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- Abstract —

Determination of aryimethyl halides and related compounds by GC and RP-HPLC

Dos Suk  0Oh
Industrial Hygiene Research Laboratory, Industrial Health Research Institute,
Korea Industrial Safety Corporation.

Arylmethyl halides(benzyl chloride, BZYC; benzal chioride, BZAC: benzotri-
chloride, BZTC) and related compounds({benzyl alcoho!, BZYA; benzoyl chloride, RZOC)
were determined by GC using capillary column and reversed phase-high performance
liquid chromatograph, RP-HPLC, Detailed results are as follows.

1. In methanol solvent containing the trace quantity Hp0,benzotrichloride
was slowly transferred to benzoyl chloride by hydrolysis,

And so benzotrichloride solution should be prepared just before
analysis,

2. GC analysis
Tenax-GC was used to absorbent and desorption solvent was CCLy.
Arylmethyl halides were analyzed within 7.5min without interference
with related compounds.

The calibration curve(ca.15-80ppn in soln, ), the repeatability{n=10)
and the desorption efficiency were good.

Limit of detection by NIOSH method was about 0. 003ppm for each
arylmethyl halides,

3. RP-HPLC analysis
Tenax-GC was used to absorbent and desorption solvent was methanol,
Arylmethyl halides was analyzed within about 8min. without
interference with related compounds,
The calibration curve{ca. 10-60ppm in soln.), the repeatability(n=10)
and the desorption efficiency were goad,
Limit of detection by NIOSH method was 0.002ppm for each arylmethyl

halides, and LOD of benzotrichloride by RP-HPLC analysis was better
than GC.

As the result, to analysis arylmethyl halides and related compounds in working

place GC and RP-HPLC analyzing metheds are anticipated to be used effectively,
—_ 1 —
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%2 arylmethyl halides?] ¥

Z¢] benzotrichloride(BZTC)™ benzyl chloride(BZYC)E A 3lo] ol EF 9

mln

Bank e yid o Zuslaiz} et arylmethyl halides® BZTC= 53] “ A
Z BE AL IE olol 3t REEA(AdARAY AIAFH, 1990)"F

shiz S4ol tiws sl Hue UG 5 Qon), LF¥A(F-2)] 3
Baolth @9 o ¥ BAL ¥4

sty W& 249 % arylmethyl halide¢] benzal chloride(BZAC), #HIEZ

b

A
g 3l

niz,
@ o

L7t A2 BITCE ¢ &

fr

(related compound)?] benzyl alcohol{BZYA)%! benzoyl chloride(BZOC)= &t
Ao Z3tsle] ZAESIGon, o] EAEC TiY AABRFFY KR A
ZApstedch

2 d7e] 532 FA o] EUEE EM3h=dl ¥ packed columnd AMESH:=
Az gnE ety W& capillary columng A3t ZfAdstz, =3 siz|7]
A o] BEHEE Mt BEaFA e gAY sAAIRnEIE
(RP-HPLC, reversed-phase high performance liquid chromatograph)& A}-8-3}¢]
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ol BEAES w2, ¥ ¥ 4 o wHE AU, Sx Ad®RFe BITCe}
BZYC2] Ao AlREYE Extxj(absorbent)?t EZH of EIZEL wE
(desorption)AlZl= AFIsE {ref§ AESle, /AT ZolE 2143 o RP-HPLCY

A 2 A Arylwethyl halides %l B ER
1 Az, 44 u &=

arylmethyl halides® A Z3}:= A7 A W Z 713 209 Uy FzAL]
of o] &2 A3t free-radical halogenation®h-g-o|tl, o] &8 Ziehdh A =314
£ a7l 13} Zr}, o] BEAEE T8l 10048} Zo| benzyl chloridels NaOH-2 <}
ZollA] benzyl alcohol® |3, benzal chlorideZ} #Atzl HESIoA 7l4i5)
™ benzaldehyded €& 4 ¢lemw, benzotrichlorided FeCls; HrolstofA] 7}
T3 SPH  benzoyl chloride& A& # 4 Qlt}. olF 4% FUE 43
(CINFO disc, 1989: CHFM Data/PRODUCTS CHEMIQUES, 1989) o &= (H4rz,1991:

G.D stoner, 1987: Europrean patent Application,1981)= ZvzF 1 = ¥ 2%} 2
o},

100° 100° | 140° | 50° ,
CeH5CH3 CgHsCH2C1 CgH5CHC1 2 CsH5CCl 3 CgH5;COCH
hy (I) hu (1) ho (I Fe
100°
NAOH 70°  H2804, FeCl g
Fe, H20 -ZHC1 [Ha
Ha 0O
—_—
CsH5CH20H CeHsCHO CsHsCOCL CgH5COOH
—
(V) ' (V) PCls

Fig. 1. Perparation of side-chain aromatic halogan compounds by
substitution reaction of free-radical halogenation: I, benzyl
chloride: 1II, benzal chloride: T, benzotrichleride: W, benzyl

aleohol; V, benzoyl chloride.
— 3 —



Table.1 Physical peoperties of benzyl chloride, benzal chloride, benzotrichloride, benzoyl chloride and benzyl alcohol

compd
item benzyl chloride benzal chloride benzotrichloride benzoyl chloride benzyl alcohol
formula CsHlsCH2C1 CeHsCHCl2 CeHsCCla CeHsCOCT CsH5CH20H
mnolecu la welght 126.59 161.03 195. 48 140, 57 108.13

appearance & odor

boiling point at
760 mmHg

melting point

specific gravity
(relative dencity)

refrative index

solubility

vapor dencity

conversion factor
at 25°C

saturation vapor
concentration

vapor pressure

colorless liquid ;
irritating odor

179°C

- 43 " - 48°C
1,10 { Hz0 = 1)

1.5415 (npt5)
negligible(< 0.1%)

in Hz0: misible wlith
alcohol, CHCLaz, ether

4.4 (air = 1)
1 ppa = 5.17 mg/m?

6.2 g/nd at 20°C

1 mmllg at 20°C

very refractive liquid
pungent oder ; fumes
in air

205°C

- 17°C, solidify
1.26

insol in Hz0 5 freely
sol in alcohol, ether

(5.59)
1 ppm = 6.5 mg/m?

clear, colorless to
yellowish, oliyliquids
penetrating odor;

220.8°C

- 5.0°C
1.3756 ( HaD =1 )

1.55789 ( np?® )}
insol,decomposes in HzO;
sol in alcohol, benzene,
ether,other organic sol-
vents.unstable:abold Hz0

B.77

1 ppm = 7.99 ng/n?
0,7 % at 75°C

1 wmifg at 45.8°C

clear, colorles liquid:
penctrating odor

197.2°C

- 1.0°C
1,21 ( HeO = 1)

1.55369 ( np2® )
decomposes in Hz0 3
miscible with ether,
benzene, CSz, oils.
stableiavold heat,Hz0

4,88 (air=1)

1 ppm = 5,76 mg/m?

