65

GLYCOL ETHERS AS GROUNDWATER CONTAMINANTS

Benjamin Ross
Disposal Safety, Inc., Washington, D.C., USA

Gunnar Johanson
National Institute of Occupational Health, Solna, SWEDEN
and Dept. of Occupational Medicine, University Hospital, Uppsala, SWEDEN

Gregory D. Foster
Dept. of Chemistry, George Mason University, Fairfax, Virginia, USA

William P. Eckel
Viar and Company, Alexandria, Virginia, USA

Abstract

Ether derivatives of dibydroxy alcobols, which are formed from ethylene or propylene, comprise an
Important group of groundwater contaminants known as glycol ethers, Compounds in this group are used 2
solvents, cleaning agents, and emulsifiers in many chemical products and manufacturing operations. Glycel
ethers have been associated with 2 variety of toxic effects, and some compounds In the group are relatively
potent teratogens. The limited information avallable suggests that givcol ethers are commoa contaminants In
groundwster, especlally In anacrobic plumes emanating from disposal of mixed indostrial and bousehold
waste. Most methods used to analyze groundwater samples cannot adequately detect ug//(ppb) coacentrations
of glycol ethers, and the existing methods perform werst for the most widely used and toxic species. A pew
method capable of analyzing pg/ concentrations of glycol ethers was recently developed, nnd s use ks
recommended for groundwater samples where glycol ethers are Ukely to be preseat,

Résumé, Les éthers glycol, polluants des eanx souterraines, Les dérivés d'éther de dihydroxy-aleoel, formés
A partir de I"éhyléoe ou du propyline, constituent un important groupe de polluants des eaux souterraines
connus sees le nom d’éthers glycol. Les composés de ce groupe sont utilisés comme solvants, comme agents de
nettoyage ef comme émulsifiants dass de nombreux produits chimiques ¢t dans de nombreux processus de
fabrication. Des effets toxiques variés ont éé attribués aux éhers giveol et certains des composés sont des
agents tératogines refativement puisants. Les données disponibles, qui sont limitées, indiquent que Jes éthers
glycol scat des polluants communs dans les eaux souterraines, particulbrement dans les panaches snadorobles
émis par les décharges mixtes de déchets Industriels et domestiques. La plupart des méthodes d'analyse
d*échantilions d”eau souterraine ne sont pas capables de détecter convenablement des concentrations en éthers
glycol de I'ordre du g/l (ppb); les méthodes actuelles sont médiocres pour doser les espbees toxiques bes plus
courantes. Une nouvelle méthode permettant de doser des concentrations en éthers glycol de I'ordre du pgil s

€té récemment mise aw podnt; son utilisation est préconisée pour ks échantillons d’eau souserraine contenant

des éthers glycol.

INTRODUCTION

Glycol ethers are 2 widely wied class of chemicals
that are detected ofien in contaminated groundwarer
when library seasches ave made. Theis high toxicity and
propensity 10 migrate rapidly in ground water make
them significant groundwaser comtaminants, However,
these compeunds are difficult to ealyze, they are mot

inchaded in standard lists of target aniytes, and their
bealth effecis bave not been widely publicized,
Consequently, the presence and bedavior of glycol
ethers in groundwater have oot attracted the aneation
they deserve.

This paper reviews available information about the
properties of glycol ethess, eir ocommence in
groundwater, analytic methods for desecting them, and
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their health effects. Groundwater scientists should take
sccount of this information when selecting analytic

methods and interproting analyses thar report glycal
ethers.

PHYSICAL AND CHEMICAL PROPERTIES

" Glycol ethers are colorless liquids with a faint odor.
As the pame implies, they are ethers derived from
glycols. The glycols are usually monomers or dimers of
etiylene or propylene glycol. At least cee of the two
hydroxyl groups is replaced with an ether liskage 10 an
alkyl or syl group.  Esters of glycol ethers are also
genenilly included in the classification. The glycol
ethers that ace menticned in this paper are listed in Table
1, and e strectural formsalas of some common glycol
ethers ace shown in Figure 1.

