COMMISSION
OF THE

EUROPEAN COMMUNITIES V/F/1966/74 e

Directorate-General
for Social Affairs

Health Protection
Directorate

V/F/T

NON-ORGANIC MICROPOLLUTANTS OF THE ENVIRONMENT
Volume 4

METHODS OF ANALYSIS

REPORT OF A WORKING GROUP OF EXPERTS

Prepared for the Commission of the Buropean Communities

|

Rapporteur: J. BOUQUIAUX

(Institut d'Hygiéne et d'Epidémiologie; Ministére de la Santé Publique,
de la Famille et de 1'Environnement, Bruxelles, Belgique)

Luxembourg July 1974


collsvs
Text Box


NON-ORGANIC

MICROPOLLUTANTS

OF

THE

ENVIRONMENT

VOLUME 4

SUMMARY

LIST OF EXPERTS

A. FOREWORD

B. PRESENTATION OF THE DOCUMENT

C. DESCRIPTION OF METHODS
(4ee also table 1, p.

Regenences

12

Methods of analysis

)

Page :

11

14

56



LIST OF EXPERTS

COUNTRY NAME
BELGTUM J. BOUQUTAUX
(Rapporteunr)

A .DENTENEER

P. HERMAN

J.EXSTEYL

M.JURTSSE

L.PATERNOTTE

ADRESS

Institut d'Hygiene et d'EpidémiolLogie
Ministene de La Santé publique, de La
Famille et de £'Environnement

14 nue Juliette Wytsman

1050 BRUXELLES

Economische Zaken
Montoyernstraat, 3
1040 BRUSSEL

Institut de Recherches chimiques
Ministene de £'Agriculture

5 Molenstraat

1960 TERVUREN

Ministene de £'Emplod et du Travail
51/53 nue Belliard
1040 BRUXELLES

Ministerne de fLa Santé publique, de La
Famille et de L'Environnement

Cite administrhative de L'Etat
Quantien Vésale

1010 BRUXELLES

Administration de L'Hygdiene et de La
Médecine du Travail

53 nue Belliand

1040 BRUXELLES

PRESENT AT

1-2-3

DENMARK F.BRO-RASMUSSEN

B.KOCH

E.POULSEN

J. STEENSBERG

National Food Institute
Mgnkhéf Bygade 19
2560 SPBORG

Agency o4 Environmental Protection
47 Stone Kongensgade
1264 COPENHAGEN

Institute of Toxicology
National Food Institute
Mégrnkhéi Bygade 19

2860 SPBORG

Agency of Environmental Protection
47 Store Kongensgade
1264 COPENHAGEN

o o = A = - = = - " ———— - = = ——— - o~ —— - = -

Meetingé n°l -
n°? -
n’3 -

7 Decemben 1972
20-21 March 1973
14-15-16 Novemben 1973



COUNTRY

FRANCE

M.C.DLHCHESNE

B.FESTY

J.GREFFARD

Y. THIBAUD

ADRESS

Expent consultant C.C.E.

Institut national de fLa Rechenche
aghonomique -Station d'Agronomie
28 nue de Herrlisheim

68 COLMAR

Ministene de £'Agriculturne
Senvice des Fraudes

42b4s nue de Bourgogne
PARIS 7éme

Laboratoine d'Hygiene de La Ville de
Paris

1b4s nue des Hospitalieres Saint-
Gervadls

75004 PARIS 4eme

Bureau Rechenchesgéologiques et mi-
nieres

74 nue de fLa Féderation

PARIS 15

Institut de Piches marnitimes
La Noé - Route de Ra Joneliére
44 NANTES

PRESENT AT
THE MEE-
TING N°

1-3

1-2-3

GERMANY J.GREINER

KLEIN

H.MUHLECK

R.MUSCHE

H.ROHLEDER

Bund esministerium furn Wintschagt
Postgach
53 BONN-DUISDORF

Bundesanstalt §ir Gewdsserkunde
Kaiserin Augusta-Anlagen 15/17
D 54 KOBLENZ

Bundesministerium des Innern
Rheindonfer Strn. 198
P 53 BONN

Bundesminist. 4in Jugend
Familie und Gesundheit
(Bundesgesundheitsamt)
Postgach

I BERLIN 33

Institut 4arn Okologische Chemdie
den GSF

St. Augustin 1

D 5201 SCHLOSS BIRLINGHOVEN

2-3

Meetings n’l-
ne-

n°3-

7 Decemben 1972
20-21 Manch 1973
14-15-16 Novemben 1973



COUNTRY

GERMANY

E.SCHMIDT

0.SORENSEN

ADRESS

Bundesminist. fir Jugend,Familie und
Gesundheit (Bundesgesundheitsamt)
Postgach

T BERLIN 33

Hygiene-Institut der Ruhrgebietes
Abbendickweg 12
465 GELSENKIRCHEN

PRESENT AT

Public Analyst
Deparntment of Health Custom House
DUBLIN

e o — —  ——— — — —— — — ————————— i ——_—————— — ——————————————————_—————————————————— ——————— - ——

S.ANNUNZTATA

F.COTTA-RAMUSINO

Direzdione Generale Igiene ALimentare
Nutrnizione-Divisione Additivd

24, Piazza Marcond

ROMA

Istituto Superiore di Sanita
Viake Regina Elena, 299
ROMA

2-3

LUXEMBOURG

P.HANSEN

M.MOLITOR

PRUD ' HOMME

R.WENNIG

Ministerne de La Santé pubfLique
Institut d'Hygiene et de La Santé
publique

la nue Auguste Lumiere

LUXEMBOURG

Administrnation des Eaux et Fonets
34 avenue de La Pornte Neuve
LUXEMBOURG

Dirnection de La Santé publique
(Inspection des Pharmacies)

