JFE ¥t No. 13
(2006 4 8 H) p. 87-96

IRE AP OB R E 2 B

Analysis of Organic Compounds in Environmental Samples
at the Level of 107° (ppb) or 107° (ppm)

g 3% ITOKazumi  JFE 72 7 UH—F 407 - SHIHSEE sURRENG V-7 EEGER)
fli % R%— SASAKI Koichi JFE 77 /) ¥ —F BRSNS BREERAL THRGER)
i W ITO Tetsuya  JFE 72 /7 V¥ —F 8 - GHBIFHEL stk EHT o 7 v —7

25

W HTABEEATR O & N 2 BRI R A B R R 7 O AT ICBI L, 3 0 BFIC oW Tl 56, (1) ENBHRD
GECIE, BNRBEGEWE TH LR EARILEY (VOCs) BLUT VT FEIZOWTH V7)) ¥ 7 Hidi
LEDIOMEE WG T B (2) NHWH L FULEWE ST TIE, MBI B VTSR L SUEMNZ 2§
DUEEERT AT IVFENT =) = VI XY L—bOikra~ b7 57 ARG HTERE & W7 airikix )
B b, COFBICEVBEORHCERGIREL o720 (3) BEIALFIZIFTH AT 2 LHEF D458 T,
AR RILAEWB L 205 b & O TR A FEMML - T A7 a< 7T 7 B w5 Nk T
L7=OTHET 5.

Abstract:

Analyses of organic compounds in environmental samples at the level of 1079(ppb) or10°° (ppm) are reported in
three fields. Firstly, analytical methods of volatile organic compounds (VOCs) and aldehydes in indoor environment
are described. These methods including rapid and convenient sampling technique are applicable to the
determinations of these compounds that diffuse from car components, and to research and development of such
components or materials. Secondly, an analytical method of endocrine disrupters in liquid chromatography-mass
spectrometry is described. This method employs nonionic surfactants, nonylphenol ethoxylates(NPzEO) and
octylphenol ethoxylates(OP#EQ) which are degraded to endocrine active substances, nonylphenol or octylphenol.
Accurate quantitative analysis of individual NPzEO(# = 1-15) and OPzEO(z = 1-9) has been achieved. An
analytical method of chemical warfare agents is finally described. Simultaneous analysis of arsenic-containing

organic compounds with gas chromatograph-mass spectrometer after derivatization has been established.

1. 3U&IC

21 AL A D, LW X B ERIRE L, + Vv @k
WOARROBERLE, REMEIIIEIEEREL
o TETWS, HAETHEAFEA, BREEA, U
¥4, BEIR@EE R EDOE o THREEY A 271255
B HMADPRIEEINTETBY, £ OBRBEFHFLORK L
LOWEB X OBREHERISGER T 2 WESHRT OS5 &
%o TWb, EFEHOBHINL TIEL VDS, BREHHRO
WML H2EEZ LN TWIWHED SHAET S Y,

BRBERHIC & E N B AR E O 5T (L, FHay
BUSBIREZ X2 EREICIR S 2 L EMEA S, 107°~10 % 9
JEL AV TORM - BEARDSNTEY, MW~

DN EIN S, COROFLERT T v 7 KA ED
EOIEREE D HMAER SN, — I A7 a~
NS EREGHEE (GC/MS), fikru< s S
7 R HTEE (LC/MS) & LA IN5. KT
\&, JFE 77 /) V% —F & LTERBDOD 5 A BEMEHHHE
Wonrs, BNBEGEWE, NOW» EALF R
(WbWLBEEERVEY) BLOEELFREICHEKT S
AL FN D 5HTH T % BT TS T %o

2. ERRESRYE O
21 ERRRITRME

A4, HEEY 7 SO - SR AR R BB O
RS B — T, ZHERRACEYE 2 Wy 5



BRI O A BB R AT B

SEERME, RHE, RIS, G, BHERH 22 X oIz
Xy, FE F74 AN, N, HEli EI2BWT
LW X 2 FNEBE R R X Twd, 2hkk
BIZENOILEWHEIC X BHRISERT 5 L %2 bh b1t
FWVEBBCRE, ¥y Ny ZERRE, Vv 7 A7 — VIERE
BEA EORERERA A ADHML TH Y HEMEE 25T
W Z.) 2~~5)O

