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Methods for the Examination of Waters of Associated Materials
Thisbookletsupplements,but does not supercede (see below) Mercury in Waters, Effluents and Sludges by
FlamelessAtomic Absorption Spectrophotometry 1978 (Ref 24). It contains a comparative table of methods and
the following additional methods:

A. Mercury in Raw, Potable and Saline Waters and Effluents by Bromine Oxidation (concentration using Gold)
and Flameless AtomicAbsorptionSpectrophotometry.
B. Mercury in Suspended Matter and Sediments by Aqua Regia Oxidation (concentration using Gold) and
Flameless Atomic AbsorptionSpectrophotometry.
C. Mercury in Waters by Flarneless Atomic Fluorescence Spectrophotometry.
D. Mercury in Soils, Sediments and Related materials by permanganate oxidation and Flameless Atomic
AbsorptionSpectrophotometry.
Note: Throughout this booklet mercuryis expressed as the element (Hg).
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About this Series

This bookletis part of a series intendedto provideboth
recommended methods for the determinationof water
quality, and in addition, short reviews of the more
important analytical techniques of interest to the water
and sewage industries.
In the past, the Departmentofthe Environment and its
predecessors, in collaboration with various learned
societies, have issued volumes of methods for the
analysis of water and sewage culminating in 'Analysis
of Raw, Potable and Waste Waters'. These volumes
inevitably took some years to prepare, so that they
were often partiallyout of date before they appearedin
print. The present series will be published as series of
bookletson single or related topics; thus allowing for
the replacement or addition of methodsas quickly as
possible without need of waiting for the next edition.
The rate of publication will also be related to the
urgency of requirement for that particular method,
tentative methods and notes being issued when
necessary.

The aim is to provide as complete and up to date a
collection of methods and reviews as is practicable,
which will, as far as possible, take into account the
analytical facilities available in different parts of the
Kingdom, and the quality criteria of interest to those
responsible for the various aspects of the water cycle.
Because both needs andequipment vary widely, where
necessary, a selection of methods may be recommended for a single determinand. It will be the
responsibility of the users— the seniortechnical staff to
decide which of these methods to use for the determination in hand. Whilst the attention of the user is
drawn to any special known hazardswhich may occur
with the use of any particularmethod, responsibility for
proper supervision and the provision of safe working
conditions must remain with the user.
The preparationof this series and its continuous revision is the responsibility of the Standing Committee of

Analysts (to review Standard Methods for Quality Con-

trol of the Water Cycle). The Standing Committeeof
Analysts is a committee of the Department of the
Environment set up in 1972. Currently it has seven
Working Groups, each responsible for one section or
aspect of water cycle quality analysis. They are as
follows:
1.0

3.0
4.0
5.0
6.0
7.0
9.0

General principles of sampling and accuracy of

results
Empirical and physical methods
Metals and metalloids
General nonmetallic substances
Organic impurities
Biological methods
Radiochemical methods

The actual methods and reviews are produced by
smaller panels of experts in the appropriatefield, under
the overall supervision of the appropriate working
group and the maincommittee.
The names of those associated with this method are
listed inside the back cover. Publication of new or
revisedmethodswill be notified to the technical press,
whilst a list of Methodsin Print is given in the current
HMSO Sectional Publication List No 5.
Whilst an effort is made to prevent errors from occurringin the published text, a few errors havebeen found
in booklets in this series. Correctionnotes and minor
additions to published booklets not warranting a new
booklet in this series will be issued periodically as the
need arises. Should an error be found affecting the
operation of a method, the true sense not being
obvious, or an error in the printed text be discovered
prior to sale, a separate correction note will be issued
for inclusion in that booklet.

L R Pittwell
Secretary
1 July 1986

© Crowncopyright1987
Firstpublished1987
ISBN 0 11 751907 3
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Warning to Users

The analytical procedures given in this booklet should
only be carried out by competenttrained persons, with
adequatesupervision whennecessary.
Local Safety Regulations must be observed.
Laboratory procedures should be carried out only in
properlyequipped laboratories.
Field Operations should be conducted with due regard
to possible local hazards, and portable safety equipment should be carried.
Care should be taken against creating hazards for one's
self, one's colleagues, those outside the laboratoryor
work place, or subsequently for maintenance or waste
disposal workers. Where the Committee have consi-i
deredthat a special unusual hazard exists, attentionhas
been drawn to this in the text so that additional care
might be taken beyond that which should be exercised
at all times when carrying out analytical procedures.
Reagents of adequate purity must be used, along with
properly maintained apparatus and equipment of correct specifications. Specifications for reagents, appara-tus and equipment are given in manufacturers'
cataloguesand various published standards.If contamination is suspected, reagent purity should be checked
before use. Lone working,whether in the laboratoryor
field, should be discouraged.

The best safeguard is a thorough consideration of
hazards and the consequent safety precautions and
remedies well in advance. Without intending to give a
complete checklist, points that experience has shown
are often forgotten include: laboratory tidiness, stray
radiation leaks (including ultra violet), use of correct
protective clothing andgoggles, removal oftoxicfumes and wastes, containment in the event of breakage,
access to taps, escape routes, and the accessibility of
the correct and properly maintained first-aid, fire-fighting, and rescue equipment. Hazardous reagents and

solutions should always be stored in plain sight and
below face level. Attention should also be given to
potentialvapour and fire risks. If in doubt, it is safer to
assume that the hazard may exist and take reasonable
precautions, rather than to assume that no hazardexists
untilproved otherwise.

There are numeroushandbookson first aid and laboratory safety. Among such publications are: Code of
Practice for Chemical Laboratories' and 'I lazards in
the Chemical Laboratory'issued by the Royal Society
ofChemistry, London;Safetyin Biological Laboratories' (Editorsl-lartree and Booth), Biochemical Society
Special Publication No 5, The Biochemical Society,
London, which includes biological hazards; and The
Prevention of Laboratory Acquired Infection', Public
Health Laboratory Service Monograph 6, HMSO,
London.

It cannot be too strongly emphasised that prompt first
aid, decontamination, or administrationof the correct
antidotecan save life; but that incorrect treatment can
make matters worse. It is suggested that both supervisors and operators be familiar with emergency pro-

cedures before starting even a slightly hazardous
operation, and that doctors consulted after any accident involving chemical contamination, ingestion, or
inhalation, be made familiar with the chemical nature
of the injury, as some chemical injuriesrequire specialist treatment not normally encountered by most doctors. Similar warning should be given if a biological or
radio-chemical injury is suspected. Some very unusual
parasites, viruses and other micro-organisms are
occasionally encountered in samples and when
sampling in the field. In the latter case, all equipment
including footwear should be disinfected by appropriate methods if contamination is suspected. If an
ambulance is called or a hospital notified of an incoming patient give information on the type of injury,
especially if poisoning is suspected, as the patient may
be taken directlyto a specialized hospital.

Comparative Summary of 1978 and 1986 Booklet Methods

Method

1985 A

Sample Type

Raw
Potable and

Limit of Detection

Time for 10 Samples

Range

unsupervised and
operator times

Types of Mercury
determined

Outline
--

clng/l

0—200 ng/l

4+4 hrs

All

Acidic Bromine
Oxidation, Tin II
Reduction. Gold
Concentration,
Flameless AAS

Suspended
Matter
Sediments

0.01 sg/g

no upper

5+2 hrs

All

Aqua RegiaOxidation,
Tin 11 Reduction,Gold

All Waters
also Sludge
Digests

cl—2ng/l

D

Solids and
Sediments

1978 A

Non saline
Waters
Effluents
Sludges

Saline

Water
B

C

limit

Concentration,
Flameless AAS

no upper

1+2 hrs

All

Acidic Bromine
Oxidation, Tin II
Reduction. (Similar
concentration step),
Atomic Fluorescence
Spectrophotometry

0.02 tg/g

0—c 0.5 sg/g

2+12 hrs

All

Nitric-SulphuricAcid
Permangamate
digestion, Tin II
Reduction,Flameless
AAS

0.1—0.2tg/l

(0—20
(or 0—20

All

Sulphuric Acid
Permangate Digestion,
Tin II Reduction,
Flameless AAS

but a one hundred

limit

fold concentration
step can be added

+ overnight

32+4 hrs)
lg/g 65+7 hrs)

g/l

5+2hrs

Al4Clean Waters

All

Nitric-SulphuricAcid

— Permangamate —

Persulphate Digestion,

Tin II Reduction,
Flameless AAS
B

Saline and
Other Waters

4 ng/l

0—250 ng/l

1+1 hrs

not allorganic
forms (not all
disubstituted)

Dithizone Carbon
Tetrachioride
Extraction,
Hydrochloric —
NitriteBack
Extraction, Tin II
Reduction,Flameless
AAS.

Mercury in Raw, Potable and Saline
Waters and Effluents by Bromine
Oxidation, Gold Concentration and
Flameless Atomic Absorption
Spectrophotometry Tentative Method

A

Al Performance
Characteristics
of the Method

(Forfurtherinformation on the determination and definition of performancecharacteristics see Ref 6.)

