CHAPTER |

INTRODUCTION

Problem Definetion.

\ddile aganc saverts wes dayed an inpartat rde in phamrecauticd
industry e, adive ingedert |, binder 1 flavorants, saegtenars ad cdorantsd).
Fom these steps the aganic \datile inuriies ad ather resdd solverts ey ke
inroduced into the produt in high led. many aountries, excessively the United
Sae o Aneica, have the nost interested in quelity cortrd ad arelysis ageric
vadile inpurities ad ather resdld saverts.

Trelad, there were 188 dug manufadurers which reparted by BsIness
Inforretions & Research Ganpery Linrted ard Departrent of Industid Works in
198 These were indudked taldet 1suspansion , saution , perentd and suppositanes
pepardios (. Gredly, the seed  nendfadures hae baugt the adive
ingrediert fram Asa in lov oogt, ad as a resut their qudity wes nat sufficent
cotrd. A fadt, the Wdidile agaric ad aher resdd soverts inpuities hae
never ben benfited to the astamer, dso ther will e dangerass if these
coTpouncs ae rean in dug,

An automated headspace GC method was developed to analyse some

organic volatile impurities (OVI) and other residual solvents i.e., methylene chloride,
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chlodom baeere 1tidiooethyiere ad 14doae in dug These aganc
compouds ae raher srdl ndecdar weigt ad low baling pat o0 nay
industries exdtensively Lsed as asavert o diuert for penidliin dug 1nddoer, dl, fa,
wex, vansh, part, dedic ad raw naeid in the mandadues o aher
dhamicd produds espadally fluorocarbons (3. These aganic conpound ae agayp
of vdlatile copounds thet hes been dassified as priarty pollutart by BPA 45, The
toxicity ad metabdism o these ageric have been studied by ey investigetars
ad doan to ke muagenc sustanoess (346. Thee aganic compounds ae
rdaively ureedive ad bidagcaly nndegyacitde Hae the huven receve
dugs which were aontained these capounds for ala tine, its ey rerain in
the body ad it case dapgody. The pinary hedth effet is card nevaus
System dgresson with anesthesia, indanation, naroosis ad subsequently heglth
effect is heptatataxaity, neph ataxiaty ad cardnogeniaty (. \Vdldile conpounds
have been rgad adsated an ad ad indation They ean affect the mentrare o
mitodhondia ard endodagic redicium an inhibit ergyes in Kidsode Tre
resuits of perfoning leed to fatty liver, kidney darege ad contribular nearcsis,
Haoe, the concentration of these aganic in dug are deterrined to pratedt hemfu
effeds w0 the United Sates Framreogposia (U89 recomrend thet methylere
daide, bervare tichacethylere ad 1L4doae doud nat eossd 100 gom
(fighml ) ard chlordform should nat ecsed 50 gomin dug ©.

Aralyticd methods for detemrination o trace amounis o these aganic
compouds in dug genedly requre a preconoatration Step piar to ges
draretogaphic (G0 adyss. Fam 1990 there have many country thet interested
in the preconcentration tedniques ad there ae ala o pgoars to devdgoed a
saverd preconcantration tednicues for the gainum ethod i.e, savert exdradion,
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dredt agueaLs inedion, puge ad trgp, heedyece tedmique (Betc. Each nethad
hes adatages ad dsadvatages which rdate to equiprent  reuireents,
cetedtion lirits, savpe nretrix, sanple vdurre, arelysis speed and copledty. Tre
nmethod thet the Unted Saes Eviometd Paedion Agpoy D
reconmenced for the detemination o trace Wdale aganic priaity paluiant in
anueous saution wes purge ad trap tedmique © . This method cean detect \diatile
agenc corpounds in low conoartration led o part per billion (g o pat per
million (gam) for the suitade codiion (911) but it necessary required coplex
equpet to sgpade the aganic from water ad bing aoout serious prddem
dranbeck to the qudlitative ad quentitative ardlyses ie, the loss o the aganic
constituent, the interference o inpunties in adsaroart trgp o Sinipping ges, poor
resdution ad pesk talling caused by atoo lag dnipang time, the lage of weter
pessing the adsarbant ad consunyaion (1012),



