New Jersey Institute of Technology

Digital Commons @ NJIT

Theses Electronic Theses and Dissertations

5-31-1984

Three studies on airborne polycyclic aromatic hydrocarbons

Carol Sophia Eveleens
New Jersey Institute of Technology

Follow this and additional works at: https://digitalcommons.njit.edu/theses

6‘ Part of the Engineering Science and Materials Commons

Recommended Citation

Eveleens, Carol Sophia, "Three studies on airborne polycyclic aromatic hydrocarbons" (1984). Theses.
2138.

https://digitalcommons.njit.edu/theses/2138

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons
@ NJIT. For more information, please contact digitalcommons@njit.edu.


https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2138&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/279?utm_source=digitalcommons.njit.edu%2Ftheses%2F2138&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2138?utm_source=digitalcommons.njit.edu%2Ftheses%2F2138&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu

Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



ABSTRACT
Title of Thesis: Three Studies on Airborne Polycyclic
Aromatic Hydrocarbons
Carol Sophia Eveleens, Master of Science, 1984

Thesis directed by: Dr. Arthur Greenberg, Associate
Professor

Three studies have been conducted on polycyclic
aromatic hydrocarbons found on airborne particulate matter,
The first investigation involves the determination of fly
ash "activity" in the reaction of two PAHs adsorbed on its
sur face. Mass spectrometry is used to monitor the exchange
of hydrogen and deuterium atoms between anthracene and
anthracene—dlo. The results indicate that some fly ashes
exhibit "activity" in the reactions of PAHs adsorbed on its
surface. The second investigation involves the determination
of cyclopentalcd]lpyrene (CcdP) and benzo[ghi]flouranthene
(BghiF) on samples of airborne particulate material col-
lected from two automobile traffic tunnels. Glass capillary
gas chromatography with a precolumn injector system is used
to quantitate these two compounds. The results indicate that
CcdP is a significant constituent of automobile emissions

and that BghiF is present in concentrations much lower than



CcdP. The last investigation involves the attempted identi-
fication of benzyl sulfate, the sulfate ester of benzyl
alcohol, on ambient air particulate samples. Reverse-phase
high pressure liquid chromatography is used to determine the
presence or absence of benzyl sulfate on particulate matter.

The results are inconclusive at present.
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INTRODUCTION

During the past three decades, many studies have been
conducted on the various characteristics of airborne parti-
culate matter. These studies 1include the extraction and
identification of polycyclic aromatic hydrocarbons (PAHS)
found on particulates from coal-fired power plants, auto-
mobile exhaust condensates, and organic combustion products
as well as airborne particulates derived from all of these
sources. The present project encompasses three separate
studfes related to the analysis of polycyclic aromatic
hydrocarbons.

The first study involves the determination of induced
}eactivity between PAH compounds adsorbed on the surface of
fly ash. Only a few studies have been conducted on the ad-
sorption and desorption, termed "sorptivity," of PAHs on fly
ash., Two of these studies investigated the sorptivity of
PAHs on fly ash and the physiological effects of these par-

ticulates on body tissue once they are ingested.l'2

Other
studies concentrate on the extraction and recovery
procedures of PAHs from fly ash to determine the most accu-
rate quantitative methodologies for particular compound‘s.z_5
In the present investigation, hydrogen/deuterium exchange of

anthracene-d is used as a probe in determining the inter-

10
actions of PAHs on the surface of fly ash. By monitoring the
exchange of the hydrogen and deuterium atoms of anthracenes

adsorbed on the fly ash surface, the ability to induce re-

actions between PAH compounds, termed “activity", by a



particular fly ash may be measured.

In the next area of study, the analysis of PAHs found
in automobile exhaust is undertaken. This investigation in-
volves‘the quantitation of two specific PAHs, cyclopenta-
[cd]pyrene and benzo{ghi}fluoranthene. The samples used are
taken from two major automobile routes located between the
states of New Jersey and New York, the FHKHolland Tunnel and
the Lincoln Tunnel. Detection of cyclopental[cd]lpyrene (CcdP)
is normally difficult in ambient air samples because it is
readily photodegraded. In the tunnel samples, however, the
concentration of CcdP is higher because of the 1lack of
sunlight. The results are thus more indicative of CcdP's
actual concentration in automobile exhaust. Benzo[ghi]fluor-
anthene (BghiF) is determined concurrently with CcdP because
it is a co-elutor under the high performance liquid chroma-
tography (HPLC) procedure performed in our laboratory and
thus interferes with the quantitation of CcdP in the tunnel.
samples. The problem of separating these two isomeric com-
pounds and quantitating their concentrations 1is the
motivation for this study.

The third area of study involves the synthesis of a hy-
droxymethyl sulfate derivative of a PAH and its detection in
ambient air samples taken from several urban sites in New
Jersey. The idea of investigating the presence or absence of
benzyl sulfate on air particulate samples developed from a

previous study involving 7,12-dimethylbenz[alanthracene

(DMBA) .5 1n that study, the highly carcinogenic derivative



7-hydroxymethyl-12-methylbenz[a]lanthracene (7-HMBA) of DMBA
was determined to be an active metabolite in rat liver.
Although they were only mentioned in the investigation of
7-HMBA, other sulfate esters of arylmethanols have been
investigated in the present study. Of these sulfate esters,
the least mutagenic towards Samonella typhimurium TA 98
using the Ames Test is benzyl sulfate.6 Since the sulfate
ester of 7-HMBA is more mutagenic than the parent compound,
it is worthwhile investigating whether or not such deriva-
tives exist in ambient air. To determiné an answer to the
question, "Do sulfate esters exist on air particulates?"
several samples are collected and prepared for PAH analysis.

Each of these investigations involves the analysis of
PAHs in their parent form or as a derivative. All suggest
possible environmental health problems that may be con-
trolled or possibly prevented once the reactions are known
and isolated. The following is a report on the findings for

each of these studies.