A1.1 Substance determined

All forms of mercury (see Section A2)

A1.2 Type of sample

Raw, potable andsaline water and effluents

A1.3 Basis of the method

Oxidation of all formsof mercuryto inorganic
mercury with bromine,followed by flameless
atomic absorption spectrophotometry

A1.4 Range of application

Up to 200 ngll (see Section AlO)

(a)

Linear to 200 ng/l

A1.5 Calibration curve (a)
A1.6 Withinbatch standard
deviation (a)

Type of sample

Standard
Mercury
Concentra- deviation

Degreesof
Freedom

tion (ng/l)
Tap water (Liverpool)
Stripped, spiked tap water (Liverpool) (b)
Sea water (Irish)
Stripped, spiked sea water (Irish) (c)
Stripped, spiked sea water (Irish) (d)
Stripped, spiked river water (Mersey) (h)
Spiked distilled water (c)
Spikeddistilled water (d)
Stripped,spiked oil refinery effluent
(9.5 mg DOC/l) (c)
(9.5 mgDOC/l) (d)
Stripped,spiked chemical plant effluent
(16.0 mg DOC/l) (c)

40
42
33
43
42
39
39

11

41

1.2
1.2
1.8

37
33

6.0
2.0

2
3

41

4.0
3.0

3
3

3.0
3.0

3
3

6.0
6.0

2
2

5.0
3.0

3

42

(11.OmgDOC/1)(c)
(11.0 mg DOC/l) (d) Stripped,spikedpetrochemical plant effluent
(250.0 mg DOC/l) (c)
(250.0 mg DOC/l) (d) -Stripped,spikeddetergentfactory effluent
(3.5 mg DOC/l) (c)
(3.5 mg DOC/1) (d)

38

Limit of detection(a)

6
5
2
2
5
5
5

(16.OmgDOC/l)(d)
Stripped,spikedsewage effluent

A1.7

1.5
1.6
1.5
2.5

38

44
46

37
36

3.0

0.7 ng/l with 6 degreesof freedomfor
distilled water
1.3 ngIl with 12 degreesof freedom for river
water (Mersey)
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A1.8

Sensivity (a)

75 ng/l are equivalent to an absorbance of
approximately 0.2

A1.9

Bias

See Section A1.6

A1.10 Interferences
A1.11 Time requiredfor
lanalysis (a)

Section A3

The total analytical andoperator times for
10 samples are 8 and 4 hours respectively
including pretreatment time.

(a) These data were obtained by the Departmentof Oceanography, University of
LiverpoolU)using this methodanda single beamatomic absorption spectrophotometer with 1.7 time rahge expansion andusinga 250 ml sample.
(b) Spiked with 40 ng Hg/Iadded as mercuric chloride
(c) Spikedwith 40 ng Hg/I added as methyl mercuric chloride
(d) Spikedwith 40 ng Hg/Iadded as phenyl mercuric acetate.
A2 Principle

A2.1 The methoddescribed is based on experimental work carried out at the Department of Oceanography, University of LiverpooI."

A2.2 It is essential to convert all forms of mercury to inorganic mercury. This is
achieved by treating the acidified sample with a solution containing potassium
bromideand bromate. The brominewhich is formedrapidly converts both alkyl and
arylmercurycompounds to inorganic mercury.2'3This treatment also gives approximately 90% recovery of mercury from suspendedparticulate matter. Before proceeding with the analysis, excess bromineis removed by addition of hydroxyammonium
chloride.

A2.3 The inorganic mercury is determined by a flameless atomic absorption procedurebased on that of Olafsson.3 An acidic solution of tin (II) chlorideis added to
the sample to produceelementalmercury:

Hg2 + Sn2 —* Hg° + Sn4
The mercuryvapour is sweptfrom the sample with a stream of nitrogenandconcentrated in a trap containing elemental gold deposited on pumice. Subsequently, the
trap is heated rapidly to 450°C.The volatilized mercury is transferredwith a constant
flow of nitrogento a gas cuvette placed in the optical path of an atomic absorption
spectrophotometerfitted with a mercury hollow cathode lamp. Absorption by the
mercuryvapour is measuredat 253.7 nm (see Figure 1).
A3 Interferences

The effectsof a varietyofother substances on the determinationof40 ng/lof mercury
are shown in Tables 1—3. The concentrations of many ofthesecomponents were set at,
or above, the levels recommended by the Standing Committee of Analysts.'4 However, the major cations and anions present in sea water are omittedfrom the Tables
as complete recoveries of mercury spikes are achieved from this medium. Of the
substances tested significant interference at the 95% confidence level is only found
with gold (>10tg/l), and silver (>100tg/l). Because it complexes mercury very
strongly fulvic acid at a concentration of 12 mg/I causes considerable interference if
the brominationstage is omitted,but does not interfereif this preliminary reactionis
employed.
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Table 1 Effect of othersubstances on the deteriuinat ion of Mercury (a)
Other substance

Other substance
added as

Concentration

of other

substance
(mg/I)

Silver (as Ag)
Silver (as Ag)
Aluminium (as Al3)
Arsenic (as As3)

Gold (as Au3)
Gold (as Au3)
Gold (as Au3)
Barium (as Ba2)
BeryilLum (as Be

)

Bismuth (as Bi3)
Cadmium (as Cd2)
Cobalt (as Co2)
Chromium (as Cr3)

Copper (as Cu2)
Iron (as Fe2)
Molybdenum (as

Mo)

Ni)
Pb

Nickel (as

Lead (as

)

Antimony (as Sb3)
Selenium (as Se4)
Strontium(as Sr2)
Vanadium (as V5)
vanadate
Zinc (as Zn2)
Bromide (as Br)
Fluoride (as F)
Iodine (as 1)
Nitrite (as N)
Phosphate (as P043)
Pyrophosphate
(as P2O74)
Thiosulphate

(as S2032_)

Ethylenediamine tetra
aceticacid
Nitrilotriacetic acid
Lauryl sulphate
Urea
Acetic acid
Acetone
Benzene
Chloroform
Ethanol
Ethyl acetate
n-Hexane
Methanol
Phenol
Toluene

nitrate
nitrate
rii[?ate

arënious oxide
chloroauric acid
chloroauric acid
chloroauric acid
nitrate
sulphate

nitrate
nitrate
sulphate
chloride
nitrate
sulphate
sodium
molybdate
nitrate
nitrate

potassium
antimonyl
tartrate
selenium dioxide
chloride
ammonium
10.0

0.1
1.0
10.0
1.0
0.01
0.05

0.10
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

10.0
0.5
10.0

Effect of other
substances in ng

11g/1 at a mercury

concentration of
40 ngIJ (h)
—5

25

+2
—2
—3
—21

—32
—2

0
0
—1

—2
—2
—l

0
+1
—2
—

+1
—

+2

—l

10.0
10.0
10.0
10.0
1.0

+2

10.0

0

tTrapotassium

10.0

0

sodium

10.0

disodium

10.0
10.0
10.0

=1

20.0

0
0

sulphate
potassium

diuni

potassium
sodium
dipotassium
hydrogen

acid

sodium
substance
substance
substance
substance
substance
substance
substance
substance
substance
substance
substance

25.0
35.0

—2
—2

+1

+2

—1

+2

+2

35.0

+I

23.0
25.0
22.0
26.0
25.0
10.0
26.0

—2
—2
C)

+3
—3
—3

+3

(a) These data were obtained by the Departmentof Oceanography, University of
LiverpoolU)using this method.
(b) If the other substances did not interferethe effect would be expectedto be within
0.0±3.0ng Hg/I.

A4 Hazards

A4. 1 The exhaustfumes from the cuvette ofthe atomic absorption spectrophotometer
are toxicandmust be ducted away.

A4.2 The reagent described in Section A5.5 should be regardedas a special hazard.
Hydroxyammonium chloride is askin andeye irritant and continuedcontactmaycause
dermatitis. A face-shield and gloves must be wornwhenhandlingthis material and any
spillage shouldbe washed away with copious amountsofwater.
A4.3 Samples and standardsolutions containing mercuryare toxic and care must be
takenhandlingthem.If any ofthese solutions is swallowedgive watertodilute and milk
as a soothing and buffering agent. Do not delayseeking medical advice.
A4.4 Magnesium perchlorate is a strong oxidant and should not be exposed to
inflammable vapours or liquids. Spent materialshouldbe disposed of by dissolving in
waterandflushingdown the drain.
A5 Reagents

All reagentsand standardsmust be stored in glass bottles (See Section A6). Polyethylene must notbe usedbecause ofits permeability to mercuryvapour. Analytical reagent
gradechemicals are suitable unless otherwise specified.
A5.1 Water

The water used for blank determinations and for preparingstandards and reagents
should have amercurycontentthat is negligible comparedwith the smallest concentration to be determined in the samples (see Section A12). Redistilled water which has
been passed through a 25 cmxl.5 cm2 column of strongly acidic cation exchangeris
suitable.

A5.2 0.28% mN Potassium bromatesolution

Heat potassium bromate overnight in a silica basin at 350°C in a muffle furnace to
remove mercury. After cooling, dissolve 0.28±0.05 g of it in 100 ml of water. Prepare
this solutionweekly.
A5.3 1% mN Potassium bromide solution
Heat potassium bromide overnight in a silica basin to 350°Cin a muffle furnace. After
cooling, dissolve 1.0±0.05 g of it in 100 ml water. Prepare this solutionweekly.
A5.4 Bromate-bromide mixture
Mix 50±2 ml of potassium bromate solution (Section A5.2) with 50±2m1ofpotassium
bromide solution (Section A5.3).

A5.5 30% mN Hydroxyammoniumchloride
This reagent is hazardous (see Section A4.2). Dissolve 30±1 g of hydroxyammonium
chloride in water and dilute to 100 ml with water. This solutionis stable indefinitely.
A5.6 Hydrochloric acid (d20 1.18)

If necessary, purify by passing through a 10 cm by 1 cm2 column of strongly basic
anion exchange resin in the chloride form.