FNBRBHERE IR T VT N, RMA R A,
TENBIATVE, B CRILEWE Vo WEDN S
FONTHEY, EAENHE CIIREREOBIA, S, BN
2R b O B R $HIE B X OVFHl i o 3 % & B 5T IH
AT CHEDTND S ” (Table 1), % 72 & HRERI 52
BEIC X 2R, R, HNZL EICB 5 ENBREE L
BOEMHA D S HME SN, RAICREREERZ0OH)
BEASHH S A5 TE TS 5%,

(LW & % RN BRI e % B LTI S A TR 36 8 T
HThY, BNREFEEWEOBEE IR 725 5\ id
L 2 W EM OB D 20— T b0 HM - TH 2>
5 DOHYAL AW E Ol E % W T 5 A JISA 1901 T
HWEENTWD, THUI/NRIF v =L MEh, K
RPHBAENRLVEL 2L L) ICWEREROMEZRAL
Twa 4, —HTRBF v N — kO
T Y IREEBLOREANR—ABLEE 22, i
LTWL ETaA M H 2 WIEBREIAHRAAE WV, 22
T, JFE 72 7 V) —F T CHBIED B 2 HH EHii
BE LT, MF Y NI RDBESHT T v k%

Table 1 The indoor air quality guideline of the Ministry of
Health, Labour and Welfare
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R 7% HCCTIEREICRRE L7z, Table 3 2% > 7)) v 7
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(HPLC) 12X Dl L7z, HEREMABILEWITHE T A%
Sigma-Aldrich Co., SUPELCO #! Tenax-TA W & 144,
INEBEAE - GC/MS 12 & Dl L7z, Table 4 \Zifl 5% 41+
R,

Indoor air quality guideline 224 DIKBE
Compounds 5 o
(ug/m’) (ppm) T RE DR AR B % 5 Il D R LIEL, 5
Formaldehyde 100 0.08 N7 RIE A & BEHE(R % % Rk, HPLC, GC/MS 3B 05
Toluene 260 007 TR ST L7z RS 7 7 > 2 3l 5 Il D E L
Xylene §70 020 WL, SHFEOERTFRIEZ I L7, 7L 7L P
p-Dichlorobenzene 240 0.04
Ethylbenzene 3800 0.88
Styrene 220 0.05 Table 2 Analyte
Chlorpyrifos 1 0.000 07 Analysis Quantification
Chlorpyrifos (for children) 0.1 0.000 007 Group | Compounds methodd hml(tﬂg )
Di-n-butyl phthalate 220 0.02
Totrad 330 004 Aldehyds Formaldehyde | Cartridge collection 40
e.tra eeane : Acetaldehyde |HPLC (UV)* 40
Di-2-ethylhexyl phthalate 120 0.007 6 Toluene 10
Diazi 2 . 2 U
iazinon 0.29 0.000 0 Xylene 10
Acetaldehyde 43 0.03 Volatile Ethylbenzene | Sorbent adsorption 10
Fenobucarb 33 0.003 8 organic Thermal desorption- ————————
; ; compounds | Styrene GC/MS** 10
Total volatile organic compounds 400 (Provisional) _ Tetrad 10
(TVOC) etradecane 1
TVOC: All peaks detectived from n-hexane to n-hexadecane. Tvoc _

Concentration of TVOC is calculated by converting into that
of toluene.