Literature Reviews

The heedyoece tedmique wsad in the ardyicdl work wes acooplished
more then 30 years ap ad the first godication of the heedspece ardlysis for the
Quarnitative detemingtion of aganc susanoes wes the investigation an the
empyeic generation of the voldile conponarnts o regpbanie(13). This tedmique
wes arethad in many methods thet the United Sates Fremreoopoga (U9 used
for detemmiretion of Quaric \datle Inpurities (M) in saverd pramrecedicals
Te U liged a limit test by as drvoratoggdy for five resdd \datile
conpounds in adive ingredents, exddpent meterids ad phenmeceutical prodots
thet can caee imeverside toxc effedts.  These five corpounds were nethylene
daide, dlodiom berzere tidHocethyere ad  4doae, ad the proposad
linited were 100 0 100 100 ad 100 respectively .

The first suooessful godlication of heedspece ardlysis to the detenriretion o
sove wdaile pasas audh &s ethe, acdae ead, pardddhyce ad dladiom
in Haod wes desaribed by Qury and comarker (14 A2 L of Hood savple wes
equiliorated in the dosad goparatus thet hed atatal vdue of gooraxinete 7 il
ad 1 L o the equlirium ges dhese wes ardlysed by ges dyaraiogeay. Ths
suooess contributed to the widening acogptance o this method ad pronoted the
developrent o the goprgpriate instrurerntation

Kgina (15 wsd the headgoece tedTiqe to detemrine etherd in dug
which variaus tindures sandes.  The sande wes dissaved in agoad (es the
inemdl dandard) a a concertraion of 10 to 5.0% (VA). A pation wes
equilibrated & 50°c ad 2 of the headkpece ges menLdlly injedted anto acdumm
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d ether % payathylenegyod 20m an dandlite cs 8080 mesh a 30 Regdex
40 on Gravosab 6080 nesh with aflare ionization detedar. He sonad
thet five tindures hed the etrerd concentration rage fram 66 to 0% ad tre
resUits were  good agreanert with those datained by convertiondl methods to then
he eqanded the heedpece nethod for the deteriretion of etherd avariety o
liquid ard sdid dug fomrs where the cortert ranged from 2to 73%

Litchen ad Udton (16 repated the detemringtion of tiethylanine in
sreptomyan sulfate ad in rethecydine hydrodianice to levds as low as 00B%
A sanpe wes treated with 1M sodum hydradce sduion & 60 c for 1ho. A
heedyoece savpe wes nanLally withdrann ad andlyzed an a paystyrene adum
a 18 c wang aflare ionzation detectar. Tre led o triethylamine wes foud
tre raged 015 to 03B% for sSrgomyan sufete ad 006 to 013% for
methecydine hydrodhiaide.  Recovaiies were better then 9% ard the predsion o
the detemmingtion, besed on five reficate weightings of sarple thet wes 296 for
streptomyain sulfate ad Sofor methecydine hydrodiarice

Rorano ad cowarker (17) develgped a heedspace methad for the anelysis
o resdd ethylere adce in serlized neterids. Aweighed partion of sanrde wes
hested & 10 c for 15 minues. Dydicate 50 [l heedgoece sardes were
removsed with a gestigt syinge ad ineded o a adum Ragek R A flame
ionization detector wes usad a spedfic ad serstive nmethod for detemrired o
ehylene adce & apgom led in Seilized netends. The method wes siner then
aher repated geseous nethod Snce o dabardie ges exradion goparaLs Wes
required.It offers significart advartages over liquid exdradion of the sane sinee
o inerfering sovert peds were dosaved the nethod wes nore rgad (3D
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samples may he analyzed per 8 hours using automatic injection), and the sensitivity

was greater (detection limit of 50 pph). The method was applicable to a variety of

materials.

Adication of an autoreted heedyoece procedlre for trace aalyss by ges
dravetoggdy wes desaibed by Kdb (8 Heedsoere ges dranatogady
(H330 wes a ussfu nethod for detemined trace conpounds i saTpes thet
cama ke haded with a spinge o indve too mary difficuties. B HS3C
requires eqanave cdibration, an autoreted instrument wes essartid for routine
work and aso diminetes prades réated to cortainetion and sane cary-oe.
Radicd exages were gven for the sensitivities thet can e adhieved with flane-
jonzation, dedroncgpiure ad nitrogenspediic detedtar. This tedmiques ean
quarntitative arelysis o liquid ard sdid sardes ad enphesis wes deaced on the
quatitaive detemireion o nononers N poyre. A new nethod cdled
“dsoontinuous ges extraction” which wes wsell for the quentitative of vddile
Qonpounds in did retter.