A5.7 10% VN Hydrochloricacid
Dilute 100±2 ml of hydrochloric acid(d2() 1.18) to 1 litre with water.
A5.8 5% mN Tin (II) chloride solution
Dissolve by warming, 5.0±0.3 g of tin (II) chloride (SnCI2.2H20) in 90±2 ml of 10%
V/V hydrochloric acidin the presenceof a granuleof tin, cool and dilute to 100±5 ml
with 10% v/v hydrochloric acid. Prepare this reagentfreshly eachday andpurge it by
bubbling with nitrogenfor20 minutes before use.
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A5.9 2% mN Chloroauric acid (HAuCI4) solution

If not available commercially, prepare by quantitative
available solution.

dilution of a commercially

A5.10 Gold Coated pumice
Wash approximately 10gofpumice (60—80 mesh) by dccantation with acetoneand then
with water. Digest it with 10%.
hydochloric acidat room temperaturefor 1 hourand

v/v

then wash thoroughly by decantation. Dry overnight at approximately 200°C. Place
5M±0.5 g ofit in asilica basin and add25± ml of2% ni/V chloroauric acid.Stir well and
evaporateto dryness on a water bath. Heat the l)umice at 450°C for 8 hoursin a muffle
furnace. Cool, and transfer to a well-stoppered bottle. l'ack an approximately 4 cm
length ofthe pumice into the silica trap (Section A6.2) retainining it in place with plugs
of silica wool.
A5.11 Standard mercury solutions
These solutions are hazardous (See Section A4.3).
A5.11.1 SolutionA

I ml contains 100

g Hg

Weigh 0.1354±0.0005gof mercuric chloride and dissolve it in approximately 100 ml of
water,add60±5 ml ofnitric acid(d10 1.42)and diluteto 1 litre in acalibratedflask. Store
in a refrigerator.This solution is stable for at least 1 year.
A5.11.2 Solution B

I ml contains 1 tg Hg

Dilute5.00±0.05 ml ofsolution A with waterto approximately 300 ml. Add30±1 ml of
nitric acid(d2() 1.42) anddilutewith water to 500 ml ina calibratedflask. Preparefreshly
whenrequired.
A5.II.3 Solution C I ml contains lOng Hg
Dilute 5 ml ofsolution B to approximately 300 ml, add 30± 1 ml of nitric acid(d2 1.42)
anddilutewith waterto 500 ml in a calibratedflask. Preparefreshly whenrequired.
A5.12 Nitrogen
From a cylinder. Purify by passage through a 10 cm by 1.5 cm2 tube packedwith gold
coated pumice (Section A6.2).
A5.13 Magnesium Perchiorate (anhydrous)
This substanceis strongly deliquescent and also absorbs ammonia. It may be dried by
heating in clean air to 200—210°Cto constant weight. It decomposes if heated above
250°C. See Hazards Section-A4.

A5.14 Nitricacid d20 1.42
A6 Apparatus

An atomic absorption spectrophotometer
With a mercury hollow cathode lamp. A chartrecorderwith a rapid responseitem (0.5s)
can be usedfor read-out,or alternatively a digital indicator or printer which triggers at
maximum responsecan be used.
A6.1

A6.2 The gold trap
Isconstructed offusedsilica tubing and consistsofanapproximately 7cm length of6mm
internaldiameter(i.d.) tubing sealedat one end to a 5 cmlength of4mm i.d. tubing and
at itsother to a4cm length of2mmi.d.tubing whichserves as the exit tube. The central
portionofthe trap, whichcontainsapproximately 4cm ofgold coatedpumice, isheated
by means of a spiral of34 turns of 0.6 mm nichrome wire (3.34ohm/rn) which is wound
closely roundit andconnected to the 20V tapping ofatransformerrated at at least6A.

FIG

la APPARATUS FOR STRIPPING AND TRAPPING MERCURY

coil

Gold trap
Mg(Cl04)2

drying
tube

Transformer

N2

600ml/min —

2 way
tap
Silicone rubber cap with
septum for injection of SnCl2

1

litre aeration flask

with sinitered bubbler

A6.3 Special apparatusfor analysis of samples
A diagram of the apparatusused is shown in Figures la and lb. A stream of purified
nitrogenat aflowrateof600±100 mi/mm (measured by means ofaflow meter)is passed
throughasinteredglassbubbler(Porosity 1) intothe sample contained in asuitable sized
two-necked flask (up to 1 L). The B 10neck ofthisflask is fitted with asilicon rubber cap
bearinga gas chromatographic septumthrough which tin (II) chloride is injectedwith a
syringe. The outlet tube of the Drechsel bottlehead is connected by means of 4mm i.d.
polyvinyl chloride tubing to a 12 cm X 1.5 cm i.d. dryingtube packedwith anhydrous
magnesium perchiorate, which must be replaced when it becomes wet forhalf its length.
The outlet of the drying tube is connected to the gold trap (Sections A5.8and A6.2). A
removable 2.5 mm i.d. polyvinylchloride (PVC) tube is usedto connect the exit tube of
the trap toagas cuvette150cm in length and 1 cmi.d. with silicawindows. Thecuvetteis
mountedin a holder on the burner head of the atomic absorption spectrophotometer
andaccurately aligned with the light beam. Note:It is importantto keep the lengthsof
the PVC connecting tubingto a minimum.

A6.4 Glassware
Cleanliness is essential in this determination. Apparatusmust be reserved solely for
mercurydetermination. Cleanall glassware, both beforeand after use, byfillingit with
50% V/V hydrochloric acid.Immediately beforeuse rinse it with water.
A7 Sample
Collection and
Preservation

Samples must becollected inclean glass-stoppered bottles(Section A6.4) whose quality
(freedomfrom mercury) has been proved by carrying out a blankdeterminationon a
sample ofclean water storedin the bottleprior to use.
Unsatisfactory bottlesshould not be used.
A7.1 If only soluble mercury is required, proceed as in Section B7.1, but collect the
filtrates, not the washings. Use this undiluted filtrate in step A7.2.

If a division betweensolubleand insoluble mercury is requiredprocedures A7.1 and
B7.1 can be combined in one operation.

FIG

FOR TRANSFERRING MERCURY FROM THE GOLD TRAP TO

N2

600m1/min
2 way tap

Transformer

AA flow cell

sintered bubbler

25m1 aerationtube

Gold trap

with

Silica end windows

Fumehood

THE FLOW CELL OF THE ATOMIC ABSORPTION SPECTROPHOTOMETER

lb APPARATUS

A7.2 To each 250±1 ml sample add 5.0±0.2 ml of concentrated hydrochloric acid
(d20 1.18) and 5.0±0.1 ml of bromate-bromide reagent (5.4). Stopperthe bottle and
allow the reaction to proceed for 3 hours to ensure complete breakdown of organomercurycompounds. Proceed with the analysis as soon as possible thereafter. Samples
should be collecteddirectlyintothe bottle,butmaybetransferredto itimmediatelyafter
collection.
the latter case precaution must be taken to ensure that the primary
collection apparatusdoes not alter the mercurycontentofthe sample.

n

A.8 Analytical

Procedure

Step

ReadSectionA4 on hazardsbefore starting this procedure.

Procedure

Notes

-

Analysis ofsample
A8.1

Place 250±2 ml of the sample in a 500 ml
two-necked flask (note a).

(a) For samples containing less than 20 ng/1 the
volume of sample should be increased to 1 L.

A8.2

Add 1.00±0.05 ml of 30% rn/V

(b) The brown colour due to bromineshould be

hydroxyammonium chloride solution (5.6) and
mixwell (note b).

completely discharged.

A8.3

Insert the head of the bubblerinto the neck of
the flask andconnectit to the gold trap.

A8.4

By means of a syringe inject 2.0±0.1 ml of
5% rn/V tin (II) chloride solutionthrough the
septum.

A8.5

Pass nitrogenthrough the solutionat a flow
rate of 600±100 mllmin.
Turn off the gas flow after 30 mm.

A8.6

Remove the two necked flask andreplace it
by a dry 25 ml boiling tube with a B24 socket.

A8.7

Connect the outlet tube of the gold trap to the
gas cuvette.

A8.8

Turn on the nitrogen again and adjust its flow
rate to 50±5 mI/mm.

A8.9

Set up the atomic absorption
spectrophotometeraccording to the
manufacturer's instructions andadjust it to a
wavelength of 253.7 nm: Set it and the chart
recorder to zero (note c).

(c) Range expansion may be used if necessary.

A8.10

Start the chart recorderand then switch on
the heatingcurrent for the gold trap. Measure
the maximum instrumentresponseof the
sample (5) (note d).

(d) The maximum absorbance shouldbe reached
35—40 s after switching on the current.

A8.11

Continue heating andpassing nitrogenuntil
the instrument responsereturns to the
baseline.

A8.12

Turn off the current to the heater and, after a
further 30 seconds,the nitrogenflow.
Blank determination

A8.13

A blank must be included with each batch of
determinations.
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A8.14

Carryout stepsA8.ito A8.5 using the
samevolume of distilled waterinsteadof
thesample. Add to the flask 5.0±0.2 ml
of concentrated hydrochloric acid
(d20 1.18), 5.0±0.1 ml of bromate-bromide
reagent (A5.4), and 1.00±0.05 ml of

hydroxyammoniumchloride solution (A5.6).

A8.15

Insert the head of the bubblerinto the neck of
the flask andconnect it to a fresh gold trap.

A8.16

Carry out steps A8.4 to A8.12 inclusive. Let
the maximum instrumental response of the
blank be B.

-

Calibration standards

A8.17
A8.18
A8.19
A8.20
A8.21

Duplicate calibrationstandards must be
included with each batch of determinations.
Carryout steps A8.i to A8.5 inclusive using
250 ml of water insteadof the sample and
continue thereafter as detailed in step A8. 14.
Carryout step A8.15.
Throughthe septuminject 2 ml of standard
mercurysolution C (20 ng).
Carryout steps A8.4 to A8.12 inclusive. Let
this maximum instrument responses be C1 and
C2, if these are in satisfactory agreement
calculate their mean C.
Calculation of the results (see Section AlO)

A8.22

Calculate the concentration, A, of mercuryin
250 ml of the sample containing preservative
from

(e) The factor 1.04 allows for the dilution of the
sample with the preserving reagents.

A=x80xi.04ngJl
C,whereC= C1 +
2
This calculationassumesa linear calibration

-

curve.

Linearity must be checked (See Section A9).

