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Polycyclic aromatic hydrocarbons
in road surfaces
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Bachema AG is a Swiss contract laboratory, which offers chemical and
biological tests for water and contaminated sites since its foundation
almost 60 years ago. Analytical services for the recycling and landfilling
of construction waste have been provided.
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Bachema AG quantifies the content of polycyclic aromatic hydrocarbons (PAHs) in the binder of asphalt pavements by GC-MS and
HPTLC based on DIN 38407-7:2000-09. Though quantification by
HPTLC is fast and reliable, the manual effort required at regular
intervals proved to be disadvantageous for operators. Control of plate
development and drying time with a stopwatch repeatedly interrupted
their workflow. Furthermore, the substitution of dichloromethane by a
less toxic alternative was also of interest.
In the framework of a student internship, Ms. Sodero implemented the Automated Multiple Development (AMD 2) system
for separation. After validation and accreditation by Bachema AG,
the modernized PAH method runs without dichloromethane,
stopwatch and development at –20 °C.
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PAH mixture (each 2 mg/mL in dichloromethane – benzene 1:1,
AccuStandard Z-014G), diluted 1:50, 1:500, and 1:10 000 in toluene.
Different amounts of these dilutions were applied to the HPTLC plate
to obtain seven standard levels ranged 0.4 to 80 ng/band.

Sample preparation
Road surface samples were extracted with hot toluene and then diluted
according to their binding agent content by an external laboratory (no
details available). As positive control, a well known mixture of different
real samples was used.

Chromatogram layer

Substance name

HPTLC plate silica gel 60 AMD (Merck), 20 x

10 cm,
impregnated by immersion for 4 s into a caffeine
solution (10 g in 180 mL dichloromethane), followed by drying for 1 min using a hair dryer and at
room temperature for 1 h

Benzo(g,h,i)perylene

Sample application

Abbreviation

Migration distance (mm)

BPE

33

Indeno(1,2,3-cd)pyrene

IPY

39

Benzo(a)pyrene

BaP

46

Benzo(b)fluoranthene

BbF

50

Benzo(k)fluoranthene

BkF

53

Fluoranthene

FLT

62

Automatic TLC Sampler 4, bandwise application,
20 tracks, band length 6.0 mm, distance from left
edge 14.0 mm, distance from lower edge 8.0 mm,
application volume of 2 µL for sample as well as
positive control and 1–5 µL for standard solutions.

Chromatography
AMD 2 development up to 80 mm with isopropyl
acetate – cyclohexane 13:7 (no preconditioning),
followed by drying for 2 min
2

Densitometry
TLC Scanner 3 and winCATS, fluorescence measurement at 366/>400 nm using the mercury lamp,
slit dimension 3.00 mm x 0.20 mm, scanning speed
20 mm/s

Calibration curve of fluoranthene (0.4–80.0 ng/band, r = 0.9999,
sdv = 2.5%)

Calibration and processing

The method was successfully transferred from
manual to automated HPTLC separation, using the
AMD 2 system. The optimized method (9 min/
sample; 66 samples/day) was faster than the
previous HPTLC-FLD and GC-MS methods. It used
less toxic solvent and required less manual
operation. In contrast, a clean-up by solid phase
extraction was required for GC-MS analysis,
making it time-consuming (35 min/sample, 30
samples/day). Therefore, step-automated HPTLCFLD turned out to be the method of choice. Only in
few cases, a quantification and confirmation by
GC-MS was needed. The recovery rate (sum of
PAHs in the positive control) in comparison with
the GC-MS method was 103.5%.

Results and discussion

Signal intensity (AU)

Road surface sample extracts as well as the positive
control gave the same hR F values as the corresponding standards. Calibration was performed
in the polynomial working range from 0.4–80.0 ng/
band. The correlation of results obtained by the
GC-MS, separating 16 PAHs, versus HPTLC
method, separating six PAHs, was proven with a
set of more than 400 samples. A conversion factor
was introduced to extrapolate the HPTLC results of
six PAHs to the 16 PAHs according to EPA.

1
Migration distance (mm)

Densitogram of a positive control sample (2 µL/band) measured
at 366/> 400 nm

Further information is available on request from
the authors.
Contact: Urs Maier, Bachema, Organische Analytik,
Rütistrasse 22, 8952 Schlieren, Switzerland,
maier@bachema.ch
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