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AREA OF STUDY 2
HOW ARE SUBSTANCES IN WATER MEASURED AND ANALYSED?

18 Analysis for organic
compounds in water

18.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

18.1.1 Introduction

FIGURE 18.1 A canola crop being sprayed to protect
it from insect infestation. It is important that such
chemicals do not have unwanted effects on the
environment and that they stay where they are applied.

Many chemicals used in farming are organic in
nature, and methods of analysis exist to monitor
their levels in water and soil to make certain
that such levels are within acceptable limits.
If a crop for animal or human consumption
is sprayed with organic pesticides, it is also
important to test for any residues remaining
in the food produced from such crops. Canola
is a source of oil used for cooking, and in
‘meal’ form it is used in the livestock industry.
Recently, it has also been used as a feedstock for
the manufacture of biodiesel. In 2018, experts
estimated that over 3.6 million tonnes of canola
were being grown in Australia, making it the
third largest agricultural crop in the country.

The analysis of soil and water for pesticide
residues is also important for ‘organic’ farms,
which have to be free of pesticide residues and face strict certification guidelines. These often take years
to comply with and involve demonstrating that not only is the produce pesticide free, but also the soil and
water do not contain any residues from chemicals that might have been applied in the past.

In this topic, you will examine the sources of organic contaminants in water, the principles of
chromatography and the application of high-performance liquid chromatography (HPLC) to analyse for
organic compounds.

18.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
• sources of organic contaminants found in water (may include dioxins, insecticides, pesticides, oil spills)
• the application of high performance liquid chromatography (HPLC), including the use of a calibration curve
and retention time to determine the concentration of a soluble organic compound in a water sample
(excluding details of instrument).

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.
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Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 18 (doc-30933)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30934).

18.2 Organic compounds in the environment

KEY CONCEPT
• Sources of organic contaminants found in water (may include dioxins, insecticides, pesticides, oil spills)

18.2.1 Revision of organic chemistry
From simple molecules such as methane to incredibly complex molecules such as proteins, organic
chemistry is all around us. Not surprisingly, organic substances have a wide range of properties. For
example, some are very soluble in water while others are virtually insoluble. Many are harmless. Some are
critical to life while others are among the most deadly substances known. Many are produced deliberately
whereas others are produced as undesired by-products of chemical reactions.

Organic chemistry is the study of carbon compounds. It is generally understood that such compounds
contain carbon–hydrogen bonds, thus making hydrogen the second major element that is present. Other
elements may also be involved to a lesser degree, such as oxygen, nitrogen, the halogens, sulfur and
phosphorus. These can have significant effects on the properties of organic molecules. As expected, the
predominant bonding type is covalent molecular.

The ability of carbon to bond with itself to form single, double and triple bonds, as well as its ability to
form cyclic structures, means that carbon can form a huge range of compounds. You may wish to review
topic 8 to recall the different hydrocarbon groups and their naming rules.

Naming organic compounds
Every organic molecule can be assigned a formal name using IUPAC rules, as explained in topic 8.
However, because these names can be extremely long for more complicated molecules, common practice
is to refer to such compounds by either abbreviations or more common, shorter names. This is the case
for many of the organic compounds used as part of our everyday lives. For example, the explosive TNT is
systematically called trinitrotoluene, while the insecticide diazinon is systematically known as O, O-diethyl
O-4-methyl-6-(propan-2-yl)pyrimidin-2-yl phosphorothioate!

Solubility in water
Organic substances show a wide range of solubility in water. Some are very soluble while others are
virtually insoluble. This is determined by the polarity of their molecules.

