T
P77 e 0 4
L -
-_.J_ — ._.HJ ho .L.._Jl A.__U“. ___”J_
T o = & — —_ =
B Aoy F P B

25
204

e MR e

-

A

22
2Q
30
15
20

KM/ e

WAt

L&w

GiE- 3

o B

Z et

WiLE

WiLE
MERAEMERESE L, RTELRTE

i

FRIBRfAESERMEEMIEE (F=1.0
*92 SXUSPHRME

I~10
100~ 100
B 100
150
20

B g5
¥R/ e

Kroll &S HE 5 IR BB LA Y MERS, AT ABRE
B 5k 1 Ak b o AT 0 4 (L AL TR, {47 PID EAAS BUBR TR 2~3 4

1%

LU FS .5

k&t
A

T

d

[ b &
&

HMEF, ROIVBTE
L )5 i R R
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x93 BBMTEAMSEPID LENRLER

it 4 - 8 EARHE

' 4 @ /pg TS /e T 10T /pe eSS pe
PR — 19. 65 - 0. 715
Pl 9. 08 % 104 18. 30 137. 37 0. 652
ERM 9, 40> 108 17. 30 169. 98 0. 761
ETH 1. 94 > 10% 18. 16 158. 01 0. 810
IR 6. 06X 108 44. 40 115. 46 0. 947

2. ¥t oF H Ol

PID Wik B R FHER, R/, TDERRLIRED,
HEHE. R IRFERERLAYHREBRER. N EETHAE
frfRgE A . N 11 7eV AT, BREA. Pk, BaBARWMTFt,
FPZHELEUT RS EMLL. S5 10. 2V 4TH, C~C 1R
EEErd, TRp. EPRE. PR, PRORPER PSR
REfR/N, ERBEA THBYE. FHE, 9.5V 8. 3eV AT B FLE

X4 ABMERESHIBRAER

* i 49 & =

% - HER/eV AW B A v eV
x 11. 7 Zi%. AR 1.6, 11.1
¥ Pz 11.5~11. 2

G- 11. 3

1 E L 11. 2

R 10.9

. HE, PRIK 10. 8
% 10, 2 C~C: 12 10, 6~~9. 8
C.~Cy 2 - 10.5~9. 6

#* 9.3
R"RiLE 10.5 81F

7% 10.5

yird 9.5 ET#LLLBE 9. 1

GiE 3 8. 8

Lz 9.5 LAF

i 0.5 kT

A R 9.0

g 3 BE 8.3

— P 8.2

—ER 8.1
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NEEHEE. 8- 3 VITHEHRE. E5 NPD &4, A/ &amE. /.
M. MR, EXFEZAMEBHETREBERSTFY. LHFL, —%@
HEMEAEEFRAOLSH UL —EAm AT, {Hom s E /D,

BH 9-6 FEMBABRRESWE 11. 7eV H 10. 2¢V PID L& #H
HEHE . aJUEY . b)) BP=AEPRCRELHE, BARABEL
(a) B 20 4%,

PID PID
11.7eV 10, 2eV

3 1x8 10x 16

-

B - ]

{a) {b)
Bo6 11.7eV f10. 2V PID EEHEILE
| EEE, 2~ B 3R 4%, X (—UHRLS
¥ RSTIIE T RA SRR, kKI5,
R HEREHERERSE R YRRERA., AHART
B R AL S T, WSS, % 0-5 RELH K PID BiH 45,
i PGB R R Rt 2




314

95 =WHPIDHWERAALESWNERE (RE=1.0

KR/ /v | E4—4x) 1-¥% | 1-BR | BE (XZE| * #H | EHE
9.5 1.0 1.7 1.8 4.5 13 66 &8 55
10. 2 1.0 3.0 2.9 6.2 | 7.8 [ 9.4 | 7.1 | 5.8
11.7 1. 0 1.0 1.1 2.2 | 4.2 | 60 -

3. BN, ERBREHA

PID S8, @& . [WH—MS &, FrUalfERESR, B8
KREELSHGENBFRAKMER, BT,

F5b, PID BB Tk 107, X3 25 BB #9284 439 7T HE#R
FB. PID MIEBFERNGEE, o SHbRMESE, I FID. ECD. NPD
f1ELCD S8k, FAESHELMNER. PIDEEHFER. i
HEGO(EH . Wik, PID B —FhEERBIE T a0 3% .

HRE, CARH L ZHATNHYRESELRE, FEEEFOFFE,

=, BAEEEETMER

1. ¥ 4 3

BPIDREMNT. WRERERSE. EFELURERIME. &
BEFIFE., K MiESE A BN, 40 A PID B34 7 2k K R 1E .

(1) MY, diFHHE REBIEHTE GC/PID AE A
EEIT R FERARBiL 12V, FFUL LR BB I 12¢V K—2{HIM
SEHTERS. FRAERSM Ar. N, 1 He t9 e B A5 5 4
15. 8. 15.6 1 24. 6eV. #¥ 12V X188 &, A, ENIHAIERS.

Senum™M B R T AR BSN 5 ~F B IE 10, 2eV PID L fy 0 Ry
B, FRALE 6.

#£9-6 FREAHMA PID WA

13 —
e B tﬂiﬁlﬁfﬁiﬁ:u Nz=1. {:r‘mu _ )
* 2 WPk {8 ¥ #% MR HE
- 1. 301 1. 44 1.49 1.40 1. 42
— 9 {b§ 1.03 1. 02 1. 03 1. 00 1. 00
79 W i 1. 018 0. 998 0. 845 1. 098 1. 27
| 1. 03 1. 00 1. 00 1. 0} 1. 60
& . 987 G. 987 1. 126 0. 970 0. 482
TR 542 0. 525 0. 487 0. 456 0, 433
ol (A {. 285 0. 269 0.278 0. 249 0. 179
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F* 9-6 RBY. CO, CF,, N, #i He FHES MMM HHY. AES
M CO, FH— 8 F{ERBEBME , © 07908 T3 2R3 K 4, 208 Wy
REEREDS, S — AR CO, RS . ARSI ANERNN, 85
M—d, BEFE. i, HELERARSMNERASSERS. 4
BHEEME Ar BIMmEEL N, R K 0% UE, XERNE Ar
SRR ERERER R BT PID e FIREE . N
MELFAEEFRE SRR/ DNISEE. Bk, Ar 2 PID BIFHH
S.HRMEWIEREA Ar .8 CH, B9 7B 47 7 88 k. & ¥ A PID
WoES B P IFRE RN EERME™E TR, #EPID 5 ECD $8
B, ¥ Ar/CH, e85,

PID BERESOURFAE 09.995% LA £, HEF E BB 4 e,
BT aE S, RS

TR A B R PID AW ERR R, R gEmERai
MmN . BENSHEMBRHEYN S B/, BEKENEDL
MEMPIDmERmME. RULRRXKOZEATEREATE AR
K AEY 0 2mm L FREANETHEE/MEER PID, "7inE o
EHSRE BEANRERPIDR, B84 K+TZANERHE, X
MRBENEASH A, B -7 AFMAEREE PID Ay w52
IR R B e R

R OK A 13/ (mL/ min)
B 97 PR s AR ER PID it s o 5 55 R UK B A 5 K
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HABEME R

0 T00 700
PID&EE/C

o8 EXEE. §SEARSPIDEFEHXE
1-- RAEFEE: 2—123.5nm P ELEE; 3116 5nm HHE LR

(2) MPWFEFE PIDREXRES. BRERSE TEAET PID
Ay B v Ao R BE A1, o N S ER PLD Y v R {8 Pl L 3B B LS T T PR B R
HE.E9-8%510.2eVPID EFEENMF, BB XEE5PIDEEM
XEP, ZEFY., OMNEEMN70CHE 160CH, RGERE (e
1) BEREMK, EREHTWMNES TR, @123 5nm XK EHER (B
g 2) RATHEEEL, BEEX 116.5nm ¥ (LD HEETER
W, 43K 160CH, BEHAER FEHERILE. X ERHBEHEN
EPwRMETRE. AU, FRASITAATERESRMN (>10.03V) i
E18f. PID BEARE# T 100~1200C,

AGERTUFARS PIDRE, LR T HEEXMOEXRRR
B PIDMEFEREETRRBEEENLEY. B -0 AW FRER
R EMBEn T/, 7T RE 70~160C, @-MESYUER I
MEFAEMMEE TH. 7 160~200C, BFEE.

(3) PIDES PIDEHFHRENETHRIE. BEBEEHEHR
e o470t , WETHEMETREERER: metAEERk, 5&
MR EE Y, B 9-10 9 A 6 BBk R 0 B R R PID PEREARAE &Y
Eb3k. HiEBELGNT.



& Vanan 3700 IS 486
WAL, 7+ RaEHE , PIS2-02A R PID,
AR 40uL
BigtE  2.5m X 0.32mm X
0. 1L gom 37 B Y 2L SR Rk S 4
HE 60T
#S He
B 9-10 384 . 3 55 & B 1R
Bt . ®EMERZE 50mL /min
W R, i EMETF BE
HENE, "EEBFRE. X
MERCXLE., ERMERK
8B ¥ E N 50mL/min B B
Bl E,
f2CHE 7 3 PID g W {H X
LT
2.
PID £ 8 f TR 47 M
TlRETHEPER BTG
() W, drZNA FEHARE.

b

120
110}
100}
0
30
0F
60
50 F
40F
a0k
~0F

i0fF

——

e e i

——
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10¢ 200
RWREE/T

B 9-8 FEMEEAIEHERE

1-—-ESHR 2—EBRR: 3-—¥;

8978 4 ph £R

—FE

M. HYMEDLESRR, EEFERPRE (EPA), 2ER
TE2AIEUER (OSHA) MZEHR X5 PEHFFTH
(NIOSH) E¥¥ A GC/PID BEIF R EE, I HE T EPA602/503. 1
BhE. MAKPEREFROKMRE 0. 002~-0. 02pg/L, & PID
AGERNBZFR, FHASEY PID W& ug/g~ng/e K. EEFE
. W PID K8 K F pe/g REZIB, RBUEH FID & 1000 %, PID
RIZRTELESN ng/g RPEE, pg/gs BRREBRE ., ng/g FMWH

B E LT B O,

PID BA—FEMEENFAREPID A8 5EMSHEERLH
ARER . IR, FMAREENE RS L 686 HL 3R R M 4 T E

Ve 1 Cae E W et
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i

(8} 50. 0miL/min B o 3 2

MGmmnK&m&LMk
Wc)ﬂ 0 mL/mi Ml JH\
; Enkm s
Ih‘lﬁlfs
P 910 AR R K i s Xt 3% FE ARG T PID # i o S0
| —%, 2- Y&, 3-M_PFE: +—F-FF
E%Eﬂf.‘t%%%%@u BaEBTEITE.
. BB EE IR
& PID A = %% . DLIF 3 MgF, 81 &S HE —EZH,
BE—FHEEELEL: OFLSUARYRKRILE:, QASSH
AR RS TR. XERFEPID RRETR, MEEFFHFRER.E
EHRAEEACEEENAESEY PID WEERSE. ORI
BEENREmAAT: QOXBERXIEE—RBTASH. &, 0
AEAE ARG RAEE. EREENEFETEMNENSRE., iR
5. BWEE . BB R e R HIAE (pulsed discharge PID,
PDPID) BT MNTF.
1. S5 HTERE
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FE 9-11 3 PDPID &5# R 8BE. MBEXKAIEN 1. 6mm, HFi
BEXAANE Gnom), FERAFRERYAT AR HERE X EK
B, B E = EE R REMESE) BHERGEHRMK. —
B R, B —iEK bR B B R 28ms, [EFF 220ms . 18
BE 20V, IREHLHE 39— 200~ —300V, rEiRiEipta macis.

d 15

B E W
Ar H B Y

# iR i

BobM A [ Y 'ml i
N & \ ] it
[ L N s N

For

REREE [ Jrem Qs

9-11 PDPID #ifyr~ &H

38 37 R S A F 4 He B Ar/He, Kr/He i & =% #%7 PDPID &
SEmsER. FRBBRTEBTREEWN ¥R, U-EREE
Ao TEMBEE Sk s, He R ZWS He, , KRR E
B, RSB EEEREN R 13.5~17. 5eV M ELBH 6. M L eHE
S EREE B SN . Bit,PDPID £ XHX ., WEH Ar-
A BRITFIRESHNT4 11.8eV #i 11.6eV R F E 5 9. 3~
10. 2eV BB F & FHEER G . FRE, Koo Ky s34 10. 6 #1
10.1eV BIE TR # 8. 1~8.8eV AN BEF RS . B FHEIEFIER
LS. EENENS. B 9-12 3 PDPID =#h S5 R OGE
M, G aERa S ENE LR, BB EREAREFAT.
BFERRER,. “EES.