37 nue F.Liszt

LUXEMBOURG

Mindistene de La Santé publique
Institut d'Hygiene et de Santé
publique

la nue Auguste Lumiere
LUXEMBOURG

2-3

Meetings n°l -
n’? -

n°3 -

7 Decembern 1972
20-21 March 1973
14-15-16 Novemben 1973



COUNTRY NAME ADRESS PRESENT AT
THE MEE-
TING N°

NETHERLANDS A.G.DE MOOR Min.voorn de Volksgezondheid en 1-2-3

Mitieuhygiene Leidshendam
p/a le Vanden Bosch Straat 4
DEN HAAG

H.W.KROES Min.voor de Volksgezondheid en 3
Milieuhygiene
Dn.Redljensstn &
LETDSCHENDAM

P. LEEUWANGH Instituut Vet.Farmacologie & Toxdcolo- 1-3
gde
Biltstraat 172
UTRECHT

A .MINDERHOUD Rijksinstituut voor de Volksgezondheid 1-2-3
P.0. Box 1
BILTHOVEN

P.SCHULLER RAfRsins tituut voor de Volksgezondhedd 1
P.0.Box 1
BILTHOVEN

J.J.STRIK Instituut Vet.Farmacologie & Toxicolo- 1-2
gie
Biltsthaot 72
UTRECHT

J. SUUR LAND Min.voon de Volksgezondheid en 1
Milieuhygiene
Dokter Reyersstraat 10
LETDSCHENDAM

F.VAN DER KREEK Ministernie van Volksgezondhedd 1-2-3
Dokter Reyerstraat 10
LETDSCHENDAM

H.VAN GENDEREN  Instituut voorn Veterdlanarny,Pharmacology 3
and Toxicology
172 Biltstrhaat
UTRECHT

Meetings n°1 - 7 December 1972
n’?2 - 20-21 March 1973
n°3 - 14-15-16 November 1973



COUNTRY NAME ADRESS PRESENT AT
THE MEE-
TING N°

UNITED KINGDOM  R.BUXTON Dept.of Health and Social Securnity 3
' ALexanden Fleming House
Elephant and Castle

LONDON

M.COHEN Ministry of Agrniculture,Fishendies and 1-2-3
Food- Plant Pathology Laboratorny
HARPTENDEN, HERTS

G.COLLINS Laboratory of the Government Chemist 1

Conwall House, Stangord Strheet
LONDON SET 9NQ

P.S.ELIAS Dept.of Health Social Security 2
Alexanden Fleming House
LONDON SEI

J.RUZICKA Laboratory of the Government Chemist 2-3

Conwall House, Stamgord Strneet
LONDON SET 9NQ

A.TOLAN Ministry of Agniculture, fishernies 1
and Food
Great Westminster House
Housegerry Road
LONDON SWI

Meetings n°l - 7 December 1972
n°? - 20-21 March 1973
n°3 - 14-15-16 Novembenr 1973



COUNTRY NAME

ADRESS

PRESENT AT
THE MEE-
TING N°

S-Sz == SSsSssssszs==== RS B FEERE R NN EEEEE g STz zs=m====

COMMISSION OF J.SMEETS
THE EUROPEAN (Chairman)
COMMUNTTIES

R.AMAVIS

(Secrnetarny)

A.BERLIN

A.BONINT

P.BONNET

0.DEMINE

E.DI FERRANTE

D.G. Afgaires Sociales
Protection Sanitaine V/F/1
Centre Louvigny
LUXEMBOURG

D.G. Affaines sociales
Protection sanitaire V/F/1
Centrne Louvigny

LUXEMBOURG

D.G. Affairnes sociales
Protection sanitaine V/F/1
Centre Louvigny
LUXEMBOURG

D.G.Aggairnes sociales
Protection sanitairne V/F/1
Centrne Louvigny
LUXEMBOURG

Servdice de £'Environnement
Protection des Consommatewrs
200, nue de fa Lod

1040 BRUXELLES

D.G. Agrniculturne
200, rue de £La Lod
1040 BRUXELLES

D.G. Rechernche,Scdence et Education
200,nue de £a Lod
1040 BRUXELLES

1-2-3

1-2-3

1-2-3

1-2-3

Meetings n® 1 -

]

n 2 -

[

n 3 -

7 Decemben 1972
20-21 March 1973
14-15-16 Novembenr 1973



COUNTRY NAME

ADRESS

PRESENT AT
THE MEE-
TING N°

B TEESzssz=szs=sEZ==cz -8 - - B8 SEZS-sS-ZEsm

COMMISSION OF R.MAGNAVAL
THE EUROPEAN
COMMUNTTIES

H.OTT
P.RECHT

G.SERRINI

M.Th.VAN DER
VENNE

Association EURATOM /C.E.A.
Protection sanitaire

Boite postale n’6

FONTENAY AUX ROSES (France)

D.G.Rechenche Sclence et Education
200 nue de La Lod
1040 BRUXELLES

D.G.Afpaines sociales
Protection sanitaire
Centre Louvigny
LUXEMBOURG

Centrne commun de Recherche
21020 1ISPRA -Varese -

D.G. Afpaines sociales
Protection sanitaire V/F/1
Centne Louvigny
LUXEMBOURG

3

Meetings n°l -
n°? -

n°s3 -

7 Decembern 1972
20-21 Marnch 1973
14-15-16 November 1973



9

NON - ORGANIC MICROPOLLUTANTS OF THE ENVIRONMENT

A. FOREWORD

This report has been prepared by the working group on the
consequences for man and his environment, of environmental pollution due
to non-organic micropollutants; it is part of the outline of actions
that have to be undertaken at Community level in the domain of reduction
of pollutions and nuisances. These actions are included in a comprehen-
sive programme of the European Communities in the field of environment
that has been accepted by the Council of Ministers on the 19th of
July 1973,

Non-organic micropollutants are listed in the first category
of pollutants of the environment which have to be considered primarily
because of their toxicity and of the present state of knowledge concer-

ning their sanitary and ecological importance.

