A Ranking Tool for Potentially Carcimogenic
Polynuclear Aromstic Compounds in Synfuel Products®

Tuan Vo-Dinh

Advanced Monitoring Development Group
Health and Ssfety Research Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

ABSTRACT

This paper describes the use of a screening procedure to rank the content of
polynuclear aromatic (PNA) species in synfoel samples. The ranking procedure is
based on a cost—effective and rapid screening technique based on synchronous
lumine scence spectroscopy. The use of the screening procedure as a basis for
screening of complex mixtures will be discussed.

INTRODUCTION

An important class of organic pollutants are PNA compounds because some of them
sre known to be converted by metabolic sctivation to ultimate carcinogens (1,2).
Consequently, it is important to monitor PNA compounds in synfuel samples on a
routine basis., A variety of analytical procedures have been developed to determine
the concentrations of specific PNAa., High-performance liquid chromastogrsphy (HFLC)
and gas chromatography/mass spectrometry (GC/MS) have been used to provide detailed
analyses for a variety of PNAs in envirommental samples (3,4). In many monitoring
situastions, the oprecise determination of vsrious specific PNAs may be unnecessary
and a prescreening phase is required to reduce the cost of environmental analysis.

This presentstion describes the use of a ranking methodology that can be wused
to screen synfuel aamples for their PNA content. The technique of syanchronmous
luminescence (SL) ia applied to fluorescence snd phosphorescence messurements for
establishing a rsnking index (RI) for PNA apecies.
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EXPERIMENTAL

¢ Lunjnescence Screeni e 3

The screening procedure evaluated in this study is based on the sychronous
luminescence technique (5,6). In conventiopal luminescence spectroscopy, only one
of the twvo spectral wavelengths, Aem (emission) or Aex (excitstion), is scanmned
while the other remains fixed. For complex samples, the resulting spectra obtained
with this conventional procedure sre often poorly resolved and festureless becsnse
of the spectrel overlays of the emissjons from individuel compone=zts. However, by
scanning both Aep snd Aex synchronously with s constant interval between the two
wavelengths (Aem - dex = A)), the lminescence spectrum becomes more resolved
with sharp pesks that are more resdily identified.

The synchronous excitation technique csn be spplied both to fluorescence, i.e.,
synchronous fluorimetry (SF), and to phosphorescence, i.e., synchronous
phosphorimetry (SP). For SF, the optimum value of AA, usually set st 3 om, is
determined by the Stokes Shift, i.e., the wavelength difference betwen the 0 to O
bands in emission snd sbsorption. For SP, the optimal valuo of A\ is determined by
the singlet—triplet enorgy difference of PNA species to be monitored by room
temperature phosphorimetry (RTP) (7-9).

The RTP technigque is charscterized by the simplicity and versatility of its
methodology and conaists generslly of four steps: (1) snbstrate prepsration
(optional pretrestment with hesvy-atom salts); (2) sample delivery; (3) drying; snd
(4) spectroscopic messurement. Three microliters of sample solution were then
spotted on the paper circles using microsyringes with a volume of 3 microliters.
Since moisture can gquench the BTP emission, predrying was schieved with infrared
hesting lamps. Continued drying dnring the messurement was accomplished by blowing
wsrm, dry air through the sample compartment. Phosphorimetric measurements were
conducted with a commercisl Perkin-Elmer apectrofluorimeter (Model 43A) equipped
with a rotating phosphoroscope. Detsils on the measurement procedures have been
described elsewhere (7,9).

The presence of heavy atoms in the immediste enviromment of the molecule can
significsntly enhance the populstion of the triplet state (externsl heavy-stom
effect) snd, therefore, the phosphorescence intemsity. For PNA compounds, s lsrge
variety of hesvy stom salts such ss thslliom and lcad acetate have been found to be
very efficient in enhancing the phosphorescence quantum yields. The detection
limits for most PNA compounds investigsted csn be lowered, in some cases, by several
orders of magnitude and are in the subnsnogram rsnge. It 4is slso possible to
selectively enhsnce the phosphorescence emission of a given compound (or group of
compounds) in & complex mixture. Selective triplet emission enhsncement
considerably extends the specificity of the BTP technique in multicomponent
anslysis.