I. HYDROGEN/DEUTERIUM EXCHANGE OF ANTHRACENES ON FLY ASH

Coal fly ash is a highly adsorptive matrix. It appears
to influence the PAH compounds adsorbed on its surface in
several interesting ways. First, of the studied PAHs ad-
sorbed on the fly ash samples, all tended to resist photo-
chemical decomposition (photookidation) when exposed to
1ight.7 This is in contrast with dissolved PAHs. 1In
solution, photooxidation of PAHs occurs readily when irra-
diated with a 1light 50urce.7 Second, some of the PAH com-
pounds adsorbed on the fly ash surface undergo spontaneous
oxidation in the absence of light.7 These compounds contain
a saturated carbon atom attached to an aromatic ring. This
benzylic carbon linkage is highly susceptible .to oxidative
attack.7 Third, extraction recoveries of PAHs adsorbed on
fly ash seem to be dependent on the size of the molecule.
More difficulty 1is encountered in extracting four or more
ring membered compounds than three or 1ess.2’3 The recovery
of Carbon-14-labelled benzo[a]lpyrene, using ultrasonic ex-
tractions with benzene, for example, is quite low (30%).4
Therefore, in the quantitative analysis of PAHs on fly ash,
extraction recovery corrections must be included to give

3

more accurate results,” Fourth, in experiments performed by

Griest et al4 using Carbon-l14-1labelled benzo[alpyrene

(14C—BaP) and tritium labelled benzo[a]pyrene (3H~BaP) as

tracer compounds, there appears to be a 3H—1H exchange

between the 34-BaP tracer and the fly ash surface. This

exchange is probably caused by the tight binding of the BaP



tracers to the fly ash surface and accounts for the lower
extraction recovery of 3H-BaP tracer to 14C—BaP tracer. As
Griest points out, more than likely there will be an ex-
change observed for the 2H—labelled tracers and the fly ash
sample as well.4 Speculation on other fly ash character-
istics influencing PAH sorptivity have also been made. These
include: the carbon content of the fly ash possibly forming
pi-bonding complexes with the adsorbed PAH compounds, or
more specifically, dipole-induced dipole 1interactions
between the PAH and the carbon of the fly ash2 and chemical

interaction between "unextractable" PAHs adsorbed on the fly

ash with polar surface groups capable of complexing with the

adsorbed PAHs.3'4

In the present investigation, the idea of hydrogen ex-
change between anthracene and perdeuterated anthracene
adsorbed on fly ash is studied. The object of this investi-
gation is to take several types of fly ash from different
coal sites and determine the "activity"” (the ability to
induce hydrogen/deuterium exchange between adsorbed PAHSs},
if any, of these fly ashes. To determine the "activity" of
the fly ash samples a solution of anthracene (1) and per-
deuterated anthracene (2) is prepared and a measured amount
mixed with a sample of fly ash. Using mass spectrometry (MS)
the induced reactivity of these PAH compounds is measured by
comparing the percentages of the m/e values of the fly ash

samples to the corresponding m/e percentage values obtained

for the control sample.
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A. Experimental Procedures for H/D Exchange

l. Samples and Solutions

Fly ash samples from three coal-fired power plants were
furnished by Dr. James Grow of the New Jersey Institute of
Technology. The coal used in the operation of these power
plants came from three coal mines, Nora Coal,_Badger Coal,
and Upshur Coal, located in New Jersey. One gram samples
were analyzed for fly ash "activity". A solution of
anthracene plus anthracene-—d10 was made by dissolving
approximately one-tenth of a gram of each compound in 0.500
liter of <cyclohexane (HPLC grade). Anthracene and
anthracene-—d10 were purchased from the Aldrich Chemical
Company.

2. Methods of Adsorption

Each trial run on the different fly ash samples is sub-
jected to the same method of adsorption. However, in some
cases the fly ash is pretreated with either heat (600°C for
6 hrs.) or exhaustive extraction (150 ml of methanol for
24hrs.). The fly ash samples are then incubated for 1 day,

5 days, or 7 days and then extracted with benzene for 6



hours. Figure I is a schematic diagram of the different
procedures of adsorption.
Figure I

Schematic Diagram of Fly Ash Analysis

Fly Ash
Sample

Heat Methanol
Treatment Treatment

Incubation
Period

Soxhlet

Extraction

Mass Spectral
Analysis

One gram of fly ash is weighed out and placed in a
flask. Five milliliters of the cyclohexane solution
described above is added to the flask and the slurry stirred
magnetically for thirty minutes. (The 5 ml of solution

contains approximately 1 mg of each compound.) After 30



minutes, the slurry is rotoevaporated almost to dryness and
incubated for a designated time period in a vacuum dessi-
cator at room temperature. The flask is wrapped in aluminum
foil to protect it from light. When the incubation period is
over, the sample is transferred to a Soxhlet extraction
apparatus and extracted with 150 milliliters of benzene for
6 hours. After the extract is rotoevaporated to dryness, the
residue is ready for analysis. Control samples of the
anthracene solution are 5 ml quantities that have been
rotoevaporated almost to dryness, placed in a vacuum
dessicator for 24 hours, and then stored in an amber colored
bottle until time of analysis by MS.

3. Analysis via Mass Spectrometry (MS)

The "activity" of each fly ash is determined by MS. By
monitoring the amount of anthracene, anthracene—dlo, and
their derivatives present in the fly ash sample and com-
paring these values to control sample values, the "activity"
of a particular fly ash measured in terms of H/D exchange
can be measured. The mass spectrometry runs were performed
by Mr.‘Michael Lang at Schering Corporation.

B. Results and Discussion of Fly Ash Samples

Griest et al, in their study on extraction and recovery
of labelled-BaP tracer compounds, attribute the lower per-
centages of 3H—BaP as compared to 14C--BaP to 3H—1H exchange
between the labelled PAH and the surface of the fly ash.4

They also presume that a ZH—lﬂ exchange would occur between

a 2H-labelled PAH and the fly ash. The difficulty of disrup-
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tion of the PAH ring system of the tracer compound and the
availabilty of free carbon on the fly ash, Griest et al
explain, inhibits the exchange of 14C-—lzc between the tracer
and the fly ash. Therefore, the recovery percentage of

14C-BaP is greater than the recovery percentage of 3H—BaP

because 14C—lzc exchange between the PAH and fly ash is

dependent on the unfavorable disruption of the PAH ring
system.4

According to the assumption of Griest et al, 2H—1H
(H/D) exchange between tracer PAH compound and fly ash is
very possible. If this exchange between fly ash and tracer
compound is possible, so is the H/D exchange between two
PAHs adsorbed on the fly ash surface. By inducing reactivity
between adsorbed PAHs, the fly ash can alter the initial.
chemical composition of molecules adsorbed‘on its surface.
This cah either increase the potential <carcinogenic
properties or decrease the potential carcinogenic properties
of the particulates, both of significant interest in deter-
mining the environmental risks fly ash and other particulate
matter may impose.