A9 Checking the

linearity of the
Calibration
Curve

The proceduregiven below must be carried out on at leasttwo independentoccasions
before application of the method to any samples and regularly thereafter. To do this,
inject ahiquots (1.0, 2.0, 3.0, 4.0 and 5.0 ml) of standard mercurysolution C (corresponding with 10, 20, 30, 40 and 50 ng Fig respectively) into a stripped water sample
as described in Sections A8.20—A8.21. Plot the maximum instrument response
(e.g. chart peak height) against ng of mercury. The calibration curve should be linear
to at least 50 ng of mercury

AlO Changing the

The procedurecan be used to determine mercury in the concentration range given in
concentration. Section A1.6withoutmodification butwith appropriateinstrumentsettings. When the
Range of the mercury content of the sample exceeds 200 ng/Hg/l an appropriatelysmaller aliquot
Method.
of the sample must be taken for analysis. Conversely if the concentration is less than
20 ng/Hg/l it is advanatgeous to increase the sample volume to 1 L (it is not necessary
to increase the time of sparging with nitrogen (step A8.5)). When the volume of
sample used is changedan appropriatefactor must be incorporatedin the calculation
of the result.

All

Sources of
Error

The attentionwhich it is necessary to pay to sources of error depends on the accuracy
required of the analytical results. The following sub-sections summarize the main
sources of error.

Al 1.1 Contamination
Mercury is a source of contamination in most laboratoriesand it is advisable to carry
out the analysis in a laboratoryin which no appreciable amounts of mercuryor its
compounds are used. Any sources of contamination should be identified and eliminated or minimized. It shouldbe borne in mindthat many types of plastic bottlesare
permeableto mercuryvapourand their use for samples and reagentsmust be avoided.
Glass apparatusused in the determination of mercuryshould be reserved solely for
this purpose.Before carrying out a series ofdeterminationsit is essential to carryout a
series of blank analyses. If anyunusually high and/or variable blankvalues are found
they indicate contamination and steps must be taken to eliminate the problem.
Al 1.2 Mercury content of the water used for blanks and standards
Becauseof the wayin which the blank is determined slight contamination ofthe water
used is of no consequence. It is, however, important that water employed in the
preparation of reagents and the dilute standard mercury solution is of acceptable
quality. The concentration of mercuryin this water can be determinedby analysing it
in the same way as a sample.

A11.3 Interfering substances
See Section A3.

Al1.4 Calibration curve
The calibration curvefor this method has been found to be linear althoughits slope
may vary from one set of determinations to another. Such variations may arise
(i) from changes in the sensitivity of the atomic absorption spectrophotometer,or
(ii) from differences in the sharpness with which mercuryis stripped from the gold
trap if the flow rate of nitrogenfalls outsidethe recommended rangeof 50±5 mllmin.

A12 Checking the

Accuracy of

theAnalytical
Results

(For further information see Refs 6, 21 and 22.) Once the method has been put into
normal routine operation many factors may subsequently adversely affect the accuracy of the analytical results. It is recommended that experimental tests to check
certain sourcesof inaccuracy should be made regularly. Many types of test are
possible and shouldbe used as appropriate.'5As a minimum, however, it is suggested
that a standardsolution ofmercuryofsuitable concentration shouldbe analysed at the
sametime and in exactly the sameway as normalsamples. The resultsobtainedshould
then be plotted on a quality controlchart which will facilitate detectionof inadequate
accuracy, and will also allow the standard deviation of routine analytical resultsto be
estimated.

Mercury in Suspended Matter and
Sediments by Flameless Atomic
Absorption Spectrophotometry
Tentative Method

In aquatic systems mercury appears to be associated mainly with the suspended
particulate matter and sediments. For this reason, it is often helpful to determine this
fraction separately, although generally more than 85% of the mercury in the sus-

BO

pended particulate matter is released by the bromination technique (see Method A)
used for the preservation of aquatic samples. Mercury in sediments or separated
particulate matter is determined by digestion with aqua regiafollowed by a modification of the fiameless atomic absorption technique describedin Method A for waters.

Bi Performance

Characteristicsof

the Method

(Forfurtherinformation on the determination and definition of performance characteristics see Ref6.)
B1.1 Substance determined

All forms of mercury(see Section B2).

B1.2 Types of sample

Sediments and aquaticsuspended matter.

B1.3 Basis of the method

Digestion and oxidation of the sample to inorganic
mercury with aqua regia followed by flameless
atomic absorption spectrophotometry.

B1.4 Range of application
(a)

Up to 5 .tg/g depending only the size of the sample
and the aliquotof the digest taken.

Bi.5

Linear up to at least 0.050 tg 1-1g.

Calibration curve (a)

B1.6 Within batch standard
deviation (a)

Type of Sample

(i) Particulatematter
Mersey estuary
Manchester Ship Canal

(ii) Fresh watersediments
RiverTawe
Whittle Brook (Mersey)
RiverTamar (Calstock)
RiverTamar (Morwellham
Quay)
Leeds—Liverpool Canal
Leeds—Liverpool Canal

(iii) Estuarine/Marine sediments
RiverTamar (Cargreen)
Mersey (Hale Head)
Bauer Deep (Pacific Ocean)
East Pacific Rise (core 365 cm)
East Pacific Rise (core 445 cm)
East Pacific Rise (core 445 cm)

Mercury
concefltration
(tgIg)

Standarddeviation Degrees of

3.0

0.36

5.5

0.61

8
8

1.6

0.10
0.01
0.05

4
10
5

0.25
0.69

0.01

1.83

0.06

4
4
4

2.7
5.1
0.52

3.3

0.06
0.29
0.02
0.07

2.3

0. 10

3.3

0.00

0.43
0.67

(tg/g)

0.05

freedom

5
5
3
4
8
4

B1.7

Limit of detection (a)0.01 tgIgwith 6 degrees of freedom using a 0.05 g
sample.

B1.8

Sensitivity (a)

0.005 pg Hg gives an absorbance of approximately
0.1.

B1.9

Bias (a)

see Section B3.

B1.10

Interferences (a)

see Sections B3 and A3.

B1.11

Time requiredfor
analysis (a)

For 10 samples the total analytical and operator
times are approximately 5 and 2 hours respectively.

(a) These data were obtaihed by the Departmentof Oceanography, University of
Liverpool" using this method and a single beam atomic absorption spectrophotometer.
B2

Principle

The method described is basedon experimental workcarried out in the Department of Oceanography, University of Liverpool.'
B2.1

B2.2 The sample of sediment of particulate matter is digested with aqua regia to
extractmercuryfrom it and to break down any organo-mercury compounds. Mercury
in the resultant solution is reduced to the elemental state with tin (II) chloride,
strippedinto a gold-trap with a current of nitrogen and subsequently determinedby
flameless atomic absorption spectrophotometry.
B3

Interferences

No detailed information is available about the effect of interfering substances on this
method. However,samples of suspendedmatter from the Mersey estuary and Manchester Ship Canal, which were found to contain 3.0 and 5.5 tg Hg!g respectively
when analysed by this procedure, were analysed by an independent procedure (7),
whichhasbeen shown to determinetotal mercury, and found to contain3.4 and 6.0
Hg/g. In addition30 mgportions of a deep sea sediment containing 0.15ig Hg/gwere
analysed alone and after spiking with 10.1 and0.2 tg of inorganic mercurywhereupon
recoveries of 90±3% and 99±1% were obtained respectively. This suggests that
interferences are slight with most samples. The effect of other substances of the
evolution and atomic absorption stages of the procedurecan be judged from Table 1
in Section A3.

g

B4 Hazards

See Method A Section A4.

B5

All reagentsand standardsolutions must be stored in glass bottles.

Reagents

(See Method A, Section AS.)
B5.1 Water
See

Method A, Section A5.1.

B5.2 5% mN Tin (II) chloride solution
See

Method A, Section A5.8.

B5.3 Standard Mercury solutions
See MethodA, Sections AS.11.1 to A5.11.3.
B5.4 Nitrogen
See MethodA, Section A5.12.
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B5.5 Hydrochloride acid (d20 1.18)
B5.6 Nitric acid (d20 1.42)
B6 Apparatus

B6.1 Filtration apparatus

A Millipore or equivalent in-line filter holder capable of holding 47 mm filters
connected to the outlet of a 500 ml polypropylene separatory funnel. Filtration

is
is

carried out using pre-ignited (450°/c) tared Whatman OF/F glass fibre filters or
equivalent which are stored in sealed petri dishes until required. Flow of the sample
throughthe filter is induced by application of approximately 1 atmosphereof purified
nitrogento the top of the separatoryfunnel.
B6.2 Special apparatusfor aspiration
The apparatusused is basicallysimilar to that shown in Figure Ia, with the exception
that the two-necked flask is replaced by a 25 ml B24 boiling tube (Figure2). This has a
BlO socket fusedto it at an angleofapproximately 45° close to the top and closed with
a silicone rubber cap into which a gas chromatographic septumis inserted.

FIG 2 BUBBLER TUBE FOR THE DETERMINATION OF MERCURY

IN SEDIMENTS AND PARTICULATE MATTER

Silicone rubber cap
and septum

BlO socket

I

0

I
1

I

I

2

3

I
4

I

5cm

B6.3 An atomicabsorption spectrophotometer

Witha mercury hollow cathode lamp. A chartrecorderwith a rapidresponsetime can
be used for read-out, or alternatively, a digital indicator or printer triggered at
maximum responsecan be used.
B6.4 Glassware
Cleanliness is essential in this determination. Apparatus must be reserved solely for
mercury determination. Clean all glassware, both before and after use, by filling it
with 50% V/V hydrochloric acid. Immediately before use rinse it with water.
B7

Sample

Collection and
Preservation

If soluble mercuryvalues are also required, read Method A Section A7.1 prior to
filtering the sample.Both procedures can then be combined in oneoperation.
B7.1 Suspended particulates
Samplesmust be collected in 500 ml glass-stoppered bottlesandfilteredwithin 30 mm

of collection (see Section B6.1). Shake the bottle well to resuspend the sample and
with a measuring cylinder transfer 500±10 ml to the separatoryfunnel. Replace the
stopper of the funnel and force the sample through the filter usingnitrogenpressure.
Release the pressure and wash the walls of the funnel and the filter with water and
againapplypressureto drain the filter. Transferthe filter backto its petridish anddry
to constantweight at 40°Cto determine the loadof suspended matter. Replacethe lid
of the petri dish and seal with adhesive plastic tape. Analyse the sample as soon as
possible to minimize contamination by atmospheric mercury.
B7.2 Sediments

After collection, sediments should be washed by resuspension in water, centrifuged
and dried in an oven at 40°C. The dried sediment should be stored in a well sealed
glass tube and analysed as soon as possible.
B7.3 For the soluble mercury see method A

B8 Analytical

Procedure

Step

Read SectionA4 on hazards before startingthis procedure.

