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The importance of research on the health effects of long-term ingestion of
chemical substances resulting from the (indirect) re-use of waste water for
human consumption has been fully and early recognized by the International
Reference Centre for Community Water Supply (IRC). The need to ensure the
continuing safety of community water supplies requires improved knowledge of

micro-pollutants in drinking water.

In January 1975, the IRC convened in Amsterdam an international group of experts
in the field of analytical chemistry, microbiology, toxicology and epidemiclogy.
The working meeting was also attended by representatives from international and
national organizations concerned with the health effects relating to the re-use
of waste water for potable purposes. The meeting had the object:

- to review the existing knowledge;

- to formulate research projects and studies needed to supplement the knowledge;
- to consider internaticnal cooperation and coordination in research;

- the exchange of information on research programmes.

On that occasion the IRC was regquested by the meeting to stimulate and coordinate
health effects research by assisting cooperative schemes and by facilitating the
exchange of information, so that unnecessary duplication of efforts would be
prevented and priority allocation of recommended projects achieved., A first step
in planning subsequent activities was taken by Professor H.I. Shuval of the
Hebrew University, Environmental Health Laboratory, who acted as consultant to

the IRC after the meeting.

The evaluation of health effects requires identification and characterization of
suspect substances in waters. Organic compounds, in particular, are causing
concern and their study is assuming greater significance in the light of recent

tentative findings.

The methodology for the analysis of organic compounds in waters needs careful
consideration. The IRC was pleased to find Dr. A.W. Garrison of the U.S.
Environmental Protection Agency (EPA), Environmental Research Laboratory, Athens,

Georgia, prepared to act as consulant on this aspect.



The present consultant's report reflects the work undertaken by Dr. Garrison.
The IRC has pleasure in publishing the study, as a contributicn to the development
of the analytical methodology to support health effects research and

epidemiological studies.

While working on his assignment, Dr. Garrison received assistance from
Ir. B. C, J. Zoeteman, of the Netherlands National Institute for Water Supply,
and his staff. Ir. E. H. A. Hofkes of the IRC, provided technical and

administrative support.

During the course of his consultantship, Dr. Garrison visited a number of
experts involved in the analysis of organic compounds in water. Gratefully
acknowledged is the kind help given by Dr. R. F. Packham, Dr. M. Fielding

and Dr. A. Waggott of the Water Research Centre, U, K. Thankfully recorded is
the agsistance renderxed by Dr. H. Ott of the Management Committee for the
Analysis of Organic Micropollutants, Environmental Research Programme of the
European Communities, and by Dr. O. Hutzinger, Laboratory of Environmental

Chemistry, University of Amsterdam.

In the Netherlands, useful visits were paid to the National Institute for
Public Health, the Testing and Research Institute of Water Undertakings and

the Amsterdam Water Works' Laboratory.

It is hoped that Dr. Garrison's report will serve its purposc to assist those
involved in health effects research and epidemioclogical studies, in developing

the methodology for the analysis of organic compounds in water.



I. INTRODUCTION

The general approach to preparation of this report was to first examine and
classify the data available on organic compounds thus far identified in water
(Appendix 1). Then the current status of analytical methodology for organics in
water was summarized (Appendix 2). From this summary, the need for certain
improvement in methodology became obvious (Appendix 3) - some of these needs are
now being met by research in water polluticon laboratories in various parts of
the world, others are yet to be investigated. These needs, which constitute

the heart of this report, are summarized in Part II, below.

Consideration for protocols for chemical analysis to support epidemiological

studies are outlined in Appendix 4.

During the course of this consultantsghip, several trips were made to facilities
and organizations involved in the analysis of organic compounds in water and a
colloguium was held on this topic. Meetings with experts during these visits and
colloguium were extremely useful in the preparation of this report: a summary of

corresponding discussions and observations is given in Appendix 5.

II. NEEDS IN ANALYTICAL METHODOLOGY FOR ORGANIC COMPQUNDS IN WATER

The report addresses only the analysis of specific compounds or groups of
compounds. In situ monitoring needs can best he addressed by a toxicologist
concerned with acute toxicity. The relationship of chronic health effects to
organic compounds in water can best be determined by laboratory analyses, of
which there are three types:

(1) SBurvey analysis - use of a broad method, as comprehensive as possible,
allowing for the identification and measurement of as many components of the
sample as possible.

(2) Chemical class analysis - use of a method designed to "analyze for" specific
members of a given chemical class of organic compounds.

(3) Group analysis - use of method or "test" designed to "analyze for" a group
of organic compounds, usually with similar chemical characteristicg, in toto.

These are sometimes vaguely called "monitoring™ methods.



Each type of analysis may be subdivided into volatile and non-volatile organic

methods, since methods for each of these two volatility classes are by nature

different; also the development of non-volatile methodology lags considerably

behind that for the volatile compounds. In no case should a method be limited to

gqualitative analysis - quantification is essential for meaningful assessment of

the importance of identified compounds or groups. The above catagories of

analysis are described in more detail in Appendix 2, A.

A.

Health Related Problems to which Chemical Analysis must be Applied

Each situation of re-use, each epldemioclogical study and water plant

laboratories will have specific needs for different types of organic

analysis. These cannot be dealt with here in detail. However, some appli-

cations of current and future analytical technology include:

Epidemiological studies.

a. Analysis of selected organics by chemical class and/or group to
support narrow prospective epidemiological studies. Selection of classes
for study will depend upon the health effects asgociation bheing

hypothesized by epidemiologist and toxicologist.
b. Survey analysis, mostly based on GC-MS techniques, to support broad,
prospective epidemiological studies. Survey analysis for non-volatile

compounds will also be applicable when methods bhecome available.

Planning for Direct Water Re-use.

Planning for re-use requires special knowledge of organics in water that

can be gained by:

a. Survey analysis by GC~MS.

b. Survey analysis for non-volatile compounds - this is especially
important here since non-volatiles can be concentrated during re-cycling

of water for re-use.



Quality Control of Drinking Water

a. Survey analysis of drinking water by GC-MS in very large water works
laboratories or in centyral laboratories to evaluate water guality
relative to specific organic compounds on a regular basis (monthly or

bi-monthly).

b. Chemical class or group analyses of organics ina large water works
laboratory or, for smaller water works, in a central laboratory. Certain
classes of compounds are not amenable to survey analysis by GC-MS
(assuming it were available) or need more frequent measurement because

of special health significance. Classesg or groups to be monitored should
be determined by health effects considerations (by toxicologists) and by
abundance of classes of organics. This type of monitoring will be more
important for directly re-used water in order to maintain public

confidence in its quality.

¢. BAnalysis of non-volatile organics, if they are shown to have adverse

health effects.

Research

a. Enlargement of the data base of volatile and non-volatile organics
in water by analyses of effluents, surface water and other raw sources of
drinking water, as well as drinking water, by government, industrial and

university research laboratories.

b. Analyses to support studies of treatment effectiveness, effects of
chlorination, fate of pollutants, effects of pollutants, etc; these
require extensive chemical analyses that must be tailored to suit the

research need.

Specific Needs in Development of Analytical Methodology for Organics in

Water

These needs are arranged in priority groups, but the numbers within groups

donot indicate a ranking. Relative importance of the needs for certain



applicationsare indicated by the number of crosses (0-3) in the "Needed
For" columns. "Supported by" indicates the Appendix of this report that

should be referred to for detailed supporting data.
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PRICRITY A

11

Collation of specific compound data in the following way

a. Continual updating of the present COST project 64b/WRC
list.

b. Estakblishment of a similar EPA list.

c. Computerization and coordination of both lines

thundance Index, designed to allow continual evaluation of

the distributicon of organic compounds in water relative to

analytical methodoclogy needs and health effect studies.

Development of analytical methods for classes of organic
compounds that are shown to be “abundant® and of health
significance and that are not adequately covered by GC-MS
survey analysis because of:

- the necessity for more fregquent analysis of a particular
class, because of special health significance, than is
possible in a central GC~-MS laboratory system, or

- unsultability of a special class for analysis by the
broad GC-MS survey approach; e.g. a class of non-volatile
compounds.

Possibly important classes needing methods or improvements

in methods are:

Aromatic amines Organcofluorine compounds

Chleorinated non-veolatiles Phthalates

Chlorinated volatiles Polynuclear aromatic

Chlorophenols hydrocarbons

Dyes and optical brighteners Resin acids

of varicus classes Specific cdour-intensive com
Organocbromine compounds

Hon-volatile nitrosamines

Needed for:
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Development of methods for survey analysis for non-volatile

organics in water. Most of the work is needed in these

areas:

a. Extraction/concentration, especially by accumulator
columns.

b. Separation, especially for agqueous concentrates.

c. More universal and more sensitive detectors.

d. On-the-fly identification (analogous to GC-MS).

A study of the problems associated with analysis of organics
adsorbed on suspended or colledial solids in water.

Streamlined guantification technigques for survey analysis

of wvolatile organics in water. At least three areas need

investigation:

a. Provision of standard reference materials.

b. Establishment of guidelines for optimum use of
standards.

c. Establishment of guidelines for semi-gquantitative
analysis by mass spectrometry ion current (GC-MS)

Increased availability of less expensive, reproducible
capillary GC columns for survey analysis.

Needed for:
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PRIQRITY B

10.

€1

Establishment of an amalytical protocol to collect specific
compound infermation for broad, prospective epidemiological
studies.

Feasibility study, including an economic evaluation, on the
establishment of a system of central laboratories in each
country capable of GC-MS survey analysis of samples
collected regularly by local water works.

bDevelopment of an automatic sampler for organics in water.
One use would be by local water works to collect samples
for regular submission tc central laboratories for GC-MS
survey analysis and/or analysis by chemical class.

Development of analytical methods for monitoring groups of
organics expected toc ke of adverse health effect,
particularly in cases where treated re-used water is not
stored sufficiently long enough for survey-type analysis
before use. Groups to be monitored would be determined
by toxicologists {health effect consideration) and
analytical chemists {abundance consideration).

Possibly important groups needing methods or improvements
are:

Total organic halcocgens

Volatile crganic halogens

Total organic sulfur

Volatile organic sulfur

Volatile organic carbon

Needed for:
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A

Taste and Odour compounds
Organochlorine pesticides
Surfactants
Total measurements for each of these classes of
compounds:
Arcmatic amines
Chlorophenols
Heterocyclic nitrogen compounds
Mitrosamines
Organcbromine compounds
Organcfluerine compounds
Polychlorinated biphenyls
Polynuclear aromatic hydrocarbons

11. Improvements in mass spectral matching programmes in at
least four ways.

a.

Arrange a world-wide system for automatic submission

of new mass spectra, especially those of water
pollutants, to the computer files.

Create subsets of spectral files of known water
pollutants

Determine statistically the reliance that may be placed
on identification of a compound by computer matching
only.

Take other necessary action to lower the cost of
spectral matching.

Needed for:
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13.

14.

15.

S1

Development of a reproducible method for survey analysis of
intermediately volatile organics in water based upon
accumulation by activated carbon columns. Compare results
with those obtained using XAD resin columns.

Commercial availability of Grob's purging (headspace
analysis}) device for extraction/concentration of wolatile
organics from water for survey analysis

Characterization of non-specific, high moclecular weight
compounds in drinking water and scurce water (not specific
identification}.

The development of clear, universal, gquality assurance
guidelines for qualitative and quantitative analysis.

Needed for:
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PRIORITY C

16. Refinement of analytical methods for survey analysis for
volatile organics - this is in progress now in many
laboratories and needs for special impetus.
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APPENDIX 1

DISTRIBUTION AND CLASSIFICIATION OF ORGANICS IN WATER

A. Introduction

Almost 2000 organic compounds have been identified in water of all types. This
number is increasing rapidly, as scores of laboratories examine effluents, surface
water and drinking water for organic compounds for various reasons. It is
speculated that every natural and synthetic organic compound can he found in some
water sample if detection limits are lowered sufficiently. Although several
ligsts of compounds found in water have been compiledl/2/3, the lists are usually
limited to certain classes of organics, or to certain types of samples. The
most comprehensive list is that compiled by the Water Research Centre for the
Commission of the BuropeanCommunities (CEC) COST Project 64b, entitled "A
comprehensive list of polluting substances which have been identified in various

fresh waterg, affluent discharges, aquatic animals and plants, and bottom

sediments".
This mass of data needs to be continually updated, classified and computerized for
uge in health effects studies, development of analytical methodology and related

research.

B. CEC and U. S. EPA Collation Efforts

The CEC/COST Project 64b list gives concentration (if available), type of water
sampled, data of sample and reporting laboratory. No claim is made for complete
coverage, but an extensive listing is maintained by searching the literature and
by regular submission from laboratories participating in the COST Project 64b
efforts. Private communications supplement the list. ,Although the bulk of the
compounds listed are those found in Western European waters, much data from the
U. S. EPA ig included. Compounds are listed by major chemical class. A
computer programme is currently being developed to print out the compound list
and associated data, rather than manually type it5. There are plans within the
CEC to computerize the COST Project 64b list for automatic collation and updating

of data and for data retrieval.

The U. S. EPA has no comprehensive listing of organics in water as yet. A list

of compound names with number of times found in water of different types 1is being

17



compiled for computer printout and will soon be published6. This list will be
more comprehensive and up to date than others, and includes commounds on the
COST Project 64b list. TIts main purpose is to allow determination of compounds
that should be included in a subset of mass spectral data to be used for more

efficient computer searching and identification of organics extracted from water.

The EPA has definite plans for development of a comprehensive computerized
collation and data retrieval system for organics in water, to be conducted by an
extramural contractor over the next year. This system, to be called Water DROP
(Distribution Register of Organic Pollutants in Water) will include a means for
continual updating and dissemination of new information on organics in water.