Tre deemmirdion o trace leds o dnethyinitrosarine OVNY)  in
phameceliicals cotaning amnodhanezare hes teen reparted by Rakin Brer (19,
A tadet wes puverized ad suspended in a heedsoece vid in a sduion o 2M
HXS04 (to rerove vdlatile arrines) to which hed been adbed sdlid potassum sulfate
(for sdtingaut effect). The vid wes hegted & 120 ¢ for 1 howr. Heedgoece geses
were ineded anto a 36 Cabonax 20M an Chramosarb G, AVDMCS adum ad
Oetected LNy a nitrogen phosdhoraus detediar. Cllilration wes camied out by the
method o addtios. Tre detedion limit Lsing this method wes 0t0 0 g A
typicd levd of DVINA foud wes 75 rh



Bodi ad Batdino (2) adysad a vaiely of phameceuticas for resdd
soverts. Sanpes were equlitrated dredly ar dssaved in a suitelde salvert to ke
detemined  Equllibraion codiion were D a D °c for 0 minues. Tre
draretogaphic phese dhosen wes a adum pedked with Caroopedk coeted with
01% SP1000. Resdd ethard in phéndoarital sodum wes deterrined by a diredt
desoption method. An intemd Sandad, Houtand |, wes usad Tycly, 044% o
ehed wes detected (compared to a detediion limit of 02 pan). Tre dadad
devaion o Sx detemination wes 006, Pramreceliicd preparatians which were
adyzd by the sduion method iduded lidocaire hydrodhiaide,  calaum
patctherete, ety nicdinete,  sodum ascotele,  nicdinenide,  ad
phenylutazone. Aotone, ethend ad isqrgoand were determrined with typical
concerrations raging fram 14 pam for eéherd  to 02786 for acgtae. Detedion
limits were &s low as 003 pam (methend in methyinicdtinete).

Vethylene diaide in a taldet wes ardlyzed by Kdb () usng the multige
heedyece exdradtion nethod (ttree dg5). The sarde wes adyzed as a dy
poncered metenid wEng adass caallay adum, Madgaden &7, isahemrdly & 5
¢.  Aaonoatraion of 3 gamwes found, which wes in ressorelde agrearent with
thet dotained (40 pam) when the savple wes dissaved in weter ard ardlyzed by
nomd heedspece adlyss Laing the nmethod o Sandad addiion for guentitation
Tre edrgpdated taid aea (four Sgp) wes silar to the taid aea value daaired
Lang the two step MHE prooess

Boer ad Pdede (2 ddemned agaic sdveis in saed
phameceliicd foms ey heedgece sanple. Trhe sandes were heted & D ¢
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for 10 minutes to estadish equiliium Heeopece savpes were ineded oo a
dramosab 12 acdum Ten inedios of mxed ehand-acsiore dandad LIy
nmethend &s the inemd dandard gae better predsion then menud inedions &5
meesured by the rddive dadad devidion 163 ad 248% for éherd ad
acdione, respecively, Laing the sander as conpered to 4.77 ard 393% by mand
inedion Methoos were repated for acdtore ad eherd in dy fomrs such &8
tablets ad maoganues, ehand o ayddlization in raw neterids, ad etherd i
srys.  Déauats suh as uand ad isqpgoad in ety dadd were
detemrined by sy ethyl aodtate &s the intemdl Sacad

NHgima ad Yearh (23 hae successuly godied heedyee ops
drareogapy to the adyss o lethad, dl-carpha, ad ety sdiglate
Sanple pations with ethyl sdicflate as intemdl dandad were addsd in 1 nil
meesures to 50 nL of 3P ead in a 10 nl vid, which wes subseg ently
Seed After deking for D minukes, the vid wes equlirated in a congart
tenperature weter beth & room tenrperature for 3 minutes. Heedspece ges ninl)
wes withdrawn with a gestigt sytinge ad ineded ato a 15 mx 3ym Gasdram
Q (3100 nes) adumn ooeted with 26 DAL ad 156 OL17. Sadad
sduios were aglyzed in asmilar mame. Reoovaries were better then 926 ina
vaidy o preparaios. This method codd nat ke godied to sanpes aontaining
castar dl.

