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B4k
Wi & B EWIEFICRERERTI (O 7)) O OMERHIEENE 1 ) ABRETHN, F
DR 1 ST 1 ABOERUT—F LUENZET T 5,

GRE GOMS =)

REFRE D T IER AL U 2 Tz - T, At n-7 0 > OfEEERED SRR D (REFR
2T 5 FEEFRALTHED, BAEEHFRO U T > a » 40 A0 7 TREHZEE L Tha,

— A fEORFFIE T —

RTT’ = RTC'n + (RTT - RTCn) X (RTC'n+1 — RTC'n) / (RTCn+1 — RTCn)

ZZT, RIT, RTCn, BURICn+l V&, T—FN— ANk L7488 T ROXT ORBICHIRT S n-7
VA Cn & Cotl OEEEETHS. F/-, RIT°, RICHn KURTCH+1 1, AEHIER O S8 T R OX
n-7 7 Cn & Cn+l DIRFERTH 5,

RO TRZT TR, T XN—AOMEERKIRICEIEST IC1L, 7 X—AElRF ER—0
GOMS &t (T 22 THET BHERH S, b, F—0 GOMS &AWL, OB TRIEL
e F— & bERTF—H N—A TR TH 5.

# 2 FH— A RO GCMS MESM:

1 FT—AIR—A%& BN EiEFE

GC/MS : B GCMS-QP 2010
734 @ J&W DB-5 ms, 30 m X 0.25 mm i.d., 0.25 um
A B B7L 140 C D)8 C/T—310C(55), HEAD :250C, FUATr-7{7 1300C, 14/ :200C
- PEAE 27 )ybA, 153N -
FU7-0 A : He, HRHFEE : d0om/Ad, EiiLEe-V
{AAGE: L BI, Fa-200 3% 5-5" 9bFa-2 (EPAmethod 625), A¥v @iBH : 33 ~600amu, A7l : 03845

GC/MS : Agilent 5973 GCMSD

775  HP-5MS (5% phenyl/95% methylsilicone) fused-silica capillary column, 30 m x 0.25 mm i.d., 0.25 um

film

A I3h: 70 °C(247), 25 °C/ar —150 °C, 3 °Cra3 —200 °C, 8 °C /43 —280 °C(1073), 10 °C/73 —300 °C;
B EAM:250°C; MUA77-717: 280 °C; {4/ 230 °C
oAk AT N, 250N -V

77 % : He, EEE-V

D5vyavi kil ; yonk’ 74445, 16.593453

14ALHE Bl Fa-2A4" # 04-5 9Ma-7 (EPA method 625), AFv iR : 33 ~600 amu,

A REE 1 0.35F0 A vy

(GOMS THEEERTIERE - &L B B OMEESTE & #HE)

AF—HR—AEANNUE, AEOIE TS ThN S HEMEORE ik %mo){’ﬁﬁmbw ) HAE
TdHdH, Lrl, ﬁ%*%ﬂt:ﬁibDﬁﬁlztnbuﬂ]ﬁﬁm%ﬂ%dﬂlm L CIEBMERS R THIY 5 & 361T, (REFFE
FH (FF-iOwy) OEDOBREGLILEND S, HL, EEBEOHENIHEREERELTNES
i, BEITSUTHEEH#C 5. EEMEETHIEEORNAPLTMIAEESL, R3DEBDTHS,




73 MEREHMIERYE, SVEE, IR R OPTE

Chemicals Check items

Criteria

Decafluorotriphenylphosphine (DFTPP)
Spectrum validity
trans-Nonachlor

Mass spectrum of DFTPP should meet the
mass intensity criteria of EPA method 1625.

Mass spectrum of nonachlor should be the
same as that of standard.

Inertness of a column and a

Benzidine, Pentachlorophenol GC inlet liner

Benzidine, pentachlorophenol and
2,4-dinitroaniline should be present at their
normal responses, and extreme peak tailing
should not be vistble.

4,4-DDT Inertness of a GC inlet liner

Degradation of DDT to DDD should not
exceed 2{) %.

1-CoHzg, n-Cy1Hpy, n-Ci3Hag, n-CisHs,

1-Cy7Hz4, n-CyHs, n-CagHs, n-CspHao,

n-Octanol, 2,4-Dichloroaniline,

2,6-Dichlorophenol,

Tris(2-chloroethyl)phosphate, Stability of response
Decafluorotriphenylphosphine ,

Benzothiazole, 2,4-Dinitroaniline, Benzidine,

trans-Nonachlor, 4,4-DDT

Pentachlorophenol, 2.4,6-Trinitrotoluene

Determination amounts of these compounds
should come in 95% confidence limits of the
mean values.

4-Chlorotoluene-dy, 1,4-Dichlorobenzene-d,,
Naphthalene-dg, Phenanthrene-d,q,
Acenaphthene-dq, Fluoranthene-d,g,
Chrysene-d;,, Peryiene-d;,

Internal standards

CERE R O & ZEEADOXIE)

FT—FN—ANERTFIATE 20 E S, Bl B-HOLI—) 2TE5RDRLDD,

7
P2 =]

Tt CE—fDTS—) EMECHIETESNITHP> TV, FOBITRHSNAREBOMNAT, &

FERRIOEMZ T (ME) Tha., 22T,

PR,

T R ZER O N4 DME %175 75,
TOFER, -7V 2 OEEHEIED S {45050 S S
Z TS 56 OFIREEL, #HiEfcibh

5 PHEBOMREFHID L3 BLUNTH o7 — ’
H, UF>iald a0y TR, ovs L
o) 73 A AF) (16593 43) MR

i
@ Onc HP 5973 GCMS, vnc ¢olumn, 5 injoclions !