2. W

PDPID Fi@% PID, HESHREGCEEMB/NHER, £9-7H
PR IR f b Bk S R B AL,
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120
He g
113.4
| 1494
=
174.5
30 200
#K 123.6
Ar 126 Kr
16 B ﬁ
E 115.5
135
149 4
¥ i74.5 L/\
—t |
60 200 50 700
B o-12 =5 B H N IEE
®o7 XFERARDEKWAAWBALN
5 7%} Lad * a8
EEE eH, B BB R B e
e SeV &% {if fe¥V % JfaW ¥ i /e¥V
£ He 17.7 | & 15. 6 1% Kr/He| 10.6 | AR 1. 5
g -BIA" 5 >=13.9 ECR 10. ]
fq 12. 1 || PR 10. 0
b 8 12. 6 [55] | 9.7
2. K 12.2 1%Xe/He| 9.6 |PR 9.5
1% Ar/He | 11.8 | M H i 11. 3 L 5.8
| WP 11.2 =R 7.5
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#i He-PDPID, Y HE M B AXEEHKEME (helium discharge
photoionization detector, He-PDPID), R E R, SEB MR
(HID> Hfh, Wi E4ES,. afilfEZSHKHEmMN. EREHE. B
[ 9-13 a),

1% Ar/He #1Y Fil % PID ') Ar A H/MKLT, 11.8eV I
11.6eV HETEHRUBEXSRLAY, BAgEBEEEINK, €
BEAFHY. WE 13 (b),

'=_-0c

Ll

fa) He-PTIPID (b) Ar/He-PDPID

B 9-13 ## PDPID &l B 82
B B85 10~15pg
1— S+ EAER: 2—K: s—RFR: +—EIH; S—WFIR: 6—FIM;
T-RPER;: -—ECRK

1%Kr/He 1 1%Xe/He YT Kr fl Xe ET RFIEIT . &
BHEKES.

MR Kr, B9 E Xe i H R, HFH PDPID J5 33X F 7 fE
H B . BT, S£Bk - PDPID 865E % PID e B AERR(L . 8 AERA.

(=7 #H () aERNEG

5 B Wi 88 (helium tonization detector, HID) EME— B M 2
ng/g GRETEFATER WS, BRASL, EXREBKTHMANLS YIS
G RIETIRVER R A MR, B TR AESE M L
FLEHHATEHA NS ER > TRICSHHI.

1955 4F Jesse ERMMBASBLTFEEHREH T, F-E0H

. Rslan 4 o M- He = Cond i Ol Il Y



3éz

FhHi. YREXESEMAL, BFHRAEEM. 1958 £ Lovelock # H
4 B iR T & B B K iU 8% (argon ionization detector, AID)YEY, AID
RBERRE, HE IS MEEBE AN T 11. 7eV L6 8. Lovelock
WiE. sk s TH, HID EGRBEE . 1960 & Berry
W HIDPY, LIS R B WM a-FTE 8 S- AR, kAL ImL
FHT B 100~200pl, AT EHAMNSHAERRNERZ—. 80F
A, 90 FRW. EHMFEHID EHA, S HFECEATR, H
W T i e KW (DIDY S M Bkosh kR BB KW
(PDHID) 1334

A HID #1 AID f93%it. TR ARERAMER, UERSER
HABEARE. FLL. BEfIME—WF. WHID X EiHE,

—. HID

1. HmIT{ERE

HID ZHMBEEETRAOFSABHE, B o-14 B FT7HRK
HID &R B .

j mBEsA

//%‘

NN

rﬂaﬂ:iﬂ
3 B g R
_'___,.,--"
HEE
2k

\ N -

fln
M o-14 HIDEHWFEEA

XA P ORER P ERE N ER, RRAERNHE. SR
AW ER IR MR R, SMERAE RO, PR RMAIER
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W, VLEh R, B4 HID #hikiRE K 100~200sL, W 5HEHN
0.25mm P FIEHE SRR, BUHEE R AM- el m- R, WRa
C BiR 225 CHN 325°C, HLTE TR B Y 250mCi~1Ci, R B BETS P In
MK, KESHLESSEEBA.

HID ¥ TE B E A AR ETE TR (Penning effect), Hid
FEREBARAELRIRSE T, ZEERSFEFHRESEEEIR
maFREF: WRAESSFEREFHOERFRY 0P DMTERER
FerE AmA, FANHIETAE, EETRIEC,

URBIMPEMAFTHEAHDH, ESHREST, A F9
HEHSHE X 9-3)]; WA HARERTRS, RE He' 54057
THE, FHAEE X 9-9, & 69101,

B+AB —=AB* e+ B (9-8)
B+He —=He"* +DB (9-9)
He* +AB —=He+ AB" +¢ (9-10)
b B, B 4 51 2 B AR — K TR ct, o
BERS I — R F ﬂﬂ

e— HETEM _KHETF,

Bl He By TP % 19. 8¢V, EO[HE TR (9-
10) BEBRAIMBALEY. EEEBGIE
AT, WEMNMERERKXEMAES.

Yok FEBEEPREAFLEGEHBRE
R . BRI FESE 8 HE. _KBTLUE
He', {# He B3 &I ™ B3 MR M LI R K R

B, R, |
LRI, BA LU, BALS R —\

HID R iZE R IEmqay . HXE R, ERE N OF,
%ﬁﬁﬁ%ﬁ* Hz\ Ar, st OzfﬂCFa; ﬁﬁ ———
Wis, WA 9-15, B4R, AR SMAEME, o 0 e
EE N -A il g & 0-15 HID s

2. TEREFME A I 4% AR R B fiE i 0 13 A

PR T Cook R TEEe e - e
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HID # %= U 01 BB 45 1
£ Ong/g HH R MEH

or | esyman s Q|IEBAL
BHGE, O%EREREME
col W, WA RMER R,

HHES5HNFHEDEX. &/
SHE. AEERAMESH
50} SERFHREIRE TR
AWMRME; RULEE. &
SRMEMLERESIREET
L EEMRERES. T
Frhe X SR W SR e g 4,
i M o s R 3o 4 B o GE B PR A

(1) |k E™S &%
HID BEMBR. K 9-16 HH
201 + BW-BEME. BEE O~
20V A, i BE V' £93% hn i k4
MR, EAWEER. BE#E

" 20~ 200V B, M i {E{RI51E
; S AU AR A B TR

PIOF-#&, & E FEEHE KWK
T, REARX. ERFEMER
A, B HERE MR &YW
1, X H HLY R IR W pe K,
MR 10°, WRATH T8 . HEERMESL 200V LI E.  (HFE
VeEmERE LR HRERKGXEESERREESH—KE TN
KETHEESGNES, GRBAL, XZ2508I3H.

g EXEHD BFANEER, RERBERS. BXHREX,
HARBERMTD N, REEE, RENMERERSE. B ZRE
BER. mBE~EME W B,

o SETT o0 Tho R0 IEE 100150
2N AN
A 5-16 HID 8B #i-8 R gk
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Todd %~ HID F R AT X4l ECD MEMEK BB R LR
R B K b B e EBRAE L BR PR 0~500V, 3E 0~ 300kHz, f& /) Ik n
R 125ns, B RER RS RFMEET RS MER, BEMNME, 6o
rESRENES. BEREEMETERE R,

(2) RAEAHE BRLAEXN HDHWEERETIEEMN
ER. BN, WAk, REER. ZENEE.

AndrawesUS IR A FRHE FH, Ar . O, AN, RIEFILEH
W, BPAT SRS AR, F 9-17 ZEKLEEX HID s E /R 0 . 4
EEEE, Ho. Ar, O, N, Yfiss (2R 2), Hibb-aHHEE (#L
1); MB. . EEERRBHE A RER (B2E 3 5N mE L.
MERSAETHE, . EEEEFRUBZER: SEREERMKMA
B, AEETFREIFIEE . £ ED BEAANMAYYATER, ESBHHE
Wb, ERREAETREIZHEA, MEEMTENEIALE, Xl
& HID &3 & 14 .

r

3

1 19
T

B 9-17 S5 ol AE X HID Wy (B 0 8 6
HID M E S 8SMEH R, EEHNBEMTR. £EHRI

A HID e, o5 5 {2 0 26 50 Y5 R0 O I T T B, RELH IR R N
BHEIE (A 9-18 Mk A, EHHEM HID ©, wN{EFhehaH
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EEMTEKR, RADERDRMBONE (WL B, Z—-FHEH
FEWE NI T RRS . BREL, R RN ERE .

A

/\
iR S
9-18 S WM HID 08 57 1 i &

(3) i HFHIDERE ng/g BRABERBRERE ., H~{X
BERBSAES. SEHF, RERAEBERX/). PHBEHAR
EHE. Bk, #HHID ZHBERBHEESE ST, EFEHEH
EREE. |

MUHARTHREAEERML OB E, mMARBENY. R
F AR/ . Andrawes ™I R T AR A MEREER S HID MR (B
9-19), ¥ 1~6 3 BB T (carbosieve S) . ¥ 2% Carbowax
1500 M o+ Ffitk, =8 & & F /bR (Porapak Q. Super Q.
Chromosorb 101) 40 Carbowax 20M AFHERE, ZEFB, H 1 HX
K, ek, REFEHUEERIE: ORESEKXKEREMILE
EAX. 1.3, 4,5 B EABHRE A5 1000, 840, 840 1 35m*/
g, WEERKL, ABERBEERRAFRE; QR SHEBNAE SRR
it RS . I Super Q & porapak Q fR{LFEH A8, BEE 4 BEHREA
EATH 3, TERERHARBET, 6 /hTH 2.

(1 SEH NS KBAHD RSB RESL. BRaBE
it. T, FRMEsS. B5ETARASRKAP. WA 9-14 HID HXH
Ko R ILE R B RRE AZ MK, Andrawes THFE AN 7 —IK

ey i it
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40 1
ki3] o
-
- 2
=
l‘-:‘-‘ -
E il o 3
4
» — )
1Ehg= E f d _r’,_r"‘.ﬁ
| | | 1 _'I_ | i | |
20 1t a0 EO 100 120 140 160 18¢ 200
2R/

[ 9-19 SRS HID 25 % R E
R, WHE $-20,
Frrd, AERARNERS. BRAXNEEE. RISEITFEE
RMREFSENE, B HID S3BRAEENBRELSFHKT. EBERY
T. HID RELt FID & 50 &, I TCD & 500 1%, 7 9-8 JyHtab{p

47 HID B oot W,
&o

Zem

He Al
A 5-20 mekiREs ey R 0B
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¥ 08 NELSWE HID Er MmO

HEt | RMR/(og/g) | ket | BMNR/(ng/g) | HEYH | BRMR/(ng/g)
X 3 ARALR 0.2 FYR) o1t
- 2 i 0. 1 "X 0. 14
. 2 - 0.2 i 4 0.1t
| 0.5 EiEe 0.2 —fn 8.1
— ¥ {b i 5 Tix 0.2 — ik 0,18
P AR 0. 6 kB 0.1 et 1| o1t

O waEELTFHEHRE.

3. mi A

HID I"Z HFHbhSAE MR R L RNLEY (AN
i, 2F®. k., PEREAUFES) MEREN., IR4SPERIE
A, SETRESERPFPREKHEN., REFFERELSYNESR
P RESRYAOEENE. URSHEAERESPHIRE.

