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AL, RECHHIRLBVEEYRT. 20X 5K,
COMOBEERILAMIEROBIBRMBEOE I X -
THEERKERES A LR, BRESCED O E S 3Hl
T 570, FEREEROSHNEELRAR E /o> T
5. BSEHERMEOBHMES T CE, GC/MS ok %5
WA+ v (SIM) C, &L OhENBEHOBERS

* RIRTSLBER LR ¢ 543 RBUFARIRTRE
FXE LH 8-34

il

HEEDE=Z2 —A A VERACTERETHERDO B,
BT T %435, HBilko X 5 I BERMAR O 5 5
2 MS DR BWCTL BOTHET, F+E5) —
GC (T GC LBEED) OFE\ DT KETHEC
AR EL.

DX S e, SEEYERT S GC/MS T,
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Bth, ZFELI-TF+ ) ¥ —HAD FIGHERET
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2.1 GC/MS HIEE4

GC/MS : AATZTFH JMS-DX303 BB iiEEIc
Hewlett Packard #! 5890A s x /7 v~ } /5 7 SR
LTERALE. F+ Y5 Y —h 7 a3 4 4 viRIICHEER
AL, RBOFTEARATY v FVARKIZX » TfT - 7.
HEADREL 240°C, B0 1 4+ vk EFEEE,
1A VILEEE 75V, 1+ {bEIZ 300pA TH 5.
HBEAA VORI, ~AZr<Fr57 44— (MQ)
Xix SIM 2HWT T, v 7y vsrv— iz MG
<z 0.5 # (m/z 200~400), SIM it 10ch 1T,
F— 2 ZERYAL, iz JMA-DA5S000 5 — & o if o
25 AV TH - .

GC & :n-7 L HhvEBvisEEk (TZ) oBlwix
Hewlett Packard #! Ultra 1 gV 2 F v ¥ 5 U —
#5 A (25mx0.31 gmm, EE 0.52um) 2 A, H
e 735 a0k, 80°C » 5 270°C % © 4°C/min
ThDH. Fy V¥ —HF AT~ wa (ME 99.9999 DL
) 2RV, FEMBROS S AAREL 10kPa 55
110kPa Fc#fbax g/, FEBRKBEREETCOF + ) ¥ —
HADFHEEE (LT Uy T&ET) oBlERE, A2y
FAOBEHEEMEEWLL, # 7 AEIZELERATERL
TkDIZ.

TCDD 4347 &t gk oI 3 v Tk, Supelco
%1 SP-2331 R VA ¥+ ¥ 5 Y —H F & (60mX
0.32 gmm, fEJF 0.20pm) AV, EET w7 A
100 °C # 5 200°C % T#% 20°C/min, &\ T 245 °C
% 1~10°C/min o4 ® FREE T HEL 7.
R, FRiEEEE OHF AAQDER 70~210kPa o #iF
TSR

2.2 = ¥

TN AVIRSUWE ¥R v TES Standard Mix %
~F ¥ i 10pg/ml OIRFEICHRD X SICHRL TRV
7.

TCDD # 5 Av:aE5 A + F#E#E : Cambridge Isotope
Laboratory #® E itk 1,2,3,4-TCDD, 2,3,7,8-
TCDD, 1,2,3,7-/1,2,3,8-TCDD % % lpg/ml i,
1,2,7,8-/1,4,7,8-TCDD % 1.5pg/ml (2% % X 5 i F
FhAVERAWTHRL TRV, NEHEICHVE 2,3,
7,8-TCDD-13C U. L. (—# > -~) i 999 Lk
(T4 v F—7%iEE 9% bl1), X2,3,7,8-TCDF-8C
U. L. 3 90% (74 +—7$iE 9% HL) <
Radian Corporation ${ ¢ %.
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GC/MS Hitkt & L.
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13C-2,3,7,8-TCDD s+ 5 2,3,7,8-TCDD ol
WD HR D IR ER A AT
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Y — A ADREE & FEEED D T LD EE R E
T5.