W Onc OP-20110, 3 columns, 14 injcctions H T 4-

1 O Five QP-2010, one column, cach $ injections

FRRFEEN 5 13 EERR ORISR & DDk
E/2BDOD, FEREIMBI T,

Detected amount, xg

|
i

f

TrEFEI ) S B2 BEP TR FUHE
o CERICIRRTEE AeBimi, sl )
I ADETHD, RfmiEE GPC B L =D
ADMRITREETINL, ZOREEMN%T
P& e U 7E SR, 1V T R AAFY >
DT OOFV =N EREDMOIEA, T3
ENSKRES ATz, FREOT M) w7 2 %8
DHEBIZIET S5E, RESMNTHL DT
MMﬂ®7«»m%%/J//ZA47LT,
B S LN =Y O S VT o - Shab b S I B

=
o
4

&

[ES 1115

2.6-1Kmethylaniling

nCITI0E
a-C2UBGE |

Bearidine

Iy phophate

Byl henylphiatate

2,4-Dichlunvaniline
Tribut ylphng
A-Dinilsiunil

k4

X2 F—&N— X ORI E O B

. . , {BEL n- .
T RS TE B & 4 5115, TEAIRE © lug/ml, {EL n-C15H32 & n-C30H62 i3 2ug/mi



(ERBE)

T NR—ADEBREZHRT 2720, EHEEEEHIENES 1 ugn 284 OFKHTHUEL, AHDT—
FN—ATERLE. B 3 A0 L2V 4 » ABITO 14 BRE, s B0OEE (F—77 5 AMER)
T 5 EIWE, 7= Agilent 5973 GCMSD T 5 BHIFETH D, TOMHRER 2 ITRTH, F—A—H—0
FETHE, AT ALAFCFAHEMIEELSTWAR Y7007 2 ) —)IoX0 PV, RO 3 A
ELS E—3EMEFIT SN R Z P MV 24- P2 b O 7 2 LR EO—EROHE ERS &,
FEME DA RIS 20% KM TH ok, T, A—N—Riro THHE/IIB —BL T, 2t
RF—HN—ZH, EPA62S ICHEMLL 7o F 0 — . FEREM L T b7, BIE—EDTARARY ML
HWIBONAZ &iCdkB,

(EEBRERAY

T = ABEE ORI, TEARE LT 10pe 0 5 10ng X T4 BEOIE 2888 L TIER L 1=,
ZORR, AL, BHEOREOWEIZBNT 10pg £ TREBREIERT 2 Z &N TER, THUKERED
B, 1000 fS5UHET 10ppt L THIEFIRETH D T EERLTHD, WHEOSTCHHERATE S,

(SEEHEE B UV ERESEY

ARDT—H R—ZZFNT 4 FOFTEL K, 13 RUL 2 ERUG LY 2HllEL, 5—F
N—ZDEREEFME L 7z, KIS, BEOSETo BRI, HHI U AN S A THm L
TR, L o PRGERY L E, BERAANE® 2 RO T LU — 27 v TERTES N
RSEERIT, BN ENBEE R EOWEMEEE 1n g E3 01 ug BIMUTHIEL 7=, ZOMRER4IT
RS, RO Uy 7 AR NN K R OB T, TAICEMREENE SN, 4, F
L 2D ERT L EQERBSRIE, FNKEEEARTE > T, BEE L THENREO X OB 0mE
IRENEBEZBND, EMILEZ1FSICE, BEROBMEKE(LZ EN— FIITOSENBETH D Z EHMHERE
.

I I THWEEZ/RE /30, I 7 BEKZEESE L TR SRR EEENE L, ho GoMs
TOREFERE L =, TOE, WD GOMS Tt & /= FEHEMSERIFM AR R R SIS Sl i X
N, ZROFEPHE—FINETELET—IRN—A0EYMIHREIN;, £, EF—FR—ADE
ROFHL, TEROSE TR @EN N TEAL L TH 5, FIELT, dtAMtiEIm 3 i
WOBEEZEDT LIHRER S RT . A HUsidfh 2 Az bz U T2t E, 3085 k#EIz &
BIERNE LW ESho T,

F 4 FEREHT BT BIEE - ERIERE

Number of spiked . .
Sample . Spiked amounts, ug |  Mean Max Mm RSD, %
chemicals
River water” 13 1 0.86 1.2 0.37 26.5
Soil” 56 1 1.14 1.53 0.61 20.3
Spanish® 150 0.1 0.096 0.41 0.007 53.5
Orange® 150 0.1 0.107 0.38 0.012 51.0

TREPK IL BV OO A S AHH, 1m) SCEMEE 1 g B0

* LM 20p DRILEE S AN =27 w T i ICEREL T 1 g FN.

© L 2g [ 01 pg ERML, HEEShE - 20N S AT U= 27 o THEETTG, REIREEET W10 2 B TRIE, mEOBRE
Ebl (F -4a7 - AP E)

75 AN RDEE DO AR R

Area Number of detected chemicals Concentration ratio
A 97 (36) 1(1)
B 72(29) 0.025 (0.016)
C 68 (31) 0.025 (0.011)

SR EIRER (LK
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ALO#EREMNS, HEAT2 GOMS B—EOHEREULTHNT, WRET—F\—2A &AW TIERERRIC
BFHENDH 700 WHEMEIZEE - €RT5IEMNMETHS ZEMMlRE . AL, EROBES,
T R—AORERR, REEOMEE, UERE ORI EN S, EROPHREEIZIATH>T
B0, FBEORIER EGWRESLERMNIIERANEE TS S, Lal, 2RMEOIEAS J—=2
FEhEEATE, BRROREFM, FEMEORKE, B0 EEERNHIR L, [EARRTHE
o I ORI ARIEETH D, BANEDOAI -2 L LT THMERTED LEASND, T8
Tl ARG L, EEETOWE (RE, T RENEDI, TOFAEERRREAICEED &M
FaEns.