It will include various chemical, biological and geographical descriptors for
each compound, as well as data on concentration, source, etc., and can he
accessed by several modes to search for compounds of particular interest to

analytical chemists, epidemiclogists, enforcement groups and others.

C. Coordination and Dissemination of Specifi¢ Compound Information

Communication should be maintained between the CEC and the U. 8. EPA relative to
the computerization and distribution of data on gpecific organics in water, The
optimum degree of overlap in the EPA and CEC computer libraries should be decided
zoon. It may be desirable, once each group has developed its initial library,
for the CEC to concentrate on data relative to European waters, while the EPA
concentrates on U. 8. or North American waters. An obvious option would be for
each lirabry to contain as much data as possible from world wide sources - this
complete overlap may be necessary to allow easy access to all data by user
countries in different parts of the world. 1In any case, it would be highly
desirable for both libraries to be bhasgsed upon a compatible computer language to

allow easy exchange of programmes and data.

Some means should be developed for dissimination of data on specific organics in
water to interested users throughout the world. Groups in many countries in
addition to those in the CEC or U. 5. neod such data for a variety of reasons.
Since the computer librarics discussed above will become the repositories for
most of this information, the data contained in them should be available to all
potential users. The International Reference Centre for Community Water Supply
in The Hague would be a logical c¢learing house and distribution centre for such
information, working between the CREC/U., S. EPA on the one hand and other
interested nations on the other. The libraries themselves could be made

18



available on computer tape or in hard copy form, or abstracts of new data coming

into the libraries could be generated and distributed periodically.

D. Chemical Classification System

It is essential that the large data base on organic compounds in water be
logically organized for efficient use. There is a special need for classification
of specific organics into an array useful to those studying health effects and to
analytical chemists. Classification by chemical functionality is most logical,
since chemically related compounds often have similar health effects and usually
are amenable to the same analytical technigques. Chemical classification into
classes of the optimum gize should allow toxicelogists to examine the data bank
more efficiently and more effectively prioritize chemical classes for health
effects studies. This, in turn, should prioritize the classes according to needs
for analytical methods development. In light of these factors, the following
classification system for organics in water is proposed. This system is that of
an analytical chemist; it is based upon similarities in chemical functionality
and broken down into narrow enocugh groups s0 that one or two analytical methods
will suffice for specific analysis of all members of each class. Health effects

congiderations are of necessity secondary since so little is known in this area.

The COST Project 64b list is classified into twenty-two chemical or usage
groups - this was the starting point for development of this more narrow,

hopefully more useful, classification system.

It is hoped that a chemical classification system of this type will be
incorporated into the EPA and CEC computerized libraries - it will be useful,
both to analytical chemists and those studying health effects, to retrieve
data on all compounds within a chemical c¢lass. However, the particular system
described here is not necessarily the best; other chemical subdivisions may be

more appropriate.

19



CLASSIFICATION SYSTEM FOR ORGANIC COMPOUNDS IN WATER

a. Major classes

aAll compounds are grouped into the following 28 alphabetically arrayed major
classes. All classes are of functional groups except Dyes, Pigments and Optical

Brighteners; Miscellaneous Non-Volatile Compounds; Pesticides and Herbicides and

Surfactants.

Alcohols Halogenated Aromatic Compounds
Aldehydes Ketones

Alkane Hydrocarbong Miscellaneous Non-Volatile Compounds
Alkene Hydrocarbons Nitro-Compounds

Amides Nitrogen Compounds, Miscellaneous
Amines Non-Volatile Compounds, Miscellaneous
Amino Acids Organometallic Compounds

Benzenoid Hydrocarbons Pesticides and Herbicides
Carbohydrates Phenols and Naphthols

Carboxylic Acids Phosphorus Compounds

Dyes, Pigments and Optical Brighteners Polynuclear Aromatic Hydrocarbons
Esters Steroids

Ethers and Heterocyclic Oxygen Compounds Sulfur Compounds

Halogenated Aliphatic Compounds Surfactants

b. Hierarchy of Assignment

In cases of more than one functional group in a compound (usually the case), the
hierarchy of assignment of major class is as follows. 1In all cases, the 4 usage

classes take priority and are listed first in alphabetical order.

. Dyes, Pigments and Optical Brighteners
. Miscellaneous Non-Volatile Compounds

. Pesticides and Herbicides

1

2

3

4. Surfactants
5. Halogenated Aliphatic Compounds
6. Halogenated Aromatic Compounds
7. BAmino Acids

8. Phosphorus Compounds

9. Sulfur Compounds



10, Carbohydrates

11. Sterocids

12. Organometallic Compounds

13. Nitrogen Compounds, Miscellaneous

14. Non-Volatile Compounds, Miscellaneous
15. Carboxylic Acids

16. Phenols and Naphthols

17. Amines

18. Nitro-compounds

19. Ketones

20. Aldehydes

21. Alcohols

22. Esters

23. Amides

24. Ethers and Heterocyclic Oxygen Compounds
25. Polynuclear Arcomatic Hydrocarbons

26. Benzenoid Hydrocarbons

27. Alkene Hydrocarbons

28. Alkane Hydrocarbons

c. Sub-Classes

Within most of the 28 major functional group classes, each compound is assigned

to a more narrow chemical sub-class. These are listed below with examples.

ALCOHOLS
Aliphatic - butanol

aromatic - @-methylnezyl alecchol

Terpenoid - -terpineocl
Miscellaneous - 3-methyleyclopentan-1, 2-diol
ALDEHYDES

Aliphatic - iso-butyraldehyde
Aromatic - 2,4,6-trimethyl benzaldechyde

Miscellanecus - crotonaldehyde

ALKANE HYDROCARBONS
Branched - isodecane
Cyclic - cyclopentane
21



Normal - decane

Miscellaneous = abietane

ALKENE HYDROCARBONS

Regular - cyclopentene
Terpenoid - beta-ocimene
AMIDES
Aliphatic - caprolactam
Aliphatic, substituted - N,N-dimethylolamide
Aromatic - acetanilide
AMINES
Aliphatic - cyclohexylamine
Aliphatic, substituted - 2-amino-2-ethyl-1,3-propanediol
Alkylanilines (including aniline and benzidine) - dimethylaniline
Anilines, other substituted - Y4-aminostilbene
Naphthylamines - naphtylamine
Nitroanilines
Miscellaneous - 4,4'-diaminodlcyclohexylbenzene
AMINO ACIDS - leucine

BENZENOID HYDROCARBONS
Alkybenzenes, w/saturated substituents - clhylbenzene
Alkybenzenes, w/unsaturated substituents - vinylbenzene
Biphenyls and Polyphenyls - methylbiphenyl

Indan and Tetralin hydrocarbons -~ ethylindan

CARBOHYDRATES - U4,6-di-o-isopropylidene-T-sorboluranose

CARBOXYLIC ACIDS

Aromatic (belzoic types) - t-hutylbenzoic acid

Aromatic, hydroxy (hydroxy-benzoic type) - 3~hydroxyhenzolc acld
Aliphatic, diecarboxylic - succinie acid

Aliphatic,hydroxy- and keto - Z2-hydroxybutyric acid

Aliphatic, long-chain (From C-7) - palmitic acid

Aliphatic, short-chain (C-1 to C-6) - dgzovaleric acid
Aliphatic, unsaturated - oleic acid

22



Phenylalkanoic - phenylacetic acid
Resin = abietic acid

Miscelleneous - dimethylnitrobenzoic acid

DYES, PIGMENTS AND OPTICAL BRICHTENERS

Dyes and pigments - Disperse Blue 3

Optical Brighteners - "coumarine type optical brightner”
ESTERS

Adipates and azelates =~ bis(2-ethylhexyl) azelate

Alkyl alkanocates (incld. substituted) - vinyl propionate

Aromatic - methyl dimenthoxybenzoate
Fatty acid methyl esters - methyl linoleate
Phthalates - di-n-butyl phthalate

Miscellaneous ~ hutyl octyl maleate

ETHERS AND HETEROCYCLIC OXYGEN COMPOUNDS
Aliphatic = Y4-methyl-1,3~dioxclane
Aliphatic, substituted and/or unsaturated - dimethylfuran

Aromatic - ethyl benzyl ether

HALOGENATED ALIPHATIC COMPQUNDS
Aliphatic bromides and/or iodides - dibromoethane
Aliphatic chlorides ~ dichloroethane
Aliphatic chlorides with bromine, iodine and/or fluorine - dibromodichloroethane
Aliphatic chlorides, other substituted - ethyclorocacetate
Aliphatic fluorides
Ethers, chlorinated aliphatic - 1,2-bis(chloroethoxy)ethane
Paraffins, chlorinated ("chloroparaffing")

Miscellaneous - ethyl fluoroacctate

HALOGENATED AROMATIC COMPOUNDS
Brominated, iodinated and/or fluorinated aromatics - dibromobenzene
Chlorinated aromatic amines - 7?-chlerocaniline
Chlorinated benzenes and alkylbenzenes - tetrachlorcethylstyrene
Chlroinated benzoic acids - 5-chlorosalicylic acid
Chlorinated nitro-aromatics = 1,3-nitrochlorobenzene
Chlorinated phenols and naphthols - methyltetrachlorophenol

Chlorinated heterocyclic aromatics - chloromethylquinoline
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Polychlorinated biphenyls (PCB's) and Arochlors - heptachlorobiphenyl

Miscellaneous - chlorophenylethyl sulphone
KETONES

Aliphatic ~ butyl propyl ketone

Aliphatic, substituted - methyl propenyl ketomne

Anthraquinones and Quinones - anthraguinone

Aromatic - acetophenone

NITRO-COMPOUNDS

Aliphatic - nitromethane
Aromatic - nitroethoxybenzene
Miscellaneous

NITROGEN COMPOUNDZ, MISCELLANEOUS

Azo Compounds - azobenzene

Carbamates - 3-methyl butanonitrile

Cyanides - benzyl cyanide

Heterocyclic - caffeine

Indoles and Carbazoles - 3-hydroxyindole

Nitrosamines

Pyridines - dimethylpyridine

Quinolines - dimethylquinoline

Xanthines and Uric Acids - l-methylxanthine
NON-VOLATILE COMPOUNDS, MISCELLANEQUS - guanosine
ORGANOMETALLIC COMPOUNDS =~ copper phthalocyanine

complexed species- metal + ligand

Organometallic compounds with carbommetal bonds -~  tiphenyltin hydroxide

PESTICIDES AND HERBICIDES

Aromatic halogenated pesticides, miscellaneous - dicamha
Atrazine derivatives =~ atrazine

"Benzenehexacloride" (BHC) isomers - alpha BHC
Carbamates - carbaryl

Chlorinated phenoxy acids - 2,u4-D,butyl ester

DDT derivatives - 4 ,4'-DDL

Organophosphorus pesticides -~ malathion
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Polycylic halogenated pesticides - aldrin

Miscellaneous - alachlor

PHENOLS AND NAPHTHOLS

Alkylphenols (incld. phencl) ~ 2-nonylphenol
Alkoxyphenols - 2-methoxyphencl

Aminophenols - aminophenol

Hydroxyphenols - resorcinol

Naphthols - alpha-naphthol

Nitrophenols - Z2-nitrophenol

Migscellaneous - 2-phenylphenol

PHOSPHORUS COMPOUNDS
Phosphates - tributylphosphate

Miscellaneous - §5,5,5-tributylphosphorotrithicate

POLYNUCLEAR AROMATIC HYDROCAREONS
Alkyenaphthalenes (and naphthalene) - l-methylnaphthalene

Indenes -~ 3-methylindene
Polynuclear aromatic hydrocarbons, other - 3,4 (a) pyrene
STERDIDS - coprostanol

SULFUR COMPOUNDS

Aromatic - methyl diphenyl sulfide
Compounds w/85-0 bonds ~ dimethyl sulfoxide
Compounds w/S-N bonds ~ N-ethyl-2-toluenesulfonamide
Heterocyclic - dithiane
Mercaptans ~ t-butyl mercaptan
Sulfides and Disulfides - diethyl disulfide
Miscellaneous - ethyl isothiocyanate

SURFACTANTS
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d. Miscellaneous Rules

1. Halogens - any compound containing a halogen atom except those in one of
the 4 usage classes (Part II, major classes 1-4) is assigned under

"Halogenated Aliphatic Compounds" or "Halogenated Aromatic Compounds”.

2. The various "Aromatic" sub-classes usually’include all compounds of the
major class concerned with any aromatic function, even if the major
functional group is not on the ring. Benzyl alcohol is thus listed under
Alcohol, Aromatic instead of Alcohol, Aliphatic. (Phenylalkanoic acids,

however, are listed separately.)

3. Anthraguinones and Quinones are a class under -Ketones,

4. Alkylnaphthalenes and Indene Derivatives are arranged under Polynuclear
Aromatic Hydrocarbons. Indans and Tetraling, Biphenyls and Polyphenyls
and all hydrocarbon-substituted benzenesare classified under Benzenoid

Hydrocarbons.,

5. The order of hierarchy of functional groups for assignment to sub-classes

is the same as that for assignment to major classes (see part II), where

applicable.
6. T"Substituted" aliphatics usually include unsaturated aliphatics.
7. "Non-Volatile Compounds, Miscellaneous" includes chlorophyll, enzymes,

fulvic acids, humic acids, complex nitrogen bases, tannic acids,

vitamines, xanthophylls, ctc.

8. ‘“Pesticides and Herbicides" include associated manufacturing byproducts.