— HUEEEENNEF M-AID

WAl ATk, AID 5 HID &4 —3, {8 AID HaE&® iP T
11.7eV WL &4 . iF£<&, W H,, O,, N;, CH,. CO. CO, ¥1)
IP HRTF 11. 7eV, Ef1#E AID L XM, FFEL, AID gy F#4, &
Hitit, |

EREEC IR RN E RS (modified-AID. M-
AID), ERBES., THTFLRIP XTF 11. 7eV SEMER,

& 9-21 % M-AID FHITRBRE. EMIERBAEML ECD, Bal
EEREENETRNOTHME. AFAFoN IEBESMN1H#HA. Ar
SHBRELT. BAEBEL A HEF (), BAERERS A, &
RIBHEAT, BHFHAESBREMmEX, MEEE, BE s-22
® A,

HISF M BBAZHARNE, BFEBHEE. 5K
Bl Ac HifE. gEHEE.

M+ Ar —M™ +e+Ar (9-11)
TETHRETF () EERERGNETFTREER, LE5FHNTTM
®MTEE, FEZERET @), ey X ‘SR ARRMEFL

K EBETF. ERFBYE, DMK B, BEFHYREMGHER, ARG
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gl

i
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& 9-21 M-AIDFEHErsEHE
1—M-AID A0, 2—GHiNdl: 3—RAE,; \—AKERFE;
S—FIN M ¥R NI ER; 7T-MEKR AR s—HD

—RBENBER.

L L
200 400
Vimm ,

B a-22 Ef-HExEE

0O,
CHE N,

co

[ —_—

10 0 o0 60 30 D

£ s
fal fb)

B 9-23 M-AID %) {a 78
(a) 0.5m X 2mm Porapak Q )
(b 1mX2mm 13X %+ FWMt:

Ce o e ——ve ke
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WEH IP KT 11 7eV HENAS#HARNE, EMNABEF A2
HEEE MALHRELREEIBEMEE, FRARTR, FERE, |
MM SEARNENYEERTFL. FEE27%E M-AID EHE
Mg, EiT R EREMMATEREE, A 923 A HAMEHE, &
9-9 PR M-AID B TR,

299 FEHFEE M-AID PR FMMM/ (pg/g)H"

PMEpE H; O, N, CH, CO €Oy
DHP-05 . 30 0. 23 0. 43 0. 07 1. 50 0. 09
DHP-05A 0,07 . 05 0. 13 {03 {. 55 .09

M-AID RBESERENHEX: MEREERR TR
ABMIFHE. R M-AID R A BERER . TASERENYKRE
Fni%0R . G0 findR S W AT K H P L H5A 0] ) B 224000V /em,
B, TR SN A1 6N S KPR E AT . R, EEANASFT
EAHE. NREREGBREEAIIE, UREKARE. HR5F
L mARE—-ZEXE IR ATHENE, MYEFNMMAR NS, 7
BYUREHE. DUAAMTMYREE.

=. {EHSE HID

B HID H S 4. R ECD — . R RA SRS REESHK
¥. FFELHID (AID) HEAA, WA ABIRIEMSE HID, 1962 §F
Yamane™ ) ERBHASEKRERBEHE=E KB T, FHBIRT
JEfatHE AID, EBRT A —RKEFHIXAMI, HM5 Lovelock
g AIDY . UE, XA T HEAESS S S A AE B i
HIDUY, EhTFREESFEARRLEMNE. EF, HEREEMEY
R IRER S, LR, PREMLHAE KR s &b B
(pulsed discharge-HID, PDHID) #1# & & & & # 8% (discharge
ionization detector. DI},

1. PDHID

il Valeo 1% 3% 2 5149 PDHID™ I 3 B2 10T .

PDHID  MAEHRER. KB R FaBiE, e a
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Sy e 85 =k {5 B, PDHID R IR gtk e R
BWME. MTEPR. AFEAEARAE ‘
HERHERERL, 1

(1) & & v we R H B R R
® 9-24 4 PDHID M85~ 8E. & Vi i 1l g
5 PDPID A& 486. :

#m PDHID M (EMHAZEER
HUTILE.

8k oh i e BEFE FZh 2. PDHID
AT RERS N 1. 6mm, HERTH

1,6

o [ L 2

~dnmn

Wz 4R

nﬂﬁ]ﬁfﬁ?&iﬁ%ﬂﬁ%@%ﬁk%% . 07 s
#, TEMAME, THEER, —& N
W o 18) B 3 200 ~ 300ps , 35 E B [B] 7E

40~ a5ues WY, IR 00 B (H AR AE — Gl

B B E AL 24 1ps. TP REME & 92 PDHID 4 #3775 E A
JLH ps. SATRSEFEINBERREIR. FIUBBEARERILHR.

R E: NG EKAKYEREN—BRNAREE. WEHE
RS R A1 N T S BIHK, Bamsaf., EehEmEEaREFs
Rt B, R W2 25 . PDHID MR K T, RARME. BESHEE
i) 56 3 [R] Wie) Jof 181 -

GENANEENERE. ERINBEAFHENAS: 2 RIFHB
R, UBEEEE: b EEIERSMA, UEABEMESE
KAShyEEntE, QRESEAMRRSMAT MK, WRE
A 113pL, XTEEE N 5s MG M, BEXREHEN 6. 8~13. 6mL/
min, WIPEEREE 1s. HEMBRHE 34~68mL/min. HRIFERMA
S FER MBS W G R (A ERIE R A 1020~ 20%.,

(2) EEF R AEEISET PDHID B HFRAMT +aHM. &
& #RT33, 34180 AETRE = 8ol O P HE R di60~
1100m (11. 3~20. 7eV) BIESEEHHTHEE (7 PDPID). AR E
B OWRE ERMmENE FHEBRANAB. FERFES BH
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X910 REQSHE=-HENB LAETEEAHER (F5H=1.00)

4% | WD | PDHID | HPID® | &% | HID | PDHID | HPI®
H; I (- 35 19 2.0 .H, 1. 94 .40 .75
M 0. 47 0. 40 0. 42 C;H; 2-35 2. 48 o 57
Ar 0. 53 0 80 349 CiHip 2. 65 3.23 —
s 065 0. 50 . 36 CO 3. 29 0. 98 27
O | 0. 51 0. 42 H;5 3. 06 1. 55 —

CH, 1. 043 1. () 1. 00 N0 3. 29 0. 92 0. 34
SF; 1. 13 . 59 t 22 S0 3.29 1. 61 0. 75
C.H; 1. 5 1. 85 1. 12

0 E %MW (R R Freeman and W. E. Wentworth. Anal. Chem. 1971, 43
1987),

EEEEINREFEER:QERSEASAMENBRETEFS K
SRR MBEETERR. TEESKBREENMT .

e+ AB —=AB*+2¢ (9-12)
e+He —=He""——He" +Av (9-13)
He* +AB —AB*+e+He {9-14)

PDHID 5 PDPID £ EXERH . BESH—H£ R A PID &0
HPID) HIF—EEH . £9-10 K
R b & 7E = MR L AR
X AR . 7 A E i . PDHID fY i
W5 HID 4 —#. m 5 HPID
H—E 5. PDHID HikERE
W3, HpEASHIRERR
k. B 9-25. PDHID B9 AR 28R 38
A R g ESHET HID, B g
_ 9-11, PDHID f B i A A £ 5 &
C.- 0. 0s ‘0_1'5'*““_6_:15 (Ne, Hg‘ Ar‘ Oz‘ Nz‘ CH“ CO

(FE) %) HNYEME . X5 HID &F.
| 9-25 PDHID M5 &5 R o12HARBE. AR R

AT IARE PDHID 3 7k X & B 4 30 R

10.0f

S E A
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¥®o-11 REENLMBHRNAENHEN R HE

m A FID HPFID HID PDHID
EMEEAE (AR 0. 000005 0. 003 (. 05 0. 007
WS A 1% 167 4x107 1 2.5 1071 1. 210 ¥
EEL P/ R P 5108 7.5 107 210t 5. 8% 108
xR gE 1.0 0.15 40 12
HERT 10 104 104 104
Si& Air/H: He He He
M R K EHBY M At 8 At B

F9-12 ZAENEHENR
BHE pe MR pe

it o5 ¢ L8] [ jpg ¢ 361 ] g5 (322 Rlaie 25 CLHl [100°CIM ) g5 ¢ L3

;.| 30. 8 42. 4 1.4 = 3.28 1.58 1.9

A 0. 23 0. 31 0.04 | Bix 2. 47 1.02 1

o) 1. 68 2. 48 0. § — R/ — 3. 25 0. 7

- 2. 46 7. 48 0.8

2. DID

DID g4 f1 T/E/E M5 PDHID A& #E, HF s M &
AR, BT XAE. EDID XA ERAESEMBAFENRE. B4
REUABE S TEREIE, BeFEMAFTR, METRESES5%
BABE. BEEEEAAETRNME, 0 Gow-Mac {F 57, ATI
Unican 22 &, Finigan/Gas %y & fl Toshniual {¥ #8471 % . Talasek 0
Schoenke L3 T HID . DID # MSD 7£ fE 5 8 < i s 4 id B B, 3%
9-13 W HEKEMIR ., + 9-1¢ HER, BEMESLE, S8 DID

£+ HID,
x90-13 AEKXNBITAMNENHSME (nL/L)
S X HID DID MSD | “L{kfb HiD DID MSD
H, 5 no — I <O 25 5 10
0, 50 10 1 CH, 5 5 10
N, 10 10 ] |L CO, 5 i5 0.1

.
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®9-14 ZHEMMBERESEHTY

58 Rt = B
HID 1. AR 1. %o 55 & HE 2%
2. EH AN B EREW
3 WERRE
DID I BE4REY 1. HERMEE
2. T &g HE i 2. MATHARNYEAMEAE W
MSD I AR 1. 1M
2. BEHREY 2.mf=>10
3. TR AHENEERE A
4. A 4F F My R g e

BN REBREENES

EH B EB ML (surface ionization detector, SID) i1 T &£ Fik
HERBEENAREE. HEEERENN. ENRMERE T EHESR
HAFEFERERE, SIDREGEWHIKERF T FID 1 NPD,
FSET S ELARRN, EALEMLEZED IV, £PEF¥S
SR A4 R A BTN A R R,

60 SEAY, MBS A BN BERIIT TR . 70 K
FE S0 FEMNY . EFHEERENBH IR, RANPD HABT
EERE;: EETRTFABREAWRAERF AT SID, 1985 FH
Z& Fujii 1 Arimoto™ R B R §HE SID DU . B e ik T i dh X
B, EFE, Kshi P REHTHRZAE _AHRE SID.

-, MM TIERE

B 0-26 40 8 571k SID 2544 75 B, MR o 48 4R (] & IR A TP #H
2, HE S sim. SR, FERAERM 200V, dE&aEx
FH AR B — 200V, I EFE F# . H He fEE S/ . HFHAZ R,
& atika FRALTE S, miiay, REABRERMSAT. &
BEABENENS FEWRRE, BEFARMERRE. &1 %7
BRESE, BESTHERTFERZESREATRES T, MPELER
ETFREIER JO., ESRMEKERE (7). BERE [ (D] UE
SRMETMEAEHBEINBEENTR [Y. (T)] X

A e B e A < v e ———
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J(TI=N + YT+ 8.(T) (8-15)
X N—FHUSTE,

= R
/
U ”
=
N s H 1 A 58
Al 25 4 IE
% TR B E
Pt & itk Y
E =Ry AR
T S s ‘h
dl
e b th — T

] o-26 Pr-SIDEHEER

HATRIAKFHRARE, FERANEROERATHHEMBEGE. L
BIEEMY. (IO HE: A (T) X54BEEHE, BE. EE M
FHSTFRITERLSSEA X, AEHERFIENIBINE /I A
(I 1. B, B (D) HAREEBTTHBREE JE) |YHEX, B
Ll SID MR .

T F Kisht M B ETHBEEFETARE (hyperthermal surface
lonization, HIS), ©RAAH 8 A HEKE AR FE 4+ TaheEEm, gl
REBEARERFELRUE, NIMERREZERS. EHARLB
(ReO,) OB Pt fEREHE, MMUZEIOCES., EMHARBE L P
SID & 800 1. (BkBMETHE, B 9-27 X Re-SID iR EA.