Heky and Sideny (24 usad atoreted ges draretogaphic methad for the
detemvirgtion of resdd sdverts in bk phamecedicals. Sanpes to be
detemined were prepared by dissdution in bergl dodd ad aelyzed by weing
aucsanper ges dvaretoggoh enuiped with aflame ionzation detedar. A6in x
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2 mm |D dass adumm thet the first 2 in of adum (inector @) were peded
with 3% OA10L an 100110 nresh Avedram Q (arelebs, Nath Haven CT,  .SA)
ad the rest of the adum wes paded with 36 SIS0 an 120 nesh
Cabopeck 13 (Spdan, Belleforte, PA USA). Hily and Sideey aonpered the
aoouayy ad preason o the two nmethods thet used for quantitating the anount
d awide vaidy of resdd soverts ad aher vddile cotaminents in Huk
prameceuicas by usng the autosarper ggs drordiogh, between stanchd
addion ad ederd dadad  Tre conpaisn o resuts datained from the
Sandad addtion methad is nat avary efficent tedmigue for ardlyses o multipe
sarpes. Gaadly, then the 12 of edemd cdibaion auves for mutipe
sarpes of detemiration gopears o gve aoogdady aoouate results which ae
comparale to those datained by stancrd addition rethods.

Wanper (5 usad dyrarric hesdyece adlyss to detemine the presance
o three types o vdlatile netenids in pramecelicals; returdlly aoouning vdatile in
rawv meenas, prooessing egents, ad decarposition produds de ether to the
dhanicd instahlity of the conpound o to bedterid adion. Themd desaption wes
aooonpished wang aGamicd Deta Systens Modd 320 sarpde conoerntration with
Teex rgs. A callay ges dyoratoggoh equipgeed with a S0mx 0.25nm fused
slica caallary cdum (259 ad a flareionization detector wes uilized Asairin
sanes which wes ether pedt their prine a which have been injargparty stared
cByack to gwe aodtic aad which pradces aviregary svdl. Qe aushed aganin
tellet wes sugeded to adlySs a@ desaption tenperaures ragng from room
tenperaiure to 70°C. The nost intense pesk in the dranetoyam wes tduere
which wes usd as a sovert in the menufaduing process. The anount of tduere
wes quanitated wang as inemd sackrd Qe miaditter o bereere (1% in
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methand) wes added to powder sande befare adlyss. A tduene conoertration o
00083% wes found Saked sanpdes shoned the recovary o tduere to ke B
Tre method gave ardative dandad denvation of 1.5%

Letavemier () adysad resdd saverts from prooessing goaration infilm
oeted telets.  They dso detemined saverts which aise from mrigration from
pedeging meterids ino prameceuticdl prodlds. Aweighed sanpe (b ngto 1
0 wes heted ad \datile snept with nitrogen ges anio a Terex trep refrigerated
with liqud nirogen After a spedified time, the Terex trgp wes rgady hedted
(maximumof 30 G to desab Wdatile which were swept oo a Rapek Qadum
Gddeane aud ke deeded a aled o 02 ngg of sanpe

A sdtisticd evelugtion of methods Lsing heedyoece ges dranetagaphy for
the detemrination of ethylene adde wes parforred by Kae ad Nedl (2. Two
method deteminete o levds o ethylee adde were exterdl darchd method
Lang ethylene adce in ae ad inemd sanced nethod usng a diuie agusos
sdution with aogtore s the intemd dadard. The exdterdl Sandard rethod used
Catonex 20m (109 odum & 120 ¢ ad the intemrd sandad nethod usad a
drarosob 101 (83100 mesh) acdum & 15 ¢ Seded vid wes daoad in a
hegted Hodk & 120 °c for 10 nrinutes. For the exdterd sandad method, each vid
containing wigged pdastic sarple wes daced in an ar-araddion oena 120 ¢ o
15 minues. A sanmde df heedoece wes taken inmediatdly often reodng the vid
from the oen  Sudies were coduted an higled (0(igg) ad low led (10
lg0). The two methods gave Simler resuits.  Deteiretions Lsing either method
were rdidde to within 36 for resdd levds of D [bgga Pofor resdd leds o
10lgg