1 mmHg at 20°C

liquid 3 faint
aromatic odor

204.7°C

- 15.19°C
1.04535

1.54035 ( np2® )
miscible with abs,
and 94% alcohol
ether, CHCla

372 Cair=1)

(1 ppr = 4.42 ng/m? )




Table 2. Use for benzyl chloride, benzal chloride, benzotrichloride, benzoyl
chloride and benzyl alcohol,

Compound usage

oF 1 AbZH|, AbdA A=
A E  benzy!l alcohol (CgHs5CH20H)
% %% . benzyl alcohol, benzyl henzoate
0
I
{CgHsCOCH2CeH5 )
£ :benzonitrile(CgHsCHaCN}
# :quaternary ammonium chloride
(CeH5CHz *N(R2R1 )C1-)

benzyl chloride

W

.
. 7
%

2]
|

il
ol

(S

¥

[y

benzal chleride benzaldehyde?] #=

benzotrichloride benzoyl chloride?] A3

pode

FESUA : benzotrifluorided] ==

2] FA] : hydroxybenzophenone

Rk gL R=A

to reduce or prevent fog in negative-working
silver halide emulsions

5 o 4EA
2. Eepay A
1) 283, 7124 0 0
[ ]
benzoyl peroxide{CgHsC-00-C-CgHs)
)
I
t-butyl peroxybenzoate(CgHsCO0C(CHs)3)
2) AR FA
2-hydroxy-4-n-octhy! benzophenone,
0
|
CeHsCCeH3{OH}{0CgH17)

S e

benzoyl chloride

[y

Z2-hydroxy-4-methoxy benzophenone,
Q
f
CsHs5CCgHs (OH) (OCH1 )

0
d
3. 2Jof® @ benzophenone {  CgHsCCgHs )

benzyl alcohot manufactured other benzyl compds.
solvent for gelatin, casein

used in perfumery and in flavoring

Lo b —
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dise, 1989: CHEM Data/PRODUCT CHEMIQUES, 1989: European Patent
Application,1981: I.Chu 5,1984)& i 3of RojZr} wlelr o|F ELEY &
2L (CINFO disc,1989: Guide To Occupational Exposure Vaiues,1990: #3i&
e B EE, 19918 438t Zeol Fasich o EHLEY JEUYEE E 49
RogZrl, 2L} F 4o} Zo] benzal chloride, benzotrichloride o
benzoyl chlorideg] E2Z3tx = o} 271z HAE o] 42| ¢lon o] EAEL] 3
A v2zA Tl Zal= NOES(National occupation exposure survey, 1983)%}
NOHS(National occupation hazard survey, 1974)7F Tl (& 5)

AdGAE A EA43TEA AIFE EHE A& BITCE H3oM RN
Hie} ol 4714 EAE SAdo] i AT EME o] AR JT AIE LA
A} (Hiroyuki Yosimura %, 1986)& R A}S}¢ic}. benzotrichloride(BZIC)= T2
benzoyl chloride(BZ0C)2 A Z st ZpgolA AAHHcE dE2oME= 1954~73d

Atelofl BZOCE A R3l= F3 l-—i AR or20%y, TH AT 6~17d ) E5H 3¢
B2} 182 op g dubEe] WA ArE B3 HEE BZTC "L benzoyl peroxide?]
HZFZY ZAH( o407, G 7I7E 5,17d)oAM 28] sigto] g AT
Bastdch #xzix] H 687t AR AAHACE BIOCY A ZFHA
Atete] ot Felal@ BZTCe} BZOCY Folo] ¥t FAow FEW, BIIC:
BZOC A|ze] F o3t F7HA=2 H2o] 7¥7} Wt BITCe} BZOCH wWtd& Hl
shd BZIC FF2 e Hol Y, AT (AEF), fFEY ofx= FolE
W gol yth i BZOCE HEAF M Xl FYsride £} v
Z A3 2ol s} sl E sto] 2¥A3) vt Bzt ¥, BITC: &34

e] wrgo] »@ 7B Rrt BZ0CE #5351 benzoic acid® E3Hct. o]
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Zioeg Ry MEuvze] Hdee bzl stz sl o o3t 3ata el
& BZTC7} ATtz 2AEe], waAdn AgAoF AZMECE I3 Ho|dAAY

ol = BZOCol H]s}ed BZTC/} 73 whelado] Sk ZIod Ajalsgic). ok, 3

S

X

g, ookF wW R AFdEU FBAE ARshed AHEEHE o] £
2 FUd% L ARA(RFAE, 1991 = E 60f HojFct,
Table 3. Health harzard data of benzyl chloride, benzal chleride,

benzotrichloride and benzoyl chloride

compd benzyl benzal benzotri benzoyl
itme chloride chloride chloride chloride
primary routes|inhalation, inhalation
of entry ingestion, eye - - ingestion, skin
contact, skin contact, eye
contact contact
target organs |respiratory
system, eye - - respiratory
skin system lungs,
eyes, skin,
central nervous
investigation |tumorigen , tumorigen tumorigen, tumorigen,
nutagen nutagen mutagen, pri- |mutagen
reproductive mary irritant
effector
carcinogenici-|anticipated |1ARC-2B, TARC-ZB not considered
ty to be a carc-|MAK-2B MAK-2B,NTP-2 |to be a carcin-
inogen: TARC- ogen by NTF,
2B, MAK-B IARC, OSHA
CFR classifi- |corresive poison B corresive carresive
cation material (101} material material
poison(102)
toxicity by rodent-rat rodent-rat rodent-rat rodent-rat
inhalation, 150ppm/2H 61 ppb/2H 18ppm/2H 1870ppm/2H
LDso

IARC ! international agency for research on cancer
MAK : federal republic of germany maximum concentartion values in the

workplace

NTP : national toxicology program
_?_



Table 4,

Exposure limit of benzyl chloride, benzal chloride,
benzotrichloride and benzoyl chloride

ompd, benzyl benzal benzotri- benzoyl
ref. chloride chloride chloride chloride
ACGIH TLVs TWA: 1ppm - not established none
(5. 2mg/m3}
OSHA PELs TWA: lppm - - none
{ Smg/m3)
NIOSH RELs STEL/CELL: - - none
C Smg/m3
LEH 32 TWA: Ippm - - -
A|91-21% ( Smg/m3)
ACGIH TLVs : American conference of governmental industrial hygiensts
threshold limit values
OSHA PELs : Occupational safety and health administration permissible
exposure limit
NIOSH RELs : National institute for occupational safety and health

recomnended exposure limit




Table b,

benzotrichloride and benzoyl chloride

Occupational exposure survey data of benzyl chloride, benzal chloride

No. of female
employees

compd. benzyl benzal benzotri- benzoyl chloride
classification chloride chloride; chloride
NOHS(1974) NOES(1983) | NOHS(1974) NOES{1983)
No, of factories 1172 1 117 5
{estimated) (estimated) ! (estimated) (estimated)
No, of industries 5 43 5 148
No. of occupations| 10 1 6 30
No, of employees {30504 171 1008 6871
{estimated) {estimated)|(estimated) (estimated)
- - - 2826
(estimates

Table 6. Imported quantities and main user of benzyl chloride, henzal chloride,
benzotrichloride and benzoyl chloride

year
compd. "87(kg) "88(kg) "89(kg) main user
benzyl chloride 1,598,149 956, 787 1,037,042 |93}
SERNES
benzal chloride - - - -
benzotrichloride - 401, 430 581,104 -
benzoyl chloride - 447, 540 246,912 |9 -953t |




3. Arymet yl halides$} ZHEALE] = o 724

arymethyl halides W THEZE

ll=

XA =t charcoal (C. L. FraustS
,1966: NIOSH Analtical Method for set U,1977: W.Bertsch, 1975}, silicagel{E.E
Campbel15,1966) porous polymer bead{Porapak N, Tenax GL etc.)(Hiroyuki
Yosimura®, 1986: M.W. Dietrich%, 1978: Hidetsuru Matsushital%, 1979: %M #&
5.1980. ), porous polymer resin(XAD-2)(G.A. Junk,1974.), polyurethane(B.C.
Turmer$,1977.) I AHZTAY(SHH ¥B5, 19800 FEBEIE HFVy
#4,1980. )50 Al2EF g, =TI AWty o ¥  chlorinated hydrocarbon(F. V.
Williams &, 1968: J P Mieure%s, 1973: T.A.Bellar%, 1974: Claire Vidal-Madjar
%,1978) EHEL 9ol dFT FHAAE A8t 2o FATAYES
AN FaAo] 2 SUES €8s W2 golvHM V. Dietrich, 1978:
Wolfgang Bertsch%, 1974: J.S. Parsons%,1975: J.W.Russell, 1975) -&nuj
{Hiroyuki Yosimuras, 1986: Hidetsuru Matsushita 5,1979: £H 5, 1980)
7t AHEE|Qith arymethyl halides®t ZAHEIAEFL] £4L 3 ¥(Voltgang
Kirsten, 1953: Cho Yoshimura$, 1984)2} 23 A3 (Zavod Lab,1988)& o] &3t