JFE #3# No. 13 (2006 4£ 8 1)

* High performance liquid chromatography (UV detector)
** Gas chromatography/Mass spectrometry
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Table 3 Sampling conditions

(a) For aldehyds
Sorbent DNPH Cartridge
Flow rate 800 m//min
Sampling volume 21

(b) For volatile organic compounds

Sorbent Tenax-TA*
Flow rate 400 m//min
Sampling volume 1/

DNPH: 2.4-Dinitorophenylhydrazine
* Sigma-Aldrich Co., SUPELCO

Pump with a built-in integrating flowmeter

TenaxTA sorbent

(Sigma-Aldrich Co., SUPELCO)
“a

DNPH Cartridge
N g

/ Teflon tubes

Gas sampling bag

<«— Oven
Component

Fig.1 Sampling equipment of volatile organic compounds

Table4 HPLC and GC/MS conditions
(a) For aldehyds analysis

Instrument LC-10ATvp/SPD-10Avp*
Column STR-ODS-I1

150 mm X 4.6 mm(I.D.)**
Oven temperature 40°C
Mobile phase CH;CN/H,0
Flow rate 1 m//min
UV wavelength 360 nm

(b) For volatile organic compounds analysis
TurboMatrix ATD***
GCMS-QP5050A*

J&W Scientific DB-5
60 m X 0.32 mm (.D.)**%*

50°C—280°C (2 steps heating)

Thermal desorption equipment

Instrument

Column

Oven temperature

Carrier gas He

Flow rate 1 m//min
Ionization EI
Detective mode SCAN

* Shimadzu Corp.
** Shinwa Chemical Industries, Ltd.
**% PerkinElmer Japan Co., Ltd.
*x#% Agilent Technologies, Inc.

3
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12.5 25 375
Time (min)
Standard of VOC (52 Compounds) 100 ng)
3
S
T 50
3
<
0
12.5 25 375
Time (min)
Blank
5]
S
T 50
3
<
0
12,5 25 37.5
Time (min)
Component A
3
S
T 50
3
<
0
12.5 25 375
Time (min)

Component B

Fig.2 GC/MS total-ion chromatograms of standard of VOC,
blank, component A, and component B
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W=, ThFTHOKBOIMIEINTELL/ =V T/
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2% F7- OP,EO b NP,EO & [al Bk 0 53 i fe s 5 ¥
HENTWDE PP, S MRERwOh T/ =T o
J—=VBIWFrFIVT7 2 ) —VIREIG 67 WEORIZE F
n, WAL EUER IR S hTws %7, NP,EO B &
U OP,EO OBEEIEZ BT 57201213 M+ V0
(LUF, n¥0) ®%7% 2 NP,EO 5 X U8 OP,EO % 325

Filtrate

WO T 50ENH S, RETIE, NP,EO B XU OP,EO
® LC/MS % H\ A 7253 Eiic o v Tl 3 %,

32 7ILENLT T/ —-ILI XYL —MRIRE

321 SHRYME
Table 5 25 W6t S E B X OV H A T IR %2 R
NP,EO X, n=1~15, OP,EO iZn=1~9 Z 5 W} & W
BEL, MobisE T ) HoRABIER R A L7z,
3.2.2 LR
Fig. 3 12 AEF M %2 7R3 3Rk 500 ml % & & 7>
Loars4ryazryr7a&fioEMMA— M) v
(Sigma-Aldrich Co., SUPELCO # ENVI-Carb) Z5@7K L 725
SINTRF M B W U7z EAHAE o — ™) VIR B
LRy )= VTER, YrauRry s X5 )= T

Water samples
Filtration

*If a sample is muddy, it needs filtration.

Residue

*Extracting with acetone, concentrating
and adding to filtrate

Solid phase
extraction

- 10 ml/min

ENVI-Carb (Sigma-Aldrich Co., SUPELCO)

- Water — Methanol

- Dichloromethane/Methanol 8 mi

Concentration

- Under N, gas

Final solution
- Methanol

Fig.3 The analytical procedure for NP,EO and OP,EO

Table 5 Analyte

Compounds Code Chemical structure Detection limit (ug/l)
-0, ~CHen o CHACH/OH
Nonylphenol ethoxylates NP,EO 2 0.1
(n = 1-15) (n = 1-15) R m (Each compound)
R = CgHy n=m+1
(n = 1-15)
0 CHZ/CHZ\O CHZ\CH/ OH
Octylphenol ethoxylates OP,EO 2 0.1
(n = 1-9) (n=1-9) R m (Each compound)
R = CgHy; n=m+1
(n=1-9)
R: An alkyl group (Usually branched)
m: Number of the ethoxy chain
JFE B3 No. 13 (2006 4 8 H) — 90 —
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Table 6 LC/MS conditions
(a) For NP,EO (n = 1-4) and OP,EO (n = 1-4)