(e ad conoker (B proposad dages to Methad | for Qganic \Watile
Inpunities 467> Tre proposad nodifications dfer seerd advartages o the
daft Method | (diredt injedion). A sige CB624 fusad dlica cdunmn provides
sgaaion o resdd sovert in buk pramecadicdl dhericds with superiar
efficency ad logterm sablity of repeated inedion of agueas sanpdes. The
exdlet sdublites of a geater soedium o duk dug sustances in weter a
DIVBO dso dlimiretes the necessity of the Sandard addition prooedire as autlined
in draft Method | without inouring the inherent contaringtion prakdem with tdluene
ad aher adddion prodldts o the praderrdtic generdtion o artifactud bervare
when ey kel dadd for sande preparaion Tre five years ap they hae
found produee for the adlyss o residue saverts thet it to be rugged, lidde ad
free o the may pradens assodated with Lsng bamyl dodd ad the [B5
Megabare odunm as Spedfied inthe draft Vithad |

Bagem ad Fos (B ware suggested the inprovenents to adyss o
Quaic \Watle Impuities <467> Method | ( dredt ifjedt ) from USP ganed
dgae. Thee ae five inpoverents thet recomed to nee Method |
acogddde () Spedly insrurenia paandes thet ae gugride for the
sovarts. Banpe, if weter is usd as the sovert, the inedionpat & 8 c is
na goargiate but the tenperaiure & 70 ¢ wes sutdde nore tren, becase o
the water vgpaizes noe dowly & 70 ¢ ad the cia ae noe rgyodudde. @
Roide a daee o autdde soverts for sarde preparation, methard were
interfere OV thet interested , bamyl dodd  readted with the dug S0 DVBO were
sutalesoverts. (3 Spedfy the adyticd system nore conpletely ie, adum 1
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Oetecir ad ges (9 Modfy the requiremants for dladom ad @ Allow for
gaicd ness Spedraetnic detedion

Kesongd ad cowaker () suded Queric Widile Impuities in dug
using methad | from UBP ard detemrined the system suitahality by conpered four
sovert, netherd 1bergl dodd, weter and dinethyl sulfadde. The ogtimization o
inedion part tenperature ad nost o the predsion for agueaus sdluion wes 70°C,
while norequeas sduion wes 140 ¢ Moreover they foud thet nethard ad
baml dadd were interfere in the regan of interest bt dinethyl suifoxide wes
found to ke free o interfering. VAhen waing the agueous saluion, a peroart rdative
sadad devaion (V3D were 1691 while tang OVBO %R were 074120
ad 5% phenyinethysioxane wes Lang for detemrirgtion

Damis and comarker (31) determrined Qgaric Vadle Inpurities <467> ad
ather resdld solvert in chug by Lsing autareted heedkpece tedmique. Autareted
heecipece saniling coupled with cpllery ges dTaTetographic separetion rovces
an i goooech for radine corird o Wdlatile in phamecauticd produds. The
sape preparation for method | wes uaing weter a Q1N hydrodnlaic aad ar Q1M
[H 9 amoniunm catorete buffer ad add 5 L of water o aher googaiate
diuert to a heedsece vid cotaining g of anhydraus sodum sulfate. The vid wes
seded ad heged for @ nmintues & &, then 2 L o headjoace ges ware
inected into ges dronetoggah equipped with a flare ionization detectar. Bk
phamecautical concentration o this anatysis wes fram 0280 pom ad the peroart
rdative dancard deviation rage 0629,



13

Abert ard Hans-Jugen (3) conpered the Satic heedspece adlysis (method
N ad dred liqid inedion (methad |) for adlyss of vdaile compounds in
exdpert meeids by ges draretogaph enuipped with aflae ionization detector
{AD. Sadad o five soveis (rethyfere diaide 1 dladiom bewag
trichlaroethylere ad L4doare ) prepared in DVBO ad diluted with “aganic free
" weter to yied analyse conoantrations between 05 ad 100 figl (025 ad 50
pgL for dordiam). Sardes were prepared by dssaving 0 ng of exdpet a
adive ingedeat in 1 Lo aganciree water. For Methad | 1a sande vdure o
2 pl wes ineded by spitless moce (ourge tine 10 ninutes). Faor Method N, 5
L of sdution were heated a 85 ¢ for 80 ninutes ard Il of heedloece sapde
wes ineded by sdit node Q1)  Bah nethods gae acoeptade resuits ad
preason (R rae 40103 99, bt the heedsoece nethod  nore pramiaing for
andlyss o \datile in premecauicd prodats then because o the reproduaiallity 1
sersitivity and the detedtion limit better then direct liouid injedion. For methad |,
the detedion limit of methylere dlaide thiadiom baearg, tichioroethylere ad
14 doaewee 3) B 5 12 ad 9 gam respecively, while the nethod Vwere
13 22 02 06 ad 22 pam respedively.