Polar molecules have a difference in charge at each end of the molecule, which causes attraction to other
polar molecules. If hydrogen is bonded to oxygen, fluorine or nitrogen, a stronger intermolecular hydrogen-
bond is formed. Polar molecules dissolve readily in water because water is also polar. Alternatively,
molecules containing large regions of carbon–hydrogen bonds are non-polar. These do not dissolve in
water but are quite soluble in typical non-polar solvents such as oil and fat deposits. This illustrates the
‘like-dissolves-like’ rule.
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18.2.2 What are organic compounds used for?
Modern society uses organic compounds for a large variety of purposes. One of the most well known
examples are fuels. Crude oil is extracted in enormous amounts and then refined to make our familiar
transport fuels as well as a wide range of other products. Many of these other products are, in turn, used
to make further products. This forms the large and diverse petrochemical industry. Other familiar products
that rely heavily on organic chemicals in their production include, but are not limited to, plastics and
polymers, pharmaceuticals, detergents, solvents, dyes and personal care products.

Another very large sector for organic chemicals is pesticide. From products that can be used at a
personal level, such as insect repellent, to products used over millions of hectares in agriculture, this
represents an enormous and dynamic sector in which organic chemistry plays a pivotal role. This group can
be subdivided according to the specific pest being targeted. We, therefore, speak of insecticides, herbicides,
fungicides, rodenticides and so on. Due to the large areas over which many of these chemicals are applied,
there is always a danger that they might end up as contaminants in the soil and in water supplies if they are
not applied with care and due diligence.

18.2.3 Sources of organic contaminants in water
Organic substances can enter water supplies in a number of ways. If a substance is water soluble, it
can dissolve and be transported in run-off water and storm water. A number of modern herbicides are
deliberately designed to be water soluble to enable their uptake through the leaves or roots of plants. This
is why many such products include a warning not to spray if rain is expected within 24 hours; rain would
wash the herbicide away before it had penetrated the plant. Glyphosate is a good example of this.

FIGURE 18.2
Glyphosate — a
common ingredient
in many brands of
herbicide.
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Contaminants that are not water soluble enter waterways by adsorption.
Adsorption is when the contaminant sticks to the surface of a solid, such as
a soil particle, by weak intermolecular bonds. The contaminant can occur as
atoms, ions or molecules in liquid, gas or in dissolved form. Soil particles with
adsorbed contaminants can be washed into rivers and streams and eventually
be deposited as silt in these watercourses. Adsorbed contaminants on dust
particles may also be spread through the air during activities such as ploughing
fields and sowing seed. Prevailing weather conditions can transport adsorbed
materials long distances.

Persistent organic pollutants (POPs) are a group of organic compounds that
contaminant the environment for long periods of time. Due to their widespread use before their negative
properties were fully realised, they are referred to as ‘hand-me-down poisions’, and include DDT, dioxins
and PCBs. DDT was used extensively in the 1940s to 1960s but is now banned; PCBs have been used in
the electrical industry but are now being replaced with less dangerous alternatives. Dioxins are produced
as unwanted by-products and have no purpose (see topic 15). Adsorbed POPs have been found in water
and soil on every continent — even Antarctica. These compounds are persistent because they are fat, rather
than water, soluble. This means they can concentrate in the fatty tissues of animals, where they accumulate
because they cannot be processed by digestion. Concentrations increase higher up the food chain as animals
and plants containing POPs are consumed.

Oil spills
Serious causes of oil spills include natural disasters, breakdowns and accidents and deliberate acts.
Most major oil spills occur at sea or at the shoreline when transferring oil to tankers, a fact directly
attributable to the huge amounts that are transported around the world and to the large amount of offshore
drilling today. They can cause environmental disasters because the oil is difficult to remove from an
uncontained body of water. On 20 April 2010, the Deepwater Horizon oil rig exploded while drilling for
oil in the Gulf of Mexico. Over the following weeks, it was estimated that as much as 780 000 m3 of oil
Pdf_Folio:3
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was spilled into the Gulf of Mexico, making it the largest spill in American history. In 1989, the tanker
Exxon Valdez ran aground in Prince William Sound, Alaska, and spilled over 42 000 m3 (approximately
42 million litres) of oil into a sensitive marine environment, the effects of which are summarised in
figure 18.3. This spill is remembered for the huge impact it had on wildlife in the sensitive area of
Alaska in which it occurred. In 1991, oil was deliberately released and set on fire as part of the First
Gulf War.

