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Abstract

Compound-specific 13C/12C isotope ratio measurements have successfully been demonstrated as a useful technique for polycyclic
aromatic hydrocarbons (PAHSs) source apportionment in a number of studies. However, where the PAHs matrix have been subjected to
heavy biodegradation, and the isotopic signatures for PAHs are overlapping for some sources, further constraints are needed for
unambiguous source apportionment.

Given that stable carbon isotopic ratios (613C) of PAHs are not significantly affected by biodegradation and that hydropyrolysis of
asphaltenes can generate representative molecular profiles expected for non-biodegraded oils, this methodology has been used for
source apportioning hydrocarbons in biodegraded environmental samples.

This protocol has been applied to river sediments, to reveal the variations in isotopic ratio (13C/12C) (-24 to -28 %o) in Clyde River
sediments, suggesting that the sources of PAHs are numerous, with (petroleum and combustion sources- biomass burning, coal
derived, and vehicle particulate) are providing major inputs of the parent PAHS.

The core sample studies have revealed that the quantities of asphaltene as small as 0.6 mg - 1 mg are good enough to generate enough
hydrocarbons for reliable geochemical studies. The molecular and isotopic profiles of the core samples have suggested that PAHs input
varied both qualitatively, quantitatively and in distribution. But the protocol has allowed an unambiguous specific source-apportionment
of the PAHSs in Glasgow area.
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It appeared that the core samples derived their PAHs from coal, petroleum, and combustion of coal, biomass and petroleum. The
historical shift in energy use, with time, from coal and coal utilization (-23 to -26%o), coal combustion (-25 to -26%o) and for values (-
27 t0 -30%o), abundant petroleum (-27 to -29%o) and (-30%o) biomass combustion has been revealed.

The localized high level of concentrations of Benzo(a)Pyrene (BaP) and Benzo(k)fluoranthene- (32 - 4225 ng/g) generally, has been
ascribed to dumping, and therefore, needs attention. Also, the exceptionally high concentrations of Benzo(k)fluoranthene and BaP
with 758.4 pg/g and 846.2 pg/g respectively, in sample 608, has specifically allowed for suggesting petrol and diesel exhausts as
major sources of PAHSs in Glasgow area.

Finally, this combined technique has proved successful in an unambiguous source apportionment of PAHS in river and estuarine
sediments in which hydrocarbons have been biodegraded.
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+ Hence, less favoured for geochemical analysis
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- Clyde River loose sediments which are coarse- grained with little/no biodegradation
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suggested that the PAHs sources are numerous, and that combustion sources are providing major

inputs of the parent PAHs.

“The parent PAHs are conspicuously displayed on the UCM,

FID o s and e sotpic s inve s

Acenaphithylone = 25,02
Fluorene =-23.70
Phenanthrons/anthracens =24 30
Fluoranthene = -24.50

245

This confirms mixed sources
of coal (-24.0 to -25.0%) and
ol (-28 10 -29 %)

Case Study 3: Clyde core samples - Percentage yield of
hydrocarbon related to the quantities of asphaltene used for

dropyrolysis
Samples | Asph for | Hc %
Ree | Yield | it has been revealed that
(m asphaltene samples as small as 0.6
&16 Top i S5 101.0mgcanyield appreciable
Middle X a2
Bottom 1.4 3o | Profles
567 Top o EE)
Middle 0.7 86
Notemanam ruols Enorow Contre Bottom 0.5 59
573 Top 1.0 ER)
Middle 06 88
Case study 1: The PAHs in Bolsover soil samples closed to a SB_;:;?‘“ g? ;
isati o X
former carbonisation plant ddne o8 o8
Name and No of PAHS Free aromatics | Bond aromat IS otiom! TH=) 59
. 4 Fluorens 225 205 562 Top o=t =0
i Frewwis | 5 Phenanthrens 227 o7 Middle 0.9 o3
i 6 Anthracene 227 o7 Bottom 0.6 27
i e = E 508 Top 07 | 52
- =3 = = Bouiew o1 |20
Case study 3: Yield of hydrocarbons in the
1 R 1 B 254 L2285} ound and free phase in sample 616
. 11_Benzo(b)fiuoranthene 252 220 . e s I os,
ER c2s2) 240 oo £ (kS s
e 13_Benzo(a)pyrene. 244 222 Bonor = 1 1
eree and 74 Indeno(1.2,3-cpyrene 266 233 — f—
15_Dibenz(a nanthracene 266 233 0

47 Parent PAts wih isoope ratos.

Alow (heavily alkylated) rather than a high temperature coal tar was the major source of
the free aromatic hydrocarbons i the soil samples, as indicated by both molecular and
isotopic profiles obtained for the bound aromatics (asphaltene-released via HyPy)

Samples Location map around Glasgow City, UK
for Case Study 2 and

< Ehsyansans .

From Chris Vane

Hydrocarbon yields are generally highe:
the froo phase in Clyd.

compared to

Sodiments extracts

Case study 3: TIC of the Free and Bound aliphatic

profile in Clyde

iver sediments compared (Core 616).

iLoss of malkanes (due to blodegradation) In the
ad ar) by

froe comp

With (molec

-Odd dominance over even

plant ovide:

“The numbers represent the carbon numbers.

uggesting terrestrial
input in'the free profile Comparad with
n the bound profile- higher

Case study 3: Evidence of biodegradation
increases with depth in core sample 616 (Free
Phase)

Case study 3: Aliphatic Molecular Diagnostic
Ratios in Sample 616

Wolscular PRIRG: 2]
Disgnostic SCuCaISCCn
SAMPLES Fiee Bound Fiee Bound 2y
516 Top 24 o3 13 (7} o
Hiddie 36 05 12 08
Battom 59 04 12 10

{PHin s Rato vaues o 1 t0 52 s aytonymos to nonodegraded
Crude oil, rtfuels and vehicular emissions; while
desel engines’ emssions

vatuos vange 0. to 16 support oy petrleu- and cosl-derived sources’ o
rese Sroupinge are Gonerts

(1) Maldonado ot al, 1999
(@) Futal, 1952 PICr
(3) Rogge et al 1993a

+Ph/C18 >2 and increases down the core

Case Study 3: The TIC of the Free and Bound aromatic pro
n Cly Core 616

The PAHS sitting on broad unresolved
.

in the bound phase.

The big UCM in the free indicates petroleum input

Fl and Py are Fluoranthene and Pyrenc
reamectivety

Case 3: Clyde Core Sample GC-IRMS profiles of free and bound
Hs in sample 616

-Rin, o fractionation has discounted
T the one and two rings PAHSs in the free
phase.

-UCM reduced resulting in reliable
isotope ratio values in the bound phase.

P—

Case Study 4: Dril ings T peri

.,JJ.JMH& 1

o lJm %
A

Clyde Loose Sediments
he sources of PAHSs in River Clyde loose sediments are petroleum- and coal-derived

The contaminants inherent In C,, and
C,, have been evalved at temperature
beiow 500 C.
The hydrocarbon profiles generated at
‘were from te oll at (2) 4940 —
5 4055 fest capitn

Sl

Conclusions

Clyde Estuarine Core Samples (Biodegraded)

= Hydropyrolysis is capable of generating vital information on of in
river/estuarine sediments

* Isotopic values from bound profiles are more reliable and really depict the original source information because the baselines
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+ This new protocol, instead of generic source. has allowed for an i specific source-
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+ The 8'C isotopic ratios of the bound profiles in the core samples are not generally heavier than the free ones, they are
dependent on the contributing sources.
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