Frar and Wiliz (33 used heedpece ges dvanetagaphy for the arelysis o
five soverts (methylene diaide, dlodiom barare tricHiaroethyiene ad 14
doag) in premrecauticd prodlds. A 100 g o the saple is acourately weighed
into a heedspace vid to which 5 L o weter sodum suifete are added Redicate
ardlyss of unseken sanges, heated for 60 minutes, gave aea cout R3s rae
15 30 % Heing sanpes far 10 minues with sheling resulted in faster
equliration ad even better predsion (R rae 0513 %). The detedion limit
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o methylene diaide, dladom bawae tidiaoethyiere ad 14doae were
016 035 003 015 ad 300 pgam respedtively.

Kurer ad Gow (3) desaibed an autoneted heedyece GC methad for
adyses resdd sovert in dug The sarde is dissoved i direthyiformrarricde
sovert ad the equiliium headgece ges famred & @ ¢ is adlyzed by LEIg a
megebare caallary cdum: Qurtification is perfamred by the standard addiion
tedmique to dininate ay possiblity of metrix effedts. This method is sensitive 1
predse ad aoourae
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Hypothesis

The heedyoace adlySs tedrigue ssaTs o e an attractive atemative for
Quarntitative arelysis of agaric vdatile inuities ad aher resdue soverts in dug
because O it is asnpe, rgad |, saditive, rdisde method ad o preconcerntration
step (11,353). This method is besad an the savple containg arganic campounds in
the dose system which, equlitrate between the sarde phese ad the heedoece
oes prese The ges [ese will be ardlysed by GC The distribution of aompounds
beween the o pdese dgpats an tenpardure, Vvepor pressue o eah
compoud, saple X influenang an capound adivty coeffidents ad dese
raio of the heedspece ges d the ligud vdure in the Mid. The advartage o this
tednigue ean ke sunmaiized as follow(10:11)

1 Aheadyace is an essy to isdate ad conoartrate mrany vdlatile aganic
corpounds in weter, sal, dug o sediment for ges dyoreiogygahic adlyss. Tre
sarpe hes mat to e vgpaized for the ges draraioggohic adyss de to low
concertration of the conponents dreedy exst in the vepar [dese

2 Noowaloedng a contamingtion of the GC adum with high baling o
normaddile meterid ooours

3 There is ds0 o aonpicated equipent required for sanpde preparaion
thet indicates and nininum detedtion limit in o level.

4 It is an confotalde method .
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The Purpose of the Study

The heedspace adySs tedigue wes devdgoed for the detemringtion o
agaic \Wadile inmpuities ad aher resdd soveis in dug e, nethylere
daide, dladom bawvee tidlocethyere ad l4doae The vaios
parareters which affect to the sersitivity thet would ke studied and evelueted for
the gainum condition of this tedmique. The paraTeter Sudies were

1 The tenperaure for equlitvaing savge ie, 6F ,0°8 0ad DO
certigrack

2 Tre eqlliration times of the sargeie, 10 20 ..., €c minues.

3 Treliqudto ges pese rdics ie, 28 46 55 64 ad 82 .

4 Tresdting ad effect ie, msat ad add ahydrous sodum sulfate

addiion, the aoouracy ad predsion o this tednige were dso siuded
ad evduated priar to Lee it in the adalySs o these conpounds in the red dug
sarples. The ges dronetogrgph enpipped with flae ionization detector (AD) ad
eledron capture detector (HD) 1ard interfaced with autcheedspece instrument thet
wes wsed for the stiudy. The ges drareioggoh equippeed with mess spedrameter
wes usd for confim dug sarpes.
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