—. (e TENE R

% 9-15 X SID SHONIFrEELE. §E LS. SID Wik
R R BT B, KR /NP R R, Rk, W 9-16.




Jis

B I - /SL’

ORI

!

EREE
B 9-27 ReSID&EWFER
P} 9-15 SID SR MEEmktt ¥
W H FID NPD Pt-SID Re-SID
Em H:/ O k18 HEDERE IEXREHEE IEF e B
2000 CHETF{E | T00CHEMEE 550 CPt 2 |900CReQ; R ik

REFE 0. 015 0.2 1.58
Cig(X)" (7.72100)9 (0. 542

B MR 3 1p—12 5x10- U 110~

g/s(X) (1.3 10-1) (1. 6107 1%)

p i 843 — r8e Us 5. 3 108
g/g(X/Cr¥ (3 10%) (5.3 107
HeRE 93¢ 108 108 104¢104) (104}

U FID., NPD. Pt-SID #M Re-SID W X . E-FIH. MEE, ZTEMPE,

@) NPD, Pr-SID I Re-SID R C 9 H. BH. T -HAC K.

@ L 3% 5 Re-SID H.
SID BT aRLEYW. 5. ERFTR. HELEY A& LL

AMOEREN.
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P 9-16  SID o B 3 I 7 i Btk M 43 4 ¢!

Pt ety A 8 rEE/ BWE/ L | BEE | Lae®
(C/g) (g/s) mlm | (k@ | fro
AW 108 (108~10%
ZAESAER | 1.3x107] 7.2 2. 7x10-H 10000
SR 1.8x10"1 6.0 3.3 100 2000
ZTEK 1. 102 3.0 6. 610~ M GO0
=L ER 2.0x 102 2.1 G, 0x 10— 4000
i i; 108 [10%--10%
ik 2.5x1072 | 2.9x107" § 3. 410~ 10
TR 1.8x1072 | 1.4%X107% | 7. 01013 488
—RTHK 2.8x10°2 | 5.3x1072 | 3. 010712 80
LB 1.4>107% | 301072 | 3. 3x10™12 g0
y1=f: 4 108 1o
=14 8.0%107% | 2.8X1073 | 3.4x10~ 1 30
HBE 2.5W107% | 1.4x1073% | 1.OxX1071® 5
T 25107 1 35X 101 | 2.8x 1019 70
F M i 105~ 105
R 2.5%1073% | 1.5% 1071 | 1.ox107 | 108 3000
=R L P i T4 REx 10T | LL9x107 | 1.0X1070 108 4000
.. 1181 2.8x10°* | 1.OX107% | 2.0x 1071 105 2000

(1) [R5 B0 2 80 SID # FID {39 1.
B FENRNPD I ECD SR EA SRR ME. ™ SID
EEMEE LR RS NSE. WEFHRESYT,SID (X3t «- 5
EEEELN. W S-EH., FERA. THAESE, REH>TA LR

rl-'ﬂ?' <10 Ppesg e Qo VA

1 24 35
t::‘.,ﬂ..ci\. AT A
3

& . e 3 20 P 3 IS 20
£/ in

A n
tad S (b)Y FID

B 5-28 SIDXM «EHEBHEEH
I —a-k: 2— 5, 3—REM: (— %% 5—=8
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CioHys 20K HFE, WE 9-28,

LYW BTFIBIFmME

B i 4 M8 (ion mobility detector, IMD) 28 S8 &
HEFEARASES, WREFNDHETENNOEENE. CREER
AN ARYEAT R EENRFEME BT T THRESH.8
Y. Tl XS HEPREN S I

1670 £, Cohen # Karasek U™ & U4 H ¥ FE B F 1 # 3 5% Y
(IMS) fERBHFILTH . SRR EEFEAERE (PO, E 80 FA,
HFEREEHEHAETREEAEEOEHN. 2 MmERKRE > EH
BEUTHEE A ABRESHH, FIMSHERTEIRE. HEESER
M ETEERTRENS T B FRES F UG EENGITE, I
B IMS BB IMD.,

— . HHMITERES

g o0-20 o IMS iR EED, ERSREARS: ABE. BT
TR, BFRENE, BTFTIBEEMEFREK,

[ e W )
NS

| e
K5 TR E -ﬂ-_.—_:__—J'///““* L
st R T )

@i
I}I : == | mamy
rﬂ |

N, SRNT i B A 8%
i

FHIAO

t :

T

(d 9-29 IMS &HR & HE

L RER
ZERBBSHRE. ARSANSEHERREAT. RERA
RAHERER., DGR, taERNamMBPERES. “NiHHEL

© A A ——— — A -
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IMD FBERNEERE, N, FRSH, EHHMHETEN, B EN
Ny Gl HEF ARREEFREFIS5ENEPREN HO,
NH, i NO Zhf, FEREN_KEEF. REXMET. “NiBrF4E
MERNEFH (HO)L.NHf . (HO0)NO*H# (HO)H", F#¥, &#
F#H O,. HHO I CO, #4k, TRBAL T ARKNEF: (H0)07 M
(H,0),(C0O,,,0, 7,
2. BF-ATREE
WA SHEAIMD, BSELARAE, ARMBFF LB T-2TR
R, BEFEHEF. DAKETH_EOETFE. EBET- #TFREMNE
EFYE . ABT-HTREBHRFYETF.
3. BFHEIK
BB A - ﬁ%ﬁﬁ%ﬁ?-*f&%* EEFEH T, M
XN miEsh, BEE TN XEER L. =T W) A 7ER BT,
0.2ms, SBFHATBRELBEH, HFREFTEIRRER—K
B 20ms 5. BT, B REEFHATZREK, - Mk EE
. %, RWISAREEM TS XA EER.
1. BFiIBK
BB THAABR, HEHBMET, MEREF @I, 5
MHEHEERS o FHRE. PERARAEREFERARBHIBEE 3, E
S5EHEE (£ REL, HEARE (KX) FEFIBEFTER.
v=KFE {9-16)
BFIREERNK XSEFHERT (D). BER ). PHEEBEN
FEERE (M), EBRSWBRE (T) MIEE V), UEBF-4THE
fEREEE (2,0 AX.
HEE. Bh. anRENRELEEEN, B3Rl
FHE () S58WPNRE(u=mM/(m+M)HOETHE. & RERXEET
B (Z) Mt

L (e,

t=c =% (317}

AP CREY.

mireis EARLAn o o0



- 340

KEBBHRSF, AEERINIBEEFRTBX.

5. B TFHERX

ZXANEEIIHEMNETE. ENTRETEINEFIR
B FE, BEANTEREABICRAFYB T IHME 5% 7B
o ik, B3 7T BEE L ms 3, ACE SR P e R R 88 , HBLI
Wik HELIE SR, SRR THMNE, ERE IMS
B S HE A R B . FEAT AR DRI, R A B — AR R Y B K 2515 3
FTHE. KTHERZEErHE, WEEHF IMS KigE.

IMD 8 3| 42 hY . A — £ 5 18] {8] {R A% IMS JEiE ), BI{R & ot (8] - 7
FRBETREMESHE. 5MSDY=SHEHEL, Z=4807 5
Rk . BT REE- TN E ER IMS BEE . & T
EogamtEEmaitE. o308 C~CRENIMSERRKE
R,

Z. HESENER

IMD REER. el yXEH, AJATEMEERE.

(H AFER IMDRRAEESTFID f1PID, 5 ECD#H5. E
BRE{EA 5} 107 "A, M= THRSMARBAER X 0. 2Pg. R IMD &l
=k TNT 58, HAHEH—-BEHSRRHERHI0~100 5. &
pe &

(2) Bl g IMD TR B. Wl ERFEEERN, q
BMESTF. A MAE T EEAREESTHREN. IMD A
WRFEM FID, ERMELEBETESE. BXEXFIYHRERET
IMD bk, B, AYBMENAIGASMER TR AL
2. 76 TMD iE RO 1ERT R SBE R B . IMD RodE 4R v /R B T RS R
HECD +4 10 RS LEE £ T AR FRENEBRMNEXRNE
. el IMD 898634 £ F ECD, & IMD 8] Ak B @& Pk
Wi R R (L. B 9-31 2% 62ng BEKE S Sng 4, - "REKER
SrEdE R R VE R B AR B, BEEAN 2
15 B

T IMD B B aRresn, 2 RT3 G R BRW
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810" Uik @e
4x 107 iR

X A
70 i
AN 230 70
'ﬁfﬂ BE/T &5

- {b)

B 6-31 FEBKEP_RBEEHEEEE ) AREHE b BRILE
e, HERBIMGETRA. BEEROMAR. B 9-32 ARG
AR T R RE P 2.4 EEAIBRYEEREERER
W P b, RPN RHRT T

!
o g
o5 o
E .3 1
= =
o w
- u
<
(S l | i L L N L i 1 1 .-l 1
0 16 20 30 10 50 60 G 10 20 30 40 50 50
1/ min ¢/ min

() {b)

14 u-32 FEEERSNHIEEZENE ) MEELE (b)) B
1— 2. 4-"“HERLM

(3) IMD B HF GC 4+, 8] FIfE SFC # LC RRI8E . AT
SFC i i iRIL 9. BA Him. —HEREER, & LC FREL
WY, WREXHFRSE.
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o 2 GG I 3%

2 RN ES (chemiluminescence detector, CLD) £ 435 #
AR EXEBTEENY, R SENEMNENBRERESS
F. RAgmgml. cRaTEGENE., EFCRERESHA IS
Mgz, CLD 5 HMKEMBBE, FUTHS: OEHEFRE
tTos. BEERLEN. MUREES;:; QENXTEMHSTMN . K
o i . B AR @Gl HEaW, oW B,
FHRAHEREN BRENELHLE. CLDHRAER: ONBEES:
@1 A R S E E R B AW RERENSIE.

CLD I H R UM R =28, & 017, TR HEHITT
6., HtdFRcmmiE 2B xiies, 641,

Re-17 SHPCBUELEEXRWH

Rk R T gathit sy K i}
iR/ REERE
HRE S 25 N-EHELEES N—NO —=NO
NO-+ Q3 —=NO# +O;
N(Yy —NQ,+ v
WELESY R~ NQ, —+NO
SEEEW R —N 40, ~—NO
FiEEiER A FEEPERIEEY | ERER+NO;, —NO+H&L
ND+03 ‘—"N{)2+Oz+hu “
WiLExR AR
WESHFRER EREWLED R;$+F, —HF *——+HCSH" -—HCF*
HF * ——HF + v
REFKILFERXR FERiERLED R;8+(Q; —50;7
80 —=S0:+ hv
FHEEDESELE | HEE PR H.%/CH,SH+CIOQ; —=S7
55 —=5;+Av
Hith ik & A 0 88
. BEpk: S wiz/ Bk C=C+0; —®{L =W +hrv
i e ERAE RX;+Na —=RX +NaX
RX+Na-— (R} + NaX-
MaX*® +Na-—NaX+MNa+ A
“EHR” 2 C.H,+N—=CN*

CN"—(N-+av

© et L ——— e
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— ., SR/ AFERNB (nitric oxide/ozone detector)
REESERHEVINENIDERNEX. HHERLERETKIT
RE.NO B NO, #7HW, S HAEEAR/ REAGNEEE THAL
A ANSRREREN, FREESENO; ,RRNO; RETEIE
., EHLORIELANKIE (A22600nm) .
NO+0O, —NO; +0, (9-18)
NO; —=NO,;+hv {9-19>
e, —SRARLAYERZG TERERM AL Z 66X, B
I, BLTEB ARk NO; R 5106%Ed, AXEMEEER, AT
R A il oK o
EHMLEEAERTR, EAR/RAKHIEL oy FH.
TEA fiE b RILFE R},
1. IBE4Sr B8 (thermal energy analyzer, TEA)
FHEALE/BERNSULEZENBE - REA KSR HL
TEA, E9-33 AHEATREE. 298G N- EMELEDERR
gy 300 C FRELSFRENO, K& R It&Hk EWaknEst. &4
BRNO, Bi2E5ENRELR, REENERASRBRES. &
ESHERT. RESBREYEA—150CHEH, NORKES. 8