The objective evaluation of risks being the aim of the general
programme a knowledge is required of the level of these pollutants in
the environment as well as a study and analysis of the undesirable effects
which would result from exposure of the target to a given pollution or

nuisance.

At a meeting held on December 7th 1972, the working group de-
cided to prepare an inventory of the data available since 1968 on the
levels of non-organic micropollutants in the environment. The report
has been compiled by Mr BOUQUIAUX from information supplied by dele-
gates of the various Member States., The list of micropollutants was
examined at the meeting of December 7th, 1972. The final date agreed

by the rapporteur for receipt of information was May 15th 1973.
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A first draft of the report was examined at the meeting of
March 20th and 21st 1973, The final text was discussed at the meeting on
November 14th-16th 1973 and was agreed by the experts present except
for Volume 4 which was written by Mr BOUQUIAUX after the last meeting.

It should be remembered that 2 important non-organic micropol-
lutants were studied in depth at the Symposium "Problems of contamina-
tion of man and his environment by Mercury and Cadmium" organised by
the Commission of the European Communities in Luxembourg on 3-5th Ju-
ly 1973,

The whole report appears in 4 volumes entitled:

Volume | - general presentation;

Volume 2 - detailed listing of levels present in the
environment;

Volume 3 - synthesis of data;

Volume 4 - methods of analysis.



B. PRESENTATION OF THE DOCUMENT .

The methods used 4orn the measurement of non-organdic micropollu-

tants 04 the envinonment are much varded .

Descrniptions of the methods used have been sent by the
delegations of diffenent Memben-Countrhies with the analytical
nesults

These descriptions arne sometdimes full of detadlls on very brdlef
on else, they nefen to methods glven Ain the Litterature .

The submitted methods have been studied closely and a general
scheme has been drnawn that could be applied to each one . This
study has Ain fact drawn the following genernal steps that can
be found in all the methods (even Lf some them are sometimes
omitted)

Pre-trneatment ;

. Destrnuction o4 organic mattehr;

. Separation ;

B W N -

Measurement .

Many possibilities can be found in each sepanrate step and,

in some of them, such as pre-treatment and separation, several
possibilities can be assoclated .

These possibilities are Listed in table 1( p.12) ,which can

be considened as a table of contents fon descrnibing methods of
analys s

Tabfe 2 ( p.45 ) gdves a summany of the different methods used
in the different Laboratornies which have provided measurements
This summarny 44 based upon the scheme 0§ analysis which Ls
used Lin this nrepont .

The method fon the determination of methyl-merncuny Ain f4sh L5

given 4in an appendix (p.55 )

11
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C. DESCRIPTION OF METHODS

1. PRE-TREATMENT

A pre-trheatment L4 generally needed to 4insure the conservation
of the sample, to Lsolate the part of the sample that must be
analysed, on to prepanre the sample begore analysis.

1.1 - WATER

Most authorns have podinted out that surface waten was gilterned
{on centrndifuged ) and / orn acddified accornding to difgerent
methods before analysis

1.1.1 FILTRATION

Several procedures have been used
- Filtrnation alone ( without any 4Aindicated acidification) (47);
- Centhifugation of sample when recedved 4in the Laboratonry ,
gollowed by furnthen acdddipication | 17,41,76) ;
- Filtrnation made on the sampling place (27) ;
- Filtration and acddification made on the sampling place(19);
- Filtrnation and analysis made on the sampling place
(30.2, Cu , colondim.) ;
- Fifthation following acidification (46).

The amount o4 suspended matten 4Ain waten depends on many
gactons mainly nelated with the pernturbutions of the waten :
stonms, fLoods, crossing of boats, velocity 0§ the nivern,efe...
In these conditions, bottom sludges are often put into sus-
pensdion . These suspended mattern strongly disturnb the constancy
on neproducdbility 0f the analysis results, specially for
non-ongandice micropollutants

Moreover, they arne in fact a phase qudite different gfrom the
aqueous phase . 1& should then be necessary to separate

them previously by centrdifpugation orn filtration and to anafyse
them separately .
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The separation of suspended matter should always be carndied
out on the sampling place s0 as to avodd the transgormation

04 the suspended matten during transportation and conservation.
However this method L5 subject to many difficulties which can
only be dealt with on boats on 4in moving Laboratonies provided
with a good equipment

Centrnifugation appeans to be better than filtration because
Lt has no effect on mechanical and electrical behaviour o4

colloids . Moreoven, centrnifugation can deal with strhongly

changed watehrs

Filtrhation, on the othen hand, seems to be more adequate fon
theatment of Large volumes of waten with sLight amount 4in

suspended matten

1.1.2 ACIDIFICATION

The sample A5 frequently presenved by acidification at pH 5

by means of hydrochlonic acid (19) or, 4An a more general way ,
at pH 1 or 2 by means of hydrochlornic or nithic acdd|(15,16,
27,41,45,46,50,76 )