Jones 57 B FHRGEHE L F + U ¥ — H ADFILH
A —# > homolog D BEREC T3 MBS HIE
GC CcHRFH LW s, MEROCAE GC L#Ecok
i SR TWiEWD T, WIE GC/MS Toh 5 A4y
e BB CcoOELE U L oBREFANL.

Ui #BLX ik XD n-7 5 v homolog D+
Fho@gFc Lo TZ o (bx@E L. Fig. 1
X B n-7 b v RER A E Y, Y it U
wrotclE o TZ ZRLic. Uiy %27t %, BLU
RFEBD 7 v v ORFERE (Tr) TD, TZ ORKfE
hHE%2 %5 U i3 50cm/s o< ehs. FRIBRHAEFD
F o V¥ —HADEEEE LD 5 ARED LR LI
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Fig. 1 Plot of TZ for alkanes as a function of

flow velocity (U;) and elution volume ex-
pressed by carbon number

Column : 25mx0.31mm id., 0.52pm film
thickness Hewlett-Packard Ultra 1 fused silica
capillary; Temperature program : 80 °C to 270°
C at a rate of 4 °C/min; Injection : splitless,
220 °C; Mass spectrometry : electron impact
70 eV, ion source 250 °C

EFL, Cu © Ty THh5H 240°C T2, U; © 83%
Cicote. LOPLARBRILISLF + ) ¥ —H ADFHEE
EDETEr»b b3, TZ okkfix 525 U, 13—
ET 50cm/s OFBECHD.

Fig. | o#EF1x, Jones L3 4 DILEWICO\WTE
FE - BEEHTT - ERER AR, BE - BESK
tETcoHn 5 208 U kT AL, X5 alR
EHNELLTH, A0 TZ Exb5 25 U, &L
HWZEERRLTWAE., S Tffot -7 s Vel
WICEBERN D, BE - AREHETOH 5 A5 BED
m#HE, ¥ F—20FR e r5a0b LT U 2%
T, ToORMEEZRD, KCTREHB Uiob ET
AREE () ORBEZRD S L5 Tl 2Bl X
W ERSh otk

3.2 2,3,7,8-TCDD OHREICRIZITHREREDEE

TCDD REROBBRAMEIC X - T 22 BOMERKE
HRby, TD5H 2,3, 7,8 MIcERY Fo o BitK
o BEEICH L CRRICH VGBS Y RT. Fo7:
% 2,3,7,8-TCDD 4% FRECHBERT S = & 250
.

Fig. 2 w RREEY—E (2°C/min) L L, U; ##&
BEELZRwi-L %D TCDD BAEERED < A F r—=
b 25 A%RLE. X, Table 1 & 1,4,7,8-TCDD &
2,3,7,8TCDD DD/ EEE (R) & U; R RL
fo. Thbix Up 8 39.2em/s TOHBERRETH S

KAGAKU Vol. 36 (1987)

Fig. 2 Mass chromatograms of column perform-
ance test mixture of TCDDs obtained at
different flow velocity

Column : 60m %X 0.32 mm i.d., 0.25 pm film thick-
ness Supelco SP-2331 fused silica capillary;
Temperature program : 100 °C to 200 °C at a
rate of 20 °C/min then to 245 °C at a rate of
2 °C/min; Injection : splitless, 240 °C; Flow
velocity : (A) 26.7cm/s, (B) 32.8cm/s, (C)
39.2cm/s, (D) 50.8 cm/s; TCDD isomers : (1)
1,4,7,8-, (2) 2,3,7,8-, (3) 1,2,3,4-, (4) 1,2,3,7/
1,2,3,8, (bG) 1,2,7,8-tetrachlorodibenzo-p-di-
oxins; Monitor ion : m/z 320

Table 1 Effect of initial flow velocity (U;) on
retention time (¢g) and resolution (R) be-
tween 1,4,7,8- and 2,3,7,8-TCDD under
temperature programmed condition