M 9-33 TEA ##rEHE
1 — BT, 2—BB; 3 FMNE: 4—NEER, s—RERER; 68X,
TR {ENE; S—HR AR, o iCRENELERE
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BEHREARNESMRARESEHREAR, &KX, ELEXH
gt EERE RN, Rk BB AR, BFLL, TEA X N-TH
BEUELEMRAREARENE. EXNERENENRE Ing, ZEHRE
10°, TEA M I EA AN ERENE 1 24, L YRMSHHAeE
8. WE 018,

T o018 TE N-TEREAL S A0 05 REXE A8 7 e e 1l

a5~ TE 7H it W SiE
M- e

_ EWEHED TR oy RRAL) | WNE
N-TETYE PR 74 18.1 1.0
N-TFHE - K 102 19. 4 1. 07
N-TFHE -FRE 13¢ 14. 8 1.00
N-THE _EHE 198 20, 1 1.11
N-TWE-N-ZBER 150 18. 6 1. 03
9- TF 58 3 kg 196 17. 6 i.03
N-THE-N-FEALPHRIE 132 18. B 1. 04
N-THE-N-EEFH 212 16. 7 0. 92
N-TEHE-N-BEHY BB A 148 17.5 0. 97
N-PRE-N_-FHE-N-HEN 147 18. 4 1. 02
N-¥F 7 ¥ WK B 114 21.2 1.17
TOAF H REOR g 144 15.7 0. 87

ZRMBRAARSALSY. TEREME NOMWERELRR . H
BHRERNMENLRFEE -,

N-TEHELEHH N-NOBEH, ERMEE (£5300C) HpA
SRBE NO; HEASYRERE, NMBESHER SOCRE.,
BRI EME 700~000CABTEER NO; HbSEAESHME
TE 900~ 1000 CEFET ML M.

2. MALFFELF R ME  (redox chemiluminescence dete-
ctor, RCD)L

ZRMEVMISER T SRENDI AW, MuRBE: HEH
W5 & 100~300uL/L § NO, SRR G, RJ5 A4 L7{E
AT, &S5 NO, Zi, B NO, NOSRERM, X, 5
SERETE. BiRME. 28 RALEew. K. &. &, _fbEkHn
W=k s, Hipib A a E AL RMA 5 NO, fB.
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RCD W MBI NS, 2.6- _HER K 0. 2ng. H TN
FEER TR EFEANRE. 0 250°C AREMEIEA] 2 5,
72 400 C B, TR M AL S R FIRE L . ZHRAE (LM A A R L B ik
.

. TR E e R

Bk % 64 28 (sulfur chemiluminescence detector, SCD) ##
WA LEE N =8, EPREFBSEARREE AT E, RN
i T .

N -,
A P |
* %458 el

T, ———] X
4+, m—o FIP L 1 %‘

e

= £y

gRillix=17 £

- iR
LR,

o34 SCDEEFEHR
1. SR TERE
B 9-34 % SCD R4 BE, E5H 9-33 24 %, HESHH
BRF, SCD B R %@ % FID ER%E—FL, QR I XBH R
SO, B EHSEERNE, S RERMERNEL SO . B
ETERS, RB2EHE (280~420nm),

R—S+40, —S8O+ H b7 (4-20)
SO+0, —=80; +0, (5-21)
SQ; —SO,+hy (9-22)

B 9-35 Hi@¥ SCD BREFEXRER™, —HEAREHELER
£ FID .0 W F 4 dmm fb. KIEHBRER/ZSH. B H,
200mL /min. 255 400mL/min, B H, IEE X, TR&EAH, A7




M7

X/ SO:
SO,+H, ==50-+H,0 {9-23)

HIEEBREEMHT. B TEZFADMEK, FID 4 802 ~ 0% K
SWALHELBAZKEM. AET SCD ME—RR R WHEsER
HZHE LB ERBRABLE, WA EEERESELTRRR
BEmTE: FRBEF.

FHXLA B, Shearer™ I L KMERALE RN (flameless
sulfur chemiluminescence detection) ., EREFRERILY SEREH, &£
BMEERRS, MIMRINFAIEE 800 C A LER#, WHE 9-36.

H.
i
P v B
@ =i o
———— P4 i
|
meEE Nl -
OIS II TS L b 24
[ R4 X
u A i+ O, B
B 9-35 W SCDER#E B 9-36 XA SCDZHEREE

kR B
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XKAIESCD 5@ SCDMEERHE. ORELHMAM, FHE
= ERETRRELE, TREMZEREHN SO, RS E K
& (6~13) X 10°Pa, EXBEHKX; @ESTI®MA, 10 H, 30mL/
min, 2% 20mL/min, {2, (9-23) ME8E, IAEREENKHIRE:
@EEEHETHN. ANEREOAESHBER VN, EREHAK.
BB ISR, DESRE. TAIRSCD 5% SCD #ik, A&
Z 4 B EEREHE B SCD M FID B 6 .

2. PEREYREE |

(1) REES. wFREEF #% SCD HERMRB (S/N=3) /T
1pg/s{S) B {LE/F Spe/s (8), ERFFPD (SEI) 1 /1¥EE
BLY. 3019 Rl AR A A i tb P R BIR WO L . Bk SCD
AEELEESCD XA 1 1TMHBaULE, HBRRMM K 25~50ig/5(8),

% 9-19 SCD #1 FPD M (D) ¥ » HEH ™

FFPD

M-FPD®

SCL

&Y

Dipg (3

Dipg (5

Dipg (5D

i

BN
B L i
et 218
o

P

= WAL
TR

B0

85
200
225
275
250
300

[ = =T R
+ + . " .
e L3 o Sh 00 D

]
+

10
5
45
20
30
40
50

[ a + + - + +

L= R L R e LR = )

3
3
B
10
15
iD
15

0.8
0.9
1.0
1.0
1.0
1.4
1.2

(T & AL FE N # FPD.
£ SCD F. Rty iE, BRERENREEEE 107 M L. @

L. F FPD,

(2) £k 140l i

K. BHEdHRE.

MFE 0-19 F BRI B L 35 5 ok 4 M B(E AT L,
SCD Rekthmni . A& FPD Rde g4,

() LFEREMR T 9-20FHTREFAEMEERK (RCOH W
XAz (B COH W, MEEZt, SCOHME1ESR. M FPD M ER

(4) 3 S HEBERGAR, HFER F9-21 ML TEFA SCDH
T AIESCD M b & WM A, WEL1EXSE.




NES)

#%9-20 SCD 2 FPD X 5312 = 4550 = {1 W3 T A 1L 205

itay FED SCD A=y . FPD SCD
R R1A S 0. 85 (0. 4230 0.95 (0. 96) || AN 0.12 (~—) 1.01 (—3
WmitE 0.55 €1.03» | 0.98 (1.00) | —E &8 — (1.08) — (1.0

O HESHH _AILRER.
% 9-21 MEWLWEER SCD MEMR

tay Séﬁ[)ﬁa] Si(.':[}:[f] uA-E S:jﬁnia] ;Ei;ﬁ]
oK 1. 06 1. 00 ¥ H W} 1. 15 0. 96
2- 2R ) 1. 08 — —EH R 1. 24 —
3-F AL Wy 1. 09 1. 04 RAENMN — 0. 86
- 1. 10 — B 5 — 1. 07
2e5- T Ry 1. 14 — CE o1 1. 93 1. 06
3-F — 1. 04 WM — {. 89

FLT BN

H, 5 5 ) 2% (electrolytic conductivity detector , ELCD) B3 -& X .
. BSWESELREHAEZERENELERNE. ERFEN
WAATRMRTFEEDREAY,. EEEFREMNFRE, BEME
SRMAREMRESNEE. BERFBEBRERXSE N TE
EAEEEE. CEINATEBRERMBERERP. EHDENLE
PEFFHEBITZHMA.

ELCD R B — B 7 4 & = 1 B Bt. 1962 £ Piringer M
Pascalan™ R L S AEERENE, FWETREER_AL
BEEEF KPR FEMEL,. 1965 §F Coulson" % HFET T Bk,
BERMAE, RHAALSY. BRINEKERE (Coulson) BFE
W2, 1974 & HallPV3 EE/R R R SR WA XAE T oG, "B THES
KA, (FRBEMBMFEFBERE, Tracor 2 B HIH M (LA
E/RH S HM 2% (Hall electrolytic conductivity detector. HECD), B
TR N (Hall detector), ELCD REHEHKLAIET.

—, EMmIEREBC

/ 9-37 5 ELCD RGRBE . FHBEMNBA , B8/ 7B




F50

EBTHRF—EH R AR, EARSH . RARNZEZETBENRNG
FRMBME. LFSHRELE,

Mg |

E LAY

%

B 1

e85 ¥

B o-37 ELCD RARERE ™

HEMAPERMSELNFEFRSEHARKRE, Bk
BIER . &0 B S o B AL o B R oY e A S Ak (HX, SO,
NH.) . ZESE-HETEEELEARIH, AWML TFE
PR, EFREF, FEMNEREL, BHAGHE. 5L DhS
WWMASPE R, £ WEEKRER. RMEOERRRENESP,
WG, AU BFL ELCD AR REMNEB AL FMH, A& FE
i ELCD ik #FH: FEIEREHREE.

1. R 4%

) 9-38 ¥y % fif 48 I T A . BRY B8R IR KR SA O R
AR O, ZH D AEEREW. PHMH/EY 25mm K, BEEEE
% 1000~1100C, KA ERAKREE, ATRELENH. RNMSFELR
REATRTHRMAE, TEENAGmME. FRF R8RSR ™
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NI RCIETT)
Lo

B N LIRS

5%

Vi 1y ¥

R by 3k

3 HA
FZ 15 % e W
O Y —
E9-38 RNSHERER
%ﬂ?‘% 9_22o
* 922 B50—~-10NCTHAMARKERENEREE®
EEH A iR
Fa%
& o ERS| HEET® (KRS EREY &

ER . BT ANT . BEEH
oL H: HX EA OHX am ERBRRST AR
& W H, H,S =5 | s0, AEARNH R
am H; NH; e N, M| WERERS

nEiLY
a9 H: H,O 25 4 — B (. XD KEwE
12 Hy {CH, fff#e | =5 | COC, Wi (K. X LewE

REEY#HEAZRERARIFEZRITM.
ERMERPRESSE, EATREFREHRLE> Y. WLT
®, BEEHEE. RXHBAAR Imm KH 29cm wYRBETE #H 28 1 5

- o f RR
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B, HARHRSUHAR. EERERESFEOL. HBESES
HRLBHA AgNO, HAEE., #ERELGLSR, Mmik SO, @3, K
RMPARBREHRE KOHWAHKL, RS, ik NH, @t . &
BRI,

2. B BM

iR TR EETWNMH, RoME 1976 7 1985 & Hall % F
FIEMEL . B —FHRERENE, ER Tracor 2 AIFICHREER. £
R 10 Analytical £ ELCD, XAFHE EHAOSHMEES — %
2R, _

9-30 HE /R MBEHRER. S EFMENES- R EM
BRSGHE, ABHRAFRMNS-RIER. KIEEKEHEMT, 356
EATER. HEaFEZE. S TEMAPMMALIWER. SEMANERF
GHES, B LS. EROMBECERT IEENSE. HE
SEOTLMHES. LBRIFFP, RERS-RESERTH, DEXR
HEHNS-BAEEXS., MESHEINEAR. HHERELEXR, R
Ho™®E TR

kAT

""" 2 35 6iff 4T 1T
ghafid hi oy e - A O _ |

LR i

fEH o

1 1L 1%

M|9-39 BRAKRMBEMRES
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Bo-10 A _MHe SRR ER,. - RESHEERATE . M
M ANERMEES. XNESR. E5E—MHEBUTRSR: O
W KL, WPOABRT/AE 0. 33mm, XN B R EFAT
0. 03pL, Al F{EE 20~50uL/min BIEFIFE, (Fh FRITEE M,
MRS RAEE, QU ESHEREELX, A LIEETRRS
FIWBEE, AT REEMRELHES. OFNRSESBRTRN
PEHEASIE, BETH MBS REHETRE, TEERRZIER.