GC/MS —EHSHTAFRT - N—R0pZE (1)

PILFAnde, MIEST, REMAT, F)IHE
81 3 FEREHbE RS (BRI
Tl 647 H

LT LHITH

AGE KK B IR TE B O B KA E A S B M 0BG, EARIMUL TS, Tk, MR E
OBREROBEEIERES - BT, FHES LAWY IC L 5REHRENE U DAENENH 2, £0%, K
O E & EIERICHBENICEZ S Y DV TAFEARD ENTNS, BRA i, EEOEFTWMSITENT,
B LB AT —y R— A, FE - £Rik HURCARLZEC DLW THE L, FRIOBET
i1, BEZFTOTF—FR—ABEME, F—IR—ADMHEEZBARICRIESI 2D OTFE, FEREDE
BiEERE, KF—IR—ZOWERMERIECDWTHET 2.

F1 F—FN—ABEE
(Fm & N — BRI 7 “

F— & R= AT, M E ORE - ERICHERETOME (I—F, Eé}r nAR
A, R, TARAY ML, ERAT Y, A, RS, CHWR 160
RPN n7 V0 > GREHRIT —5) PERENTNG, REET FRENA 6
DBSWHIIL, 583 WHTHH. TONRER 1IRT, RERUA 75

EWAWE 8

GBI GC/MS 1) S L MH 6

Tty N A DR E BRI B, 5 R— AR e py
—® GC/MS %&fF (22818 TRETDLEND D, 28, Fl—0 GC/MS e <83

iEAVNL, HORETUELALT—F bURARTH 5.

2 F—H_—AEREO GOMS RIESRL

GC/MS : B GCMS-QP 2010

N34 : J&W DB-5 ms, 30 m X 0.25 mm i.d., 0.25 um

HE #3540 C(24)—8 C/5r—310C(54%), HAM 1250C, MYAT7-3{7 1 300C, {47 :200C

HEAE L A7 UobA, 15HEN -V

F007-4" A 1 He, BRHE : 40 om/FP, EWREL-V

{4AGEE « Bl, Fa-20) 35 1 58 91F2-7 (EPA method 625), A%y fiMH : 33 ~600amu, AkrdliE @ 0.38b/Atv>

{GC/MS TEAERFIIEHE IC & DB D TERERT (M & #EFD

EKF—yR—ZEBNNE, REOAFEISTONSHEMEONE GEROMERCHER FAET
BB, UL, MREWEICAD D EEMETIEENE 2 H0E U CERIEARE Y 2 LT, REFRETTA
OEHOEREBIHENRS D, L, MFREBOEEIHEREELHELRNESE, SDETHEUTHRE
WU B, EEEETEIEEONE LM EESE ORI, RETHRET 2.

CERIBRER DB L ZEMADTIS)



FT—INR—ZADFATEDNEINE, Bl B0 o—) 2TELETARLDD, BRI (68
—FDIT—) ZREEICHILETEDPITHD>TND, TOBIKOLONDBEEOMAEL, FEEEROER
BTTH S, £ T, F—F - AEROMICHL % ORE #1T o7z, TORR, 2 0 GCE&FE2EEE,
(il BRI 00 & TREFGR O F IR RS, B OMEEEMD 3 BDUNTH S L &R L, EREEE
ZEEELHEEP TR FUNEEE R GEBICERAE BRI, M~ ) v 7 20BE8TH5, ik
% GPC AL L 7= DA DML RIEZRINL, T OREFEZFHME L iR, 1V 7 2R AFFY
R TOIAFTS IR ER DD OB, THE, S RELS X T, 2BOT R v 7 AEETHEERIE
THHE, INSDINIEERNL T, TRREERDSOXLZMNBIEICRD, BELBENTE

5LEZENS,

%3 FEERHEE (pgiEA) g/l

(EEFED W N T Rgx
T—IN—ADERFEEEERT 520, HEEREE ~
NS 1 g & 4 ARICDIED LWEWEL T, 20 o 10 109
RREE 3 ITRTA, H S AR L 2,6-Dimethylphenol 14 0981 10.8
WA HIOOT T )RR T, RO F 2 206-Dimethylaniline 14 1006 9.30
FRAES Y — Y ENRERITAIS R R MLT 2,6-Dichlorophenol 14 0934 104
R 24T ROT ) U EO—HOMEERIRS &, Benzothiazole 14 0952 5.59
B DI BHERIZ L 20% KRG TH o 7, 2,4-Dichloroaniline 14 0975 2.63
(BB B IRRY n-CsHsp 14 1.974 4.61
EF— & N— 2 BGEOMESIL, EARELT Tributylphosphate 14 0943 134
10pg 7% 10ng T 4 BRREDMEIEE BT L TER L /2. 2,4,6-Trinitrotoluene 14 0817 290
FOREE, KEOWHEIZH {,r(_: 10pg = CTHE#RZ2MERRT  Pentachlorophenol 14 0827 327
L ELMTE, Tris(2-chloroethyl)phosphate 14 0873 15.6
(A DAY Decafluorotriphenylphosphine 14 0.801 4.89
3 FOEIE (FL >y, RO 7Rk 24 Dinioaniline 14 0517 463
ERMOTAT— S X—ADIREEMR L. AL oo, Gl 14 1078 9.98
GPC MU L T8 SN/ MM ERRIC, £33 U A5, Benzidine 14 0592 398
AT LTHML Fo R BRI B E R 23 56 FiDL  frans-Nonachlor 14 0992 196
HEE 1 g ZTNTNRIML TRES, FERCERE  Butyl benzylphtalate 14 0956 9.83
EEFFML . TOREER4ITRTS, Uy 22X 44.DDT 14 0.879 138
AT EHE THL, O EM RN EN T E -, n-CoqHyp 14 0999 6.85

Linl, FL 22T, RnELVBYKEATERMO
WIEMFEL, MEESE,-, HRELTI M) w7 2082

MEZLN, FHAMEEZINL ISICEUMEARETSE L K4 FIIERBONHER g

R EN, DV TSR, BRI, SohRENEE ALy I
BREL, (0 GOMS TOMELR S HELE, TO®BE, o Rk 0.85 0.74
GO/MS THEH! S 172 USRI R S B RIN & 1, £ B/ 277 153
HOEEYHE —FINETEBRT—IR—-ZADEIMENEREN Y1 1.50 1.12
e RSD, % 30.1 17.8

PlEms, £F—FR—ZEANLI LD, MM ElET
HTETRURFR S MARRAEII AT ) -2 T B ENTE,
MEESFHSBFTEDL RN THE I EMMEREN. 2%, FERWEHEZ X SI0HDT L8410, ORIz
BOTHETF—IR—-AZNATELLOMFETOFETH 5.