FIGURE 18.3 This timeline shows the recovery of the 28 types of animal, plants and marine habitats that were
seriously affected by the 1989 spill.

The effects of an oil spill depend on the type of oil that is spilled and where it occurs. Marine spills are
difficult to contain and usually affect large areas if left uncontained.

When oil is spilled at sea, because oil is a mixture of mostly non-polar hydrocarbons, it does not dissolve
in the water but floats on it instead. Over time, the oil spreads out, due to its low surface tension, to form
a thin layer called a ‘slick’. Slicks are usually very thin but cover a very large area. Some of the more
volatile hydrocarbons in the oil evaporate, and the oil left behind tends to form a more viscous sludge. The
action of waves and other physical phenomena then break this up and some clumps may even sink, while
other portions of the spill may eventually be washed up on nearby land. Over time, sunlight, bacteria and
biological processes begin to break down the oil. On land, it may gradually become covered by natural
processes such as silting and sand deposition.

These spills are directly harmful to all forms of marine life. Birds and mammals are affected when their
feathers and fur become contaminated by oil and are no longer water repellent. They may drown or suffer
hypothermia as a consequence. Ingestion of oil as they try to clean themselves can also be harmful. The
effects can be more subtle, however. Affected plants may cause indirect effects further up the food chain.
These effects are felt for many years.
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FIGURE 18.4 Pelican covered with oil after an oil
spill in California, 2015

FIGURE 18.5 Road surfaces become coated with
oil, which runs off into drains after rain.

Oil spills occur in many other ways, on land as well as at sea. Often, these represent rather small amounts
that happen over a period of time and hence they do not grab the headlines as the two examples already
discussed did. Examples of these include:
• ground seepage. Underground oil deposits make their way to the surface, usually through faults in the

underlying rock layers. Once on the surface, they can collect in pools, run off into water courses or
evaporate into the atmosphere.

• road run-off. Oil leaking from vehicles drops onto the road surface. This is then washed away when it
rains and is one of the main reasons wet roads are so slippery after a spell of dry weather. This oil can
often be seen as a rainbow sheen on the road as it becomes wet.

• leakage from pipes and storage
• dumping of used oil. It is now illegal to dump used oil (for example, sump oil from motor vehicles).

However, oil from a number of old dumping sites can still leak into the environment today.

HOW ARE OIL SPILLS TREATED?

FIGURE 18.6 Floating barriers such as these
booms are often used to help contain an oil
spill.

No two oil spills are the same. Weather, type of oil, amount
spilled, the natural environment and proximity to human
habitation all affect how a spill is treated. A response
usually involves one or more of the following procedures:
• Leave it alone. This may be considered if the
spill is relatively small and a large distance from land.

• Containment. Floating surface barriers may be
deployed to trap floating oil within their perimeter.
These can be effective in calm conditions but not
when waves are large or when they drift up on shore.
Devices such as skimmers or special absorbing
materials are often used in conjunction to remove
the trapped oil.

• Application of dispersants. These surfactants help to
disperse the oil into droplets and encourage it to mix
with water. The increased surface area that results
can also help the natural degradation processes of the oil.

• Accelerated biodegradation. Bacteria and other micro-organisms that naturally break down the oil into
fatty acids and carbon dioxide can be added and encouraged to proliferate by adding nutrients. This is
sometimes used where oil washes up on land.

• Burning. Sometimes the oil is deliberately ignited, preferably close to the source of the spill and before
more volatile components have evaporated.
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18.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Identify three uses of organic compounds.
2. What influences the solubility of an organic substance?
3. (a) Define the term ‘organic chemical’.

(b) Which two elements are the most common in most organic chemicals?
(c) What other elements are often present in smaller amounts?

4. A problem with DDT is that it is not biodegradable. Because of this, it builds up in the fatty tissues of
organisms and can reach quite high levels in organisms higher up food chains. Scientists have attempted to
overcome this problem by producing variants that are still persistent but can be metabolised by animals into
water-soluble products. One such insecticide is methoxychlor. The following diagram shows the structures
of DDT, methoxychlor and a typical metabolite of methoxychlor.