1k AT 8 it

R AN — == |
N\

wRtho

M 9-40 ELCD R M&GHREH

MERSH EREE, RRYRAERMEBRE, XHEHK, BFRA

W AR Bk b . EHWNEBER. FSh SRR FNFEOLHE R,

ELCD {XH b L 26 5% . BNJ7 S FR 8 AE MR AR S, WA 941,
mgﬂﬁa,fﬂgggg)

AN

77

GNDA——— +—1—

R B e A5 L
E 9-41 MWMEHBEIE ik

-
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B X TREEARERS . Bhh BAFRE.

= HEwENRANEFEE

1. PEREHFAE

BEFEMBAMERELCD MERKE, FLUEEEATH.
Bi. BAEHNHNORBST, BELCD TREMARMEET NI R
i, OB H R AR A, O Analytical SRR 0 s PIROK I,
H T 5320 8 ELCD #5360 R & — W& (XS, & 0-23 4
ELCD WA XBARKIE. BEFEELCDWMEHAAPHRARES
ECD 8%, MEME AN AR RN —BAE, TREEH
H B /N IR R (R R AR, R 9-24

®9-23 ELCD IR ERRERF

i 0 2 Ry BE#MR/ pg(X)/s] R/ (X0 /g(C)] thE LA
X 05 =108 1< 108
s 2~ 50 B 1 ~2x 108 110
) 24 I 104 ~1 107 1107

F9-24 REFEANFHWE ELCD 0 ECD EAEMMRT (nL/1)

et ELCD" ECD® AL ELCD® ECD®
- 1, 20 0. 80 R BT 0. 04 = 0. 01
LW 8Lk 0. 10 <0. 01 1,1,1-=Z=RZH% fr 03 < (.01
LW WLk . 05 0.19 R {r, 32 0. 01
“ERR 0. 05 0. 60 =HBR& 0. 03 <0, 01
1tk Wl ] 0. 05 <0, 01

D 0. 53mm EWEE.

@ Wk,

2% EPA FiE 502.1/601/608/611 I RIERHENY . SEEE.
&R, YA ELCD & ECD &M 1E.

2. R ik

ELCD f& ¥ s i th T EH X R M F B F AT,

(1) EME FREBEASMAGIERENEN. REUER
A
BENWE. . ERNAEALER, REMERETEN. ER
RERHNENEH, AEXEATORMARY, € RSHKNEL
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EPwn—3., FHHEE, HIEREFANRERIRARE, TIRRED
AZJLERE, BENREWHASEHE, BABES. BERANRE
HBEOARE. AETARNR-RABNARARERSME SR
EORNE. TREH., KHEHEMEFREEHEIL, THRE
R EE N, DERASEE TR, BENESRE. L. ARF
ELCD BiFfotEE, MREEFR N1~ TARTER, BHEGEER
ETHARE. BEAR. Sa8E.

EHETFERUENE. EASERARER. HEK, TRE&H
B—-HESEER,

RWBEE S~1000C B NRENLsYREMAEL. I
FRFEHTHEMRENE, RIEHRNER SO, AR E R MM’
- P . N

BSBPRSHERAE Ag #BKRH AgNO, WA EE, AEH
%A KOH % Sr (OH), A HZ . HENEMEEHER, FKT
Tracor 2+ 700A ¥ ELCD PHHESB{HETTEGE. EXARER
0.5~0. 8mm, & 12mm RHEERZBE, AFA 1~6 REBLRG
Xy, EEHRBZRAEERY S KOH REERMERSSE. ARE
N/CI te B HERE T — 1 HB%, FRik 0. 26mg, BRERERESE
K1 7%, EEHMEEINER.

(2) BBH @B PERENEETERBENNFEMEE.

BeMBENLHAKE_TREER. HRKKITFREEHE; &
JEH T/

EABHNMEAEESREFHEN . HX 2R TRST.EEA
Al st CAMBESRB S/, TREREE, THSTmHS
FNH, £ FAMETRE N, TREREE. 3FENERHEEREKNE
NFEFERER (autoprotolysis of water) TizEMREIERIE. B 9-42
3% ELCD 5L ER T NEM KRG RESFHOKE.

1% ~s%KNEBERRYE RANABEN., BERN PR, AE
A SR BN SO, AR R H,80,, '

A A 10% ~20 % 595 VLI, 31 1008 T BRI K78 al i 1F

L
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l 1 |

o] fin Smin

M 9-42 ELCD 573 % 4% oM HE ot 235 E
1-—a-666; 2—Y-6664 3—03-666; 4—EM; 5—XEKN;: t—FEHELN:
T—p, ' -DDE+HER: §—o. p'-DDD; 9—RK KA 10—0.p'-DDT,

11 —p.p'-DDD; 12—p.p'-DDT
BoaPEET: 0.4ng
R, 920C BHM. 35ul/min EFAM

BROBER . EIE B 5 REEA NH, B 5K NH,OH. X
IR FD,

ELCD fmm pi {E MRS SR AE RIS MmN, HERES
M. AFUANZEE —SEEREYBFRAE. REREENRE LS
R . &N Tracor AR R HAK 700A B ELCD, MB®RERMERIFHERE
0. 6~1.4mL /min-""!, Bl Ol Analytical 5 EMEHHHER ELCD £5
# 40pL /mint’H,

Inouye Z7IR BT 700 M 700A ELCD ¥ R AR EEH
ER. REREHR Y., W& IRE IR

BAY RSN
A RIS (ZD) ERARE. BEBENRLERIE. €
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Sk REAAABEBNMEREENR, A EZEREPRER
ER N, EEESEMBEES . © O EASGRREEYRAE W,
WA BT FEREE 2R,

1962 f Weissbart i} Ruka B I E & b R H T8 =2 <4E
A, B T AL e A R K 2 e it YUY, 1982 EEE
T.B.T A HAESCHA KGNS, M. £, A0k
U, MR EZEHETRRD ZD-IT Kb uFTHEE
el REME TIT A E AN E NN EEESADHREE H,. O,.
CH, 1 COU%:,

—. GHMEMIERE

o143 BZDEWMRBE.l YELBEE . ERAFRRBAELENE
LfZiBE (o1 MBESRME. SERWHE. BERE. BRRE
SmaL. BREBENIEHHERESLEER (2, UEAZSESES
; FNEEFARMEMNEBER 3. ATHEENSESHEHIER S
Bk, FetE/baEsE. AEASETARMEE - MHELLBRE (O,
EH Mg (5) MABE 6. ZArANFETSE R

sk | SHaZ | GEARE | MBRES® L b
(B (PR 0, .H,.CH
EHALY Pt Zr, Y,0, Pt 2[:”([) "
i '
Yyl
I 23
= ==
- 2).
| I , |
e e
5

o143 ZDEHWTER
1-EigE: 2—Sthdih; 3--MREE; +—BAEBESE; S-Ay; e —HRAaE

ZEETIEEORTSEINASTHIE (O PLOBEA, EENL
EERFERARY, B THERA_NBEEFE, REREIR.
WA — MR E AR, AERREERSRAFERAKRT.
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0,+4e —=207" (9-24)
E—ERNRET, O AdE N ZEARBEH—MaE —
B, ShBT.

208 —>0,+4e (9-25.
XHE. ZRmENERAN. .
O, B Lo y—0, (FA# , Pyo) (P> P, ) (9-26)

PIEE HR R P A S EIK B R W R A Bh B E, AT FHBENRSF (Nernst)
FEAITE.

_RT P,
JE-ETFhlfnm

KPP R, F— R ASKERMENBEEH;
T—RBOEE, Ky
Po. Pru— R AT S MBS EPHELPE. %, P=
20, 95 % ,
H,, CO#CH, =M BHSIEERAR LR AERMEL (9-
24), FERR O RNATREE PR . —R{MVEBFAREEAMANER, B
AR, LA CO B,

CO+%OE —-CO, (9-28)

TREERHGRNIER, ERSmR{E RN, L1 CO HBE. H
B b B2 R g

(9-27)

CO+0——CO, + Ze (9-29)
i (9-29) 5 (9-24) AR A R .
1o,(55)4+0c0 —CO, (9-30)

2
H,. CO # CH, M SR R # ol RS S AR AR, LLCO
F 8

1
P . P2
RT oo 0,
. 1]
E=E'+%7In Pa

LAATHEAZD B, PSRRI, ) E NAE,

(9-31)
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HE#; H,. CH, 11 CO #A ZD, Eiff—%
HEE B _ MM EEELEEX EHE
K. HIEW., 8B EREEZD Li=4 8
AEEERAKH. WERSP 10p2L/L O, ¥
PR ) 10mV BB, BFEL, ZD RSB H
BEFTIOHAEMNT, 8 9-44 AHREE A,

. BEERERERENEE

1. gk :

ZD MYEREIFIE R R UE AR I, /\

ZD 3 H., O, ¥R MRA 0. 1xL/L, X
CH.,. CO % 0.5uL/L, EREHEIL TCD 5
10~100 %,

ZD XXt AL it SR R A g . B Atb
W&, i1 N,, Ar, He. Ne, Ke. Xe S
HiEHXmE . BFHhEsxEE. HZDHE
AR RS (S 99.999%)
W B R IE . RREET Ay, B4 ZDATAHE
B5h, BT ZD BRA TN, UL, EXERE. BREFHR. £
HEZRMEE/), FEREZFHEERE.

ZDTEO. 1~10uL/L AR, MNESHERERBFREXLRE. R
& 9-45,

2. W&k

WA R AR ISR ZD BIERE — AR, B

ZDRRBEMESPRASRABR/ I MBARKE L. BLHE 9-46. 5
b, B FPEFEHELE. TREYRBERBERG. ik, BERE
MMENEE. B AeX ETHUNEH.. COEHy ., BRSAE
IREAD. EBSPESRAE, RRANTREERT, SHIW
MR, SMEPLEWMARK, THRAMBA SR E, b, £
REERGHET . TARCEEHOLNELEREEALESA.

H, (10, 2p1./1.)

CH (9. 8ul/L)

CO(9. 8ul./1.)

Oy (1001}




J60

0G0

H/mV
2

I

-
L

1L

175 B2 vt D

07 1 10 T00 1000
HRS/ (/L)

Bo-45 MEEAELRRXER
BAERBEFE 220~250mV A5 8HH.,

CH {10 24171,

Hy(11. 0pl/1)

Wil 17 S m Y

CO(11. 3uL/1.)

llllllll

EEHEE/ mV
#EF O TR

A 9-48 TP HT R W REM KA

ZD B0 R EFE B S RE K 60~100mL/min EER, KR EHS D
MK, WA S-47, HHEIMERK, ERSTHR, RIEMNLIMZF
AR,
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F
30t CH,(10. 2L./1.)
-~ ./”,//__._
E -
s
g 2}
g: [ /HZ(IIGFIJL}
10 F
L bt CO(I1. 3ul/L)
PR . 1 Il i 1 1 L
700 5 B0 O BR 90 95 100 10S
B SHE/ (ml/min}

M 9-47 i 2 0 e B B Y B v
ZD @R E wni A —F AW, 600~700°CEY, WA {HRERE
M H B A, 7 700~750CHt, MBS K, BN RAECLEE.
BEESEABE, MEETRE, BB 9-48.

O, (2. 4pl./1.)
3.0F

CH (L. 6pl /L

L TR

1(-:‘/‘_\
Ho (1. 0ul /1)

['_ T T CO(LL /L)
GO0 700 360 360
BWME LERE/C

B 9-48 ZD i AL X ol R (HAY B W
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F1+E RNUFPASKENZE

CR ]

Tt

BEIHAEMKBRMAENZAARMIEN. KGR —ENRNE
B HREAHESRERE, THERMNGHSRME, ZERE
W (F) TRESEGE—R,. RNEHEH,. B3N (&) &
MERFER .

MER. EESMEERT AN BB FFIE, HENE5>RETF L
EZ M 8 E S KM E (combination of multiple detector) £ 20

HE, BRI 10 K83, HRIT S B AR i & R 89 35
Fik, ERSHAESNTIENEAREAZ—, ANEEZRTD.