BRANEEE - 56 R, FINEL : 1pg



GC/MS T BT s EMHEZHVWINWEMNERT —IX—A DL
AP REREMTOHEHA DR

Wk L IR gt R BT, i1 268, P L Ffs, AR oy, fio fke
OAREELRERENRS (L)
ER16FE11LA

Itaiz]

PETRERD S VIR BBIAR DD E/2> TNEAH T, TEEFTE < OBRSE—Fh
DIREIZHE T 5 RIS ER DR O EDICEERLR DI R > TS, 0L REREZZIT T,
BRBEMTNIIBHTH, W DADTNE—FOIENEER - BRRINTWS, LHLENS.
BRI —BEANTRHENRESDE A I0NT, pHd20WIIMFEEPEEICRS 2 &30
LD, BEMEOMARSNICHRETECETARMHEELESRNVLOICRDDDH S,

JEFE GCMS FICHBNT, T—FR—AZHE - FIAT 22 & T, JlwEiz s I @y ol &
B2 & &EDIEEYEEFALRVIIEFEMEEENTNS V, FETRIOZEAFERELES
AT, W DNDTF—FR—ZEHEL. Tz, TIR—ACHETAEZERTH 00O ERE
DERAEEBLVZEY -V 7 I L72ER L2, & 5IZRMESZRONTERBI~OBERED
I ER R A

[(EXENEZE &T—F R—ZDHEE]
GC/MS I[Z LD ERA T R H %

BRER }

BRETHOIMITE D, FOCHEA e ) gl
BESTO & S RBBRMITIE, T v D (R
W B & 73 B A A, “

Chid. AUEBMDRIC/AS A—5Th __Et-EE |

> TH. EHEICHEELDHIRMRS T " .
R AMIBEESE (L ARy | L IZRZRGEL )
AT H—) BT BB TH S, & L4

HRohoOEEEELT L bicT— | MEER ]| N~——F—iR—2—
FR—2L, TBER ELTRHATSZ

ETCEUEYHEADEELURWHRE - TR
TEDIETHHOTH D, £, F—IR—RAITHE NG THNILEICNE REFCE
DELTY, WETDIEATREELZMEBAOBL (R7U—=20) $BFICENW:Z, TOHEZ
HICHEDE, RFEFFHZ S NCRER S a & AN E & ORBIELTH 2 HMERE (35
HULARIZAT 7 75 —=) DT —FNR—ZEME Lz, £l YAART PNV F—FXA—=XbED
BT 7. Fig.l KAREOWEARERT.

HE, RSNV T 3P 1L0vF 24 (Retention Time Locking : RTL) i, GC L
HH—EERBEOT. R 5%EE

Fig.1 YR IT7 /T—RAR—ADHEE



HLHEWERHMERNOMTERL Table | BIEZEH

BEENL NN THEY DR GC/MS: Agilent 5973 GCMSD
(M A ] 7 AR 7 e AT $H5.Le: HP-5MS 30 m x 0.25 mm X 0.25um
HIERZFE—ICED 2 27T F—TRE T0°C (2) ~25°C. 5~ 150°C(0%) ~ 3G/ 55~
x5EETHS D, BEMNIZIE. 200°C{0%3) ~8 °C./ 4t~ 280°C(105}) ~10 °C~ 5 ~300 °C
FEADSE: 250 °C
—EDOERETTHIHHEDL bS5 RTF—S4 B 280 °C
s HEAL 2 - FEAE ATV R R—UF TR 25
G4 (EHEESY) TBEL T, PR Ay
AT LNy RIEEFREEHRO DI LAYRE: RTLEE (POAEURZAFIL = 1659353)
MS
BIRA ZERR L THE, RFEN 1FikiE Bl AFVRBE 230°C 2 MEESE 150°C
RO % Ay RIEICHE L SCAN#EME 35 ~ 550 amu  Scan EEE  0.35F/scan
THS AEE OB

E L 5RO TNERLET 2HDTHD. COHEICIDBEONIZAY REICHETBEIET,
HIELSYLUN ORI ORERE D —RBICRIZND LEINTNE, REDBIOFHREFALT. &t
EYORFERFMOEE{LER >z, 2B, GC £HBLUHENLEMIT AgilentRTL BEET— & R—
ZHOHOEEA L. Table 1 IZHIESRME: 27T,

XV AR AT 77 7 —QEIEMBIEFO GC/MS Hfi TSRS EBRTHE S BRbh b,
ZTIT, AETHMEM VAR AT 7 7 7 —OBEFELER Iz, WEHEEDEIZIZEKES )L
RRHERSHRIZHNWT, ZOFMSHARETHEEMORERMIZEC TENEEDbN2b0 %
BIRLU 7z, —REICAREIENE EERL XD ETAEM TRV AR A7 7 2 ¥ —ORHIZEM
TEAFBRRIZLEDT, VAR AT 777 —2BFEAT D012, FEICHND MSh5
BoONDAFBER (ARZ IR —2) E—FIEADLENHD, 0D, AETiddEdL
ARZAT 7 I E—IBOTICRAZANRY BV DF—FR—ZAMEICBRL T, B2 F - Fa—=
PTWRAT, A4 REREEZXDBEEICHEYT S EPA 625 AV v Rickd DFTPP #—47 v
Fa—Z TN, 2B, T CT>7% IDFTPP Fa— | i d—MEEENE THS PFTBA
EZHWT, TOARY MRS =205 EPADFTPP Fo— D0 A4 F ) TIHEBT B LD ICHE
T B4 EERHR > TS, Table 212 10 B® MS IZB115 DFTPP Fa— ok 31 4 U (4
m/z 69) DELZERT .,