Cl Cl

(a) DDT

Cl
Cl Cl

(b) methoxychlor

CH3O OCH3

Cl
Cl Cl

(c) a typical metabolite of methoxychlor 

HO OH

Cl
Cl Cl

C

(a) Why is it desirable that an insecticide be persistent in the environment, at least to a reasonable degree?
(b) Explain why the product of methoxychlor metabolism shown in the diagram would be water soluble and,

therefore, less likely to build up in fatty tissue.
5. Use the structure of glyphosate shown to write its molecular formula.

OHHO

HO

OO

P

H

N

6. List the ways that organic chemicals can enter water bodies.
7. Give three reasons an oil spill may occur in the following environments.

(a) At sea
(b) On land

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

18.3 High-performance liquid chromatography
(HPLC)

KEY CONCEPT
• The application of high performance liquid chromatography (HPLC), including the use of a calibration curve
and retention time to determine the concentration of a soluble organic compound in a water sample
(excluding details of instrument)
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18.3.1 Introduction to chromatography
Chromatography is the process where a mobile phase (which contains the mixture to be analysed)
moves over a stationary phase (which contains a material that has a high surface area). As this happens,
substances in the mobile phase continually form weak temporary bonds with the stationary surface through

FIGURE 18.7 Paper chromatography is a simple and inexpensive
form of chromatography.

adsorption. This is followed by the
bonds breaking and allowing the
substance to move on. This is called
desorption. These bonds are similar
to the weak bonds that form between
molecules.

Because differences exist in how
strongly this occurs, substances move
over or through the stationary phase
at different speeds and are separated
from one another as a result.

You may have noticed how certain
food dyes, if mopped up with a damp
piece of paper towel, spread out into
different colours. You may have done
simple experiments where a spot of
ink is placed onto a piece of filter
paper and water allowed to soak up
and move the spot, eventually spreading it out into bands of different colours. Figure 18.7 shows such an
experiment. The green ink has separated into blue and yellow components. The red ink has one single
component, and the black ink has many. The colours that move furthest are those that adsorb and desorb
most weakly, while the colours with stronger adsorption and desorption do not move as far.

18.3.2 High-performance liquid chromatography (HPLC)

FIGURE 18.8 In HPLC, the separated components are captured
after they have been eluted through the column, which is the steel
tube on the left of this photo.

HPLC (originally called high-pressure
liquid chromatography) is an adaption
of the simple method described in
the previous section. Invented in the
early 1960s, advances in technology
have resulted in this now becoming
an extremely sensitive and widely
used modern technique. Detection of
concentrations in parts per million
and parts per billion levels is routine.
Advanced instruments can now
even detect parts per trillion. It is an
excellent method for measuring the
concentration of organic compounds in
a sample, with applications including
research, medicine, pharmaceutical
science, forensic analysis, food
analysis, drug detection in sport and
environmental monitoring.

In HPLC, the stationary phase is a narrow diameter tube that is packed tightly with a finely divided
powder called an adsorbent. This provides the high surface area required for the process and is called a
‘column’.
Pdf_Folio:7
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FIGURE 18.9 Schematic of high-performance liquid chromatography

column containing

stationary phase

liquid

storage waste

detector recorder

injection port

pump

Columns containing a wide range of adsorbent powders are available and can be chosen to give optimal
results for a particular scenario. Columns packed with finely divided alumina or silica are common
examples. The sample to be analysed is injected at the top of the column as a liquid, and a further liquid
(called the eluent) is then pumped through the column at high pressure. This liquid ‘flushes’ the mixture
through the column, allowing adsorption and desorption of components in the mixture to take place. This is
the mobile phase. In the same way as paper chromatography, this results in the components of the mixture
moving through the column at different rates. Eventually each component reaches the end of the column
and exits from it (this is called elution). The time taken for this to occur is called the retention time (Rt).
A detector at this point records retention times in a variety of ways (for example, as a graph on a strip chart
(called a chromatogram) or on a computer). Figure 18.9 shows the essential components of a HPLC.

