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Road binder chemical analysis - Information 

Road Binder Description 

Petroleum Bitumen has been routinely used to make road binder since 1980. It is the residue from crude oil distillation 

consisting of a complex mixture of hydrocarbons including high molecular weight aromatic and heterocyclic compounds, 

saturated aliphatic compounds, high molecular weight phenolic and carboxylic acids as well as a low but detectable% of 2 

– 6 ring PAHs. Different sources of crude oil produce different bitumens that have variable amounts and ratios of the 16 

PAH compounds. Bitumens, because they are derived from petroleum do contain a higher proportion of low molecular 

weight alkyl PAHs. Asphalt is a mixture of refined bitumen plus gravel, sand and other materials. 

Coal tar, originally used to make road binder until the 1970s, is the residue from the destructive distillation of coal. Coal 

tars also contain high molecular weight aromatic and heterocyclic compounds, saturated aliphatic compounds, high 

molecular weight phenolic and carboxylic acids as well as significantly higher proportions of simple phenolics and the 2-6 

ring PAHs including the 16 target PAHs. The reason for the higher proportion of these compounds is because destructive 

distillation is a high temperature process that breaks down the high molecular weight compounds into these smaller 

molecules. The ratios of the 16 PAHs also vary and depend on the original coal type and the production process used 

which varied considerably from place to place and over time. Coal tars generally have lower concentrations and types of 

low molecular weight alkyl PAHs compared to the target 16 PAHs compared to bitumen. 

Coal and crude oil contain many of the same compounds because they are both derived from the degradation of ancient 

plant material. Bitumen is essentially 100% petroleum hydrocarbon. 

Current Analytical Methods 

PAK testing, the original field test, uses a spray that changes colour on contact with PAH contained on the surface of the 

road binder. The PAK instructions state that PAK can only indicate if poly aromatic hydrocarbons are present. The colour 

change is from white to a range of brown/yellow colours. The PAK spray relies on there being a higher proportion of PAHs 

in coal tar than in bitumen and so produce a stronger colour, faster. This can be unreliable as it depends on a visual colour 

change, which is dependent on PAH concentration, time and temperature and is therefore subjective and difficult to 

gauge at night or on dull days. The PAK spray instructions also state it should be used on dry material that is above 15o 

Celcius, invalidating its use in winter on the side of the road because at low temperatures or on a wet material the PAK 

may not generate a colour or generate a lower intensity colour leading to a false negative. 

PAHs that PAK reacts with are not just present in coal tar. All bitumen contains the same PAHs, so bitumen with a higher 

PAH content will produce a positive result. Particulate from internal combustion exhausts, degraded diesel and oil, which 

are a common contaminants in road binder, also contain PAHs, so can generate a colour change that can give false 

positives.  

The above issues make the PAK test only suitable for detecting gross contamination by coal tar, but at low temperatures 

or if the sample is wet, even this test may be unreliable for high coal tar content. 

Laboratory analysis is seen as the most reliable method for analysis. Standard lab analysis measures the target 16 PAHs to 

produce a double plot ratio. Certain PAH ratios indicate bitumen while others indicate a coal tar material. This method 

works when the material is either >75% coal tar or >75% bitumen, but mixtures skew the results. The original bitumen 

source, weathering, age and contamination from exhaust particulate, diesel and oil that also contain these PAHs can also 
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skew these results. Different handling of the bitumen/asphalt when being used, such as overheating, will also change 

these PAH ratios. False positives and false negatives are therefore to be expected.  

Another simple laboratory method uses thin layer chromatography to separate out the asphaltenes, nitrogen and oxygen 

containing heterocyclics and resins to generate an alternative ratio plot. Again, the ratios of these compounds also vary 

considerably within coal tars and bitumen and because all of these compounds are present in both materials, overlap is 

inevitable making this a less reliable technique unless the sample is >75% bitumen or coal tar. 

Some laboratories use high resolution GC-MS to detect target tricyclic triterpanes and aromatic steranes as markers. This 

is an expensive method, but both steranes and triterpanes are present in coal tar and bitumen. The now disproved theory 

is that triterpanes are only found in petroleum compounds. Studies since 1982 (Cyclic alkanes as geochemical markers in 

coal liquefaction products : Derry W.Jones, Hooshang Pakdel, Keith D Bartle : Fuel : Vol 61: Jan 1982) have shown coal tar 

does contain them. Interestingly, the processing of bitumen can remove or degrade these compounds. Ironically, more 

recent bitumen production is more likely to remove these markers compared to older production methods, potentially 

identifying new petroleum bitumen as coal tar. Steranes and triterpanes are also found in mineral oil lubricants which are 

common contaminants of road surfaces. Steranes and triterpanes information can therefore be misleading if just 

qualitative “present” or “absent” data is provided and should not be used to determine the proportion of coal tar in 

bitumen even if quantitative data is obtained.  