Instrument Waters alliance 2690/Micromas ZMD 2000*
Column Shodex MSpak GF-310 2D

150 mm X 2.0 mm(I.D.)**
Oven temp. 50°C

Injection volume | 5 u/

20%B-(35 min)-95%B

Mobile phase A: 0.1 mM CH;COONa
B: CH;0H

Flow rate 0.1 m/min

lonization ESI (Positive)

Detective Mode | SIM

(b) For NP,EO (# = 5-15) and OP,EO (# = 5-9)

Instrument Waters alliance 2690/Micromas ZMD 2000*
Column Shodex MSpak GF-310 2D

“ 150 mm X 2.0 mm(LD.)**
Oven temp. 40°C

Injection volume | 5 u/

10%B-(35 min)-95%B

Mobile phase A: 0.1 mM CH;COONa

B: CH;CN
Flow rate 0.2 m//min
Ionization ESI (Positive)

Detective mode | SIM

* Waters Corp.
** Showa Denko K.K.

BIHL, SRFWMAT CRMBE, A5/ —VTEHLT
LC/MS @@ & Lize BEKICIREME L (RO S
N IR X EAARIR AT 7 T A A WAl L, B
WWEET 2 b TR U CHNE L 2R A IS Z 5o
3.2.3 LC/MS BIE

BRI E n 2 £ 12 0.05~2.5 ng DHIPHTIER L 720
HESME, e BUCE DA T VIRIEICED D B 720, K
FRALEW NPZEO (n = 1 ~4), OP#EO (n = 1~ 4)
L, maFaE{bEY NP.EO (n = 5~15), OP,EO (n =5
~9) 25 TRE L7 WS % Table 6 |28,
NPzEO 8 £ 1" OP2EO & b % n 0 2 &\ BAT 7 AR 1 A3
Bohi, FLCICLE0HbRIFTHY, S/INILOE
WE— 27 23 517z, Fig. 4 1I2EH# 5 0.5ng @ SIM 7 1
2N TILERT,

3.2.4 SIFEE

AR O MR AR 2 5 DR LEL, 155
N7 S B 22 % Sk, LC/MS i oA T IR
fiti (IDL) %% 720 IDL & HAEARH T Rl 2 e L 72
F 72 Fig. S IR THAEFIHIC L7223 TT T v 7 BRI O
WA E L CR KA W72 mGAER % 5 [l D R L
EhL, 55N HE M HEEREZRD, G EOM
HWTFERfE (MDL) 21 L7z, Table 7, 81275 ¥ 7 &k
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0
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>
< 10 100 ‘
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= 100 NPEO < 100 oP.EO
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Fig.4 LC/MS SIM chromatograms of NP,EO and OP,EO
standards 0.5 ng
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Table 7 Determination of the method detection limit(MDL) (Blank test)

(unit: ug/l)

Compounds | Average, X' 23?;?;?1’ sd MDL | Detection limit | Compounds | Average, X (Slzi?i?;i sd MDL | Detection limit
NP,EO 0.000 0.000 0.000 0.1 OP,EO 0.013 0.018 0.052 0.1
NP,EO 0.004 0.001 0.005 0.1 OP,EO 0.000 0.000 0.000 0.1
NP;EO 0.005 0.002 0.009 0.1 OP;EO 0.000 0.000 0.001 0.1
NP,EO 0.005 0.002 0.009 0.1 OP,EO 0.000 0.000 0.000 0.1
NP;EO 0.005 0.003 0.010 0.1 OPsEO 0.000 0.000 0.000 0.1
NP,EO 0.003 0.002 0.006 0.1 OP.EO 0.000 0.001 0.001 0.1
NP-,EO 0.003 0.001 0.005 0.1 OP,EO 0.000 0.001 0.001 0.1
NP;EO 0.003 0.001 0.004 0.1 OP,EO 0.001 0.001 0.002 0.1
NP,EO 0.002 0.001 0.004 0.1 OP,EO 0.001 0.001 0.002 0.1
NP,,EO 0.002 0.001 0.003 0.1