Video eLesson High-performance liquid chromatography (HPLC) (eles-0347)

18.3.3 Interpreting the results from HPLC
To understand how HPLC can be used to obtain quantitative measurements, let us consider a mixture
containing three different substances: A, B and C. These produce three different signals from the detector
as they elute from the column; this is illustrated in figure 18.10. If component C is the one that we are
interested in, how can we distinguish its signal from those produced by A and B? The answer is simple.
We inject a known sample of C by itself into the column and run it through under identical conditions. By
noting retention times, we can then easily identify the correct signal from the mixture. (We assume that
substance C takes the same time to move through the column by itself as it would in a mixture containing
A and B.)

For quantitative analysis, the size of the signal is measured in some way. The higher the concentration
of the substance causing the signal, the stronger the reading produced. Commonly, this reading is either
peak area or peak height, terms that refer to the peaks produced on the chromatogram. This means
that it is possible to produce a calibration curve in the same way as for atomic absorption spectroscopy
(AAS; refer to topic 17). A calibration curve is a graph of concentration versus instrumental reading; in
HPLC, this reading is either peak height or peak area. A number of standards (containing substance C) at
accurately known concentrations are run through the instrument. The readings obtained are then graphed
against concentration to produce a calibration curve. The concentration of substance C can then be easily
determined from this graph.Pdf_Folio:8
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FIGURE 18.10 Schematic of the HPLC process (the numbers in brackets represent the peak height value for
each tested concentration)

The HPLC process

Chromatogram of mixture containing  A, B and C

(Which peak is which?)

Chromatogram of C at 5 mg L−1

(Peak C is now easily identified.)
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Time

Time

Time
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Chromatogram of C at 15 mg L−1
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A calibration curve can now be drawn (peak height vs concentration).

Finally, the peak height from the mixture can be read as a concentration.
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Video eLesson Calibration curves (eles-0348)

18.3.4 Application of HPLC for concentrations of soluble
organic contaminants
HPLC is ideally suited to measuring the levels of dissolved organic substances in water. It has the
sensitivity to detect very low levels of non-polar species. For more soluble organic substances, the sample
is merely diluted first so as not to ‘overload’ the instrument, and the result is then adjusted to allow for the
dilution. The variety of choice available for both the column and the eluent mean that the instrument can be
optimised for a particular analysis.

SAMPLE PROBLEM 1

A sample of lemon oil was suspected of being adulterated. To test this suspicion, HPLC was used
to produce chromatograms from a sample of pure oil (A) and from the suspect sample (B). These
chromatograms are shown in the following figures.

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Time (min)

A

B

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Time (min)

Has this oil been adulterated?
Teacher-led video: SP1 (tlvd-0606)

THINK WRITE

Compare the two graphs by counting the number of
peaks and their peak area.
Discuss the discrepancies.

Although the chromatograms are very
similar, some obvious additional
peaks appear in B. The most evident
is the peak at about 14 minutes. The
oil has been adulterated.
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PRACTICE PROBLEM 1
Discuss all the discrepancies you can identify in the lemon oil graph from sample problem 1.

SAMPLE PROBLEM 2

Atrazine is a herbicide that is often applied to sugar cane crops to kill weeds. In order to
determine the concentration of atrazine in run-off water after rain, representative samples were
collected after rainfall over a period of time. These were then analysed using HPLC. The results
of one such sample are tabulated in the following table, together with results from a set of
standards.

Atrazine standard concentration (ppb) Peak HPLC height

100 21

150 28

200 36

250 45

300 54

400 72

Run-off sample 34

a. By examining the table, make a quick estimate of the atrazine level in the run-off sample.
b. Draw the calibration curve from this data and use it to accurately determine the level of

atrazine.
Teacher-led video: SP1 (tlvd-0607)

THINK WRITE

a. Compare the peak height of atrazine in the
run-off sample with known standards.