A more sensitive laboratory analysis also using high resolution GC-MS measures the target 16 PAHs, their corresponding 

alkyl PAHs, heterocyclic aromatics and phenolics. Ratio plots are created with the data. The analysis is expensive and 

takes several days, but does give better sensitivity and identification. Bitumen contains a much higher proportion of alkyl 

PAHs compared to the target 16 PAHs than coal tar and coal tar often contains phenolic and aromatic heterocyclic 

compounds. A detection and differentiation limit of above 5% coal tar is possible, but below this the reliability becomes 

questionable and unproven, even for accredited analysis. No commercial laboratory is publicly claiming any ability to 

estimate the coal tar to bitumen ratio below this limit and most will only claim to be able to detect a presence of coal tar 

without confirming a detection limit. 

The basic problem is that Bitumen and coal tar are made up of many similar and actually identical compounds, including 

the toxic Benzo Pyrene used to classify the material under WM3 guidance. If there is a mixture of both materials in the 

sample matrix it is very difficult to identify and quantify which proportion of the Benzo Pyrene can be attributed to 

bitumen or coal tar. If bitumen is overheated or is burned during use, Benzo Pyrene can be formed, making it impossible 

to tell what proportion of Benzo Pyrene originated in which part of the mixture.  

The problem is similar to working out which raisins used in making a cake are organic when a mixture of organic and 

standard raisins are used. If all the raisins from the cake are removed, individually weighed, their colour determined and 

the ratio of length to width determined, a data set will be obtained. If the same data set is generated from a packet of 

known organic and known standard raisins it might be possible to find some average differences between the two types. 

For example, on average the organic raisins are darker. If the difference for each average parameter is large enough for 

there to be no overlap, i.e., organic raisins are always black, standard raisins always orange, it would be possible to 

determine the organic to standard content. However, in reality there will be a lot of overlap with some of the organic 

raisins being lighter and falling into the standard raisin colour range and some standard raisins being darker. This is how 

statistics works. It is therefore impossible to say with absolute certainty what proportion of organic raisins to standard 

raisins is present. It may be possible to establish a minimum differentiation limit by establishing what the actual overlap 

ratio between raisin colours is. If 10% of the organic and 5% of the standard raisins are the same colour, the 
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differentiation limit is 10%. This means that a cake made with 100% organic raisins will, on analysis, produce a result that 

shows 10% of the raisins are potentially not organic.  

There is no data available that describes the overlap proportions of any compounds comparing coal tars, creosotes and 

bitumen. Common sense would suggest there is more than 0.1% overlap, especially when looking at just the 16 target 

PAH compounds.  A detection limit of 0.1% coal tar in bitumen, regardless of which of the above methods is used is an 

unrealistic expectation. The only feasible way to do this would be to use stable isotope ratio analysis of key marker 

compounds and use this to establish an approximate proportion of coal tar in bitumen. The cost of this analysis is several 

thousand pounds per sample and would take several weeks. There is only 1 commercial laboratory in the UK currently set 

up to carry this highly sophisticated analysis, but several university laboratories do have the capability. 

The 0.1% limit is the same limit used to classify material containing an unknown petroleum hydrocarbon as hazardous. If 

the base material, typically soil, contains no TPH, establishing a 0.1% TPH limit is relatively easy. If the material is 100% 

TPH, as is the case with petroleum bitumen, establishing if this contains more than 0.1% of an almost identical substance 

is always going to be a challenge. 

Alternative method 

The QED HC-1 analyser automatically provides data that gives the identification of the road binder type as Bitumen, Coal 

Tar or Bitumen plus approximate %Coal Tar. If coal tar is detected, the results will show the % BenzoPyrene in the coal 

tar. This combined fingerprints and data is suitable for classifying road binder containing material as 17 03 01 or 17 03 02. 

The QED does this by measuring all the PAHs including alkyl PAHs plus it detects phenolics and aromatic heterocyclics. 

The QED analysis software is also unique in being able to compare reference material fingerprints of raw bitumen, 

processed bitumen, coal tar, creosote and phenols with the sample fingerprint and through a complex set of multivariate 

calculations identify the most likely proportion of coal tar to bitumen if coal tar like compounds are present. The high 

sensitivity of the QED to these compounds together with accurate identification of PAH signatures allows the same level 

of accuracy and interpretation as the sensitive laboratory analysis, but at significantly lower cost. The sensitivity and 

resolution of the method also allows differentiation between coal tar derived and pyrogenic derived material within a 

bitumen matrix. Pyrogenic material may be from atmospheric deposition, exhaust fume or from overheated bitumen and 

is distinct from coal tar. The other main advantage of the QED is that it can carry out the complete sample preparation 

and analysis in less than 60 seconds, requires the same skill as using the PAK spray and can be used on site from the back 

of a vehicle, even in winter and on wet days. It can also be set up in a laboratory and the method given UKAS 

accreditation.  

The QED can reliably detect coal tars in bitumen above 1%, but below 1%, false positives are possible due to potential 

contamination from exhaust particulate, degraded diesel or used motor oil. The QED, like even the most sophisticated 

laboratory method, will still struggle if the bitumen is sunlight weathered or contaminated.  

 


