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ABSTRACT

Samples of mother's milk were collected from Bayonne, NJ; Jersey City,

NJ; Pittsburgh, PAt Baton Rouge, LA; and Charleston, WV, and analyzed for

volatile (purgeables) and semivolatile (extractable) organics using glass

capillary gas chromatography/mass spectrometry/computer. In the volatile

fraction, 26 halogenated hydrocarbons, 17 aldehydes, 20 ketones, 11 alcohols,

2 acids, 3 ethers, 1 epoxide, 14 furans, 26 other oxygenated compounds, 4

sulfur-containing compounds, 7 nitrogen-containing compounds, 13 alkanes, 12

alkenes, 7 alkynes, 11 cyclic hydrocarbons, and 15 aromatics were found,

including major peaks for hexanal, limonene, dichlorobenzene, and some

esters. The levels of dichlorobenzene appeared to be significantly higher

in the samples from Jersey City and Bayonne than in samples from other

sites. Jersey City samples also appeared to have significantly higher

levels of tetrachloroethylene. Charleston and Jersey City samples appeared

to have significantly higher levels of chloroform; however, chloroform was

observed in the blanks at about 20% of that in the samples. Due to the

small sample size and lack of control over the solicitation of sample donors,

the data cannot be used to extrapolate to the general population.

Fewer semivolatile compounds of interest were found. Polychlorinated

naphthalenes, polybrominated biphenyls, chlorinated phenols, and other

compounds were specifically sought and not detected (limit of detection

about 20-100 ng/mL milk). Polychlorinated biphenyls (PCBs) and DDE were

found.
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SECTION 1

INTRODUCTION

BACKGROUND

It is becoming increasingly important to correlate ambient environmental

pollutant levels with human body burden. Establishment of this correlation

("exposure assessment")·may provide a link between pollution and health

effects. This correlation is of interest for both scientific research and

regulatory risk assessment.

Measurement of pollutant body burden levels generally requires invasive

techniques (exceptions are breath and urine sampling) which are undesirable

from the subjects' viewpoint. Some invasive techniques are generally regarded

as acceptable (~.!., blood samples), while others are generally considered

unacceptable from living donors (~.!. adipose tissue, internal organs,

etc.). Mother's milk is an attractive medium for several reasons: (1)

sample collection is reasonably straightforward; (2) milk contains a high

amount of fat (about 3.5 percent, as shown in see Table 1); so fat-soluble

pollutants such as DDT and polychlorinated biphenyls (PCBs) are likely to be

found in higher concentrations in milk than in blood or urine; (3) large

(50-100 mL) volumes are easily collected for analysis, increasing analytical

reliability and detection limit; and (4) the population of nursing mothers

is large relative to pathology samples such as adipose tissue. In addition,

an assessment of pollutant concentrations in mother's milk may be used to

predict the pollutant intake by the nursing infant.

The major disadvantages of mother's milk as a human-sampling medium

relate to the sampling demography: only young-to-middle-aged females are

nursing. Thus, any use of mother's milk in a probability-based sampling

framework extrapolated to the general population would be fraught with

difficulties, such as locating donors.
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The purpose of this study was to measure levels of environmental pollu­

tants in human milk by gas chromatography/mass spectrometry (GC/MS) and to

evaluate the utility of using this body fluid in specific pollutant studies

for populations in the vicinity of chemical manufacturing plants and/or

industrial user facilities. All routes of exposure, i.~., air, water,

particulate, clothing and food were of interest. Mother's milk samples were

acquired and analyzed for selected industrial chemicals. The chemicals of

interest included: polychlorinated naphthalenes (peNs), tetrachloroethylene,

trichloroethane, dichloropropanes, benzene, polybrominated biphenyls (PBBs),

chlorinated phenols, toluene, chlorinated benzenes, and chloroform.

Where possible, any other chemicals found in the extracts were identified

and quantitated. The levels of selected organic compounds in motber's milk

were investigated to assess the possibility of using this medium as an

indicator of body burden for a wide range of organic compounds. For this

feasibility study, no attempts were made to develop a statistically valid

sample; sites were selected as having a high probability of pollutant detec­

tion and subjects were selected on a volunteer basis.

LITERATURE REVIEW

A review of the literature concerning pollutants in mother's milk was

conducted. A computer search of MEDLARS II and ORBIT--III yielded 108

citations. Tbese citations, plus personal contacts and manual searches

yielded tbe data discussed below.

By far, most of the literature on environmental pollutants in mother's

milk deals with chlorinated insecticides (~.&. DDT). PCBs have also been

studied. Only a few references discuss the presence of other compounds in

milk.

Table 2 lists the levels of pollutants found in mother's milk in the

United States. Table 3 summarizes these findings. Table 4 summarizes

pollutants found in mother's milk outside the United States. With the

exception of one reference(27) regarding 1.2-dicbloroethane exposure, all of

the compounds found in mother's milk are semivolatile (extractable) halogena-

- ted compounds.

4
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Table 3. RANKING OF PESTICIDES AND PCBs BY REPORTED
CONCENTRATIONS IN HUMAN MILKa

Weighted Mean b Number of
CompoWld Concentration (ppb) Samples

DDEc 99 103

DDTc 94 100

PCBs c <10 96

Oxychlordane 5 57

Dieldrin 4 92

DDDc 4 54

Heptachlor epoxide 4 71

BHCc 3 106

t-Nonachlor. 1 57

~ole milk only.
bMean value calculated from a weighted mean of values in Table 2.

Where either the mean or number of samples analyzed were Wlavailable.
the data were excluded from calculation.

cAll isomers summed.
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The literature shows that mother's milk often contains semivolatile

chlorinated organic pollutants (pesticides). Presumably due to lack of

analytical techniques and/or sensitivity, the presence of other pollutants

has apparently Dot been investigated.
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SECTION 2

SUMMARY AND CONCLUSIONS

The results show that sampling and analysis for organic compounds in

mother's milk is feasible. The sample collection technique presented no

significant problems. Analysis of the samples was generally satisfactory.

The use of purge and trap with gas chromatography/mass spectrometry/com­

puter (GC/MS/COMP) analysis for volatile organics was successful, although

the intrusion of contaminants during analysis presented problems with some

compounds. The wide range of volatile compounds found includes common air

and water pollutants and possible metabolites. Thus, it may be possible to

use mother's milk as an indicator of body burden if a correlation between

exposure and mother's milk concentration is established.

The extraction and GC/MS analysis for semivolatile organics was only

marginally successful due to limited sensitivity (about 20-100 ppb milk).

PCBs and DDE were the only halogenated semivolatiles found. The target

semivolatile compounds (PCNs t PBBs t chlorinated phenols t and the higher

chlorinated benzenes) were not present in quantities detectable by the

survey techniques. The use of more sensitive (generally a factor of 100-1000)

and selective methods [GC/electron capture detection (ECD) , GC/negative ion

chemical ionization mass spectrometry (NICIMS) or GC/single ion monitoring

MS] may detect these compounds, but was outside the scope of this project.
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SECTION 3

RECOMMENDATIONS

Further studies of the applicability of mother's milk as a matrix for

assessing the human body burden of pollutants must directly compare human

milk with the other available sample matrices. For example, comparison of

the volatiles in breath, blood, urine, and mother's milk would determine

which matrices are most suitable for measuring these compounds. It may also

be advisable to use animal studies to determine the extent of environmental

exposure-body burden correlation.

In addition, the effects of transport of pollutants to a newborn infant

should be studied. Infants may be uniquely affected by some pollutants due

to their small body weight and different metabolism relative to adults.

The measurement of semivolatile organics in mother's milk requires more

sensitive techniques than those used in this study. For example, chlorinated

compounds could best be detected using GC/ECD or GC/negative ion chemical

ionization mass spectrometry and polynuclear aromatics by GC/photoionization

detection.

Improvement in analytical methodology could occur at several points:

(1) As discussed above, more sensitive, analytical procedures could be

used for specific compound classes.

(2) For volatile organics, background levels could be reduced with an

on-line purge and trap/GC system.

Potential improvements in survey and sampling methodology include:

(1) Addition of questions regarding length of nursing, age of infant,

time since last nursing, etc.

(2) Selection of participants according to a more statistically valid

method (~.&. statistically random sampling).

(3) Closer control over physical collection methodologies (~.&. all

respondents gathered at one location).

16



The 5-month time lag in the study awaiting OMB clearance was seriously

detrimental to the project. The personnel and apparatus used for the valida­

tion studies had to be reassembled once OMB clearance was obtained. Restart­

ing a project following a long dormant period requires retraining analytical

personnel (or training new personnel if original personnel have been reassig­

ned to other research projects), recalibration of instruments, and assembling

the necessary laboratory apparatus and supplies, all of which consume govern­

ment resources. Reducing this time lag is extremely important for execution

of programs involving human testing.
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SECTION 4

SELECTION OF SAMPLING SITES

Five urban areas were chosen as sampling sites. Each of these cities

is a high-probability area for the presence of one or more of the chemicals

of interest in mother's milk. Since many of the compounds of interest are

probably specific to certain industrial sites, the samples from the other

sites were intended to serve as controls for the site-specific compounds.

Other compounds are considered ubiquitous and their levels in milk was

probably not related to local industrial activity. The rationale for select­

ing the five sampling sites is discussed below.

BRIDGEVILLE, PENNSYLVANIA

PCNs are manufactured by Koppers Company, Inc., of Pittsburgh, PA, at

the Koppers Chemical and Coatings plant in Bridgeville, about 10 km SW of

Pittsburgh. (29) Reported production levels were 7 million lb in 1956 and 5

million lb in 1972,(29) indicating a potential long-term, relatively constant,

exposure level in the surrounding area. Results from environmental monitoring

in the area immediately « I km) surrounding the plant indicated higher

levels of peNs in air and soil than those found near five peN user sites, as

shown in Table 5.(30-34) Furthermore, fish and apple samples from the same

area were found to contain PCNs, indicating a potential link to the human

food chain.

In addition to PCNs, plants in the Bridgeville area have been reported

to emit large quantities of phthalic anhydride particulate. (35) At this

plant site, Koppers is reported to manufacture chlorinated naphthalenes,

phthalic anhydride, maleic anhydride, and alkyd resins. (36)
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NORTHERN NEW JERSEY - STATEN ISLAND, NEW YORK, AREA (NNJ)

. The Northern New Jersey (NNJ) area was selected as a sampling site on

two bases: production of PBBs and general chemical industrial activity.

Three facilities are of interest(37) with respect to PBBs: White Chemical

Co., E 22nd St., Bayonne, NJ; Marcor, Inc., Standard T. Chemical Co., subsi­

diary, 2500 Richmond Terrace, Staten Island, NY; and Hexce1 Corp., Fine

Organics Division, 880 Main St., Sayreville, NJ. White produced 45,000 kg

of PBBs (specifically octabromobipheny1 and decabromobiphenyl) between 1970

and 1973.(38) Hexcel is reported(39) to have produced unspecified amounts

of decabromobipheny1 [as well as to have produced or used decabromobiphenyl

oxide, ethylene dichloride, and 1,2-bis(2,4,6-tribromophenoxy)ethane].

Standard T is thought to have been a PBB user up to about 1974. (39)

Results of environmental sampling in the area surrounding these three

companies(40,41) indicated the presence ofPBBs, especially the more highly

brominated homologs, in sediment, water, soil, human hair, fish, turtle, and

plant matter. The findings in human hair oil (18 total samples), which

ranged from undetectable to 310 ppm, are especially relevant to this study,

since they indicate that the PBB manufacturing in this area and the resultant

environmental contamination has resulted in human exposure.

Northern New Jersey has a high concentration of chemical industries, (42)

many of which use or produce halogenated hydrocarbons. The list of industries

and locations are summarized below. Coastal Industries, Inc. (swimming pool

chemicals), Diamond Shamrock (textile processing chemicals), Scientific

Chemical Processing (chemical waste disposal) and Tenneco Chemicals (synthetic

foam rubbers) are located in Carlstadt. Crompton &Knowles Corp. (dyes,

colors and chemicals) are located in Fairlawn. Fisher Scientific (chemicals),

Conoco Chemicals are in Saddle Brook. In Bayonne are CIBA-Geigy (dyes and

intermediates) and ICI America (organics). In Jersey City are Mallinkrodt

(analytical reagents) and Onya Chemical Co. (textile finish compounds, water

repe1lants, germicides, and detergents). In Kearney are Standard Chlorine

Chemical Co. (chlorobenzenes), Theobald Industries (bleaches), PPG Industries

(paint) and Monsanto (industrial chemicals). In South Kearney is BASF­

Wyandotte (dyestuffs and vinylidine chloride). In Newark are American Oil

and Supply Co. (surfactants and chemicals), Celanese Plastics (plastics),
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· DuPont (pigments), Inmont (paint), Maas &Waldstein (paint), Otto B. May

(dyes, surfactants), 3M (chemicals), Benjamin Hoore (paint), Sherwin-Williams

(paint) and Vulcan Materials (chloromethanes). In Elizabeth are Perk (chlori­

nated solvents) and Speciality Chemicals Division of Allied Chemical Corp.

Linden Chlorine Products (chlorine) is in Linden. In Rahway are M&T

Chemicals (speciality chemicals) and Merck and Co. (industrial chemicals).

In Edison are Cary Page Chemicals (PVC compounds) and Mobile Chemical (paint).

In Parlin, Hercules manufactures chloroform. In Passaic are Pantasote Co.

of New York (PVC resin film), Stauffer (vinyl sheet and film) and United

Wool Piece Dyeing and Finishing (dyes). In Patterson are several dye manufac­

turers. In Wayne are American Cyanamid (chemicals) and Owens Illinois

(plastics). Many of these and other firms in NNJ undoubtedly manufacture or

use compounds which are of interest to this study.

The levels of general organic pollutants in NNJ have been found to be

high due to intense chemical manufacturing in the area. Environmental

monitoring by RTI under separate contracts,(43-46) has found a wide variety

of organic pollutants in this area. In addition, preliminary results from

ground and surface water samples indicate measurable levels of a number of

volatile halogenated hydrocarbons. (44,45) These data, summarized in Table

6, are indicative of environmental levels of organics in the NNJ area to

which humans may be exposed and thus are indicative of the types of compounds

anticipated in mother's milk. Under a separate research project,(45) the

daily intake of some selected organics was roughly estimated. These estimates

are given in Tables 7 and 8. Clearly there is ample exposure to pollutants

which could potentially partition into milk.

The statistics for cancer in two counties of NNJ are very high.(58,59)

The overall rate .for all malignant neoplasms is significantly above the

national average. This cancer incidence in New Jersey has been partially

linked to the chemical and allied industries located there.(60-64)

Northern New Jersey is a metropolitan area with a relatively static

population, a well-established chemical industry, known environmental levels

of organics (including PBBs) and abnormally high cancer rates. These factors

make this area especially suited to this study of organics in mother's milk.
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BATON ROUGE, LOUISIANA

Baton Rouge was selected on the basis of extensive organic chemical

production (especially volatile halogenated hydrocarbons) as summarized in

Table 9. (43) In addition, RTI bas collected and analyzed ambient air samples

from this area and established the presence of a number of compounds of

interest in ambient air. (43) A summary of the levels of halogenated compounds

found in water and air is presented in Table 10.

In addition to the industrial production in Baton Rouge, industries in

Plaquemine (15 km SSW), St. Gabriel (20 km SSE) and Geismar (27 km SSE) may

emit significant levels of chemicals which may contribute to the levels

observed in mother's milk in Baton Rouge. These industries and their produc­

tion are listed in Table 11. (36)

KANAWHA VALLEY, WEST VIRGINIA

Many manufacturers of organic chemicals are located in the Kanawha

Valley, WV. DuPont, near Belle, WV, has a large chemical complex for the

synthesis of substances such as methylmethacrylate, methylamines, ammonia,

hydrogen cyanide, herbicides, and insecticides. In South Charleston are

production and consumption plants (Union Carbide, and FMC). Plastics, PVC,

antifreeze, chlorine, halogenated organics, carbon disulfide, peroxides,

etc., are the predominant chemicals produced here. The major industrial

facility in the town of Institute is Union Carbide, which also processes a

broad spectrum of compounds, !.g., viscose rayon and phthalate esters.

There is also a large-scale olefin processing complex and a rubber accelerator

plant. A major terminal loading facility in South Charleston handles large

quantities of a variety of organic compounds. Monsanto, FMC, Allied, and

Fike have plants near Nitro for the production of antioxidants, rubber

accelerators, industrial chemicals, and other materials. Several other

chemical manufacturers, consumers, and transporters are located in the

Kanawha Valley, some or all of which may contribute to the presence of

organic materials in the ambient air or water and thus contribute to human

exposure.

Previous HTI sampling(43,46,65,66) in the Kanawha Valley found a broad

range of halogenated, ketone, aldehyde, ester, aromatic, and aliphatic

compounds. Quantitative results included high values in air of 11,000 ng/m3

26
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Table 11. POTENTIAL EMISSIONS FROM CHEMICAL INDUSTRY IN
PLAQUEMINE, GEISMAR. AND ST. GABRIEL. LA(36)

City

Plaquemine

Geismar

St. Gabriel

Annual Capacity
CompanyaChemical (million pounds)

chloroform b Dow
1,2-dichloropropane 10 "ethylene dichloride 132S "
methyl chloride 150 "
methylene chloride 190 "
tetrachloroethylene 150 "
vinyl chloride 450 "
chloroform 46 VCM
ethylene dichloride 330 "
methylene chloride 80 "
tetrachloroethylene ISO "
1. I, I-trichloroethane 6S "
phosgene 5S BASF
phosgene 125 RCC
vinyl chloride 300 BOR
vinyl chloride 300 NCJ

phosgene NA SCC

aDow = Dow Chern. USA
W~C = Vulcan Materials Co.
BASF = BASF Wyandotte Corp.
RCC = Rubicon Chems., Inc.
BOR = Borden. Inc.
MCI = Monochem. Inc.
see = Stauffer Chern Co •• Agric. Chem. Div.

bZOO million pounds combined capacity in Plaquemine and Freeport, TX
plants.
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for methylene chloride, 1500 ng/m3 for tetrachloroethylene, and 72,000 ng/m3

for benzene. Compounds identified in the air particulate fraction included

llong-chain alkanes, polycyclic aromatic hydrocarbons (PAR) from naphthalene

through anthanthrene (or an isomer), alkyl-PAR derivatives, and nitrogen-con­

taining heterocycles.
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SECTION 5

SAMPLE COLLECTION

At each of the five sites, arrangements were made to work through

clinical facilities to recruit a suitable panel of respondents. These

facilities included the Bayonne Hospital in Bayonne, NJ; the Medical Center

Hospital in Jersey City, NJ; Magee-Women's Hospital in Pittsburgh, PAt

Charleston Area Medical Center in Charleston, WV; and the East Baton Rouge

Parish Health Clinic in Baton Rouge, LA.

Advance arrangements were made through a contact person at each facility.

This person was responsible for recruiting a professional member of the

facility's staff to serve as the data collector. The data collector was

usually a registered, licensed practical, or public health nurse associated

with the facility.

Respondents were paid $5 for their assistance in providing a milk

sample and completing the survey questionnaire.

The data collection effort is discussed in the following sections.