Etwione giyosl monobutyl other:
etindena ghyoo! group  butyl group
HO-CHCH~O-CHyCHCHCH,

Diethylena glycol diethyl ether
othyl group  dethylens giycdl greup ol gooup

Figure 1. Structural formulas of some typecal glycol
cthers, showing the sysiem of nomenclatere.

Glycol ethers sre refared 30 by a vardery of nzmes

(Table 1), and analytical chemists often repoct glyeol
ethers by using [UPAC namses or simdlar strocture-based
sames,

Glyzol ethers are hydrophilic. Pactition constants
between wider and air ard betwoen water aad olive ol
for six glycol cthers, measured by Johamson and
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Dynesles (1988), are summarzed in Table 2. The
partition coestants in Table 2 were measured at 37°C
using a saline solutice; measurerments with distilled
water 8 & lower emperatere might give substastially
smaller valuez. Generally, the glycol ethers become
more hydrophilic (that is, they have smaller oil/‘water
partilica constants) with a decreasing number of carbon
aloms in cither the glycol or the alkyl grosp. In
addition, ethylene glycol monosthyl cther is more
hydrophilic than its acetate ester.

USE

Gilycol ethers are used in lndustry eod in chemical
products in lerge amounts and for & wide variety of
purposes. They are ofien used a8 solvents for ocbulose
csiess, dyes, resins, lacgoers, vamishes, and smins.
They are also present in vamish removers, cleanizg
sclations, products foe treatment of Jeatbers and textiles,
and in jet fuel a3 2 de-icing additive,

The exteat of the wse of glycol ethers in products
cam be seen from a deta base of the declesed contents of
chestical prodects maintained by the Swedish Chemical
Inspectoraie. The results of a search of this daca base for
widely used glycol ethers are sumemarized in Figure 2.
(The data base oaly includes ingredients considered
hazardous by the masafacturer or importer, Some
products contnining glycol ethers, especially those of
higher molecalar weight, may not bave beea declared.)

Some idea of the extent to which glycol ethers are
used in manufacraring can be obtained from the Toxics
Release [nventory of the U. S. Esviroamental
Protecoon Agency., This data base shows the amoear of
varicus orgamic and inorganic chemicals reposted 10
have been released into air, weser, or the subsurface by
U. 5. manufacturers, The omly glycol cthers included in
this inventory are the ethylene glycol monomethyl and
monoethyl ethers; others need not be reported by the
manufacturer.
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Figare 2. Estimated araal use of the most commoa glycol ethers in Sweden based on date from the Products
Register of the Swedish Chemical Inspectorate as of March 1991 (UIf Rick, Personal Commenication).

In 1988, the maost rocent year for which data have
been compiled, 3320 metric tons of ethylene glycol
mosomethyl ether and 1380 metric tons of cthylene
gheol mcacethyl ether were released into the
envirooment (USEPA, 1950). Both species ranked high
m amount relcased among the 322 ckemicals and
classes of chemicals for which information was
collected; the momomethy] ether was 64% and the
monoethyl wis 9,

ANALYTICAL METHODS

The analyses we are aware of that have detected
glycnd ethers i groundwater are of two Lypes.

Where glycod ethers have been target smalytes, & gas
chromatograph/mass spectrometer (GC/MS) kas been
used with the squeous sample injected dGrectly into the
instrumezt. Detection limits with this method are bigh,
on the cedes of 5 mp/t.

The other detections represent  tentative
Idestifications based on “library sescches” that 3,
comparisons of mass specera derived from amalyses with
& libwwry of standacd mass spectra.  The methods used
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are USEPA Methods 624 and 625 (oc variants), which
cxtract contamanants from the sample o an ocpdooe
solvent or purge them inw & gas (USEPA, 1942),

The two USEPA methods perform poorly for glyeol
cthers becanse these compounds are very soloble in
witer. They tend to remain in the aqueons phase rather
tan pass int the gas or solvent. Amlysis of glycol
cthers by the two USEPA methods ls discussed ln
Appendix A.