FAoyol 2w glvh. 2 gifde g staagntEIRl2E Yol AMES]

gdon, oju] A&7 TCD(thermal conductivity detector), FID(flame
ionization detactor){Hiroyuki Yosimufa%—, 1986: M.W. Dietrich%, 1978.
Hidetsuru Matsushita %,1979. %MW #%, 1980. G.A. Junk%, 1974: fEERSA
T HA KT, 1980, J. Y. Yang, 1970. ), ECD{electron capture detactor{James
S. Persons &, 1975.) 2 FPD(flame photometric detactor)?} AMRE gitl. 13

U 7}AFAZnlE 2 =E arymethyl halides @ THEIES Bl EIR

Sl

(resolution)e] £x] ¢lo} 2= T T 1] ¥ (temperature programming method)-&
2835} (Hidetsuru Matsushitas, 1979), S22 (isothermal analysis){{EEE

BAE HAFT 22, 1980)A 5 SR A 7Hretention time)o] oF 208 715 49



Hry, E3 7pAAZoEIgZR F447 A AL 4EH 220 U

c

2% arymethy! halides % BABHo|L} BHBAT] L4yl mBslo] 2
3L Wb 42 91O EF (potential health hazard) o]23t EAEE 23St
g3l 7)o GCEAMUEE /i, RP-HPLCE o] &3] MEE B 7
i ogl #3tegle]l & |7 x| HAolch =¥ HAFAHEA BZTCe} BZYC
oAl HBAZY FEE 2y sl AZEY] A= FHA
(absorbent)2t ZHH FFEL Y (desorption)Asle &ulE ZESI oY
RP-HPLCo] 2%+ 33t &4 vubH (sampling and analytical method)& ¥5E3toq,
QB F) BIIC W B2Ce] FAYUOZ B T 4 UTF 3j=zlo] s

3ol

4



A 43 ZAEIE(linit of detection)

Y E= AEYHHU matricesfoll A S5ET ZAHE AHEst w4 E
(trace element or molecule)E FHW3t=dl ¢olx] HEILE(LOD, limit of
detection)?] 7jE-L ofwts] Fasich 1975 IUPACo| A= LODE oS3} Zo]
2l sty

“The limit of detection expressed as a concentration C (or amount,

gr)is derived from the smallost measure, X , that can be detected

with reasonable certainty for a given analytical procedure”
ACSoll A= 1980 ol [UPACo] &gt /jdE

“The limit of detection is the lowest concentration of an analyte that

an analytical process can reliable detect”
g2 &y B¥3E] slgch (Gary L. Long,1983: Wiiliam R. Porter%, 1983:
Principles of Enviromental analysis, 1983) ACS2e] AHYE &3 2l B
Aol thyt $H8 ZH& S @} BLA blankel tist &F3EE& S, olE &3 o)
T ZFHUAE oetste, 4% (analyte signal)e S -5 ot FFFZA
(S -S ) 3o 99% g $-FoA S-S ) 0YUS NHolFr], mfeba] LoD Haix
(recommended value):= 30’§., AEEFt (LOQ, limit of quantition)?] I A=
1002 stgrh LoDet 1002 7IE<S Fig 20 Hojfth 3o0]3te] 4Z+= "not
detected”(ND)2} 3}, 30 to 10 o+ “region of lesscertain quantition”e]z}
s1aL AR Ao} glo] "trace”Eh= &0l “T" EE "tr"E ¥AIFTL
J.E.Knol1(1985)2 24522 Hxe 41 Z & tH(signal response)i]o]d] A
B

Z22 7ekslz| 7} ¢lc}l, chromatographic noise 7} ZEE7F &2 ¢S 70

i1

o

AA st 3ol A o F Zheksirt sl 2% background noisedl EEFH

r

WA E data handling equipment& ARE-8lo] &3 & 4271 Qx|ql o]d] Haj=

o,
Y

T3 o8 BE chromatographerhero#] ©o]&EA] ¢l&=r} o]a ojfE

background noide& EAA]-%7} $13] chromatographic chart ofA #&H



fluctuationoll thet A77F gol o Fojrh. sAg ol WHELS

%2

™
=

oh

2}
ZEiaL glch. A=A 3L stedl 9lo] chart interval?] A& ofr[AMEH &

o

Zztef g s]Ee} FAoolx, EUIE EAlE noise?} 7]E4 (beseline)T¢ o
A AFEEICH: 7PEE § Zlolth. o] 71AE 2AUAYA el 23t
A SFY 4 ot rfFEELE AL TQT ¥l chromatographic noises
line vpltageo] spikes® W2O% A7AU, thd H/14Y /AR Fee U
2 A& o] 2L dHE(carrier or fule)?] ZEol glojAe] Eebddol 7]
o138t fluctuation® ZTFStL T}, i) o|E olx=Ax AFERE oj=x] ¢
t}., J.E.Knoll& noise measurement interval& system?] 2t] % & (max
information capacity)® ZHAA I, noised Bienayme-Tchebychoff inequality?]
Camp-Meideli extension® o]&5le] BA L 7lasty, ZEZH o8 olgst &
AE3=(Cron)®t A HFT=(CLon) AlitA]E BT

CLop =Kpop hn Cs/hs

Cron Krop hn Cs/hs
g7 oA KLop®} KLoge constant® 4 7H4 (measurement interval)ef whz} A
A (E 7), a2 27 30lx2} o] SAHCL
AEUEE AL ¢35l

Pk
011-1

AFAE g3t AT Agg E4%ch AR 718712 P Co/hs7t &

L
(2
a

2 Wep A2nfEnPes B 1/2h of A FAZ(T )E 23T
3. AEe] W2l FHLZ HE FUSIE, FAEE HAISE 713 2 noise
fluctuation(hy }&] ¥o]& &3¥Icl

olm] Kiop += Wn 2] Fof ute} FAHch

4. ¢ AArA el Krop ,he ¥ Cs /hs & sl CLopd Alabgtc).
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Fig.2 Relationship of LOD and 1.8Q to signal strength. The LOD is located
30 above the measured average difference in the total(St¢) and
blank{Sy) signals: the LOQ is 10 above Sb.

Table 7. multiplier constants limit for detection and limit of quantification

calculations
peak width
multiple Kr.op KLoa
10 1.9718 5.755
20 1.4309 4,150
50 1.9194 2.656
100 0. 6536 1.885

L et LR TL TR

v

Fig 3. noise output chart recording



¢ AAFFFY fsd 4l iy A&U=e AEE NOsHAANE
“background® FE TEEE £4EHL 1 FH2Rolztn Fstden, A
Abib 2 Aard graph?] 7] &7|(slope)of 2}3] vl (EAHERY w8 5=
vl Zeknt 71 A8 reading) ZEFMd graphe] EF L x[{standard error)?] 32
8la ARPEE FE AL 1082 stadrh 0sHAolA = E43He] ZAEU=E
“baseline ole] «5ule] kolg E4%UL TAEAY Folrix HdtAL
Aatall e Zul hageline noise?} A& YAFE A (routine analysis)el A1&
H olgos FRHSelE 5UY FAT £ AE $EOE FRs}o] Ay

t}, E#), 7t baseline noise?} @oix]A] ¢t TlE referencer} ME[Eojo}

o

T}, ©]Z-& reagent matrixof2]3t noise?] peak@lan® 23H 4 9rh
utets AA A A] baseline &] noiseE 83} =0l &olstA] ¢ Wi
of & dFofri ol ZEnfEAPN T RE AL 4 9l J.E.Knoll %
Hap 0SHAYY, AP data®RE ALY o gl NIOSHYH & FESI AHAH
o2 M golstA &8H F e W

o] oloff w}E arylmethy! halides?] 2t

& AA 2 F7FE 0L 7HFE 3



AT A d 8

2 Aol ASHE BH7E TR SAALSET PO D Sha22a}
EI=I=(6C)E AlR3FIgitl. HPLCE Spectra-PhysicsAl?] H|ELFE  Extended
Range LC Pumpy= SP 8700XR, Scanning Detectori= SP8480XR(T}AHRZA 71%),
Solvent Organrzers= SP B8750XR, Computing Integrator:= SP 4200, Column
Temperature Controller B Colunm Heatert Biocanalytical System®| LC-224,
LC-23AE r1&3lgoem, 18] A|E&RE, Solvent?] degasingg /3] BRANSON
Ultrasonic CleanerZ , 2ufed3tE 2]s) VWatersil?] Solvent clarification kit
&, ANEHAE 23l sample clarification kitE, Al@lR]= Hamilton?] 50ul
AM71E AFgstET). column ODS-1 (10um, 25cm x 4, 6mm, SS)o| o]&F gt =
§} GC= Varian#|EC 2 Varian 3300& , Integrators Varian 42908 A}23}19]
th 4o A2H Column Y¥IA S8 2ol= Methyl silicone Liquid phase
=23 DB-1{LFA 0.25um, ZolxTZF 30m x 0.32m [.D.)& AHslda,