OMB CLEARANCE

Under the Federal Reports Act, clearance for the study of human subjects

must be obtained from the Office of Management and Budget. This clearance

was obtained on October 18, 1978. The OMB number is 158-578010. This study

was approved with the understanding that: (1) the surveys were conducted as

a pretest of the feasibility of information collection procedures; (2) the

information collected will not be used to generalize to either local areas

or the nation as a whole. These two caveats were invoked since the sample

size was small and a nonprobability sampling method (subject selection) was

used.
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TRAINING

Before data collection began at a site, a training session was held to

acquaint the facility contact person and data collector(s) with the survey.

The session addressed the study objectives; use of the data collection

instruments; administrative instructions; quality control procedures; and

instructions for collecting, packing, and shipping milk samples to RTI. The

training was cqnducted by an RTI survey specialist from the Survey Operations

Center. A detailed manual and necessary field reporting forms were developed

for use in these sessions. All training was conducted at the participating

facility and lasted approximately 4 hours.

SURVEY INSTRUMENTS

Three data collection instruments (see Appendix A) were developed for

use by the data collectors. The Participant Cons~nt Form (PCF) was used to

introduce the study, explain the study objectives and requirements of partici­

pation, present the confidentiality procedures, and obtain consent of partici­

pant. This form was signed by the respondent, who retained a copy for her

files. The original was attached to the data collection instrument and a

second copy was filed in the respondent's hospital record.

The Participant Listing Form (PLF) provided a means of assigning unique

numbers to participants at each performance site. The data collector comple­

ted this form as each participant was solicited; the form was returned to

RTI with the completed questionnaires when work at the site was finished.

The Study Questionnaire (SQ) was the primary data collection instrument.

Information concerning participant demographic characteristics, residence

information, health data, use of medications, and personal characteristics

was obtained through this document. The SQ was administered after patients

- had been screened and prior to collection of the milk sample.

PARTICIPANT SCREENING

Potential participants (lactating women) were screened by the data

collector to determine whether or not they met certain study criteria, which

included:
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ability and desire to provide a milk sample of approximately

100 mL.
permanent residence within the area of interest for

at least the preceding 12 months, and

no travel outside the area of interest for the seven days

. preceding sample collection.

After potential participants were screened, 10 women who met all the criteria

for participation were asked to provide a milk sample and complete the SQ.

PLF, PCF, AND SQ COMPLETION PROCEDURES

When an eligible person agreed to participate, her name was listed on

the PLF and she was assigned a unique participant number. The data collector

then read the information contained on the peF to the participant while she

followed along using a second copy. After answering questions or handling

problems, the data collector asked the participant to sign the peF prior to

administration. of the SQ.

The data collector then completed the SQ by asking the questions directly

to the participant. Completion time averaged 15 minutes. An adhesive,

computer-generated ID label was affixed to the SQ; a duplicate label was

provided to be used for identifying the milk sample bottle.

Each participant was a self-respondent unless she was under 18 years of

age, in which case the SQ could have been administered in whole or part to

the parent or guardian, but in the participant's presence.

SAMPLE COLLECTION PROCEDURES

After completion of the SQ, the data collector made the necessary

arrangements for the participant to provide the milk sample. A collection

bottle was taken from the shipping box and the adhesive ID label was affixed

to the bottle. The milk was manually expressed directly into the bottle; no

breast pumps or other devices were allowed. Immediately after the milk was

collected, the bottle was capped and the sample frozen until all ten samples

were collected and ready for shipment to RTI. A minimum of 60 mL (half-full

bottle) was required for each sample. If insufficient milk was collected,

the sample was discarded and an additional subject was added to the study.
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SHIPPING PROCEDURES

Sample bottles were packed in the shipping container, cooled with dry

ice, and sent directly to RTI via Federal Express.
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SECTION 6

SAMPLE ANALYSIS METHODS

The milk samples were analyzed using gas chromatography/mass spectrome~

try/computer. Due to the broad range of volatilities, the samples were

partitioned into two general classes of compounds: volatiles (~.!. benzene,

chloroform) and semivolatiles (~.!. PCNs, PCBs, pesticides). The analytical

protocols developed for the volatile and semivolatile components in mother's

milk are reproduced in Appendices Band C, respectively. The experiments

conducted which led to these protocols are discussed below.

DEVELOPMENT OF ANALYTICAL PROTOCOL FOR VOLATILES

The headspace purge technique was validated by determining the recovery·,

of four model compounds from raw cow's milk samples. Compounds labeled with

carbon-14 were chosen in order to examine both the amounts recovered on

Tenax GC and the amounts remaining in purged samples.

Twelve 50 mL cow's milk samples were spiked'with methanol solutions of

the 14C-compounds. The analysis for each of the· four model compounds was

performed in triplicate. In addition, standards were prepared in triplicate

by adding the appropriate amount of each compound in solution to a scintilla­

tion-counting vial containing 15 mL of Triton X/toluene/Omnifluor scintilla­

tion "cocktail." Milk samples were purged as described in Appendix B; Tenax

cartridges were stored, and aliquots of the purged samples were retained for

oxidation and counting.

Tenax cartridges were desorbed at :nooc and 30 mL/min NZ for 10 minutes

into 15 mL of Triton X cocktail in tandem scintillation vials. The vials

were capped and refrigerated until scintillation counting. An aliquot (1

mL) of each purged milk sample was oxidized in the Packard Tricarb Sample

OXidizer, which converted all carbon-containing compounds to carbon dioxide

and water. The 14C-carbon dioxide was collected in a trapping solution and
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referenced to a quench correction curve. All standards, Tenax samples and'

oxidized milk samples were counted on a Packard Liquid Scintillation Counter

with automatic standardization. Counting data was analyzed by computer to

obtain the number of disintegrations per minute (dpm) for each vial. The

percent recovery was calculated for each milk sample as shown below:

% recovery = dpm in first vial + dpm in second vial
average dpm added to triplicate standards x 100%

The second of the tandem scintillation vials contained <2 percent of the

radioactivity in every case. The amounts of l4C compounds retained in the

purged sample was calculated:

%retained = dpm in oxidized, purged sample
average dpm added to triplicate standards x 100%

The data are tabulated in Table 12. The recoveries for the volatile chloro­

form and carbon tetrachloride were about 90 percent, as expected. The

less-volatile chlorobenzene and bromobenzene exhibited correspondingly

poorer recoveries. These compounds are generally considered only marginally

purgeable from water, so these results from milk are not surprising.

The methodology validation experiment indicated that the proposed

method of analyzing human milk for volatile organic compounds was adequate.

Sensitivity and detection limits were determined by the capabilities of the

GC/MS/COMP system.

DEVELOPMENT OF ANALYTICAL PROTOCOL FOR SEMIVOLATILES

The extraction and cleanup method was validated using six model compounds

(2,4-dichlorophenol, pentachlorobenzene, 1,2,3,4-tetrachloronaphthalene,

, 4,4'-dibromobiphenyl, 2,2' ,S,5'-tetrabromobiphenyl, and octachloronaphthalene)

which were representative of the semivolatile (nonpurgeable) compounds of

interest. The compounds were spiked into raw cow's milk at a level of about

, 1 ~g/mL. Raw cow's milk was chosen as the closest readily available analog

, to mother's milk.

The results are presented in Table 13. The overall mean recovery was

, about 70 percent and the mean of the relative standard deviations was 22
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percent. These results indicated that refinements in the method should be

considered prior to a large-scale study.
~

Two methods were available for removing fat and other nonvolatile

components of the milk extract: Florisil column chromatography and gel

permeation chromatography (GPC). Evaluation of the two techniques indicated

that the Florisil method was more suitable to this project. The Florisil

method was faster and had greater sample capacitY,than the GPC. In addition,

the GPC procedure required the use of a pumping system, UV detector, and

expensive, fragile GPC columns. Initial tests with both methods revealed

interference problems, although those with GPC were more severe. Using GPe,

decabromobiphenyl and hexabromobiphenyl eluted with the fat peak. This was

judged totally unsatisfactory. Using Florisil, some fat eluted in the

fraction with the compounds of interest. but repetition of the procedure

yielded samples sufficiently clean for analysis.

DEPARTURES FROM THE ANALYTICAL PROTOCOLS

Emulsions

The formation of an emulsion during the toluene-acetone extraction of

semivolatiles (step 6, Appendix C) was an area of concern. Approximately 80

percent of the time an emulsion occurred. To eliminate this, three approaches

were taken with reasonable success. The first was to avoid the emulsion

formation by swirling rather than shaking the toluene and acetone extracts.

The second approach was to break the emulsion by adding Na2S04 and waiting.

Both the amounts of Na 2S04 and the time required varied. In severe cases

emulsions were broken by filtering through glass wool wetted with toluene.

Lipid Removal Using Florisil

Problems were also encountered during the Florisil cleanup. Some

samples had a tendency to solidify while concentrating the ether/pentane

eluate, apparently due to abnormally high fat content. This usually occurred

when the sample volume reached 1-3 mL. The samples to which this happened

were diluted with pentane and eluted through another Florisil column. The

Florisil cleanup was repeated until the samples remained liquid at small

«1.0 mL) volumes. Three cleanups was the maximum required for any sample.
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GC/MS ANALYSIS PROCEDURES

Samples were analyzed by gas chromatography/mass spectrometry using an

LKB 2091 EI/CI GC/MS. Operating conditions for the analysis of purgeables

is given in Table 14 and the operating conditions for the extractables is

given in Table 15. Analysis of the purgeables involved the use of the

desorption apparatus described in Appendix B.

Quantitation of the unknowns was accomplished using relative molar

responses (RMRs) as discussed in Appendices Band C. The RMRs were calculated

from replicate determinations of known amounts of standards and analytes.

Qualitative Analysis

. Initial identification of compounds by GC/MS involved comparisons of

unknown spectra with data compiled in the Eight Peak Index of Mass Spectra(67).

If the peaks present in the unknown spectra clearly matched the peaks of the

standard compound in the tables and the intensities were about the same,

then a positive identification was usually made. If peak intensities of

unknowns varied from those of the standards, and there were isomers of the

compounds that were not listed in the Eight Peak Index, then the compound

was listed as an "isomer."

When the background peaks interfered with the spectrum of an unknown to

an extent that made identification uncertain, the compound identification

was labeled as "tentative" (tent.). If no standard spectra similar to those

of the unknowns appeared in the mass spectral references, but fragments

characteristic of a certain class of compounds were identified, tentative

identifications were made on the basis of the characteristic fragments and

apparent molecular weights. These identifications were also labeled "tent".

Usually tentative identifications involved alkyl derivatives or homologs of

classes of compounds that were positively identified in the same sample.

Positive identifications, as well as some tentative identifications,

often required more detailed investigations of standard spectra in the

Registry of Mass Spectral Data(68) or standard spectra found in other

literature such as scientific journals. The Registry of Mass Spectral Data

presents data in the form of histograms rather than as a list of peaks and

their intensities. This type of format allowed more subtle differences in

mass.spectra to be considered when several similar standard spectra in the
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Table 14. OPERATING CONDITIONS FOR GC/MS ANALYSIS OF PURGEABLES

Instrument

Column

Flow

Desorption Temperature

Desorption Time

Desorption Flow

Column Temperature

Scan Range

Scan Speed

Scan Cycle

Injector Temperature

Accelerating Voltage

Ionizing Energy

Trap Current

Source Temperature

42

LKB 2091

80m - SE-30 WCOT Capillary Column

1. 7 mL/mrl:n He

270°C

8 min

15 mL/m"in He

30°C for 2. min programmed to
240°C at 4°C/min

5 490 Dalton

o 670 in 2 sec

1. 7 sec

250°C

3500 V

70 eV

50 lJA

210°C



Table 15. OPERATING CONDITIONS FOR THE GC/MS ANALYSIS OF
SEMIVOLATILES

Instrument

GC Column

Flow

Column Temperature

Scan Range

Scan Speed

Scan Cycle

Injector Temperature

Accelerating Voltage

Ionizing Energy

Trap Current

Source Temperature

LKB 2091

25m SE-52 WCOT capillary column

1.5 mL/min with 15:1 split

sooe for 3 min then Boe/min to 265°C

5 .. 530 Dalton

2 sec 0 .. 670 Dalton

2.4 sec

240 0 e
-3500 V

70 eV

50 l,IA

210°C
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Eight Peak Index appeared to represent possible candidates for unknown

identifications.

A large number of sample components remained unidentified. These unidenti­

fied components were labeled "unknown."

In order to quantify the degree of certainty with which a compound has

been identified, a "level" heirarchy has been established. The compound

identification criteria are listed below:

Level I Computer Interpretation. The raw data generated from the
analysis of samples are subjected to computerized decon­
volution/library search. Compounds identified using this
approach have the lowest level of confidence. In general Level
I is reserved for only those cases where compound verification
is the primary intent of the qualitative analysis.

Level II Manual Interpretation. The plotted mass spectra are manually
interpreted and compared to those spectra compiled in a data
compendium by a skilled interpreter. In general a minimum of
five masses and intensities (±5 percent) should match between the.
unknown and the library spectrum. This level does not utilize
any further information such as retention time since the
authentic compound may not be available for establishing
retention times. .

Level III Manual Interpretation Plus Retention Time/Boiling Point
of Compound. In addition to the effort described under
Level II, the retention time of the compound is compared to
the retention time that has been derived from previous chro­
matographic analysis. Also the boiling point of the identified
component is compared to the boiling points of other compounds
in the near vicinity of the one in question when a capillary
coated with a nonpolar phase has been used.

Level IV Manual Interpretation Plus Retention Time of Authentic Compounds.
Under this Level, the authentic compound has been chromato­
graphed on the same capillary column using identical operating
conditions and the mass spectrum of the authentic compound is
compared to that of the unknown.

Level V Level IV Plus Independent Confirmation Techniques. This Level
utilizes other physical methods of analysis such as GC/Fourier
transform infrared spectrometry, GC/high resolution mass
spectrometry, or omr analysis. This Level constitutes the
highest degree of confidence in the identification of organic
compounds.

Unless otherwise stated, all identifications in this report were Level II.
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SECTION 7

RESUlTS

VOLATILES

All 42 of the purged samples were analyzed by thermal desorption/GC/MS.

The mass spectra from selected samples were interpreted manually to deter­

mine which compounds should be quantitated. From these data, selected

compounds were quantitated in all samples. All data were stored on magnetic

tape for subsequent processing and are routinely archived for at least 5

years.

Qualitative Identifications

Eight samples were interpreted. The results are presented in AppendiX D.

Samples were selected according to the follOWing criteria. At least two

samples were reqUired from each collection site (Jersey City and Bayonne,

NJ, were counted as two separate sites). The total ion current chromatograms

were inspected and the samples with the greatest number of peaks or those

containing very intense unique peaks (not observed in other samples) were

selected. For those samples selected, all of the mass spectra were printed

and interpreted manually by experienced spectroscopists.

Table 16 summarizes the compounds found and tbeir frequency of occurrence.

It is interesting to note that some compounds (~.g. 1,1,1-trichloroethane

and hydrocarbons) are common air pollutants, others (~.g., dibromocbloro­

methane) are common water pollutants, others (dimethyldisulfide, furans,

aldehydes) appear to be metabolites, otbers (chlorofluorocarbons, siloxanes)

are known background interferents, and others (iodopentane) are of unknown

source.

Quantitation

Based upon tbe qualitative identifications

pounds were selected for quantitation in all of

for four compounds are summarized in Table 17.
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Table 16 (cont'd.)

Sample Nwnberb

Compound 1081 1040 1107 1115 2048 2071 3053 3111

n-nonanal + + + + + +
methyl furaldehyde +
n-decanal + +
n-undecanal + +
n-dodecanal +

Ketones

acetone + + + .. + + + +
methyl ethyl ketone .. + .. .. +
methyl isopropyl ketone + ..
methyl vinyl ketone +
ethyl vinyl ketone .. + + + +
2-pentanone .. + + ..
methyl pentanone .. +
methyl hydrofuranone ..
2-methyl-3-hexanone ..
4-heptanone ..
3-heptanone + + + +
2-heptanone .. + + .. + +
methyl heptanone + +
furyl methyl ketone +
octanone + +

acetophenone + + + + + + + ..
2-nonanone +- + .. +

2-decanone +

alkylated lactone +

phthalide +

Other Oxygenated Isomers

C4HSO +
C4HeO + +
CSH100 .. + + + +
CsHeO +

CSH100 + +
C4HS0 2 +
CSH120 .. +
C7H12O + + + +
C7H1OO + +
C7H14O + +
CSHS0 2 +
Cil1402 +
CaHlSO + +
C7Hf!J2 + +
C,H 1OO2 +

47 (continued)



Table 16 (cont'd.)

Sample Numberb

Compound 1081 1040 1107 1115 2048 2071 3053 3111

Other Oxygenated Isomers
(continued)

C9H
lS

O + + +
CSH6 2 +
C1OH12O +
CIOH14O +
CIOH16O + +

CIOHlSO + + +

ClOHZOO + +
C10HZZO +
C9HSOZ +

CUHZOO + " .
.-

C1OHIOO2 +

Alcohols

methanol +
isopropanol + + + + + + + +
2-methyl-2-propanol +
E.-propanol - +
I-butanol + + +
l-pentanol + + + +
a-furfuryl alcohol + +
Z-ethyl-l-hexanol +
phenol +. +
2,Z,4-trimethy1pentyl- +

1,3-diol
a-terpineol +

Acids

acetic acid + +
decanoic acid +

Sulfur Compounds

sulfur dioxide +
carbon disulfide + + + + + + + +
dimethyl disulfide + + + + + +
carbonyl sulfide +

(continued)
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Table 16 (cont'd.)