Because of the extraction problem, the USEPA
methods hive clevaled detection limits for glycol
ethers.  Fumhermoce, the reporied concentration
represents only the amount extracied racher than the
ameunt in the sample. This difficalty is most severe for
the two mOM ¢oasnon and most toxic members of the
class, ethylene glycol mwacenethyl and monoethyl
ethers. Experiments described briefly in Appendix A
show tha ethylens glysol monomethyl cther cannot be
detected by ecither of the USEPA methods at
coacenrmtions cxceading 100 mgll

A methed for detection of glyol ethers s much
lower concentrations has been developed by cce of the
auhers (Johanson et al, 1986) and applicd to the
detection of ethylene glycol moactutyt ether in water
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a4 biclogicsl samples. The method consists of three
steps: (1) salting oo of the glycol ether in toluene, (2)
derivatizatica with peatafluorobenzoyl chloride, and (3)
capillary gas chromatogrephy with electron capeare
detection. A brief description of this method is given in
Appendix B.

OCCURRENCE IN GROUNDWATER

Because they are not commonly target analytes in
groundwaser investigations, Ettle is known about the
occurrence of glycol ethers in groundwater, Available
informaticn suggests, bowever, that they are common &1
sites of contaminatSon.

Glycol ethers detected mare than 20 times by
libeary searches in solvent extraction slyses ot

sites are peesented in Table 3,
Table 3 has betn extracted from a data base of abom
300,000 mnalyses of groundwaser, sarface water, and
soil samples at Seperfund sices (Bckel e1al, 1989), We
should emphasize that the glycol ethers were found in
less thze | in 1000 samples, mot 1000 sites,
Furthermoee, because of the process by which library
searches are reported, the samples in which they were
found ace only a fraction of the samples in which they
were preseat. Note also that the total number of samples
includes blanks, soil samples, sarface water samples,
e, ghcol ethers are found mostly in groundwater
samples. The relative frequency of detection of glycol
¢thers compared to other non-target analytes cin be
found in the column of the table beaded *raxk among all
compounds™ (Table 3). Nots that the ranks shows are
relatively high, especially since the ranking Includes
frequently desected laboratory and field contaminants rs
well as mamy compounds (especially polycyclic
aromatics) that are frequendy fornd in soll sampics bux
rarely in water samples. All identifications are tentative.

Some widely wsed glycol ethers are frogoenty
detected in groundwater.  However, ethylene glycol
manameshy] sad monoethy] ethers and all the glyeod
ether acetates never seem 10 be detected in groundwater.
Furthermoee, higher molecular-welght giveoi cthers
seem 0 be more widespread in growadwater than their
reparted use would suggest.

The faibare 1o detecs shoet<hain glycol ethers at
Supezfund sites is easily explained by limisations of the
analytical methods, as dEscussed in Appendix A. The
reason for the asbsence of the scetsies is uncertsim, but
perhaps they are unstable in groundwaser. (In animals
and man, glyco! ether acetales are rapidly hydrolyzed by

esterases present In the blood and nasal mecosa (Seott
exd McKeena, 1985; Johanson and Dynesius, 1988)),

The source of higher molecular-weight glycol ethers is
uncerain,

Table 3. Delection of extractable glycol ethers by
library search ar superfund sites,
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CASE STUDIES

The following examples of sites where groundwater
is contaminated by glycol ethers se drawn from the

consuting experience of one of the authors (BR).

Winthrop Landfill, Winthrop, Maine, USA

The Wintheop Landfill was a municipal lisdfill
which also received industrial waste from the plastics
industry. - Muonicipal waste disposal contimeed over
many decades; the main episode of industrial chemical
disposal was in 1975. The landfill is located in a former
sand oxd gravel pit in & glacisl moraine.