Injector:= Split modeZE A}&3}gct
A2y FR=7

SEBANAM A8 2471715 SFEERYL & Ak

Mcbile Phase MeOH/D. W. 75/25
Flow rate 1ml /min
Degasing gas He(1Kg/cm? 2nd regulator)

— 16 —



GC

Column Temperature 30° C

Wave Length
Range
Attenuation

Chart speed

Temperature

Flow Rate

Injection Volume

Attennation

Chart speed

Detector

UV 254nm
0,125 AUFS
2

0,25cm/min

Column 100° C isothermal

Detector 200° C

Injector 200° C

N2 Detector 28, 5ml/min
Column 1.5ml/min
make-up 30 ml/min

Air 300 ml/min

He - 60 ml/min

141 (split ratio 1/20)

1

0.25cm/min

FID



438 Aot W Aol

B oA ABE AEE arylmethyl halides: benzyl chloride(Junsei
Chemicals: Extra-pure), benzal chloride(%AKO Pure chemical lndusiry, LTD,
reagent), benzotrichloride{Aldrich Chem. Co. Inc.:Gold iable}& 3t A}
235l o, arylmethyl halides®] HIHEZLE  benzyl alcohol(Junsei
Chemicals:Guranted Reagent)$} benzyl chloride(Junsei Chemicals: Extra-pure)
L Buy Aegol AMgsial.

F13, Stock solutione $lof] €A% 571 Aleks Zhz 1ml®! Volumetric
pipette® 2 #|3}lod nja] oF 50mi2] methyl alcohol(or CCLy)e] &of¢l: 100ml
Volumetric flaske] @3 methyl alcohol{or CCLsi)E FEMFTHE 4° C I3 o] H
#atHA "o Abgstgcl. 2&98 2AE oA o Sml viale]
volumetric ¥|# 2 2 methyl alcohol(or CCLs)E 217} 20l & 718la Fa] npAE
Qa1 2} viale y-syringeS ©]-238l9 stock solutiong 242t 1.5, 3, 6, 9, 12

& Hel Jof At on Buje $gel Y &3 B FHIE S 29
s, Az2H FEENYL AyETdolrt Agstdcl. Y} U SR EHE
ST1, ST2, ST3, ST4 W ST5E E7ISIGr). olg Z EE 82 §9F w=94 3
T TET ¥H83H Zrh olg Z &Y & FIF FEFE A/
712 NPT(normal temperature pressure;25° C, 17]¢E Ap&sidz ofjuf z
=3 lmole o] RI&= 244618 AMEsiaon, AR Friare dnizer

solvent vapor& Al 233l EE<] 10LE 7|£% Holrh

- I8 -



Table 8. Standard concentration in solution(sg/mbl) and air( gL/L) for benzyl
alcohol{BZYA), benzoyl chloride(BZOC), benzyl chloride(BZYC),
benzal chloride(BZAC) and benzotrichloride(BZTC}

Concentration: soln, (airl)

ST. No,

BZYA BZ0C BZYC BZAC BZTC
ST.1 7.8(0.18) 9.1(0.16) 8.3(0.16) 9.5(0.14) 10.3(0.13)
ST. 2 15.7(0.36) 18.2(0.32) 16.5(0.32) 18.9(0.29) 20.6(0.26)
ST.3  31.4(0.71) 36.3(0.63) 33.0(0.64) 37.8(0.57) 41,3(0.52)
ST. 4 47.0(1.086) 54.5(0.95) 49.5(0.96) 56.7(0.86) 61.9(0.77)
ST.5  62.7(1.42) 72.6(1.26) 66.0(1.28) 75.6(1.15) 82.5(1.03)

1:

The volume sampled, 10L was supposed,



Ay gAY Az % U

L2 A] B+ benzyl chloride, benzal chloride @ brnzotrichloride A]eFS AR
5lo] ZA3 stock solution®, 2= charcoal % Tenax-GUE ARE-3fadt},
charcoal tube{SKC, USA; front side 100mg, back side 50mg)2lA-F stock
solution® microsyringe® 34 1(BZYC 3318, BZ1C41, 3uge] & 231
charcoal tube®] HAGHREFE of 5um AEF FAOE A2l 100wgd] FoHelof
FAE Y2 F £7t4 0 F nicrosyringe?] plunger® & Al L9988 Y &
A] Lab. sealing film(%atman) & % H.&}3 plastic capS #]9] 4° ¢ A7 23
St A ARE-SEATEH
Tenax-GC twberh B} ¢lol MG FeBS Heh A7 4m, 2]
Tem)ste] AlA gl A2F P& FelE L & lenBE Yol 2 sealing film
o= B33 plastic cap@ TF WehH TF E3) Tenax-6C 1000z Y F
fal& o= oF lenAE 2H2F charcoal tubeol 2t Z+E v o gz slgdct,

§h2t0. RP-HPLCE o] 2-5}7] ¢l8lA] ZA|¥ charcoal tubel= Htre] 100mg3}
Fete] 50mgS 2] tiE ok 5pl1¢] vialofl #]%1FE methyl alcohol{or CCL4 )& 2t

2 1ol E HHA Y2F capd 27 E2F sealing filng 3-43]

fle
i

ultrasonicatorol]d vial2] <F ¥H(2 Gem)o] Eo] A= F FE 3087

=1
=3

-

g
i

iy

2
Tl Tenax-GC tube® 100mgE ¢F 50ml19] viale] W% charcoal #&A[3} Zo]
AAgic, 3087 FHH AEL£9E HPLCYl injection HIEH K7] &3]
filter(0.5um)& o]&3to] 2}F Hafo] A&t 53] F& 9 o] L)
o] el zhEgh F9]E 7] &ofof gith.  GCE o] &5l EM¥Udelr FAU
SVH(CCLy or MeOH)E Al83te] &3PS ¢lot B Usiuh HPLCSE Zo] 53] F
& o oAzpPolAl guje] el f-ofstefofiic,

EF2F 8- (desorption efficiency)s vl Zrh.

area of analyte

Desorption efficiency(%)= x 100

area of standard
- 20—



AW R An L 2%

#12  Arymethyl halides @ ZAAEALES] 4

i

7k Adel whE A

benzyl alcohol, benzoyl chloride, benzyl chloride, benzal chloride %
benzotrichlorideE Zt EZHE volumetric pipetteE A}E3}e] imlE 2|3}
o] 2] methanole] ¥ 50ml%] So] gl tia7]e] 100ml volumetric flaske] zhz}
Y2F methanol® EAIF 4° ¢ FHIe] HAstAA AHgsiglrh. AMEE
100ml flasks WAzl B3d W3 sjdd F%8E FES] fsted ¥
MRy A7 A T 2808 el AEstETh A 2 BUe
P AP0, 1, 2. 3, 4,5 10, 15, 30¥2] Aol wizt F4L 4] 3}
Ak 4 S £ 2AE £AEd ZASHTT ol 4 £ A3
Zro] ulE ot AL B9 U 10{Hidetsuru Matsushita's, 1979)¢] Ho 2},