Table 2 DFTPPFa—IThbdAA38E

Target m/z 50 69 131 219 414 502
Target Abundance (%) 1.0 100.0 45.0 55.0 2.4 2.0
Instrument Tuning Abundance(%)

i 1.1 100.0 47.6 57.9 2.6 2.4

2 1.0 100.0 47.7 53.7 2.6 2.3

3 1.0 100.0 45.6 54.2 2.6 2.1

4 1.2 100.0 47.2 54.2 2.7 2.2

5 1.0 100.0 44 .4 53.0 2.4 2.1

6 1.0 100.0 45.4 53.1 2.7 2.2

7 0.9 100.0 47.3 55.1 2.6 2.3

8 1.0 100.0 44.5 r 51.3 2.7 2.1

] 1.0 100.0 48.8 53.6 2.6 2.4

10 1.1 100.0 47 .1 59.1 2.5 2.3

Average 1.0 100.0 46.6 54.5 2.6 2.2

SD 0.1 0.0 1.5 2.3 0.1 0.1

RSD, % B.O Q.0 3.2 4.3 3.6 5.2



[mEE]

HMLARYRT7 75— DHI—DOEWERE LT, GOMS OREEIZEBRI Z7OTE
557 4w Bt 5N B, GOMS AT EEAD. H5ABIUREE (MS) A 5H
BENTLEN, Cho0IBFESDSH AWML > TEOBEEZTBILAMNRED OHEH
THD, EEFEOTIADEEALENLONS, EOTAZTNDOOETEHEEHTHS. FET
W, T R—ZAERE LB RIS OREIC GCMS 2R THE5HHWEFARROIRETHB
EERRT BDI. SHEOTLICHT ZBEMSAE D L BB LEMERA LT3 —< >
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DEVELOPMENT OF A GC/MS SOFTWARE FOR SCREENING AND TENTATIVE
QUANTIFICATION INCLUDING QUALITY CONTROL PROCEDURE

Takashi YAMAGAMI, Yoshinori OGAWA, Shinya NAKASHIMA, Satoko NAKA,
Yoshizumi TAKIGAWA, Kiwao KADOKAMI, Kyoko TANADA and Masayuki HIGUCHI
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INTRODUCTION

Due to the significant increase of compounds to monitor under several circumstances, simultaneous
analysis is getting popular and important. However, for such a multiple analysis, particularly in case of
large number of target compounds, not only analysis itself but also standard compounds management
are complicated and difficult. A GC/MS software is developed on the purpose of enabling such a
multiple analysis easily by screening and tentative quantification not using standard compounds but
databases, combining with proper quality control procedure. This report describes conception and
methodology of this software.

SOFTWARE AND DATABASE DESIGN

For typical GC/MS trace analysis, qualification and quantification are done based upon retention time
and response factor of target compound. These two values are normally variable
instrument-to-instrument or day-to-day. Then, standard should be apalyzed at the same time as sample
analysis, followed by revising compound’s information such as a calibration curve. This is the one of
the reasons why multiple analysis is so complicated. Also, target compounds’ standard are required
every time. To simplify a simultaneous analysis, a new designed GC/MS method using database
instead of standard compounds was introduced"”. Developed software’s framework basically amplifies
on this method with several modifications. This software operates associating with databases which
were built aiming to “fix” these values conventionally obtained by standard analysis. As a result, the
software enables GC/MS to determine numerous chemicals without standard compounds except a few
internal standard compounds. To make compound information registered in database applicable over
any analysis, GC/MS parameters were strictly defined on building database and practical analysis. For
this software three kinds of database, mass spectra, retention time and relative response factor (RRF)
were constructed. Mass spectra registered were that yielded by DFTPP target tuning according to US
EPA method625. Retention time database was developed based upon retention time locking (RTL)
technique, which was introduced several years ago”. RRF was calculated as same way as general
internal standard method using deuterium-labeled PAHs as internal standard. About 600 hazardous
chemicals were registered in databases. In this software determination is done by retention time and
RRF databases which work as if “calibration curve”, and mass spectra database is used for confirming

identification.

-— 103 —



RESULT AND DISCUSSION

The success key factor for this software and method is consistency of retention time and RRF over all
instruments anytime under same GC/MS parameters. For the former, RTL has already been evaluated
and has been known to be of good reproducibility. Concerning to the latter, uniformed mass spectrum
pattern is needed because ion for quantify is normally different between internal standard and analytes.
This is the main reason why MS is DFTPP tuned. Using DFTPP tuning, relative standard deviations
for ion ratio with m/z 69 are 4.88% for m/z 50, 3.45% for m/z 131, 3.83% for m/z 219, 4.13% for m/z
414 and 6.15% for m/z 502 respectively among 6 instruments. This deviation will be added to that
derived from conventional internal standard quantification, hence conventional method is essentially
better than this method about quantitative accuracy. This additional deviation seemed to be small
enough for practical use, however, conventional determination wili be helpful in case of more precise
quantification is needed after detection using this software, One more significant factor affecting RRF .
is GC/MS’s chromatographic conditions. To minimize deviation among instrument, proper instrument
quality control is very important. This is executed by analyzing “performance check sample”
containing several compounds which tend to be keenly influenced by condition of each GC/MS
elements; injection port, column or MS. Then each GC/MS part is checked by chromatographic result
typically tailing factor or peak ratio. The sample chemicals are selected depends upon our practical
experience and availability in Japan. For an instance, Isoxathion, one of pesticides has a nature of
analytical difficulty by dirty injection liner, is chosen instead of p,p’-DDT. Because of its well-known
decomposition at dirty injection liner, p,p’-DDT may be suitable for check sample, however, it is
regulated under Stockholm Convention on Persistent Organic Pollutants. All calculations and
reporting for performance check are done by the software automatically. This software can perform
“whole analysis” means analyzing all compound registered in database needing not specify particular
target compound: similar to screening. And also be able to do “standard-less” determination: tentative

quantification.
REFERENCES
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DEVELOPMENT OF A NOVEL GC/MS DATABASE FOR SIMULTANEOUS
DETERMINATION OF HAZARDOQUS CHEMICALS