E. Distribution of Organic Compounds in Water

A logical use of such chemical classification system as developed above is in the
organization and display of data on the distribution of organic compounds in
water. Table 1 illustrates one way in which distribution data may be displayed.
The major chemical classes and sub-classes are listed. The number of different:
compounds found in each class is given, along with the number of times members of
each class have been found in various types of samples and the tota)l times found.
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This total, together with concentration data, allows the calculation of an
Abundance Index, which will be discussed later. The suspected source(s) of
each class of compound is given, along with some indication of persistence of
the c¢lass. Such distribution data should allow a semi-quantitative assessment of
the pollution potential of each of the varxious classes of organics found in
water and should be useful in health effects studies, as well as to analytical

chemists.

Table 1 is only partially filled out, using data from EPA computer listing,
"Frequency of Organic Compounds Identified in Water"6. Bias in the data does not
allow caleculation of a meaningful Abundance Index, even when quantitative data
arc available and information on compound source and persistance is sparse.
However, entries of numbers of compounds found and sample type is the latest
available. One exception is the "industrial effluent" sample category - the data
that specify whether compounds were found in raw or treated waste waters were

not readily available. It was known that most (perhaps thrce-fourths) of the
compounds were found in treated industrial waste water®so all the compounds were
entered under this catagory. An update of this table will include a correction
of these entries. Another possibily misleading part of the table is that

dealing with pesticides. Most of the pesticides identified in various water
monitoring programmes conduct throughout the world during the last two decades
are not included - most of the listings are of pesticides found recently in
survey analyses for all types of organics. However, the number of different
pesticides found and their chemical classifications should bhe nearly corredt; the
number of times found in different types of water should be only representative.
This is true to a lesser extent for the halogenated aliphatic compounds; e.g.
some of the recent EPA survey data for selected halogenated organics is not
ingluded. Two other comments on specific classes: (1) no specific surfactants
were found in the EPA list; some may be included in other classes listed on the
table, and (2) no nitrosamines are on the EPA list, but thHere have been

unconfirmed identifications of nitrosamines in water.

The Abundance Index (AI) is a guantitative expression of the extent of distribu-~
tion of a class of organic compounds in water, being the multiplicand of the
average concentration cf all members of the c¢lass, in appropriate units and the
total number of times members of the class have been found.

average conc. in mg/l to the

AL = (total times . x =yl
(tota imes found) x cxponent Of{rnearest power of 10 x 106
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For example, according to the COST Project 64b list (which includes much

quantitative data), aliphatic alcohols have been found in water a total of 26

times. The average concentration in mg/l, to the nearest power of 10, is to~1,

This is multiplied by 108 (to achieve a managable unit) to give 10%, Therefore:
Al (for aliphatic alecohols) = 26 x 5 = 130

Similar calculations using data from the COST Project 64b list give the following

AT values for the other three sub-classes of alcohols:

aromatic, 32; terpenoid, 90; miscellanegus 27.

These particular calculations are for illustrative purposes only and may be mis-
leading. There is not enough unbiased quantitative data yet available to allow a
meaningful calculation of an Abundance Index, except for a few cases. At least
three types of bias exist: (1) Bias by source; e.g., most chlorinated drinking
water contains chloroform, most other types of water samples do not. Therefore,
concentrated interest in organiecs in drinking water leads to an unduly large
number of chloroform {or other haloform) detectiong. (2) Intentional bias by
analytical method; e.g., again in the case of chloroform,for drinking water many
methods have been designed to "analyze for" chloroform or haloforms. (3) Non-
intentional bias by analytical method; e-g., recovery of individual organics from
a carbon accumulator column is not equally efficient and the percentage is unknown
for many compounds. Even more disparagingis the lack of data on non-volatile

organics, for which analytical methods are not yet available.

A useful Abundance Index can now be calculated only for a particular type of water,
all samples of which have been analyzed by the same method. For example, a survey
of many surface waters in the areas of industrial complexes by liquid-liquid
extraction followed by GC-~MS analysis could give sufficient data to calculate
Abundance Indices of semi-quantitative significance. These Indices could be useful
to toxicologists and analytical chemists in first-approximation assignments of

priorities by chemical class for further studies.
An extension of this concept would be the calculation of Abundance Indices for

individual organic compounds. Perhaps this will be feasible in the future when

much more distribution data is available from computerized libraries.
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APPENDIX 2

ANALYSIS OF ORGANIC COMPOUNDS IN WATER - CURRENT STATUS

A. Introduction

Analysis of organic compounds in water falls into two main categories termed by
Budde1 "analysis for" and "survey" analysis. "Analysis for" methods are those
used for a specific compound or class of compounds, with no interest in other
materials present. For example, one "analyses for" PCB's,designing the
extraction, clean-up and concentration processes so as to maximize the recovery
of PCB's and designing the GC separation and detection techniques to optimize
PCB separation and detection. Such "analyse for" methods are of increasing
importance, since in many laboratories monitoring and health effects studies are
based on assessment of organics by chemical classes; these methods will be

referred to here as chemical class analyses.

Survey analysis cuts broadly across organic chemical classes and is used when one
wishes to identify and quantify as many compounds in the sample as possible. This
is a functional approach in which the analytical methodelogy is a function mostly
of physical properties of organics found in water, suchas volatility and
solubility, which in turn are dependent upon the molecular weight and polarity of
the various compounds. Therefore, methods are usually classified according to the
extraction/concentration techniques found useful for best recovery of organics of
a certain range of water solubility and/or volatility. This is the basis of the
arrangement of extraction/concentration techniques in Table 1. For example,
purging is a viable technigque for any compound in water that is volatile enough

to boil below 1500C and is less than 2% water soluble - this includes many
materials besides halogenated aliphatic compounds., Various degrees of specificity
may be included in the method to narrow the range of compounds detected; e.g.,
purging is fairly class-specific for halogenated aliphatics if a halogen-specific

detector is employed for gas chromatography (GC) peak detection.

After compounds are extracted and concentrated, survey analysis may be further
unavoidably narrowed in scope by the separation technique. For example, some
compounds that can be extracted from water by liquid extraction or on an
accumulator column cannot be separated by GC and cannot be derivitized for GC, so

muist be separated by liguid chromatography.
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B. Survey Amnalysis

Table 1 indicates the techniques of extraction/concentration and separation that
have been shown to be appropriate for various classes of compounds. The
clagsification scheme is the same developed in Appendix 1, Section D, but its
application here is not to show the methods used to “analyze for" a certain class
of compounds but to show the application of each technigue in a broad survey mode
that cuts across chemical class division. None or very few members of some of
these classes have yet been found in water - in such cases, the techniques
expected to be most appropriate for extraction/concentration and separation of
these compounds are indicated, The table is not meant to be all in¢lusive or
even to give the ultimate best technique, only suggestions as to appropriate
survey methods. Certain extraction/concentration techniques that are valuable in
"analysis for" certain classes of compounds, such as polyurethane foam plugs for
PCB's, are not included. The same is true for separation techniques, i.e., TLC

is a valuable geparation tool for certain classes of compounds, such as phenols,
in water. Also, the "remarks" are very general and incomplete as far as prescrib-

ing limits of each technigue.

1. Extraction and Concentration

Available extraction and concentration techniques for organics in water may be
broadly classified as shown in Table 1. There are several variations of each

technique.

a. Direct Aqueous GC. Water soluble, low molecular weight (less than about

200), non~ionic compounds may be detected by direct injection of the agueous
sample into the gas chromatographz. Since this involves no concentration of
the organics, sensitivity is very limited; at least 1 mg/l is required. It

is a useful technigque for aleohols, glycols, volatile free acids, ete, in
industrial effluents. Some concentration of the organics, albeit with some
logs, may be effected by direct distillation of the =zample; e.g. distill 500
ml and collect the first 25 ml, redistill the 25 ml and collect the first 1 ml

for GC analysis.

b. Purging. The most common purging techniques involve sparging of
dissolved volatile organic compounds from the agqueous sample with an inert
gas into an accumulator column, usually tenax resin or a "chromosorbh" type
adsorbent. The U. 5. Envirenmental Protection Agency (EPA) uses the acronym
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"VOA" (for Volatile Organic Analyszis) for all such purging techniques.
Variations of the sample size, sample temperature, sparging time and adsorbent
are still being tried to optimize the detection limit may be as low
as 0.1 ug/13. In class analysis, the class of compounds being analyzed for
will determine the exact conditionz. For example, the "Bellar" modification
of the purging technique was used to analyze for six volatile halogenated
compounds  (chloroform, bromoform, bromodichloromethane, chlorodibromomethane,
carbon tetrachloride and 1,2-dichloroethane in the EPA National Organics
Reconnaissance Survey4. An electrolytic conductivity GC detector was used to
give class specificity for halogenated compounds. For GC-MS survey analysis,
some purging technique needsg to be standardized to achieve the best overall
volatile organics recovery; it can then be expected to be quantitative or at
least reproducible for all volatile organics of relative low boiling point
(molecular weight below about 250 and low polarity) that are less than about
2% water soluble.

An important and more comprehensive and sensitive variation of purging is
that devised by Grobs, in Switzerland. This technique uses a large sample, up
to 5 1, immersed in a constant temperature water bath (30°C). The water
sample 1 gparged with a recycled inert gas, pumped by an all metal bellows
pump, for 0.5 to 16 hours, depending upon the character of the sample. Water
is condensed from the headspace vapours, which then pass through 1 mg. of
activated carbon in a special holder. The use of such a small amount of
carbon allows elulion of adsorbed organics with a small amount of solvent
(usually 10-15 1 of carbon disulfide or methylene chloride), so that no
extract evaporabtiofl is necessary; the organics are already guite concentrated.
This technique is broader than the VOA technique; organics of higher polarity
and bigher molecular weight may be recovered by increasing the sparging time.
Non-polar compounds up to the boiling points of C-23 alkanes can be recovered
gquantitaltively; polar compounds are recovered less efficiently. Although
Grob's method is more complicated than the VOA methods (e.g. the special
carbon holder is not widely available) it should be preferred, especially when

capdllary GC columns are used.

Occassionally the head space gag over a water sample ig analyzed for organics
that are not water soluble and favour the vapour phase. Yor example, vinyl
chloride may he analyzed to lpg/1 by injection of head space gas6, chtained
after equilibration of a few milliliters of the water sample, perhaps at an

elevated temperaturc, in a closed vial with a milliliter or so of headspace.



All purging techniques depend upon GC for separation of the collected
organics - in the VOA techniques, organics are thermally desorbed from the
collecting resin directly in the GC. In the Grob technique, the extract from
the activated carbon is injected into the GC. For survey analysig, flame
ionization devices may be used for detection and quantification while GC-MS
is ultimately used for identification, or the organics may be desorbed
directly into the GC-M$ system for identification and semi-quantitative
analysis. In the class analysis approach, where class-specific detectors are
used, there is still a need for occasional confirmation of peak identity by

GC-MS.

c. Liquid Extraction. Liquid extraction - the common terminoleogy for
extraction of an agueous sample with an organic solvent - is the oldest and
widest used technique for extracting organics from water. Most pesticide
residue analyses have depended upon this technique for two decades. It is
fairly comprehensive in approach, the extraction efficiency being generally
acceptable for water insoluble organics of a wide variety of molecular
waights. Final analysis is by GC with a flame detector, except when class
specificity is desired. Many class-specific techniques are based on liquid
extraction, but these usually involve various pH adjustments, back extraction
and separate clean-up technigues to optimize recovery of the desired class of
compounds, as well as the use of specialized GC detectors; e.g., chlorinated
phenol7 or pesticide analysis using an electron capture detector or organo-

phosphorus pesticide analysis using a flame photometric detector.

There are definite limits to ligquid extraction for survey analysis: (a) No
one solvent ig best for all compounds, chloroform and methylene chloride are
popular but to get high recovery of polar compounds more polar golvents may
be necessary. (b) Regardless of the solvent used, some pH adjustment is
ugually required to cbtain high recovery of acidic and basic compounds; this
may lead to 3 or 4 extracts per sample. () Concentration of this extract is
required to increase sensitivity for GC analysis; this causes some loss of
volatile components and can increase the level of impurities in the solvent
to create serious interferences. (d) Extracts of complex environmental
samples may be so "dirty" that extra "clean-up” steps are required; also in
most cases, non-volatile, non-gas chromatographable materials are present
that gradually degrade performance of the chromatograph inlet system,

column, or detector. This is particularly true for capillary columns.
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(e) The solvent usually gives a relatively broad, early eluting GC peak

that masks the more volatile compeonents extracted from the water.

With all these limitations, liguid extraction is still the first technigue

to be considered in planning a GC-MS survey analysis of organics in water. It
is simple and inexpensive and the recovery and concentration factors are such
that a detection level of 1 ug/l can be readily realized for hundreds of
intermediately volatile organic compounds found in grab samples of 1 to §

liters.

To take full advantage of the wide variety of compound types extractable using
ligquid extraction, it is usually necessary to derivitize the acid extracts,
e.g. with diazomethane, to make methyl esters of acids and ethers of phencls.
Thiz allows these compounds to be gas chromatographed, increasing the number
of compounds detected. There can be adverse effects upon derivitization;

e.g. incomplete reaction, undesired side reactions and a decrease in overall

recovery since a separate analytical step is involved.

Two unusual modes of solvent extraction may be useful for certain problems.

A high boiling solvent can be used in an extraction technique8 designed
especially for highly volatile compounds. These solvents leave a "window"
for the firat few minutes of the chromatographic run through which the
volatile compound peaks can be seen. Tetralin was found to be the best
solvent for this purpose. None of these high beoiling solvents can be
concentrated to enhance sensitivity of the technique; the maximum concentra-
tion factor is realized with about a 1000/1 water/tetralin extraction ratio
and this is not sufficient for organics in drinking water below the 10 ug/l
level. Glaze9 uses pentane extraction of highly volatile organics in an
unusual way as a substitute for the VOA technigque. He displaced 5 ml of the
sample water from a completely filled septum-capped serum'vial (normally of
125 ml volume) with 5 ml of pentane, without exposure to the atmosphere, and
shakes mechanically for 15 minutes. He analyzes the pentane layer for
volatile chlorinated compounds by GC with an electrolytic conductivity
detector and claims better recovery then by the VOA sparging technique;

however, the concentration factor is too small for GC-MS survey analysis.