When the investigation began in 1983, ethylens
glycol monomeshyl clher was idemtified as a carger
analyse by interviewing former employees of a plastics
plnt that geat most of the Industrial waste 1w the
landfill. Samples collscied since 1984 have been
analyzed for this species by elther direct injection imo a
GC/MS or the USEPA volatile purge method. Stased
detection limits bave been on the oeder of § mg/ Three
samples have conlsined ethylene glycol moaomethyl
cther al concentraticas fram 30 10 42 mg/¢

Appbes Hpdgrobopy 1972
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Library searches have detecied several other glycol
ethers. Di- and wiprogylens glycol monomethyl ethers
have been identified repeatedly in  semivolatile
analyses. Ethylens glycol disthy] ether was identified
onct in & volalile anaiyss.

Contamimated groundwaser from this siee is flowing
into a lake. Numercas contaninents have
been detected in the lake, However, the high detection
limits for eshylene glycol monomethy] ether make the
analytic data useless for desermining whether this
compound is in the lake,

Hipps Road Landfill, Jacksoaville, Florida, USA

The Hipps Road Landfill was excavated into a
sandy cosstal plein sqafer of 20 m appeoximale
thickeess (n Jacksonville, Florida. It received a mixvare
of houscheld waste and wastes from neval airerafl

— . Mainlesance and paint stripping fram 1968 10 1970

Resideotlal wells in the vicinicy, most of them
coenpleted in & thin limestone layer separated froen the
sand by a discontinuous clay, developed unusual odors
and tastes (o subseqacnt years, An initial Investigation
in 1983 failed to detect the presence of glycal ethers. In
reconnaissance sampling in 1584, a libeary search on the
most contaminated monitoning well repocied 200 pg
of diethylene glycol diethyl ether, 30 pg/ of ethylene
glycol monobratyl ether, and 10 pgt of diethylene
glycol meacbutyl ether.

A demailed investigmion was conducted im the
subsequent year. Librury searches of water samples
indicated that the three monitocing wells completed
within the comtamisant plume in the lower part of the
sand, the most conteminsted depth intesval, all
coatained 50 to 100 upit of diethylene glycol dicthyl
ether, although, in one well, the analyst reporied (a5 gn
unspecified ethylene giycol ether. Even without taiing
acoount of needed correction factors (see Appendix A),
this made il oae of the most abundan] contaminants in
the plame.

One additiosal round of samples was collected in
1989, Analyses of these samples did not include libracy
searches, except for three split semples. One of these,
from the limestone, contained a repocted 7 pgh of
micthylene glycol moooethyl ether and 4 it of
tetrasthylens glyeol dimethy] ether. The present
amhors, by re-¢xaminstion of the mass spectra and
compagisca of GC retenticn indices (ses Appendix A)
with measurements of kmown standards, have
concloded thal Whesc [wo consivents &t bener
Mentified &s diethylene glycol diethyl ether and
miethylens glycol dimethyl ether.
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The remedy selecsed for groundwater at the site is
extraction and treatment by air stripping. The principel
objective of the operation is removal of vinyl chioride,
No cbjective his been set for removal of glycol ethers
from the waer,

In 1990, a review of the previous work at this site
led 10 recogniticn of the significance of glycol ethers &
contaminants. Further exsenination of the 1985 mass
Al that time, diethylene glycol diethyl ether and other
high molecular-weight giyveol ethers appear to have
been present throughout an ssaerobic plume leading
nostheastoard from the landfill through the lower part
of the samd squifer.

Industrial Excess Landfill, Unioatown, Ohlo, USA

The Iedustrial Excess Landfll was Jocaled in 2
former gravel pit cxcavated into <omplex glacial
outwash mnd tll deposits mear Akron, Ohio, USA.
During the 1960s, it received a mixture of municipal
waste and a variety of industrial wastes, many of them
from the rubber indussry.