The §4ilterned on centrifuged sample has to be preserved by
means of acddification s0 as to avodd precdpitations and
Losses Ain metals due to deposdition on the containens walls
These deposdits can occun even Ain plastic bottles

Acconding to Butterwornth et af.(19), Marntin (1968) has stated
that plastic sunfaces can develop Lon exchange capacity with
consequent plating out of trhace metals

These authons have examined theirn plastic collecting vessels
fon plating from raw sea water and found that a consdiderable
proporntion of the zinc and Lead were Lost in this way . Howeven,
when the pH was adjusted to 5.0 with nitric acdd on collection
no Loss in this way could be detected

The vessels must of course and necessarnily be washed with acid
begorne they can be used



1.1.3 CONSERVATION AT LOW TEMPERATURE

Samples ane sometimes kept at Low temperature forn preserva-

tion :

- An the §reezen (27,between filtration made on the sampling
place and acidification made at the Laboratorny );

- in the negnigeraton (50 ) .

Conservation of waten samples at Low temperature Ais specially
intended forn avodding the trhansgormation of nitrogenous and
orngandic compounds when theirn deteamination Ls carnied out

in the same sample as non organdic micropollutants . But the
acddification of water makes this way of proceeding purpose-
Less whene metals arne concerned

1.1.4 OXIDATION WITH PERSULPHATE

Acconding to Fonds and Vanden Eshof (76), an oxdidation step
{4 necessany before the Liquid -Liqudd extraction of a serdies
of metals grom waten .

These authons use the folLowing method

- Add 0.5 m& 65% HNO3 and 5 mL 50% (NHy),S705 s0lution %o
500 me (centrnifuged ) surgace water on drinking waten and
bring to boiling

- Bo4il gon 10 minutes,stop boiling and aftern 1 minute cooling
add 25 m& 5% (NHy) 928905 solution .

- Bo4if down to 350 mi.

- Cool to 20°C and add 5 m& 10% ascorbic acdid so0lution, mix and

allow to stand for 10 minutes

This method 44 gollowed by the Liquid-Liqudid extraction
descndibed at paraghaph 3.2.4.12.

Oxydation of the waten sample is certainly useful in orden

to brning the metals to an Londic state sudtable for extraction
with ongandic complexing heagents.

Howeven , this step 44 genernally omitted,the sample beding
simply acddigied

16
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1.1.5 ADDITION OF A TRACER

A rnadiocactive tracer can be added to check the yield of the
chemical sepanations . Ex. : 203Hg (16).

The addition of a radioactive tracer can be useful 2o check
the yield 0§ a new method . Howevern Lt 44 seldom necessarny 4in
noutine methods and only when the methods used forn separation
cannot be reproduced easely.

1.1.6 EVAPORATION

Water samples can be evaporated at 110°C and caleinated at
a temperature of < 450°C . This procedure has been used before
Uv-spectrography (32).

+ +

The elaborated pre-trheatment used by Preston et al.(27) 4is
given here as an example : ‘

" Sungace samples were coflected using a polypropylene bucket
and nope; subsurnface collections were made by drawing the
water through a?2.5cm diameten PVC hose (reinforced with braided
ternylene) with the add of an electrically-driven pump,cons-
thucted entinely grom polypropylene and PTFE except for
a small carbon shaft-seal. No significant variation between
the methods of sampling has been detected.

" 1t was decdided that some form of separation of the sample
into 'mainly solid' and 'mainly Liqudid' phases was essential-
the chief neason being the considerable vardation in suspen-
ded foad due to weathen condiftions; MilLipore cellulose ace-
tate filtern papens (142mm diameter, 0.2 um pore sdze)mounted
in a PTFE f4ilten press were used Lo effect this separation
napididly Ln preference to centrifuging, because of the
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diggiculty 4in carrnying out the Latter operation on boanrd
ship . The contamination problem from the MilLipore f4iltens
A5 well known (Robentson,1968 ) and much work has been
carnied out at this Laboratory on the problems of ZLhe
Leaching of Ampunities grom the paper . The filtrate was
collected in a polythene container ,rapidly grozen and
storned at -20°C until nequired forn analysis - this procedunre
has been shown to be satisfactory and does not nequire the
ude of concentrated acids at sea . The samples were Legt
gnozen until the start of the analysdis, when they were
thawed and acidified to pH 2 with redistilled hydrochlonric
‘acdd to ensure that irnon was in a form sudtable for subse-
quent analysdis . The §ilten membrane and f4iLten wene

stoned in a 5 in l(approx.13 em ) polystyrene petrdi dish
until nequired gorn analysis". |

1.2 - BIOLOGICAL SAMPLES AND SEDIMENTS.

- T T

1.2.1 GRANULOMETRIC SEPARATION (SEDIMENTS).

As heavy metals of sediments ane met preferentially in small
particles (6.2) , many authors operate a grhanulometric separa-
tion and express thein nesults only forn a gdven s4ze 0f
particles consdidened as beding the most nepresentative one .

Ex. : graction <16 um (6.2,30.1) ;
fraction < 2 um (44);
graction §0-mesh(26).

Othen authons don't operate this granulometric separation and
express thein nesults on dry matten ( 9, 15,19, 22, 47, 53,612)
on on wet matten (16}
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1.2.2 CONSERVATION AT LOW TEMPERATURE

When biological samples are not analysed dirnectly , they ane
always kept at Low temperature, edlthen Ain a freezen at -15°C
to -20°C ( 11,19,20,22,2%,32,59} oh in the nefrnigernaton.
The same phocedure L4 sometimes used for sediments (45, 53)

1.2.3  SAMPLED PART (biological samples,food products)

For good and biolLogical samples, the analysis has nearly
always been made on the edible portion of the sample as pre-
sented on s0&d Ain shop.