. , . 1
Automatic liquid extractors are now available 0 - these systems save
manpower, are more efficient and are feasible for the extraction of large

volumes of water. They usually involve continuous solvent recycling, which
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results in less solvent use and limits the need for extraction evaporation.
However, some thermal degradation is possible since the solvent must be

boiled for recycle.

d. Accumulator Columns. Activated carbon has been used for many years,

not only as a means of cleaning water, but conversely to remove and concen-
trate organic compounds from water for analysis. In the past three years,
other solid adsorbent materials, notably the macroreticular XAD resins, have
come into use as a means of extracting and concentrating organic compounds
from all types of water. Such zolid adsorbents are known as accumulator
columns. For these accumulators, predetermined amounts of water, usually at
a metered flow, are passed through the adsorbent, usually contained in a
cyclindrical glass column. The adsorbed organics are dissolved by elution
with an organic solvent, usually chloroform for carbon and diethyl ether

for the XAD resins; however, the carbon is usually dried first, while the
resin is not dried but treated with a water miscible organic solvent to allow
more effective wetting by the eluting solvent. The eluant containing the
organic pollutants is treated similarly to the extracts obtained during
ligquid extraction (discussed above) and most of the same problems are
involved in preparing the extract for analysis. Analysis is by GC, uszing a

flame detector, with ultimate compound identification by GC-MS.

Both carbon and resin adsorption have been used in recent surveys of organics
in drinking water. Carbon adsorption was Lhe main survey-type analytical
technique used in the U.S. EPA's National Organic Reconnaissancce Survey and
in the 1974 examination of New QOrleans drinking waterll. However, XAD

resins are becoming more popular and are now used more frequently than carbon.

Junk12 has studied XAD resin adsorption cxtensively and developed detailed
techniques for its application. His work has been supplemented by that of
chbl' and others. Most of the experimental parameters, e.g., type of resin,
flow rate, ratio of water to resin, elution techniques, have been studied and
several organic chemical recovery studies have heen made. After congideration
of certain variations in techniques, these resins may now be applicd

routinely. One variation is to make the watcr sample acidic before adsorption

to increase recovery of organic acids. A continual problem in use of resins
is their initial contamination; certain stringent cleaning proccsses are
necessary.
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Although the carbon adsorption accumulator technigue has been in use much
longer, its application is considerably less well defined than that of the
%XAD resine. A definite method has been prescribed by the EPA for the
measurement of total CCE (Carbon Chloroform Extractables) in water by use of
small carbon columns, but choice of the varbon and other method parameters is
not optimized for subsequent analysis of specific compounds in the extract.
Undetermined variables in the use of carbon include: the carbon itself (type,
source, batch reproducibility), method of cleaning the carbon, water/carbon
ratio, water flow rate drying technigue, extraction solvent and extraction
time, etc. The optimization of experimental parameters for carbon adsorption

of organics from water is badly needed.

Both XAD resin and carbon adsorption cover a wide spectrum of organic
compounds. Both are limited on the volatile end of the spectrum by the need
to evaporate the eluting solvent for maximum concentration - resins are
zlightly better for velatile compounds because a legser amount of a more
volatile solvent is usually required than for carbon elution; e.g., chloroform
in water can be measured by the resin technigue, although recovery is not
quantitative. At the non-volatile end of the spectrum, evidence indicates
that carbon has the advantage since ethyl alcohol extracts of carbon columns
which have already been extracted with chloroform contain large amounts of
polar compounds, some of which may be chromatographed, especially after

derivitization.

For the compounds of intermediate volatility, recovery studies under different
experimental conditions using scores of the compounds found in water are
needed to determine the best application of each adsgorption technigque. A
considerable amount of this has becn done for resins and such a programme is
underway in the USA to compare carbon and resin as accumulator matcrialsl4
Preliminary results show that the resing give better recovery than carbon;
carbon is an excellent adsorper but desorption is difficult. Another
interesting result is that drying the sample-wet carbon before desorption may

not be beneficial.

The real utility of accumulator columns lies in their ability to concentrato
organics from hundreds of liters of water, cither drinking water under its
positive pressure or effluent or surface water pumped through the column. Tn
the EPA's New Orleans study concentration factors of 1,000,000 to 1 were

realized using activated carbon; this allowed identification of compounds
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present to as low as 0.1 pg/l. This great capability makes recovery studies
imperative to realize the full potential of accumulator columns as a comprehen-

sive anaytical tool

A third type of accumulator column, a polyamide resin, has been used by

15
Dunlap for extraction and concentration of polar organics from ground water.
This material needs to be fully evaluated as to recoveries of compounds for

which it is applicable.

Finally, preliminary experiments with tenax resin - the same accumulator
material used in the purging technique (b above) - indicate the possibility
of direct adsorption of highly velatile ("purgeable") organics from water
passed through the column. This would eliminate the sparging step and greatly

simplify recovery of highly volatiles.

e. Agqueous Concentration and other Techniques. One of the few approaches

to survey analysis of non-volatile compounds, which are generally not amenable
to extraction by other methods discussed here, is that advanced by Pitt and
Jolley16/17. They use a combination of direct vacuum distillation and freeze-
concentration of up to 100 liters of water to achieve a concentration factor
of up to 3000. This removes all volatile compounds and leaves mostly the
water soluble, polar, higher molecular weight (mostly above 200} materials for
subsequent analysis by high pressure liquid chromatography (HPLC). There are
problems associated with the occlusion of organics in the inorganic salts that
precipitate during concentration; this tends to limit the possible degree of
concentration and thus effectively limit the current technique to effluent
samples, Better concentration methods need to be devised for these water

soluble non-volatile organics in drinking water.

Waggott18 at the Water Research Centre, Stevenage, England, analyzes non-
volatiles in sewage effluents by HPLC. He extracts with a series of organic

solvents ending with butanol to extract highly polar materials.

Reverse osmosis (RO) has been used for concentration of intermediately
volatile and non-volatile organics in waterlg. There are problems with
selectivity of the RO membranes and organic impurities in the membranes, and
the concentration factor is usually only ten. The main advantage of RO is
that organics in the sample are not likely to be decomposed or otherwise
changed. This may be a good concentration technique for non-volatile organics
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to be subsequently analyzed by HPLC, but the concentration factor needs to

be greatly increased.
2. Pre-separation (Post-concentration) Clean-up

After extraction and concentration, it is sometimes necessary to "clean-up" the
extract for subsequent GC or GC-MS analysis in order to obtain reasonable peak
separation for identification of organics. This is not possible for the purging
and direct aqueous injection techniques, of course, and, in fact, is often
unnecegsary for extracts obtained by liquid extraction or from accumulator
columns. Computerized GC-MS, which allows for background subtraction and specific
ion monitoring for selected compounds, decreases the need for extract clean-up.

In addition, it issometimes possible to deduce the presence of, and sometimes

identify, two components in one GC peak by mass spectrometry.

When clean-up is necessary, fairly well established techniques are available.
These include: (a) pH adjustment during extraction to separate acids, bases and
neutrals; (b) column chromatography on florisil of silica gelzo with elution by
a series of solvents of increasing polarity to separate broad classes of

organics; and (c¢) thin layer chromatography.

Recent research has shown that activated carbon and macroreticular regin columns
may be useful for chromatographic pre-separation, in addition to their standard
function of extraction of organics from water21. Other groups are investigating
the use of HPLC as a pre-separation technigue for organic extractszz; this may be
especially useful where sensitive capillary columns are to be used for final

separation.
3. BSeparation and Detection

Survey methods must be as broad as possible to make them economically more
feasible than the more traditional ¢lass analysis approach. Their power lies
in the number of compounds identifiable from one sample extraction, so efficient

separation and sensitive, non-selective detection are required.

Gas chromatography is a suitable separation technique for most compounds extracted
by purging, liquid extraction and/or accumiulator columns and for those not
extractable but concentrated encugh to analyze directly in the ajuecus phase (sec
Table 1). It is necessaryto chemically derivitize some compounds to make them
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volatile enough for GC. Scparation of volatile compounds has been dramatically
improved by the commercial advent of capillary columns, allowing more identifica-
tions to be made on the same extract. Although the application of capillary
columns is hy no means routine23, efficient application can be made by anyone who
has suitable GC. instrumentation, provided he modifies the instrument appropriately
(e.g. by use of the Grob injector) and pays particular attention to details.
Flame detectors are still hest for survey analysis by GC; the most specific

detectors are usually limited to class analysis.

Ligquid chromatography (LC) has a rich future since it is the logical complement of
gas chromatography for non-volatile compounds that can not be readily and reliably
derivitized. However, the converse of this should be emphasized; there is no
logic for the use of LC for separation and detection of compounds that can be
analyzed directly or after derivitization by GC. GC ils an established, reliable
technique, generally more efficient and sénsitive than IC and GC may be inter-
faced with MS for spectral fingerprinting. Since LC has the highest potential

for compounds that are polar, water soluble and non-volatile, a corresponding
problem in its application is how to concentrate the organics in water before

analysis (see 1,e, above).

The work by Pitt and Jolleyl6 in identifying non-veolatile compounds of biological
origin in sewage effluents illustrates the potential of LC as a separation
technique. Their method was an important first step in the analysis of specific
non-volatile organics in water. Fifty-eight compounds were identified in primary
and secondary effluents and over 100 were detected17. The LC detection limit was
about 1-10 ug/l, depending upon the degree of concentration and the molecular
structure of the compound being detected. In another phase of this work, over &0
chlorinated compounds were detected by LC (and 17 were tentatively identified) in

municipal sewage after laboratory chlorination.

Finc'924 use of a LC with a nitrosyl-specific¢ chemiluminescense detector to
separate and detect possible non-volatile nitrosamines in river and drinking water
further illustrates the application of LC to problems involving compounds that are

not gas chromatographable.

Waggott's HPLC methodl8 (sce 1,e, above) inveolves incremental gradient elution
with a series of 12 solvents of increasing polarity, with a moving wire detector
for the eluting compounds. Moving wirve detectors are less selective than the
more widely used and more sensitive (for compounds with appropriate sbsorption
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characteristics) UV detectors. Detectors are a problem in HPLC - there is great
need for a sensitive, universal detector to parallel the performance of the flame

detector in gas chromatography.
4, Identification

Since it is extremely difficult to obtain definitive data from gas chromatography
alone ("there is nothing so ambiguous as a GC peak"), especially for complex
environmental extracts, separation by GC must be complemented by on~the-fly mass
spectrometry to give a truly comprehensive approach. Almost all survey analysis
of water pollutants today depends upon gas chromatography-mass spectrometry (GC-
MS) for final separation, detection and identification of specific compounds. The
application of coupled GC-MS systems is now a routine reality in many government
water pollution labhoratories, industrial and university laboratories and even in
a few municipal lahoratories. Furthermore, many GC-MS systems now sold are
computerized for mass spectral data accumulation and storage, with programmes
available for data reduction. Extensive spectral matching files, one containing
spectra of about 40,000 Compoundszs, are now available in most parts of the

world. Access to these files allows a person inexperienced in the Iinterpretation
of mass spectra to narrow the possible number of matching spectra for an unknown
compound from many thousand to fewer than five, in most cases, if the compounds of
interest is indeed in the file. PFinally, mass spectral interpretative programmes
are being develaoped to give structural clues as to the identity of compounds not

26
in the spectral fileg .

It is obvious that although GC-MS computer systems are available, effective and
oven routine in many laboratories, their initial expense and maintenance cozts,
coupled with the requirement for highly trainced personnel, places them out of
reach of most laboratories concerned with water pollution analysis, for example
the great majority of water work laboratories. This effectively limits the survey
analytical approach to a relatively small number of laboratories. A complicating
factor is that now, when it seems that regulations will requirc the monitoring of
certain pollutants in drinking water and already public concern urges the measure-
ment of many hazardous pollutants, confirmatory analysis by GC-MS of a certain
percentage of the samples analyzed by simpler but less definitive amalytical
technigques will be regquired. This problem has been addressed by Donaldson27, who
proposed a system of central laboratories for confirmatory GC-MS analysis. He
further proposes that in most cases it is not necessary for water works
laboratories to do specific compound or class monitoring, since central GC-MS
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laboratories could, by survey analysis of samples submitted on a time-programmed
basis, measure most pollutants of special interest and, as a bonus, observe

many compounds that were not realized present. This may also be applicable to
re-used water - the recommendation528 for at least a 48 hour retention time prior
to the distribution of treated, reclaimed water would allow for survey analysis at
a central laboratory, in some cages even before the water is used. This central
laboratory concept should be advanced whenever possible; it's realization would
limit the number of class analysis technigques required at a local level. However,
as new toxicological information is developed, other class-specific techniques
would be required, since all compounds are not currently amenable to one or two

broad gurvey-type examination (e.g. non-veolatile nitrosamines).