Residentisl wolls immedistely adjecent to the
landfGll were coatamisated by vinyl chloride and other
compounds. In library scarches of samples from the
residential wells, ethylene giyool diethyl ether was
identified in the volatile organic analysis st estimaled
(uncorreciod) concentrations from 4 10 31 sl The
identification of the dieshyl cther was made
independently by several laboentories, evemtmally by
five, Ia four monitocing wells, cthylens glycol
monopropy! ether was detecied by extraction malyss.
Oue sample also was reported to contain the mocobuty]
etbher, but the relection time suggests that thds
idencification is dowbeful,

Smalll air strippers were insialled in the basements
of the residences to treat the well water. Upon
installaticn, these wmils weze tested by analyzing their
influent and effluent, [a cec house, the trensted water
was reported to contain 2 ugl of ethylene glycol
dicthy! ether, [ihe correction factoe & this sample (sec
Appendix A) ovald easily be 50 or more. The response
factor fior methyl ethy] ketone, which appears 1o have a
somewhat larger Honry's Law constant, wis 0,02] while
none wis detected in the influest. The gir strippers were
judged secoessful because they were removing vinyl
chloride effectively, and they remained ia ese for more
than two years until the residents were evacusted.

The complexity of the geology at this she &5 sech
that a clear synthesis of contamizant movesnent has not
yet been developed. Furtbermors, the depth of the
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privace wells Is not censin, Monitoring dsta do,
however, indicate that these wells draw anserobic waler
that has been affected by the laadfill,

Discussion of the Case Studies

These case svadies, along with several other sites
not discessed here, have commoa features of both
scieatific and practical Interest,

When the oxidatica stme of groundwater in which
glycol ethers were found was known, the waters were
anonic. The histories of these sites show that these
chemacals can persist for more than & decade in such an
covirament. in no case were they detecied in
groundwater that appeased to be oxic, which suggests
that, in acrobic sebsurface environments, they may be
bicdegraded ot least moderaely rapedly.

When the glycol ethers were detected by library
search, lizle attention was paid. Indeed, in most of these

—————cases~there -is 20 evidence that anyone bad even

raaslated the [UPAC pames under which these
chemicals are reporsed to common names until the jssse
was raised by one of the presen: suthors,

HEALTH EFFECTS

Several reviews of the soxicity of giycol ethers are
svailsble (ECETOC, 1985; Gudbergsson, 1983; Illing
=d Tinkler, 1985; Johanson, 1990; NIOSH, . 199;
WHO, 1990). Glycol ethers are low to moderats in scute
tonicity, with single-dose oral LDy values ranging
between approximately 1 aad 10 g'kg body weight.

Four major types of serious adverse effects,
icralogenicity, testicoler  toxicity, Bome  marrow
depeession, and hemolysis, have been demonstraced for
same of the glyeol ethers, Teratogenic and testicular
effects and bose marmow depeession bave been shown in
mats, mice, and rabbits after exposure to ethytene glycol
monomethyl and monoethyl ethers and their acetate
esters,  Occasional case reporms, as well & some
investipations oo occupationally exposed  people,
suggest thmt these effects may also ocowr in mam.
Teratogenic effects have alio besn shown in rals
exposed o the monomethyl ether of dethylene glycol
and the dimethyl ethers of mono-, di-, aod triethylens
glycel (George et nl., 1987; Hardin and Bisenmann,
1987, Hardin ¢1 al., 1936; Lee €t al., 1989; Price etal.,
1937) and in rabbits exposed tw the B isomer of
propylens glycol monomethyl esher acetate,

In general, the conbchty of e glycol eothers
deceases with increasing length of the alkyl groop of
@e molecule. The exception & ethylens ghycol

eonobutyl ether which, doe to its hemolytic activity, is
e most aculely toxic glyool ether in razs. The tondelty
also decreases with intreasing size of the glycol groep,
as well as with an increasing number of giycol groups in
the molecale. The ocetate esters are rapidly hydrolvzed
0 thedr parent glycol ethers by esterases in the body.
Hence, on an equimalar asis, the toxicity of a glycol
cther acetate is approximacely equivalent to that of the
comresponding glycol ether,