Ui/em s-!  tr/min R Ugr®) /cm s~1 TgrDP)/°C
26.7 22.45 1.18 15.7 214
32.8 20.45 1.49 28.3 209
39.2 18.82 1.66 33.9 206
44.8 17.56 1.58 38.9 203
50.8 16.51 1.39 44 .2 201
57.1 15.63 1.27 49.8 195

a) Average linear velocity at retention temperature of
2,3,7,8-TCDD, b) Retention temperature of 2,3,7,8-
TCDD

ZE'RRLTCWA. ZDEXD 2,3,7,8TCDD fF#
EET 206°C ¢ R121.66 TH5. RN 15DLx
oD Y- 7 DY 60 (99.7%) THDHZ b, =
LhERBLRhA Uiz, r 28 2°C/min T3 39.2
b 44.8cm/s ThH E 2D,

33 2,3,7,8-TCDD O S5YM(C R (T 9 FREBE DR
Habgood LY X hiE, #+ €5V — GC 0FES
Mk 2BHAE— 7 D5BEEL R=Rjyyv 7 /4 THX

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

E: I

B, TN BRSOREY — 7 OBREE, R
LB BERE (intrinsic resolution) THRATEINS .

R-=£ _(S%L
! T (VTR)av

Fiix » ) v —# ADWE, 71X FEEE, ATr 25
BT 2 OO E Y — 7 ORBRIEDE, Vie BRHE
v— 70 REFREC KT S BREG TO REEE, av
OB HEICO\WTOEZYET.

CORND HHET F L r wBRTH, Ve &
ATg 3BEMVREINEF L rcl->THREDND, &
BoEELRET LM F & r #BHTHhHERWC
Licied. BECEE Uy BFiETRD LR T A0 5,
I U b ET R EZRRCTS 7 ZROEBWC
ER T A.

U, # 39.2cm/s L Lk &Dr % 1,2,3,5,7 RO
10 °C/min ¢ U CHEL, 2,3,7,8-TCDD k 1,4,7,8-
TCDD o4 % Table 2 wRlLtc. REBAREE
BIOER NS R>1.5 2FHELLTE2DE 3°C/
min YT CT50REBELD5 LERIND.

Table 2 Effect of temperature program rate on
retention temperature (7R) of 2,3,7,8-

TCDD and R between 1,4,7,8- and
2,3,7,8-TCDD
7/°C min—-1 Tr/°C Ugr?®) /cm s R
1 219 38.0 2.0
2 224 37.9 1.8
3 226 37.8 1.7
5 233 37.5 1.4
7 238 37.3 1.3
10 245 37.2 1.2

a) Average linear velocity at retention temperature of
2,3,7,8-TCDD

¥, Rt L THEHREYHEMRE TR L ODOM
¥Ex 7w, 5 LEBEFRIES RS (Fig 3). &
DAL, » 7 2DBELFORTICERAEELMS.

3.4 EiREGh O TCDD, TCDF F4i~ADGHA
BRI Y AV B R~ 5, 2,3,7,8-TCDD ©
GC/MS 12 X ¥kt & LT U;=39.2cm/s, FiRE
[ 3°C/min S FHRRBETHD I ENGH 1. EBRO
BRI O, 2,3,7,8-TCDD r FEEED #Hikt
#7 2,3,7,8TCDF ffwTiHfriss LonEs
ch.

L L, TCDF % TCDD L CREHOE IS

B8, WA, B BEFEYWHEO X+ ¥ 5 Y — GC/MSIZRIFDH T A7 2 —&— 157
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Fig. 3 Relationship between resolution (R) of

TCDD isomers and retention tempera-
ture (T)

¢ (38 £&), #Fi 2,3,7,8-TCDF L 2,3,4,8TCDF
DRFEEREI WD TEL L TV A DT, HBETRED =
ENEL, X EE STSGHD Rt HE LS.