A special problem is the identification of non-volatile compounds separated by
LC. In some cases, these can be collected from the LC column, derivitized and
analyzed by GC and GC-MS. This is a labourcus, time consuming process and
derivitization can result in compound structural changes. Regearch is ongoing to
develop LC-MS interfaces; these should be commercially available in the next
year or two, but much more development work will be required to make LC-MS as

reliable and efficient as GC-MS.
5. Confirmation and Ab Initio Identification

Confirmation of suspected identities, e.g., as obtained from computerized MS data
banks (see above), by matching GC retention times and mass spectral fragmentation
patterns with those of standards is generally accepted as adequate. Indeed there
are cases where reliance on the computer match with visual checking of the spectra
is sufficient for identification. Criteria for identification should bhe
determined and stated for each analysis. Confidence limits for accuracy of mass
spectral computer matches need to be established. Nevertheless, in cases
involving extremely important pollutants or legal actions, confirmation by
matching spectral patterns with other instruments after low resolution mass

spectrometry may be required.

Fifty percent or more of the compounds detected during many GC-MS analyses do not
have corresponding standard spectra in the computerized MS data banks, or even in
printed catalogues, or fail to give a definitive match. These compounds must

be subjected to ab initioc identification techniques using advanced instrumentation.

Applicable instrumentation for the above problem areas includes chemical
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ionization mass spectrometry, high resolution mass spectrometry and infrared (IR)
spectroscopy. The most applicable infrared technique is that of GC - Fourier
transform - IRC spectroscopy , since the compound of interest does not have to be

separated from the extract before subjection to the instrument.

6. Quantification

The total number of organic compounds identified in water will increase in
proportion - perhaps almost direct proportion - to the lowering of detection
levels as instrumental sensitivities are increased. The mere identification of
compounds at such low levels is hardly significant in relation to health effects
studies. Toxicologists areoverburdened now with the mass of oxganic identifica-

tion data available. Quantitative data is imperative.

Once a compounds is identified, the usual technique for quantification is te
compare its signal area of height on the GC or LC with that of a standard run
under the same conditions. This is so time consuming as to constitute perhaps
half the total analysis time for a complex sample. This situation can be
improved by, for example, the use of small on-line GC computers, internal stand-

ards and other methods to be discussed in Appendix 3.

C. Analysis by Chemical Class or Group

1. Chemical Class Analysis

As defined in the Introduction to this Appendix, chemical class analytical
methods are those designed to "analyze for" specific members of a given chemical
class of organic compounds. Such methods may be necessary to support narrow
prospective epidemiological studies (e.g., analysis of all specific halogenated
aliphatics in selected drinking water supplies to determine the relationship of
their presence to a disease of the population), certain research investigations
(e.g., the effect of activated carbon treatment on halogenated aliphatics in
drinking water), or to provide adequate quality control of drinking water,
especially for health-related compounds not amenable to survey analysis by GC-MS

(e.g., non-volatile nitrosamines).

It should be emphasized that it is more cost-effective to include "chemical class”
analyses as part of the GC-MS survey analysis, assuming that GC-MS instrumentation
is available either locally or at a central laboratory within a reasonable time
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frame, and that the members of the chemical class of interest are amenable to GC.
This is especially true considering the fact that chemical class analyses by less
definitive techniques must occasionally be confirmed by GC-MS or other advanced

instrumentation anyway.

The final separation and detection of members of a given chemical class usually
depend upon gas chromatography or, in a few cases, liquid chromatography. FPairly
expensive and complicated equipment is thus required. Such equipment should be
available to and applicable by water works laboratories of most towns above

50,000 population and even some smaller towns. On the other hand, GC-MS equipment
will be available only to large towns of over 500,000 population; only a few

municipalities have such equipment now (probably less than 10 in the world).

The specificity of a chemical class method is usually dependent upon the
extraction and/or pre-separation techniques employed, or, in a few cases, upon the
specificity of the GC or LC detector. Appendix 3, Section E, lists some important
chemical classes for which methods are now available, or for which new methodsz or
improvements are expected to be needed, along with possible techniques for

limiting detection to the desired class of compounds.
2. Group Anélysis

"Group Analysis" is defined here as the use of a method or "test" designed to
"analyze for" a group of organic compounds, usually of the same chemical family,
in toto. Such methods are sometimes termed "surrogate" and at other times
"monitoring” methods since in situ monitoring by necessity depends upon
measurement of a total parameter. Group analysis does not involve separation

of specific members of the group. The application of group methods may be the
same as those described in section 1 above for chemical c¢laszs methods. However,
the measurement of a total group parameter instead of specific compounds within a
chemical class will often not provide adegquate information for pollution control
and health effects studiez. Only one or a few members of the group may be
respongible for certain effects and the various members may come from several
different sources. Also, total group measurements are generally less sensitive
than chemical class analysis where sensitive GC or LC detectors are employed. On
the other hand, group methods do not usually depend upon expensive or complicated
instrumentation such as GC or LC, and can thus be applied by almost all
municipalities. ‘They are usually rapid and can sometimes be particularly
applicable to the monitoring of water trecated for direct re-use, where public
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pressure requires continuous surveillance.

Section E in Appendix 3 includes some of the important groups
whic¢h group methods are now available or for which new method

are needed.

of compounds for

s or lmprovements
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TABLE 1.

APPROPRIATE METHODS

FOR SURVEY AMNALYSIS OF CORGANIC COMPOUNDS IN WATER
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Separatiocon 4 d
Technigues: GC GC GC | LC GC | LC GC | IC
ALCOHOLS DA good for low molecular welgth (MW} alcohols
{methanol, ethanol, O-terpinecl, etc.} if

Aliphatic + + + + concentrated enough.

Aromatic 2 ? + + + + .

Terpenoid + 4 + + P good for alcochols of low solubility.
GC—Chemical Ionization-MC {(GC-CI-MS) good for
identification of many alcohols.

ALDEEYDES Same remarks apply to aldehydes as to alcochols.

Aliphatic + + + +

Aromatic + + + + +

ALKANE HYDROCARBONS P good for hydrocarbons.

Branched + i + + GC;CI;zS lshuzeful ior identification of alkane

cyclic + + + + and alkene hydrocarbons.

Normal + + + +

ATLKENE HYDROCARBONS

Regular + + + +

Terpencid + + + ? + Scme terpenoid hydrocarbons may be amenable
to LC/UV detector analysis.

AMIDES ? No data on P for amides.

Aliphatic + + +

Aliphatic, substituted + + ? + ? Some substituted amides may be amenable to
LC/UV detector analysis.

Arcmatic + + + +
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TABLE 1.

g APPROPRIATE METHCDS FOR SURVEY ANALYSIS OF ORGANIC COMPOQUNDS IN WATER
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Subclass ABE A A2 | &88 I8
Separation a a a
Techniques: GC | GC GC | IC GC | IC GC | 1IC
AMINES ? No data on P for amines - should be good for
volatiles.
Al%phat%c . N N * Some substituted aliphatic amines may be
Aliphatic, substituted + + ? + ? _
L s . . q amenable to LC/UV detection.
Alkylanilines {including aniline and
benzidine} ? + + + + Aromatic amines may be amenable to DA if
soluble and in high concentration.
Anilines, other substituted ? + + + + 7 Non-veolatile substituted anilines may be
amenable to ACon.
Naphthylamines + + + +
Nitroanilines ? + + + +
BMINO ACIDS + + + + Amino acids can be deriwvitized for GC or IC
after extraction or concentraticn.
BENZENCID HYDROCARBONS Higher MW benzenoids may not be wvolatile
enough for P.
Alkybenzenes, w/saturated substituents + + + + +
Alkylbenzenes, w/unsaturated substituents + + + + +
Biphenyls and Polyphenyls ? + + + +
Indan and Tetralin hydrocarbons ? + + + +
CBRRBOHYDRATES + + + + Carbohydrates can be derivitized for GC or ILC
after extraction or concentration.
CRRBOXYLIC ACIDS GC-CI-MS may be useful for identification of
carboxylic acids {after derivitization).
iizﬁ:ﬁ%c (EEEZOlC EipgS) —benzoic type) : : : : : : Many carboxylic acids are non-velatile enocugh
X 1?' y-roxy YAroxy-hen YP for ACon, but are not amenable to LC/UV
Aliphatic, dicarboxylic + + * detection and must be derivitized for GC.
Aliphatic, long-chain (from C-7} + + +
Aliphatic, hydroxy- and keto- + + +
j



TABLE 1.

APPROPRIATE METHCDS

FOR SURVEY ANALYSIS OF ORGANIC COMPOUNDS IN WATER
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CHEMICAL CLASS Esinavpinent TR I IR EE 2E% REMARKS®
Tl 8 Bl BEg | gdg | 18
subclase B85 4| G52 | 285 | &8€
Separation a a
Techniques: GC GC GC | LT GC | LC GC | LC
Aliphatic, short-chain (C-1 to C-6) + + ? ? Short chain aliphatic acids may be too volatile
for LE or AC.
Aliphatic, unsaturated + + +
Phenylalkancic + + + + + +
Resin + ? + ? + ? Scome resin acids may be amenable to LC/UV
detecticn.
DYES, PIGMENTS AND OPTICAL BRIGHTENERS Some disperse dyes and brighteners may be
amenable to LC or AC and GC.
Dyes and pigments ? ? ? + ? +
Optical Brighteners ? ? ? + ? +
ESTERS ? ? Some esters, in addition to alkyl alkanoates,
may be amenable to P or DA.
Alipates and azelates + + +
Alkyl alkancates (incld. substituted) + + + + High MW esters may be amenable to ACon.
Aromatic + + + +
Fatty acid methyl esters + +
Phthalates + + + + + +
ETHERS AND HETEROCYCLIC OXYGEN COMPOUNDS GC-CI-MS may be useful for identification.
Aliphatic " " + . Some substituted ethers may be amenable to the
Aliphatic, substituted and/ocr unsaturated + + + ? + ? LC/UV detector.
Aromatic ? 7 + + + + Scme aromatic ethers may be amenable toc P or DA.
[yl
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TABLE 1.

APPROPRIATE METHODS FOR SURVEY ANALYSIS COF ORGANIC COMPOUNDS IN WATER
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Separation a 4
Techniques: GC &EC GC | LC GC | LT GC | LC
HALOGENATED ALIPHATIC COMPOUNDS P is appropriate for almost all halogenated
aliphatics. IC is rarely applicable.
Aliphatic bromides and/or iodines + + + +
Aliphatic chlorides + + + +
Aliphatic chlorides with bromine, iodine
and/or fluorine + + + +
Bliphatic chlorides, other substituted + + + ? + ?
Aliphatic fluorides + + + +
Ethers, chlorinated aliphatic + + + +
Paraffins, chlorinated ("chloroparaffins") ? + + Chlorinated parrafins may be too high MW for P
and too insoluble for DA.
HALOGENATED AROMATIC COMPOUNDS ? ? Some halogenated aromatics may be solubles and
concentrated enough for DA. Scome are volatile
Brominated, icdinated and/or fluorinated enough for P.
aromatics + + + + +
Chlorinated arcmatic amines + + + + + + Folar member% ¢a¥ be‘amenable to ACon, but
Chlorinated benzenes and alkylbenzenes + + + + + may need derivitization for GC.
Chlorinated benzoic acids + + + + + +
Chlorinated nitro-arocmatics + + + +
Chlorinated phenols and naphthols + + + + + + +
Chlorinated heterccyclic arcmatics + + + + + +
Polychlorinated biphenyls (PCB's)
{e.g. Arochlors} + + + n
KETONES
Aliphatic + + + +
Aliphatic, substituted + + + ? + 7
Quinones ? ? + ? + ? ? Scme anthraguinones and gquinones may not be
stable encugh for GC and may be too wolatile
for aCon.




TABLE 1. APPROPRIATE METHODS FOR SURVEY ANALYSIS OF ORGANIC COMPOUNDS IN WATER
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Separation 3
Techniques: GC GC GC | IC GC | LC GC LI
Aromatic + ? + + + + Amenability of aromatic ketones to P depends
upon volatility.
NITRO-COMPOUNDS Amenability to P depends upon volatility
Aliphatic + + + ? + 7 Some aliphatic nitro compounds may be
detected by LC/UV.
Aromatic ? ? + + + +
NITROGEN COMPOUNDS, MISCELLANEOUS Some cyanides and nitrosamines are volatile
enough for P.
Azo Compounds + + + + + +
Carbamates + + + +
Cyanides (MNitriles) + + + + + + Some cyanides are soluble enough for DA.
Heterocyclic —+ + + + + +
Indoles and Carbazoles + + + + + + Most of these materials are amenable to LC/UV
detection.
Nitrosamines + + + + + +
Pyridines + + + T ? ? Many of these are non-volatile enough for aCon,
but some of these may be derivitized for GC.
Ouinolines + + + + +
Xanthines and Uric Acids + +
NON-VOLATILE COMPOUNDS, MISCELLANECUS + + ACon is most appropriate and LC/UV is probably
and adeguate detector for most. Some may be
concentrated by aC.
ORGANOMETALLIC COMPOUNDS + + Same remarks as for non-volatiles above.
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Separaticn a a a
Techniques: GC GC GC | LC GC | LC GC | LC
PESTICIDES AND HERBICIDES Pesticides and herbicides are generally toco
inscoluble for DA and not wvolatile encugh for P.
. a o
Aromatic halcgenated pesticides, Some members are probably amenable to ACon.
miscellanecus 2 + + + +
Atrazine derivatives + + + + + + Many are detectable by LC/UV.
"Benzenehexachloride" (BHC) isomers + +
Carbamates + + + +
Chlorinated phenoxy acids + + + + + +
DDT derivatives + + + + ? ?
Organcphosphorus pesticides + + + + + + Organophosphorus pesticide degradation products
may be non-volatile encugh for ACon.
Polycyclic halogenated pesticides + +
PHENOLS AND NAPHTHOLS ? ? Some phenols may be soluble enough for Da.
low MW a; til
Alkylphenols (incld. phencl} + + + + + + + zﬁiz h for Pphenols re probably volatile
Alkoxyphenols + + + + + + g )
Aminophenols + + + + + + Most phencls are amenable to LC/UV detection.
Hydroxyphenols * * * * * * Some phenols are non-volatile enough for ACon
Naphthols PO A T T B g .
Nitrophenols + + + + + + Some may need to be derivitized for GC.
PHOSPHOROQUS COMPOUNDS Some phosphorous compounds may be soluble
enough for DA or wvolatile encugh for P.
Phospates ? ? + + Most phosphates are not amenable to LC/UV
detection, except those with aromatic groups.
Others + + + + Poclar crganophosphorous compounds may be
amenable to ACon.
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Separation d
Techniques: GC GC GC | LC GC | LC GC | LC
POLYNUCLEAR AROMATIC HYDROCARBONS ? PrH's are too inscluble for Da.
! olatile enough £ P.
Alkylnaphthalenes {and naphthalene) + + + + Some PAH's may be v g o
Indenes + + + + PAH's are amenable to LC/UV detection.
Polynuclear arcmatic hydrocarbons, other + + + +
STERICDS + + + + + + Stericds may be derivitized for GC.
SULFUR COMPOUNDS Little is known about recovery of sulfur
compounds.
Aromatic ? 7 + + + + ? ?
Compounds w/S-0 bonds + + + + + + Those with 5-0 and S-N bonds are probably best
Compounds w/S-N bonds + + + + + + analysized by ACon followed by LC, but may be
derivitizable for GC.
Heterocyclic ? + + + + + +
Mercaptans (aliphatic) + + + + Most mercaptans, sulfides and disulfides are
Sulfides and Disulfides (aliphatic) + + + + volatile encugh for P and some may be soluble
enough for Da.
SURFACTANTS Most surfactants are ionic and best analyzed
by ACon followed by LC/UV. Some are non-ionic
Surfactants + + + + + and may be amenable to extraction and GC.
Surfactants degredation products + + +

Footnotes

® pa method is severly limited by concentration; between 1 and 50 mg/l is required, therefore compounds must be soluble to this

extend.