OQur present study uses the perdeuterated form of
anthracene and anthracene itself in determining the
"activity" of fly ash to induce H/D exchange between ad-
sorbed PAH compounds. The "activity"™ is determined by
comparing the percentages of the m/e values obtained for the
fly ash samples to the corresponding values obtained for the

control group. The results suggest "activity" in certain fl
Y Y



10

ash samples and virtually no "activity" in other fly ash

samples in the induction of reactivity between adsorbed
PAHs. Appendix A displays the actual mass spectrograms
obtained during this study. The mass spectra are typical of

PAHs in that the base peak is the parent ion. Table I lists
each of the sémple trials on the three €f£ly ashes, their
incubation periods, pretreatment, if any, and possible
"activity" in the exchange of H/D atoms of the two

TABLE I

Experimental Results for Fly Ash Samples

Flyash 1Incubation Pretreatment Activity Ion Ratio

m/e 178/ m/e 188

Nora 1 1 day none notable 1.17
Nora 2 1 day none notable , 1.00
Nora 3 1 day none notable 1.90
Nora 4 5 days none notable 1.18
Badger 1 day none slight 1.00
Badger 1 day none slight 1.09
Badger 1 day none slight 1.39
Badger 5 days none slight 1.00
Badger 7 days none slight 1.02
Upshur 5 days none slight 1.00
Upshur 1 day GOOOC, 6hrs. none 1.00

Upshur 1 day MeOH, 24hrs,. none 0.99
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anthracenes. It also lists the ion ratio of the two parent
compounds, anthracene (m/e 178) and perdeuterated anthracene
(m/e 188).

In the comparison of each of the fly ash sample
results, it appears that NORA fly ash exhibits the most
notable "“activity" in the H/D exchange of anthracenes.
BADGER fly ash shows a slight to insignificant "activity"
and UPSHUR fly ash exhibits wvirtually no "activity" at all
in H/D exchange.

Looking at the individual percentages of anthracene
species present in the mass spectra (Appendix A), several
trends are noticed. In each of the samples and the control
sample, there is a significant amount of compound present at
the mass number of 184.1 in comparison with the other mass
values. In comparing all the sample fly ashes and the
control sample, the amount of anthracene and anthracene—d10
is approximately equal with, anthracene being used as the
basis for % computation. The exceptions lie in the second
trial of NORA and BADGER fly ashes, here anthracene—d10 is
used as the basis of % computation. There is a significant
percentage of compound present at the mass number of 179.1
and 187.1; these mass numbers ©probably represent
anthracene—dl and anthracene-dg, respectively. In these two
cases, a single H/D exchange probably takes place between
the adsorbed compounds. Shifting attention to the corres-

ponding integration values for each of the mass numbers

between 178.1 and 188.1, it can be seen that NORA fly ash
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exhibits the most "activity" while BADGER and UPSHUR do not
exhibit any notable "activity". All conclusions in this
respect are based on comparison with the mass number
integration values for the control sample.

The main problem that arises at this point in the
determination of the fly ash "activity" toward inducing re-
activity between adsorbed PAHSs, is the probable
inhomogeneity of the actual size of the fly ash particles in
a 1 gram sample. By size-fractioning the fly ash samples
into more homogeneous particulate ranges, the inconsistency
in experimental results for repetitive runs on the same fly
ash sample may disappear and the adsorption of the PAHs onto
the fly ash surface may be made more even in distribution.
This would lead to a more reproducible answer in determining
fly ash "activity". Examples of inconsistent results are
shown by comparing the three similar trials of NORA fly ash
to each other and the three similar trials of BADGER fly ash

to each other. The percentages for several m/e numbers are

as follows:

NORA BADGER

1 2 3 | 1 2 3
m/e 178= 100%, 99%, 100% m/e 178= 99%, 100%, 100%
m/e 179= 16%, 30%, 16% m/e 179= 9%, 17%, 15%
m/e 187= 13%, 50%, 39% m/e 187= 24%, 14%, 16%
m/e 188= 86%, 100%, 52% m/e 188= 100%, 90%, 71%

where m/e 178 is the parent ion anthracene; m/e 179 is the

specie anthracene-dl; m/e 187 is the specie anthracene—d9
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and m/e 188 is the parent ion anthracene-d At this point,

10°
the ability of fly ash to 1induce H/D exchange 1is esta-
blished, but precise quantitation needs further study. The
mechanism of "activity"™ inducing H/D exchange, as yet, Iis
unknown and depends on a number of factors. Examples of
these factors include: carbon content of the fly ash, ele-
ments on the fly ash capable of complexing with the adsorbed
PAH causing retention of the PAHs on the fly ash, extraction
and adsorption methods of thev PAHs that are capable of
giving accurate results, and whether or not the proton
transfer step occurs under acidic or basic conditions.

The immediate step to be taken in the analysis of H/D
exchange of PAHs adsorbed on fly ash is separation of par-
ticle size into more homogeneous groupings. Once this is
done, the actual mixing time of the PAH solution and the fly
ash should be optimized. The incubation period between
adsorption and extraction is monitored very closely, and the
solvent used in the extraction of the samples carefully
considered. To further assist in the determination of the
mechanisms of fly ash M"activity", characterization of the
fly ash surface by X-ray fluorescence, ESCA, and or SIMS
should be performed. In this way, more can be learned as to
what and how influencing factors contribute to the inter-
action of PAHs adsorbed on the fly ash surface. Addition-
ally, it would be worthwhile to see whether
9-nitroanthracene (3) exhibits accelerated or decelerated

exchange relative to anthracene. If the exchange |is
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NO

3
accelerated, presumably a negatively-charged intermediate
(4?) is involved. If the exchange is decelerated, presumably

a positively-charged intermediate (5?) is involved.

[
lun



IT. CYCLOPENTA[CD]PYRENE AND BENZO[GHI]FLOURANTHENE
IN AUTOMOBILE EXHAUST CONDENSATES

The analysis of PAHs on airborne particulates has been
the subject of many investigations in the past three
decades.®727 One area of study involves the analysis of
automobile exhaust condensates for PAHs., Within this group
of compounds exists several carcinogenic and procarcinogenic
compounds. The PAH most often the subject of analysis is
benzo[a]pyrene (BaP, 6). It has been found in a wide variety
of environmental samples and it has been proven to be a
potent carcinogen. Another PAH recently identified in var-
ious particulates and synthesized in the 1laboratory is
cyclopenta[cd] pyrene (CcdP, 7). Its carcinogenic activity is
approximately one-fifth that of BaP but it has exhibited
highly mutagenic properties.8 It has been found in higher

amounts than BaP, in tunnels and automobile condensates.g’lO

5} z

8,11 have recently performed several

Cavalieri et al
experiments involving CcdP. In their first experimental
investigationsr Cavalieri et al administer different dose

levels of CcdP by injection into laboratory test mice. Their

15



16

findings show that repeated applications of low dose levels
of CcdP cause more incidences of tumors than the same number
of applications at higher dose levels. Also, at the low dose
level, CcdP exhibits 57% tumorigenicity while BaP exhibits
100% tumorigenicity in laboratory test mice.8