The reading suggests that the level should be
somewhere between 150 and 200 ppb.

b. Plot the graph for the concentrations given.
Draw a horizontal line from the peak height
of atrazine in the run-off sample at 34 mm to
the calibration curve and then to the x-axis to
derive the concentration.
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From the calibration curve shown, the level
of atrazine is 180 ppb.
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PRACTICE PROBLEM 2
If the run-off sample had atrazine concentration of 225 ppm, what would be the expected peak
height?

18.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Define the following terms as they apply to chromatography.
(a) Stationary phase
(b) Mobile phase
(c) Chromatogram
(d) Retention time

2. Explain why a set of standards do not need to be evenly spaced to produce a calibration curve.
3. A sample of orange juice was analysed for its ascorbic acid (vitamin C) content. A 100 mL sample was

diluted accurately to 1000 mL in a standard flask. After thorough mixing, a 100 mL portion was filtered and
prepared for HPLC analysis.
The results from this analysis, together with those from a set of standards are shown in the table.

Ascorbic acidconcentration (mg L−1) Peak area

10 1690

15 2420

20 3105

25 3797

30 4504

Sample 3380

(a) Plot the calibration curve for this data.
(b) From part (a), determine the concentration of ascorbic acid in the diluted sample.
(c) Hence, calculate the concentration of ascorbic acid in the undiluted juice sample.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

18.4 Review
18.4.1 Summary
Organic compounds in the environment

• Organic compounds are used in many situations and in large amounts as part of modern living.
• Due to their widespread use, organic compounds may find their way into water supplies and other

bodies of water.
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• Carbon compounds get into water supplies in a number of ways. Two common methods are by
dissolving (sometimes in only small amounts) and by adsorbing (adhering) to solid particles, which are
subsequently washed into waterways or transported via wind.

• Oils spills can occur on land as well as at sea. Spills at sea are more mobile and can affect large areas.
• Oil spills at sea can be treated by a variety of methods, either singly or in combination. These methods

include leaving it alone, containment, skimming, absorbing, using dispersants, encouraging
biodegradation and burning.

High-performance liquid chromatography (HPLC)

• High-performance liquid chromatography (HPLC) is a technique ideally suited to analysing the
concentration of organic substances in water. It is both versatile and sensitive enough to detect the low
concentrations that are sometimes present.

• Like all forms of chromatography, HPLC involves a mobile phase moving over a stationary phase. The
process of adsorption and desorption that takes place results in components of a mixture moving at
different rates over the stationary phase.

• Retention time is the time taken for a substance to move through a chromatography column.
• An important step in using HPLC to determine unknown concentrations is the production of a

calibration curve. This involves running a set of standards of accurately known concentration through
the instrument. The reading produced for each standard is noted and the results used to draw a graph of
concentration against reading. This is the calibration curve.

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice exam
question booklet (doc-30934).

18.4.2. Key terms

adsorbent porous substance with a high surface area that adsorbs analytes by intermolecular forces
adsorption process by which molecules adhere, or ‘stick’, to the surface of other particles; commonly involves

liquid or gas molecules sticking to the surface of solid particles
chromatogram a visible record (commonly a graph) displaying the results of HPLC, showing the detector signal

against time
desorption the opposite of adsorption, where molecules are released from the surface of other particles
Eluent solvent used to remove analytes from the adsorbent in a HPLC column
elution in HPLC when each component reaches the end of the column and exits from it
mobile phase the mixture to be analysed in the chromatography process
retention time time taken for a substance to travel through the chromatography column; Rt

pesticide a chemical substance used to kill organisms that are harmful to cultivated crops or animals
stationary phase a material with a high surface area, used in the chromatography process

Digital document Key terms glossary — Topic 18 (doc-30903)
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18.4 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

18.4 Exercise 1: Multiple choice questions
1. Which of the following is an organic substance?

A. H2O
B. C12H24

C. CO2

D. CuSO4.5H2O

Questions 2 and 3 refer to the four compounds shown in the following figure. For ease of reference,
these have been labelled A, B, C and D.