NP,,EO 0.001 0.001 0.003 0.1

NP,,EO 0.001 0.001 0.001 0.1

NP;EO 0.001 0.000 0.001 0.1

NP ,EO 0.000 0.000 0.000 0.1

NP,sEO 0.000 0.000 0.000 0.1

MDL=X+t(n—1,a)XSd; t(n—1,a)=2.132

Table 8 Determination of the method detection limit(MDL) (Recovery test)

(unit: ug/l)
Compi 0 e S | |t e ety G0 ||
NP,EO 0.386 77.3 0.033 0.069 0.1 OP,EO 0.412 79.8 0.030 0.064 0.1
NP,EO 0.387 76.6 0.021 0.044 0.1 OP,EO 0.390 78.0 0.020 0.042 0.1
NP;EO 0.380 75.0 0.031 0.065 0.1 OP;EO 0.392 78.3 0.032 0.069 0.1
NP,EO 0.404 79.8 0.027 0.057 0.1 OP,EO 0.427 85.4 0.043 0.092 0.1
NP;EO 0.476 94.2 0.018 0.038 0.1 OP,EO 0.526 105.1 0.035 0.073 0.1
NP.EO 0.461 91.5 0.023 0.049 0.1 OP(EO 0.533 106.6 0.023 0.049 0.1
NP,EO 0.472 93.7 0.009 0.019 0.1 OP,EO 0.532 106.4 0.021 0.043 0.1
NP,EO 0.559 111.3 0.027 0.058 0.1 OP,EO 0.633 126.5 0.040 0.085 0.1
NP,EO 0.550 109.6 0.017 0.037 0.1 OP,EO 0.602 120.3 0.009 0.019 0.1
NP,,EO 0.570 113.6 0.010 0.022 0.1
NP,,EO 0.542 108.1 0.012 0.025 0.1
NP,EO 0.525 104.8 0.015 0.031 0.1
NP;EO 0.598 119.5 0.038 0.080 0.1
NP ,EO 0.587 117.3 0.017 0.036 0.1
NP sEO 0.609 121.9 0.018 0.038 0.1

* Spiked at 0.5 ug/l
MDL =¢(n—1,a) X Sd; t(n — 1, a) = 2.132

WO SN T WS T, HAE L BRIEE S E L AGEA IS
L2 ERREITONTVLY, REMIRD 70 DHE 7
Lo R REAIAT 72012 bALFHF OSHF IR T K TH
%, Table 9 |ZIHH AR A B L 72 Rse LT
22 bR 27T Do IRBLERORTTRAY — FB X
VA A MEENE (LRESIEE) oBElxsd Y,
FSE OBEB & B S MRS AT TE v, SR TR

FEHEWVE DA R TH 5 720, FI6TE LA D TR
SNTwa Y, JFE 72 7 ) $—F TR AT R B
BEBUWEE LTHY, YA —FBIULAH A ML
DOMFTKIEEZ KDL I LIZE D, EmAoNEWREL L7
REETIEE—OFERALPIZ X Y GC/MS AT D5 RE 7%,
& WAl (yellow-agent) B L U 0 #l (red-agent) O FH B
b FALAHI A O & 0 B B O BREE ST HAT I D\ Tl

JFE B¢t No. 13 (2006 4 8 J1) - 92 —
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Table 9 Chemical warfare agents related to the Japanese
Imperial Forces