The rstionsle for ranking the samples for luminescence apectroscopy is bssed
upon the fact that the msjority of PNA species, especially the polysromatic
hydrocarbons, fluoresce and/or phosphoresce. Luminecacence is known as two of the
most eonsitive techniques to detect these compounds. Provided thst all the spectrsl
intexferences sre accounted for, the screeming procedure cam be bssed on the
principle that the higher the totsl intensity of the SL bsnds, the more concentrsted
the samples are in PNA content.
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APPLICATIONS
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Figure 1 shows the synchronous fluorescence spectra of five synfuel products
collected at different locations of a synfuel production facility. In order to test
the capability of the rapid screening procedures, no prior attempt had been made to
analyze these samples and obtain compound-specific information about the individual
components. All of the five samples were diluted in ethanol by serial dilution
(103, 104, 105, and 106 dilution factor). A wavelength interval of AL = 3 nu was
used in the synchronoua fluoreacence measurements. With the use of the AL value,
the resulting synchronous fluorescence peaks correspond approximately to the 0,0
band emissions of most PNA compounds. The synchronous profile, therefore, is not
just a spectral fingerprint, but contains useful information about the nature and
PNA composition of the samples.

The msin relatiouship between the size of the benenoid structure of a
polyaromatic hydrocarbon and its fluorescence emission is the dependence of its 0,0
band upon the number of benzene rings (5). The wsvelength position of the 0,0 band
of a high-number, linear fused-ring size cyclic compound generally occurs at longer
wavelengths thsn that of a lower number ring-size compound.

Synchronous fluorescence measurements were conducted with the five products at
various concentrations. The results indicated that the SF profile remained
unchanged when the samples were diluted to 104 fold or less. This indicated thst
spectrsl interferences did not occur at these concentration levels for the products
investigated. Without any identification and quantification procedure, a rapid
examination of the synchronous fluorescence profiles of the five synfuel products A,
B, C, D, and E at 105 fold dilution levels can readily provide the following
conclusions (Figure 1). A rspid comparison of the SL profiles first indicatea that
product C should contain the least amount of PNA compound. The compound that
contributes to the peak at 285-290 nm in sample C is a monocyclic aromatic species
and it is also present in similar amounts in other samples (A, B, D, and E). The
intensity of the peak at about 305 nm is approximately 10-fold less intense in
asample C than in the other samples. Besides s weak shounlder at about 325 nm, no
other band was detected in sample C at wavelengths longer than 320 nm.

In order of increasing PNA content, product D is the next sample to consider.
The peak at 305 nm is about 10-fold more intense than that of sample C. A rapid
examination of the SL profile of sample A also shows that this product is similar to
product B. Product B, however, contains slightly more PNA compounds that have 0,0
bands at 346 nm, 382 nm, 402 nm, and 442 nm. Although the general structure of the
spectra for products A and D are similar, these spectral differences are still
noticeable. Finally, the synchronous profiles show that the PNA content of products
B and E are similar, These tvo samples contain more PNA compound with 3-5 rings
thsn samples A, C, and D as indicated in Figures 1b and le.

Another example of the screeming procedure by BTP is the characterization of
another series of coal liquids produced by a synfuel production process. The
results of this acreening procedure are shown in Figure 2. All the samples vwere
diluted in ethanol by serial dilution (10-2, 10~3, 10~4, 10~5, and 10~6) and spotted
on filter paper (Schleicher and Schuell, No. 2043A) treated with a mixture of
thsllium acetate and lead acetate. The excitation used to obtain the RTP spectra
was 315 om. This wavelength waa used to excite most of the PNA compounds having 3
to 5 fused ringa. The samples shown in this figure were 10~6 fold diluted. Vithout
any identification and quantification procedure, it is posaible to rank these
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aamples as follows: B > A > D 2 C. Note that aample C exhibited atronger
intenaity at approximately 600 to 650 nm where pyreme and other 4- to 5— ring PNA

oompounds mainly emit.

The above examples show that it is possible to obtain a preliminary ramking of
coal products after a rapid synchronous acanning procedure. All the samples were
acreened without any prior prefractionation or precleaning process. Each SL and RTP
measurement was conducted in less than five minutes, after the appropriate
concentration range had been selected. Recently the SL technique has been developed
for measuring important biomarkers including PNA metabolitea and PNA-DNA adducta
produced by human exposure to PNA pollutants (10,11).
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Figure 1: Ranking Procedure of several Coal Liquid Products by Synchromoss
Fluorescence,




RTP SIGNAL (relative intensity)

10

ORNL-DWG 82-9938
RTP SCREENING OF SYNFUEL PRODUCTS

T T T T T T 1]

-

)\e‘=345nm
(TL+ PD)

O S N AN N SN S N N A N O S N |

400 500 600 700
WAVELENGTH (nm)

Figure 2: Ranking Procedure of Synfuels Products by Room Temperature
Phosphorimetry.
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