OO

naphthalene

A B C D

OHOH

aniline

NH2

glutaric acid decane

2. Which two would be expected to be water soluble?
A. A and B
B. B and C
C. C and D
D. D and A

3. Which two would be expected to be insoluble in water?
A. A and B
B. B and C
C. C and D
D. D and A

4. Which of the following statements about dioxins is true?
A. Dioxins have been used in the past as insecticides.
B. Dioxins are inorganic chemicals containing heavy metals.
C. Dioxins are restricted to areas with large chemical industries.
D. Dioxins are unwanted by-products that have no useful applications.

5. Despite their low solubility in water, many organic contaminants can persist in water bodies for a long
time. What is a reason for this?
A. They adsorb strongly to the surface of soil particles in river beds.
B. Other liquid impurities in the water dissolve them.
C. They are broken down by natural microbial action in the soil.
D. They accumulate in the bodies of aquatic organisms, which then die.

6. What do all forms of chromatography involve?
A. Transitory phase moving over a mobile phase
B. Transitory phase moving over a stationary phase
C. Mobile phase moving over a transitory phase
D. Mobile phase moving over a stationary phase
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7. In the quantitative use of a HPLC, which of the following would not be done?
A. Measuring the area of the peaks produced
B. Drawing a graph of concentration versus time
C. Drawing a graph of concentration versus peak area
D. Standardising the instrument’s readings against known concentrations

8. When preparing a calibration curve from HPLC data, which of the following would not be appropriate
to use?
A. Concentration
B. Retention time
C. Peak height
D. Peak area

9. What would an oil spill at sea not be treated by?
A. Containment
B. Dispersants
C. Burning
D. Neutralisation

10. Which of the following would produce the most significant land-based oil pollution entering the
oceans?
A. By adhering to dust particles that are subsequently deposited at sea
B. By run-off from urban areas into drains and rivers and subsequently to the sea
C. By soaking into the ground and slowly draining to the sea
D. From washing off tyres of cars and boat trailers at launching ramps

18.4 Exercise 2: Short answer questions
1. Many organic chemicals are soluble in water while many others are insoluble. What features in their

molecular structures account for this difference?
2. An examination of the formula of a complicated organic molecule reveals that it contains carbon,

hydrogen, iodine and sulfur. Is this molecule likely to be water soluble? Explain.
3. A student used paper chromatography to produce a

chromatogram from black ink, as shown in the following figure.
The ink was added to the paper near the bottom, and water was
used as the mobile phase.
a. List the colours shown in order from most strongly

adsorbed to least strongly adsorbed.
b. Predict what would happen if a longer piece of paper

was used.
4. A sample of supposedly pure compound A is suspected of

being contaminated with a small amount of compound B.
To check this claim, a small amount is dissolved and
then analysed using HPLC.
a. Draw a possible chromatogram produced by this sample,

paying particular attention to the heights of the peaks.
b. A small chance exists that only one peak might be

obtained. Suggest a possible reason for this.
5. An analyst is designing a procedure to use HPLC to check

the level of a water-soluble chemical in a common herbicide.
The claim being tested is that the level is 120 g L−1. The configuration of the HPLC requires that the
concentration of this chemical be between 1 and 10 g L−1 for reliable analysis.
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Using the product claim as a guide and assuming that a 100 mL standard flask is to be used, calculate
the volume of herbicide that would need to be poured into the flask and then diluted so that a final
concentration of 5 g L−1 is achieved.

Glucose
concentration (g L−1) Peak area

0.4 1650

0.8 3280

1.0 4100

1.2 4920

1.6 6550

Sample 3840

6. The level of glucose, C6H12O6, in a sample of human blood
was analysed by HPLC. After suitable extraction, the sample
was analysed, along with a set of known standards. The results
are shown in the table
a. Draw the calibration curve using the data shown.
b. What is the concentration of glucose in the blood sample

(in g L−1)?
The normal concentration of glucose in human blood

should be 4.4 to 6.1 millimoles per litre or millimolar
(mmol L−1 or mM).

c. Convert your answer from part (b) into mM.
d. Is the glucose within the normal range?