Effects of ecxposure 0 monoethylene glycol
meacalkyl ethers are attributed to0 metabolic sctivatica
to alkoxyacetic acids. Teratogenicity of diethylene
glycol monomethyl etker and the dimethyl ethess of
moao-, di-, and tricthylens glycol may be explained by
metasbolic production of 2-methoxyethanol (ethylens
glycol menceethyl ether) by cleavage at a central ether
bood snd subsoquent activation to 2-methoxyacetic
acid.  The rteratogenic effect of the B isomer of
propylene glycol monomethyl ether is antributed to
metsbolic sctivation 1o methoxypropionic ecid, while
the nanteraiogeaic a isomer is a secondary alcohal and,
thus, casnct be metabolized 1o an acid, :

The USEPA developed “reference doses™ for
ingesticn of several glycol ethers (USEPA, 1991),
which are listed in Table 4. The reference dose is an
cslimale of the chronic exposare w the baman
population (incloding seasitive subgroups) that is likely
10 be without an appeecisble risk of deletericus effects.
These valees are mot regulations, but are used by
USEPA stall in making decisions about comaminaied
soil and

Thmimedon.wh’mhhgn:nnmud
p#gkgpday, s normally coaverted to 1a acceptable
concencratica in drinking water by multiplying by
human body weight of 70 kg and dividing by a water
consumption of 2 4day. However, glycol eders are
realy absorbed through the skin, providing secther
route of exposure. [n addition, the dermal sheorption of
glycol cther may be enhanced from aqocous solutions
{Johanson snd Femstrom, 1988).

Table 4, Oral reference doses for glycol ethers set by
USEPA ( pp/kgiday),

Illll-!
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RECOMMENDATIONS AND CONCLUSIONS

Glycol ethers are widely used industrial chemacals.
They sppear 10 be relatively common in contaminated
groundwaler, especially in anacrcbic plumes emanating
from leedfills conmining a mixmre of howsehold and
industrial waste,

The saxicity of common glycol ethers makes their
presence in groundwater a matter of concern. Ethylens
glycol monoeethyl and monoethy]l ethers and their
Rctinles are tersbogenic and cause testicular damage and
booe mamow depressicn at relatively low doses in
laboratory msémals. Ethylens glycol monopropy] sad
momcbutyl ethers and their acetates may cause
hemolysis and bemolytic anemia. Propylene glycol
cthers, digiycol cthers, and triglycol ethess appear
generally to be considerably Jess toxde than the ethylene
giycol ethers,

Hydrogeologists should carefilly review resalrs of
Library searches at toxic waste sites for evidence that

g0k ¢thers e present. In interpeeting resulls, the

downward biases in the concentranons reported by the
standard USEPA analytical methods should be tmken
inmo account. The extreme difficulty of detecting two of
the modt toxic and most widely used glycol ethers,
ethylene glycol momomethyl and monoethy] ethers,
should slso be borme in mind.

A very sensitive method is now pvailable o analyze
for glycol moacalkyl ethers. At sites whese library
searches have detected glycol ethers of any kisd, or
where there is otherwise reason Lo believe glycol ethers
are preseat, this method should be used W analyze
grosndwater samples. [n particaler, this method shoald
be used routinely a1l locations where an unknown
mixture of industrial solvents his  contamissied
groendwater.

AFPPENDIX A

ANALYSIS OF GLYCOL ETHERS BY
USEPA STANDARD METHODS

Gilycol ethers detected in groundwater, when they
ke pot tarpet analytes, are identified by libaary searches
of mass spectra,  The mass spectra are gooerally
obtained by two standerd USEPA methods (USEPA,
1982). Method 625, which is respoesible for the great
majority of glycol ether detections, is wsed for the
analysis of base-neatral and acid extractable semi.
volatile compounds in growndwmer, This method is
based on extraction into dichloromethane, followed by
GOMS smalysis. Method 624 is a pesge-and-trap
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analysis for volatide species. For several reasons,
analyses of samples comaining glycol ethers by these
methods will often fail 10 decect their presence and will
tend to understale their ocecentrations when they are
detected.

