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It is well known that petroleum and related oils are largely used in our
communities and that these oils contain many kinds of polynuclear aromatic hydro- f
carbons (PAH) in trace amounts. Some PAH are carcinogenic to experimental animals
and are suspected to be carcinogenic to man. In fact, occupational cancer has
been observed in various types of worker groups having an occupational contact
with petroleum and related products such as fuel oil, lubricating oil, paraffin
oil, waxes and so on (1). These indicate the need of a reliable method for deter-
mining PAH in petroleum and related oils. We have devised dual band thin-layer
chromatography (TLC). This TLC has been proved to be useful as a tool for routine
microanalysis of PAH in various samples such as heavy oil (2), kerosene (2), gaso-
line (3), air-borne particulates (4,5), cigarette smoke (6), asbestos (7), coal
tar (8,9), pitch (9) and so on.

This paper describes two analytical methods for analysing PAH in petroleum
and related oils. The first method, multiple PAH analysis, is useful for analysing
many kinds of PAH. The second method, major component analysis, is useful for
determining 5 - 10 PAH which are prevalent in petroleum and related oils.

1. Multiple PAH Analysis

Multiple PAH analysis consists of the following 3 procedures; selective
extraction of PAH by a series of liquid - liquid partition, separation of the
extract into each component by two dimensional dual band TLC, and identification
and quantitative determination of the separated compounds by spectrofluorcmetry.

A known amounts of petroleum are dissolved in cyclohexane. PAH in this
solution 1is selectively extracted by a series of liquid - liquid partition of
the cyclohexane solution - dimethyl sulfoxide (DMSO), [ DMSO + (1 + 4) Hydrochloric
acid, 1:1,v/v] - cyclohexane, 70% sulfuric acid - cyclohexane, and 5% sodium
hydroxide aqueous solution - cyclohexane.

At the first partition, aromatic fraction in the sample is extracted to DMSO
phase,remaining aliphatic fraction in cyclohexane phase. The aromatic fraction
contain PAH, aromatic quinones, acidic and basic aromatic compounds. At the 2nd
partition, PAH, aromatic quinones and some of acidic compounds are extracted to
cyclohexane phase, and separated from basic aromatic compounds and water soluble
acidic compounds. Aromatic quinones and trace amounts of basic aromatic compounds
in the cyclohexane phase are removed by the 3rd liquid - liquid partition. Acidic
aromatic compounds are removed by the 4th partition. The final cyclohexane solu-
tion thus obtained contains PAH selectively. Table 1 shows the partition coeffi-
cients for 30 aromatic compounds in these liquid - liquid partitions, and also
shows the number of times required for extracting 99% or more of these compounds.

The cyclohexane solution which contains very rich PAH is washed with water.
After removing the residual water in the solution by adding small amounts of sodium
sulfate anhydride, the solution is dried up at a low temperature ( 40°C) under a
reduced pressure. The residue is dissolved in a known amount of benzene (0.5 to ,
1.0 ml).

PAH in this benzene extract are separated into each component by two dimen-
sional dual band TLC, The TLC plate consists of an aluminum oxide layer ( 4 x 20,
cm) and a 26% acetylated cellulose layer (16 x 20,cm). The. acetylated cellulose
was prepared by acetylation of microcrystalline cellulose for TLC (Avicel SF) using
the method of Wieland et al (10). After the application of a few microliters of
the benzene extract onto the aluminum oxide layer, the first developement is
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carried out with n-hexane - ether (19:1,v/v) to the 15 cm mark on the aluminum
oxide layer. This is done at about 20% relative humidity, easily achievable by
placing a container of saturated aqueous solution of potassium acetate in a
developing chamber. Developing time is about 35 min.

PAH on the aluminum oxide layer are then separated into each component on
the acetylated cellulose layer by the second developement with methanol - ether -
water (4:4:1,v/v). It requires about 60 min. for the developer to reach 10 cm
from the layer boundary.