Mz

E 9ol EX methanol &HFofA 304%T¢ 4° C FFe] HUstE T
benzyl alcohol, benzoyl chloride, benzy! chloride W benzal chlorideX #2]
BalEr] ¢k otAF Aoeg AlFEEL}, benzotrichloridel= A RAIFE Es|7}
E]7] A[2ste] 5dFold= oF 7.5%, 104 Fol= oF 13%, 15¢Fof& ?F 17%, 304
Foll= of 2047 F3lE= A2 vriken YT o] w(light)of2f3t 43
L AEF}7) 4% colorless flask 2} brown flaske] ZH= ¢gle= A2 ALEFHCl
benzotrichloride7} ¥3l% = Z-& FQIs7] 95l ApelAd-7iA) SB35 A 7
{UV-Visible spoctrophotometer)}2 ©]L23}t¢] 350nmel| A& 200mnm#7}A], scanning
5t spectrum bendZS #relEldr}.

o] 12 bnezotrichloridert &wiFe] u|#2] fEof 23 rpeEs] o
benzoyl chloride® WHEE L e g AZIEM benzotrichloride?} benzoic acid
g AV A=z wjA o

9g 2Af B BHz

Poug olF #Ustr] H3le] benzoic acide] &

oy
2
Z7AA EMAZ benzoic acide HFE= Aj7to] ofF

- 2] —



2.92UE YEgoen, ZAzede @}2 benzotrichloridefede] EAMA] benzoic
acid= ZASEA] ¢lol benzoic acidZ & EI|E R @& Ao g zgrEc)
Table 9. Stability of benzal alcohol{BZYA}, benzoyl chloride(BZOC), benzyl

chloride(BZYC), benzal chloride(BZAC) and benzotrichloride{BZTC)
in methano! solution,

Elapsed day

Compound
0 5 10 15 30
BZYA a 98.9 39.0 98.4 98.3 98.5
b 89.9 98.3 - 98.2 98.3
BZ0C a 98.0 98.1 98.0 97.9 98.1
b 93.0 98.0 - - 97.9
BZYC a 98.0 97.9 100.0 99.7 98.2
b 98.0 100.0 - - 98.1
BZYA a 98.0 96.4 97.5 96.7 97.2
b 98.0 97.9 - - 97.5
BZTC a 99.0 91.6 86.0 81.6 78.6
b 99.0 91.4 - 82.4 79.8

a: Colorless bottle, 4° C
b: Brown bottle, 4° C

Table 10, Stability of benzyl chloride{BZYC), benzal chloride{BZAC) and
benzotrichloride(BZTC) in CCl solution,

1 2 3 4 weeks
a 99 97 97 96
BZYC b 101 97 97 96
c 100 97 96 96
a 101 99 98 98
BZAC b 102 99 98 98
c 101 99 98 98
a 100 99 98 98
BZTC b 101 99 97 97
C 101 99 97 97

a! room temp. , b 4° C ¢ -20° C

Taken from Hidetsuru et al,, Industrial Health, 17,199, 1979,
— 22—



AR g o8 T £
1 3282 9%

2 Aol AREH F&&ul arylmethyl halides?] &3l/d-& 351ste] CCLy,
CSz. CHCl3, methanol(MeOH), dimethylforamide(DMF), dimethylsul foxide(DMSO),
benzne(CgHg) % toluene(CeHsCHz )5 ZESIZCE ©l& |ujEe] FPAL AdF =
F 11o] BojFch, EEAZ charcoal® AMEA] AEY €02 CCLy, CSp, CHC3,
MeOH benzene % tolueneol:= arylmethyl halides7} A& F&E=] ¢igton,
DMFRIDMS0L= Buf2}a]2] I ZnlE 780} broadsto] arylmethyl halides H-2]7% 8t
of Agtstz] ¢taivh ®F F2A R Tenax-GC{Poly(2,6-diphenyl-1,4-phenylene
onide);P30)& AMR3ta, ©2FRuE CCLy, €Sz, CHCL3, benzene B toluenZ A}
|2 Tenax-6C7}z} gufo] Bt o s Zajsie £4& 317 yside o3 ¢
YHELse o] Lasta EF o7 9 JHEeE &olstA] elot &gl
E HYshA otk 2 Ut CCLeof TREIME B]5¥ ofaFol AR BT
o el ehgulof vla) ekt oj#f-Zo] YWaf CCL4E AMESte WY M=
AQeiste] Geoll 238ttt 8 Mcthanol & AF&AlL: Tenax-GC7} crumbling X
z| oot iRt o2 & Bl HEE GCEAMo R ¥ 4 ). S35 9 s)
AF&E filters XA o] PIFE/polypropyleneol L pore sizel= 0.5un® §-7]&uf
of AFgE = filterejrh
53] dgSoll= AHEEE #7807t AAe AFF AUEE AL AgE %
2317 213 AT Fo7t Basich offl HFE& dAdEls] #ls) Capo] €W
2ml vial& AHgste] Hrjgte s Gufie] #go] o3t g3k a4 dlglon,
1203 32 AP xhjof lSo 8 o2F v}E 5Hy AP gasia] o

O

okt}, olHAISte] A AH &ukel CCL1 &} MeOHo arylmethyl halides® £33 &

WS EET RN £43F chromatograme 13 48} .
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Table 11, Suitability of solvents to

extract arylmethyl halides from

absorbent,
Absorbent
Solvent
Charcoal Tenax-GC

CCly low desorptioninot suitable crumbled: suitablel
CSz low desorption:not suitable crumbled: not suitable
CHCl 3 low desorption:not suitable crumbled: not suitable
CH30H low desorption:not suitable not crumbled:suitable?
Dimethylformamide solvent effectinot suitable solvent effect:inot suitable
Dimethylsulfoxide solvent effectinot suitable solvent effectinot suitable
Benzene low desorption:not suitable crumbled:not suitable
Toluene low desorption:inot suitable crumbled: not suitable

1 : suitable for GC

2 : suitable for HPLC
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Fig. 4 Chromatograms of benzyl chloride(2,96 min), benzal chloride(4.71 nin)

and benzotrichloride(7.15 min) at 100° C with CCly { [ )} and methanol
(II) by GC.



2. Column 298] &8k

2 Aol AH4E 57b1 BAG CCleol §3IT EFY STIE ol Bsto] F&y
BEEAZAA EHY T20jEIe 1Y 5o HejATh LEE10° 04 A

%2} 110° CojA] BZYA(2. 64min)&} BZYC(2.57min)7} 2 Mo & BAg 7 A
2

1

o
o
N
1

)

2t sleloen, 120° CollAl&= BZYAZ2} BZYC/} HEE A 7ho)

et e A7 E3E 1207 C7HA] baseline 2| & Hon, 140° (7A =
o}712] baseline driftE R o} A7lr] B3 ZAE R olo} Haurls 3t
th 1507 Cojatel M= BITC o= AME FH=o] A% T3t sidrl. wleld
AFAZe] A EF 2 A] benzoyl chloridel} benzyl alcohole] Z2jEe] &
B9E Column® =& 100° CE 3o ZgEE T8l F st ZHo] ulgzs}
t},

gt benzoyl chloridel} brnzyl alcohol®] Za] 7}sAdo]l A ¢l Areje} =
dHF 5] AIRE A3 A= BIYC,BZAC 1 BITC MERS FI EE-EY(ST3)
E A28l B4, Columnd £=8 110° C120° C 3f=Ao] Helslu}l =gh
o2 s 140° ColA RAMFteir ol HEH 471x] W #3 wajglol

o
BZICE of 3¥viol ¥ela & 4 gtk
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Response

1ld
T

100C -

140°C

vl

N
15

Fig.5 Chromatograms of benzyl chloride{(2. 95 min), benzyl alcchol(3.07
min) benzoyl chloride(3.67 min), benzal chloride(4, 70 min) and
benzotrichloride(7.15 min) at 100° C and 1407 C with CCls by GC.



arylmethyl halides YR FE CCLy Bof 5o AALAL H2F dFFE 3
3] methanol-2ujjofl ZAM3dle] ZA ¥ FFZBo] 7z} arylmethyl halides?] %=
2= benzyl chloride 16.5-66.0ppm(0.32;1.28ppm in air), benzal chloride:
18.9-75, 6ppm{0.29~1.15ppm in air) B benzotrichloride= 20, 6-82.5ppm (0,26~
1.03ppm in air)oft}. o] wEslelA 6Co RETAH 2A0E AP g 2P
Azt ZEde] ths) Fol FxHeollA 2Hdgdel Gt 24 F&el tisf
Zofldl S glofMe] Al@A(r)= BZIYC 0.9963, BZAC 0.9989 13l BZTC7}
0.9918o}gith, eloll gt Azp= & 128} 1% 6of B3} BZYCS} BITCE
Haksl=d ool ZF E-ol tis] 2l4hH(extrapolation method}z} BZACE =
£ B2 A28t YHF-ESH (intermal standard method)E AR & 4 glor}
= Ao & A8t

Table 12 Calibration data of benzyl chloride(BZYC:16.5~66.0 ppm), benzal

chloride(BZAC:18,9775.6 ppm) and benzotrichloride(BZTC:20.6™82.5
ppm; in CCls solution by GC.