Only the muscle part (edible parnt) of f4ish was Lin general
analysed.

Cooking of whole §4ish in a michowave oven until §Lesh is

tendern, allows an easy separation of edible portion from bone

and othen tissue . This method has been used An nef.75 An specdial
cases fon the determination of mercury . Fish was cooked with

L8 skin intact Lo prevent Loss of modlsture .

1.2.4 DRYING

Drying of samples containing watern (at 90 to 105°C ) 4s ob-
viously necessary before caleination (30.3 ,32,61)

Howevern ,some samples of bLological materndial (19,20,27) and
04 sediments or 504L have also been dried at 70 to 105°C

[ generally forn 24h )} beforne wet decomposdition (19,53,62,64)
on beforne UV-spectrography or X-ray fLuorescence (32).

In one case (6.2) ,samples of sediments have been drdled at
40°C befone determination of mercury by neutron activation .
In some cases, freeze-drying has been used for biological
samples and sediments before detenmination of mercury by neu-
thon activation (16) orn before UV-spectrography on X-ray
gluonescence on biological samples (32)



1.2.5 HOMOGENISATION

1t 48 obviously necessary to take the part that has o be
analysed from an homogendized sample ( 1,268,31,50,59).

Homogenedity o4 biolLogical samples can be attained with Zhe
help of a mixen (11,61) on by crushing (75)

Dnied samples of biological maternial orn sediments can be
grinded (64) on crushed (32,61,62)

Contamination o4 samples by fthe material of the apparatus
must be avodded({knives of the mixens, ghindens,...).

1.2.6 NEUTRON ACTIVATION

Some elements can be measurned by neuthon activation .

This techndique has been used for

- mercury LAn bLolLogdcal matenial and in sediments
(6.2,6.3,6.5 to 6.9, 16,22,23,33,59,74) ;

- manganese and zinc An butten (34);

- sevenal metals in ain pariticulates (43).

The neutron activation method includes the following steps

(6.2, 6.3,6.5 2¢ 6.9, 33,35),%4 |

- Antrnoduction of 0.1 to 1 g 04 sample Ainto a quatz ftube;
sealing o4 the tube ;

- Anradiation in a fLux of sLow neutrhons produced by a
nuclean neactor ;

- rnadioactive " cookding " forn a Lapse of time which depends
on the element that 4s to be measunred ;

- coofing of the tube in Liqudd nitrogen(?4) , %o neduce the
internal pressure grom gases produced by radiolysis and
prevent any Loss of sample when opending the tube ; opendng
o4 the tube ; ‘

- adddition 04 un Lnactive carrien , before on durning zthe
destruction of orngandic mattern
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The neutrhon activation metnod 44 a very sensitive and heliable
one . It can be used 40or a Large vardiety of samples and 4n

a very Lanrge nange cf concentratdlons

2. DESTRUCTIUN OF ORGANE MATTER.

¥ 4 EEERBEEER FCHET BET TR TSI T SRR K

2.1 - WATER

Except for the deteamination of marcuny, no destrucilon of
orngandic matten L4 penformed on water samples (hdiver on sea
watern), whatever the efement .o be measured

However, the sampfe 48 nearfy afways ..2iiifded durdn, The
pre-theatment {see 1.1.2 above) . in one case oxddatiin with
persulphate has been corrnded out Jdurdng ©r0 pre-Zheet o7
(see 1.1.4 above).

2.1.1 NO DESTRUCTION

Even for mercury, destruction of organdic matter has been
omitted by one authon (16), but the 20-40 £ sample was
acidified . Mercuny was then separated as a chloro-complix

on andon exchange hesin (see 3.1.2. below)

2.1.2 DESTRUCTION WITH POTASSIUM PERMAGANATE

Vestruction of ciganic matten Ain watern sanpfes with poras-
sium posmapganafe has been wsed by foun authors ai  Lzesl
(on s4x | (15,17,45,47) fon the determination of mercunrny .

In the method of Davdid Smith et al.(17), the sample Aisx

made neamaf An sulphurnic acdd by adding 50% v/v tip80s, ird
0.05 noninal An permanganafe by adding 5% w/v KMn04 Lin waiehr:
the serwp . 78 then shaken fon 1 h. Exce.s of perimangara =+ and
any crowsd of MnOz gonmed are heduced by adddng 20% Hyp'le s0lu-

tron . AN
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Acconding to the authons, this theatment dissolves elemental

mercuny, mercury salts, and organo-mercury compounds as ng* .

Mercury 4s then separated by deposition on an Ag co4il
(4ec 3.6 befow).

The othen procedunres arne as foLLows

- destruction with HgS0y4 , HNO3 and KMnOy4 (45) ;

- oxddation with KMnO4 alone (without acddification ) fon
2 days at Aoom temperature (47);

- oxddation of acdidified sample with permanganate to obten-
sion of a stable nose (15)

2.1.3 DESTRUCTION WITH BROMINE

In one case, waten samples have been treated with bromine
beforne the determination of mercury by fLameless atomic
absonption spectrophotometry (41).

2.2 - BIOLOGICAL SAMPLES AND SEDIMENTS

Very good descrdiptions of methods forn the destruction of
orngandc matten are given 4in The Analyst by the Analytical
Methods Committee (80,81,82 ) . Each method 44 commented
negandihg Lts applicability, advantages, disadvantages and
hazands

The methods of the A.M.C. willf serve as a gudde forn this
nepont .