Kiwao KADOKAMI, Kyoko TANADA, Katsuyuki TANEDA, Katsuhiro NAKAGAWA

H AR badis o i 2w L (Eat)
L1 64E1 0 A

INTRODUCTION

Concern of people has been increasing about adverse effects of chemicals on not only human health, Therefore,
the number of chemicals that are regulated as effluent standards and/or environmental standards has increased
rapidly. In Japan it will be necessary to analyze about 700 pesticides in food staffs near future. GC/MS is the most
useful instrument to analyze chemicals, because it has both high selectivity and sensitivity that are essential for
trace analysis. Since the analyst has to prepare calibration curves of targets before sample anaiyses, it is difficult to
analyze more than one hundred chemicals simultaneously. The authors have developed a novel mass spectral
database for GC/MS. Since GC retention time data and calibration curves other than mass spectra of 600
substances are registered into the database, identification and determination of the chemicals in the database can be
performed for a short time. By using the database, anyone can determine the 600 chemicals in samples without
standard substances.

EXPERIMENTAL SECTION
Instruments
GC/MS and its conditions that were used for constructing the database and sample analyses are listed in Table 1.
Table 1 GC/MS conditions for simultaneous analysis
GC/MS: Shimadzu GCMS-QP 2010
Column: J&W DB-5 ms (5% phenyl-95% methylsilicone) fused silica capillary column, 30 m X 0.25 mm id.,,
0.25 pm film
Temperature
Column: temperature programmed: 2 min at 40 °C, 8 °C/min to 310 °C, 5 min at 310 °C; Injector: 250 °C;
Transfer line: 300 °C; lon source: 200 °C
Injection method: splitless, 1 min for purge-off time
Carrier gas: He; Linear velocity: 40 cmy/s, constant flow mode
Jonization method: EI; Tuning method: target tuning for US EPA method 625; Scan range: 33 amu to 600 amu
Scan rate: 0.3 s/scan

Construction of the database
After performing the target tuning for EPA Method 625, GC/MS performance check standards (Check) that
consisted of 47 substances including G, to Caa n-alkanes were analyzed. Then it was confirmed that GC/MS
performance passed the criteria. After confirmation, target chemicals were measured. Finally, targets’ retention
times, mass spectra, calibration curves obtained by the internal standard method and retention times of the
n-atkanes were registered in the database.
Sample analysis and determination
After setting the same GC/MS conditions as the conditions used for the database and measuring Check, an aliquot
of 1 ul of sample solution containing the internal standards was injected into GC/MS. Predicted retention times of
the target chemicals were calculated from the following equation.

RTr = Rl g+ (RTr— RTey) X (RTerge1 — RTeg) / (RTnen— RT¢)
where RTr, RT¢, and RT¢,.,are retention times of target and n-alkanes before and after target in the database. Ry,
RT¢, and RT ey, are retention times of target and n-alkanes before and after target of a sample. By the
combination of the predicted retention times and reverse search, the chemicals were identified. When a chemical
was judged to exist, its amount was calculated by the registered calibration curve in the database.
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RESULTS AND DISCUSSION
Accuracy of predicted retention times
Precise prediction of retention times is essential for reliable identification of the target chemicals. Its importance
becomes larger as increasing number of targets. From the analytical results of standard solutions and actual
samples for 1 year, it was confirmed that the retention times of the registered chemicals in samples were exactly
predicted with the error for less than 3 seconds as long as GC/MS conditions in Table 1 were used for analysis.
Identification ability
Using both of exact predict retention times and the reverse search, reliable identification was able to be
accomplished even when high quality mass spectrum could not be obtained. But when a small peak was
completely overlapped with a large peak, identification could not be performed. In order to solve this problem,

appropriate Sample Clean-up should be : A e e o e e L e —
done' | - er e e ma i ee e ee———— e —————— e, .
Quantification ability and detection M T mOne 02010, 3 columns, 14 njections —
limits | . o :
I— OFive QP-2010, one column, cach 5 injections

Accuracy and precision of quantification
were examined in the three cases. First
case was that determination of Check was
carried out using the same instrument with
4 columns. Second was carried out using 5
GC/MS with the same column. Third was
examined using other maker’s GC/MS.
The results were showed in Fig. 1. From
the results, it was confirmed that reliable
quantification data can be obtained by the
database except for a part of high polarity .
materials such as pentachlorophenol and EENEN
benzidine which are very easy to adsorbon "
a column. More than 90 % of the
chemicals in the database could be
detected at 100 or less pg, and it was
practically sufficient sensitivity.
Applicability for actual samples

The database was applied to various samples, such as environmental water, effluent water, sediments, soils and
foodstuffs. From the results of practical use, it was confirmed that the analyst can easily determine the chemicals in
the database without standard substances. In addition, it was clarified that the database can be applied various uses,
such as confirmation safety of environment or foods, investigation of causes of environmental pollution incidents,
understanding environmental conditions. Especially, by using the database the analyst can examine whole
conditions of samples, which is difficult by conventional methods. For example, the authors examined two coastal
areas around Kitakyushu City,
Japan. The results are shown in

" BOnc HP 5973 GC/MS, one eolumn, 5 injections
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Fig..1 Accuracy and precision of quantification by the database,
meanSD