Incomplete Extraction

Because glyool ethers are hydrophilic and have low
Henry's Law constants, they are poorly extracted into
cither the gas or the dichlocomethane phase. The
concentrations reported by the USEPA methods
represent caly the porthon of the glycol ether extracted,
not the tota]l amount peesent in the original sample,
Conseqoently, the true conceptrations will tend
systenatically to exceed the reported concentrations.
The size of this biss will depend on the species’
interphase partition coefficients (given for some glycol
ethers in Table 2) and the extraction method.

An experiment wis otediucted to measure the bias
in the semi-volatile method do: w i
extraction. Well water samples of 500 m/ In volume
from the Hipps Road Landfill plume were spiked with
100 mg¥ cach of cthylene glycol monomethyl and
monobutyl ethers and diethylene glycol diethyl ether
and extracted three times sequeatially with 30 mf of
dichloromethane wsing 2 scparstory funnel. The
dichkmomethane curscts were dried by using
anhydrous sodium sulfme md reduced in volume o
0.5 mé, After dilution to the appropriate volume with
dichloromethane, both glycol ethers in the extracts were
analyzed by using  high resolution gas
chromalography/mass spectrometry. This
clogely resembles EPA Method 625, In Method 625,
the sample is fiest extracted & pH 13 and then & pH 1;
the extraction efficiency of glycol ethers is not expected
10 be sensitive W pH.

The messured recovery of clhylene glycol
monobutyl ether was 6.7% £ 3.1%. The measured
recovery of dicthylene glycol diethyl ether, cormected
for 2 small peak in the blank, was 12.9% £ 3.4%, The
ermors given are absobate standard deviations in thees
replicss experiments. Etbylene glycol monomeshyl
ether could not be detectod because it co-eluted with
dichlaromethane.

Hydrogeologists should comrect glycol ether
concentralicas measured by Method 625 to compensate
for the bias camsed by poor extraction. The best
correcticn Faclors are measared by amalyzing spiked
samples ca the same day with e sarse instrument.
Often, messarements of spiked samples will not be
available. In such cases, reponed concentrativas cin be
correcied by the square root of the measured recoveries
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reporied @0 this paper, If the extraction has been
condected by separatory furmel. When samples are
extracted with a costinuous extractor, the biss is less
than with a scparatory funnel,

Quantitation with the semi-volatile extraction
method involves a response facsor et Is set to unity for
specics ideptified by lbmry search. (The response
foctor is defined in soch a way hat, even when
measured, it would not compensate for ncomplete
extraction.) A response factor of 0,092 wis measured
for wipropylene glycol monomethyl ether (USEPA,
1988) using method 1625C, which & a variamt of
method 625. This result suggests that the assumgpeion of
4 unil response factor may introduce anocther downward
bias In reported concentrations of glycol ethers,

In page-and-trap analyses for volmiles, the
response  factors  used o compule  reporied
concentraions of target analyles do implicidy take
sccount of the efficiency with which the analytes are

. purged into the gas phase. Again, the respoase factor is

s¢1 1o unity for species found by library search.
Compounds with low Henry's Law constants, such as
glycol ethers, will not pass into the gas phase efficiently.
This will make their respoase factors smaller than unity,
caasing concentrations of non-tasgel analyles © be
underestimated.

Because of e poor purge efficiency, no ethylene
glycol monomethyl ether was detectable (even below
the stated detocticn limits) in samples spiked by two
Isborstories with 100 mgN of the substance and
malyzed by method 624 (H. A. McDuniel, Jr,
Bicspherics Inc. and R. Flynn, Compuochem
Laborstories, unpublished data).