" When orngandic matten s to be destroyed as a preliminany
to the deteamination of metalfic traces, the chodice 04
method will depend (a) on the nature of the organic ma-
tenial and of any Linorganic constituent and (b) on the
metal that 44 subsequently to be determined and the me-
thod to be used fon its deteamination " (80).

22
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2.2.1 WET DECOMPOSITION

2.2.1.1- Destruction with nitrnic and sulphunic acids, with on
without the adid of perchloric acdd orn hydrogen peroxide.

The methods using sulphunic acdd " are not necommended Ain the
presence of appreciable amounts of alkaline -earnth metals,
which give 4insolfuble sulphates, since the insolfuble sulphates
absorb a consdidernable proporntion of thace metals, particularly
Lead. In such 4instances decomposition with nitrnic and perchlo-
nic acid should be employed " (80)

__________________________________

Fourn different metheds are given by the A.M.C.(80),depen-

ding on the neactivity of the material that is to be destroyed.
These methods arne grequently the finst step prion to a theatment
with penchlordic acdd ( 2.2.1.1.3 ) orn hydrogen peroxdide
(2.2.1.1.4 )

" The proposed method (a) affornds a more convendent means of
adding nitrnic acdd to maintain oxLdising conditions dunring
the decomposition, and (b) avodds Losses of mercury through
distilRation " (81).

Howeven, when the deteamination of mercury 44 to be carndied
out on a rhoutine basis, a method such as 2.2.1.4 (destruction
with potassium permanganate ) orn 2.2.1.5 (destruction with
hydrogen pernoxdide) would cerntainly be more convendent .

Remank : At the end of the destruction, the digestate L4
theated with hydroxylamine hydrochlordide to nemove oxdides of
nitrogen .

Methods verny simifan 2o 2.2.1.1.2 have been used fon the
deteamination of mencury An biological matenial by some 04

Y
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the authons of the papers necedved, with (1,41) on without
(28) addition of hydroxylamine hydrochloride

Methods similarn to 2.2.1.1.1 orn 2.2.1.1.2 have been used
gon the determination of mercury by othern authons as well
(12,50,58).

The use of a method involvding oxddation with penchlonic acdd
48 to be avodded for merncunry deteaminations . Hydrochlordic
acdd produced during wet oxydations with perchlordic acid
Leads to enhanced volatility of mercury .

2.2.1.1.4 - Sulpho-nitrnic destruction(2.2.1.1.1) ,40llowed

A method o4 that type has been used for the determination of
Cd and Pb in biological material(41), but as a continuation of
method 2.2.1.1.2 (wdth apparatus 2) : the whole digestate Ais
thansfened Ain an open fLask, where Lt L4 heated with 0,5mf -
portions of 30% hydrogen pernoxdde added severnal times to the
hot solution .

_____________________________________________

Two different methods are given by the A.M.C.(80), one of them
using apparatus 3, the other using apparatus 1.

Methods of that type have been used for the deteamination

o4 Cd,Pb,In, in bioLogical maternial (19) , of Cu 4in sediments
(30.7 ) and o4 Mn in neutron activated butter after addition
04 Anactive Mn as a carnien (34).
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2.2.1.2- Destruction with nitrhic and sulphuric acdds ,with
the aid of a catalyst.

That method 44 not mentioned by the A.M.C. but has been used
by Cumont et al.(31) fon the deteamination of Hg An f4ish. The
catalyst was vanadium oxdide, and the destruction was carried
out unden a hegprigenated atmosphene.

2.2.1.3- Destruction with nitrhdic and perchloric acids.

Thrhee different methods are descadibed by the AM.C. (80)
(Apparatus 1,4 on 5 ).

A method of that type has been used for the determination
of metatls (Ag,Cd,Cu,Fe,Mn,NL,Pb,In ) An oven-dried biologi-
cal matenial (27%).

2.2.1.4- Destruction with potassium peamanganate and sulphu-
ric acdd, with orn without the ald 0§ nitrdic acdd.

Those methods are specially used for the determination of

mercury 4An biological material.

2.2.1.4.1 - The AM.C.(80) descrnibes a specdal method fon
mercury where, as a first step, the destruction
{4 carnded out by boiling with nitric acid and
potassium permanganate (Apparatus 6).
Sulphuric acid and an ammondlacal hydroxylamine
solution are added afteawarnds and the mixture
45 allowed to stand at noom temperature fon at
Least 3 houns.
The method Leads to a partial oxdidation of Liquids
containing relatively small amounts of orngandic
matten (unine and othen finely minced bioLogical
maternials) .
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The AM.C. (80) also descrndibes a vardiation of the
formen method Lntended for strhonger bLological ma-
tendal, whene sulphunic acdd 44 added beforne the
digestion under neflux condenser (Apparatus 6)

Jeffus et al.(75) give a method whene, aften

a sulpho-nitrnic digestion ( as desbribed 4n
2.2.1.1.1 but with apparatus 6), potassium peiman-
ganate 44 added, and the soclution 44 brought to
momentary boiling . Hydroxylamine hydrochordide s0-
Lution 48 then added to destroy the excess of
oxidants.

Thibaut(11) gives a very smooth method where

0,4 to 0,7 g 04 f4inely minced f4ish ar2 digested
duning 2 houns at 50-60°C in an open Long neck
plask with 6 ml sulpho-nitrnic acdd (1 part conc.
HoSO0y + 1 parnt conc.HNOz ).

A supernatant gheasy Layer doesn't disturb. Aften
cooling, 16 mb of a 6% potassium peamanganate 40-
Luticn are added and the fLask L5 allowed Zo stand
at noom temperatune forn at Least 3 houns . Hydrogen
peroxide L4 then added dropwise untif decoloration.