Procedure

Notes

Samples ofparticulate matter and sediments
B8.1

Transferthe filter containing the particulate
matter to a 25 ml conical flask usinga pair of
plastic tweezers (note a). For sediments weigh
the dry sediment (note b) into a 25 ml conical

(a) Care must be taken to avoidlosing particulate
material.

(b) 30—200 mg according to the expectedmercury
content.

flask.
B8.2

Add 0.50±0.05 ml of nitric acid (d20 1.42) and
1.50±0.05 ml ofhydrochloric acid (d20 1.18).
Close the flask with a loosely fitting bulb
stopper andheat to 70—75°C on a hot plate for
180±10 mm.

B8.3

After cooling, transferthe digest
quantitatively to a 25 ml calibratedflask and
dilute to volume with water.

B8.4

Transfera suitable aliquot of the solution
(c) 0.5—10 ml according to the expected mercury
concentration in the particulate matter and the
(note c) to the 25 ml boiling tube and dilute to
approximately 20 ml with water.
loading on the filter.

B8.5

Fit the Drechsel bottle head and connect the
gold trap (A6.2). Using a syringe inject
1.0±0.1ml of 5% rn/V tin (II) chloride
solution (B5.2) through the septurn in the side
arrn.

B8.6

Transferthe liberated rnercury to the gold
trap with a current of nitrogenat a flow rate
of 100±20mI/mm.

B8.7

Turn off the gas after 10±1 mm andreplace
the boiling tube with a dry boiling tube.

B8.8

Continuethe analysis as described in Sections
A8.8 to A8.12. Let the maximum

-

instrumental response be S.
Blank determination
B8.9

A blank must be included with each batch of
determinations.

B8.10

Carryout steps B8.1 to B8.8 and A8 to A12
inclusive using a pre-ignited glass fibre filter.
Let the maximum instrumental response be B.
Calibration standards.

B8.11

Duplicate standards and an associated blank
must be included with each batch of
determinations.

B8.12

Pipette 2 ml of standardmercurysolution C
(A5.11.3) into a 25 ml side-armboiling tube
and dilute to approximately 20 ml with water.

B8.13

Carry out Steps B8.5 to B8.8 and A8 to A12
inclusive. Let the maximum instrument
responses be C1 and C2; if these are in
satisfactory agreement calculate their meanC.

B8.14

Determine the associated blank by carrying
out Steps B8.1 and B8.13, but omittingthe
addition of the standard mercury solution.
Let the maximum instrument responsebe B5.
Calculation of the results.

B8.15

Calculate the concentration A, of mercury in
the suspended matter or sediment sample
from

S—B

1000

25

A=C — Bs xW_x>< 0.02ig/g
where W is the weight m mg of suspended
matter taken in and V is the volume in ml of
digest used.

The concentration,R. of particulate mercury
in the water sample from

R,-,S—B
—
xig/l
1

j—,s

V

when a 500 ml sample of water is filtered.
Thesecalculations assume a linear calibration
curve. Linearity must be checked (see Section
B9).
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The procedure described below must be carried out on at least two independent
occasions before application of the method to any samples and regularly thereafter.
Calibration Curve To do thisaddaliquots (0.0, 1.0, 2.0, 3.0 and 4.0 ml) of standardmercurysolution C
(corresponding to 0.00, 0.01, 0.02, 0.03 and 0.04 tg Hg) to a series of 25 ml conical
flasks. Carry out Steps B8.1 to B8.8 and A8 to A12 inclusive. Plot the maximum
instrument response against tg of mercury. The calibration curve shouldbe linear to

B9 Checking the

Linearity of the

at least 0.04 tg.

BlO Sources of Error The attentionwhich it is necessary to pay to sources of error depends on the accuracy
required the analytical results. The following sub-sections summarize the main
sources of error.

B10.1 Contamination
(See also Method A, Section A11.1.) Sediments and particulate matter tend to absorb
mercury from the atmosphere and analyses should be carried out as soon as
practicable.
B10.2 Mercury content of the water used for blanks and standards

It is importantthat water used in the analysis and for the preparationof the standard
mercury solution C is of acceptable quality. This can be checked as described in
Method A, Sections A8.1 to A8.12 inclusive.
B10.3 Interfering substances
See Section B3.
B10.4 Calibration standards
See Method A, Section A11.4.

Bit

Checking the
Accuracy of the
Analyticalresults

See Method A,

Section A.12.
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Mercury in Waters and Effluents by
Flameless Atomic Fluorescence

Spectrophotometer Tentative Method

Cl Performance
(Forfurtherinformation oii the determination and definition of performance characCharacteristics of teristics see Ref 6.)

the Method

C1.1 Substancedetermined

All forms of mercury(see Section C2).

C1.2 Type of sample

Saline and non-saline waters and effluents.

C1.3 Basis of the method

Oxidation of all forms of mercury in the sample to
inorganic mercury, conversion to mercuryvapour,
concentration in a brominating solutionfollowed by
flarnelessatomic fiurorescence sped rophotometry,
after additionof a reducing agent.

C1.4 Range of application
(a)

There is no fixed upper concentration limit.

C1.5 Calibration curve

Linear withoutpreconcentrationto at least 100 .tgfl.

(

C1.6 Within batch standard
deviation

C1.6.lWater samples
Sample type

Standard
deviation
(ngIl)

Degrees of
Freedom

jO.0
2.4
17.2

0.8

145.0
10.0

5.0
1.22

9
3
4
4

Mercury
concentration
(ng/l)

Standard(a)
Oceanic Seawater8 (a)
Spiked oceanic

Seawaters'8
Seawater(c)

(a)

0.4
2.9

9

C1.6.2 Sludge samples digested by Method A of Ref 23 (b).
Mean mercury
conceitration

Sample

p.g/g

BCR144
BCR145
BCR146
C1.7

1.35
8.2
8.5

Limitof detection(a)

dry wgt

Standard
deviation

Degreesof
freedom

igIgdry wgt
0.105
0.38
0.22

5
5
5

0.5 ng/l with 9 degreesof freedomwithout
preconcentration.

C1.7

Limit of detection (b)

0.04 tg/g with 5 degreesof freedom.
2.79 ng/l with 10 degreesof freedom, without

-

C1.8

Effects of
Preconcentration
(Steps C8.1 to C8.4)
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preconcentration.

The effectof preconcentration as given is to lower
the values given in C1.5 and C1.7 one hundred fold.
Recovery tests indicate 80% recoveryat stage C8.3.

Ci.9

Bias (a)

See Section C3.

C1.10

Interferences(a)

See Section C3.

C1.11

Time requiredfor

For a batchof 10 samples the pretreatmentand total
analytical times are approximately 1 and2 hours

analysis (a)

respectively.

(a) These datawere obtained at Thames Water Authority9.
(b) These data were obtained at MAFF Fisheries Laboratory,Burnham on Crouch.
(BCR stands for Community Bureauof Reference Sample.)
(c) Clyde River Purification Board.
The method described is based on experimental work carriedout at the Thames
Water Authority. 0.11)

C2 Principle

C2. 1

C2.2 It is essential to convert all forms of mercury to inorganic mercury. This is
achieved by treating the sample with a brominating solution and an acid. Stannous
chloride is added to reduce the excess bromineandto liberate elemental mercury
Hg2 + Sn2 — Hg° + Sn4

Themercuryvapouris transferredby purging with argon gas into a preconcentration
trap containing a brominating solution. The mercury in this solution is then determined by flameless atomic fluorescence spectrophotometer.
C3

No general tests on the effect of other substances on this method have been
carriedout; from the datain table 1 and method similarity, interferencesare deemed
to be unlikely. Analysis of 10 g/l mercury standards containing various amounts of
the brominating solution showed that there was no interference from bromate/
bromidein the atomic fluorescence state.t' Also up to 24 mg/l of suiphide does not

Interferences

C3. 1

interfere.1)

C3.2 Table 2 shows the recoveryof mercuryfrom distilled water spikedwith various
organic mercurycompounds using this method. The table also shows the recovery of
mercuryfrom various types ofwater sample spikedwith 14.8 g/l of mercury addedas
methylmercuricchlorideand allowed to equilibratefor 24 hours. These results were
obtainedby Thames Water Authority.

Table2 Recovery ofmercuryfrom spiked samples
Type of sample
Distilled water
Distilled water
Distilled water

compound added

(tg/Hg/l)

Concentration found
*
(ig/Hg/1)

phenylmercuricchloride
p-tolymercuric chloride
thiomersal

15.1
11.9

14.9
11.8

9.7

9.9

102

10.0
15.0
14.0
14.8
14.8
14.8
14.8
14.8
14.8

10.0
14.4

100
96

14.2

101

13.9
13.6
14.4
13.3
14.5
13.9

94

Organomercury

(C2H5HgSC6H4CO2Na)

Distilled water
Distilled water
Distilled water
Tap water
Riverwater

Riverwater
Riverwater
Sewage effluent
Sewage effluent

phenylmercuric acetate
ethylmercuric chloride
methylmercuric chloride
methylmercuric chloride
methylmercuric chloride
methylmercuric chloride
methylmercuric chloride
inethylmercuric chloride
methylmercuric chloride

Concentrationadded

Recovery(%)
99
.

99

92
97

90
98
94

Thames Water Authoritydata
With sea water samples recovery is never less than 80% and should be much higher (IMER information).