Packed Columns

The USEPA methods sllow the laboratory the
choice of using packed or capillary columns. Glycol
etners can adsorb to packed colomns axd desorb to later
seenples. One author (OF) found this effecs w result in

To minimize day-to-day instrument varisbility
when comparing sbsolute reteation times (RT) obtained
from gas ¢hromaiography, the use of retenticn indices is
recommended. A retention index (RI) is cabculared
from the OC according (o its relative position between
WO petention marikers (m, and m,); the markers arc
usually represented by a series of n-alksses oc
polynuclear aromatic hydrocarbons. The retention
index of species @ is given by:

RT(s)-RT(=,)
RT(my)-RT ()

Relention indices have much less variability than
retention times becsuse varisbles which affect the
rotestion time of the snalytes will presumably affect the
retention markers in a closely related fashico.

Retention indices &re strictly comparsble oaly fora
specified type of GC colusnn, GC carrier gas, and
iemperature program. 1f all of these are beld coastant,
the standard deviation amoag Rls should be less than
1%. In principle, the RI should be independent of
matrix variables; for pesics armriving before naphthalene,
naphthalene snd phensahrens are used as markers,

Teble 3 gives the median sad relative standard
devisticn of the resention index of each glycol ether
frequently identified in USEPA Superfund semivolatile
library searches. The resention indices are calculated
using & system devised by Lee et al. (1979) in which
naphuhalene, phenanthrene, and chrysene are given the
veloes 200, 300, and 400. (Eckel ¢1 &1, 1989}, In cases
where the reseation indices of peaks identified as 2
particular compound bave a small standard devistion, it
can be concluded that the same composnd was beleg
identificd esch time, and the identification was probably
cormect. Where retentica indices are more scattered, the
scatier may be attributable either to misidentification or
w0 differences among GC methods.

RIGs) » 100 + Rlm,)

APPENDIX B

ANALYTICAL METHOD FOR MONOALKYL
GLYCOL ETHERS

A brief descripgon of an smalytical method for
monoaliy] giyeol cthers is as follows. A more complete
description is given by Johenson et al. (1986).

The sample, aa intemal wandasd (hexanol and/oc
heptancl in wazer), toluene, and mn aguecus solation of
sodium sulfate satursted at S0°C are added to a glass
vial which is sealed and vigorously shaken. Following
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phase separation by centrifugation, the toluene phase is
tansferred o 3 now vial, and pyridine and
pentafluorobenzoy] chloride are added. The vial is
sealed and shaken for cne hour at S0°C, The solvem
phase is evaporaled, and the residues dissolved in
methancl/water and theosafier extracted into bexame.
The hexane phase i3 collecied and washed once more
with methanolfenter price w0 GC  analysis.
fovestigations by GC/MS have confimmed that
denvatization of 2-buwtoxyethanol yields buloxyethyl
* perrafluorobenxoate, a8 expecied,

The method eror expressed as relative standasd
deviation was 11% to 12%, and the detection limiit in
blood samples was approximately 0.0 pmol (10 ugl
(Johanson and Fernstrom, 1988; Johaason et al, 1986).
In samples containing less organic contamination than
bloed, sach as groundwaler, the sensitivity may be
greatly improved, simply by increasing the sample
volumse relative Lo the volome of taloene. In analyses of
40-m_ groundwaler samples, detection limils were

— - eslimated as 150 gl for ethykene glycol monomethyl

ether, 27 gl forethylene glycol moscethyl ether,
8 pgl for cthylene glyeol monobutyl cther, and
270 pg/t for a-propylene glycol monomethy] ether,

In principle. the method is applicable to eny ceganic
compound contsining 4 hydroxyl or amino group. It
works well for ethylene glycol monoethyl and
monomsopropyl ethers.  The mast polar glyco! ether,
cthylens glycol monomethyl ether, extracts poarly into
toluene, and method refinemesss may be needed for this
com-pound. With this method, the glycol ether-derived
peaks can, in most cases, be identified by their retenticn
times, because the derivartization is restricsed 10 hydroxy
and amizo compounds, and the capellary GC provides
Righ resolulicn.
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