Sample Numberb

Compound 1081 1040 1107 1115 2048 2071 3053 3111

Nitrogen Compounds

nitromethane +
CSH6N2 +

CS~8N2 +
C4H4N2O +
methyl acetamide +
benzonitrlle + + +
methyl cinnoline +

Esters

vinyl propionate + + +
ethyl acetate +
ethyl-,£-caproate +
methyl caprylate +
ethyl caprylate +
isoamyl formate +
methyl decanoate +
ethyl decanoate +

Ethers

dimethyl ether +
l!.-dioxane +
dihydropyran + +

Epoxide

1.B-cineole +

Furans

furan +
tetrahydrofuran + -
methyl furan + +
methyl tetrahydrofuran +
ethylfuran + +
dimethylfuran +
2-vinylfuran +
furaldehyde + +
2-!!.-butylfuran +
2-pentylfuran + + + + + + +
methylfuraldehyde +
furyl methyl ketone +
a-furfuryl alcohol + +
benzofuran + + +

49
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Table 16 (cont' d. )

Sample Numberb

Compound 1081 1040 1107 1115 2048 2071 3053 3111

Alkanes

C3BS +
C4H1O + + + + + +
CSHl2 + + + + + + + +
C6Hl4 + + + + + + + +
C7Hl6 + + + + + + +

CSHIS + + + + + + +

CgH20 + + + + + + + +

C1OH22 + + + + + + +
Cn H24 + + + + + + +
Cl2H26 + + + + + + +
C13H28 + + +

Cl4H30 + + +
CISH32 + + --

Alkenes

C3H6 + +
C4HS + + + + +
C5HIO + + +

C6H12 + + + + + + + +

C7HI4 + + + + + + + +

CSHI6 + + + + + + + +

CgHI8 + + + + + + +

CIOH20 + + + + + +

Cn H22 + + + + +
CI2H24 +
CI3H26 +
isoprene +

Alkynes

CsHa + +
C6HIO +

C7HI2 + + +

50 (continued)



Table 16 (cant' d. )

Sample Numberb

Compound 1081 1040 1107 1115 2048 2071 3053 3111

Al}cynes (continued)

C8H14 + + +
CgH16 + + + +

CIO·H1B + +
C12H22 +

Cyclic Hydrocarbons

cyclopentane + + + + + +
uethylcyclopentane + + + + + +
cyclohexane + + + + +
ethylmethylcyclohexane +
ClOHl4isomers +
C1OH161somers (other) + + + +
limonene + + + + + + + +
methyldecalin +
ex-pinene +
camphene +
camphor +

Aromatics

benzene + + + + + + + +
toluene + + + + + + + +
ethylbenzene + + + + + + + +
xylene + + + + + + + +
phenylacetylene +
styrene + + + + + + + +
benzaldehyde + + + + + + + +
C3-alkylbenzene isomers + + + + + + + +
C4-alkylbenzene isomers + + + + + +
methyistyrene + +
dimethyistyrene + + + + +
CS-alkylbenzene isomers + +
naphthalene + + + + + +
C6-alkylbenzene isomers +

a Arranged by class in approximate elution order. See Appendix D for sample-
by-sample identif1cations. + • present; - • not identified in sample.

b
Participant code number.
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quantitation of the other five compounds is not reported, since the levels

in milk were not judged sufficiently greater than background to be reliable.

Upon inspection, it is obvious that most values are low relative to

only a few high "outliers." These high values suggest that there is a

range of levels of these compounds which may correlate with exposure.

These results were analyzed statistically to determine if any of the values

correlated significantly. As can be seen in Table 18, the arithmetic mean

and median values generally are quite different. The arithmetic mean is

skewed toward the high end, generally due to one or two relatively high

values. A more realistic represent~tion of the central data is the geometric

mean. These geometric mean values were tested for their significance

(i.~., are the geometric means significantly different from site to site?).

Table 19 summarizes this data. From this table, it appears that samples

from Jersey City have significantly higher levels of chloroform, tetrachloro­

ethylene, and dichlorobenzene than the other study samples. Charleston

samples appear to have significantly higher levels of chloroform, .and

Bayonne samples appear to have significantly higher levels of dichlorobenzene.

To test if any of the compound levels were related, the Spearman

correlation coefficients (nonparametric correlation based on the sample,

designed to lessen the weight of a single high ou~lier) were determined as

shown in Table 20. There does not appear to be any compound-to-compound

correlation among the subjects.

In interpreting these data, it must be remembered that this is a very

small data set. Therefore these data should not be used to extrapolate to

the city or area from which the samples were collected.

Quality Control

Table 21 presents the quality control results for chloroform, tetra­

chloroethylene, chlorobenzene, and dichlorobenzene. The very high recovery

of chloroform from the controls indicates either a miscalculation of the

amount actually spiked or contamination of the samples used as controls.

Since the procedural blanks contained about 15 times less chloroform, the

former explanation is most reasonable. However, the chloroform values

reported in Table 17 must be interpreted subject to the following
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Table 18. SUMMARY STATISTICS FOR VOLATILE COMPOUNDS BY SITEa

Tetrach1oro- Ch1oro- Dich1oro-
Site Chloroform ethylene benzene benzene

Bayonne. NJ

Maximum 1.3 6.3 0.2 66
Meanb 0.52 2.52 0.12 19.37
Median 0.5 1.5 0.004 7.9
S.D. 0.48 2.13 0.1 25.54
n 6 6 6 6

Jersey City, NJ

Maximum 65 43 0.3 68
Meanb 23.34 15.9 0.16 24.48
Median 17 8.1 0.1 2.8
S.D. 24.3 15.9 0.089 31.69
n 5 5 5 5

Pittsburgh, PA

Maximum 6.7 26 0.4 8.9
Meanb 1. 53 3.41 0.12 1.71
Median 0.85 1. 45 0.1 1
S.D. 1. 74 7.13 0.11 2.41
n 12 12 12 12

Baton Rouge, LA

Maximum 21 2.5 0.3 44
Meanb 3.09 0.79 0.16 8
Median 0.8 0.5 0.15 3.2
S.D. 6.34 0.75 0.096 13.98
n 10 10 10 10

Charleston, WV

Maxi~um 12 >19 10 26
Mean 7.21 3.21 1.20 4.30
Median 7.5 1 0.1 1.4
S.D. 3.55 6.02 3.30 8.25
n 9 9 9 9

Overall

Maxi~um 65 43 10 68
Mean 5.57 4.10 0.37 9.15
Median 1. 25 1. 25 0.1 1. 95
S.D. 10.9 8.15 1.53 17.3
n 42 42 42 42

~1aximum. mean and median values are ng/mL.
bA . h .rlt rnetlc mean.
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Table 20. SPEARMAN CORRELATION COEFFICIENTS FOR VOLATILE ORGANICS
FOUND IN MOTHER'S MILK

Chloroform

Tetrachloro­
ethylene

Chlorobenzene

Dichloro­
benzene

Chloroforlll

1.0

Tetrachloro­
ethylene

1.0

Chlorobenzene

b
-0.02

0.007
b

1.0

Dichloro­
benzene

1.0

aSignifica~t at 0.05 level (95 percent confidence).

b Not significant
Sample size c 42
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considerations: the mean reported levels in the samples were only 4.9 times

the blank levels; the recovery from controls was about 1400 percent, invali­

dating the recovery study; and chloroform is known to be a laboratory atmos­

pheric contaminant.

The compounds presented in Table 17 represented significant levels

above the background in blanks. Several other compounds were quantitated

that did not exhibit substantial concentrations. These compounds, with the

ratio of the mean in the samples to the mean in the background given in

parenthesis, were: l,l,l-trichloroethane (1:1), benzene (2:1), toluene

(2:4), trichloroethylene (1:2) and carbon tetrachloride (1:4). These levels

in the samples cannot be reliably assigned to either the milk sample or to

laboratory contamination. If these compounds are present in milk, they are

very low and cannot be regarded as significant, given the limitations of the

technique employed. Apparently, mother's milk does not represent a bioconcen­

tration matrix for these compounds.

SEMIVOLATILES

Three samples were fully interpreted, as presented in Appendix E. As

can be seen from the data, few compounds of interest were observed in the

mass spectra. The data were searched on the GC/MS data system for target

compounds (PCNs, PBBs and PCBs) using single ion plots called up from the

full data set. No evidence for any of these compounds was observed at a

detection limit of about 20 ppb. DDE was quantitated in five samples as

shown in Table 22. These values were in the range generally reported by

previous investigators (see Tables 2 - 4). Since none of the target compounds

were present in detectable quantities, no further identification or quantita­

tion was attempted.

59



Table 22. DDE AND TETRACHLOROBIPHENYL LEVELS IN SELECTED
MOTHER'S MILK SAMPLES

ng/mL Milk
Site Sample DDE TetrachlorobiphenylNumber

Pittsburgh 2105 45 ND
b

Pittsburgh 2121 73 TC

·Charleston, WV 4069 107 ND

Charleston, WV 4085 38 ND

Charleston. WV 4093 91 ND

d
71Mean

S.D. 29

RSD (%) 42

Median 73

a
Samples selected as having the most intense total ion current
chromatograms.

b Not detected.

c Trace.

d Arithmetic mean.
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STUDY OF ORGANIC COMPOUNDS IN HUMAN MILK

EPA Contract No. 68-01-3849

RTI Project No. 31U-1S2l-22

DATA COLLECTION INSTRUCTIONS

Performed for

Office of Toxic Substances

Environmental Protection Agency

Washington, DC 20460
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1.0 Introduction

Under contract to the Office of Toxic Substances. Environmental

Protection Agency (EPA). the Research Triangle Institute (RTI) is

conducting a limited study designed to measure environmental pollutant

levels in human milk and to evaluate the utility of using this body.

fluid in specific pollutant studies for populations in the vicinity of

manufacturing plants and/or industrial user facilities. RTI is responsible

for all phases of the study, including study design. subject recruitment.

chemical analysis of milk samples. and report writing. RTI is a not-for-profit

contract research organization located in North Carolina's Research Triangle

Park between Raleigh, Durham, and Chapel Hill. 'I'he Institute was incorporated
,~,~-

as a separate operating entity in 1958 by the University of North Carolina

(UNe) at Chapel Bill. Duke University at Durham, and North carolina State

University at Raleigh, and is still closely affiliated with the three

universities.

2.0 Overview

Four urban areas have been chosen as performance sites; they are

BridgeVille, Pennsylvania; the area which includes Linden and Bayonne,

New Jersey and western Staten Island. New York; Baton Rouge. LOUisiana;

and South Charleston and Nitro, West Virginia. 'Ihesesites represent

high-probability areas for the presence of one or more of the chemicals

of interest in human milk. The selected industrial chemicals of interest

include polychlorinated naphthalenes, tetrachlorethylene, trichloroethane.

dichloropropane, benzene, polybrominated biphenyls, chlorinated phenols.

toluene, chlorinated benzenes, and chloroform.
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At each of the four sites, arrangements will be made to work through·

clinical facilities such as hospitals, clinics, or physician's offices.

in order to recruit a panel of respondents. At each site ten participants

will be recruited. for a total of 40. Potential participants (lactating

females) will be screened to determine that they live in one of the areas

of interest and are willing and able to provide the milk sample.

A questionnaire will be administered for each participant to obtain

information on demographic variables, residence histories, and potential

exposure situations; for each participant, a sample of milk will be collected

and analyzed for the compounds of interest by gas chromatography/mass

spectrometry or high pressure liquid chromatography. A professional member

of the facility's staff. such as a registered nurse, will be trained 10 the

proper procedures to a~1ster the questionnaire and obtain the milk sample.

Io try to reduce the non-participation rate due to refusals, and to reimburse

the subject for the time spent on the study, volunteers will be offered a

$5.00 incentive for participating.

3.0 Data Collection

3.1 General Remarks

Data collection for this research effort consists of the following

steps:

1. Screening of potential participants (lactating women) to

determine that they live in one of the areas of interest

(see below), that they have resided in that area for at

least the preceding 12 monthS, that they have remained in

that area continuously for the preceding week, and that they

are willing and able to provide a milk sample.
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2. When au eligible person is encountered, the nature and

purpose of the study will be explained and their partici­

pation solicited.

3. When an eligible person agrees to participate. the person

will be required to signa Participant Consent Form (PCF)

in. order to participate in the study.

4. Once the participant has signed the pcr. the person should

be listed on the Participant Listing Form (PU), a Patient

Number assigned. and the data collector will proceed to

administer the Study Questionnaire (SQ) and collect the

milk sample.

5. Once the SQ has been administered and the milk sample collected,

the participant will be offered a $5.00 incentive for

participating.

6. Milk samples and completed data collection instruments will

be returned to RII.

3.2 Survey Instruments

As indicated in the preceding section. there are 3 data collection

instruments for this research effort. the PCF. the PLF. and the SQ; subsequent

sections contain instructions for the use of each instrument as well as

item-by-tiem explanations for their completion, and general descriptions

are provided below. The survey instruments have been designed hopefully

to provide an efficient means of collecting and recording the requisite

data for the study. It is imperative that a~~ survey instruments be aompZeted

acauratety. The success aDd reliability of the study and its results are

dependent upon the quality of data collected, which· will be fully dependent
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on the accuracy of your execution of your assignment. As you complete

a form. conduct a thorough edit to verify that required data have been

entered and entered correctly. Copies of the data collection instruments

appear in Attachment 1.

3.2.1 Participant Consent Form (PCF)

Purpose: The purposes of the PCF are to introduce

the study; explain its objectives. sponsorship (the

relationship and roles of &II and EPA). and require­

ments of and risks. burdens. and benefits to partici­

pants; and stress that participation is completely

voluntary and that all data collected will be kept

confidential.

General Description: The PCF is a single page form

printed on special paper which makes three copies from

a single impression. The survey title appears at the

top. along with the name of RTIi spaces for necessary
)

identifying information appear at the bottom.

Administration: The PCF will be signed by the partici­

pant and contains an agreement to provide the necessary

information and milk sample. Participants may freely

withdraw from the study at any time; however. in order

to encourage participation III offers an incentive of

five dollars to each participant to be paid after each

data set (PCi. SQ. and milk sample) 1s obtained. Again.

confidentiality of data is stressed. including steps
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taken to disassociate the name of the participant

from the data once collected. for example~ the pcr

is the only data collection instrument which bears

the name of the participant and allows its association

to study identification numbers, but will be maintained

in hard copy only and stored in a .restricted area.

To further emphasize this disassociation, the incentive

will be paid in cash rather than by check or money order,

although the participant will sign the PCF indicating

that the incentive was received. A signed PCF must be

obtained for each participant before proceeding with

Study QUestionnaire rSQJ administration and collection

of the milk sample.

Disposition: The top (white) copy will be attached

to the appropriate SQ until it is received at RTl and

verified. the yellow copy will be prOVided to the

particip~t. the pink copy will be retained by the data·

collector.

3.2.2 Participant Listing Form (PLF)

Purpose: The purpose of the PLF is to prOVide a means

of assigning unique numbers to participants at each

performance site.

General Description: The PLF 1s a single page form

printed on pink paper; space for Comments is provided

on the reverse side. The survey title appears at the

top, along with the names and addresses of iTl and EPA/OTS

and a confidentiality statement.
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Administration: As each participant is enlisted up

to the required number (10), that participant should

be listed on the PLio

Disposition: When data collection at a site or facility

is completed, the PLF (or a copy) should be sent to RTl.

3.2.3 5tudy Questionnaire (5Q)

Purpose: The purpose of the 5Q is to obtain information

on participants, including demographic characteristics

such as age, sex, race, and occupation; residence infor­

mation; health information such as current health status

and prescription medications; and personal characteristics

such as hobbies.

General Description: The 5Q is divided into six sections,

dealing respectively with demographic characteristics,

occupation, health and personal habits, residence and

household information, information on the interviewer and

respondent, and information regarding the milk sample,

including an indication as to whether or not the milk

sample was obtained, the date and time of acquisition

of the sample, and the date the sample was shipped to RTl.

Participants will be identified by a unique study number

used to correlate and cross-identify the questionnaires

and samples by way of pre-printed self-adhesive labels.

The 5Q is S pages long, with space provided for comments.
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Administration: An SQ is to be completed for each

participant for whom a signed PCP is obtained.

Disposition: The SQ'. are to be sent to RT! as instructed.

3.3 Screening

As indicated in section 3.1, potential participants (lactating women)

should be screened to determine that they meet certain study criteria for

participation:

1. That they are willing and able to provide a milk sample of

sufficient quantity (approximately 100 ml.),

2. That they live in one of the areas of interest (see below),

3. That they have resided in that area for at least the preceding

12 months, and

4. That they have remained in that area continuously for the

preceding 7 days.

As indicated in section 2.0, four areas have been chosen as perfor-

mance sites, with a specific Site Number assigned to each which will remain
,

constant for each site and is to be entered where appropriate on data

collection instruments as follows:

Site Number

Northern New Jersey/Staten Island, New York

Bridgevllle,Pennsylvania

Baton Rouge, Louisiana

NitrO/South Charleston, West Virginia

1

2

3

4

With the exception of Bridgeville, Pennsylvania. participants residing in

some areas at each site are of considerably more interest to the study than

those living in others, as discussed in the folloving sections'.
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3.3.1 Northern New Jersey/Staten Island, New York

Within the Northern New Jersey/Staten Island area, potential

participants residing in some communities are of more interest than those

residing in others, more or less in the order listed below:

1. Bayonne, NJ 9. Elizabeth, NJ

2. Northern Staten Island 10. Sayreville, NJ
(Port Richmond), NY

11. Rahway, NJ
3. Linden, NJ 12. Edison, NJ
4. Carlstadt, NJ 13. Parlin, NJ
5. Saddle Brook, NJ 14. Passaic, NJ
6. Jersey City, NJ 15. Patterson, NJ
7. Kearney, NJ 16. Wayne, NJ
8. Newark, NJ

3.3.2 Baton Rouge, Louisiana

Potential participants residing in Baton Rouge are of primary

interest to this study; other communities in the Baton Rouge area of interest

are Placquemine, St. Gabriel, and Geismar.

3.3.3 Nitro/South Charleston, West Virginia

Potential participants residing in Nitro and South Charleston

are of primary interest to this study; other communities of interest in the

area are Belle and Institute.

3.4 Participant Listing Form

When an eligible person is encountered who agrees to participate,

that person should be listed on a PLF 10 order to be assigned a unique

Participant NUmber. The PLF is completed by entering the appropriate Site

. Number (see section 3.3 above); then, each time that an eligible participant

is encountered who agrees to participate, up to the number required, enter the

Participant's Name (Last~ First~ MiddZe) on the PLF and assign a Participant

number in the left-hand column, beginning with 0001 at each site unless other-
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wise instructed. Assign Participant Numbers consecutively for all study

participants. Where appropriate, enter the participant's MedicaZ Record

Nwrtber in the right-hand column. When making numericaZ entries~ right-adjust

and enter Zeading aeros.

3.5 Participant Consent Form

Potential participants must understand exactly ·what is involved in

participation in the study and w~t benefits may be realized by participation;

this understanding and agreement must be documented by a signed PCF. In the

event that the potential participant is under the age of 18 years, the person's

parent or other legal guardian must sign the PCF in order for the designated

eligible to participate.

More specifically, the potential participant and/or that person' s :,~

parent, guardian or other spokesmaD, must understand that full participation .:)~

in the study consists of providing answers to a questionnaire related to

environmental exposure, part of which relates to the individual's household

in general and part of which is related to the individual participant (be

prepared to show the person the SQ)~ and providing a milk sample of approximately

100 mI. (be prepared to show the person one of the coLZection bottZes.J

The individual must further understand that she will only enjoy certain limited

benefits 10 return for her time and inconvenience, primarily a $5.00 incentive

to be disbursed after administration of the questionnaire and collection of

the milk sample. The individua~ must understand that participation in the

study is completely voZuntary and that she may withdraw at any time, but that

payment of the incentive is dependent on fuZZ participation. The individual

must also understand that all data collected 10 the study will be held

strictly confidential, and that names will not be disclosed.
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If the participant or that perons's parent, guardian or other

spokesman agrees to participate, read through the pcr with them and make

entries where appropriate. At the bottom, record the Date (month~ day~ and

lIea21) that the pcr is signed and print the Participant's full Name (First~

Midd'le or Maiden~ Last - do not abbreviate); record the appropriate Site

Number (see section 3.3 above) and Participant number (from the PLF); have

the participant (or other appropriate person) sign the PCF; enter your signa­

ture as witness; and record the participant's home Address (Street ~er and

Name~ City~ State~ and Zip Code) in the spaces provided.