7. ‘Snuffem’ is a water-soluble insecticide sold for domestic use to kill ants and spiders. Its label claims
that its active ingredient is ‘taylachlor’, at a level of 2.5 mg per 100 g.

Concentration of
‘taylachlor’ (mg L−1) Peak area

10 200

15 290

20 380

30 560

Concentrated sample 310

To test this claim, a 10.045 g sample was dissolved in 100 mL
of ethanol and filtered to remove the residue. The volume was
then reduced to 13.5 mL by gentle heating over a water bath so
as not to destroy the ‘taylachlor’. Standards containing 10, 15,
20 and 30 mg L−1 were prepared. These standards and the
condensed sample were then subjected to HPLC and gave the
following results.
a. Determine the concentration of ‘taylachlor’ in the sample as

tested.
b. Calculate the total mass of ‘taylachlor’ in the concentrated

sample.
c. Is the mass of ‘taylachlor’ in the concentrated sample the same as in the original 100 mL sample?

Explain.
d. Calculate the determined level of ‘taylachlor’ in ‘Snuffem’ (as mg per 100 g). Comment on how this

compares to the claim on the label.
8. Crude oil can be classified in a number of ways. For example, light crude oil is crude oil that has a high

proportion of volatile components. Consequently, it evaporates relatively quickly. On the other hand,
heavy crude oil contains a high proportion of less volatile substances.

Suggest possible responses to the following scenarios.
a. A small spill of light crude oil close to land
b. A small spill of heavy crude oil close to land
c. A large spill of light crude oil away from land

18.4 Exercise 3: Exam practice questions
Question 1 (9 marks)
Caffeine is widely used in a number of pharmaceutical products.

HPLC was used to determine the caffeine content in a particular brand of tablet. One tablet, weighing
0.103 g, was crushed and dissolved in exactly 10 mL of ethanol. This was subsequently diluted to 1000 mL
in a standard flask. Five caffeine standards were also prepared as shown in the following table.

All six solutions were subjected to HPLC under identical conditions. The results are shown in the table.
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Concentration of caffeine (mg L−1) Peak area

5 370

20 1340

40 2620

60 3910

80 5200

Test Sample 3400

a. Plot the calibration curve for this data. 5 marks
b. Determine the concentration of caffeine in the diluted sample

as tested. 1 mark
c. Calculate the concentration of caffeine in the ethanol used for extraction. 2 marks
d. What was the mass of caffeine in the tablet that was tested? Express your answer

in milligrams. 1 mark

Question 2 (8 marks)
Insecticides can move from where they are applied into other non-intended areas of the environment by
a number of mechanisms. Water plays an important role in two of these. Firstly, water can dissolve an
insecticide and carry it away in solution as run-off. Secondly, run-off water can carry away soil particles
with surfaces that contain adhered insecticide molecules.

The potential of an insecticide to move ‘off site’ can be predicted by three parameters. These are its
solubility, the strength of its adherence to particles in the soil and how long it persists before it is broken
down into other products. Adherence is measured by Koc values. The higher the value, the more strongly
the insecticide is bound to soil particles. Field half-life (FHL) is an indication of how long the insecticide
persists after being applied.

In general, an insecticide with a low FHL is unlikely to move. A chemical with a higher FHL may move
in solution, by adsorption to soil particles or both.

The following table shows these parameters for three insecticides.

Insecticide Solubility (mg L−1) Koc FHL (days)

Diazinon, C12H21N2O3PS 60 1520 40

Permethrin, C21H20Cl2O3 0.006 106 42

Oxamyl, C7H13N3O3S 2.8 × 105 25 4

a. Explain why diazinon is considered to have high potential for both solution and
adsorption run-off. 2 marks

b. Despite its high solubility, oxamyl is considered to have low potential to move. Explain why
this is so. 1 mark

c. Explain what is likely to happen to a field sprayed with permethrin if torrential rain is experienced
within the first few weeks after application. 3 marks

d. If the field in part (c) experiences gentle misty rain instead, is there likely to be a
problem? Explain. 2 marks

18.4 Exercise 4: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.Pdf_Folio:17
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