The results of the first study of Cavalieri et al led
them to investigate the syncarcinogenic effect of CcdP and
BaP in test mice.ll What they found is quite interesting and
disturbing considering the abundance of these two PAHs in
automobile emissions. When administered simultaneously, BaP
and CcdP exhibit a syncarcinogenic effect. Three dose
levels of low (2.2 nmoles BaP or 22.2 nmoles CcdP), medium
(6.6 nmoles BaP or 66.6 nmoles CcdP), and high (20 nmoles
BaP or 200 nmoles CcdP) are determined for each PAH prior to
analysis. In the combination of the medium dose of CcdP and
the medium dose of BaP, the syncarcinogenic effect is 3 to 7
times the total carcinogenic effect of the separate
compounds. When the dosage consists of the low level CcdP
and the medium level of BaP or vice versa the effect is 1.2
to 3.8 times the sum effect of the individual PAHs. A dose
that combines a high 1level of either PAH results in a
masking of the syncarcinogenic effect of these two PAHs.ll

The results of the two studies of Cavalieri et a18'll
coupled with the results of other researchg'lo'12 on the
relative abundance of CcdP and BRaP in automobile exhaust.

gives rise to concern over the health problems these PAHs

impose. CcdP is an elusive compound in ambient air samples
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because it is photodegraded. It is studied here because the
samples being analyzed are taken from two traffic tunnels.
Since the air particulate samples taken from these tunnels
are shielded from the sun, photodecomposition of CcdP should
be kept to a minimum and determinations of concentrations
actually reflecting emission levels of CcdP should be
possible.

In the initial quantitation of CcdP via reverse-phase
high pressure liquid chromatography (HPLC), a problem arises
in the quantitation of CcdP. Large peak areas on the chroma-
togram indicate concentrations for CcdP much greater than
expected. It appears that CcdP is co-eluting with another:

unknown compound.13

The HPLC results limit accurate gquan-
titation of CcdP. Quanititation can yield simultaneous
determinations of co-eluting PAHs using different detection
wavelengths 1if one knows the identity of the co-elutors.
However, further research indicates that glass capillary gas
chromatography (GC) is effective in quantitating CcdP since
it will separate it from at least one of the HPLC co-elutors
(see below), making quantitation of the tunnel samples
possible. Although, the capillary GC column conditions
employed here failed to completely resolve CcdP from
benz[a]lanthracene, the latter compound is easily separable
using our HPLC conditions. During the time GC was being
considered as the new method for analysis, benzo{ghi]fluor-
anthene (BghiF, 8) was proposed as being the co-elutor of

CcdP. T. Alsberg et al14 note that RBRghiF elutes almost
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8

simultaneously with CcdP under <certain HPLC conditions.
Furthermore, this co-elution was found experimentally under
the conditions employed by our laboratory. It is interesting
to note that in Alsberg's study the individual fractions of
CcdP and BghiF are found to exhibit low mutagenic effects,
while the combination of these two fractions with the rest
of the sample exhibit mutagenic effects much higher than
expected.14 In other words, the mutagenic effects of CcdPp
and BghiF are enhanced exhibiting a syncarcinogenic effect.

TABLE 1114*

Mutagenic Effects of HPLC-Fractioned DCM Extracts

DCM ext® A P cP A+B A+C A+B4C
-89  0.56 - - - - - -
459 2.2 0.92 0.24 0.13 1.5 1.2 1.7

a. 3 g carbon black extracted 64 h...

b, B= CcdP fraction, C=BghiF fraction...

*Alsberg, T., et al, "Evaluation of Extraction Methods For
Carbon Black: POM Analysis and Mutagenicity Assay,"

Polynuclear Aromatic Hydrocarbons Physical and Biolo-

gical Chemistry, Batelle Press, 1982, p. 79.
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The values of Table II and the chart of Figure II are taken
from Alsberg et al14 and show the individual and combined
effects toward the S9 metabolizing system.

Figure IIlq*

Number of Revertants/Plate vs %59/59mix

o 500}

3 A+B+C
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3 A+B; and the recombined
® 200}

z fractions of CcdP, BghiF,
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H 100 + and the sSample, A+B+C in
Q0

é the presence of different

amounts of S9 fraction,

% S9/S9 mix

*Alsberg, T., p. 81.

A.Experimental Procedure on CcdP and BghiF

l.Collection and Preparation of Samples

The samples wused in this analysis are collected by
equipping a Dodge Tradesman 200 van with a hooded high
volume sampler powered by 110 V generator mounted on the
drivers side wheel well., The sampler is mounted on the roof
of the van. In this position the generator exhaust vents
with the engine exhaust. Gelman Type A glass fiber filters,
100 mm diameter, are used to collect the air particulate

samples. (Volumes and sampling data are found in Table III.)



Cyclopentalcd]lpyrene was obtained from the National Cancer
Institute Chemical Repository. Benzolghi]fluoranthene was
obtained from the Commission of European Communities
Community Bureau of Reference (BCR, Brussels). Both com-
pounds were used without further purification.

Half of each filter is Soxhlet extracted with 150 ml of
cyclohexane for 6 hours. ([During the extraction period as
well as during the entire procedure, care is taken to pro-
tect the samples from all forms of light.] One 1 ml of
l-methyltrypticene, the internal standard, is added to the
extract and it 1is rotoevaporated to approximately 5 ml
aliquots. The aliquots are then concentrated to 1 ml under a
constant flow of nitrogen gas (prepurified) and dotted on
thin layer chromatographic (TLC) glass plates obtained from
- Analabs. The TLC plates are precoated with Anasil GF a
silica gel with 13% CaSO4 binder plus UV flourescent
indicator, 254 nm. The layer of silica Qel on the TLC plate
has a thickness of 250 microns and the size of the glass
plate is 20 cm x 20 cm. The TLC plates are developed in a
1:1 solution of toluene and hexane, allowed to dry, and the
PAH fraction is located by UV light. The PAH fraction is
scraped off and washed with approximately 8 ml of tetra-
hydrofuran (THF), freshly distilled from 1lithium aluminum
hydride. Samples are concentrated to 1 ml volume and stored
at -15°C in amber colored bottles until time of analysis.