BZYC BZAC BZTC
ST. No.
COnc, ,ppm  area conc, ,ppm area conc, ,ppe  area
ST.2 16.5 551 18.9 641 20.6 202
ST.3 33.0 985 37.8 1098 41.3 413
ST. 4 49.5 1582 56.7 1597 61.9 620
ST.5 66.0 2228 75.6 2161 82.5 959
reg. eq, 34.1 x-705 26.8x + 109.5 12.0x - 70.9
cor. coeff.,r 0.9963 ' 0.9989 0.9918
slope(SE) 2.09 0.90 1.09

area . mean of n=2
slope(SE) : standard error of slope
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Fig.6 Calibration curve of benzyl chloride{ © ,16.5%66.0), benzal chloride
(A ,18.9%75.6 ppm) and benzotrichloride( O , 20.6782.5 ppm) in CCly
solution by GC,



4. 2@y

arylmethyl halides& CCLs&ufoll 50 2§ &8 4(ST3:BZYC: 33. Oppm,
BZAC:37.8ppm, BZTC:41.3ppm)& ©|-&3tH 6Co HFEAMZAsloAN 103 e &
A8t A} BZYColthst EEHAIE 8. 6%, BZACS 5.3% W BITCE 8.5%8 B}
ol Eof gt Fzh= E 13o] vehigch

TAble 13. Repeatability by using ST.3 in CCl4 solution by GC analysis,

Area
Test No,
benzyl chloride benzal chloride benzotrichloride
1 842 1049 340
2 821 1023 336
3 951 1035 405
4 917 1062 338
5 951 1141 410
6 864 - 1006 346
7 977 1100 401
8 897 1025 418
9 1059 1138 394
10 1085 1185 363
x 937 1086 375
c 81 58 32
r.s.d. (%) 8.6 5.3 8.5




Al A¥ofA] chromatographic B e g E2Z.& FA4A| background?] ZfE

+

FEiete 22 golstA] drh wepd B A oM MEH AT UE A

T

Halola] EXztHe] v)3k AEI=(L0D) T ARt (Log)E A &

dr

%

J.E.Knol13}9, OSHA®PH 3l NIOSH #P¥o] ti3] E&E4 27og 43 AR
olEDz Ak dataZHE ASTE9} FIUEE AR o] Azt of
T oHlEE Mol R Avt Akl datad AHSRE NIOSHY P22 Aabst 2zt
BZYC, BZAC W BZTCS] Z} FRIT = HIFE BEE 0.002-0,003.1/12 = F7
2 BaH AR o 3-58) £ Holu} Al FMARnEING THA HE&4
ol elelx, OSHAWPHE LOD7E zlc)8 7 ® Zo® AlE€ch §9H J.E.KnollHhy
of 23} A4HE LoDE A EMAEri=agia vz AVEEE A3 et
3t Aoz A7 2@y} J.E.Knoll @2 A2ntED ] Eol(H), Rt
X F(Wu/2) W noisexol(hn) &2l FH Aate] BHT ol glvh

h A

Table 14. Comparison data among the calculation methods for limit of
detection(LOD, pL/L) and limit of quantitation(LOQ, uL/L) of
benzyl chloride(BZYC), benzal chloride(BZAC) and benzotri-
chloride(BZTC) in air! by GC analysis.

J.E. Knoll NIOSH OSHA
Compound
LoD L0oQ LOD Log LOD LOQ
BZYC 0.02 0.05 0.003 0.01 0.12 -
BZAC 0.02 0.06 0.002 0.005 0.12 -
BZTC 0.08 0.24 - 0,003 0.01 0.46 -

1 : The air velume sampled, 10L was supposed.



6. HHAH

G dEg 228ue] 9yfelet gol EHAE charcoal & AMEA] Hywh
Fz8uf7t §lad7]l ool charcoale] cfgr wgatdBe @ £ ggon],
Tenax-GC (60/80mesh, Alltech Associate, Inc)ef Ti3iAnt ER2tAIH S Axstel
th arylmethyl halides& CCL48of gol ZAZ EF-&f (ST3:BZYC, 33. Oppo:

2l el

fr

BZAC,37.8ppm:  BZTC,41.3ppm)=  Tenax-GC  100mge] Sofgl
microsyrinhe26 15 # 3] Tenax-GC7} ool R o] E4EAIZIFE sealing
filme 2 B33l plastic capd dto] 4° C WAsto] 24A7F BHF 5ml vialof
Tenax-GCE 2| 3F CCL4{E= MeOH)E 2nlE YT cap2 €3 ultrasonicatord]
A 3027 FEF Euirt #EEs Aol foyshd A ofAF 6cE2 EA 5t
MR U 2ANA 6E ZA Sl LA RE 23] PEEAI AxE =
158} Zich

AR 7 4 EA manualQl NIOSHS} OSHAClM & ¢l9fzo] ZAgh Al gof gt
Bt F go] 75xolrfol wEMbHo R aAlgE 4 Qrba FHojlth E A¥ZAAL
Zt "ol uid YAHEEE CCL.8ulE AREA] BZYCT} 93.2%, BZACE 97.1%,
BZTCE: 91 4% 31, MeOHE AFZA] BZYCZ} 95.5%, BZACE: 97.9%, BZTCE: 94.4% &
th @A ZEHol = MeOHO| CCLyiR Tt F31, Ac]EEHAE CCLe 7} MeOHE.U}
Zt}, 28U MeOH] AYE= 252 100° colAde g uf o213 Chromatogram
o] arylmethyl halidesell © & H¥& Z7lo] $yI2E G2 BEXNYT HSe
MeOHE T} CCL4 & AHste] 4% 3tgith o3t €3E S S AAAYRAH&A

A A EH S F sy R A (Corrction factor}® AMHEEH glth



Table 15. Desorption efficiency of benzyl chloride(BZYC), benzal chloride
{BZAC) and benzotrichloride(BZTC) with CCL:s and MeOH from
Tenax-GC absorbent by GC analysis.