BEEMF O FEKAME B X b i L ke own T, ¢
) v — H ADEEEES 40, 45, 50 cm/s L%, mo5H

I.S. 2,3,7,8-TCDD

13C U.L.
LS. 2,3,7,8-TCDF

13C U.L.

IL

lL

w
o
w
—

2,3,7,8-TCDD
2,3,7,8-TCDF

T v ™ T

24 25 30 31

Retention time/min

Fig. 4 Mass fragmentgrams of TCDDs (m/z 320)
and TCDFs (m/z 308) extracted from
sludge of exhaust water treatment in
municipal solid waste incinerator

GC/MS condition is- the same as in Fig. 2 but
the flow velocity of 39.2cm/s and temperature
program of 1°C/min. Monitor ions for inter-
nal standards 13C-2,3,7,8-TCDD and TCDF
are m/z 332 and 320 respectively.
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FEEY 1,2 RO 3°C/min &L 3¢ Tooliskliz
BRI LR, ++ ) V=7 A0REES 0cem/s T,
S 3 °C/min LT C RIFA0BENE bR, M
#iz 1C-2,3,7,8-TCDD %AV o & Tk, HHEHBRA
0.02ng/g dry wt. THhH b, Table 3 Z/RT L 51D
B URSE A RS 3.7% (n=4) LRI NEE
B ohi. —JF, 2,3,7,8-TCDF iz 2°C/min
DREBEEETIIE—27 by 7OLNEEL, | °C/min T
709 Valley o/ Bic & &% -7 (Fig. 4).

Table 3 Analytical results of 2,3,7,8-TCDD in
the exhaust waste water treatment
sludge sample

Sample no. 2,3,7,8-TCDD/(ng/g dry wt.)

1 1.39
2 1.49
3 1.43
4 1.37
R.S.D., % 3.7
(1986 410 J, Hﬂréﬂﬁftf‘r’:é)
O35 AR BEVWT—EER
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Optimization of column parameters in capillary
GC/MS for analysis of environmental pollutants.
Minoru FukusHimma, Takeshi Yamamoro and Keiko
Masumoto (Department of Environmental Measure-
ment and Analysis, Osaka City Institute of Public
Health and Environmental Sciences, 8-34, Tojo-cho,
Tennoji-ku, Osaka-shi, Osaka 543)

Optimization of column parameters, namely the flow
rate of carricr gas and temperature program rate for a
determination of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 2,3,7,8-tetrachlorodibenzofuran(TCDF)
were performed using fused silica capillary column gas
chromatograph connected with mass spectrometer. Us-
ing homologues of straight chain alkanes(C;,~GC,,), sep-
aration numbers (TZ value) were determined at eight
different average linear velocity of carrier gas and
temperature program rate of 4 °C/min. The experimen-
tal results elucidated the over view of a change of sepa-
ration efficiency through the wide range of elution
temperatures and flow velocity of carrier gas. It was
suggested that flow velocity and column temperature
should be controlled for the improvement of separation
efficiency. The resolution (R) between closely eluting
TCDD isomer (1,4,7,8-TCDD) and 2,3,7,8-TCDD was
adopted as a parameter of separation. The average
linear velocity of 40 cm/s was found optimum in case
of using Supelco SP-2331 fused silica capillary column
(60 m>0.32 mm i.d., 0.2 pm film thickness). The re-
solution of 2,3,7,8-TCDD under the optimum flow
velocity was examined at six different temperature pro-
gram rate (1,2,3,5,7 and 10°C/min); and the tempera-
ture program rate of less than 3°C/min provides good
resolution of the isomer at the separation of 66 or
larger. Under the optimized operation condition of
GC/MS, relative standard deviation of determination
for 2,3,7,8-TCDD in sludge sample was 3.7%, and the
detection limit was 0.02 ng/g dry wt.

(Received October 20, 1986)

Keyword phrases
determination of dioxins and dibenzofurans by GC/
MS; optimization of capillary GC column parameters;
effect of flow velocity and temperature program on

column performance.
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