They much also be volatile and gas cormatcgraphable.

Purging is limited to organics with medium to low polarity, molecular weight below about 250 and low water solubility.

[l
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Separaticn a a a
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© "aCon" refers to direct agueous concemtration of the non-volatiles in water by removal of most of the water and the
volatile organics.
d . . : . : R . A
IC is considered viable here only for classes of compounds with suitable ultraviolet absorption characteristics that
make them amenable to the common LC/UV detector.
e

GC~MS is assumed to be the most standard identification technigque for all gas chromatographable compounds.



APPENDIX 3

IMPROVEMENT NEEDED IN ANALYTICAL METHODOLOGY

A. Introduction

The needed improvements discussed in this Appendix are prefaced by Appendix 2, a
state-of-the~art description of current analytical methodology for organics in
water. There is some overlap; an examination of the current status naturally
points up areas where improvements are needed. The two Appendices are organized
differently, however; Appendix 2 is organirzed first according to logical steps
in an analytical sequence, while this Appendix is primarily organized into
sections dealing with volatile and non-volatile organics so ag to emphasize the

great need in the area of non-volatiles.

B. Survey Analysis for Volatile Organics

1. Extraction, Concentration and Separation Technigues

Analytical techniques are available to survey for almost all volatile organic
compounds expected to be found in water, as indicated in Table 1, Appendix 2.
Considerable work is_still in order before carbon adsorption can be used routinely
(see Appendix 2, Section B, 1, d) and a comparison of XAD resin versus carbon as
an organic accumulator needs to be made to determine the best applications of

each technique. The U. S. EPA is beginning such a study, as mentioned in
Appendix 2, but this study is not expected to provide all the needed information

about carbon adsorption.

Refinement of all techniques in Appendix 2 is still important and many
laboratories are involved in modifying the various extraction, concentration and
separation techniques to achieve optimum conditions for specific applications -
most of these modifications and improvements are discussed in Appendix 2. In
particular, more research is needed to optimize the VOA technique. Grob's
variation of purging needs to be more widely applied and the required equipment
needs to be made commercially available. Accumulator columns for polar compounds
and for highly volatile compounds should be investigated more thoroughly. There
will be a continual requirement for recovery studies as new organic pollutants

are found.

65



Finally, there is a great need for commercially available high guality, durable,
glass capillary columns at a lower cost. The greatly improved separation afforded
by these columns will justify the research necessary to make their application

routine.

2. Qualitative Analysis (Identification)

Most survey analyses depend upon final identification by GC-MS-computer, as
discussed in Appendix 2, Section B, 4. Although this technique is routine in
many laboratories, the fact that it is actually cost-effective for any laboratory
doing more than occasional survey analysis has not been generally understood.

Now that this is being realized there is an increasing need for cheaper spectral
matching files at central locations accessible via remote terminals. The
Cyphernetics systeml, containing 40,000 mass =zpectra and capable of being
gsearched by several programme modeg, is currently the most complete, but

use~cost needs to be reduced to make it suitable for routine access. Measures
are underway to do this. There is a continual need to update these spectral files
and a system should be developed whereby the spectra of newly identified compounds
are automatically submitted to the data bank. . There is also a need for subsets
of mass spectra of the compounds found most frequently in water (perhaps any
found more than twice); this would reduce search time and cost and such subsets
could probably be made availlable to individual laboratories with appropriate

computer capabilities.

The Cyphernetics system includes an EPA developed sub-routine whereby a person
inexperienced in the interpretation of mass spectra can obtain a similarity index
(SI), which is an expression of the goodness-of-fit of the unknown spectrum with
that in the data bank. This SI becomes more realiable as more mass spectra of
higher quality are included in the data bank. However, there needs to be a
statistical study of the reliance that one can put on the SI; perhaps in terms
of a confidence level. For certain survey applicationsg and in some cases where
other qualitative data are available, a 90% confidence level for the spectral
match may be adequate. This could lead ultimately to a GC-MS-computer system
with a programme to print the most likelycompound name onthe computer-reconstruct-
ed gas chromatogram, with 2n estimated probability of error (e.g. 90% confidence

level) .

The various computerized spectral interpretative techniques now being developed
will be useful in identifying the many compounds now cccuring in organic

extracts that can not be identified by spectral matching, computerizZed or
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manual. As many as 50% of the peaks in some chromatograms remain unidentified

after exhaustion of current mass spectral interpretative approaches.

3. Quantitative Analysis and Quality Control

Appendix 2, Section B, 6 discusses the importance of quantitative analysis of
organics in water. Quantitative analytical techniques are available now, but
these are so time consuming as to conztitute perhaps half of the total analysis
time for a complex sample. This situation must be improved. Small dedicated
on-linecomputers are available for efficient collection of raw data and
calculation of concentrations for GC runs of complex extracts. Standards are
necessary, of course, but guidelines need to be established as to their optimum
application. For example, in more cases sufficient quantitative accuracy can be
achieved by use of only one standard for each narrow class of chemical compound

(such as the sub-classes of Table 1, Appendix 2).

Computer programmes are now available for semiguantitative analysis by
comparigson of mass spectrometric ion current (GC-MS) with standards. There are
certain inherent problems that limit the accuracy of thic technique, but
improvements can be made. Guidelines should be established to determine the
degree of accuracy required. Reliance on the MS data for quantification of
organic¢ compounds could result in 25% time savings on total analysis of complex

samples.

Very recently work has been carried out to automate gas chromatographic
procedures aimed at analysing the volatile organics in water. This technique
involves a direct coupling of an accumulator column with the gas ligquid
chromatograph so that the concentration, extraction and separation stages are
within the scope of one experimental apparatus. The technique would enhance
reproducibility, eliminates the inconvenience and loss of time due to the
manipulation and breakage of injection port liners and improves chromatographic
resolution ag a result of expanded temperature programming capabilities. It is
standardized to such a degree, that it can be performed routinely in any
laboratory. The development of commercially available instrumentation would

classify as an important improvement needed in analytical methodology.

As these techniques become more routinely used, there will be greater need for
standard reference materials (SRM's), both individual pure compounds and standard
mixtures in typical aqueous envirommental matrices. 'The National Bureau of
Standards in the U. S. A. has within the last year initiated a comprehensive
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programme to determine the needs for such SRM's and to make them available. They

could, of course, be valuable for qualitative as well as quantitative analysis.

Quality control iz necessary for both qualitative and gquantitative analyseg, but
in different forms. For gqualitative analysis, one must be assured that operation
of gas chromatographs, mass spectrometers, computers, spectral matching systems,
etc., are in accordance with predetermined operating standards. Quantitative
ayalysis, however, requires a system of quality control to be applied to the
entire analytical protocol, including compound identification. The applicability
of guality control will vary with routineness of the analysis. For survey
analyses involving a changing variety of standards and calibration of instrumen-
tation may be appropriate. On the other hand, for routine runs of similar
samples, Statistical gquality control of precision and accuracy is appropriate -
this iz certainly the case with routine chemical class or specific compound
analysis. Finally, control or blank samples are an inherent part of any good
analytical scheme; results are incomplete without analysis of corresponding

controls.

C. Survey Analysis for Non-volatile Organics

The biggest gap in knowledge about organic compounds in water is in the area of
non-volatile compounds, which constitutes at least 50% and in most cases 75% to

95% of the total organic material.

These non-volatiles are water soluable, polar and of relatively high molecular
weight. Most of them have been assumed to be humic or fulvic acids of natural
origin. They actually consist of at least three groups; (1) highly polar
compounds of intermediate moleculay weigth (200= 700) that are separable into
specific compounds; (2) higher molecular weight materials (700 - several
thousand) that are probably not separable into spe¢ific compounds, but are mostly
not polymers (but possible oligomers);and (3) higher molecular weight materials

(over several thouszand) that are mostly polymers.

Group 1 overlaps in a few casos with extractable materials, e.g. phenols and
carboxylic acids, which are polar enough to remain in the water during
concentration by vacuum distillation. Much of group 1, however, consists of
carbohydrates, =anthines and other nitrogen bases, and amino acids. These arc
amenable to separation by liquid chromatograph (LC), especially the ion exchange
LC used by Pitt and Jolleyz. As described in Appendix 2, Scction B, 1, e and
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B, 3 there are two important problems associated with LC analysis of these
materials: (a) Vacuum distillation and freeze-concentration are not adequate
concentration techniques, especially for drinking water samples. Recently
technigues involving accumulator columns to concentrate the organics directly
from the water sample, followed by interfacing the accumulator column directly
with the LC analytical column for elution and separation, have been proposed.
This approach holds considerable promise. (b) LC detectors are not adequately
sensitive, nor universal enough. Fair sensitivity (1 pg/1 in the original water
sample) can be achieved for compounds that have a high absorbtivity for UV light,
such as those with aromatic rings, by use of commonly available UV detector and
even higher sensitivity can be achieved for compounds that fluoresce, using a
fluorescence detector. There is some work being done on more general detectors;
e.g. Pitt and Jolley experimented with a cerate oxidative detectorB, good for
detection of moderately oxidizable compounds down to 0.1 ug/!1 based on the
original water sample, assuming a 1000-fold concentration. Moving wire/flame
ionization, electrolylic and other general detectors are evolving, but few of
them are commerciallyavailable. There is a definite need for an inexpensive

LC system with a sensitive (at least 100 g/l detection level for organics in
the LC column effluent), universal organic¢ detector; this instrument would be the

counterpart of flame ionization GC for non-veolatile organics.

On-the-fly spectral fingerprinting detectors are also needed for liquid
chromatographs, although this involves another magnitude of expense. Even if LC
equipment with sensitive, universal detectors were available, the only gualitative
information obtainable would be the retention time. Thercfore, for confirmation
and ultimately for survey analysis analogous to the current application of GC-MS
developments of LC-advanced instrumental interfaced systems have begun. Several
groups (McLafferty at Cornell University, Horning at Baylor University, McFadden
with the Finnigan Corp. and Futrell at the University of Utah) are experimenting
with LC-MS interfaces. Other groups are just beginning investigations of LC-
Infrared and LC-Raman speg¢troscopy combinations. LC-MS shows the most promise
because of the potential overlaps with extensive knowledge about GC-MS. The

U. 3. EPA has begun contract support of work in all three of these areas.

Much less work has been done on the other two groups of non-veolatile organics
in water (groups 2 and 3). These compounds are not amenable to complete separa-
tion and identification; they are non-specific high molecular weight materials
subject only to characterization. Some characterization, mostly according to
physical properties, has been accomplished for these materials in domestic waste
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waters4 and in natural waterss. Such characterization needs to be more detailed
and applied to drinking water. Such a programme has been planned by the EPA;

this will involve liquid chromatography of concentrated drinking water into as
narrow fractions as poszible. The separable individual compounds {(group 1, above)
would be separated for subsequent identification; the other materials would be
separated into molecular weight fractions by gel permeation and other types of
LC, with subsequent characterizations of each fraction by physical properties
(solubilities, molecular weight range, etc.) and chemical properties (functional
groups, chemical reactivities, sgpectral properties, etc). A material balance

by TOC measurement would allow determination of the percentage of each fraction

present in typical drinking water.

Although most of the toxic, taste and odour causing and other hazardous organics
have generally been assumed to be contained with the 5 to 25% of veolatile
organics in water, the non-volatiles can no longer be neglected. Evidence
already indicates that the chlorination of humic materials is responsible

for the formation of haloforms during drinking water treatment and that non-
volatile nitrosamines may be present in drinking water. Furthermore, since
non-volatiles are likely to be more concentrated in directly re-used water, the
development of methods of analysis for non-volatile organics in these water is

of particular concern.