Sea Water (stripped)
Clyde River Purification Board data

100 ng/l
100 ng/l

91.57
92.5

* mean results obtainedfrom duplicate experiment withoutpreconcentration.
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C4

Hazards

C4.1 Mercury fumes are toxic and must be ducted away.
C4.2 Samples and standard solutions containing mercury are toxic andcare must be
taken handling them. If any of these solutions is swallowed give water to dilute, then
milk as a soothing and buffering agent. Do not delay seeking medical advice.
C4.3 The ultraviolet light from mercurylamps is harmful to the eyes. Enclose lamps
or wear UV-absorbing goggles. Screen to protect all in the room.

C5 Reagents

All reagents and standardsolutions must be stored in glass bottles (see Section C6).

Polyethylene must not be used. Analytical reagent grade chemicals arc suitable unless
otherwise stated.
C5.1 Water

See MethodA, Section A5.1.
C5.2 0.28% rn/v Potassiubrornate/1.0% rn/v potassiumbromide solution
Heat 2.78±0.01g of potassium bromate and 10.0±0. 1 g of potassium bromide in a
furnace of 350±20°C overnight to remove any residual mercury.Then dissolve them
in wateranddilute with water to 1 litre. Prepare afresh if discoloured.
C5.3 10 M Hydrochloric acid (approximately)
2.5 litres of hydrochloric acid (d2() 1.18) are cleaned of mercury by
dissolving
2.0±0.1 g of stannous chlorIde dihydrate in it and bubbling argon gas through
the
solution at 2.0±0.2 litres/minute for 15±2 minutes.Then add 200±10 mIs of 0.23%
m/v potassium bromate/1.0% in/vpotassium bromidesolutionto oxidize the stannous
chloride. Properlystored this solution keeps indefinitely.
C5.4 Brominating solution for preconcentration
Add 20.0±0.1ml of 10 M hydrochloric acid and 40.0±0.5ml of0,28% ni/v potassium
bromate/l.0% m/v potassium bromidesolutionto approximately 7(X) ml of waterand
then dilute with waterto 1 litre. Preparefreshly before use.
C5.5 50% v/v sulphuric acid

and carefully with continuous stirring add 50± 1 ml of
acid (d20 1.84)
to 50±1 ml of water contained in a beaker partially immersedsulphuric
in coldwater.
Slowly

C5.6 20% rn/v stannous chloride dihydrate(for sample reduction)
Dissolve 20.0±0.1 g of stannous chloride dihydrate in 10.0±0.1 ml of
hydrochloric
acid (d21 1.18). A small particle of metallic tin is added and the solution
warmed.
After cooling 10.0±0.1 ml qf 50% v/v sulphuric acidis addedandthe solution diluted
with water to 100 ml. The solutionis then purged with argon at 2.0±0.2 litres/minute
for 15±2 minutes to removennyresidual mercury. This solution maybe kept for one
day.
C5.7 2% rn/v stannous chloride dihydrate (for atomicfluorescence stage)
Dissolve 2.00±001 g ofstannouschloride dihydrate in 8.0±0.1 ml of hydrochloric acid
(d20 1.18). A small particle of metallic tin is added and the solution warmed. After
cooling add 10.0±0.1 ml of 50% v/v sulphuricacid and dilute with water to 100 ml.

Purge the solutionwith argon at 2.0±0.2 litres/minute for 15±2 minutes to remove
any residual mercury. Prepare freshly before use (may be kept overnightat c4°C).

C5.8 Standard mercury solutions
If accurateequipment is available smallerstocks of solutions C5.8.2and C5.8.3 should
be prepared, based on usage.
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C5.8.1 SolutionA 1 ml contains 1 mg Hg
Dissolve 1.354±0.005 g of mercuric chloride in approximately 100 ml of water, add
60±5 ml of nitric acid (d20 1.42) and dilute with water to 1 litre in a calibratedflask.
Store in a refrigerator.This solution is stable for a least 1 year.

C5.8.2 Solution B 1 ml contains10 tg Hg
Dilute 10.0±0.1 ml of solution A with waterto approximately 600 ml. Add 10.0±0.1
ml of 0.28% m/v potassium bromate/1.0% m/v potassium bromide solution and
10.0+0.1 ml of 10 M hydrochloric acid and dilute with water to 1 litre in a calibrated
flask. Prepare freshly before use.
C5.8.3 Solution C I ml contains 100 ng Hg

Dilute5.0±0.05ml ofsolutionB with waterto approximately 300 ml. Add5.0±0.1 ml
of0.28% m/v potassium bromate/1 .0% mlv potassium bromidesolution and 5.0±0.1
ml of 10 M hydrochloride acid and dilute with water to 500 ml in a calibrate&flask.
C5.8.4 If lower concentration standards are requiredat step C8.8, repeat the C5.8.3
dilution using SolutionC to obtain Solution D (1 ml containsing Hg).

C5.9 Silica gel — non indicating
C5.l0 Glasswarecleaning solution— see Section C6.3.
C6

Apparatus

An atomicfluorescence spectrophotometer
with ancillaryequipmentnecessaryto determine mercuryby the flameless technique.
This equipment can readilybe built, see references12—15.
C6.1

A flameless atomic absorption spectrophotometer
without the hollow cathode lamp, with a powerful mercury discharge tube
C6.1.1

lamp

mounted parallel with the absorption tube has proved satisfactory. Check tube
position for maximum fluorescent signal.
C6.2 Special apparatus for the preconcentration of mercury
The apparatusused is shown in Figure 3. 500 ml of the brominatedsample is treated
with stannouschloride and purgedwith argon at 2.0±0.2 litres/minute. The argon gas
stream containing the mercuryvapour is dried by passing through silica gel and then
the mercuryvapour is absorbed in 5.0±0.1 ml of dilute brominating solution, (thus
giving a concentration factor of 100). The silica gel trap is necessary to prevent any
stannouschloride gettinginto the brominating solution.

FIG 3 MERCURY PRECONCENTRATION APPARATUS
To
vent

Argon gas in
from flowmeter

::15cm PVC tubing

PVC tubing

::1

:::—

drying tube

Bromination
SnCI2

If special bubblers are not available 6 inch test tubes fitted with a
Magnetic stirrer

B14 joint carrying wash bottle heads fitted with a sintered glass fit
on the dip pipe may be substituted
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C6.3 Glassware

for this determination. Apparatusmust be reserved solely for
determinations.
Clean all glassware, both beforeand after use, by fillingwith
mercury
a solutioncontaining 0.1 M hydrochloric acid (1% v/v of reagent C5.3) and 0.3% ni/v
potassium bromate/0.1% rn/v potassium bromide (10% v/v of reagent C5.2). If
convenient, keep all glassware usedsoaking in this brominating solution. Immediately
beforeuse rinse the glassware thoroughly with water.
Cleanliness is essential

If special bottles are not available 6 inch test tubes fitted with a B14 joint carrying
wash bottle heads fitted with a sintered glass fit on the dip pipe may be substituted.
C7

Sample
Collection and
Preservation

Usersof the method suggest that at least 2 litres of sample be collected.
Samples must be collected in clean glass stoppered bottles (see Section C6.3) whose
quality (freedom from mercury) has been proved by carrying out blank determination. To each 1 litre of sample collected immediately add 10.0±0.1 ml of 0.28%
rn/vpotassium bromate/1.0rn/v potassium bromidesolution and 10.0±0.1 ml of 10 M
hydrochloric acid. Stopper the bottle and allow at least 45 minutes reaction time to
ensure complete breakdown of organo mercury compounds before proceeding to
Section C8.

If sufficient free bromine remains, the sample may be stored for at least two days if
protectedfrom any possible contamination by mercuryor organic materials.

If the samples contain much organic matterit mayrequire more reagent than is given
above. If this amount is excessive, a preliminary nitrate acid digestion (see Ref23)
may be advisable.
C8

Analytical
Procedure

READ SECTION C4 ON RAZARDS BEFORE STARTING TillS PROCEDURE

If the preconcentration stepis omitted,use an appropriatesizeof sample and connect
the Drechsel Bottle directly to the instrumentinstead of to the trap at C8.2. Omit
steps C8.3 and C8.4. Treatitandards and blanks in the same manner.

Step

C8.1

Procedure

Notes

Analysis ofsamples
Add 500±5 ml of the brominatedsample (see
Section C7) to the Drechsel bottle as shown in
Figure 3. Add 2.5±0.5 ml of 20% rn/v
stannouschloride dihydrate. Replacethe
Drechsel head.

C8.2

Connectthe Drechsel bottle to the
(a) Ensure that all free bromine,which might
Place
5.0±0.1
ml
of
the
interfere with transfer of mercuryvapour, has
preconcentration trap.
solution
for
into
been reduced.
brominating
preconcentration
the trap as shown in figure 3. Stir the content&
of the Drechsel bottle rapidly for about
1 minute (note a).

C8.3

Bubble argon through the apparatusat
2.0±0.2 litres/minute for 10±1 minutes
(note b). Pour off the brominating solution
into a glass flask and retain.

C8.4

To prevent cross contamination, before
(c) For other rangessee ClO.
proceeding with the next sample, wash the
sinter twice with 5.0+0.1 ml of fresh
brominating solution. Be sure to wash through
the sintered glass frit. Discard unless needed
for Section ClO.
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(b) Prior to pouringoff the brominating solution,
allow it to work through the Diffuserto remove
any tracesof mercuryabsorbed in the underside
of the sinter. Recovery is always about 80%.

C8.5

Set up the atomic fluorescence
spectrophotometerandassociated equipment
according to the manufacturerinstructions for
determining mercury by the flameless
technique (note d). Adjust for optimum
conditions.The fluorescence is measured at
253.7nm.

C8.6

Set the argon flow at 1.0±0.1 litres/minute.
Add 1.0±0.1ml of the brominating solution
from step C8.3 and 1.0±0.1 ml 2% m/v
stannouschloride (C5.7) to thereactionvessel
and measurethe instrumentresponse, S.
(Note c.)

