


Autumn 2009

Autumn is traditionally the busiest 
time of year for the Canadian 
environmental industry, and this 

year is no exception. This is good news. 
We’re definitely seeing some positive 

signs that the Canadian economy—and by extension, 
our industry—is making its way out of a very difficult 
period. We remain cautious about the rate of recovery, 
however, and we are highly sensitive to the realities that 
some of the Canadian regions are faring better than 
others. Regardless, we could use a good dose of good 
news and optimism.

With more frequency, we’re hearing talk of the potential 
effect of the H1N1 Flu on the economy and our business. 
At Maxxam, we’re executing our pandemic response 
plan beginning with intensive awareness and education 
campaigns among our staff. It’s our goal to look out for 
our employees and their families in every way possible, 
doing all we can to minimize the potential impact of this 

virus on their health. In doing so, we’re ensuring that we 
avoid the potential for any major business disruption that 
could negatively impact your business.

Thank you for working with us through this challenging 
economic time. It’s through the tough times that business 
relationships are often tested hardest, and we’re grateful 
for your support and business.  b
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We are definitely seeing some positive signs 
that the Canadian economy—and by 
extension, our industry—making its  
way out of a very difficult period.
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facts & figures

Physio-chemical properties of BTEX

The BTEX compounds have significant water solubility, 
potentially yielding concentrations thousands of times > 
regulatory limits. Solubility data on alkanes is less consistent 
but in general terms, alkane solubility is much lower, in 
the range of 10 to <1 milligram per litre (mg/L). If you 
want excruciating detail, visit the NIST solubility database 
at http://srdata.nist.gov/solubility/sol_main_search.aspx.

Other references say that solubility of BTEX in actual 
product is less, more like 40 parts per million (ppm) 
due to mutual solubility effects.  

In order to test this hypothesis, Maxxam conducted 
a simple experiment (thanks to Medhat Riskallah and 
his team). We added 0.25 millilitres (mL) of a certified 
gasoline reference material to 250 mL of groundwater 
in a 500 mL bottle. The bottle was shaken and allowed 
to equilibrate at room temperature for a day. Using a 
pipette, two aliquots were removed from the bottom of 
the bottle for analysis.

There was no visible sheen remaining on the water.
“Theoretical” is the expected concentration had all 

the gasoline dissolved in the water. “Found” is the actual 
concentration detected in the sample aliquots. Note 
that hexane and decane values are estimates, calculated 
relative to the area counts of toluene.

Two mechanisms are operating to prevent complete 
recovery of the analytes: solubility limitations and 
volatilization into the headspace. The latter can be 
estimated by Henry’s law. There is good consensus 
in the literature that the Henry’s law constant (H) for 
BTEX compounds is about 0.25 at room temperature. 
In our experiment, where the volume of headspace 
and water are approximately the same, this means that 
the concentration of BTEX in the headspace will be 
approximately 25 per cent of the concentration in the 
water at equilibrium. In contrast, the literature values for 
alkanes are more variable but may be estimated for hexane 
and octane at about 50-100. That is, at equilibrium, the 
headspace concentration of the octane and decane will 
be as much as 50-100X the solution concentration.

Our results generally support these facts. Even 
adjusted for the 25 per cent of BTEX in the headspace, 
not all the BTEX dissolved in the water, even though the 
measured concentrations are well below the individual 
compound solubilities, supporting the premise of 
combined BTEX solubility being less than that of the 
individual compounds. As expected, the recoveries of 
the alkanes and F1 total are much lower due to lower 
solubility and increased volatility.

Regardless, BTEX is much more soluble than alkanes 
and most other components of gasoline and it explains 
why hydrocarbons in groundwater are often primarily 
BTEX and often just B.

Another interesting sidelight of Henry’s law is that a 
43 mL VOA vial with a two mL (large) bubble would 
theoretically lose only 0.25 x 2/41 = 0.012 or one per 
cent of the BTEX to the headspace. Alkanes, such as 
hexane and octane, however, would be 70 per cent lost 
to the headspace (based on H = 50). Thus, the concern 
about headspace in VOA vials is compound specific and 
inconsequential (although not from a legal defensibility 
perspective) for the key BTEX compounds. By the way, 
the Henry’s law constant decreases by about a factor of 
two for every 10°C decrease, so keeping the sample cold 
really helps.  b

A nalysis of the BTEX compounds 
(benzene, toluene, ethylbenzene and 
xylenes) is one of the highest volume 

tests conducted at Maxxam. The data are used 
for many purposes. The following is a collection 
of information which, hopefully, may be of use. 