CCly MeOH
Sample No,

BZYC BZAC BZTC BZYC BZAC BZTC

1 89.6 98.0 87.2 100.3 97.4 94.6

2 89.0 98.1 88.5 97.2 102.0 100.0

3 93.6 98.1 95.2 98.9 96.9 89.3

4 94.3 97.3 88.0 94.5 100.2 101.1

5 94.0 93.2 92.8 91.8 98.3 94.9

6 98.6 87.7 96.5 0.4 92.6 86.2

X 93.2 97.2 91.4 95.5 87.9 94,4
Cn-1 3.51 1.92 4.00 3.94 3.21 5. 83
r.s, d{%) 3.8 2.0 4.4 4.2 3.3 6.2

- 33



#3E HPLCE o] g3t &4
1. gol W oS Ju
12} GCE ol &3t ZEH 83 A=}¥ CCLy2l MeOHO] thsl HPLCS] ZFEEA 2
Ao e g3re AET A} (L& FEEME AL &3] 2] CCLy-BufbA]
AgntEIo] benzal chloride?] wWHEE= Aj7t2} AL Z3Z #AA  benzal
chloride®toll Al 7%= benzoyl chloride?} benzyl chloride®] £2]& ko] o
$eFol AW 4 YUOH, methanol FHEME AL AT 571A B
HEE vAA ol vz HYsiAcrt EI FF LA
® CCLs2] #F& ST1-S752] ®2]oA methanol ml% 0.75-6ul1S 830 gle
W, REEMZRAeE B4 benzal chlorideft A2 2 §H A ZHretention
time)2 Zt7] uwiEel benzal chlorided} 23 w2t ZAJ# (blank test)S AL A
Sle] WA (correction)s] FL 2 A AY 4 ¢lgdrl. o] EAl Chromatogram
of a7l 7o RAZvh I 7] TolA arylmethyl halideste] Fe[d=}
(separation factor)= BZYC % BZACo{x] 1.24, BZAC 9 BZTColAM 2. 0622 &%
3t #ojol o1}, Ez|%(resolution)& BZYCS} BZACZre] ¢t 0.8 ok7h ylglr),
Zejul BZYCe} BZACS] EEleR F7MNAIAIAE AMEH o] A (MeOH/H20) 2
methanol 2] B3 & 79 BZYCe} BZACZTHE] ZelHo] FolxA|rt AAH &
Alzte] oA nlEEHo|th & olHFS el HIHE aH IR ofifF
A 7HE B &7 7198 olBAty ZELEE F7MAZ 4 otk 2y o] A
L colums] o] E7hto] columdate] $a7 om Bz Wi )

ol ¥

ot

o] BAY 4 olr}. wzfd £ AfoisE arylmethyl halides?] #2]%
gk olsf Hejsd o7t uixgt A7, column?] Ry, £4F78 §A5&
283t MeOH/H202] E3M S-S 75/25% sHalT o]BAke] T84S lnl/ning

3t} 2keF benzotrichloridehg EM3taAl ul MeOH/H 0Z W E MeDHE]

B8 E S EEA EXATE Folx FEE F7MAE = 3T

'—r‘



Response I
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min

Fig.7 Chromatograms of I (CCl4,5.64 min), II(arylmethy! halides: benzyl
chioride, 5.05 min: benzal chloride, 5,53 min: benzotrichloride,
8.21 min) and T (arylmethyl halides and related componds: benzyl
alcohol,3.6]1 min: benzoyl chloride,4.62 min) with mobile phase, '
MeOH/D. W, (75/25) by HPLC.
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2} arylmethyl halides @B %& CCly Bufoll =] AFLAS ZAF thi] X
& 23] npethanol&ujjoll FHHslo ZA3F FFLN2] FTH2E benzyl
chloride 8.3-49. S5ppm(Q. 16™0.96 ppm in air), benzal chloride 9.5-56.7 ppm (
0.14~0.86 ppm in air) W benzotrichloride 10.30~61.9 ppm(0.13~0.77 ppm in
air)oJth o] &4 o]-&slo] RP-HPLCY] EE&EA ZPOE FAM3le HAIAAS
Zggk A3 7t S ofs] FolA sEEAA FBAS(r)2 BZYCE 0.9985,
BZAC:= 0.9974 2 BZTCE 0.9977 o|gom o]F data W HHME Fi6xp &
8of Kozl

Table 16, Calibration data of benzyl chloride(BZYC;8.3%49.5 ppm), benzal

chloride{BZAC:9.5"56.6 ppm) and benzotrichloride(BZTC; 10, 3~
61.9 ppm) in methanol solution with mobile phase MeOH/D, W, by

HPLC.
BZYC BZAC BZTC
ST. Ne.
conc,,pp  area conc, ,ppm  area conc.,ppm  area
ST. 1 8.3 1515 9.5 1946 10.3 3498
ST. 2 16.5 2823 18.9 3857 20.6 7025
ST. 3 33.0 6059 37.8 7785 41.3 14076
ST. 4 43.5 8553 56,7 10679 61.9 19397
reg., eq, 173.8x + 75.8 186.7x + 329.8 310,3x + 596.5
cor, coeff ,r 0.9985 0.9974 0.9977
slope(SE) 6.77 9.54 14.9

area ' mean of n=2
slope(SE) : standard error of slope

— % -
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Fig.8 Calibration curve of benzyl chloride{ © ,8.3%49.5 ppm), benzal
chloride( & ,9.5%56.6 ppm) and benzotrichloride( O ,10,3%61.9
ppm) in methanol solution with mobile phase, MeOH/D,W. (75/25)
by HPLC.



3. AEA

arlmethyl halides& CCl4 &1fo] o] 243t F328(ST.3: BZYC: 33.0 PPn,
BZAC; 37.8PPm, BZIC; 41.3PPm)& o[-23}o] RP-HPLC2] E=HE Mz As}e] 108 ut
BEA3 A3} Mo)RFES RS BZYCH) 7.4%, BZYCZ} 4.0% 4 BZYCY) 2.8% 93

ol Eof tigt H= E17o] Rl

Table 17. Repeatability by using ST. 3 in methanol solution with mobile
phase, MeOH/D.W. (75/25) by HPLC.

Area
Test No,
benzyl chloride benzal chloride benzotrichloride

1 4817 7758 15121
2 5505 7970 15198
3 4797 7476 14434
4 5708 8071 14492
5 5672 8223 15433
6 5583 8193 15311
7 4767 7484 15233
8 5299 7722 14102
9 4835 7331 14740
10 5653 3142 14990
X 5264 7836 14905
c 391 313 419
r.s.d (%) 7.4 4.0 2.8
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4. BEHAY

Tenax-GC(60/80 mesh, Alltech Associate, Inc}EZA|7} 100mg Sojols= fe|

of FEF£8-ST3(BZYC: 33.0ppm, BZAC: 37.8ppm, BZTC: 41 3ppm}E microsyringe

Z 3u1E 23} Tenax-GC7} Solgl= ZE7H4-¢]

&

HBAANE gealing filne 2
H3}3 plastic cap& 3t 4° C WA Tof 2417t B3F bml vialo Tenax-GCE
%3+ F  pethanol ImlE Y37 capg FtZ sealing filmo® BHF
UltrasonicatorolA] 30E7t F&F A202 AFctS $ide] Hostds ofaigt
¥ HPLCE o] 23}e] A3} Chromatogram?} Zzp= 12 92} ¥ 180 Hoj=tl
28 9of|A] A FL2N(stock solution) 22 HE HRH CCLie FTRnfEINE
FE A Zbe] 2HELIE benzal chloride$}t FA® 37 Tenax-GCEHE methanolo]
£3]go] vehtes AZnE WL ABEE benzotrichlorideg}l AXZrc} u}
2] CCLo87)8} Tenax-GCE 242 oIl arylmethyl halides® benzal chloride
9} benzotrichlorided?] He|A ako] nlx]i A3re ZAE (blank test)E AA|&}
o BASE RE18oA Hojx[i= Zz} Zo] BAAF 671E ZAst 3 AR
& 28 WHEEMHF d3F €E8S benzyl chlorider} 92.6%, benzal chloridet
98.8%0] 9131, benzotrichlorided= 93.3%%c}. o|#¥ HAELS A4 AaHAS
2] arylmethyl halides§& XA EHATE ALY 4 o), 2 Agols= gt
712 w20l disl &XEE Atstg 2} NIosH ¥pgol s MrtA] sxof ofs)
212} 2 6702] AlRojclal HAES AxdstE oS FHY BAALE L £
elch

Jeuh b Age EMAL 84717, AMgAlebEol ubel okzka depa4 glom
2 dFoNe 42 2EAES REATE ALY £ dEXE U] A5
L7 wEo] oial 6712] HAANEE Azt UYL Al
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Response

Min,

Fig. 9 Chromatograms of ] (MeCH), I (Tenax-GC, 8.78 min), M {arylmethyl
halides) and N {arylmethyl halides with Tenax-GC absorbent) with
mobile phase MeOH/D.W. (75/25) by HPLC.