(d) The biggest sourceof error foundwith this
methodis instrumentcontamination. The
apparatusincluding all tubing needs to be
scrupulously clean. Before analysing any samples
repeatedly analyse blank samples until a consistent
value of less than 2 ng/lis obtained using the
procedure given in step C8.6 and water prepared
as in step C8.7. Prior to the analysis of a batch of
samples always check the calibrationof the
instrument using standards (see step C8.8) and if
necessary recheck the blank until satisfactory.

Blank determination
C8.7

A blank must be included with each batch of

determinations. Carry out steps C7 and C8.1
to C8.6 using either wateror an aliquot of the
sample which has already been stripped of its
mercury(by carryingout steps C7 and C8.1 to

(e) The blankshould be less than 2 ng HgIl.

C8.4). Let the instrumentresponsebe B
(note e).
Calibration standards
C8.8

Duplicate calibrationstandards should be run
with each batch of samples. The concentration

of mercuryin the standard usedwilldepend

on the mercuryconcentration expectedin the

(f) y mlof solution C will give 0.2ytg/lmercuryinthe
calibration standards.Forvery low concentrations
use Solution D, then y ml will give 2y ng Hg/I.

samples. Suitable aliquots (yml) of standard
mercurysolution C are addedto 500 ml of
water or 500 ml of sample which has been
strippedof mercury(by carrying out steps C7
andC8.i to C8.3) and steps C7 and C8.1 to
C8.4 carried out. The measurementis made as
in steps C8.1 to C8.6. Let the mean
instrumentresponsebe C (note f).
Calculation of result
C8.9

The concentration, Ang/l,of mercuryin the
sample is calculated from:

(g) This calculation assumes a linear calibrationcurve
Linearitymust be checked (see Section C9).

y(S—B) ng 1
C—B
(Note g)

C9

The proceduregiven below must be carried out on two independentoccasions before
Checking the
Linearity of the
application of the method to any samples and regularly thereafter. Suitable aliquots
Calibration Curve (at least 5) of standard mercury solution C, chosen to cover the expected mercury
concentrations in samples, are added to 500 ml aliquots of water (or a strippedsample
as described in step C8.8) and the proceduredescribed in C8.8 is carried out. Plot the
instrumentresponse against ng/l mercury.The calibration curveshouldbe linear over

a wide range of mercury concentrations.
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ClO Changing the

Concentration
Range of the

Methods

Cli

and either correcting the calculation in step C8.9 accordingly, or treating the standard
sample in like manner.
If the concentration is too high, make up the combinedsample plus double washings
at step C8.4 to 25 ml with water and take a suitable aliquot. Either correct the
calculation in step C8.9 accordingly or treat the standard sample in like manner.
Alternatively use the initial brominated sample from step Cl in step C8.6, and
compare with standards treated in like manner.

Sources of Error See Method A, Section A.11.

C.12 Checking the

Accuracy of
Analytical
Results
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Somewhat lower concentrations might be determinable by usinga largerinitial sample

See Method A, Section A.12.

Mercury in Soils, Sediments and Related
Materials by Flameless Atomic Absorption
Spectrophotometry
Tenative Method

D

Dl Performance
Characteristics

of the Method

(For further information on the determination and definition of performance characsee Ref6).
Note: Throughoutthis method mercury is expressed as the element (Hg)
teristics

D1.1 Substance determined

All forms of mercury (see Section D2).

D1.2 Type of sample

Soils, sediments and related materials.

D1.3 Basis of themthd

Digestion in acidsolutionand oxidation with permanganate to convert mercuryto inorganic mercury
followed by fiameless atomic absorption spectrophotometry

D1.4 Range of application
(a)

0.01 to 0.50 mg/kg in the dry sample.

D1.5 Calibration curve (a)

Linear up to 0.3 mg/kg with slight curvaturefrom 0.3
to 0.5 mg/kg.

D1.6 Within batch standard
deviation (a)
Sample type

Soil 1
Soil 2
Soil 3

Peat

Mercury
concentration (mg/
kg)

Standarddeviation Degrees of Freedom

0.073

0.005
0.008
0.012

0.134
0.184
0.082

D1.7 Limit of detection (a)
D1.8 Sensitivity(a)

(mg/kg)

0.004

9
9
9
9

-

0.02 mg/kg with 9 Degrees of Freedom.
0.10mg/kg is equivalent to an absorbance of
approximately 0.17.

D1.9 Bias

Not known.

D1.10 Interference

See Section D.3

D1.11 Time required for
analysis (a)

For 16 samples the total analytical and operator
times are 14 and 12 hours respectively, excluding
standingovernight.

(a) These data were obtained at the Macaulay Institutefor Soil Research,
Aberdeen1' usingthis method and a single beam atomic absorption
spectrophotometer.
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FIG

4 APPARATUS FOR THE DETERMINATION OF

MERCURY BY COLD-VAPOUR ATOMIC ABSORPTION
A

E

L

T

Compressednitrogen or
air line 105 KN m2 (151b/in2)
B Needlevalve
C Flow meter
D Two-way tap
E Vent
F and K Connection points
G Silicone rubber tubing with
Mohr spring-clips to H
H Kjeldahl flask
I
Sample
J Plain glasstubes, o.d. 0.5cm
L Empty U-tube
N 25cm Pyrex absorption tube
o.d. 19cm with removable
fused-silica end windows

M 0-ring seals

0

Exhaust

Q Alternative conical flask
Plain glasstubes
P Nylon stop-cocks
T Sample
S Magnetic stirrer
R

D2 Principle

D2.1 The method is based on experimental work carried

Institute for Soil Research,Aberdeen".

out by the Macaulay

It

is essential to convert all forms of mercury into inorganic mercury. The
objective of the method is to ensure that all the mercury. organically bound or
elemental, is brought into solution in a form readily released as atomic vapour by
reduction and aeration. A digestion and wet oxidation procedure using a nitric and
sulphuricacid mixture followed by potassium permanganate treatmentwas found to
be satisfactory. The method is similar to that devised by Iskanderet al (l972).
D2.2

D2.3 The inorganic mercury is determined by the cold vapour atomic absorption
spectrornetric technique. Acid stannous chloride is added to the sample to produce
elemental mercury:

__ Fig0 + Sn4+
The mercury vapour is caffid by a stream ofair into a gas cuvette placed in the path
of the radiation from a mercury hollow cathode lamp and the absorption of this
radiation at 253.7 nm by the atomic mercury vapour is measured (see Figure 4).

Hg-

D3

30

Interferences

+ Sn

See Table 3 and references therein. Molecular absorption and light scattering interfer-

ence effects were found to be insignificant for solutions of soilsand rocks.

Table 3

Substanceadded

Amountadded per

Interference effect

Aluminium chloride
Calcium carbonate
Calcium chloride
Magnesium oxide
Calcium phosphate
Copper Sulphate
Silver Nitrate
Sodium sulphide
Selenous acid

0.5 g
0.5 g
0.5 g
0.5 g
0.5 g
250 Cu
100 tg Ag
1 mg S
200 tg Se

not over 5% variation
not over 5% variation
not over 5% variation
not over 5% variation
depression but under 10%

Selenous acid
Selenous acid
Iodine
Gold
1

20 ig Se
2 ig Se
100 tg I

depression of 8%
not over 5% variation
depression of 10%

0.1 tg Hg

g

depress, see ref 16

Platinum

Palladium J

Iron

not over 5% variation
not over 5% variation
not over 5% variation
depression of 90% (actually
400 tg Se + 0.2 ig Hg) etc

over 20% of sample

depresses,see ref 18 (lower
amounts do not significantly
depress)

D4

Hazards

D4.1 The exhaust fumes from the atomic absorption spectrometerare toxic and
must be ducted away. Samples and standard solution (Section D5.8) containing
mercury are toxic and care must be taken when handling them. If any of these
solutions is swallowed give water to dilute and milk as a soothing buffering agent.
Do not delay in seeking medical advice.

D4.2 The reagent described in Section D5.6 should be regarded as a special
hazard. Hydroxy-ammonium chloride is a skin and eye irritant and continued
contactmaycause dermatitis. Goggles and gloves must be wornwhenhandlingthis
materialand any spillage should be washed away with copious quantities of water.
D5 Reagents

All reagentsandstandardsolutions should be stored in glass bottles (see Section D
6.3). Polyethylenemust notbeused. Analytical reagentgrade chemicals are suitable
unless otherwise specified.

D5.1 Sulphuric acid (d20 1.84)
D5.3 Nitric acid (d20 1.42), distilled
D5.4 50% VN distilled Nitric acid/Sulphuricacid mixture
Add slowly and cautiously 250±5 ml of sulphuric acid (d2() 1.84) to 250±5 ml of
distilled nitric acid (d20 1.42). This should be carried out in a fume cupboard and
protectiveequipmentshould be worn. This reagent should be made up as required

and not stored.

D5.5 6% rn/V Potassium permanganate
Dissolve with stirring60±1 g potassium permanganate in hot water and dilute with
water to 1000±25 ml. Filter through a glass fibre filter to remove any manganese
dioxide. This reagentmust be kept stopperedat all timeswhennot in usebecause it
can absorb niercuryfrom the laboratoryatmosphere.
D5.6 20% rn/V Hydroxy-ammoniurnchloride
This reagent is hazardous (see Section D4). Dissolve 20.0±0.5 g of hydroxyammonium chloride iii water and dilute with water to' 100±2 ml.
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D5.7 20% mN Stannous
chloridedihydrate

20.0±0.5g of sinous chloride dihydrate in 6 M hydrochloric acid and
dilutewith 6 M hydrochloric acidto 100±2 ml. Ifmercuryis present in the solution
bubble oil-free air or nitrogen through for at least 10 minutes to ensure (hat the
Dissolve

solution is mercury free.