PAH separated on the acetylated cellulose layer are detected as small spots
by their fluorescence under UV ray (253 & 365 nm). Detection limit is very low
and nanogram order of PAH are usually detectable. Most of PAH are stable on the
acetylated cellulose layer. Fig. 1 shows two dimensional dual band thin-layer
chromatograms of the benzene extracts from a heavy oil C and an ethylene bottom
oil. Heavy oil C, which is widely used as a fuel oil, contained 42 PAH and
the ethylene bottom oil contained 69 PAH. PAH in each spot can be analysed by
spectrofluorometry. At the present time, 10 PAH in the heavy oil C and 21 PAH
in the ethylene bottom oil have been identified as shown in Fig.l. Many PAH in
the spots on the chromatograms are left for future identification mainly due to
the difficulty in getting the reference substances.

This multiple PAH analysis has revealed that various kinds of PAH are
contained in petroleum and related oils such as kerosenes (22 - 39 PAH), heavy
oils (32 - 42 PAH), paraffin oil (66 PAH) and gasoline (76 PAH).

2, Major Component Analysis

It is often necessary to analyse 5 - 10 PAH which are abundant in petroleum
and related oils. These PAH can be analysed by the major component analysis.
This method differs from the multiple PAH analysis only in separation procedure.
That is, a one dimensional dual band TLC is used instead of the two dimensional
dual band TLC mentioned above. The one dimensional dual band TLC has the
following advantages as compared with the usualone dimensional TLC: 1) It has a
higher separation efficiency. 2) Separation efficiency is not affected by the
spot size at the origin. 3) Sample solution up to a few milliliters can be
tested. 4) Quantitative sample application is easily achievable. 5) Detect-—
ability of PAH is very high. Therefore, this method is especially useful for the
analysis of a sample which contains very low amounts of PAH.

The dual band TLC plate used consists of a kieselguhr layer (4 x 20,cm) and
a 267% acetylated cellulose layer (16 x 20,cm). The former layer is used for the
application of a sample and the latter layer for separating the sample. Fig. 2
shows a one dimensional dual band thin-layer chromatogram of PAH in a gasoline.
In this case, gasoline sample was applied to the kieselguhr layer without any
purification by liquid-liquid partition, because gasoline sample evaporated
rapidly leaving PAH and related compounds on the layer. Developement was carried
out with methanol — ether - water (4:4:1,v/v) until the developer reach 10 cm
from the layer boundary. It required about 60 min. PAH and related compounds
in a gasoline are usually separated into 21 - 24 rectangular spots on the acety-
lated cellulose layer.

After extraction with 4 ml of DMSO, PAH in each spot is identified by
spectrofluorometry in due consideration of its Rf value. Spectrofluorometry is
useful for the identification of PAH in a spot containing several kinds of PAH
and related compounds. For example, PAH in the spot C in the chromatogram in
Fig. 2 were easily identified as pyrene and fluoranthene. In this method, 10 PAH
are usually identified from a gasoline sample. They are benzo(a)pyrene, chrysene,
benzo(b)fluoranthene, benz(a)anthracene, anthanthrene, benzo(k)fluoranthene,
perylene, pyrene, fluoranthene, and benzo(ghi)perylene. The first 4 PAH are
carcinogen and the last 3 PAH are cocarcinogen.

The identified PAH except benzo(b)fluoranthene can be determined quantita-
tively by a narrow base line method (6). Benzo(b)fluoranthene can be analysed
after complete separation with benzo(a)pyrene by repeat developement with methanol
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-~ ether — water (4:4:1,v/v). The narrow base line method has been proved to be
very effective in eliminating interference from other PAH and related compounds
coexsisting in a test solution. For example, pyrene in a solution which also
contained fluoranthene, perylene and benzo(e)pyrene was analysed by this method.
Observed value of pyrene differed by only 3% from the theoretical values, even
when the concentrations of the latter 3 PAH (100 ng/ml) were 5 times higher than
pyrene (20 ng/ml). It was also found that observed value of benzo(a)pyrene in

a mixed PAH solution differed only 0.87 from the theoretical value, even when
the solution contained benzo(b)fluoranthene, chrysene, anthanthrene and dibenzo-
(a,h)pyrene in 10 times higher concentration than benzo(a)pyrene.