2. HPLC Preparatory Steps for Analysis

Each of the total sample extracts are subijected to two
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reverse-phase HPLC partitioning steps. An initial fraction
of 3.5 milliliters is collected from the sample beginning
about 2 minutes before the retention time of the CcdP/BghiF
peak and ending 1.5 minutes after their peak retention time.
This fraction is rechromatographed using an isocratic sol-
vent program that separates the CcdP/BghiF section from the
other compounds in the fraction. This second partitioning
step is needed to insure that no benzo[alanthracene (BaA) is
present in the fraction to be analyzed by the GC. During
standard runs on PAH compounds, it is found that BaA is not
completely resolved from CcdP thus causing potential discre-
pencies in quantitation of CcdP. To avoid this problem the
second partitioning step is employed. The two HPLC parti-
tioning programs are:
a. 40% aqueous acetonitrile to 100% acetonitrile

in 30 minutes at a flow rate of 1 ml/min, a

linear gradient, UV detection at 280 nm and 365 nm,

fluorescence detection with an excitation of

360 nm and an emission of >440 nm.

b. 70% aqueous acetonitrile isocratic at a flow of

1.5 ml/min., UV and fluorescent detection is the

same as program a.
Note: Because of the insolubilty of PAHs in water, a solvent
exchange of acetonitrile 1is performed on the collected
fractions after each HPLC partitioning step.

3. Sample Injection System

Each of the samples are injected onto a precolumn15



packed with Ultra Bond 20M, a specially treated support
material obtained from Blltech Associates, plus two plugs of
dimethyldichlorosilane (DMCS)-treated glass wool also ob-
tained from Alltech Associates. The construction of these
precolumns is performed in the laboratory as follows: Glass
capillary tubes (Kimax size 1.5—2.0 mm diameter by 100 mm
length) are silanized with a 50% solution of hexamethyldi-
silane (HMDS) in toluene and heat treated with a constant
flow of zero grade nitrogen gas followed by several hours
baking in an oven at 160°C. The silanizing treatment Iis
repeated followed by a 24 hour period of oven treatment. The
tubes are rinsed thoroughly with HPLC grade methanol (MeOH)
followed by another heat treatment. The capillary tubes are
packed with 3 mm of Ultra Bond 20M and 2 plugs of treated
glass wool. The packing is placed high enough in the tube so
that the lower glass wool plug does not reach the bottom
metal fitting of the injector port. Teflon tape capable of
withstanding 600°F is wrapped around the lower portion of
the precolumn forming a gas tight seal with the metal fit-
ting forcing the carrier gas to flow up and then down
through the precolumn. Before being used for analysis, the
precolumn is conditioned at 257°C (the temperature of the
injector port) for 6-8 hours. Figure III is a schematic
diagram of the precolumn.

After the sample has been injected onto the precolumn,
the solvent is flushed off by a steady flow of nitrogen gas

(zero grade) for fifteen minutes. [A filter trap 1is
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installed in the solvent flushing system as an added pre-
caution against impurities in the tubing.] After flushing
off the solvent, the precolumn is ready to be placed in the
injector port.

Figure III

Schematic Diagram of the Constructed Precolumn

Support Septum
Material

] 4 !
N R >

\

Teflon Tape Glass Wool
Seal Plugs

4. Analysis via GC

A Varian model 3700 Gas Chromatagraph is employed in
the analysis of CcdP and BghiF. A Durabond fused silica
glass capillary column coated with phase DB-5 by J&W Scien-
tific is installed for analysis. The characteristics of the
DB-5 stationary phase are similar to the SE-52 and SE-54
stationary phases. The column is 30 meters 1long, has an
inner diameter of 0.25 mm and a phase thickness of 0.25 um
on its inner walls.

The precolumn is placed in the injector port which is
being maintained at approximately 257°C. With the injector
at 257°C and the column at 40°C, a flow of nitrogen gas is
passed through the system thermally releasing and then
trapping the sample at the beginning of the column. Once the
temperature program begins, each constituent is released and

passed through the column to be detected by a flame



ionization detector

corded by a Spectraphysics Integrator/Recorder,

(FID).

of GC analysis is the following:

The data

Injector=257OC, Detector=321°¢C

Column pressure head= 20 PSI

Flow rate @ 280°C= 1.0 ml/min

is

integrated

The

Temperature Program= 40°C for 30 minutes, then

4°¢ per minute to 300°¢C

Solvent Flushing Time= 15 minutes

Table III lists sampling

B. Results and Discussion of Tunnel Samples

Table III

Sampling Data and Concentrations (ng/m3)

For CcdP and BghiF

24

and re-

program

information and experimental

Tunnel Sampling Start End Volume Concentration Ratio
Date Time Time (m3) CcdP BghiF Ccdp/

BghiF

Lincoln 11/24/81 11:53am 12:38pm 17.9 3.5 0.5 7/1
Lincoln 11/24/81 4:08pm 4:40pm 13.9 44.3 7.5 6/1
Lincoln 11/25/81 10:30am 11:03am 12.6 6.0 1.0 6/1
Lincoln 11/25/81 1:52pm 2:24pm 12.7 18.0 1.3 14/1
Holland 11/24/81 3:10pm 3:45pm 16.6 5.0 1.0 5/1
Holland 11/25/81 12:05pm 12:45pm 13.2 2.8 - -
Holland 11/25/81 12:50pm 1:35pm 15,1 30.0 1.7 18/1
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data for each of the tunnel samples. The reported concentra-
tions of CcdP and BghiF range from 2.8 ng/m3 to 44.3 ng/m3
and the concentrations of BghiF range from undetectable to
7.5 ng/m3 for the cubic meters of air sampled as listed in
Table III. The fractions of actual sample injected range
from (0.09)(total volume sampled) to (0.37)(total volume
sampled) . In the specific case of the Holland Tunnel sample
where no BghiF was detected, the fraction of sample injected
is (0.16) (13.2 m3) or 2.1 m3. The results indicate that
detection to a fraction of a nanogram per cubic meter can be
quantitated using the precolumn technique of injection with
glass capillary GC. This method of PAH analysis is highly
sensitive and capable of separating and guantitating PAHs
that reverse-phase HPLC has difficulty in doing. However,
HPLC is needed in separating CcdP from BaA which capillary
GC has difficulty in doing. The high concentrations of CcdpP,
listed in Table III, reinforce the previous conclusions that
CcdP is a major constituent of automobile exhaust and that,
together with BaP is responsible for a significant per-
centage of the carcinogenic effect of the PAH fraction. The
lower concentrations of BghiF in comparison with CcdP is in

keeping with previous reported results. 0s12,16

However, the
values reported here for BghiF are somewhat lower than the
values reported in earlier studies., Several factors in-
volving the nature of these PAHs and the method of analysis

explain why some of the reported concentrations for CcdP and

BghiF are so low.