After data collection (administration of SQ and collection of milk

sample) is completed, the participant (or that person's parent or guardian)

should be given $5.00. the recipient must sign in the space provided at the

bottom of the PCF to indicate receipt of the incentive. Should the signatures

on the per for Participant and Recipient be other than the participant's,

please explain in the Comments section of the SQ.

Finally, as indicated in section 3.2.1, the top (white) copy of

the peF is to be attached to the appropriate SQ; the yellow copy is to be

prOVided to the participant or her guardian; and the pink copy is to be

retained by the data collector.

3.6 Study Questionnaire

Before proceeding with administration of the SQ, read the justifi­

aaticm and aonfidentiatity statement in the box on the cover. Enter the

appropriate Site (see section 3.3 above) and Participant (from the PLF)

Numbers. Stapled inside the SQ you will find a set of pre-printed, self­

adhesive labels which are necessary to identify corresponding SQs and samples.

Each label cODtains a unique St'Ud.1/ Nwirber~ which should be the same on all
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labels in a set. and an indication of what the label is for. You should

also have some labels that have only a Study Number and a few that are

completely blank. these are for your use in the event that a label is

damaged or missing. If you use a label that has a Study Number only.

you will have to write on the label what it is intended for. such as MILK;

if you use a blank label. you must write on the label the Study Number and

what it is intended for. Check to be Sure that all the labels in a given

SQ contain the same Study Number; if not. do not use the SQ and return it

to RII. If the Study Number is the same on all labels. remove the one for

the QUESTIONNAIRE and place it on the cover of the SQ over the spaces

provided for the Study Number. Space for Comments is provided on page 5.

If the. participant is under 18 years of age. the SQ may have to

be administered in whole or part to the parent or guardian, and must be

administered in that person's presence. If the participant suffers from a

speech or hearing deficit, or is otherwise incapacitated, the SQ may have

to be administered to the spouse or some other spokesman.

Item 1 - Race: Indicate the participant's race by placing an X

in the appropriate box. This question may be answered by

observation; however, if there is any doubt whatsoever~ ask.

Item 2 - Age: Determine and enter the participant's age in years

as of the last birthday.

Item 3 - Birthdate: Determine and enter the participant's exact

birthdate (month. day and year). Again. remember to right­

adjust and enter leading zeros. A note on dates: accept and

record partial dates~ if that is all that the respondent can

provide; in that case, indicate missing elements of the date
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with a dash (-) -- for example. April 1977 would be

recorded as m -EE - IllZl .
Item 4 - Weight: Determine and enter the participant's approxi­

mate weight in pou7lds (to the nearest pound-lIO fractions!)

or kiZograms~ in which case observe the decimal.

Item 5 - Height: Determine and enter the participant's approximate

height in inches or centimeters.

Item 6 - Current Employment: Determine if the participant is currently

employed in any capacity and place an X in the appropriate box.

If the answer is Yes. continue to Item 7; if the answer is

No. skip to Item 10.

Item 7 - Length of Present Employment: Determine and record the

length of time that the participant has been employed by

her present employer; enter the units in the spaces provided.
and then place an X in the appropriate box to indicate whether

the units represent days, months, or years.

Item 8 - Occupation Away From Home: Determine i£ tbe participant's

occupation usuaLLy takes her away from home and place an X 10

the appropriate box. If Yes, continue to Item 9; if No. skip

to Item 11. This question, and Item 9 below. ire aimed at

eliciting information regarding the location of the participant's

various exposure to the environment.

Item 9 - Location of Present Employment: 1£ the participant is

currently employed. determine the nature (not the name) and

location (street address. city. state. and Zip Code. if known)
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of the, employer. By nature~ we mean the type of business,

such as service station, school, hospital, grocery store,

doctor's office, hotel, restaurant, etc.

Item 10 - Employment Status: If the participant is not presently

employed, determine which of the provided categories best

describes the participant's status and place an X in the

appropriate box. If the response is choice 1 or 2, skip

to Item 15: if 'the response is choice 3-5, continue to Item 11.

Item 11 - Usual Occupation: Determine and record the participant's

usuaL (or most common) occupation (whenempZoyed); be succinct ­

e.g., high school coach, waitress, hotel desk clerk, taxi driver.

Item 12 - Present Occupation: Determine if the participant is c,_

presently employed in her usual occupation (indicated in Item

~l) and place an X in the appropriate box. Items 12 and 13

may be skipped for unemployed, retired and disabled persons.

Item 13: If the response to Item 12 was positive, determine how

long the participant has been employed in her usual occupation

(recorded in Item 11) and record; enter the units in the spaces

provided and then place an X in the appropriate box to indicate

whether the units represent days, months or years.

Item 14: Determine 1f the participant presently works at or in any

of the listed occupations or establishments and place an X

in each appropriate box.

Item 15 - Present Smoking Status: Ascertain if the participant

currently smokes cigaretteB~ and place an X in the appropriate

box. If YES, continue to Item 16; if NO, skip to Item 18.
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~Item 16 - Age at First Smoke: If the participant is a smoker

(a positive respoase to Item 15), ascertain the age (in years)

at which the participant started smoking and record in the

spaces prOVided.

Item 17 - Smoking Frequency: Ascertain how many cigar~ttes the

participant smokes pep day~ on the avepaee~ and place an X

in the appropriate box. If the participant uses tobacco in

some form other than ciga:rettes~ such as snuff~ record in the

space provided.

Item 18 - Time Outdoors: Ascertain the average number of houzos

that the participant spends out of doors each day and record

in the spaces prOVided - another indication of environmental

exposure.

Item 19 - Time Away From Home: Determine how many hours of the day

on the average the participant normally spends more than 2

miles away from home, and record in the spaces provided. This

determination should be done separately for weekdays and

weekends.

Item 20 - General Health Status: Using the four qualifiers provided,

ascertain the participant's general current health status and

place an X in the appropriate box.

Item 21 - Prescription Medications: Inquire as to whether the

participant 1s currently taking any prescription mediaation(sJ

on a regular daily basis and place an X in the appropriate

box; 1f YES, determine and record the drug name - e.g., penicillin,

oral contraceptives, Valium, phenobarbital, etc.
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Item 22 - Non-prescription Medications: Inquire as to whether

the participant has taken any non-prescription medications

iD the past 24 hours. and place an X in the appropriate box;

If YES. determine and record the drug name -e.g•• aspirin.

vitamins. Dristan. BufferiD. Alka-Seltzer. etc.

Item 23 - Gasoline: Inquire as to whether the participant pumps

her own gasoline. for example at serf-service pumps. and place

and X in the appropriate box.

Item 24 - Egg Consumption: -Determine and record the approximate

number of .eggs that the participant has eaten in the past

48 hours. Again. in recording numerical entries. remember

to right-adjust and enter leading zeros.

Item 25 - Hobbies: Determine if the participant pursues any of

the listed avocations and place an X in each appropriate box .

.Item 26: Determine if the participant pursues any activity that

includes regu~ use of solvent glue or model airplane cement.

and place an X in the appropriate box.

Item 27 - Length of Residence in Area: Determine how many years

the participant has lived in the area of interestJ and record

in the spaces prOVided. Round to the nearest year. except

that if the response is less than one year record as [3J[I]

8nQ terminue the i:nterviev; tne individual is ineligible to

participate further in the study. This situation should be

-detec.ted during the screening process.
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Item 28 - Length of Residence at Current Address: Determine how

long the participant has lived at her aurrent address;

record the units in the spaces prOVided and place an X in

the appropriate box to indicated whether the units represent

days. months. or years. Use the most appropriate units and

round to the nearest appropriate unit. For example. more

than 28 days should be expressed in months and more than 11

months should be expressed in years. If the participant has

resided at her current address for less than 12 months, but

has lived in the area of interest for at least 12 months,

record any previous addresses during the preceding 12 months

(city and state is sufficient) in the Comments section.

Item 29 - Cooling Appliances: Determine whether any of the indicated

appliances or others. in which case specifY~ are used to cool

the participant's home and place an X in the appropriate box(es)

for aZZ that apply.

Item 30 - Home Garden: Determine if the participant's household

consumes food grown in a home garden and indicate the response

by placing an X 10 the appropriate box. If a positive response

Is obtained. determine the location of the garden and record.

Location could be parti.cipant;'s ba.ckYa:t'd~ or another community.

in which case specify city and state; be as specific as

possible.

Item 31 - Commercial Food Source: Determine where the participant's

household usually obtains fruit and/or vegetables and record.
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Againl be as specific as possible. For example, if

the eity or town has more than one store. by the same name,

the store name alone would not be an adeuqate answer; as a

matter of eourse, reeord the name~ loeation of the store,

market, or vendor.

Items 32-34 - Water Sources: In Item 32, try to determine the

primary source of drinking water for the participant's

household and place an X in the appropriate box. In Item

33, determine if the same primary drinking water source

indicated in Item 32 is used for drink mizes such as coffee

and tea; if it differs, indicate how. In Item 24, try to

determine the primary source of water for cooking in the

participant's. household and place an X in tl\e appropriate box:

For example, some households in some areas of the country

use bottled water for drinking and drink mixes but tap water

(from whatever source) in eooking.

Item 35 ~ Other Household Tobaeco Use: Inquire as· to whether

other members of the participant's hO.usehold smoke, and place

an X in the appropriate box; if YES. determine if the other

members smoke cigarettes, cigars, a pipe, etc. and place an

X in each appropriate box.

Item 36 - Occupation of Other Household Members: Determine if any

other cembers of the participant's household work at any of

the listed occupations or businesses, and place an X 10 each

appropriate box.
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Item 37 - Hobbies of Other Household Members: Determine if any

other members of the participant's household pursue any of

the listed avocations, and place an X in each appropriate box.

Respondent/Interviewer Information

Item 38 - Respondent: Indicate, by placing an X in the appropriate

box, whether the person who served as the primary respondent was

the participant or some other person, in which case specify. .
in the space provided.

Item 39 - Interviewer Number: Enter your assigned 3-digit

Intervi~er identification Number.

Item 40 - Date of Interview: Enter the date (month, day and year)

that the interview was conducted and the questionnaire completed.

Item 41 - Interviewer Name ~ The name of the person administering

the questionnaire should be printed in the space prOVided.

Sample Information

Item 42: Indicate, by placing an X in the appropriate box, whether

or not a milk sample was collected; if not, explain in the

Comments section below.

Item 43 - Date and Time of Milk Sample' Collection: If a milk sample

is collected, record the date (month~ day and year) and

approximate time (using a 24-hour c~ock) of such collection.

The time should correspond to the time that collection was

completed; on a 24-hour clock, add 12 to the p.m. hours - e.g.,

1:00 p.m. would be 13:00, 5:30 would be 17:30, uc.
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Item 44 - Date Shipped to lTl: Record the date (month. day and

year) that the respective milk sample was shipped to lTI~ or

turned over to an arI representative.

3.7 Collection of the Kilk Sample

3.7.1 General Remarks

As indicated in section 1.0 above. the milk samples are

being collected for chemical analysis by arI as part of an.EPA study to

measure pollutant levels in human milk and evaluate the utility of using this

body fluid in spec~f~c pollutant studies. The chemical compounds for wh~ch

the samples will be analyzed are present in extremely low levels, 50 the

utmost care and cleanliness must be used to prevent either contamination or

loss. The instructions below are designed to preserve the integrity of the

sample and should be followed precisely.

3.7.2 Sample Collection Instructions

1. The bottles provided have been thoroughly cleaned and

should be kept tightly closed. except during sampling;

do not wash or otherwise clean them.

2. Remove the MILK SAMPLE label from the sheet of labels

in the appropriate SQ and place on one of the collection

bottles.

3. The milk should be manuaLly expressed directly into the

the bottle; do not use breast pumps or other devices as

the plastics in such devices would contaminate the sample.

Rands should be cleaned and thoroughly rinsed to remove

any residual soap; do not use rubber gloves.
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4. Collect as much milk as possible. Unless the mother

has recently nursed her infant, at least half a bottle

should be easily obtainable. Less thaD half a bottle

is unuseable and does not constitute a sample. The

ability of the participant to provide an adequate sample

should be determined during the screening process.

5. Immediately cap the bottle and double check to see that

the study numbers on the bottle and questionnaire match.

6. The milk sample should be immediately frozen fo1lawing

collection and remain so until shipping.

7. Note any deviations from this procedure in the Comments

section of the appropriate SQ.

3.7.3 Shipping Instructions

1. Pack the container as it was received.

2. Fill the can with dry ice.

3. Make sure that there is adequate padding to prevent

breakage, that all excess space is filled with packing

material.

4. Fill out enclosed Federal Express forms, attach to

the outside of the box, and seal the box.

S. Call Federal Express and have them pick up the package.

6. When Federal Express picks up the package, call Dr. Mitch

Erickson at RII (see below) to notify him that Federal

Express has picked up the package; if Dr. Erickson 1s out,

leave an appropriate message with his secretary.
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7. Hail the corresponding questionnaires to RTl in one of

the envelopes provided.

8. When the questionnaires are in the mail. call Ben Ranis

at Rtl (see below) to notify him that the questionnaires

are in the mail; if Hr. Ranis is out, leave an appropriate

message with bis secretary.

4.0 Confidentiality

All survey research conducted by RTI is based on highest ethical standards,

including those related to confidentiality. These standards are applied from

the earliest steps of deciding whether or not &II should participate in a

proposed survey to the final steps of analyzing and reporting the 1D.formatioD."

obtained. Strict precautions must be observed at all times to protect

the rights of those whom we interview or about whom we collect data. ,Such

precaution~ are built into the study design. so that promises of confidentiality

and anonymity will be upheld during all phases of data handling and analysis.

No amount of effort to insure confidentiality will be successful.

however. unless those responsible for data collection in the field maintain

equally rigid standards, treating with utmost confidence all information offered

or observed during data collection. Successful and meaningful survey research

is dependent on the establishment of trust between individuals engaged in data

collection and sources of information. and maintaining this sense of responsibility

to the public throughout all survey activities.

Each data collector will be required to sign in duplicate a contractual

agreement which includes provisions on confidential treatment of data. This

agreement is designed to protect you as well as RTI and participating institu­

tions and individuals. A copy of this agreement appears in Attachment 2.
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The importance of total confidentiality cannot be over-emphasized. Any

breach of confidence could result in litigation.

5.0 Contacts vith Project Staff

During the data collection period it will be necessary for data

collectors to maintain regular contact with RTl project staff by telephone.

While you are collecting data. problems or confusing issues.may arise that

are not addressed in these instructions. You are encouraged to telephone

RTl whenever you experience a problem or encounter a situation which you

feel you cannot adequately handle.

All supplies required for data collection vill be furnished by RTl.

Should you require additional supplies during the conduct of data collection,

inform your RTl contact so that proper arrangements can be made. Need for

additional supplies should be anticipated so that your work vill not be delayed

while you await receipt of needed items. All study-related items that are

in your possession at the conclusion of data collection are to be returned

to RTl or disposed of according to instructions from your RTl contact.

Calls to BTL should be made between the hours of 8:30 a.m. and 5:00 p.m.

(Eastern Time). Monday through Friday, to RIl's toll-free number, 800-334-8571.

Request to speak to the appropriate project staff member listed below:

Dr. Mitch Erickson Extension 6505

(regarding miLk sampLe aoLLeation)

Mr. Ben Barris Extension 6055

(regarding partiaipant seLeation and questionnaire administration)

91



If the problem is particularly acute, and you have trouble getting through

on_the toll-free line, call collect 919-541-6505 (Dr. Erickson) or 919-541-6055

(Mr. Barris). After 6:00 p.m. Eastern Time you may call Mr. Barris collect

at work (919-541-6055) or person-to-person at home (919-942-6988).
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Attachment 1

Data Collection Instruments
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OMI No. , 51-$7801
"-'hll"'" 500_ III·

RESEARCH TRIANGLE INSTIT\JTE

STVDV OF ORGANIC COMPOUNDS IN HUMAN MILK

PARTICIPANT CONSENT FORM

I uncl.mand tIln R_.rch Triangl. Institul. il .ngtg.d in • rtudy of V.';OUI O'lllnic compOundi a 'h.y II'Pt'"

in hum.n milk. I und.m.nd tIln lht Rlrv.y il being condu~td in order to mtaurw the 1..... '" of V"'IOUI o'llinic
comllouncll in humin milk.· ..d it limi,..:! 10 ttl. INr'\lOIII Itlltd. I furttlt, uncllmlnd ttln the lu.... y il bting
conduct..:! under thl ...picn of thl United 5'111' environrnentll ProtlC"tion Agency in COOIlll..tion with

[Name of Local Agency) •

I aO h."by fretly conltnt to p.rticiPitt in tIlil ftUdV of or9lnic OIlmpou/ldl in ""man milk Incl Undlmand ttln
my llartil:iPltion will conlin of p'O¥idirtt anrwers to • QUlltionnlirw '11 lied to tnvironmontli .XllOlurw lind p,o­
vlaing • milk "",pl. of IOP,oxill\l,lIy 100 mi. I und.rtUrld th.t III I;Int of RIUII'CII Tri.n9" InrtitIJtt will
edmlnim, l:h. C!u.ltionn.i .. and OIlIi.ct tho milk IImpll. an.. wIIiCIII will_i.. an irtClntivl of liv. doill" fo, my
Ilemcipltion.

I undomond l:hn my nllN will not be volunurily ailCioltd. or ..lIrreel to in IftV WIV whon comlliling Ind
IVlluning ttl. I't1Uln of the m"iSy. I uncl.mlnd 1lI.t IlIrti=llllion in ttli, ItIJdy IftIY rwlUlt in no dil'Kt ben,'it:l to
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ou.ItiOnt .bout blll1liKt, I kn_ ttl·., I 1m f,.. 10 contICt

...~/\o.. ",mlllt _

or Mr. Bonjlmin S. H. H.m.. III. Surv.., Olltrltionl c.nlllr. RUlItdl Triongl. Inrtinoltt. R.IlIrd'l T,ilngll Pltk.
North Corolin. 27708. tll.phone numbe, 81."1-6055.
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STUDY OF ORGANIC COMPOUNDS IN HUMAN MILK
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!
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I I

95



COMMENTS

96



OMI HD. '58-5780
A_I e.Pi,,"~"

STUDY OF ORGANIC COMPOUNDS IN HUMAN MILK

-.a-1II1rr'
Office 01 T.1e s.._
E""i..."",emll "DI..'.... IoeencYW.i"". g.c. ~

Co-.cI.,:
~_ft TritftIIl 1_IlUU
'.0. IDa 121IM
R,_reIl T'ioIIIfl ...... N_ CaroIi.. 277118

QUESTIONNAIRE

THE RESEARCH TRIANGLE INSTITUTE OF RESEARCH TRIANGLE PARK. NORTH CAROLINA, IS

UNDERTAKING A RESEARCH STUDY FOR THE U.s. ENVIRONMENTAL PROTECTION AGENCY

OF LEVELS OF VARIOUS ORGANIC COMPOUNDS IN HUMAN MILK. THE INFORMATION

RECORDED IN THIS OUESTIONNAIRE WILL BE HELD IN STRICT CONFIDENCE AND WILL BE

USED SOL.ELY FOR RESEARCH INTO THE EFFECTS OF ENVIRONMENTAL FACTORS ON PUBLIC

HEALTH. ALL RESULTS WIL.L BE SUMMARIZED FOR GROUPS OF PEOPL.E; NO INFORMATION

ABOUT INDIVIDUAL PERSONS WIL.L BE REL.EASED WITHOUT THE CONSENT OF THE INDI·

VIDUAL. THIS QUESTIONNAIRE IS AUTHORIZED BY LAW !P.L. ~I. WHIL.E YOU ARE NOT

REQUIRED TO RESPOND, YOUR COOPERATION IS NEEDED TO MAICE THE RE5UL15 OF THIS

SURVEY COMPREHENSIVE. ACCURATE, AND TIMELY.