D5.8 Standard mercury solutions
Thesesolutionsare hazardous (see Section D4).
D5.8.1 SolutionA I ml contains I mg Hg
Weigh 0.1354±0.0005 g oYiercuric chloride and dissolve in approximately 70 nil of
0.5 M sulphuric acid. Dilute with further 0.5 M sulphuric acid to 100 nil in a
calibratedflask. Store in a refrigerator. This solution is stable for at least 1 year.
1 ml contains 10 tg Hg
Dilute 5.00±0.05 ml of Solution A with 0.5 M sulphuric acid to 500 ml in a
calibratedflask. Store in a refrigerator. This solutionis stable for several months.

D5.8.2 Solution B

D5.8.3 Solution C I ml contains 0.1 tg hg
Dilute 5.00±0.05 ml óf Solution B with 0.5 M sulphuric acid to 500 ml in a
calibratedflask. Preparefreshly when required.
D5.9 An oil-free air or nitrogen supply
D6

Apparatus

See Figure 4.

-

An atomic absorption spectrophotometer
with a mercuryhollow cathode lamp. A chart recorder having a fast responsetime
(0.5 s) is now the most desirable form of read out. Scaleexpansion should be used
to ensure that adequaterecorderresponseis achieved with the highest calibration
standardused.
06.1

06.2 Special apparatus for aspirating samples
A diagram of the apparatus is shown in Figure 4. Bubbling techniques have two
disadvantages with digested soils. Firstly, frothing can occur and secondly, it is
necessary to insert a drier containing magnesium perchlorate,calcium chloride or
silica gel to remove aqueous spray and vapour. The use of such driers has been
found to give rise to variablememoryeffects both positive andnegative.For these
reasons, the bubbling technique was replaced by an agitationprocedure in which
the mercuryin the reduced sample solution is partitionedbetweena fixed volume
of air and the liquid phase in a closed vessel by hand-shaking. The mercury-laden
air is then blown by air at a flow rate of 3±0.2 litres per minute directly, without
drying, through the absorption cell for the atomic absorption measurement.
D6.3 Glassware
Cleanliness is essential for this determination. If possible apparatus should be
reserved solely for mercury determinations: all residual mercury from previous
determinations must be removed. Glassware is washed in tap-water, followed by
6 M hydrochloric acid, 8 M nitric acid and several rinses in glass-distilled water.
Ground-glass stoppered, long-necked Kjeldahl flasks are rinsed in tap-water,
brushed clean using a liquid detergent, then rinsed thoroughly in tap-water before
being washed with acid and distilled water as above. Kjeldahl flasks in regular use
are soaked once a week, or whenever stains develop, in a solutionof laboratory
detergent, rinsed in tap-water and washed in acid and distilled water as above.
Cleaned glassware is then covered to protect it from the atmosphere.

D7 Sample Collection Soils and sediments should be collected and preparedas described in reference 19.
and Preparation
Air dried and sieved soils and sediments should then be finely ground to pass
150 tm) using an agate ball mill. Samples should be kept in a mercuryfree area
and analysed as soon as psibl, as mercury pick up can occur rapidly.
32

D8 Analytical

READ SECTION D4 ON HAZARDSBEFORE STARTING THIS PROCEDURE

Procedure

Step

Procedure

D8.1

Analysis of Sample
Weigh accurately 1.00±0.05 g (on a dry weight
basis, see Ref 20) into a 100-mi Kjeldahl flask
(note a). Let the dry weight be Wg.

Notes

(a) The weight of sample taken depends upon the
expected mercury content and amountof
oxidizable matter. It is generaly 0.5—2.0g for soils
whereas for peats, 0.5 g is the maximum normally
encountered.

D8.2

Add slowly and carefully with swirling 10.0±0.5
ml of 50% v/v distilled nitric/sulphuric acid.

D8.3

Transferto a water bath at'60±20°C. Leave to
digest in the flask (covered with a small beaker)
for 2.0±1.0 h swirling occasionally, only the
bulb of the flask being immersed so that its long
neck acts as an air condenser.

D8.4

Remove the flask, cool and add 20±0.5 ml of
(b) Volatilization of mercurycan occur if the liquid is
not kept cold — hence the slow separate additions
distilled water. Cool further preferablyby
ml
of
of permanganatewhile the flask is kept cold.
in
an
ice
bath.
add
5.0±0.1
placing
Slowly
6% mIV potassium permanganate. Cool. Slowly
add further 5.0±0.1 ml aliquots of 6% m!V
(c) If the KMnO4 has been completely reduced add a
further measured amount to restore the purple
potassium permanganateround the neck of the
into
the
colour and record the amounts added.
flask to wash any solid particles
solution. Cool. Ensure that excess potassium
permanganateis always presentby adding
further 5.0±0.1 ml aliquots of 6% rn/V
potassium permanganateas required to keep the
solutiondeeply colouredfor at least 1 h (note
b). Note the total amount of potassium
permanganate which has been added.

D8.5

Removethe flask and allow to stand, whilst
glass-stoppered, at ambient temperature
overnight or for at least 15 h (notes c and d).

D8.6

Add very slowly 2.0±0.1 ml of 20%rn/V
(e) Hydroxyammonium chloride must be used. The
with
hydroxyamrnoniuin chloride (note e)
gentle
sulphateis not suitable as chloride must also be
with
2.0
ml
of
aliquots
present to prevent losses.
swirling. Repeat
chloride
until
the
brown
hydroxyammonium
hydratedmanganese oxides and excess
(1) There is usually a residue ofinsolublematerial.
reduced
and
the
are
potassium permanganate
solution has decolorized (note f).

D8.7

Allow the unstopperedflask to stand at ambient (g) No loss of mercuryis observed at this stage.
temperaturefor 1 h to allow the evolved gases to
be liberated(notes g and h).

D8.8

The apparatusis cleaned before use and
(h) When samples contain unusually large amountsof
betweensamples by attaching the Kjeldahl flask,
mercury, a suitable aliquot of the digest can be
taken for analysis at this stage. The aliquot must
containing 10 to 20 ml water, to the air train.
then be diluted with appropriatevolumes of the
The clips are attachedandthe flask shaken
After
with
a
fresh
of
aliquot
reagents D5.4, D5.5, D5.6 and water to make up
manually.
repeating
to an equivalent volume of digest before
distilled water the clips are removed,the twoand
air
is
at
10±1
is
way tap opened
passed
proceeding to step D8.9.
litres/minute through the flask and measuring
system until no absorption is obtained using the
instrumentas set up under D8.9. The air flow is
then reducedto 3±0.2 litres/minute, the twowaytap is set to vent, and the clips are replaced.

(d) A batch of samples may be processedtogether to
this step but each sample must be taken separately
through steps D8.6 to D8.10 before proceeding to
the next sample.
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D8.9

Set up the atomic absorption spectrophotometer
and related apparatusreadyto carryout the
determinations. Add 5.0±0.1 ml of 20% rn/V
stannouschloride dihydrate in 6 M hydrochlofl
acid. Fit the flask to the apparatusimmediately
to prevent loss of mercury. Agitate for 2±0.5
mm, remove the clips and blow air through at
3±0.2 1/mm. The absorption is measuredat
253.7 nm and maximum instrumentresponse S
(eg peak height) recordedwith a pen recorder
andchart speed of 2.5 mm/mm.
If the signal is toohigh take a smaller weight of
sample (Step D8.1) andrepeat the
determination. Make an appropriate allowance
in the calculation of the result. Make use of the
partitionequilibrium effect to indicate a
suitable weight of sample to take.

D8.10

Continue blowing air until the instrument
response returns to the baseline.
Blank Determination

D8.11

A blank must be included with each batch of

D8.12

Carry out steps D8.2 to D8.10 inclusive (note I).
Let the maximum instrumentresponsebe B.

determinations. Place a 100-mi Kjeldahl flask in
an ice bath.

Calibration Standards
D8.13

Duplicate calibrationstandardsmust be included
with each batch of determinations. Add 2.00 nil
of standardmercurysolution D into each of two
100 ml Kjeldahl flasks.

D8.14

Carry out steps D8.2 to D8.10 inclusive. Let the
maximum instrumentresponses be C1 and C2. if
C1 and C2 are in satisfactory agreementcalculate
the mean C.
calculation of results

D8. 15

Calculate the concentration,A, of mercury in
the original sample (dry weight basis) from
(S—B) 0.2

A=

whereC=

X—m/k

C1

+ C,

-

This calculationassumes
a linear calibration
curve. Linearity must be checked (See Section
D9).
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(i) If additional potassium permanganatewas added
to a sample duringsteps D8.4 and D8.5an
additional blank must be run with an equivalent
amount of potassium permanganatepresent.

D9 Checking the

Linearityof the
Calibration
Curve

This mustbe carried out on at least two independentoccasions before application of
the methodto any samples and regularly thereafter. Pipette into a series of 100-mi
Kjeldahl flasks0.00, 0.50, 1.00, 2.00, 3.00 and 5.00 ml of Standard solutionD5.8.3.
The flaskscontain0.00,0.05, 0.1, 0.2, 0.3 and 0.5 tg mercury respectively. Carry out
the proceduregiven in steps D8.2 to D8.l0 inclusive. Plot the maximum instrument
response (eg peak height) against ug mercury. The calibration curve should be linear
to 0.5 tg mercury.

D1O

Sources of
Error

See MethodA, Section All.

Dli

Checking the

See Method A, Section A12.

Accuracy of
Results
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Estimation of the Accuracy Attainable by
Various Methods

The methodsgiven in both bookletsarc capable of permutation and combination.
For advice on procedures for testing out a method more thoroughly than just
running a standard or stable sample and plotting a quality control chart, see the
1q78 booklet(24) section on Estimation of the Accuracy of Analytical Results.
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Address for Correspondence

However thoroughly a methodmay he tested, there is always the possibility of a user

discovering a hitherto unknown problem.Users with information on this booklet are
requested to write to:

The Secretary
The Standing Committee fAnalysts
The Departmentof the Environment
43 Marsham Street
LONDON SW1P 3PY
England
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