26

To begin with, CcdP is a member of the highly photo-

reactive pyrene group of PAHS.17

In the presence of sunlight
or ultraviolet light, CcdP will undergo photooxidation and
decomposition to a significant extent. This explains why the
detection of CcdP is difficult in ambient air samples. It
also explains why larger quantities of CcdP are detected in
automobile exhaust condensates taken from traffic tunnelé
and soot particulates taken from the inside of

stacks.g'lo’lz'18

During the collection and extraction of
the tunnel samples, care is taken in protecting the samples
from 1light, but even with careful handling, it is 1likely
that some of CcdP photoreacts. In addition, CcdP is not a
very stable compound in solution and can slowly decompose

17

over a long period of time. Since the samples used in this

study are those collected and analyzed in our earlier in-
vestigationlB, the samples are approximately a year and a
half old. The age of the samples could account for further
loss of CcdP. [A note should be made at this time on the use
of the o0ld tunnel samples. In our earlier study13 no results
are reported on the concentrations of CcdP because it was
co-eluting with one or more other PAHs. Since quantitation
of CcdP in these tunnel samples was desirable because few
studies have been performed on the concentration of CcdP in
automobile exhaust condensates taken from tunnels, they were
‘used in this analysis.] The above factors explain systematic
loss of CcdP for each of the samples. To explain the large

discrepancies in concentrations of CcdP between samples, a
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comparison is made with the reported results of BaP in our

13

earlier study. (BaP is also a member of the photoreactive

3 to 51

pyrene group.) The results for BaP range from 11 ng/m
ng/m3, a high/low ratio of 4.6/1. CcdP concentrations range
from 2.8 ng/m3 to 44.3 ng/m3, a high/low ratio of 16/1. The
greater variation for CcdP may be a measure of its greater
reactivity.

What accounts for the low concentrations of BghiF? It
is not a member of the photoreactive pyrene group and is a
relatively stable compound. The explanation 1lies in the
actual method of analysis. With each successive step of
fraction partitioning and solvent exchange, it is assumed
that all the sample is totally recovered. The possibility
does exist that not all the sample is recovered after each
injection in the HPLC followed by a solvent exchange. Having
to concentrate the fractions to dryness between injections
could lead to sample loss. (Particulates adhering to the
side of the bottle and not being dissolved in the solvent
could account for lower concentrations.) Total loss of
sample explains the lower concentrations of both BghiF and
CcdP only if the other PAHs in the sample are also lower in
concentration. In addition, both compounds are relatively
volatile compared to BaP.

Taking into consideration the possible factors influ-
encing CcdP's and BghiF's concentrations, the results are
acceptable in a semiquantitative sense. The ratio of

CcdP/BghiF in this study is in keeping with the profile
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studies of Grimmer et al. In our study, the ratios of

CcdP/BghiF fall between 5 and 18. In one report by Grimmer

12, the results indicate ratios between 1 and 6 for

CcdP/BghiF, while in another reportlo, the results indicate

et al

ratios between 1 and 13 for CcdP/BghiF. Our study
incorporates the range of both ratios reported by Grimmer et
al showing that the precolumn injection is a reliable method
of analysis for quantities in the nanogram range.

The results are similar to that of other profile
studieslo’lz, even though some of the concentrations are
lower than anticipated. With the addition of the precolumn
injection, minute quantities of PAHs found in large amounts
of solvent are detected. Broad solvent peak tailing Iis
avoided and sharp peaks chromatographed. Use of this method
is not necessary for PAHs easily quantitated by reverse-
phase HPLC. It does involve several partitioning steps, but
it does quantitate PAHs that are otherwise hard to separate.

14 also use several HPLC partitioning steps in

Alsberg et al
their determination of CcdP and BghiF.

The concentrations, 18 ng/m3, 30 ng/m3, and 44 ng/m3
for CcdP indicate that even with decomposition, CcdP is a
major constituent of the PAHs in automobile exhaust. Between
the relatively high concentrations of CcdP reported here and
the high concentrations of BaP reported in our earlier
studyl3, one may speculate that these two compounds exert

significant influence on the carcinogenic effect of auto-

mobile exhaust on the environment. As stated earlier in this
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report, these two compounds have been proven to be animal

carcinogense'll, as well as being mutagenic in several test

studies.a'll

In the absence of C(CcdP, BaP 1is a potent
carcinogen, but in the presence of CcdP, both PAHs exhibit a
syncarcinogenic effect. The accurate quantitation of CcdP is
necessary in determining the health problems automobile
exhaust may pose to society.

Although the concentrations of BghiP reported here are
somewhat low and it has not been shown to be a carcinogen,

Alsberg's article14

gives rise to some speculation as to the
role BghiF plays in the carcinogenic effect of automobile
exhaust. BghiF does exhibit some mutagenic properties toward
the metabolizing system S9 (Table 1II), about half of that
reported for CcdP. When BghiF is combined with CcdP and or
the rest of the sample, the mutagenic effects toward S9 is
greater than expected. It does not follow an additive rule.
This promotes speculation on how the presence of both CcdP
and BghiF influence the mutagenic/carcinogenic properties of
automobile emission and how the presence of BghiF, CcdP, and
BaP together influence the effects of automobile emission on
the environment. Much further research is needed in deter-
mining the environmental risks of automobile exhaust conden-
sates on human health. Appendix B contains pertinent sec-

tions of the chromatograms on each of the tunnel samples.



III. HYDROXYMETHYL SULFATES
In 1965, E. Boyland and P. Sims reported that 7,12-
dimethylbenz[alanthracene (DMBA) is metabolized in viveo to
two monohydroxymethyl derivatives.28 These two derivatives,
7-hydroxymethyl-12-methylbenz[a]anthracene (9) and 7-methyl-
12-hydroxymethylbenz[alanthracene (10) are reported to

induce cancer in laboratory test rats and mice. In a later

CH CH,,0H
CH,,OH CH,y
2 10

study, Flesher and Sydnor29 propose a mechanism for the
metabolism of certain compounds to the carcinogenic deriv-
ative of DMBA, 7-hydroxymethyl-l2-methylbenz[alanthracene
(7-HMBA) . Figure IV gives the proposed mechanism beginning
with DMBA. DMBA is representative of those compounds that,
upon hydroxylation, form 7-HMBA, a more potent carcinogen
than 'its parent compound. Once in the form of 7-HMBA,
formation of a derivative such as a sulfate ester takes
place. These derivatives are expected to have a good leaving
group in order to generate a reactive carbonium ion. The
carbonium ion would then be able to react with the cellular
nuclenphile (e.g. DNA) initiating the step necessary in the

development of cancer.

30



31

Figure IV29

Proposed Mechanism for Metabolic Activation of DMBA
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Why the 7-HMBA derivative is more carcinogenic than its
parent compound, DMBA, remains unexplained. However, the
mechanism for metabolic activation of 7-HMBA has been ex-

6 Figure V represents the results of

plained by Watabe et al.
their study on DMBA in the presence of rat liver microsomes
and a NADPH-generating system.