TAble 8. Desorption efficiency of benzyl chloride(BZYC), benzal chloride
(BZAC) and benzotrichloride(BZTC) with MeOH from Tenax-GC absor-
bent by HPLC analysis,

sample No. BZYC BZAC BZTC
1 95.3 100. 4 92,3
2 102.1 98.3 89.4
3 90.1 100.8 99.2
4 89.2 99.5 91.0
5 92.3 100.6 97.5
6 86.3 93.2 90. 4
A 92.6 98.8 93.3
On-1 5.57 2.89 4.06

r.s.d. (%) 6.0 2.9 4.4




5. HEYE

GCEAof 2fgh ZEY=(L0D) W HBNE(L0Q) ¢ np¥ I 2 HPLCE o] &5 £
Mol E J.E.Knoll3ha, OSHAMMY ' NIOSHMHH 0.2 LODS} LOOE A4tet ANE
190 viehfolct vlZ¥® A7 wbdE NIoSHWH - LoD7F 0.002:1/18 2]
712 Rag ZARch 5] Estden, 0SHAY Y-S o7 A Alg ez
AEET, JE Kol P2 ALY Flo] d4 &4 AZnlEIPE Al 28
Hog Hrle Zos A"l EE§ GCEHF J EKnollWhEo g Axg Az
H]5LA] benzyl chloride®} benzal chlorider= GCEAJo] HPLCEA KT} 7k o}3F

3t Holr} benzotrichloride= GCH T} HPLCE A o] oF 3u) 2T 51A vLielyich, o)

P

< benzotrichloride®] Z-$ HPLCE EAsh= Zo| GCEAET Z=s ¥4 &
th= A& opgv}. ulg}r arylmethyl halidesZ& F2dA] BZYCS} BZAC: GCE
+43H= Zo] E} arylmethyl hatidest} FHRELF2] Walgle] GCRT} M 2
< 2= 9 AL e BMA(Y 5E)UeN E4% 4 oot ojujof HPLCO]
AHEEE o548 M= MeOH/H0(85/15)714] MeOHS] & F7MAIAR elE
52 d8& A dsrh

Table 19, Comparison data among the calcultion methods for limit of
detection{LOD, #£L/L) and limit of guantitation(LOQ, gL/L)

of benzyl chloride(BZYC), benzal chloride(BZAC) and benzotri-

chloride(BZTC) in air! with mobile phase, MeOH/D.W.(75/25)
by HPLC analysis,

J.E. Knoll NIOSH 0OSHA
Conmpound

LOD LOQ LOD LOQ LOD Log
BZYC 0.03 0.10 0.002 0.008 0.17 -
BZAC 0.04 0.11 0.002 0.008 0.17 -
BZTC 0.03 0.08 0.002 0.006 0.10 -

1: The air volume sampled, 10L was supposed.



v A&

2N F A 29 arylmethyl halides(benzyl chloride:BZYC, benzal chloride:BZAC

T penzotrichloride:BZTC)E HEA417] 23] arylmethyl halides?} ZIHEA
{benzyl alcohol @ benzoyl chloride)eltys] o] EREL EFRY 4+ Ax

EMulHe Rp-HPLCE o] &3le] 7l stgen, 712 oCEAUH dsidE
Cappillary columng o|&3le] EAnbH & sRdstact. E3 o] T 244w
x= L317] 93te] arylmethyl halides?] stock solution®] ¢HEAd

(stability), Z=}a|{absorbent), & &t8ul(desorption solvent), ¥&2&

o

{D.E., desorption efficiency), AzarM(calibration curve), B
(respatability) @ H&8S(L0D,linit of detection)5S AHIIH L™ o] Fo]

N3 2y At otefet ZTh

1. ZEH 5717 B2 L 4F55Z methanolo]] ¥ FAz zhawo] Woj 4° C
W] HIshEA 24 5d7RE i, Uz 3087t E 5t15Y 74w

HPLCE o] §31o] ZAsdA QA4S

[ib)

%3 A7} benzotrichloride: 4 54

boofel B 1.5%% EalE o] benzoyl chloride® H#|E| Tl of Hajgde
methanol Fof &/H Eo 23] o]felxl Zos AgHd o0& 33t/ 43}
o] methanol& ol &3 HAEAL wgdo] HRste) AH&3H= 7o) ulghz]slcl.
2 dTolMe SEA methancl & AMRY ol & A9t CCLaE AMRT A A
g 2Asle Aol B8

2. GC

i

o] 83t 4

1)ZF&A| 2 charcoal?} Tenax-GCE o]|&3t2 ©2I2ulE CL;, CSz, CHCLs,
MeOH, DMF, DMSO, benzene @ toluened ZE3SF A} E2tAlY> Tenax-GCr}, w2t
LU CCL. o} MeOH7} Rutagich.
2)arylmethyl ahlidesofl th3t Zakd2 z+zt benzyl chloride 16,5-66. Oppm
(0.321.28ppm in air), benzal chloride 18.9-75.6ppm{0.29~1.15ppm in air) &

— 43 -



benzatrichloride 20, 6-82. 5ppm(0.26™1_.03ppm in air)olla] 2xldeo] & Aa)sldd
o, zhzhe] A A4 (r)E= 09963, 0.9989 U 0.9918¢] Lt}

3) AT EEEFYE TY 24 ZAstolA 103 vbE 243 A3 4 B
AN FEFH 2} (r,s.d)= benzyl chloride 8.6% benzal chloride 5.3%
benzptrichloride 8.6%%T}.

NBEFEARALE FNT A2afE R Ak data22H ALY Z&3=
(LOD, limit of detection): J.E.Knol|®H O T A 272 B E BIYC
0.02ppm, BZAC 0.02ppm = BZTC 0.08ppmo]¢ 3, NIOSH¥H.O.2AAMA] BZYC
0.003ppm, BZAC 0.002ppm ¥ BZTC:= 0. 003ppme] &lT},

5)Tenax-GC F&4e} CCLy I MeOHE ©HH-Zm2 AMEA] ©ARJE CCLiodA
BZYC 93.2%, BZAC 97.1% o BZTCY 91.4%%l3, MeOHE Ap-8A]k BZYC 95.5%,

BZAC 97.9% ! BZICY: 94.4%<IT}.

1)EEF4 Z7213}oll4] MeOH/H20(75/25)8 o] B ApEa] ZH3kAl 2 BZYC
8.3 -49 5ppn{0.16~0.96ppm in air), BZAC 9.5-56. 7ppm(0, 14~0. 86ppm in air) ¥
BZTC 10, 3-61.9ppm(0. 13~0. 77ppm in air)deloa ZdAdo] & dystgen, =
zZ} 2B A4 0.9985, 0.9974 T 0.99770]Th.

2)xA st T AL T FHEAsIoA 103 iy 4% Az 7 23 A
HEZHAHr.s.d)¥ BIYC 7.4%, BZAC 4.0% T BZTCE= 2 8%%u}.
INEREMNZALE FAY Z2ufE YU AR dataRRH AME B2¥E
{1OD, limit of detection): J.E.Knoll¥pHo®d HAxkx] ZF7|F BLE BIYC
0. 03ppm, BZAC 0.04ppm % BZTC 0.03ppmeo] g3, NIOSHRIH © 2 AlAFA] BZYC, BZAC
Wl BZTCef csf Ztz} 0.002ppme] 2T}

4)Tenax-GCE- 24| 2} MeOHZ a8z AR YXHFEL BIYC 92.6%, BZAC

98, 8% 2 BZTC 93. 3%t}
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4. AETE

arylmethyl halides&#4]A] BZYC2} BZACe] tis|ii= GCEAW

jin
o
5
—
[}
Ehis
n
of.
rE

weh obzh GEsith ZejLh BITCo] thaiA i HPLOEA o] GCEA Y R} 7

Z%%(J E.Knol1WhH ) HojlA] oF 3ujA = &},

TJEZ2 2 Aol Al W AUE 6 W HPLCERA R #4835t AQIHA
% arylmethyl halides U FIZELEY =& &u FHMA W2 v=7H

SEHCEA Y AW g ghio] Jd¥ 4 &2 AlEHCL
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