Table 2 Example of understanding whole pollution by chemicals

Table 2 from which it was clarified Area Detected number Concentration ratio
that Area 2 was heavily polluted by Areal 40 (14) 1.0(1.0)
chemicals, particularly polycyclic Areal 103 (37) 12.1(123)
aromatic hydrocarbons. Finally, Parentheses: polycyclic aromatic hydrocarbons

since one sample analysis requires one hour, the database system offers the analyst both low cost and high
efficiency for micro-pollutant analysis.
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Comparison of amount of dioxin accumulation in fish and shellfishes

KIWAO KADOKAMI AND YOKO KAJTWARA .
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Study in 2003
Experimental section
In 2003, we conducted a study on the crucian Carassius auratus (gibelio) langsdorfi. We created four area categories
{large cities, small towns, agricultural areas, and remote areas), and in the autumn collected at least 30 specimens 20
1o 25 cm in length at two sites within each area. Based on the provisional measurement guidelines by the Ministry of
Health and Welfare (1999) for dioxins and Co-PCBs in food, we analyzed the samples, which were mixed muscle
samples of 30 fish, for concentrations of dioxins, toxic equivalents (TEQs), proportions of polychlorinated
dibenzo-p-dioxins/dibenzofurans (PCDDs/DFs} and coplanar polychlorinated biphenyls (Co-PCBs), concentrations
of herbicide (CNP) impurity isomers, and other items, and we examined the concentrations by area and the
coniributions of dioxin sources. At one site we conducted a spring study to determine whether there were sexual
differences in dioxin concentration during the spawning season, and the rate of transference to eggs. We collected 10
male and 20 females that had not yet spawned, and prepared mixed muscle samples of both sexes and mixed egg

samples for analysis. 0% 1| moscop

D Cther- HICDDs

Results and Discussion .
] E 1234678H7CDD !

1) The average accumulation of dioxins in crucian at the eight o
sites including remote-area sites was (.58 pg-TEQ/g (wet weight

equivalent) and 44.8 pg-TEQ/g (lipid equivalent). Accumulation o

- |
.| MOer-H6CDDs |
|

[1123789-H6CDD !
B123678-H6CDD

C1123478-H6CDD ©

at remote-area sites was about one-fourth that of the other sites, !
. . . . . i M Other-PSCDDs !
while there were no big differences among the other six sites. e i
0% i 012378-P5CDD :

The six-site average concenirations and their 95% confidence T
|

intervals were, for wet weight equivalent, 0.72 pg-TEQ/g wet wt " | ®1379-T4CDD
and 0.53 to 0.91 pg-TEQ/g wet wt, and, for lipid equivalent, 55.2 % i | @isss-TicoD
pe-TEQ/g lipid wt and 43.2 to 67.2 pg-TEQ/g lipid wt. I L‘m’s'ﬂml’ ;
2) Areas with high-concentration accumulations were the large o |E BB B HHHE

cities and agricultural arcas. Fig. 1 shows that CNP impurity E‘ EII j. % :E léie
1,3,6,8-TCDD accounted for over 80% at agricultural areas, N ig RS

Hachiro-gata Lake and Lake Biwa, suggesting the strong B St s B

influence of CNP. The wet weight equivalent concentration in ~ Fig- 1 Contributions of each congener to total
agricultural areas was higher than that of the large-city areas, PCDDs at each site

3) Our investigation of the isomer percentage distribution found four origin types from the PCDDs percentage
distribution: the herbicide type, the combustion type, the type falling between herbicides and combustion, and the
background type. Even at the background sites, the isomer compositions in colder regions differed from those of
other areas not only for PCDDs, but also for PCDFs and Co-PCBs.

4) The Co-PCBs percentage distributions coincided very closely except for the cold-region remote-area site,
suggesting that these PCBs are from commercial products.

5} We found that in crucian 1,3,7,9-TCDD is more easily metabolized than 1,3,6,8-TCDD.

6) From the spring study, we found that in the breeding season about 30% of the dioxins in females” bodies transfers
to their eggs, producing a sex-based difference in bodily concentration (males are higher than females). In a
comparison of the spawning season {spring) and autumn, bodily concentration was higher in the spawning season
than in the autumn.
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Study in 2004

We have already collected fish samples, which are the same species, sample size and number as those in 2003, from
tivers in 1 large-city, 2 small towns and 1 remote area in autumn, 2004. We have also taken sediment samples in the
remote area. By the same method as 2003, we are analyzing the samples now.
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DEVELOPMENT OF A GC/MS DATABASE FOR RAPID COMPREHENSIVE ANALYSIS

Kiwao KADOKAM]I, Kyoko TANADA, Masayuki HIGUCH]I, Satoko NAKA,
Takashi YAMAGAMI, Yoshinori OGAWA , and Yoshizumi TAKIGAWA.
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INTRODUCTION
The kinds and amounts of manmade chemicals have been increasing rapidly. Although chemicals are
indispensable for modern society, many of them have adverse effects on human health and the environment. Thus,
we need to obtain as much information as possible on not only their toxicities but also their levels in the
environment and foodstuffs. To examine pollution by chemicals efficiently, a combination of retention time
Jocking (RTL}) and screening has been put to practical use. This system is very useful for ideatifying chemicals,
but it cannot quantify the detected chemicals. We have thus added a quantification function to that system. By
using the new system, analysts can not only quickly identify chemicals in samples but also quantify them. This
system is suitable for routine analyses and has been named “Naginata”, which is the name of a traditional
Japanese swords.

EXPERIMENTAL SECTION
Instruments in the Naginata system
The GC/MS instrument and the conditions that were used for Naginata are listed in Table 1.