Hydrocarbons

facts & figures

Compou nd Mole weight g 
mole-1 Density g ml-1 Boiling  

point °C
Water  

solubility mg l-1
Vapor  

pressure mmHg Log Kow

Benzene

Toluene

o-Xylene

m-Xylene

p-Xylene

Ethylbenzene

78	 0.88	 80.1	 1780	 76	 2.13

92	 0.87	 110.8	 535	 22	 2.69

106	 0.88	 144.4	 175	 5	 2.77

106	 0.86	 139	 135	 6	 3.20

106	 0.86	 138.4	 198	 6.5	 3.15

106	 0.87	 136.2	 152	 7	 3.15

Compound Theoretical mg/L Found mg/L

Benzene

Toluene

o-Xylene

m&p-Xylene

Ethylbenzene

BTEX Total

F1 C6-C10

Hexane

Octane

4.9

27.2

7.6

20.7

5.8

66.2

500.0

7.9

9.0

3.2

16.5

4.4

10.2

2.9

37.2

108.0

3.1

15.4

4.2

9.3

2.6

34.6

128.3

0.6

0.2



Allison Black, Technical Account Manager 



Schematic representation of X-ray fluorescence.
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did you know?

A fter fuel oil impacts have been identified on a 
site, the next question usually considers the time 
of the contamination event. This question has 

challenged environmental professionals for years—they 
seek a simple environmental analysis that unequivocally 
identifies the age of the contamination with a high degree 
of accuracy. Unlike DNA testing services where Maxxam 
can provide “bulletproof” defensible data that can link 
a suspect to a crime scene, no comparable analysis is 
currently available in environmental forensics.

However, over the last decade, several researchers have 
been refining a technique established in 1993 to estimate 
the age of fuel oil and other hydrocarbon products. One 
of the more well known and successful approaches is the 
Christensen-Larsen (C-L) model. The model makes use 
of analysis of the biomarker pristane and the hydrocarbon 
alkane C17 and a linear relationship as fuel oil ages that 
can estimate the release. 
Fresh fuel oil is comprised of:

Compound	 % Composition of # 2 Heating Oil

Alkanes...................................................................................41.3
Cycloalkanes.........................................................................34.0
PAHs and other aromatics..................................................24.7
Source:  Age Dating Fuel Oil, Oudijk, June 2009

Fuel oil degrades in the environment through 
several processes including leaching, evaporation and 
biodegradation. Not all compounds degrade at the same 
rates and it’s this principle that drives the C-L model. 
The most recalcitrant compounds present in fuel oil are 
isoprenoid compounds and include pristane and phytane 
which are present in all fuel oils. These compounds 
degrade very slowly and are often the last remaining traces 
of a fuel oil before it has completely degraded.

The C-L model defines the relationship between 
the degradation of pristane to that of the C17 alkane 
hydrocarbon (a straight chain hydrocarbon very 
susceptible to biodegradation). The contamination 
“event” is estimated by the following equation:

Time (year) = -8.4 (n-C17/pristane) + 19.8

Maxxam offers isoprenoid analysis (pristane /
phytane) and C17/C18 by gas chromatography / mass 
spectrometry. The equation was developed based on a 
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Bio-Available Metals 
Analysis in Soils  
and Sediments

L aboratories report metals concentrations in 
soils and sediments, simply as the element 
concentration and often the data interpreter 

makes the assumption that the concentration 
reported represents total concentration. It’s 
important to understand the how metals are present 
in soils and sediments in the environment.

Metals exist in five forms in  
soils and sediments 
(Tessier, 1979):

Exchangeable
Metals that are in their free, ionic form and are highly 
mobile and reactive. Extraction for exchangeable 
metals is a magnesium chloride solution at pH 7. 
Metal concentrations in this fraction are available for 
uptake by ecological receptors.

Bound to Carbonates
Metals may be bound to carbonates, which are highly 
impacted by pH conditions. Extraction for carbonate 
bound metals is with a sodium acetate solution, 
adjusted to pH 4 with acetic acid.

Bound to Iron and  
Manganese Oxides
Iron and manganese oxide bound metals are extracted 
from soils and sediments with a hydroxylamine 
hydrochlorite – acetic acid solution.  

Bound to Organic Matter 
Metals may be bound to organic compounds such as 
humic and fluvic acids and are extracted with a nitric 
acid and hydrogen peroxide solution at a pH 2.  

Age Dating Fuel Oil 

Bryan Chubb, B.Sc., C.Chem
Vice President, Environmental Sales

linear relationship of the degradation of C17 to pristane 
versus time. Twelve sites with known releases of fuel oil 
and over 200 soil samples with date ranges from 1981 to 
2002 were used in the study, from the Netherlands.

According to the Environmental Claims Journal, the 
C-L model has been accepted by courts in New Jersey and 
Massachusetts. However, there are several limitations to 
the model that must be considered by the environmental 
professional prior to using this approach:

•  �The model is based on analysis of soil samples collected 
from at least one meter below ground surface and at 
least one meter above the water table. Soils must also 
be collected from under an impervious surface such 
as concrete or asphalt.

•  �The model estimates “sudden releases” of hydrocarbons 
to soil systems; although undefined, Oudijk suggests 
that releases of under one year is implied. Thus the C-L 
model may not be applicable for sites where the impacts 
are from slow UST leaks over long periods of time.