PlftlcipMt ""'"boIr: []]
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Attachment 2

Rese~rch Triangle Institute

Data Collection Agreement
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rol' Project _

DAU COUECTION

Project No.

I. • esree to provide, a. an
employee of Powerforce Company, Lac •• field data collection .ervice. for
lesearch Triangle lnatitute in connection witb the project named above.

a. I agree to provide aervice. within tbe guideline. aDd .pacifica­
tiona for project data collectioD activitia. provided by lesearch
Triangle laatltute:

b. I am avare that the research beiDg couducted by the In.tieute 1a
beinl performed UDder contractual arrangement with ___

----------------------------------------_:
c. I asree to treat as confidential all tnformatloQ .ecured durlng

iDtervlevs or obtaiDed in any project-related way during tbe
period I am praviding lervicel to the lastltute:

d. I shall at ell times recognize aDd protect the confidentiality
of all 1nformatlon ••cured vbile pravldina my .arvice. throughout
the conduct of this re.earch projectj

e. I am avara that the ,uI'Vey instrument. completed form the-ba.is
fr~ which ell tbe aDalysis will be dr8WU. and therefore agree
that all vor~ for vbich I submit invoice. will be of high quallty

"and in accordance with project apecificatiaus: and

f. I fully agree to conduct myself at all time. tn a maaner that
will obtatn tbe re.pect and confidence of all individuals from
wh~ data will be collected and I will not betray this confidence
by divulsins information obtalned to anyone other than authorized
rapre.entatlvel of lesearch TriaDgle Inltitute.

Dated at ------:r.:-:=-;;-=-~----------""'i:::_:_:_:_;:__---(City/town) (State)

this day of ________ 19__

Employee

'01' l ....rch Triangle la.titute
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APPENDIX 8

SAMPLING AND ANALYSIS OF VOLATILE ORGANICS IN MILK
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SAMPLING AND ANALYSIS OF VOLATILE ORGANICS IN MILK

1.0 Principle of the Method

Volatile compounds are recovered from an aqueous or solid sample by

warming the sample and purging helium over it. The vapors are then trapped on

a Tenax cartridge which can be introduced by thermal desorption directly into

the GC/MS for analysis. This protocol is the result of extensive development
efforts. (1-9)

2.0 Range and Sensitivity

For a typical organic compound approximately 30 ng is required to

obtain mass spectral identification using high resolution gas capillary

GC/MS analysis. Based on a 50 g milk sample, a detection limit of about 0.6

~g/kg would be possible. The dynamic range (limit of detection to saturation

on the mass spectrometer) for a purged sample is ~104; however, smaller

samples may be purged and the upper end of the range increased commensurately.

3.0 Interferences

Two possible types of interferences must be considered: (1) material

present in the sample which physically prevents the effective purge of the

sample, and (2) material which interferes with the analysis of the purged

sample. In the former case, several techniques have been developed to

handle such problems (e.g., foaming) by diluting and stirring the sample.

The second case is minimized by the use of GC/MS for the analysis, since

unique combinations of !/! and retention time can be selected for most

compounds. This permits the evaluation of compounds even though chromatogra­

phic resolution is not obtained.

4.0 Precision and Accuracy

The purge and trap technique has been evaluated for a variety of

matrices using model compounds which are expected to 'be typical of volatile

halogenated compounds.(l)
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The recovery of the purge step was validated using cow's milk samples

spiked with l4C-chloroform, 14C-carbontetrachloride, 14C-chlorobenzene and

l4C-bromobenzene. The average recoveries were 88, 88, 63, and 35 percent,

respectively. The recoveries correlate roughly with volatility (inve~sely

with boiling point), so anticipated recovery for other compounds may be

interpolated from these data.

5.0 Apparatus

5.1 Purge Apparatus

The purge apparatus is shown in Figure 1.

5.2 Sampling Cartridges

The sampling tubes are prepared by packing a 10-em long x 1.S-cm i.d.

glass tobe containing 6 cm of 35/60 mesh Tenax GC with glass wool in the ends

to provide support. (2,3) Virgin Tenax is extracted in a Soxhlet extractor for

a minimum of 24 h with redistilled methanol and pentane prior to preparation

of cartridge samples. (2,3) After purification of the Tena~ GC sorbent and

drying in a vacuum oven at 100°C for 2-3 h allot the sorbent material is

meshed to provide a 35/60 mesh-size range. Sample cartridges are then prepared

and conditioned at 270°C with helium flow at 30 mL/minfor 30 minutes. The

conditioned cartridges are transferred to Kimax~ (2.5 em x 150 cm) culture

tubes, immediately sealed using Teflon-lined caps, and cooled. This procedure

is performed in order to avoid recontamination of the sorbent bed. (2,3)

5.3 GC/MS/COMP

The volatile halogenated hydrocarbons purged from water are analyzed on

either an LKB 2091 GC/MS with anLKB 2031 data system or a Varian MAT CH-7

GC/MS with a Varian 620/i data system. The sample, concentrated on a Tenax GC

cartridge, is thermally desorbed using an inlet manifold system. (2,4) The

operating conditions for the thermal desorption unit and the analysis Tenax GC

cartridges are liven in Table 1.

6.0 Materials

6.1 Sampling

Clean, 120 mL, wide-mouth glass bottles with Teflon-lined caps are used

for the collection of milk samples.
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6.2 Purge

Tenax cartridges - 16-mm o.d. x 10.5 em glass tubes filled with 6 cm of
Tenax with I-em glass-wool plugs in each end.

Charcoal cartridges - 16-mm o.d. x 6 cm filled with 4 em of charcoal

and glass-wool plugs in each end.

Glass culture tubes with Teflon-lined screw caps.

7.0 Procedure

7.1 Collection of Field Samples

Milk (60-120 mL) is expressed directly into the wide-mouth bottle,

capped tightly, and frozen for shipment and storage. To preserve the inte­

grity with respect to volatiles, handling and transfer must be minimized.

7.2 Purging of Volatiles

The apparatus is assembled as depicted in Figure I, including the Tenax

GC cartridges (l.S-cm diameter x 6.0-cm length). A carbon cartridge 1.S-cm

diameter x 4.0-em length is connected to the effluent end of the Tenax

cartridge to prevent contamination of the cartridge by laboratory vapors.

The milk sample is cooled to ~4°C, shaken vigorously and 100 mL diluted with

350 mL distilled water. The pH of the solution is adjusted to 4.0 with

sulfuric acid. A glass-wool plug is inserted into the center neck of the

flask just above the level of the solution and, with the flask in a heating

mantle, the solution is heated to 70°C while it is stirred with a magnetic

stirrer. The sample is purged at IS mL helium/min and 70°C for 90 minutes.

The loaded cartridge is removed and stored in a culture tube containing 1-2 g

CaS04 desiccant for 2-12 h. The desiccant is removed from the culture tube

and the dry, loaded cartridge stored at -20 0 e.
7.3 Analysis of Sample Purged on Cartridge

The instrumental conditions for the analysis of volatile compounds of

the sorbent Tenax GC sampling cartridge are shown in Table 1. (2-9) The

thermal desorption chamber and six-port valve are maintained at 270°C and

200°C, respectively. The helium purg@ gas through the desorption chamber is

adjusted to 15-20 mL/min. The nickel capillary trap at the inlet manifold

is cool@d with liqUid nitrogen. In a typical thermal desorption cycle a

8amplin& cartrid&e is placed in the preheated desorption chamber and helium

gas is channeled through the cartridge to purge th@ vapors into the liquid
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nitrogen cooled nickel capillary trap. After desorption the six-port valve

is rotated and the temperature on the capillary loop is rapidly raised; the

carrier gas then introduces the vapors onto the high resolution GC column.

The glass capillary column is temperature prograllUDed from 20°C to 240°C at

4°/min and held at the upper limit for a minimum of 10 minutes. After all

of the components have eluted from the capillary column, the analytical

column is cooled to ambient temperature' and the next sample is processed.

7;4 Quantitation

All data are acquired in the full scan mode. Quantitation of the

halogenated compounds of interest is accomplished by utilizing selected ion

plots (SIPs), which are plots of the intensity of specific ions (obtained

from full scan data) versus time. Using SIPs of ions characteristic of a

given compound in conjunction with retention times permits quantitation of

components of overlapping peaks. Two external standards, perfluorobenzene

and perfluorotoluene, were added to each Tenax GC cartridge in known quanti­

ties just prior to analysis. In order to eliminate the need to construct

complete calibration curves for each compound quantitated, the method of

relative molar response (RMR) is used. In this method the relationship of

the RMR of the unknown to the RMR of the standard is determined as follows:

where A =peak response of a selected ion,
std =standard
unk = unknown

g =number of grams present, and
GMW =gram molecular weight.

Thus, in the sampl~ analyzed:
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The value of an RMR is determined from at least three independent analyses

of standards of accurately known concentration prepared using a gas permeation

system. (3) The precision of this method has been determined to be generally

tlO percent when replicate sampling cartridges are examined.
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APPENDIX C

ANALYSIS OF SEMIVOLATILE ORGANIC COMPOUNDS IN MILK
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ANALYSIS OF SEMIVOLATILE ORGANIC COMPOUNDS IN MILK

1.0 Principle of the Method

Milk samples are collected from nursing mothers and frozen until ready

for analysis. An aliquot of the thawed sample is then extracted, cleaned up

by Florisil column chromatography and analyzed by GC/MS/COHP.

The extraction procedure used here is preferable to that used by the

AOAC(I), since both polar and nonpolar compounds are extracted from the

milk. The AOAC method is designed for pesticide residues and would not

efficiently extract polar and/or acidic compounds.

Open column chromatography is a necessary prerequisite to GC/HS/COMP

analysis. Although some lOIs of sample may occur during the extraction and

cleanup, these procedures remove proteins and fats from the sample which

would otherwise create overwhelming interferences for GC/MS/COMP analysis.

Since the compounds of interest in these fractions cover luch a broad

range of volatilities, the GC/HS/COMP analysis can be rather complex. The

higher PBBs of interest in the extracted fraction must be chromatographed on

a very sbort column (45 em x 0.2-cm i.d., 2 percent OV-IOI on Gas-Chrom Q)

at high temperatures to elute them as sharp peaks which may be identified

and quantitated. These chromatographic conditions are not applicable to

more volatile compounds since they are not resolved from the solvent. Thus,

the extracted fraction is analyzed a second time using a nonpolar SCOT

capillary column (either OV-IOI or SE-30 liqUid phase) to separate and

identify semivolatile constituents (e.g. chlorobenzenes, peNs, pesticides,

etc.). The chromatographic conditions are typically 60°C initially, program­

med to 240°C (or the column limit) at 6°/min.

The mass spectral data are stored on magnetic tape. The mass spectra of

interest will be printed out by the instrument operator for qualitative

analysis. Quantitation from this data may be achieved by integrating the

area of selected ions and comparing them to the area of the external standard.
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The sensitivity of the determination may be significantly improved for

quantitative purposes by using the technique of selected ion monitoring

(SIH), also known as multiple ion detection (MID). This technique monitors

up to 9 ions at a sensitivity 10-100 greater than tbe normal operating mode.

This technique is used for quantitation of compounds in samples where the

increased sensitivity is necessary for detection or accurate determination.

2.0 Range and Sensitivity

The detection limit of the GC/MS/COHP system has been determined to be

about 5-50 ng/~L for pesticides such as y-BHC, 2,2'-DDE, atrazine, trifluralin

and heptachlor using a 40 m SE-30 capillary column. When SIM was used, the

detection limit was about one order of magnitude less (i.e., 0.5-5 ng/~L).

The detection limit for tetrabromobiphenyl is about 1 ng/~L in the SIM mode

using 4S,x 0.2-cm i.d. column packed with 2 percent OV-lOI coated on Gas­

Chrom Q.
For an instrumental detection limit of I ng/~L, the overall sensitivity

of the method should be about 6 ng/mL (6 ppb) milk assuming a 50 mL milk

sample extracted and extract concentrated to 0.3 mL. This detection limit may

be improved by using SIM and may be worsened by background interferences.

3.0 Precision and Accuracy

When electron capture gas chromatography (GC/ECD) was used, the mean

recoveries from cow's milk for seven replicates ranged from 57 to 93 percent

for six model compounds. Thus, the results obtained may be as little as

half the actual amount in the sample. The relative standard deviations

(RSD) for the above replicates ranged from 11 to 33 percent, with the average

RSD at 21.7 percent. Thus the precision of the method is about! 20 percent.

It is anticipated that accuracy and precision will improve with experience

with the method.

4.0 Apparatus

4.1 Gas Chromatograph

A Fisher-Victoreen 4400 gas chromatograph with an 3H electron capture

detector, a 10-13 AFS electrometer, and a 1.0 mV recorder is used.

4.2 Gas Chromatography Column

For most compounds, separation is achieved using a 40 m SCOT glass

capillary column coated with 1 percent 8E-30 and 0.32 percent Tullanox. For
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the compounds of very low volatility (e.g. the higher PBBs) which will not

chromatograph' on the capillary column, a 45- x 0.2-cm i.d. glass column

packed with 2 percent OV-lOl on Gas-Chrom Q is used.

4.3 Liquid Chromatography Column

A 24-mm i.d. glass column with a Teflon stopcock is used.

4.4 Gas Chromatography/Mass Spectrometer

An LKB 2091 gas chromatograph/mass spectrometer with 2 PDP 11/4 computer

. is used. The system is equipped with a glass jet separator and is used with

either glass capillary or packed glass column.

5.0 Materials

Kuderna-Danish evaporators:

5 mL receivers

250 mL KD flasks

Snyder columns

500 mL flat-bottom boiling flasks

250 mL separatory funnels

Clean glass wool

Whatman I PIS .filter paper

Florisil

Sodium sulfate (anhydrous)

Acetone "Distilled in Glass", redistilled

Pentane "Distilled in Glass", redistilled

Toluene "Distilled in Glass", redistilled

Ethyl ether "Distilled in Glass"

6.0 Procedure

6.1 Extraction

(1) Mix 50 mL (or volume available up to 50 mL) of a milk sample with

clean glass wool and 150 mL of acetone to precipitate the proteins.

(2) Decant and filter the acetone/water layer.

(3) Repeat steps 1 and 2 with two 50 mL acetone fractions.

(4) Concentrate to about 20 mL using a Kuderna-Danish evaporator.

(5) Extract the precipitate with 40 mL of toluene; decant and filter

the toluene layer.
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(6) Combine the toluene extract and the acetone extract with shaking.

(7) Let the layers separate and draw off toluene (top) layer.

(8) Repeat Steps 5-7 with 40 ml toluene and then with 10-20 mL toluene.

(9) Discard the lower water layer.

(10) Dry the organic layer with anhydrous sodium sulfate and concentrate

to desired volume using a flat-bottom boiling flask and Snyder

column. Quantatively transfer to a vial and concentrate to 5-10

mL under a gentle stream of nitrogen.

6.2 Florisil Column Chromatography(l)

(1) Prepare Florisil by heating to l300C for at least 5 hours.

(2) Prepare a 24-mm i.d. column so that the Florisil is 10 cm high

after settling.

(3) Place about 1 cm of anhydrous sodium sulfate on top of the Florisil.

(4) Rinse column with 40-50 ml pentane, never allowing the solvent to

go below the Na2S04 layer, as channeling may result.

(5) Add up to 10 mL of sample to column.

(6) Elute with 200 ml of 6 percent ethyl ether/pentane solution at <5

ml/min.

(7) Collect and concentrate in a Kuderna-Danish evaporator.

(8) Evaporate under nitrogen stream to ~ 1.5 mL. Quantitatively

transfer to a vial, store in a freezer.

(9) If sample solidifies after concentration, repeat the Florisil

cleanup (Steps 1-8).

6.3 Standards

. Standards are spiked into the sample follOWing the extraction and

workup (dIO-pyrene was used at 200 ng/mL).

6.4 Analysis

6.4.1 GC/I1S/COI1P Analysis for Semivolatiles

Inject 0.2 ~L onto a 40 m SE-30 SCOT capillary at 60°C initially,

program at 6°{min to 240°C, then ~old until no more peaks are observed.

Collect mass spectral data at 2 sec/scan from ~/! 20-500. Compounds amenable

to this analysis include organic compounds with volatility lower than that

for purgeable compounds. Only the very low volatile compounds (e.g. higher

PBBs) will not elute from the capillary.
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6.4.2 GC/MS/COMP Analysis for Low Volatile Compounds

6.4.2.1 'Normal Procedure

Inject 1.0 ~L onto a 45 x 0.2-em i.d. glass column packed with 2 percent

DV-IOI on GasChrom Q at 220°C initially, program to 3000 at 12°/min and hold
I

until all peaks have eluted. A helium flow rate of 20 mL/min is used. The

mass spectrometer is scanned from !/! 20-1000 at 2 sec/scan.

6.4.2.2 Alternate Procedure

Using the same chromatographic conditions analyze the sample by SIM.

Preselect up to 8 ions characteristic of the compound(s) of interest and one

ion characteristic of the standard. Retention times provide qualitative

identifications.,' Peak areas may be used for quantification as discussed

below. This alternate procedure has 10-100 times better sensitivity than

the full scan mode and provides faster quantitative results. The main

disadvantage is that only preselected compounds may be identified.

In addition, if specific halogenated compounds are found to be present

with little interference in most samples, they may be analyzed by GC/ECD.

This procedure improves the sensitivity and reduces the analysis time (since

GC/MS/COMP requires an offline data output). If GC/ECD is used, approximately

10 percent of the analyses are verified by GC/HS/COMP.

6.4.3 Qualitative Data Interpretation

Spectra are interpreted by visual comparison with standard spectral

reference collections(2,3) where possible. Where standard spectra are not

available, tentative identifications are made based upon interpretation of

the mass spectrum. Where possible, the GC retention time is also used to

assist in the identification procedure.

All identifications and interpretations are checked independently by

other experienced chemists or spectroscopists to assure that the interpreta­

tions are correct.

6.4.4 Quantitative Analysis

In order to eliminate the need to construct complete calibration curves

for each compound to be quantified, the method of relative molar response

, (RHR) is used. Successful use of this method requires information on the

exact amount of standard added and the relationship of RHR (unknown) to the

RHR (standards). In general, the RHR for a compound is determined for a
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The integrated

The value of

The method of

characteristic ion (parent or fragment) in its mass spectrum.

ion current may also be used, but is generally less precise.