A BERG X R MU RS ATAR -G O R . RRY EL AR = EEATIT R
. ]

He A
SRMBAAAPEFK: SRASM—KaAS,
—. SEAEE

BRSNS, BENENRERELRGAT, FHBR
() FBEMA N, BAFENSHASE—E, MR—-#FaF (R
) BAARMEEE. kA s

. EREHER, W ARTEF
EATHAES. 7ERA5ERETIHIRAHFA:
L —aERE. ik, DENssgs (B 10-1 )]
EHREE. RIEHERR, #FAFEGNMSNATEES. 55
RIFH A WAL HE, BRENY. ZHERAAPTER.: (DHEK
Ry — T K 25 0 B JE e R 88 , 40 TCD. PID, HID, IRD %;

B A0l BB RS, W FID. NPD, MSD % ; @)X #6 WH 33 1
FomENIRPETE, EETEREEMARKS,, XHEMBHEER,
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(B

A {3-@)

| I,
(a) B {b}

— @ {1

{c) {d)

A 10-1 HiEds A REE

NIk MSmATE, A TREEN.

HEASFHMERBMREBRARNEN, FEALAFX, MAA
FR 2,

2. —WHERE. BHE. W (L) RS (B 10-1 (bY]

BARAREEGEIRBHERBYFER (£ RUE. A
SR, #FE () BRELEFEFYSKAANES . EitEwE e,
Wamtbit A, BAXEEHFSEREE, BRSASHERED,
RERNENERFERAREE. ZHFAEEERABR GRS 5K
2, DBRTREMERMMEE, ERWELEEHE.

FR 1L FR2FERT—REXEZNSW, EXRE i
i, BEEFRFA 3

3. —WHEEE. . NRMEHE [E10-1 (o]

ZARXERMATIRL, F_REE—SEWwH. JEHA 8
AREECERSE, ARNAERNISN. Fat, G AHA-HF
MRS, ETHTRB RN LR, NS ES TN EE,

4. TRHE. D, NENMEaNRIAEE [H 10-1 d))
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TEAER, FBR, BXFTERMEMENE R, ALK, H
MEEER T pMMP . HEMIBRG, B\ KHE, athatEaxs
Bk,

5. BHESHAE

FHSHEERR IR ARXRMEAEN#TH. FEKRE
G ATFEREMFEETINSTE. R, IEFFERRREX
AR, RHENEHEFELE. AXESESHAEATBSEAMN
£ { OIEKHER)Y 5.

=, —#%AsE

ZrWEE WA NERE, REE Y TEAWAMRERS. HE
iIT¥EF—i&, GESFHMOSYHAMEREE. TRREGRRE (8) 4
ARG OEE, A 45, EERATHE, BhTEEXKRWE
BAEFT (A7) M&. HAAFARBERN . S TEE T LT
By, FICmBEN —FASRNEE TR,

1. FPD AR5 FID —f&

1968 SFEHi. BRI FPD [ajttt), — gkt 4 A7 5] 6 48 B ¥ £ 15
B, FiElE. XA T LR FPD 5 FID —4f&, [ati#d = #1550
B, IR FID/FPD Mk b, BIxtie2E, &8, RiksPak. g
B FPD BF R ML F A S, ftn HP6890 K 3y S, P Wk FPD, B % GC-
TAZFPDH FID%. ATERER—BEE KB F™4% FPD M FID
AMES, L. FID REEMRTER FID. (UERBA.

KA, Tzanani 1 Amiravi ¥ Bk FID Mk o FPD &6 F—4&,
SR B kG E R MR (pulsed flame photometric 1onization
detector, PFPID) il Mgt & C. S. PE N L& . A TE LR
FEE A G CEEBEABPRE, S, PENEEZABPREAE,
Bah, ERARMABARKSY., Bk, ERSEMEENLT T
E Bk b EID 1k b FPD K E, @ 10-2 F LR RH % PFPID L
By 5,35 S .

2. B KM 8% (pulsed discharge detector. PDDV

1995 4F Valco {384\ Al ¥t T & PDECD.PDHID # PDPID F—




J68

-1

{a} PFID
| ‘5\
(b) PFPD Gk B4 g i 3 t ;
B 8/ min
(c) PFPD BE{E 5

B 10-2  PFPID &7 i 5 0 £ W 6 i
1--EB B 2-MEBE: 3—RE, 4 -NEEN; S—HERE _FEE.
f—imE;, TR,
W, 2.3.6.7 % 1mg/g: 4 R 10pg/gs 5K 20pg/g

ik PDDY!, K54 PDECD (LA 5-21). PDD @ % £ A T 8 /& il
2542, 1996 4 Wentworth ¥R, 7E—~W a4 Hr, PDD i) I f £
e MERERE., 7 PDECD i, BMARREBRS, ™
BT, “RESEETIM—20V (E) # (—1~—4) V (E). 0
@R ERRERREE NS, B E, @E—200V. A A PDECD
k¢ F PDHID. A #H E Ar B, Kr-PDPID, {8 w4 el ., X £57
e HE 4~9s BIAISERL. A L. E— KA il B Pl {E AR 4E 2 E A
WS FmRr. 103 EER. BARAENZPERKEER. &
PDHID <H) # PDECD (E) FUEREREHBRWOEE. LBE
10-2 (a), B 10-2 (b) BWEMUBH, —H®PHK (. FFE (D M
#% (10) 7£ PDHID F#9%pz X F PDECD. 1,1,2-=Z8Z4% (8) —
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10

{a) PDHID

(L) PDECD

R 18]/ min
(¢) PDECD, PDHID ¥

E10-3 & PDECD # PDHID k4. #fE Az 6i%HE
--HREE (3. 86ng): 2— B (36.8pg); 3—1.1.1-=MZ4% (1.67pg):
4 PR (0. 3%g. HM) 5—ZHIH (37.0pg): 6—1.2-ZEHARK

(2. 90ng); 7—PIE (2.20ng); 8—1,1.2-=XZIK (1. 80ng); 9— MM
ZH (0.38pg)s 10 -F|HE (2.90ng)y 11— M 8BS HHARRARE

FHR Y., mMHEMES AELS YA MEE N PDECD XF
PDHID, BT —k#tdE, RRAREDE—F O%EA EHYRES IR
KAWL, MEERMERH. CH “H-E-H-E-H-E-H” #RE#H1E
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PIREIEE. & 10011 ZRIAERED 10s, BEERFER,
A, SEHEECHEET FID. NPD # FPD —{& 94 &% M 58,

FBEF W N K

MG FriR . HFREMNBJINARESHE DRI RAE. W FID
MZHH MM, M 10. 2¢V & PID 382 M5 2RI B L FID 4
BIA5~10 f110~20 4% . BEtt, BATHOT R A LRk —HEE
AN SV . PR I35 me L L R 2 45 M 25 e h A R A9 B IR K T,
HEEXHBET —HEEPEARECNB LOMENL. BN aR=
¥ RRESERE (GUERE/EEMS BRI WL L RtEE/
PEFE T R AR R AT L AN 2 PR /o R R W 3R 0 B b A Y TR W
R E, MEMHSREN B[R HE. DEsE,

—. BXMiH

EALEH OO AWML (detector tesponse ratio, DRR)
RIETEE—TRABAE _NMEH) ERE EHEYMEHEZLL. E
wf A E AR A (0-D Rk (10-2) .

A, A
DI{R: (AL'lfASJ)I‘{(ALE/‘As,z) =A"-1An'i { 10‘1 }
LI | X.
_HI.IHS.Z _
DRRh_Ha.le'z (10 2)

HP  DRR. DRR,-— 435 Ay i T F 50 0k 5 90 i b 5
Aca~ Ac— 4B R AGGE (S L PER N
1 o o7 p e v R
Ay A~ A NAEE (B LEPTERYE
2 k) i f e T AR
H.,. H.,. Ho,. H,—x, s, 1, 2 &5 &R ELL.
. BREN/ERAYE GUEAE/ SR RRREELL
FID (&Y ERERMEE, DU ER, 5HMEEEGRES,
I PID. TIDHAE, ES5WENMENYHEREMHID HE, A3
4y B gl i FID Fns 54 3 3% 49 W R KR4 .

Frd wersmmiee o EE wam
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1. PID/FID mghy H;

Driscoll VPR TR, PI52-02HT # 5 PID # FID 2B, Bp
HEFX I AR TRE.BENFERBE AN H<2.2~4 M1 5~10,
Nuimagul # Cronn" IS £ HEE. CBEEH I MERPID &5
FID#BXAE, HikfTTHHE, FRANE 10-1.

% 10-1 IE¥4L AW PID/FID L DRR il

11 1
o DRRN] DERRL2]
E¥&E=1.00 B 3E =100 BE=100

R 0 42 2 4
IERR 1. 29 7 7
EE¥Fx 1. 00 5 8
IEE&® 1. 60 8 14
IE21% 2. 00 10 16
1-2 4 14. 4 74 59
2- B i 17.1 88 57
1- 548 10. 5 54 44
1- T 4% 0. 6 49 52
1- 5448 g 9 46 38
¥ 26. 5 137 112
B ¥ 19. 4 100 100
% 3 17. 6 91 87
o THE 16. 7 85 77
REEE 13. 4 69 79

Cox Ml Earp™™fff 60m KR EMEHEHE, B 1: 1 SR EHBKY
PID (10. 2¢V) FIFID ¥ #23, MWASHK 2. METHESSP 1431
HULAR I AL b . 8. ATHIEEERAE R P A o aiER,

Wirke, . HEoywWN L E 10-1, 8. BHSNGR 3 L
RE LR 10-2,

F 10-2 RESSTRWHRSE 0@ PID/FID BRa 52 Lk

5% REME/] g0 At REME/ | e
miti min
A .13
Iy 5. 84 Z BLE 16. 70 66
i) -3 9. 87 84 14 18. 35 56
wTE 12. 78 67 X
TR 14.15 60 AN 10, 05 160
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g%

P ﬂﬁﬂ_ﬂﬂ! DRlel o ﬁﬁifﬂ‘lﬁlf DRR
min miln
W% ERBEREAER
TH 14. 70 153 BN 5. 71 53
2-NW 8. 09 105 % 23. 77 150
- 18. 47 141 1,1- =K Z#% 11.12 190
i R-1.2-— 8% 13. 29 410
— B 5 4. 80 o | =®z#% 18. 58 300
— R4 6. 97 0 M-1,3-Z“HFB 19. 86 124
EZiR 7.73 0 E-1.3-2HF*% 20. G9 129
=EEPR 9. 33 o 3 X Z & 22. 76 280
ZHR R 11. 71 0 HEPE 27. 32 124
L= W5 13. 16 0 fel] 4 P 34 27. 43 135
=EE IR 15. 30 0 bog AR S 27. 50 130
1.1,1- =82 % 5. 14 0 B — ¥ % 29. 14 154
1.2- ML= 16. 42 0 s g . 3 20, 35 155
R Rk 17,22 0 $EX 30. 18 137
— R HEE 18. 55 0 || WHRLSY
1+ 2-Z_WMAKR 1§. 10 0 B 6. fi4 650
1.1.2-=RIE 20, 82 0 2.0 10. 23 350
ZREPRE 21. 68 0 THH 19. 06 133
1.1.2.2-UMZ % 25.53 3 L'f--R 30 22, 27 185

T PR3N 100 Z B H.

Bemgard fil Colmsjo I B A BHEASF R IMETERFH
(PAHs) HIER L BT FH 2 MAE it . AR B S M DRRA R & 10-3 I
* 10-4,

% 10-3 PAHs ZEPID/FID LM RNEWME L (FE=1. 000>

" DRR DRRy,
aeidls & 10.2eV | 6.5V | 10.2¢V | 9.5eV bt
0 ARE 1- 439 — 1. 281 — —
1 i 1.543 1. 231 1. 472 1. 252 300. 00
2 w 1.277 1. 257 1. 241 1. 323 301. 64
wE (R 1. 000 1. 000 1. 0G0 1. 000 345. 26
3 =3 1. 043 0. 912 . 990 0. 904 352. 61
4 XH (al & 1. 310 1.097 1. 275 1. 196 367. 32
5 |¥H [o] X 1. 321 1. 729 1.297 1. 808 398. 70
6 =] 1. 189 1. 292 1. 235 1. 265 400. 00
7 R (2] KK 1. 018 1. 170 1. 216 1. 235 442. 56
8 |¥¥ (] & 1.119 1. 251 1. 028 1. 203 450,73

T Y S



373

s ]
' DRR DRR),
.