Fouassin (18) doesn't use ndtrnde acda fon Zthe
digestion

One gram of f4sh 45 dagested with 30 m€ of concen-
trhated sulphundic acdid ait room temperature during
15 minutes, then put in a water bath at 58°C dunding
72 houns . Aften cooldny, the sclution 4s difuted
with 50 mf bidistilled watern, and oxdddized overn-
night at room tempernature with 20 mf of saturnated
potassium peamanganate solution (7%) . Excess

0§ cxidant s then destroyed with 5 mi of a 15%
hydroxylamine hydrcchlorndide solution

The same procedure 44 used by the Gemedinsamen
Komitee Flensburgen Fonde (62) forn the destruction
vf orngandc matten Ain sediments (1g wet sediment

26
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+ 4 ml conc.HyS04 , Zh at 58°C ; + 15 mL 5%
KMnOg , oveandght at room temperature ; + hydnro-
xylLamine hydhochl.s0l. ; f4iltration )

2.2.1.4.6 - Quentin (45) openrnates a wet ddigestion of rndiven

sediments by heating with KMnO4 and K9S20g 4n
sulpho-nitnic medium undern reflux .

2.2.1.5- Destrnuction with hydrogen peroxide and sulphuric acdd.

The ALM.C.(82) gdves 5 possible vardiations {depending on

the matenial to be destroyed | of a new method using 50%
hydrogen peroxide and sulphurdic acid . The method seems full
0f promise

Heating with 30% hydrogen peroxide and concentrated sulphundic
acdd An a flask fitted with a reflux condensen (Apparatus 6 )
has been used forn the destruction o4 bioLogical matenial
(16,47,61,74) and o0f sediments (74) {forn samples in which mercu-
ny had to be measured.

Heaman (32) uses a very quick method forn the destruction of
§4ish 4in which Hg and Cu have to be measunrned

Thrhee to ten gram of f4ish are Anthoduced 4in a 250 mf -
condcal 4Lask fitted to a water-cooled rneflux condensern by
means o4 a standard ground joint [(apparatus 6).

Five ml 04 concentrated sulphundic acdd are added through the
top o4 the condenser, and are followed by 2.5 mf 30% hydrogen
peroxLde . The content of the fLask L4 heated Lightly during
3 to 4 minutes ( forn decomposition of Hp02 ). The cooled s0-
Lution (s brought to 100 m€& with water in a 100 ml fLask .
(At this stage, an aliquot 4s taken fon determination of
copper by dirnect atomdic absorption )



A few drops [ ~ 10) of a 5% potassium permanganate sclution
arne then added until a rose coloration develops (destruction
0§ the nemainding organdic mattern and of Hp02 )

2.2.1.6 - No destruction of organic matter .Acdd solubllisation.

No destruction (orn only a parntial destruction ) of organdic
matter has been carnnded out 4in some cases . A simple acdd di-
gestion has been used instead , especlally forn samples of
sediments

BoiLing with nitric acdid has been used (Hg An sediments :50 ;
Cd, Cr, Cu, Pb, In 4in sediments : 62), on boiling with hydro-
chlorndic acdd (fLuornine in 504l :64 ) orn with hydrochlordic acdd
and hydrogen peroxdide (metals Ain suspended mattern : 27 )

In one case (20) ,concentrated nitrnic acdd only has been used
to ddissolve drdied biologdical samples (determination of Cd,
Pb,Zn).

This procedure has been used forn the analysis of metals 4Ain
sediments Ain only two cases (19,53)

This procedure has been used for the destruction of minernal
samples containing sificates ,before UV-spectrography oxn
X-nay fLuorescence (32)

28
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2.2.2 DRY DECOMPOSITION

The Analyticaf Methods Committee (§0) gives a good description
0f s4x methods of dry ashing of organdic matten (with on
without ashing adids )

" Dry ashing s applicable to the deteamination of most common
metals, usually with the excepfion of mercury and arsendc,
in organdc matten " . (80)

" The drny-ashing procedure 44 04 particular advantage when
the use of sulphuric acdd 44 objectionable ; for Ainstance,
forn the determination of Lead in materdals containding appre-
ciable quantities of alkaline earnths , whose sulphates
occlude Lead sulphate " . (80)

In general , the temperatune of 420°C should not be exceeded.
Aften ashing, ashes arne dissoclfved 4in an acdd

Dry ashing has been used in some of the necedved paperns,
don the deteamination of Lead (1,58), o4 Lead and zinc (32) ,
0f Cu,Fe,Mn,NL,Pb,Zn (32,61) 4in biological matenial, and
of Cd, Cu, Fe, Mn, Pb , V , In in airn parnticulates (63).

In one occasdon(30.3) a Low Temperature Ashern has been used
at a maximum temperatune of 60°C forn the determination of
coppen



3 SEPARATION
3.1 - SOLID - LIQUID EXTRACTION

Resins arne useful when separation of heavy metals from
alkali salts s needed as well as a concentration effect.

Moreovern, the volume of water that can be treated may be verny
Ampontant ( 10 to 40 2 )

3.1.1 CATIONIC RESINS

Cationdic chelating nesins have been used fon the separation
o4 Cd, Cu, Pb, In from sea orh ndiver water (10 £) , Zthe
measurement being made by pulse polarographyl24,25 ) or
atomic absorption (25).

Cationic nesdins have also been used to separate Cd, Pb, In
from estuary watern (19); a 2 £ sample was acidified to pH 5 ,
adsonbed on an acdd nesin , and eluted with 2 N nitrhic acdd;
the measurnement was made by polarography .