Table 1 shows contents of 9 PAH in regular and premium gasolines as well as
coefficient of variation for each PAH obtained in this analysis. The coefficient
of variation is low for all PAH analysed. Furthermore, this method is so
sensitive that it can analyse PAH quantitatively at a concentration of 1 ng/ml
or less.

Another major component analysis is achievable by high speed liquid chromato-
graphy instead of one dimensional:dual band TLC. A spectrofluorometer is used
as a detector of a high speed liquid chromatograph. Fig. 3 demonstrates an
example in which a liquid-liquid partition extract from a gasoline 1s separated
and detected at the spectrofluorometric conditlon for analysing benzo(a)pyrene,
benzo(k)fluoranthene, benzo(ghi)perylene and anthracene. The other PAH in the

extract can also be analysed 1n a suitable spectrofluorometric condition. It !

has been proved that this major component analysis is useful for analysing !

several kinds of PAH in petroleum and related oils as well as combustion products

of these oils. '
These analytical methods described in this paper have a wide range of uses, 4

producing reliable data on PAH in petroleum and related oils. These methods will
be useful for analysing PAH in various kinds of samples in the environment,
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Table 1. Partition Coefficients of Aromatic Compounds

A Phase DMSO Cyclohexane I Cyclohexanej Cyclohexane
B Phase Cyclohexane] DMSO + (1+4) 707 stob 5% NaOH
HCL [1:1]
Substance K N K N K N K N
Anthracene 3.9 3 pl100 1 100 1 >100 1
Phenanthrene 3.9 3 40 2 P100 1 14 2
Fluorene 7.9 3 pl1oo 1 100 1 >100 1
o | Pyrene 4.6 3 p100 1 P100 1 >100 1
)‘ ,E Chrysene 9.8 2 b0 1 100 1 >100 1
o S Benzo(a)pyrene 13 2 P100 1 P100 1 >100 1
} = | Fluoranthene 5.3 3 broo 1 proo 1 >100 1
' E; Benzo(b)fluoranthene 10 2 P100 1 P100 1 >100 1
\ Benzo(ghi)perylene 14 2 66 2 100 1 >100 1
P Coronene 14 2 40 2 100 1 >100 1
Y Anthraquinone 12 2 49 2 0.77 9 >100 1
b g Benzanthrone 20 2 30 2 0.017 270 |>100 1
[ ° Benz(a)anthraquinone 13 2 p1oo 1 19 2 >100 1
) g p~-Benzoquinone - - 10.26 7 0.010 460 0.0035 1300
t < | 1,2-Naphthoquinone | >100 1 {0.13 38 |0.052 91 - -
/ 1,4-Naphthoquinone 22 2 2.9 4 0.078 62 0.0015 3100
. Nicotinic Acid - — |0.051 92 - - 0.027 180
o | o-Hydroxybenzoic Acid] — — [0.115 43 0.086 56 0.001 4600
\ < | Terephthalic Acid -~ Jo.032 150 | — — | o0.031 150
R Phenazine 4.0 3 |4.6 3 - - 14.5 2
Carbazole >100 1 0.83 8 0.14 36 >100 1
Lepidine 6.2 3 0.047 100 - - - -
Benzo(h)quinoline 7.0 3 0.019 240 - - - -
Benzo(f)quinoline 12 2 0.001 >4600 | — — — —
© Acridine 8.8 3 0.001 >4600 { 0.016 290 — —
o | 1-Naphthylamine 55 2 |0.007 660 |0.001 4600 | — -
" 2-Aminoanthracene >100 1 | 0.077 63 - - - —
2-Naphthylamine >100 1 [0.001 >4600 | — - — -
2-Aminofluorene >100 1 [O0.001 >4600 | — - — —
2-Aminochrysene >100 1 |[0.001 4600 |0.055 87 — —

K: Partition Coefficient ( Concentration in A/ Concentration in B)
N: Number of times required for extracting 99% or more of a compound from
B phase to A phase