RMR is determined from at least three independent analyses.

calculation is as follows:

A k/moles k
(1) RMR . - un un

unknown/standard - Astd/molesstd

A : peak area, determined by integration or triangulation
of the total ion current or for a selected mass of each
compound

(2)

A =peak area, as above
g =number of. grams present

GMW =gram molecular weight

Thus, in the sample analyzed:
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APPENDIX D

VOLATILE COMPOUNDS IDENTIFIED IN SELECTED PURGES

OF MOTHER'S MILK
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Table D-l. VOLATILE COMPOUNDS IDENTInED IN PURGE OF SAMPLE NO. 1081
(Bayonne, NJ)

Chro..n .... u"u.. a.r....to- U"Uoa
.taphl~ f .... e-pouad .taph1~ t .... CapooID4
'uk 110. ·c .uIL 10. ·c

LA SI ~arboa dlod" 41 1.SII !._ccaaa

1. SI ~h1orocrlt1ua~~ 4U. 132 e.crach10rOlch,1'"

Z 61 pron1.... u. 132 C.I16 l,.,..r (ceDe.)

3 6S c.Be a-r 43 134 CI~6 18_r (ceDe.)

4 66 C4~0 18.,..r 44 156 .110.....

S 67 C41.18- 45 159 CI~6 18_r (ceDe.)

6 73 ac.cald.by" 46 181 cblorobeu....

7. 73 ac:.tou 47 163 l-ch1oroh........ (CeDc.)

7. 74 crlch1orotlllG~cbaAa 41 166 .cb'lbenz....

8 76 a.-p...c.... 4t 161 .,1"... u_r

9 77 iaopropUlOl SO 171 )-h'PCUlOII.

10 79 ..cbyl.... ch1orl" 51 171 2-h.pc...o...

11 10 fr.cnl 113 S2 173 ac,.....
~Z 83 carboa dhllJUd. SJA 173 C

9
1

16
h_r

13 83 a.-bucual 53. 173 C
9
1

Z0
u_r

I' 87 c)'clo,...c:u. S3C 174 ~-h.pc....l

15 89 C,B60Z 18....r 530 174 .,1.... 1&_r

16 91 _thyl ecb}'l beo... 54 175 CIOIZZ 18..... (c...c.)

17 9Z c6~2 18_r S5 178 ~-D.ODaAtI

IS 94 b.ulluarob.III.... (loc. ud.) 56 179 Clolzz u.,..r

19 95 ~-be ..... 57 III )-,..cby1-1-1odobuc....

ZO 96 chlorofo.. 5SA 183 1Iopropylbul.o.

21 97 c,.aU 18_r 581 184 C10!!ZZ 1.....r

22 99 C,BlJ u_r 59 188 c
11

I
Z4

1.0_r

21& 102 p.rU""rocol".... (tAc • • cd.) 60A 189 C
IO

l
16

1._r

23. 102 _cbyl~ycll1peDc.... 60. 189 C
8

B
16

0 lao_r (C.IIC. )

2' 104 1.1.1-cricbloroecbaAa 6LA 191 b.llulc1.hycl.

2S 105 C"s14 u_r 613 191 .!.'"propyl b......o.

26 lOS kal.... 62 193 C
3
-al."l baAI.D.

27 llZ cy~lob_ 63 194 c91z0 18_r (eeoc.)

2BA 113 .ch,1 910)'1 bCcnl. 64 195 C
9
118 18_r

2BI 114 2-paC"'OD' 65 196 C11Iz,l_r

29 113 C,I120 (C.IIC.) 66 197 DCCUlOD' ~r

30 116 a.-p.Dc....l 67 199 CUIZ' 1IOMr
3LA li9 crlch1oro.cbyl.... 68 ZOO 2-peocylt"r...

311 119 C7112 or C,180 18.,..r 69& 201 C
ll

I
Z4

1&.,..r

32 122 ~-b.pcao. 691 ZOZ .!,'"OCcaoal

33 126 CSB16 1&_r 70 203 .110.....

34 129 C
7
1a 18_r 7LA 204 C

10
1

22
u_r

35 134 l-cbloropaDCao. 71. 205 dlchlorob.nz'D'

36 135 UIIIuloooo 72 Z06 C
11

I
U

1I_r

37 131 col_ 730\ Z10 C10114 18....r

38 143 C6~20 l8_r (cuc.) 73. Z10 C9B16 tao_r (c'DC.)

39 145 ~-buaoal 73C Z10 ..c. bydrDcarboD

40 147 C~6 u-r 74 211 ..c. bydrocarlloo

- CoDcl,,'" -
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Table D-l (cont'd. )

Chr..... to- U"UDII Cbr....to- U"U""
,r.phSc Tap. e-po.md lrapbJ.c T-.p. e-pouad
'eak NG, ·c 'eak 110. °c

75 212 1S-D..... 86 240 .....t. bJ'drocarboo

76 21S .u. bJ'drocar1>oD 17 240 U10.....

77A 215 ....u, bJ'droc.r1>oD 18 240 Daphthala...

77. 216 c
11

824 1.~r (C.DC.) It 240 C
10

B
20

0 1.....r (tiDe. )

'8 218 ..Docb1orocl.c.... (cuc.) 90 240 .!-dadec.aae

,'" 219 CgH180 91 240 """IlOWD
798 219 .c.copbeDOD. t2 240 ...... t. bJ'drocar1>oD

80 221 ••e. bJ'cSrocarbDD '3 240 .UoUlle

81 222 lit. b7drocarboll '4 240 Cn R22 1I_r

B2 224 Z-DOIloIlIlODI '5 240 .UoUlle

83 225 d~ttI71u7l....e 96 240 ..........
84 227 ~-noDu.1 '7 240 .UOUII.

85 230 ~-IIIlcl.cllle
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Table D-2. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 1040
(Bayonne. NJ)

Ch ram. to- nuu.... Cbro.u,.. nutSOD
• raphi~ T..,. co.pouDd .raphi~ TBp • c:a.poomd
Peak MD. ·C Puk 10. ·C

1 ,. carHO .uoud. )4 140 col.......

2 59 chlorD.rifluo~.baD. 35A 141 l·poo......l

3 60 diaaCbyl ••ber 351 162 ..u.-u
4 67 C4810 hOMr 36 165 C,816 i ....r

5A 74 1.opentaDe 37 146 s.-b......l

51 74 cri ~hlDrDfl ...r_.haoa 38 149 C
8

B
16

S._r

5C 75 acetODe: 39A 150 uobovo

5D 75 C
5
8

10
Sa_r 391 Ul C

8
8

16
h ..._

6A 77 .e.-pa".8Oe 4DA 152
C

8
8

11
i ...._

61 78 SaD,r."e '01 153 cr.....-'-o~....
6C 7e "D'rD'.....l 41 U3 u ...~b1oroeCby1alle

6D 79 C
6

1
12

S.Da.. ioU U4 Cg8
2D

Sa_r

6£ 79 Y1"ylid1D. chlorid. 421 154 .oc. b:rdro~.rboll

7 81 _cbyl... eb.1orlda 42C 154 8O&.C. bydrDcarbDII

8 82 rr_ U3 43 U5
C8~6 "--

9 84 carboll dSaulUd. 44A U7
C

e

8

14

Sa__

10 85 2_.h,lpropc>a! 448 157 .11o_e

11 87 ~,c:lDpDll ....e 45 161 UIIDa•• bydrDcarboll

12 90 IIIlbCMl 461> 162 N •• b7drDcarboll

13 92 _chyl atbyl k.tolle 468 162 ~.t. bydrDcarbDII

14 g4 C6&"2 SaDlDU " 163 uolr.Aow

15 '6 besafl""rDba...... (lD•• ..d.) 4B 165 eb.1DroMUlle

16 97 r b• UIIe 49 167 arbJlbenaDlle

17 '8 ~b1Drofo... 50 169 1171 .... 1._r

18 101 C6812 lo....r 51 173 2-bapt.....a.

19 104 ..rU...rotal..... (iAt. .td.) 5U 174 atyral:l.lI

20A 106 1.1.1-rri~b1oroatb.... 522 175 2-rbutylllU&II <CUlt.)

201 107 301atb'lbut....l hOllt.) 53A 175 rM,cual

21 109 2__tb,1buCU&1 538 176 .,,1.110 h_r

22 110 baA&eDe 54 177
C

g
B

18

Sa__

23 111 ~arbOll •• traeb.1orld. 55 179 Cg8
2D

s.....r
24A 113 cyelobUADe ~ 181 N •. bJdrot.rbDI1

20" 113 _thylt.trabydroflU&II (tODt. ) 57 l81 C,8U SaOlllr

25A 113 C78a 58A 182 )-aetbyl·1-lodDbut&lle

251 115 .rb"l ",illyl bto... 588 183 C
9
818 Sa...r

26 115 2·pDIlt.....lle 591> IB1. iao,ropylballouoe

27A 117 rio,,1 ,ro,iout. (COllt.) 591 185 Nt. bydrocarboo

281 121 &rieblorootbyl.lI. 60 189 byd_ocarboll

28A 123 C7112 or C61
e

O 61 190 C
l0

1
16

i_r

211 124 --- 62 190 UllDat. bydrDca_bDo

29 127 '7814 i __
63 Ul Ila....ldab'd.

30 130 C,114 SaOMr 64 112 nropylbena.... (t... t.)

31 132 diaatb:r1 dSaulUd. 65 1~ rriaath,lbellZ". laoaer

S2 1.36 I-tb.loropeD..... 66 IH lao..,l forut. (tat.)

33 138 --- 67A IH ---
• Coat1Duad -
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Table 1>-2 (cont'd.)

ClIr.....to- UutiDll CbJ' ...ato- &luU...
Inphi. rap. CoIIpouDlI Irapb1c r_. e:-pa.IIlII
'aak NO. ·c 'ull 110. ·C

671 197 aat. ",lIn.ulloa t4 no a-
61A 198 c911z0 t_r .S 222 a.atopb_

68. 199 C3-altyl be...." 16 2Z3 Nt. b74ro..no..
69 zoo a.t. bydro..rboll .7 ZZ5 ,C10I Z2 ta..r

70 ZOI Z-,...tyl lur... II ZZ6 .a.tbylatyr....

11 Z03 C
3
-elk,l ......e. It zze rllOlL&U1

72 Z03 C10B20 lOA 230 .U-.

73 ZOJ, &11"UAe 901 231 &110.....

74 Z06 .i.hlorG.......... 91 234 t.tramotb'lbe....... (t... t. )

75 Z07 C
3
-alkyl Nu_ (t...t.) 92 239 aUo......

76 209 CSB14 13 240 aU_.

77 Ul .a.tb'latb'lbe....... taoar 94 240 ...pbtbal ....

78 ui _ ..tb.... hut.) 95 240 C
U

l
Z6

t_r

79 213 Is-...... 96 Z40 lIIIbCNII

80 216 C1l8Z~ tec.r 97 240 .110.....

81 Z16 unaat. bY'roearbo.. 98 240 2-Ulld.........

82 217 aat. b'.rDe&rb.... " Z40
'13828

83 219 .........DWI:I 100 Z40 a 11.._
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Table D-3. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 1107
(Jersey City. NJ)

Chroma.(>- U~t1.. Cbrosa..... UIIUooa
, ••,hie t..,. c-.-.s ,r.,hie r-p. c-.-..
, ••t No. 'C 'eat 110. ·C

1 64
:a_

201 113 '0'1."71 prapiaan.

2 U c.rbolo diadel. 2J 11' rre"'ual
:IA 67 fuaa 22 2U 116 C7B14 ie_~

n 67 d1ohlorod1fll1Or_~ 221 117 nicbluM'b71...

4 U !.-pro,.... 22C 111 ~lo:i:ou

5A 70 bur.ll. 1._~ 22Jl 118 ••b71 f ...." ('.1".)

56 71 !.-butana %3 1%0 .!!.-b.pta.

5C 72 aco••lde,e1. %4 123 2.2,4·,r1aatll,1-1-p.or...

511 73 "",a. 1...... %5 1%4 feobaa...l

6A " elllo....etbaaa 26A 125 C6~OO 1..... r

7 7S t.UOMtb11• U ou 261 127 4_tll'1-2-pOllt.....ll.

SA 76 trlcbl0.0f1Ull~ .... tbaDa 26C 127 C.B16 fe_

81 78 1-pult... %7 1%1 e1faa tll11 eI18ulf1e1.

Be 78 •••tDll. %8 129 1I1h1d~DPyr...

9A " 1.01'....'_1 29 131 elllo....po".....

9B 7~ !.-""u". 30A 134 co 111011••

lOA 81 .tb,lou cI:llorfel. 308 137 C.I18 "_r
108 as rr_ 113 31 139 (6B120 faaar
10C IS car"".. diaulffd. (.rae.) 3U 141 ~buanal

100 86 .tII,l ......,1 taco... (t~.ce) 321 143 C
8

B16 18.....

10E " .'by1 pro,.....,l 3:1& 146 !:"Gcc.....

10f 86 Pt..... th.... ('.Ilr.) 331 147 CBIU itI11..U

lU 88 qclop&llrau 34 148 ce.raChlorDOtb,l.o.

118 89 2_rll'l'""...... 35 149 C.I16 1II_r

IV. 90 vb,l a•••ara 36 151 .110......

121 91 !.-bll......1 37 154 uU.IIGn

130\ 92 :t--.b11 p...t .... 38" 156 C'~B itIOM.
131 n C6~2 1&..-r 381 156 cbloroMaa....

14A " por I1l1Orob.o...... (111•• atd.) 3IC 156 2-b.,......1 ('.0'.)
148 97 ~II-- 39A U8 c1l1orD..........

14C ,. c1l1orafo.. 391 U9 C7~20 10_.
15 100 d!bydrof....... 40.4 160 .r.by1 .....UIl.

1610 101 .otrardrof...... 401 161 C,llI 1&DMr
161 102 padl.........01...... (111•• ..d.) 4DC 161 4-b.,.&DOD.

16C 102 ..t br 1C7cJO'""'.0. 41.4 162 lIJl..... 1.....r

17.4 104 .!!._.byl ••••&ald. 41. 163 pb...'l••••71....

171 105 1.1.1-tr1ellln....baaa 4U 164 3-b.ptua...
l7C 106 J.3-df..tb71onua (••t.) 421 115 2-...,....n.

lSA 10. baaa.... U 166 C
7
1

U
O (...... )

181 109 c..bolo t.rr.dblDrfda ".4 167 .t,......
191 110 I-baUllDl ". 161 a-..·p·....l
191 UO .,.c101l_. "C 161 lIJl_ f.....~
19C lU Cs'-aDO flD.r 'SA 169 Nt ...,.....cann

I'll W "1171 Y1.II71 tar_ (till•• ) u. 170 C9~' 18_r
2llA lU 2-pcta_. 46 17% r-oaa•

• CooU....d·

126



Table D-3 (cont' d.)

Clr.... t ... lluUaa Cbr"",,,t... lluUoa
IUphic '.-p. ~ IUphic !.-p. e-poaad
' ••k 10. ·c , ..II 110. ·c

U 173 Nt. bycll'Oculloli 69A Z08 e,-.nylbeu....

48 U' Cl0820 ia_r 691 20~ ellI:u I .....r

U& 175 ..t. byclrocnlloll 70 210' e
11

1
22

1_r

49. 17S .thyl .. thyl cyc10ba..... 71A 210 e
11

1
22

1_r

49C U6 ........- 711 211 phtballd. (tlLDt.)

49D 176 C,1100 ia....r 'll 211 ••t. hydrocarboll

SOl 176 iaoproP'l"1 h...._ 721 212 d.c.l1.11 (t.De.)

SOl 177 C10122 1.....r 716 212 ..t. bydrocarboD

51 178 C
8
1140 ia....r (tILDC.) 731 212 e

11
124 iao_r

SU 181 tr....-Z-b.pelLDa1 nc Z13 e,-alllylb.....lLD. ia_r

S21 182 a-piDILD. 74 213 z-OO.....OIle

52C 182 Hu.le1.hyde 750\ 214 CllHz2 I ..... r

53 184 !.-pl'Opy1b...... 751 215 C,-alllyl bella..... ia....r

SIt 186 .,.1..... l._r 76A 215 ..c. hydl'Ocarbo..

SSA 187 Dt. bydRcarboa 761 216 !,-DOIlual

551 187 C
10

122 i_r 77 217 CllHz2 ia_r

5f 187 Muoaied1. (tr.e.) 7SA 218 e10~20 ia_r

S7 188 .at. hydrocarboa 788 ) 219 raDII.cane:

SSA 190 pb.a01 79A Z20 .U....n.

581 190 cr1aeclly1b....u. 798 220 e11122 I ..... r

59 192 .....cyl fUILD 80 221 e
10

1
18

ia_r

60A 193 !.-otcual 81 222 C,-alkyn.ulLD. i_r

601 lU bellaofur... 8U. 223 C
12

126 ia_r

611 194 trt-tllylM........ Uo.-ra 828 224 C
12

8
24

1_r

611 194 CI08
20

U_r 83 224 2__thyld.c.Ha (CILDC. )

62 195 .UlIZILD. ..& 225 Cl2I ••
63.\ 196 C'~OO 841 226 C,-.nylballaall8 U_r

631 196 !.-d.caIl. 84C 226 e,-e11171beu.... U_r

63C 197 dicblorobeu.... 15 226 .UCIU.IIe (c...e.)

63D 198 C11122 ia_r au 228 't2124 ia_r
64A 200 ........CMl 161 228 C

11
120 ia_r (crac.)

648 200 trt-thyl baIIa.. u-r I6C 229 C12124 ia_r

64C 201 UIIIulCMl 1l6D 229 C
10

1
12

0 1..... r

64D 201 C4-alk"lbeu•• I'E 229 't01l80 U_r

64E 201 .at. bydl'Ocarboa In 230 lID...........

65 202 CU B25 u-r liG 230 Culn ia_t

66" 203 .at. b"drocuboa 17 230 .Uo_

661 203 It.>lIBae III 230 •• t .. bJdrocarbon

66C Z04 C
ll

B
22

ia_r 19 230 ..c. "yelrocarboD

66D 204 ..th"l at71'- 90 230 .at. hydrocarbon

671. Z05 ..e. "yclrocarl>oa 91 no NC. "ydrocarboD

67. 206 CU B22 t-.r U Z30 aapbe".I.n.

67C 206 dl.Chy1b8.lla.... u-r U 230 UDaaC. laydrocarbnn..... 20' ..t. bydrocarboa " 230 ~od.cau

611 ZO, _cop.DOa. 95 230 ..t. Iaydl'Ocarboa

,,

- CDIIe1llllad -

127.



Table 0-3 (cont'd.)

Chromato- UutlOll Chr."..t_ Uut10ll
lraphi< t.-p. c:aopOUBd sropht< t.-p. e:-,ouad
Puk Mo. ·C Peak No. ·C

t6 230 11l0UDI 105 230 UDIt.DGva

97 J30 2-UDd.~aDolUI 106 no 2-cr1dlle.&Aau.

98 230 lit. h,droeuboo 107 230 lit. hJdro<ubo"

99 230 ...w.-" 108 230 IUODDI

100 230 11l0lO&<ll 109 230 phthalici

101 230 lat. bydneuboo 110 230 l,1ctoM: i.a.er (tIOt. )

102 230 WlkAOVII 111 230 dUlohutyTa.a 1ellller

103 230 dipM",l atMr 112 J30 (14122° i ..... r
104 230 lit. hydncuboll

128



•

JD

u

""
.I

ik
o

I
E II , 5,

6
0 lII I

I
I

•

JI
,
I

J

I
.
~

U
~.