Watabe et al have synthesized 7-HMBA in the laboratory
from DMBA and converted it to a sulfate ester derivative,
isolating it as a sodium salt. Several other sulfate esters
of arylmethanols have also been synthesized by Watabe et al.
These arylmethanols are benzyl alcohol, 1- and 2-hydroxy-
methylnapthalene and 1l-hydroxymethylpyrene. All tested are

mutagenic toward S. typhimurium TA 98.6 The sulfate ester of
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Figure V6

Metabolic Pathway for the Activation of DMBA in Rat Liver
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benzyl alcohol (i.e. benzyl sulfate) is the least mutagenic6

of these compounds and 1l-hydroxypyrene is the most muta-
genic.

The research of Watabe et al6 on the synthesis and
isolation of several mutagenic compounds led to our
question, "Do the sulfate esters of arylmethanols exist in
the atmosphere on air particlate matter?". Benzyl alcohol is
chosen to be the basis of this investigation because it is
‘nonmutagenic and its parent compound, toluene, is present in
the atmosphere 1in significant concentrations. Using the
synthesis outlined by Watabe et a16' the sulfate ester of
benzyl alcohol 1is synthesized and isolated as 1its sodium

salt.
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The samples used in the attempted qualitative analysis
of benzyl sulfate were air particulate samples obtained
from a random selection of several urban sites in New
Jersey. The date of sampling, the collection and the sample
preparation is the same for each site.

A. Experimental Procedures for Benzyl Sulfate

l.Synthesis of Benzyl Sulfate(Na salt)

The synthesis of benzyl sulfate(Na salt) (11) in the

laboratory follows the procedure outlined by Watabe et al.6

- F
CH20803 Na

11
The quantities used in the reaction are double the amounts
listed by Watabe et-al. Ten millimoles of benzyl alcohol are
placed in a reaction flask containing 40 ml of anhydrous
pyridine. (The pyridine is dried by refluxing over potassium
hydroxide followed by fractional distillation.) Freshly
distilled chlorosulfonic acid, 11.0 millimoles, is added to
the reaction flask dropwise. The mixture is allowed to react
for three hours at room temperature and then neutralized
with an aqueous solution of sodium hydroxide, 11.5 Molar.
The neutralized mixture is diluted with 10 volumes of ether
in three equal portions. The precipitate is collected by

filtration and washed thoroughly with ether. The white

precipitate is suspended in ethanol, 20 ml, to separate the
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ethanol insoluble inorganic salts from the benzyl sulfate.
The salts are removed by filtration and the filtrate roto-
evaporated to dryness in vacuo at room temperature. The
residue is redissolved in 10 ml of ethanol and the solution
diluted with 10 volumes of ether. The salt of benzyl sulfate
is collected by filtration and the precipitate washed
thoroughly with ether and dried in vacuo. The spectroscopic
reéults for benzyl sulfate taken from Watabe et al6 are: NMR
éppm in CD,0D = 5.06 (methylene H, singlet) and 7.43
(aromatic H, singlet); Uv;\max in EtOH (€) = 212 (2686), 257
(124); IR v__  in KBr pellet cm ' = 3050, 3012, 2875, 1497,
1465, 1250, 1201, and 1080. In this study, the spectroscopic
results for the NMR and UV tests run on the synthesized
benzyl sulfate(Na salt) are comparable to the values

determined by Watabe et al.

2. Collection and Preparation of Samples

The samples used in the detection of benzyl sulfate are
obtained from high volume samplers placed in several urban
sites in New Jersey. The air particulate samples are col-
lected on Gelman Type AE glass fiber filters. The filters
are weighed and measured prior to collection. The sampling
date of all the filters is January 6, 1983. Each filter is
cut into sections and a section is used for analysis. The
filter is Soxhlet extracted for 6 hours, first with 150 ml
of benzene and second, with 150 ml of acetone. One 1 ml of
the internal standard, l-methyltrypticene, is added and the

samples are rotoevaporated to approximately 5 ml aliquots.
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The 5 ml aliquots are concentrated under a flow of nitrogen
gas to 1 ml. The 1 ml solutions are dotted onto fluorescent
silica gel TLC plates and developed in a 1:1 solution of
toluene and hexane. A standard of benzyl sulfate is prepared
and dotted next to the sample fractions in order to
determine the correct area to scrape off and wash with
ethanol in two 3 ml increments. Prior to analysis, the
solutions are concentrated to a tenth of a milliliter.

3. Analysis by Reverse-Phase HPLC

The determination of the presence of benzyl sulfate(Na
salt) 1is carried out on a Waters gradient HPLC system
operated in the reverse-phase mode (Vydac ODS column,
separations group) connected to a Spectraphysics
‘Integrator/Recorder. UV detection is at 280 nm and 365 nm
with fluorescence at an excitation wavelength of 360 nm and
an emission wavelength of >440 nm. The solvent program
starts with 80% aqueous acetonitrile reaching 100% aceto-
nitrile in 15 minutes at a linear gradient.

B. Results and Discussion on Benzyl Sulféte(Na Salt)

The general mechanism for the metabolic activation of

DMBA, a methyl substituted aromatic hydrocarbon, follows the

pathway:
pvpa Dydroxilation, +-umpp ©&Sterfication

»

Sulfate Ester Derivative Loss of Leaving Group7

Reactive Carbonium Ion EL?QLW% DNA-adduct

This pathway 1is known to be occur in laboratory test mice.6
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Perhaps, the same pathway for metabolic activation will take
place for toluene once it has been ingested by the body. If,
however, benzyl sulfate exists on air particulates, then the
need' for the hydroxlation and esterfication steps of the
metabolic activation of toluene is eliminated. Now, if the
sulfate ester is 1ingested into the body, the only step
needed in the activation of the metabolite is the generation
of the carbonium ion. At this point, the metabolic activa-
tion of toluene and the existence of benzyl sulfate on air
particulates is only speculation. It is possible that benzyl
sulfate may not have sufficient fat solubility to enter
cells. The object of this investigation, is to determine the
presence and or absence of benzyl sulfate on air particu-
lates.

Considering the presence of toluene and what is termed
"acid rain" in the atmosphere, it is conceivable that the
formation of benzyl sulfate from oxidation and reaction with
"sulfuric acid can take place (Figure VI). More than likely,
it would exist as the sodium salt on the particulates and,
when extracted, exist in solution as the sulfate ester
(CGHS)CH20$O3_. The spectroscopic results on each of the
‘sample extracts indicate that benzyl sulfate may be present
on air particulates. The results, however, are not con-
clusive. They are consistent with but do not prove that
sulfate esters are present in the atmosphere.