(%) UOTIBRTIBA JO JUIFOFFIFIO0D :°A'D

¢SUOTIBUTWMIDIDP / JO UBOW xx °SUOTIBUTMIDILP ¢ JO UEBOK y SSUOTIBUTWIDIAP # JO UBIY

296

€'t ¥9°T [L°¢ TT°0 6°% TT°0| %°C €2°0 | LT 9S°0 | 8°0 O00°T| T'T 8Z°'T| O°T €°6| L€ €°yT} 8
¢'0 00°C [0°C 60°0 0°0 20°0f S°C ¥0°0 [ T°T S€°0 | O'% S€°0| S°0 98°0] 9°0 °%| 8°0 0°02) L .y
¢°T €%°0 |8°C 6S0°0 G'€ €0°0f G°0 60°0 { 9°0 8T°0 [ ZT°G¢ 6C2°0( CT°€ 0S°O(T'T T°T| ¢'0 ¥%'¢ |9 m
8'¢ TT'T |ST0 TT'O0 T°T OT°0| 9% ST'0 { £°0 06°0 | §°C #»I'T{ 0°% T€'T| 2T L°S| L°T 6°9T| S m
9°€ 6£°0 |T°G »x£0°0 8°0 TO'0) €°G %0°0 | T°T xST°0 | €°¢€ 6£°0] O°T <%0 S'T 0°Z| 6'€ w'¢ | v ®
8'T G9°T |T°€ ¥0°0 T°% T0°0f L°0 T0°0 [ T'T =LT°0 | L°C 9T°0| S°C 6L°0| S°€ x6"T) L°0 =«T°LT| € m
%' 08°0 |T'T 80°0 %'T 80°0| T'% TTI'0 | 9°T =%S2°0 | 6°0 9%°0( 6°% LO'T| T°% «xI'%| %0 =x%9°0T|.C m
8'0 8¢°0 [Z°% €0°0 S'% €0°0| 9°% L0'O0 | €°CT =x90°0 | €°0 %E£°0| L°0 %SO T'T +8°'T{ 8T =x9°% | T
8°0 €T1°0 |0°S 20°0 9°% T0°0 $'9 t0'0 6°¢€ S0°0 TI°% OT°0f £°CT TI'0} L°T 80 €°C [ 8
%°C 9¢°T |0°€ 60°0 6'%y TO'O| T'Z €0°0 | §S°CT TT°O0 | L€ STO| L°O0 9G5°0f ¥'E 8¢l 90 w9ttt @
#'T 8Z°0 |6°C €0°0 T°Z €0°0) ¢'T 90°0 | 0°CT ¢TI0 | L°T TT'0| 6'€C %EL°0) 6°0 0°T} 8T ¢6Z |9 mw
L°¢ (O°T {L°CT GO'0O S°€ 90°0] 9°T 60°0 | £L°CT 2TE'0 | Gt %9°0; 6'T €6°0| 6°T 8°Z| 60 %'IT| S H
6°T TS0 |T'G »xG0°0 L°T 20°0] 9°% S0°0 | 0°C »x6T°0 | 6°¢ 8Z°0; ¥'€ 8¢°0| S°0 €Tl 00T 8% |V M
T°T 60°T (2°T %0°0 Z2°'S T0°0 Sy 20°0 6°¢ x9T°0 9°¢ 02°0) 2'T 8S'0| ¥°S #9°C T =x9°%T) ¢ m
€0 %L°0 [L°T %0°0 L°¢ 9070 S°C 60°0 | L°T +8T°0 [ 0°G 0Y°0| €T GL°0| %°S =xZT°T| 9°0 #8°G | ¢ o
0% 6T°0 [0°T Z0°0 8°¢ T0°0| %€ ¥Y0'0 | 9°9 =x60°0 | G°0 02°0| L°T %2'0( 8°€ =»%'T| L'T %6°CT |1
“ATD UBIY| ‘A°D UBSK |*A*D UEIK| ‘A°D ueay| *A°D UEdH ‘A*D UBIRICATD uedy "A*D ueBay °*A°D uesay
auaT£1ad auaiyjue QuaT£194| ousayjueion susikd | osusseayrue ouasLiy) auayl auaiig “on
(Ty23)ozuag —-gjuy -T13(3)ozusg ~(®e)ozuag —(e)zUusg % -ueaonTg a7dueg