Sl hat T0.2ev | 950V | 10.2ev | o 5ev | FRIEK
9 F£H [«] T 1. 103 1. 456 1. 082 1. 520 453. 44
10 =15 1242 1. 051 1. 213 1. 070 456. 22
11 [#3¥# [1.2.3-4] & 0. 981 1. 323 1.042 1. 453 181. B7
12 |Z%% la. 2] K 1.178 1. 911 1. 506 2. 290 495. 45
13 | %E#H (ghir IE 0. 987 1. 102 1. 020 1. 176 501. 32
14 | & 0. 926 0. 890 1. 015 0. 991 -
15 | %XH (6. ] & 1. 386 1. 842 1. 943 2. 28% -

® 10-4 B Z ¥ E PID/FID LR HR{EM DRR, &

e & FEEWN| DRR, | FS ft5% fREfE%; DRR.
1 |3 300.00 | 1.47 [ 12 [4.,5-ZPXEF 342.49 | 1.38
2 X 301.64 | 1.24 13 {9,10-—F RIE 343.49 | 1.39
3 |3-REFE 319.60 | 1.47 finNE [EH 345.26 | 1.00
4 |2-FARFE 220.48 | 1.44 14 |& 352.91 | OO0
5 |2-FEH 321.86 | .21 | 15 |s-FEHHE 363.48 | 1.06
6 |1I-REX 323.67 | 1.24 | 15 |7-PR%EX 366.41 | 1.16
7 |1-FHEIE 324.25 | 135 17 | %H(alP 367.32 | 1.15
B |9-F&E 334.73 | 1.23 18 {2- P Mp 370,43 { 1.02
9 |1.8-— &I 337.45 | 1.41 19 | XEH#[6)H 371.82 | 1.17
10 |2,7-— ¥ 338.81 | 1.49% || 20 l4-FFEHE 373.63 | 1.10
11 |3.6--ERH 343.68 | 1.31 21 [1-FAXEg 374.72 | 1.06

2. TID/FID WLt
Mitra FUIRAR RN MET SR USSP DRRARKEN
fR, W% 10-5, 82509 DRR HM S F RN TR, SXAESWREA
x4, BTERASY.

® 10-5 TID®/FID i DRR ERIR MR

wae pry | RER/ wa prr | BRI
g ST 1.3 42 —
Pl 18 0.18 Al 3 -
RS 14 0.17 BZK 11 -
1-A M 13 0.18 FERTER 6 0. 29
gl 3 — XM 5 ——
™ 8 - V. 0.5 —
¥ 4 — A L 4 0. 43
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mR

L& DRR ﬂff" ey DRR ﬁfgw

AELED 1,1-—8MZK 43 —-

LBl 3 — 1,2-—MZ 5K 32 il 08
XBiLEH 1,1,1- =8 7% 30 —

M 40 0. 10 =% P 60 —_—

N.N- 3R R 2 — : 3 0.6 —
F&Lat 1,2-—H* 4 —

3-W-1.2-FR AR 70 0. 04 iy 120 —

t £:5 -] 123 -

@ TID & % TID-1-N, M REE . £ N, IR bk,

3. HID/FID W35 H, '
Hunter U9IHFR 2 WASPRESLY#TEN. B HID i
RYEERBFFID, EEU1: L3P RES RS S HEA HID A
FID, % 10-6 RAFREF YL F{YE HID/FID L8 DRR 8.

®10-¢6 EEFHWE HID/FID £ DRR &

&t DRE that DRE et DRR
Z-HENE 1.4 et F 3.1 AN 9.0
SFRENRK 4.3 1,3.5-=H ¥ I 36 [ RTHE 6.7
o 4.3 I11.2.4-=HE 3.5 PEZIEEN 7.1
|, §:71 4. 4 RR_% 5.9 (XEPE 5.0
* 2.8 PR =300 §1.1.1-=®7 % 17. 6
B3 2.9 | @K 1.6 | HEt 11.1
Zx 3.0 C2] . | 12. 1
/8] — B ¥ 3.1 .- 10. 9

% 10-6 ¥ HID f XM R F FID, 2 & EH LY, W
R HID Ema iy ik FID X 300 fFLL E.
=, REEME/AFENERUENLA L
HEHAEHY, H ECD/FPD, ECD/NPD &, $ERATFRGNE
€., BH ECD/PID £ 5.
1. ECD/FPD mg )i tt,
Bicchi Z"AFX 2 METAMHEHAYWDRRE. #FHTHEMR
SErhRARE/ME. T 10-7FHB TARRGHERE. FEEREREES
W CRE&Y 1.2 f13) BRIMNERBEIER U MDRRE. LR =1 DRR
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{605 ¥ H 8
X107 FESRETH I ECD/FPD M
] Ov-1 g0 OV-1701-OH &2
R &H I DRE (B 1) | DRR (B 2 I DRRE (B D ¥
. 34 1743 . 58 . 60 1979 0. 56 0. 58
A 2% T . B 1811 3.086 2. 95 — — 3,01
R 2% % FE W 1820 1.93 4. 67 2085 4.79 4. 80
v o6 % 1919 1. 11 1.15 2225 1. 10 1.12
IR 2037 1. 38 1. 43 2375 1. 38 1.39
FR 3" 2223 1.23 1. 30 2521 1. 22 1.25
g4 2420 1. 62 1.55 - — .59
th 7 9% 2441 3.97 3. 66 2865 3.56 3.73

(It 25m X 0. 25mm X 0. 3pm OV-1;
@ 285m0, 25mm K 0. 15pm OV-1701-0OH.,

2. ECD/PID w5y L,
Krull " HERX 2 IR THERSZ. BRZREEME PAH 3
iy DRR. . SR W& 10-8,

2 10-8 PAH. IR E{L AWE ECD/PID = DRR, {&

itay DRE, a3 Dby
SIHEF % 1. 60 % <108
] S B R 1. G5 .4 8.83% 103
HIHER E 0. 68 t® 3.04%1072
23T AEPE 186. 3 S-RME-1,2-—FLH ). 97
24 ZIHEPE 540 - HER 3. 78
Z.6- T EPE 222. 4 - 4. 64
T A-THHESRX 277.5 9-FN T 1. 81
1.2- 8 {keh 1.34x 104 XL 5. 89
=3 2. 80103

F 10-8 PIURIE ) DRR, EEHB KA. BHEESKEE ECD
FHRFEERW PID GARINRER, BENMOHE DRR, HAE
FAY, T #5412 ECD 4% DRR, AR PID X 2 K&
FLL L BEFRFIENER : ECD b PID /s 2~6 -ME % ; Wi H8 57 B 58
FWA PAH, XS F 5SHMENRAMMIFEMRL. L, ECD/
PID G &MERBEYRRXEASHOUESLTSTEA.
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T, %ikiEiE /i P 9 0% I AT b

BAREEALSRMEBRETESMNEEBFR, BXRE4Hs
BB 1) % F (BN A8 . B Wenlworth U748 ) A 001~ 4 W 8% 5k A
. A 30m X 0. 25mm X 0. 25um Ritx-5 TR EAERTE, &
EELESTIE, SEaZ UM EEH 0. 33m X 0. 05mm X 0. 05xm DB-5
MULTELHAEE,. SR EANT KNS FID, Ar-PDPID, Kr-
PDPID #1 He-PDPID, LLiE & i) He-PDPID h & tuiaM2E. X HH
. METARSEEEG 13 28 127 M-S Y8948 55 8 {5 Fum 57 L
£10-9 LAAMEAEIF . AHTH 20 LEPHXLEE. 51
WEPBEENSTRETHEMBLSYHFERE. SERES HERE D
HENE W, XS5kl BEt, THENGIEESTRRPEHE.

%109 REGESWARNRD AL LK

DRR
ety ( xﬁ??oim FID/He- Ar-PDPID/ | Kr-PDPID/
FDPID He-FDPID He-PDPID

B8 0. 47417 0. 49412 0. 72398 0. 0075
L 0. 47937 0. 548 0. 57236 i 1539
.. | 0. 51152 0.73425 0. 48529 0. 0406
-1 0. 53924 1. 2267 0. 74068 0. 3986
7. W (t. 54394 &, 94727 0, 03544 0. 045
] ;] . 54597 0. 84618 0. 14658 0. 4157
[y 0. 54977 1- 02318 0. 70226 0, 0404
RAM 0. 55048 0. 71188 0. 45641 0. 0453
&3 0. 55134 0. 72717 0. 56616 0. 4715
2-MER 0. 55653 0. 80584 0. 63089 it 0254
B 0. 55925 8. 74075 0.57438 0. 3231
2-PR-2-TH 0. 57618 1. 125983 0, 67439 0. 4911
R 0. 58033 0. 32337 2. 00935 2. 1856
2-HE-2-FM 0. 58518 0. $4403 0.41114 1. D804
#HAM-113 0. 58777 0. 28147 0. 02731 0. 0232
T 4 1. 58842 1. 22002 0. 82595 0, 0334
2.2- "R BT 0. 59413 0. 93579 0. 58076 0. 0621
“HER 0. 60014 (. 27785 0. 8297 0262
1-BE® (. 62231 0. 72418 0. 74839 0. 0184
Frh A 0. 63715 1. 15275 0. TO006 0. 4803
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S U A 5

HE. ZEMSHESNHEZSRE, EXEATF_rm: OBW
R LE X AR HE & AT 5 B 2265 @l MSD 3 F,IRD 1 AED
EHRE, ERDHASOHERSITRMESE. kA, CHATEH 6,
T A3 Bt i - B py FISEf .

—, AR sERN

Bl 1~3 S5 RAWA R o Sk e s i g B4, s AMAS—#
W iz 53 28 ¥ )

1 k. B, FRHEE. B 104 BEFRESHEPID 5 FID
FRfEEE. IRXRN 100, R THP 23 M EMER L, F44
W o R X R i T S . S5 R R 10-10, X R PID/FID .t %
0~-43, Hi2H 44~88, FBR 75~158., A4S, WIEFH. FT
MR PEESE, T DRRA{ESFRERERELR, BREEEE b,
(ENESFF LB KA 22 DRREEATE L FEHEN . BE 101,
3 10-2,

FL10-10 EREAFEEFTHLEEDEIRMEL

DRE DRRE

B k& (F¥E=100) S haw (HF=1om

1 |ETH 13 | ¥ 81

2 (2.3 ERRETKR 4 14 | RPHIR] W ¥ 116

3|2 HENE 3 15 (- * g2

1 - RN 3 is |IETHH® 25

5 i- 24 75 17 | REEE 134

6 (2.4-THRERE 15 18 |EREE 1013

7 * 129 19 [MHZERE 6

g8 j2.3-PERE 40 20 |L1.3.5-=FRXE 158

9 [3-PEDK 12 21 |HZEPE 105

10 [2.2.4-ZHREKR 23 22 [1,2,4 ZPH% i 123

11 |[BE 100 23 |1.2,3-=HE¥ ! g5

12 | E¥® 22 ;

Bl ZERFEZEHERE. B 10-5 9 #EHEEBMN PAH 320
PID(10. 2eV) 5@ . B 10-5¢(b) 3 HA 10-5) K BTH X HE ., H&E10-4
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Wl LA A

i

RIERE

1t

M

{0

[RE1 3

T 11 14 L& h ay
(R
fu 14 —1'.5“
4
13F 4 -
B 24
|
'I'. ¥ ! |
AW L
a1 h !
At . 11> ¥ 1'.I'.I"
(TRAUTEER
|
R I L ] __ - 4 R
CatPln)
it
11
1 L
Fd % 15

U T L — i - f e
141 10 k) 10
W il pm
(hitin

[ 10-4 PRz S#E%E PID 5 FID L4 &35
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