Table 1. GC/MS conditions for the Naginata analytical system.
GCIMS instrument: Agilent 5973 GCMSD

Column: HP-5MS (5% phenyl/95% methylsilicone) fused-silica capillary column, 30 m x 0.25 mm i.d., 0.25 um
film

Temperature — Column: temperature programmed as 2 min at 70 °C, 25 °C min™" to 150 °C, 3 °Cmin™ t0 200 °C,
8 °Cmin™ to 280 °C, 10 min at 280 °C, 10 °Cmin™ to 300 °C; Injector: 250 °C; Transfer line: 280 °C; lon
source: 230 °C

Injection method: splitless, 2 min for purge-off time

Carrier gas: He

Retention time locking: chlorpyrifos-methyl, 16.593 min

Other operating conditions — Ionization method: EI, Tuning method: target tuning for US EPA Method 625; Scan
range: 35 amu to 550 amu; Scan rate: 0.35 s/scan

Contents of the Naginata database

The database that is used in the Naginata system contains retention times, mass spectra, peak intensities of monitor
ions, and calibration curves for hundreds of chemicals. Since these data were obtained under the above-mentioned
GC/MS conditions, analysts must use the same conditions for sample analysis.

Procedures

The flowchart for using the Naginata system is shown in Fig,. 1. If there is no problem at the two decision points in
Fig. 1, all analytical results are obtained in only one hour. Since decision results by the two criteria are output both
to the screen and as hard copies, the analyst can easily check whether all items pass the criteria or not.

RESULTS AND DISCUSSION
Reproducibility of retention times
Reproducibility of retention times by the use of RTL is essential for reliable identification of the target chemicals.
Since RTL was developed in 1995, and its performance has already been proven; it is known to assure good
reproducibility of retention times.
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Identification

The combination of RTL and screening

has also been used for a long time. ¢
Chemicals are identified by three
characteristics; retention time, mass
spectrum, and intensity ratio with ¢
monitor icns. The higher the agreement
of these three properties between a
chemical in a sample and in the
Naginata database, the greater the
probability of accurate identification. In

Tuning criteria

actual samples, retention times are GC/MS performance
usually slightly different from those in check standard analysis
the Naginata database, and high-quality

mass spectra are not obtained because of Sample l

low chemical concentrations in samples
and/or interferences of matrixes in
samples. Therefore, to aid the analyst in

RT & performance
check criteria

making accurate identifications, the

Naginata software provides as much Pretreatment

informa}tic'm as possible on these three Sample
properties. analysis
Quantification

The accuracy of quantification with the ¢
conventional calibration method, in Data processing by
which calibration curves for target Naginata software
chemicals are made before each sample ¢
anal?fsm, is better than thz‘at w1th the Analytical
Naginata system. To achieve accuracy results

close to that achieved by the
conventional method, Naginata utilizes GC/MS ~ Fig.1. Flowchart of analysis using Naginata system
performance-check standards (PCS). PCS .

consists of 30 substances that have a wide range of properties with respect to polarity, boiling point, stability,
acidity, and alkalinity. When the instrument runs at the highest performance, its accuracy can be extremely close to
that of analytical results obtained by the conventional method. Thus, if the analyst can constantly maintain the
instrument’s performance at its best, the analyst can obtain consistent results. The Naginata software is designed to
offer useful information about analytical results of PCS. By reading the information provided by the software, the
analyst can easily understand how to maintain the instrument.

Uses of the Naginata system

The Naginata system is suitable for routine analysis, because it uses the same GC conditions as are usually used
for pesticide analyses, especially for analyses of pesticide residues. Since Naginata can determine all substances
registered in its database without the use of standard substances, the analyst can analyze samples with extremely
high efficiency and low cost. At present, S00 chemicals are registered in the database. However, it is easy to add
new chemicals to the database, so Naginata can function almost as a true “Comprehensive Analysis” platform.
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FU 7 22V D G, 1990 ELURERAE TIIERZ L &> THWEERA X LEH O
B LTHBEINSEMEATHD. TOWBER, PO - M) T72)RS 2R M) 722l
FOETLNTEI) RITLRBREOEITNI TN RT VAL L TR LENTNS. b
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DFMAZLEMITIAND ETFNHOD, FOMBBENITHE A X ERERIZERET TS TH
WHEND72D, M TR T ik BREERENESINTHS. LALAENS, M7z
RS DA RCREANOHNRIZET 215 RIIFE &<, £, 7ok s R o5
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FHH T AWD ODS H— b Uy DlodihER &AL BRE, AFP 2 sl THIHT S, JORHBK
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Maternal transfer of organochlorine pesticides, polychlorinated dibenze-p-dioxins,

dibenzofurans, and coplanar polychlorinated biphenyls in frogs to their eggs

Kiwao Kadokami, Masayoshi Takeishi, Mitsuru Kuramoto, Yuiti Ono

Chemosphere, 57, pp383-389 (2004)

Previous study confirmed that there were sexual differences in concentrations of organochlorine pesticides and
dioxins in frogs during the breeding season. The present study utilized the egg masses from the previous study to
determine the cause(s} of the sexual differences. When concentrations of the detected chemicals were compared
betwceen the female frogs and their eggs, it was found that the concentrations in the eggs were several times those in
their mothers. The results indicated that maternal transfer reduced tissue concentrations in females. Since the weight
of each egg mass was half that of the mother, two-thirds of the chemicals in a female frog were transferred to its eggs.
In addition, the degree of malernal transfer differed among compounds. Maternal transfer of PCDDs and PCDFs with
four or five chlorine atoms and coplanar PCBs followed the fugacity model. However, maternal transfer decreased for
PCDDs/DFs with six or more chlorines as the octanol-water partition cocfficient increased. From these results,
maternal transfer was confirmed as the cause of sexual differences in concentrations of organochlorine pesticides and

dioxins in adult frogs during the breeding season.
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Human Exposure to PCDDs, PCDFs, and Dioxin Like PCBs in Japan, 2001
Y. Mato, N. Suzuki, K. Kadokami, N. Katatani, T. Nakano, T. Matsuoka, T. Takei, 5. Nakayama,

I. Uchiyama, H. Miyata, M. Toyoda, M. Morita
Organchalogen Compounds, 68, pp2457-2463 (2004)
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