.'
I
.
·

II
I

..
I
'

'
.

'I
~

7
J

i~.
"

W
JlJ

J~
~t
~
W~
W~

.""
.'L

,~n
lci

--J
~-A

-
I

I
-

...
...

...
...

...
...

...
...

.l
:"

".
--

~..
.-
.,
;-
~.
_.
~I
..

.~
~
~
"
~
r
~
~
.
_
.
-
I
;....-

T
"'

""
T
.
.
"'"

1:
'"'"

'
L

-
r
'

'l
t
:
"
'
~
~
'
I
:
"
"
"
~
~
~
r
"
"
"
-
"
[
"
"

"
••

.~
"l

..
.~

.
e-

.
•

I:
.

t
;:

~
t

:
:

::
~

!!
jj

.
.
t

!
~

!
~i
l

.
-

-
-

-
.-

-
-

.... N 'C
)

F
ig

u
re

D
-3

.
T
o
t
~

io
n

cu
rr

en
t

ch
ro

m
at

og
ra

m
fr

om
G

C/
M

S
an

al
y

si
s

fo
r

v
o

la
ti

le
s

in
sa

m
pl

e
D

O
.

11
07

.
(J

er
se

y
C

it
y

,
N

J)
.



Table 0..4. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 1115
(Jersey City. NJ)

Chroute>­
.rapll.1c
r ..t "0.

U

11

2

1&

31

4A

41

SA
51

6A

61

6C

6D

7

SA

81

8C,
lOA

101

1U

111

12

13

140\

1U

14C

15

lU­

lU

16C'

17

1&.\

181

l'
2QA

201

20C

2U

211

21C

220\

m
UC
UA

231

62

"65

67

61

76

76

77

78

80

81

82

82

83

86

87

8'
90

92

92

"'4
96

98

99

100

100

102

104

lOS

lOS

106

107

107

108

109

110

110

111

112
112
114

114
1U

116

117'

c.rl>aa d1od'"

"..,Oll (n.c.)

carbo..,l '.'IH1d. (tat.)

chloroMtbaD8

UIlkun

t.r1dllorofluor-tbaD8

ac.to...

1aopaot.....

iaopropaoo1

.tb71a. cILlorid.

rr_ 113

carboo duulUd. (tr.ce)

UIlkun

\IIUwln

C7c1op.ot_

Mt.b71 1.oprop71 ketDO.

~-buteoa.l

1-10....... (tllDt.)

bual1ucro.......... (:!.At. etd.)

~-b.UD.

chlorofo.. (trac.)

-t.b71 fur_

UDUt. b7drocar1>oll

parflucroto1u.... (iDc••cd.)

croco...1deb7d. (c...c.)

l,l,l-cr1cbloroetbaoa

'-tb71 bucaAa1

2__Cb,lbutaul (c...t.)

bu••o.

CA",OIl e.cr.chlori. (crac.)

I-bue.....l (t...c.)

lIIIkoDvD

acbyl rio71 tacou

2-peoc_.

9iD71 propiouc.

~peocaul

HC. b7drocar1>oll

_cb7Ll1 (t...c.) (trac.)

1-10 ...

triclLloroecb71....

.tb7Hur... (tatlt.)

2,5-d1aecbylforan

~bepc....

C6111 ~r

..u-
C51

6
1

2
(tac.) (trac.)

Cbroaa to­
ar .pll.1c
'ut 110.

24

U

26

27

211

2'A
291

30

31

320\

321

33

34&

341
34C

»&
351

36

37&

371

38&

388

39

40

4lA

411

4U

421

42C

41&

431

44A

A41

44C

A4D

U

46

47

48

4'
50

5U

SlI
SlC

SID

,20\

130

llut.101l
7....

·C

120

122

122

124

126

128

129

131

134

136

137

138

160

160

141

162

162

143
166

147

148

149

151

151

152

152

153

153

155

155

156

157

158

158

159

159

160

162

165

166

170

171
172
172
173

174

C
7
1l4 1....r

diMtb7ldhulUd.

d1h7droP7ran

cblorop...c....

IIlItoowo

to1ua.

l-pllOcano1

4__ Cb7l-:l-paoc...oo.

~-b.......l

C8B
16

1.OMr

forold.brd. (c.oc.) (cr.c.)

!.-Gct.ee

t.trachloroech,.leDe

d1cbloropropao. (trac.)

...............
C5Ba"2

C8Bl f. 1o....r

.Uo......

2-b.ltIAA1

clUorob.ollOI

C8B16 ·laoMr

5-.th7l-3-h'drofur...-2....... (c.ot.)

a-furfu<71 alcobol

acb71b ....

C,BlS h r

C6Bitl20 (t.oc.)

"'1.... ·100-r

pb••7laC.C71.01

5-.cb7l-3-b....oo••

2-b.pcuo...

C~20

C,BZO (tr.c.)

.CpT.o.

~h.pc....1

"'1.... 1_r

C,Il8 UClMr

2-fu<71 Mtb71 k.too. Ct. ...c.)

raou••

1odop...c....

.....-
t.rua-2-bapc....l

Muald.h7d•

5-.cb71-2-furfural

..t-

.e,-prop71b.....o•

",lao. 1o_r



Table D-4 (cont'd.)

ChrC1llAto- !.luti_ Chr.... to- !.luti_
Ir.phie T..,. co.polllld ....phie T..,. e-p0Ulld
Peak No. ·C Puk 110. ·C

521 175 bazOllitrU. 71.t. 199 2_e

52C 175 OeUDOlle 711 200 du-th,ht,r..e (trace)

52D 175 SoS22 7le 200 C
4
..1..,lbC1lzeoe (tru.)

52E 176 e
3
-·1kylb.lluoe 7ID 200 CID~60 boer

53A 176 1-chloro-3-.thylll....... (teat.) 72 201 ~",,1

53B 176 dibrCllllDdichlorOlletheae (teat.) 73 204 uadeuoe

S3C 176 pheao1 74 212 ...... t. bydroc:arboll

53D 177 ..t. bydroc:arholl 75 213 C10B180 bODer

53E 177 S-•• thr1-3-bep taDoIle (t...t.) 76A 214 ~-pC1lt)'lb.ll.&elle

53}' 177 1I1l1al""" 761 215 dloUlle

54 178 ~thrl-2-beptUlODe 77 216 Nt. bydroc:arhoU

55 180 peatr1 furaa 78 218 2-deC&llOlle

56 180 !!""CIc tau1 791. 220 upbtllal....

571. 181 bCll.&ofllrUl (trace) 79B 220 S2B22 ~er
57B 182 C

3
-allr.r1bllll.&Ule 80 221 rdetaDll1

57c 182 'JoS20 u-r 81 223 ~DcI.c:aoe

57D 182 e711100 iallllCr 82 225 Nt. n,droc:arboD

58 182 .UODlle 831. 226 IIIIk=vD

59 184 ~ecUl. 831 227 Mtb)'l ciJlDoI1De (taDt.) (tr.ce)

60 184 dichlorob....ea. 84 228 IactODe s.-r (teat.)

61 187 C9B16 85 231 0ZJIeD&ted bydroc:arhoa

62,\ 188 C4-&1kylbeueae 86 233 pbeD)'l bun.

628 188 pheaylacetaldeh,de 87 237 c"rF160 (teat.)

62C 188 e
10

B20 ia....r 88 238 UDkDCMI

631. 190 l_aeDe 89 239 lIIIdec:aae

638 ·190 1.B-eiDellle 90 240 C108160 (tat.)

63C 191 e1e1l18 (trace) 9lA 240 lI1lIaIoVD

64 192 _ t. bydroc:arboa 911 240 .UoUlle

651. 192 ut. n,droc:arhoa 92 240 .....et. bydroc:arboD

658 193 acetopllflllCllle 93 240 Nt. bydroc:arhoa

661. 194 rbut)'lbazae (tellt. ) 94 240 2.2.4-nimeth)'lpente-1. 3-diol

66B 195 e,e802 (teat.) di-1aobutrrete (BltC)

67 196 C
U

822 bllllCr 95 240 ut. b,droc:arhou

68 196 UDImovD 96 240 C141130 1_r

69 197 UDkDova 97 240 ...... t. b)'droc:arhoa

70A 198 C
IO

B18 h.,.r 98 240 &at. II:rdroc:arhoa

708 198 ..t. bydrocerboa 99 240 c"S1l32 ia..... r
100 240 Nt. n,drocarboll
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'I'able D-S. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 2048
(Pittsburgh t PA)

Cbr..... to- I.l..UOll Cbr_tr a ..u ....
IUpMc t..,. CDIopouDd 1··pMc t..,. ~
...k Ro. ·c ...k 10• ·c

U 51 canoa diosSd. 3~ 165 tetr.dllorHtbJl....

11 51 cIllorotr1fluor... lbaD. 331 146 C,116 I_r

2 64 C,,, Ia_r " 147 C71 1,0 1._.

;, 66 C,110 Ia...r 35 149 .Uosu.

U 70 .c.taldeh)'d. 36A 1.53 C,1120 I....r

4B 70 C
5
112 Ia_r 361 154 chlofDb.D&.ae (trac.)

SA 71 nlcbloroflllOr_thatae 37 156 cblorohuatl. (tr.ce)

" 72 ac.tOll. 38 1.59 .lb)'lbou....

6A 13 !:"poat.... 39A 161 Nt. bydrocorbo..

61 74 laopropaDOl 391 161 .,1.... Ia_r

7A 77 ,roOD U3 39C 162 lIDt-..

71 77 _tb)'l•• cIllorlde 3!i1l 162 C
9
1

20
Ia_r

8 79 carboa ell.uliide 40 164 ~"'pt""'De

9A 83 C
5
1
10

Ia_r .
U 165 2-bopt..."...

9B 83 C6114 Ia_. 4Uo 166 .ryr....

10 84 C5~00~' (tOIlt.) 421 167 C91 16 S-r er."t.)

11.& 87 _ tJr,1 .uJ1 ... toM 42C 167 Nt. bydrocarbaJI

118 87 C6~2 " ...r '''' 168 r!>opt.....l

llA 89 ....,Il1Orolo...&.... (iDt • • td.) 43. 168 .,1.... 11_.

121 89 !:"bua.o. 44 169 .e--zwoe
13 91 dllorofo.. 45 170 C,01!20 liner
14A 96 po.fluoro.oll111l. (iD•. etd.) 46 113 CI0~2 line.
148 96 _tbJle;,clopa..... 47 175 C10122 Ia.... (r."t.)

1.5A 98 1.1.1-trlcbloroo~ '810 177 laoprop,.lbolll.".

151 98 I-b..taol (rOllt.) 481 177 C
10

1
27

1_r

16 102 bou.... 49 181 CU~4 Ia_r
17 104 C7c1obU&ll. 5QA 182 Cl0116 S-r
1810 106 C6~2 Ia_r 501 183 C'~60 Ia_r
18B 107 C5~00 Ia_. 51.& 184 _.t. bJdrocarloo"
18C 109 C6~0 S-. 511 184 bouald.b,.d.
19 109 rpoat....l 51C 184 E"P.o"lbou.".
20A 112 trlchl0....u)'1.... 5Uo 186 C

10
1

16
l_r

20B 112 cr'12 Ia_. 5a 186 C
J
-allt)'l ........ Ia_r

21 115 -UWll 53 187 Nt. 'ldrocnbo"
22 119 e,~4 54 189 _ ••• bJd.ocarboo

23 126 C6~20 u-i' 55 190 C
l1

124 Ia....
24A 126 IIIlU'. IIydrocano" 56A 190 C,1160 Ia_.
241 127 dlloropoa..... 561 192 C

10
1

22
Ia_.

25 130 lIIlNt. b)'drocarllo" (t..... ) 57 192 Cll~4 u-n
26 131 tal...... 51 194 2-poDt,.lfur...
27 133 l-....t_l 59 194 Cll~4 11_. (rOllt.)
28 134 C616 lI_r 6ClA 195 C

3
-.1t)'lb&lll.... 1....r

29 136 C6~20S-. 6Ia 195 C
10

1
20

lI_r
30 1:18 rlaou.D&l 61 197 .u_.
n 140 C,I16 .....r 62A 198 Nt. 'ldrocarlloD
:sz 143 J!'"OCtaDO 63 19' dlehlorobe.......

-e:-t1llwd-

133



Chrouto­
gr.phic
Peat No.

EluUOIIt.,.
·c

Table D-5 (continued)

Cbr"-&rDoo
i1rapb1c
Pe.t ....

63A

6JI
64

65

66A
6U

67

6B

69

70

71

12

73

74A

148

75A

lSI

76

77

78

79

80A

808

81

200

200

202

203

206

206

20B

209

211

212

213

214

US

216

217

218

219

220

222

223

226

226

227

229

WI..r. h,.drourbOD

.at. hydroearboll (rAllr.)

un•• t. bydral:.at'bQII.

2-erhyl-1-buuCll

1Lalo.....

C
10

1
18

0 iaOllllr

.... h)'drourholl (tltDt.)

.... hydroearbClo

C.-.lty1bell&ltDe

... toph.OClU

.. t. h)'drourbClo

sat. lIydrCltarboo

lI&t. bydl'o~boD

'.-.lky1be....u
'911180 ia~r

d1lDath)'l. t)'rUle

eu. lI)'drocarlloo

.e.-DOD&D&l

.!.-lIDdecace

.Uoua.e

C.-elqibeoeeoe

' ..elt)'II1.....ltDe

UIl!l.DllVO

.at. hydrotarboo

134

82

83

84

8S1.

851

8SC

86

87

88A
888

89A

898

90

91

92

93

94.

95

96

97

98

99

100

101

231

232

233

235

236

236

238

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

......t. b7drClurboll

C
11

1
20

1._r

'101180 ia_r

.1l0uae

'101180 lIOMr
C
10

1140 1.OMr

......t. b)'drocarboo

••t. b)'drocerboo

oaphtb.aleoe

'101220 1.OMr (tllDt.)

ca-t ...,10'Cll (tltDt.)

.....ac. b"drClCUbClO

!""dod.......

111aaoe

......t. h"droc:arbo"

1110_

Z-uad.Cu.cDe

11l0u.oe

'131128 :Lecaer

d10u.oe

d.UAOlc .dd (toot.)

'14130 :Lecaer

...... r. b)'d1'Ocarboo

IUou.oe
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Table 0-6. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 2071
(Pittsburgh, PA)

CIIro...~...
lraphlc
..... No.

tntblorOltby1....

a-b.,•••

C~I' la_r
C

8
1

16
1_r

C
7
1

1
, 1.1_.

.t..tbyl .1.Ylfl••

..u-
C7~' 1.1_. (t..... )
t01__

.lbr_tlllor_thall. (cr.t.)

~buu.al

C8~6 1.I_r

a-octaoe

tat ••cblorOltll,I.1lI

C.116 t.oa.r (tat.)

lIIlIt.-

UIl•• t. by'rotarbOIl

.Uo.....

C,118 1_r

clllorobe .

.tb'lba .

Cg~. 1I r
.,1 1.I_r

pll ,lacar,.1e1ll
3-b.pt _

2-b.pc .

.tyrlO.

.,1.... 1.1_
rb.ptlllAl

~

Clollz2 1.I_r

laoprop,.lllua....

C10122 11 ..

Cl0~6 la r

C
10

1
20

l_r

.-pl......

1>u&al••h7'!'

rProp'lbau....
C
10

1
16

1_r

Cj.lkJ1b 1lI

tn_ch'lb lI_r

C101z2 1.I_r

b1uDll1trU.

_cbylb1pcuou 1.I...r

_.lI1l1c,.r....

cn_tIl'lba 1....i

116

118

119

122

12'
126

127

12'
133

138

U9

141

144

1'5
146

147

1"
1"
152

153
158

159

160

160

162

163

164

166

167

169
170

173

174

176

177
179
110

180

182
182

114

115

lIS
186

186

117

33

34.

341

3S

36

37

38

39

'0
U

42

U

"'SA
'51

"47A

'71

'8

"so;,
SOB

51.\

511

5ll

52J

53

54

55

56

5'
5SA
581

59

60

61

6ll

621

6k

631..
is

"6'"

".
6IA

- _tilla.-

"RoD .10d••

pro"l.... (crac.)

'lcb10rodlf1uoro.etb... (crace)

.t..tb'Jdlfl....ro.ll....

t.obu~....

C.18 1.I r

rbut (trae.)

.e.cal••b,••

cb10rOlc1lADl (crac.)

_tbaoo1

.catOD.

trlcbJoro!luo..-~.

1.Ioprop&Dll1

~-..... t ....

CSI.1.I_r

C6~2 1.I_r

.. tll'l.... clllodd.

2__tll,1-2-propaool

'r.oll il3

C61
14

carbo.. dbulfl••

C.180

~-propallo1 (c...c.)

eyt lop... t&IlII

C6112 1.I...r

C
6

1
14

1.I_r

riIl,l ae.taC.

r but....1

_~1I,.1 ..11,.1 ...t .....

C6~2 r
baul111Dro II...... (tAt. ltd.)

r ll•uu

.th,l ace tat.

cbJorolon

C,I14 1.I_r

perlluorotol..... (illt. It'.)

_th,.Ie,.c1opataDa

t,J!14 1.I_r

1.1.1-tdcblor... thall.

C5~00 ~r (tlllt.)..........
can.... t.tr.cblorlde (trac.)

rJNUIlOI (c...t.)

qcl.........

..tbJl pro"l utooe
rPllltaDal

51
60

61

62

U

64

65

66

68

71

73

73

75

75

76
77

78

79

80

81

82

83

U

86

87

87

88

89
90

91

93

94,.
""100

100

101

102

103

106
107

108

IDa
1ll

U3

1

U

ZI

k

31

U

41

5

6

7

U

8B

'A
'I
9C

10

11A

111

liC

12

1JA

131

14

15A

lSI

16

17

18

U

20

21

22

2JA

231
24

25"
251

26

2'"
2n
28

2'
)OA

301

n
u

136



Table D-6 (continued)

~ChrOlUto- £1l1t1_ Chroaat.o- K!IIU....
IUpblc T_. e-pDUlld InpUc t.p. CapoImd
...1< No. 'c .uk 10. 'C

688 187 Nt. bydrocerboD 13 211 d~lbyhlY"'DO

691 18B Othyl A-caproOla B4 211 Nt. bydrocarboD

698 18B peDtylfura (tODt.) B5 212 c.-belle (tellt.)

70A 190 b....ofllr... (t.Dt.) B6 214 .UOUD.