Figures VII-XVII are portions of the chromatograms

indicating the possibilty of benzyl sulfate's presence,.
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Figure VI
Hypothetical Mechanism for the Formation of

Benzyl Sulfate in the Atmosphere
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However, because of the lack of sufficient retention by the
HPLC column and the 1limited migration (approximately
one~-third) up the TLC plate, the large peak areas at the
beginning of the chromatograms indicate the presence of any
polar material. If there were no peaks in this area one
could conclude that no benzyl sulfate is present.

Much more work is needed in determining the optimum
conditions for the preparation, separation, and identifi-
cation of benzyl sulfate on air particulate matter.
Subsequent work should include the use of a more polar
solvent (e.g. methanol) in the extraction of the sample
filters and a more polar solvent system in the development
of the TLC plates. The change to a more polar solvent system
would increase the migration and separation of the benzyl
sulfate from the rest of the sample. Further study should
also include the use of an HPLC column packed with a more
polar material, thus increasing the retention of benzyl

sulfate relative to the solvent peak. Comparison of the two
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extractions for each sample can not be made until better
operating conditions are determined. The results, therefore,
are inconclusive and need much further research.

By postulating that benzyl sulfate is present on air
"particulate matter, an entirely new area of study on PAHs is
opened. Assuming that the presence of benzyl sulfate, even-
tually is established, other sulfate esters of methyl-
substituted PAHs can be undertaken. Following the identifi-
cation of these compounds on air samples, the determination
of the metabolic activation of these compounds can be
investigated. In so doing, the environmental health problems
related to benzyl sulfate, as well as, the other sulfate

esters can be analyzed.



Figure VII

Standard of Benzyl Sulfate 1
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Figure VIII

Ringwood: Benzene Fraction for Benzyl Sulfate
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Figure IX

Ringwood: Acetone Fraction for Benzyl Sulfate
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Camden: Benzene Fraction
for Benzyl Sulfate
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Figure XI

Camden: Acetone Fraction
for Benzyl Sulfate

FL

365 nm

|

280 nm

10

min.,

43




Figure XII

Toms River: Benzene Fraction for Benzyl Sulfate
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Figure XIII

Toms River: Acetone Frac-
tion for Benzyl Sulfate
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Fairlawn: Benzene Fraction ]

for Benzyl Sulfate
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Figure X1V
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Figure XV

Fairlawn: Acetone Fraction for Benzyl Sulfate
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Figure XVI

Newark: Benzene Fraction
for Benzyl Sulfate
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Figure XVII

Newark: Acetone Fraction for Benzyl Sulfate
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CONCLUSIONS

The first investigation on H/D exchange on the surface
of fly ash shows that adsorptive matrices do play a part in
the reaction of PAHs adsorbed on its surface. Further
characterization of the fly ash particles is necessary to
explain how the fly ash influences reactions between the
adsorbed PAHs.

The second investigation on the quantitation of CcdP
and BghiF agrees with previous studies that CcdP is a major
constituent of automobile exhaust and is normally present in
much~greater amounts than BghiF. CcdP's concentrations
decrease rapidly when exposed to light and long periods of
storage because of its photochemical decomposition and
relativé instabilty. BghiF is a more stable compound
exhibiting some mutagenic properties. However, further
research is needed to determine its contributions with CcdP
to the total carcinogenic/mutagenic properties of automobile
emissions.

The last investigation involves the identification of
benzyl sulfate on air particulates. The results are not
conclusive in determining the presence of the sulfate ester
of benzyl alcohol. A definite answer to this question is
desirable since the sulfaté ester of one arylmethanol 7-HMBA
has been converted to an active metabolite in laboratory
test rats.

Studying PAHs on airborne partculates covers many areas

of research. Any additional information that research-

50
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ers can determine on the abundance, carcinogenic and or
mutagenic properties, derivatives, interactions, etc. of
PAHs can only assist in the environmental control of these

compounds,



APPENDIX A

This appendix consists of thirteen mass spectrograms
obtained during our investigation on the activity of fly ash
samples, Spectrograms I-XII are the fly ash samples and

Spectrogram XIII is the control sample.
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Mass Spectrogram I

Nora Fly Ash: One Day Incubation, Run 1
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Mass Spectrogram II

One Day Incubation, Run 2

Nora Fly Ash
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Percentage Relative to Base Peak
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Mass Spectrogram III1

Nora Fly Ash: One Day Incubation, Run 3
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Mass Spectrogram IV

Five Days Incubation, Run 1

Nora Fly Ash
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Mass Spectrogram V
Badger Fly Ash: One Day Incubation, Run 1
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Mass Spectrogram VI

Badger Fly Ash: One Day Incubation, Run 2
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Percentage Relative to Base Peak

Mass Spectrogram VII

Badger Fly Ash: One Day Incubation, Run 3
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Percentage Relative to Base Peak
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Mass Spectrogram VIII

Badger Fly Ash: Five Days Incubation, Run
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Mass Spectrogram IX

Badger Fly Ash: Seven Days Incubation, Run 1
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Mass Spectrogram X

Upshur Fly Ash: Five Days Incubation, Run 1
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Mass Spectrogram XI

Heat Pretreatment,

One Day Incubation, Run 1

Upshur Fly Ash
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Percentage Relative to Base Peak

Mass Spectrogram XII

Upshur Fly Ash: Methanol Pretreatment,
One Day Incubation, Run 1
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Mass Spectrogram XIII

Control Sample
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APPENDIX B

This appendix consists of eight figures. The figures
are sections of the chromatograms obtained during our
investigation of cyclopentalcd]lpyrene (CcdP) and benzo[ghi]-
fluoranthene (BghiF) in the tunnel automobile exhaust
condensates. Figure XVIII is the standard of CcdP and BghiF

and Figures XIX-XV are the tunnel samples.
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Figure XVIII

Standard of CcdP and BghiF
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Figure XIX

Lincoln Tunnel Sample 11/24/81, 11:53am-12:33pm
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BghiF
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Figure XX

Lincoln Tunnel Sample 11/24/81, 4:08pm-4:40pm
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Figure

XX1

Lincoln Tunnel Sample 11/25/81, 10:30am-11:03am
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Figure XXII

Lincoln Tunnel Sample 11/25/81,
1:52pm=2:24pm
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Holland Tunnel Sample 11/24/81,
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Figure XXIII
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Figure XXIV
Holland Tunmel Sample 11/25/81, 12:05pm=~12:45pm
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Figure XXV

Holland Tunnel Sample 11/25/81, 12:50pm-1:35pm
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