•  �Samples must contain a minimum of 100 µg/g for 
nC17/Pr analysis, however in Maxxam’s experience, 
concentrations greater than 1000 µg/g are 
recommended to obtain the best peak separation and 
chromatography.  b

Residual
Metals that exist in the core structure of the mineral, 
tightly bound and usually naturally occurring state. 
Residual metals plus the four other forms are the true 
“total” metals. Analysis of total metals is achieved by 
either X-ray Fluorescence (XRF) or by hydrofluoric 
acid (HF) digestion followed by ICP or ICPMS analysis.

Many environmental criteria are set based on adverse 
effects to ecological receptors. The form of concern 
for ecological receptors are exchangeable and those 
that are bound to carbonates. Most analytical methods 
adopted by Canadian laboratories require a digestion 
of soils and sediments using a strong acid digest (aqua 
regia, a mix of HNO3 and HCl). This digestion is similar 
to the nitric acid/peroxide solution used to digest 
organic bound metals. With the exception of barite-
barium analysis in Western Canada and air filter analysis, 
true “total” metals digestion is rarely conducted on soils 
and sediments collected to support site assessments and 
remediations.

The percentage of bioavailable metals of the reported 
“strong acid digestible metals” can oftentimes be a 
small percentage and well below applicable guidelines. 
Maxxam offers the Tessier Sequential extraction that 
reports results in the 5 Fractions. This sequential 
extraction can be an excellent tool where metals have 
exceeded generic criterion that are driven by ecological 
receptors. The big question is will regulators accept 
sequential extraction for metals that have eco-driven 
criterion.  b
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Auto Surcharges

Maxxam clients will soon see changes on their 
confirmation of receipts and on their invoices. 
We’ve implemented an auto-surcharge system  
whereby surcharges for rush analyses are 
automatically applied by time stamp. The 
surcharge is applied by our Laboratory 

Information Management System (LIMS) 
to reduce the chances of human error. Auto 
surcharges have been implemented in most 
regions to ensure invoice accuracy. Clients will 
now be able to view exact surcharges on both 
confirmation of receipts and on invoices, and 
will see “rush” charges on an item-by-item basis.  b

atlantic canada

regional news contact

Halifax
200 Bluewater Road, Suite 105  

Bedford, NS  B4B 1G9 

Tel : (902) 420-0203  

Fax: (902) 420-8612 

Toll Free: (800) 565-7227

Dartmouth 
Burnside Industrial Park 

900 Windmill Road, Unit 110 

Dartmouth, NS  B3B 1P7 

Tel: (902) 444-3315

Sydney
90 Esplanade  

Sydney, NS  B1P 1A1 

Tel : (902) 567-1255  

Fax: (902) 539-6504 

Toll Free: (888) 535-7770

Point Tupper
131 Old Heavy Water Road

Point Tupper, NS B9A 3T3  

Tel : (902) 625-0303  

Fax: (902) 625-2124

St. John’s 
49 - 55 Elizabeth Avenue, Suite 101A  

St. John’s, NL  A1A 1W9 

Tel : (709) 754-0203  

Fax: (709) 754-8612 

Toll Free: (888) 492-7227 

All Locations
email: info@maxxamanalytics.com
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It’s All in the Delivery
One of the most important tools for success is ensuring that our 
customers have a positive experience every time that they deal with 
Maxxam Analytics. In many cases, the first point of contact is our 
Sample Reception. We’re committed to making our reception areas 
more inviting and accommodating, as well as providing the support 
and tools to assist with the efficient sample submissions. This is a 
new program and will be implemented over the next year, with 
improvements to the overall look and function of the space. We 
welcome your feedback and hope that you enjoy the changes.  b

(Continued from page 1)

2  Samples must be kept below 10˚C. Bacteria 
can multiply in warm temperatures. Maxxam 
Analytics will allow one hour from sampling to 
submit samples above 10˚C. Samples received 
over 10˚C and more than one hour after 
sampling will be flagged as having a sample 
integrity issue.

3  Samples cannot be frozen. Just as warming 
temperatures can cause bacteria to grow; 
freezing the samples can cause them to die. It 
is not recommended to proceed with analysis if 
the sample has been frozen.

4  Sample preservation is very important. 
Bottles used for sampling must be received 
from the laboratory doing the analysis. Water 
bottles are sterile, sealed and will contain 
sodium thiosulphate. This preservative stops 
the disinfection action of any chlorine that 
may be present in the sample. This will provide 

results that are reflective of the sample at the 
time it was taken. All of Maxxam’s coliform 
bottles contain this preservative.  

5  Ensure you have a completed Chain of 
Custody (COC) accompanying your samples. 
Include on this COC:
•	 Sampling Date and Time
•	 Sample ID or Location
•	 Reporting information
•	� If applicable: include Registration Number 

or Approved site information

Maxxam is legally responsible to notify the 
Department of Environment on all positive 
total coliform or E.coli results for registered or 
approved drinking water sites.  b

Karen Gilbert
Technical Sales 
Representative

Samples are received in our welcoming submissions area.
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