7011 190 C,-alkylb.Il..... B7 215 .at. bydroc.rboo

70C 190 triMthylbAlao. 1._r BB 216 _thyl caprylate

700 191 pbOllol (trace) 89 222 .Uoune

71 192 .1l0ulle 90 22] c_hor

nA 192 C10B22 laamer 9l 225 CIOB
18

0 (tr.ce) (teDt. )

7211 19] di chlorobaD.&.lle 92 227 .Uoune

ne 19] lmlu>0¥ll 9] 230 tri.hlorobeDulle (tra.e)

720 194 CIOllH laamer 94" 231 .tbyl caprylate

73 194 ... t. bydrocerboo 94B 232 .pbtb.le""
74 196 C

I0
B

16
1.01&Ir (celll.) 95 235 A-4odecODe

75A 196 C
10

B
H

1._. 96 2]9 ....... t. bydro.arboo (teot. )

758 197 C4-allr.ylb.llZeDo 97 240 .UOUD'
76 199 UlIlOoelle 98A 240 2-undecanoD.e

i7 201 lmlu>CMl 988 240 ht. bydroca.boo

78 203 .a t. hydrocerbOll 99 240 .a t. bydrocarboo

79A 205 a.elopbellolle 100 240 _lhy1 decAGue

7911 205 CI0B16 lalrlllllr 101 240 .Uoune

80 207 .a t. bydroca.boll 102 240 CI4 B
30

(ceot.)

81 208 ,,",,0VIl 103 240 etbyl de.Olloate

82 no 2-11.0......011.0 104 240 \IIl.at. bydro.arboD

137
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Table D-7. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE NO. 3053
(Baton Rouge, LA)

Chr.... t .... UuU.. Cbr.... t .... uuu_
Inpb1c ,.,. ~ lrapb1c ~. ~
, .... 1Il0. ·c , ..... 1Il0. ·c

U 57 cuboll dinUI 34 13' ',1120 U-I'

U J8 clllorotl'ifluor-rMM J5 139
r

lle
_

1

2 '2 clllo~tb... J6 141 'al16 SaoMI'

3 6:J C4~0 11_1' 3' 144 ,!""'OCtaD-, '8 dt.lrhJldlfluorolll... :J8 14' C,11001l_1'

51. 70 acl'Jll1dlbJdl 39 147 fUJ'lldlbJd' SaoMr

5. 71 .e..tooe 40 149 C,11,1_r

5C 72 luran 41 150 .11..-, 7:J !.-PlDtaDI 62A 153 ,116 u-r

7 76 !-propanol 62' 153 C,IIOO iaalr (ClIlt. )

SA 7' ..tbJl'D' chlorid. 6310 155 C
8
1

u
i_r

al " FreaD 113 631 15' C,IIOO .....1'

9 79 carboD dllulfidl (nacl) " 158 aUDOVll

10 80 '4I a01l-1' 6'" 159 Irb71b11la1ll.

11 a5 C,1100 uo-r "I 159 C~2 110181' (ClIlt.)

12 a6 r buc.... l "c I'D C1-furflll"Jl I1cobol

1310 87 _tb71 nbJl UCDIl. "D 161 .,1.... 11_1'

131 88 C
6

H
14

11_1' "E 1'1 C
8
1

18
~r

141. 90 beufluorob........ (!.Dt. ltd. ) 46 164 C7~40 ~r

148 90 2__tbJlfurlll 47 165 C
8
116 iaalr

14C 90 r bau... 6SA 166 Iryn...

15A 92 UIlkDOVll '81 166 e,~002 11_1'

lSI 93 J-81cb7lfuru 68C 167 rlllptull

16 94 C,I12 1Ioller "A 169 C61'02 u-el'
171. 97 pldluorocol..1lI (!.Dr. Icd.) "I 170 IIIlt.Mw

17. P7 _ tb71cyclop11lC.... '0 172 re-
18 '8 C,160 18....1' 5U 173 '~6 110181'
19 100 1.1,l-rrlchlDraetbaD. 5U 173 'a~, ~r

20 104 "-a.... 52 175 -.-
21 106 C,I12 ia_1' 53 17' e,&18 ~I'
22A lOa Icb71 riA71 UtOD. 54 178 C9~a i_1'

221 108 'S1100 1.1_1' 55 110 C
10

1
20

.....1'

23 109 C6~20 1.1_1' " 181 C9~8 ~r (t.Dt.)

24 110 rput....l 57. 182 .. tb71fUJ'l1d'bJdl 1.....1'

251. 113 C7~4 sa....r 57. 182 kulldu7dl

251 113 rrlcb1orolcbJl.... 58 184 ..CbJlfurlld.b7d. sa_r

2SC 114 C,laO 59... 116 !r"'PI'OPJlb1DaIDl!

261. 116 rbapt.... 59. 187 CI0820 ~r

268 117 ac.tic acid 59C 188 '10812 ~r
27 120 2-riA71fur... 60 189 C

U
1

24
11_r

28 122 ',au ia_r (rlDt.) 61 190 ',lleO.iaRn

29 123 c,s14 SH8Ir W 191 .....-
3D us d18a tbJl 41aulfidl i21 191 CuIU 18_ (rat.)

n 126 dlbJ4rOJlJl'D (cac.) i3lo 192 Culz, S-I'
12 133 col_ i31 lU 2-put'J'lflll'a

33 134 ;aU ia_r 14 194 rocrull

- _c!.Dued-

139



Table 0-7 (continued)

Chrouto- lluell1Q Chrouto- UuUOD
lrapblc T_. ColIPCNDd lraphie r..... e:-powod
Puk Ho. ·c Peak 110. ·c

6SA 194 C)-alk,l b."..... la..-. 87. 231 C1211 2.18.....

6S8 194 wW1CIVD 8IA 234 .Uoxa".

66 196 111"xa". 881 234 C10111002 (eeot.)

67.1. 197 .a-deCADe 89 23) .It. b,d .oc••~Il

678 198 dleb.10.ob&l>&.... 90 236 C
12

11
26

1.......

68 199 UIlNt. b,d.ocU'bo" 91 237 C
12

1l
26

1.......

69 201 C9B
16

110M. 92.\ 238 C
10

B200 lion.

70 202 C4- ..llr.ylbe"".... (o."e. ) 921 239 UIl••e. byd.oea.bo"

71 20" C88.60
2

1.owa. 93'- 240 ...pbcbal.... (C••ce)

7210 204 lbo...". 938 240 C
12

Sn 1• ..-.

7Z8 204 I.C.by~.oca.boll 941. 240 E,-dec&Da1

73,\ 207 UIl.a•• bydrocerbo" 9411 240 C12B24 1.oDer

738 207 C
ll

ll
24

1.""",r 9) 21>0 s.-dod......e

741. 208 lat. hydroea.hoo 96 240 Cnln 1.......

748 209 ac:etopbuoa.. 97 240 lat. hyd.ocarbo"

n 210 C4-Ilky1b.IlZ.... 981. 240 C
13

R
26

1..,....

76 211 C
U

8.
24

:1.._. 988 240 ellS200 11.....

771. 212 CU 1l24 1o.... r 99 240 C
13

R
28

bOIler

778 212 wa..... t.. h,.droc.lrboa. 100 240 C1Jllz8
1.0_.

77C 213 lac. Ilydroearboll 101 240 C13R28
1aOlHr

77D 213 CgB
8
0

Z
lao_1 102 240 C

l0
B

16
0 100....,.

7SA 214 C
7
Ba0

2
:I..a.er (ceat.) 103 240 C13824 lao.r

7IB 21S C
ll

8
24

110-.1 104 240 ~-\&Dd..ca.aal

79 217 C
10

1
16

0 10_. lOS 240 .!!.-c.ldeuo.

80 :U8 .!!.-IlCIl&ll&l 106 240 C
lO

1 160 i.olllu

81 221 !.-wulec&D1I 107 240 e110lWle

82 222 UIlNe. hydrou.bo" 101 240 UIlI.e. hydrocarbon

83 224 ••c. hydro.arbon 109 240 Udl" hydroe••bon

64 226 C
12

B
26

180111I. 110 240 .!!.-dod.canal

85 227 ••t. h.,drocU'boD. 111 240 s.-tltt'adBC&ElfI

86 228 C
12

B
26

11_1 112 240 UIl"'. bydracarboo
871. 229 .Uo...... 113 21>0 !.-pac.tadecue

140
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Table 0-8. VOLATILE COMPOUNDS IDENTIFIED IN PURGE OF SAMPLE. NO. 3111
(Baton Rouge, LA)

Chrouco­
IUphlc
reak No.

El..cl....
r .
'c

Cl\rCllYCo- ElutlC11l
en phlc ~.
rut 10.

1

:z
JA.

31

4

SA

sa
6A

6B

6e

7A

71

8

9

lOA
101

11

III

121

13

14

15
16A

161

17A

171

18

19

20

21

22

23

24

25

26

27

28

29

30

31A

311

32

3JA

51

61

6S

65

71

73

74

""77

80

81

s:z
84

87

88

89

91

92
g4

'5
96

101

101

104

104

106

108

109
110

111

112

114

117

120

123

126

128

US

142

144
146

148

urNa d1odd.

dlcblorodSfluo~cb&D.

• ul fur dlodde

C.18 u-r
CSI10 lI_r

crlehlorof1uo~cbaDI

'CUOM

1IoproplllOl

~-p1..t ....

Cs1
8

11_r

..cbyl.... cIa1orU.

Fr."" U3

carlloo ds.8ulUdII

~-butual

cyclopo..CUI

C
6
1

14
la_r

CsI
10

0 t.eo-r

CS'H100 la_r'

C6~2 t.eo-r
bczafluoroblAa.... ,(s..c••cd.)

!.-b.aDe
dllorofom

pufluorotol_ (s..t .•cd.)

..tbylcycloplllc....

1.1.1·crSchlorOltb....

C
5
1

10
0 la_ar (cuc.)

C
6

'H
12

0 1._r.

b........

urbClll cur.chlorid.

C6~2 1._r
C

6
1

12
0 lI_r (cuc.)

C6~20 la_r (cuc.)'

~tual

trieblorootbyllD'

rb.pt....

C81~6 t.eo-r

C7~4 lI_r
dlD1cbyl 41.ulfld.

colu....

r lllUD.l1

C8~6 la_r

roct ....

tluKb1orOlltbylue

142

33.

34

:u
36.

36,1

37

38A

381

3910

391

40

41

42
4],A,

431
44

45

46

47

48

49

SO

51

52

53

54A'

541

55.
551

56

57

58

5'
60

6lA

611

62

63

64

65

H

67

68

141
150

152

155

1.55

161

163

164

168

168

161

170
173

177

177
178-

179

181

183

186

189

18'

191

192

193

194

195

196

197

198

202

204

206

208

212

213

214

217

221

233

240

240

240

UAIIC. bydrourl>oo

C
8
116 S._r (c...t.)

1110.....

C
9

1
18

1_r

C,820 1._r (CIDC.)

Uhyl u ....

1l71 S_r

C9120 1I0..r

.cyRa.

C,I20 11.....

1l71.... l_r

C
9
1 20 l_r

Cgl 20 s.o.r
NC. bydJ'ocubo..

C
3
-.ltyl b.ue... (tcc.)

C
l0

1
22

1._r

C
I0

1
22

la_r

lit. bydroearllo..

.Uo,.....

llIueld.byd.

III1k=vD

Cll124 SIO..r

C
3
-eltyl beu....
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APPENDIX E

SEMIVOLATILE COMPOUNDS IDENTIFIED IN SELECTED

EXTRACTS OF MOTHER'S MILK
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Table £-1. SEMIVOLATILE COMPOUNDS IDENTIFIED IN EXTRACT OF SAMPLE 1032
(Bayonne, NJ)

aor.... to- &l."c1... CbrODaCG- &l".t1aD
ITajl1l1C t .... CDlIpwaoI Inp1l1c 'twp. e-po.IDII
Pea" 10. 'c , ..It 110, 'C

U col.... 2S ......-..
II -r1.... &_c 26 \IDIul......

2 .Uo_ 27 .Uo......

3 .Uo_ 28 .UOUD'

4 .&10_ n d1O·,yna. (.td. )

S .11_ 30 ••ta aDot! u.a.at. b,drocarboDa

6 .1IolWl. :)1 .UaUD'

7 .110_ 32 DDE
8 .Uo_ ]] DIlIu>OVD

9 diMth,lblpw,l (tet.) )U al1n1ee

10 .U_ "I ~

W .Uo...... 3S -.va
III au- 36 '&C....d ",,"c. bydnuTboaa

12 .110_ 37 .110,.....

13 ..c. bydTOcarboa 38 '&C. ad _&C. byd.....rbo...
14 .u_. n '&C. ad IID..C. b,d...c.rbo...

l' .11..- 40 .u_.
16 "t. loJ4roceriloa 41 .illlZml'
17 ..c....d _c. bydTOCArlloaa 42 .UOUB'
18 .11........ 43 .11_.
19 .110...... 44 .ilo.....

20 .110UD' 4S .110.....
21 .... I17dPCa"DD 46 17coper••IJ.e

22 pb.bUe•• (ua•. ) 41 cbalon• .,1 ac••'"
23 .11a_ 41 .Uo.....
24 Ut. ODd ....t. I17droc.rboaa
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Table £-2. SEMIVOLATILE COMPOUNDS IDENTIFIED IN EXTRACT OF SAMPLE 2121
(Pittsburgh, PA)

Cb.roaal~

IUpblc
'u'1l0.

1

2

J
4

5

6

7

8

9

10

11

12

13

14

15
16
17

18

19
20

21

22

23

24

25

26

27

col .

.Uo......

Ulo .

.UOlOADe

.UOlOAD.

Z,6-cl1-cert-bYcyl-4_tb71pb...ol

_chyl dodecuO&c.

.cb,l buc,r.c. (c.llc.)

·.Uo.....e

••c. bydrocerbo"

.Uou...

.Uo_

..c. bydrocarlMm

.UOlllllll

IUOlO&De

.Uolllllle

..c. &lid _IC. bydrocUbolU

eaC. bydrocarboD

IIIIkDCIVIl

.110lllllle

...c. aIlll ......t. bydrocarbolU

lIZlI&DovIl

Imiulow

.11_e

IUOlllllll

dl0·pyrIIlI (iAt••td.)

.11Cl2&De
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28

Z9A

21.
3D

31

32

33

31,

35

36

37

38

39

40

4lA

418

42

43

44

"46

47

48

49

SO

51

lluC1D1l
tap.
·e

....c. bydroc.ll'Ncl

...at. bydrocor.....

IIDE

.at....d ......t. bydrocarbou

.UOMllI

pellucblorolt1,blllyl

.at. &lid ....c. hydr_bou

.UoUlle

.at. cd ""eac. bydrocarbou

......cblorobl'b.ll)'l

.U_I

.at. b,drocarboo

.UOUDI

.at. cd ""eaC .b,drocorbou

"'C. ood IIDOIC. bydrocerbou

...,clcblorolt1,be",l

.UOUIlI

eaC. ad .:m..c. bydrocarbolll

.11ouD'

.UOUll.

.Ullllllll.

.UOUIl..11_.
17copere....

.UOllllll.

cballatel")'1 acl..te
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Table £-3. SEMIVOLATILE COMPOUNDS IDENTIFIED IN EXTRACT OF SAMPLE 3095
(Baton Rouge, LA)

Chr01ll&co- &1l1c1.... Chroma to- &1l1t1OD
I ..phle t.-p. CGIIpouI4 Irapbtc tap. c:c.paad
'eak 110. ·C •••t 11o. ·C

1 _th'i.... d11orU. :u dl0-PJI'-
2 cOl..... 334 ht. b,drocarbo"
) aU_ UI ......e,' brdncarboo

4 He. lI,droe.ne. )4 .110.....

5 .at. b,drocarbclll (t.Il•• ) 35 DtlE

6 • 11ou.a. 364 lIIlIul......

7 ••e. b,drocanDll (cuc. ) 368 "".ac. lIJdrocarboo

8 .Uo..... 37& dlo_

9 ••e. bJdrocarboll hut.) 378 ....u-..
10 dio..... 38 eat. br4rocarboD (UDC.)

11 eat. brdrocarl>.... 39 .Uo.....

12 eat. lIydrocarboa 40 "".n. brdrocarlloo (teDt.)
13 aDb...... 41 .Uo.....,.

14 aDb...... 42 eac. bJdrocarboD (...... )

15 Mt. bydroun.... U .Uo.....

16 ailDUDe 44 .at. brdrocarbo..
17 Nt. b,4roe.rl>0Il 45 •• ,. hydro.arbo..

18 allolWl. 4" eae. hrt!rocarbOtl

19 .U........ 468 ailczane
20 M •• brdroearbOll 47 dlolCall.
21 aat. b'4rotar........ 48 .ae. b,drocarllo..
22

dl__•
4' a11_ (UIl•• )

23 allo..... SOA .UOlCall_
24

.11___

508 Nt. lIydroearboD
25 eat. br'ftlcorb..o 51 Nt. lIJdrocarllo..
26

aU__

52 l,,,_ra...,,
2710 eat. bJ.ro....~ 534 .Uoun.
271 lIDeat. bJdroCAnOll 33. c:bol••ce1l'l &C.etat.
28 aDb...... " .UCl&aQe
29 lIIIJm_ 55 eat. br'roearllo..
30

all__

56 ..uov..
J1 aHoUill. 57 .Uoun"
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Table E-4. SEMlVOLATILE COMPOUNDS IDENTIFIED IN EXTRACT OF SAMPLE 4093
(Charleston. WV)

Chr..... t ....
IUphiC
...IL la.

1

2

).. ­..
$

6

7

8

VA

91

10

11

12

1]

14

15

16
17

18
19

20

21

22

23A

23B
24
2$

26

27

28

29

llutlOll,..,.
·c

tol....

• 1.1oUDe

.Ua .

.Ua .

..t. b1dracarboa

.u .
• IJo .

I".tyric arbJddd. (tat.)

.at. b1drocarbo..

C911z0 t._r

.......-

.Uasa.

• at. b,.drDCAl'bo..

aat. b,.drolt&rba..

dlo.....

.Uosa.

.at. b1drocanoa

Nt. b1drocarllo..

Nt. b1dracarllo..

aat. b1drocarllo..

IIIlb&:Na

.110.....

Nt. Il7drocarboD

..t d UDNt. b7drllC&rbo..

.u .
Nt. .."I ......t. bpdrocarboD.

a11_.

Nt ...... IIDNt. IlJUo",lloaa

aU_.

"""-
Nt d _at. bJcIrocarllo .

Nt d ......t. b,drocarbo .

C1u....t.... llut1l1D
lraphic '-P.,.at la. ·c

)0

n
32

))

)4

n
)6

)7&

)78

)8

39

40

41
4U

428

U

44

'5

46

47

48

49

50

51

$2

53

54

55

56

57
58
59
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aUo.....

.UOUll•

dlO-nua. (iat•• td.)

Nt ....d _.t. bydracarbo...

.Ua.....

••t • aad _at. b1droc.rboD.

Nt. aad UDa.t. b,.dracarbo...

ut. and aaaat. b,.d racarboul

mlE
Mt • &ad ......t. b,.drocar_.

• 110.....

aUo_

Nt. ad UIlIat. b,.drocarbo...

.Uo......

_tbJ'l deb,.drouhtat. (t.n.)

aUouDI

Ut. b,.4roc.arboo

aU_.

Nt. aa4 _.t. by4rocarbo....11_.
pbtba1.u
.Uo...._

lIIlIwNIl.U__

.Uou .

aUo .

1ycopu .

.Uou .

eIIol_uryl .c...n
Nt _.t. bJdnltarbou

.Uo .

D-t.CQfb.rol (Tttamlc)
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