D. Miscellanecous Needs

1. Automatic Sampling

Sampling must be carefully controlled and the samples' integrity must be
maintained. Considering expected governmental requirvements for the monitoring of
organics in drinking water and the continuing need for monitoring waste water
effluents and surface water, the number of sampling operationswill be increasing
greatly in the near future. The time is therefore appropriate for development
of a new type of automatic sampler, especially designed to collect samples for
subsequent organics analysis. Such a sampler would be a necessary part of the
central laboratory concept envisioned by Donaldson6 (see Appendix 2, Section B,

4) .

The simplest automatic zampler would fortuitously be based on zolid accumulator
columns, which are the most comprehensive extraction/concentration media now
available. The samplcr would contain a series of interchangable XAD resin and/or
activated carbon modular columns that would be removed and shipped to the central
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analytical laboratory, after sample collection, by the water treatment plant
operator, or analyzed at the local laboratory of a large water works. These
columng couldbe automatically sealed for sample integrity. Sampling would be
time-proportional and several columns in a predetermined sequence would be used
to obtain representative samples corresponding to, for example, each day of the
week or each week of a month. The sample could'bemetered from a pressurized
system, such as a drinking water distribution line, or pumped from an effluent
or surface water by a built-in pump. For full flexibility, the system would need
to be capable of line current and battery operation. It would be refrigerated
for preservationof collected organics. Finally, the sampler could be designed
to automatically ¢ollect and seal vials of water for laboratory analysis of
very-volatile compounds by a purging method. A prototype of such an automatic

sampler will be designed under a U, 5. EPA contract.

2. Analysis of Organics Adsorbed on Suspended Solids

Many types of organic compounds are adsorbed on particulate, suspended or
collodial matter in water and much of this matter is itself organic. One is
always faced with the guestion of whether to filter the sample before extraction
and, if so, whether to attempt to analyze the separated solids for organics.

This may be a rare problem in finished drinking water, where suspended solids are
reduced to a very low level, but it is a serious question in the analysis of
source water, effluents and surface water. Guidelines and procedures need to be
established for separation and analysis of such solid materials for adsorbed

organics.

E. Improvements Needed in Chemical Class and Group Analyses

1. Chemical Class Analysis

Following is a list of some important chemical claszes for which methods of class
analysis are now availablé, or for which new methods or improvements may be
needed. (The background discussion of this tabulation is given in Appendix 2,
Section C, 1.) 1Included are brief comments on the method of the need, with
suggestions as to new or improved techniques. The classification system is
mostly the same as that used in the Table in Appendices 1 and 2, but only the
classes and sub-classes of known or expected importance are considered. This is
not meant to be a literature survey, so that class listings and comments on
methodology are not completc. Other methods could be suggested, or may even be
dnder developdent. The listing is not prioritized as to need; this would be

best done by a toxicologist with extensive knowledge of health effects of organics
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and data as to their distribution and abundance in water (zee Appendix 1).
ANALYSIS OF ORGANIC COMPOUNDS IN WATER BY CHEMICAL CLASS

ALCOHOLS - Terpenoid and other alcchols can cause taste and odour problens.
Separation from other classes of compounds is difficult. Ultimate detection

is best by GC/FID.

ALDEHYDES -~ Same analytical problems as with alcohols. May be detected by

disappearance upon mild oxidation.

ALKANE HYDROCARBONS - Fractionate into neutral fraction by pH adjustment of
sample, separate from polar hydrocarbons by silica gel or florigil column

chromatography. Separate and detect by GC/FID.

ALKENE HYDROCARBONS ~ Same as for alkanes, except may be further separated on a

silver nitrate impregnated column.

AMINES - All amines c¢an be extracted and pre-separated by pH adjustment of sample
before extraction, but recoveries have not been determined and separation
from other classes of basic organic compounds is difficult. Separation of
compounds may be by GC, but c¢olumn conditions are critical. Detection is
by GC/FID or nitrogen specific GC detector. Aromatic amines can be detected
by LC/UV. Both the KIWA laboratory in the Netherlands7 and the Netherlands
National Institute for Public Health8 are working on methods specific for
aromatic amines, the former by pH adjustment/extraction/GC-MS and the latter

involving bromination of the amines followed by electron capture GC.

AMINCO ACIDS - Concentrate by direct evaporation or on accumulator columns.
Separate by ion exchange LC with colorimetric detection, or freeze dry and
derivitize with chemical reagents for GC/FID detection. Aromatic amino acids
may be detected by LC/UV without derivitization. Chlorinated aminc acids

may be produced during chlorination treatment and may be toxic.

BENZENQID HYDROCARBONS - Fractionate into neutral fraction, pre-separate by silica
gel or florisil column chromatography, separate and detect by GC/FID. More
specificity is needed to analyze for this important class of compounds,

which includes benzene and other toxic compounds.
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CARBOXYLIC ACIDS - Most acids may bhe concentrated by direct evaporation, or can
be extracted and pre-separated from basic and neutral compounds by pH
adjustment of sample before extraction. Final separation and detection is by
GC/FID of chemical derxivatives. ézg@é&ig_(benzoic acid type) and

phenylalkancic acids can be separated and detected by LC/UV. Resin acids

may be amenable to LC/UV class analysis. Short chain aliphatic acids can be

detected separately from other acids by direct agqueous GC. Unsaturated

: . .9
aliphatic acids can be détected by disappearance upon oxonolysis™.

DYES, PIGMENTS and OP1TICAL BRIGHTENERS - Most are separated as non-volatile
compounds and detected by LC/UV, LC/colorimetric or spectrofluorometric
methods. TLC is also a separation and detection technigue for these coloured

compounds. Better methods are needed for separation and detection of dyes.

ESTERS - A method for separation and detection of phthalates is desirable. They

can be partially separated now by column chromatography.

ETHERS and HETEROCYCLIC OXYGEN COMPOQUNDS - Ozonides and peroxides may be formed
during oZonation treatment of water - class analysis methods may be useful

for these compounds.

HALOGENATED ALIPHATIC COMPQUNDS - Most of these compounds can be separated from
water and many organics by purging techniques; interferences can be further
reduced by using a halogen-specific electrolytic conductivity detector on
the GC used for final separation. Some higher NW chlorinated paraffins and
water soluble polar halogenated aliphatics may be missed. Some purging
techniques need to be standardized for this compounds and recovery studies

need to be made for a wide variety of sub-clasgsges.

HALOGENATED AROMATIC COMPOUNDS - This class has too wide a polarity range and
molecular weight range for purging to be a method common to all members. A
common method for the neutral compounds might be based on extraction by
solvent or accumulator columns, followed by separation/detection by GC with

a halogern specific detector. Chlorinated benzoic acids and chlorinated

phenols and naphthols, can be separated from neutrals by pH adjustment during

solvent extraction; chlorinated aromatic amines and can also be separated from

other sub-classes. Poly-chlorinakgg”piphenyls and the commerical Arachlors can

conveniently be extracted hv vassinag the water sampmle throuch polvurethane foam
. , 10 )
plugs in a glass column, after which the plugs are solvent cxtracted . Tae
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chlorophenols in water based on acetylation followed by GC/electron capture
detectiona.

BROMINATED and FLUORINATED COMPQUNDS - Brominated organics are replacing
chlorinated organics for many commerical applications; class analysis methods
are needed for thege in watcr. The Netherlands Natienal Institute for Public
Health is experimenting with such a methodB. There may also be a need for
a class analysis method for fluorinated organics, since these are now

being found in water.

KETONES - Anthragquinones and quinones are possible important classes of organics .

which require special analytical methods for extraction and separation.

NITRQ COMPOUNDS - Some of these compounds may be toxic; no special methods of
class analysis are available, although a nitrogen specific GC detector would

allow some specificity.

NITROGEN COMPOUNDS, MISCELLANEOUS - Compounds of this major class that are
volatile can be zeparated and detected by GC with nitrogen specific detection.

Separation of one subclass from another would be difficult. Some

heterocylelics, the xanthines and uric acid derivatives are non-volatile and
can be separated from other nitrogen compounds by distillation. Some of the
subclasses would be detected by LC/UV, some would not. Special methodsz are
available for carbamates (as for carbamate pesticides). Some of the sub-
classes are basic and can be separated from others by extraction with
aqueous acid. Nitrosamines are the most important subeclass of nitrogen
compounds due to their carcinogenicity. The Thermal Energy Analyser (TEA) is
reported to be a specific detector for nitrosamines in environmental
matricesll; volatile nitrosamines are first separated by GC while their
non-volatile or heat labile counterparts are separated by LC. This TEA

detector needs to be evaluated for specificity.

NON-VOLATILE COMPOQUNDS, MISCELLANEQUS - This major group includes a wide variety
of subclasses, with the only common characteristics being that of non-
volatility. ‘They must be separated by LC; some can then be detected by UV,
but with little specificity. Methods specific for halogenated non-volatiles

are needed since these compounds may be produced during chlorination of water.

ORGANOMETALLIC COMPOUNDS - These are mostly non-volatile and usually detected by

spectrophotometry. There are some methods now for separation by GC. The
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complexed metal ions may be detected by plasma emission spectroscopy after

separation, allowing detection of the total compound.

PESTICIDES and HEBRICIDES - There are class analysis methods for every chemical
clags of pesticide or herbicide, though some need increased specificity and

other improvements.

PHENOLS and NAPHTHOLS - These acidic compounds are usually separable from
neutral and basic compounds by pH adjustment of the samples before extraction
but recoveries are usually low. Separation is by GC with FID detection,
although derivitization may be necessary for efficient GC. Separation by LC
with UV detection is also feasible. Derivitization with appropriate agents
could give added specificity to LC/UV. More work is needed to improve
recoveries by phenols and naphthols by liquid extraction and by use of
accumulater columns. These compounds are\important because of their taste

and odour causing potential and their ease of chlorination.

PHOSPHORUS COMPOUNDS - Organophosphorus compounds may be volatile or non-volatile,
aliphatic or aromatic and so may he detected with a certain degree of
specificity depending upon extraction technique used and amenability to UV
detection. Compounds separable by GC may be specifically detected using
phosphorus-sensitive flamephotometric detectors. Of course, the importance

of organophosphorus compounds lies in their ability to inhibit cholinesterase.

POLYNUCLEAR AROMATIC HYDROCARBONS - Most PAH's are fairly volatile and c¢an be
extracted by conventional techniques, separated by GC,and detected by FID.
Alternatively, they can be separated by TLC or LC and detected by UV or
fluorescense spectrophotometry ’. Some: degree of specificity is attained by
column chromatographic pre-separation. More specific extraction, separation
and detoction techniques are needed for this very important clasgs of

environmental pollutants, some members of which are carcinogenic.

STEROIDS - Steroids can be partially separated from other materials by column
chromatography, then separated and detected by LC/UV, or then chemically
derivitized, separated and detected by GC/FID. Some degree of specificity
is attained, but more is desirable. The Water Research Centre laboratory

, ] 13
in Medmenham, England has developed LC methods specific for steroids ~.

75



SULFUR COMPQUNDS - These compounds include several subclasses of varying

volatilities and structures. Most mercaptans, sulfides and disulfides

can be partially separated from other materials by purging from the sample;

GC with a sulfur-specific flame photometric detector then allows considerable
specificity. More interferences would be expected for aromatic and other
sulfur compounds extracted by solvent or accumulator columns, even when using
the sulfur detector. Some heterocyclic sulfur compounds and those with

5-0 and $-N bonds are non-volatile and would require separation by LC. Use

of a microcoulometric detector with the LC would allow a considerable degree

of specificity for these compounds.

2. Group Analyses
Following is a list of some groups of compounds, grouped either by chemical c¢lass,
element, or function, for which group or "surrogate" methods would he valuable.

A brief discussion is given of available methodology and improvements needed.
The background discussion is given in Appendix 2, Section C,2.
ANALYSIS OF GROUPS OR ORGANIC COMPOUNDS IN WATER IN TOTO

TOTAL EXTRACTABLE ORGANIC HALOGENS - Amethod basedon liquidextraction, pyrolysis and

measurement of evolved hydrogen halides by microcoulometric titration is in

use in Europel4. This is limited to extractable organic halogens and the
highly volatile (purgeable) halogens are not included. Glaze at North Texas
State University,Denton, Texas, is developing a similar method that uses

esin accumulators in such a way as to include the volatile halogens 5. This

group method should be useful in following the production of halogenated
compounds during chlorination and monitoring them in surface water and

effluents. E(xtractable) O(rganic) Cl(chlorine).

VOLATILE ORGANIC HALOGENS - This is a modification of the total method (above)
in which measurements are made before and after purging of the sample to
remove the highly volatile halogenated organics. A knowledge of the
concentration of these volatiles is useful in light of their possible
carcinogenicity and high concentrations in drinking water relative to the

compounds of intermediate volatility.

TOTAL ORGANIC SULFUR — A method based on extraction/pyrolysis/microcoulometry

is being developed by the National Institute for Public Health in the
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Netherland516. One application would be to quickly survey samples to
determine those with high sulfur levels which might need class analysis to
determine specific sulfur compounds responsible for taste and odour or
toxicity. This method would be more useful if it included highly volatile

compounds .

VOLATILE ORGANIC SULFUR - An adaptation of the above total method to measure
total sulfur before and after purging of the highly veolatiles would be useful
to indicate the presence of highly veolatile taste and odour causing sulfur

compounds.

VOLATILE ORGANIC CARBON ~ A simple mcthod to measure the total highly volatile
(purgeable) organi¢ compounds in water would be a useful complement to the
total organic carbon (TOC) methods now widely used. Current TOC methods do
not accurately measure highly volatile organics below several parts per

million.