aufTosed ur suoqied01pAy dTjewole IedaTonuirod Jo sjudlIUO) ‘P ITqRL




*(02) susaAd(re‘e)ozuaqral pue ¢ (g1) ousxAd(re)ozuaqrp ‘(81) suaxdd(y‘e)ozuaqrip ‘(L) 2uauoxod ‘(971)
auatAxad(ty8)ozuaq °(51) suasdays(q)ozuaq ¢ (p1) ouvaAd(po-gz r)ousputr ‘(sy) auaxyiueyaue °(z1) auaxdd(e)ozuaq
‘(11) suathxad ‘(Q1) susyauexonyy(y)ozusaq °(g) susyruexonyy(f)ozusq ¢ (g) suayzuexroni(q)ozuaq ‘(z) susaid(e)ozuaq
‘(9) susxonyz(q)ozusq (g) suaseayjue(e)zuaq () suasdays ‘(g¢) susyuexoniy pue susaxdd Jo SSATIBATIAP

1Ay3aw ‘(1 jods) susyjueion(y pue susidd :sisqunu 30ds ITSYl PUB SUOQIBIOIPAY OdTrewoxe xes[onuirod psTITIUSPI

(3Yy8TI) TTO WO3I30qQ SUSTAYId pue
(2391) D ITO AABSY WOXF SIDBIIXO SUSZUSQ 9Yl JFO swaxfojeuwoays JIaLe[-UTY3 pueq [enp TeUOTSUSWIP oMl ‘T *31d

(A/A°L:6L) 43Yy33 - auexay-u

LF 1] [ a—

(A/A¢1:61) dauaz -

AEUV 0! [¢] 9 y z 0 H-U ‘35|
(T T T a0 8 9 v 2
— SpLXQ WUy h (8) YL L N SV LA TR
(v) ».‘_ z (v) 3pLXQ wnurwn )y
—— m% 2 0£2 | o &z
h=d e 7 o3
oo %% 3 e = g5
=g MU ,:nmo«o o &vwo S o 4 3
:0 o 44 wv oo T
Am E 3 Om 4129
m.&o OO ve Qm nm%Wu 9 1. &
OO OO Y - 5 / S = i vm
O Z ! O 4 =
& o o . 2F 1of
] (2) ,M/\ (8) 12
L 1 aso{n|12) paIe|£193y %92 =
.—\! " 3501Nn|18) Pa1vLA193Y %92 (wa) . Ly F(ws)

—

297



cm Acetylated cellulose B,C.

Regular Gasoline
E,F. High-octane Gasoline

A,D,G. Standard

1. Benzo{a)pyrene
2. Anthanthrene
3. Pyrene, Fluoranthene

A po—

Kieselguhr G

(Gasoline)

Fig. 2. One dimensional dual band thin-layer chromatogram of gasoline

Retention Time (min.)

Fig. 3. High speed liquid chromatograms of the liquid-liquid parfition
extract from gasoline ( ) and standard solution having 16 PAH

Column: Zorbax ODS (4.6mm x 25cm), Mobile phase: Methanol-Water (85:15,v/v),
Detector: Spectrofluorometer (excitation 370nm, emission 410nm), 65°C, 1100psi.
1. anthracene, 2. 9-phenylanthracene, 3. benzo(k)fluoranthene,

4. benzo(a)pyrene, 5. benzo(ghi)perylene

Standard solution is a mixture of 1 - 5 PAH, naphthalene, fluorene, 3,4-benz-
fluorene, fluoranthene, chrysene, 7-ethylchrysene, benz(a)anthracene, 7-methyl-
benz(a)anthracene, perylene, benzo(b)fluoranthene and benzo(e)pyrene.
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