FHIEZDGHEW R —IE IO T B F A4 — Vi EA
b -GC/MS AT & % Ji % MG L 720 Table 10 127047

IJ\Iame in the Chomical | Name of S GWE & Z OFHERAWE Z R T 2D ETIALAA
apanese emica . . e o . o
Imperial | agent type iﬁﬁﬂym Chemical structure LRI D B3 R BALEAIE LT LR ko € -2
Forces LTS R, BBISERSIT 2 2 ATERN T,
Voo & camenss Lol i, BMAARRI S A T, (Ll 2
. W N
Yellow-agent fglgsr:tesr Lewisite 1 CICH=CHAsCI, L [f;f Z‘;ﬂﬂ
Lewisite2 | (CICH=CH),AsCl 4oL B
LAY : - Sl ) - o Lk :
Lewisite 3 (CICH:CH)3AS ) *ﬁ‘(é\:ﬁ}ﬁ%:% Flg. 5 6~7.|_\“3—o 7kuit*’|’c~IEE*HF{%J:”é
f—— 7o, AFWREBALFAOF T - ME (°C 5 <L)
PRENYICIo™ | ¢ H,),AsCl .
SIEMUIALONS | roqrsine o ZWML 720 F 4 — VBRI L LTI ORI
Red-agent (Vomiting - ) ) ; )
agents) | DIPREOVIEya | ¢y AN WAL 7, Wik & DS BAf7%2 1- 7 a3y F
2-Chloroace- _
Green-agent | Tear gases tophenone (CeHs)C(=0)CH,CI Table 11  GC/MS conditions for arsenic-containing organic
Choki compounds analysis
oking
Blue- t Ph 1
Heaget | agents osgene coct, Instrument Agilent GC/MS 6890/5973N*
Blood Hvdrogen Column J&W Scientific DB-5MS
Brown-agent | poisonig cy);lni d% HCN 30 m X 0.25 mm(I.D.)*
agents Oven temperature | 70°C—300°C (1step heating)
White-agent Smoking Trlchloroar- AsCly Carrier gas He
agents sine
Flow rate 1 m//min
Ionization EI

%3 %o
42 BECFEERICHRT 2FFHITE

421 DS WE

B Gl B AL AN K R WAL o % 0
T, INLDOFEMIL G T HLERD B, T2
GC/MS GHTIZ B W TIEED W20, FF — Vik#EIic X
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Fig.5 The analytical procedure for arsenic-containing organic
compounds
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Table 10 Analyte

Classification Compounds Code Grouping Chemical structure Derivatives
hlorovinyldichl i /Cl
2-C lorovinyldichloroarsine L1 CICH=CH-As
(Lewisite 1) Nl
OH
2-Chlorovinylarsonous acid CVAA CICH=CH-As
N\ OH ,SCiH;
L1G CICH=CH-As
roup N\ SC,H
Lewisite oxide CVAO CICH=CH-As=0 e
Yellow-agent
and related ?
compounds 2-Chlorovinylarsonic acid CVAOA CICH=CH —:?\S -OH
OH
CH=CHCI
Bis(2-chlorovinyl)chloroarsine /
iy L2 Cl-As
(Lewisite 2) \CH:CHCI CH=CHClI
L2 Group C;H,S-As
- : _ CH=CHcI NCH=CHCI
B1§(§2-chlorovmyl)arson0us BCVAA OH-As
act N\ CH=CHcI
Cl
Diphenylchloroarsine DA Q I
LD
CN
Diphenylcyanoarsine DC @ AIS @
SC3H,
onoe | O\ D '
Bis(diphenylarsine)oxide BDPAO Group @/AS* O-As \@ @AS @
Red-agent and
related OH
compounds |
P Diphenylarsinic acid DPAA @ﬁs@
o
OH
|
Phenyl ic acid PAA As-OH
enylarsonic aci I p SC.H,
PAA Group o As
NSC,H,
Phenylarsine oxide PAO @AS =0
A= (PrSH) % &R 720 FERICBUSIFRRIERMT T > (DC), Y7x=NT7Ly B (DPAA), 7=V T

50°C i L BB #h % B e 720 EE 2 &8 R b it ix
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A ED01~1ng/ul 127 5 X 512, M#EBE%
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