TASTE AND ODQUR COMPOUNDS - The only group test for taste and odour causing
compounds is the human nose. Methods have heen developed for the establish-
ment and use of panels to determine taste and odour thresholds of selected
compounds in watcr and to determine odour numbers as a water quality parameter,
The only c¢hemical methods are those that measure the individual compounds
causing the taste and odour by conventional analytical methodology. It may
be useful to develop groups tests for in toto measurement of certain classes

of compounds, such as sulfides, known to cause taste and odour in water.

ORGANOQCHLORINE PESTICIDES - No group method is available for total organochlorine
pesticides. 1Tt is conceivable that such a method could he developed for the
menbers of this group that show a common effect on biota or enzymes,
analogous toe the cholinesterase inhibition methodfor organophosphorus
pesticides. A group test for polycyclic halogenated pesticides such as

dieldrin, endrin, kepone, et¢., would be very useful for monitoring.

POLYCHLORINATED BIPHENYLS - PCB's can be perchlorinated to a common molecule,
17
decachlorobiphenyl . A simple method for this conversion, plus detection
of the product, would be useful for monitoring. A similar method for

polybrominated biphenyls might be desirable.
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SURFACTANTS - The widely used methylene blue test for surfactants is simple but
only good for anionic members. A simple test for total surfactants would bhe

useful.

TOTAL METHODS FOR SELECTED CLASSES OF COMPOUNDS - The following classes of
compounds have been shown to be environmentally significant because of
either toxic effects, expected toxic effects or wide distribution. Surrogate
methods for each class would have some utility. See Section E, 1 for further

rationale and methodology.

Aromatic amines (including benzidine)

Aromatic nitro compounds

Atrazine derivitives (mostly herbicides, several of which have been found in
drinking water)

Benrzenoid hydrocarbong (including benzene)

Carbamates (mostly pesticides)

Chlorinated phenoxy acidg (most herbicides)

Chlorinated aromatics (includes many subclasses)

Chlorophenols (taste and odour causing and toxic)

Epoxides (if shown to be formed during ozonation or chlorination)

Heterocyclic nitrogen compounds

Nitrosamines

Organobromine compoundsg

Organof]uorine compounds

Peroxides (if formed during ozonation)

Phthalates

Polychlorinated biphenyls (see discussion above)

Polynuclear arcmatic hydrocarbons
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APPENDIX 4

CONSIDERATION FOR PROTOCOLS FOR CHEMICAL

ANALYSIS TO SUPPORT EPIDEMIOLOGICAL STUDIES

Several factors must be considered when developing protocols for the analysis of
organic compounds in water to support epidemiological studies. It is assumed
that in such studies epidemiclogists will be seeking cause and effect relation-
ships between organic compounds in drinking water and certain diseases. These
studies will be broad or narrow in scope, depending upon the extent of
knowledge about the suspected relationship. If the history of the case has
allowed the chemicals of concern to be narrowed to one or a few classes of
compounds, then a narrow study of these classes by "class analysis" methods is
probably more cost effective than the broad survey approach using GC-MS for
analysis of all volatile compounds in the samples. The latter approach is, of
course, the one used where there is no historical data to allow selection of a

few chemical classes of concern.

Following is an outline of factors that must be considered when developing
protocols for analyses to support either type of epidemiological study. Both
highly volatile (purgeable) and intermediately volatile compounds are considered:
the paucity of knowledge concerning the analysis of non~volatile organics does

not allow protocol development for these compounds at this time.

I. Sampling

A. Geographical location.

B. Season of the year and historical water quality pattern relative to

5eason

93

Sampling sites.

1. Consider sampling source water (raw water) and water during treatment

to help determine origin of compounds in treated water.

2. Consider sampling in distributions lines and at comsumer taps as well

as just after treatment.
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D.

Background or control and blank.

1.

1. Background or control sampling considerationg are the same as those
for any sample.

2. The blank should consist of all reagents, solvents, accumulator
materials, etc., carried through all the processes used for the
samples, using similar eguipment. Volumes should be the same as for
samples, It is desirable to use ultra-pure water for the bhlank, but
it is better not to use "blank" water at all, or only the minimum
amount, if avaialble supply might contain interfering organics. 1In
such a case, the control sample should be devised to serve as the blank.

Obtaining a the presentative sample - consider:

1. sSpecific collection points, including vertical profile.

2. Times, freguencies and volumes required to produce a good composite.

Collection technique.

Consider the volatility of organics to be analyzed:

a. For highly volatile (purgeable) only - collect samples in serum
bottles to provide for VOA analysisl or for pentane extraction in

2
the bottle . The VOA technigue is preferred.

b. For intermediately (mostly non-purgeable) volatiles - use grab
samples for solvent extraction or use XAD accumulator columns3
Solvent extraction is preferred when the desired detection limit
is 1 pg/l; accumulators are preferred for lower detection levels
since they allow compositing of large volumes of sample.
Accumulators also have the great advantage of concentrating

organics during sample collection.

c. For both purgeable and non-purgeable volatiles - consider using
4 .
Grob's technique , the only method available that allows for
extraction and concentration of both volatility classes

simultaneously at subpg/l levels. However, the egquipment is not



widely available and is complicated. Grab samples are used for
Grob's technigue; sample containers must be well sealed to hold
purgeables and transfer to Grob's sparging device must be in a

closed system.

2. Consider necessity of pH adjustment to allow better recovery of acids

and bases - this will increase the number of extracts for analysis.

3. Consider particulate material - should it be filtered and discarded,

included in the sample, or filtered and extracted separately?
4. For class analysis, use the collection technique expected to give the
highest recoveries for the class or classes of compounds concerned
(see Appendix 3, E, 1).
G. Materials and purity.

1. Use inert sampling equipment, materials and containers.

2. Clean or purify all equipmont, resins, solvents, ete., by

established methods.
H. Quantification.
Measure all volumes and consider the inclusion of internal standards for
later quantification of individual compounds.
I. Preservation.

1. Freezing or cooling is usually best.

2, Preliminary extraction in the field by the addition of solvent helps

preserve grab samples that are to be solvent extracted.

J. Logistics.
Maintain preservation and minimize the time between collection and

analysis.

II. Extraction and Concentration

Extraction of organics from water can be accomplished by adsorption during
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sampling if accumulator columns are used (see 1,F); extraction involves
sparing coupled with an adsorption process when the various purging technigues
are used. Concentration is coincidental to extraction/adsorption. For the
purging techniques, a second "extraction" process is that of thermal
desorption of organics from the accumulator, except for Grob's method. In

the case of liguid extraction of the water sample and extraction of adsorbed
organicg from accumulators, the extraction/concentration factors in A and B

should be considered:
A. Extraction solvent properties.

1. Must be a good solvent or solvent mixture for a wide variety of

organic compounds.
2. Must be of high purity to avoid interferences.

3. Should be low boiling for easc of concentration and fast elution

from the GC.
4. Must be chemically inert and stable to heat and light.

5. Por liquid-liquid extractions, the solvent should be less than 10%

water soluble.

6. For solvent-accumulator extractions, the solvent must wet the

accumulator resin well.
7. Should be easily obtainable commercially.
B. Concentration.

1. Use minimumamount of extracting solvent to reduce concentration

problems.

2. Concentrate slowly, carefully and onlyas much as is absolutely
necessary to obtain desired detection level. Concentration below
0.3 ml results in large losses of volatile organics. Use the

5
technigues and apparatus described by Webb .



3, Store this final extract in a sealed vial in a freezer until ready

for GC analysis.

C. Sparging and thermal desorption,
These "extraction" processes are part of the VOA purging technique and
procedures have been established to obtain reasonable recoveries for
most highly volatile compoundsl. However, these procedures are still
undergoing optimization. Factors to consider for sparging and thermal

descrption include:

1. Transfer of sample from serum bottle to sparging chamber without loss

of highly veolatiles.

2, Flow of sparging gas.

3. Time of sparging

4. Temperature of sample during sparging (increases in flow, time and
temperature result in removal of more organics form the agueous
phase, but may also cause loss of someadsorbed organics from the
resin).

5. Type of resin accumulator.

6. Amount of resin.

7. Interface of accumulator column containing adsorbed organics to the

gas chromatograph inlet system.

8. Desorption temperature.

9. Transfer of organics in a "slug" to the GC column.,

III. Separation and Detection

A. PFor survey analysis, gas chromatography with flame ionization detection

(FID) is best for both highly volatile and intermediate by volatile

compounds. The following factorg should be considered:
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Iv.
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Injection - is the extract in solution or adsorbed on a solid phase

(as in the VOA method)?

Column size - capillary colums give the best separation but are more

expensive and complicated.

Column active phase ~ polar, non-polar or more specialized (e.q.,

special columns for bases).

Chromatographic conditions; temperature, programme rate, carrier

gas flow, etc.

Quantitative accuracy - it may be that these initial GC runs can be

re-used for gquantification of peaks after identification.

The need for analyses by more than one column to improve certain

Separations.

Detection by specific detectors; e.g., flame photometric for
phosphorus or sulfur, or electrolytic conductivity for halogen
compounds, in addition to the PID, to increase sensitivity for

certain compounds.

Computerization of the GC for retention time and peak area

measurements.

B. For class analysis, the separation and detection is often still by GC,

but the column conditions and type of detector are dependent upon the

chemical nature of the c¢lass members. This dependence also exists in

the case of TLC and LC separation and detection (see Appendix 3, E, 1).

Identification

A, For survey analysis, identification will be by mass spectrometer (GC-MS).

These factors should be considered:

1.

GC-MS interface - transfer of as much of each compound as possible to
the MS ion source without chemical change., For capillary GC-MS,

direct coupling without a separator is the best technique.



2. GC, MS and computer operation conditions; adjustment to allow
production of reconstructed gas chromatograms (MS detection) that

can be visually matched peak for peak with gas chromatograms (FID).
3. MS operating conditions, to obtain accurate spectra.
4, MS background - minimize. Also minimize GC column bleed into the MS.

5. MS computerization -~ necessary for efficient spectral acquisition,
data handling and spectral matching. Programmes should be available
for spectral background subtract, spectral plotting and spectral

matching.

6
6. 8Spectral matching- use of the Mags Spectral Search System saves much
time over manual catalogue spectral matching and the appropriate

output devices allow visual comparison of total spectra.

7. Criteria for identification, with confidence limitsz, should be
established; these could be based on similarity indices, using the

MSSS search system.

B. For class analysis, identification will often be by GC, LC or TIC
retention time. Consideration must be given to the specificity of the
detector (e.q., a specific type GC detector of a TLC colour indicator)

when establishing criteria for identification.

Confirmation

For survey analysis, where separation and detection are not c¢lass specific,
confirmation of many identifications will be required; more so than in

class analysis where more specificity exists. The following factors must be

considered;

A. What compounds are to be confirmed, based on selection criteria such as
apparent concentration, expected health effects (bhased on tentative Mg

identification), repetition of occurrance, etc.

B. Method of confirmation - matching complete mass spectra with that of a
literature or computer data bank standard, matching GC retention time
and/or mass spectra with that of a standard run in the same laboratory,etc.
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C. Overkill - in special cases with important compounds, it may be necessary
to obtain additional confirmation by matching other gpectra, e.g., high

resolution MS oy infrared, with those of a standard.

D. Class analysis - confirmation of c¢lagg analysais identification will be
required occasionally in cases of doubtful identifications or as a means
of routine quality control. This should be done by GC-MS analysis, if

possible.

VI. Ab Initio Identification
In cases of compounds not identified or confirmed but giving some indication
of special importance based on predetermined criteria (e.qg., large GC peak
size or tentative MS identification as a member of a toxic class of chemicals)
advanced instrumental technigues must be used to establish identity. These
may include high resulution MS, chemical ionization MS, infrared spectrophoto-

metry, etc.

VII.Quantification
For meaningful assessment of health risks, all compounds identified and
actually some only partially identified as to parent chemical class, must be

quantified. The following should bhe considered:

A. Degree of accuracy required - e.g., within a factor of 2 of a factor of

10?2

B. Use of standards (determined to some extent by the degree of accuracy

required) :

1. Comparison with internal standards. These can be mixed with the
original water sample to allow calculation of semi-quantitative
recovery factors, or mixed with the extract just before chromatography.
There can be one standard per CC run or one standard for each major
chemical class expected to be in each extract. The latter method
includes some correction for differenceszs in detector response to

different classes of compounds.

2. Comparison with external standards - this is necessary if more
accuracy is required for individual compound quantification; it
involves the use of standard for each compound measured and is very
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time consuming. However, no recovery correction is possible.

3. Recovery studies - standards of compounds of gpecial importance
should be dosedinto the original sample matrix and the analysis

repeated to allow the most accurate degree of quantification.

Peak measurement/detector response - a detector with response independent
of chemical properties of the compounds detected would be ideal; this is
not available, but the flame ionization detector is less dependent than
the masg spectrometer. However, in cases where differences in detector
response is not the limiting factor in quantitative accuracy, computer
comparison of mass spectrometer total ion current measurements obtained
during the GC-MS run with those of internal standards is considerably

less expensive than re-running the sample by GC-FID for quantification.

7
VIIL.Quality Control

Qualitative analysis - quality control here involves programmes to assure
correct calibration of instrumentation used to measure mass spectra, GC

retention times, etc.

Controls and blanks - use of background or control samples helps confirm
the unigue characteristics of the sample (i.e. identify and quantity of
organics present) and helps account for artifacts. Blanks are

esscntial to the determination of the presence and source of artifacts.

(gee I. D.)

Quantitative analysis - a statistical quality control programme is
necessary to assure precision and accuracy of quantitative measurements
for gsamples of a repetitive nature. For non-repetitive zamples,
quality control is still necessary to assure quality of standards and

quantitative measurements of volumes and areas.
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