3.1.2 ANTONIC RESINS

Andiondc exchange nesdin has been used for the adsorption of
mencuny as a chloro-complex grom a 20-40 £ sample o0f edtuary
waten, acddifgied to 0,1 N with sulphuric orn hydrochlornic

acid (16). 203Hg 4i» added as a trnacen duning the pre-treatment
(sce 1.1.4 befone).

Merncury (s efuted 4in a solutdion of perchlorndic acdd and ethyl
acetate . Aften nemoval of ethyl acetate , merncury L4 extracted
with dithizone (see 3.2.5.below) and measured colorimetrically.
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3.2 - LIQUID-LIQUID EXTRACTION

Liquid-Liquid extraction has been mainly used forn separation
and concenthation of (heavy) metals gfrom water orn destructed

biological samples, priorn to a colornimetric detenmination ohr

an atomic absorption spectrophotomethy.

3.2.1 EXTRACTION OF LEAD

3.2.1.1 - Dathizone extraction

A very good descrdption of the determinatdion of Lead Ain organic
matten L4 gdven by the Analytical Methods Committee An

The Anafyst (77) . Lead 44 extracted from the digestate on

acdd dissolved ash by means of dithizone at pH 9.0 to 9.5,
agten the addition of cdtrate , and 4in the presence of sodium
hexametaphosphate s0 as to prevent the precdpitation of ma-
gnessum on caledum phosphates. For samples with a high content
in calcdum, magnesdum and phosphate , a preliminary extraction
from acid solution with diethylammonium diethyldithiocarbamate
(D.AD.D.T.C.) 48 substituted for the hexametaphosphate pro-

cedunre

Lead 48 dissolved again 4n diluted nitric acdid, and rne-extracted
with dithdizone aftern addition of an ammondacal sulphito-cyanide
solution . The optical density of the dithizone extract 44
measunred

When consdderable bismuth Ainterference 45 Anddcated, a gdven
moddigLed procedure should be used.

The method necommended by the A.M.C. has been used by one
authon (1)
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3.2.1.2 - A.P.D.C. exthaction

Anothen authorn (58) has separated Lead with ammonium pyrolli-
dine dithiocarnbamate (A.P.D.C.) , the measurement being made
by atomic absorption spectrophotometry .

3.2.2 EXTRACTION OF CADMIUM

The Analytical Methods Committee gdves a very good descrhiption
of methods fon the detenmination of small amounts of cadmium
in ongandc matten(83)

A finst method 44 based on a double-extraction with dithizone
gollowed by a colornimetric deteamination .

A second method, based on another procedure of double
extraction with dithizone , 44 follLowed by a polarographic
deteamination .

Anothen method can be found Ln the Official Standardized and

Recommended Methods of Analysdis of the Society forn Analytical
Chemistrny (1963) and has been used Lin reference 1.

3.2.3 EXTRACTION AF CADMIUM AND LEAD

Extrnaction with sodium diethyldithiocarbamate (Na D.D.T.C ) and
methyl-isobutyl-keton (M.I.B.K.) has been used by zthe
Rifhsinstituut voorn de Volksgezondhedd (41) forn the deteamina-
tion of Cd and Pb 4in destructed bioLogical samples . Aften
back-extraction with diluted nitrdic acdd, the metals arne
measured by atomic absorption .

3.2.4 EXTRACTION OF METALS ( from waten)

3.2.4.1 - A,P.D.C.extrhaction

For sea watern, Preston et al. (27) have used an extraction

Ain chloroform at pH 6 of the ammondium pyroflidine dithiocar-

bamate (A.P.D.C.) complexes . Atomic absonption Apectrnophoto-
NN
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metrny L5 then carndied out on a small porntion of the extract
using the tantalum boat technique ( Kahn et al., 1968)

gon Cd, Pb and Ag ; the nemainding portion of the chloroform
extract 44 convented Anto a methanolic solution and aspirated
dirnectly 4into an A.A. instrument ( forn Cu,Fe,Mn,NL, ZIn ).
Forn an Ainditial sea water volume of 1 Litrne and 2 X 25 ml
chlorogorm exthacts, the Listed elements are extracted with
yields superndion to 95% , and the use o4 methanol as aspirant
means that the extracted samples can be dirnectly compared with
a mixed element standard of the metal chlorddes dissolved Lin
methanol.

Extraction in methyl-Lisobutyl-retone (M.1.B.K.) o4 the A.P.D.C
complexes has also been used forn rivern waten (15) , the MIBK
exthact being measured directly by atomic absorpiion spectho-
photometrny 4orn Cd, Co, Crn, Cu, Fe,Ni, Pb . Yields of 100%

are attained by adapting the APDC concentration to each
element .

3.2.4.2 - AL.P.D.C.-D.A.D.D.T.C., extrnaction

A verny efaborated method 4is used at the Rifhsinstituut voor
de VolLksgezondheid 4in Utrnecht (41) and 45 described by Fonds
and Van den Eshof (76) . The yield o4 the extraction fon

cd, Co, Cu, Mn, N&, Pb, Zn grom drinking or rdvern water 4L
100 %

An APDC/MIBK extraction at pH 2 to 2.5 448 follLowed by an
extraction with diethylammonium-diethyldithiocarbamate
(D.AD.D.T.C.) 4n chloroform, finst at pH 3.5, then at pH 6

to 7 . The combdined extracts are back-extracted with difuted
nithdic acdd . This Last soflution L4 measured by atomic absorption
spectrophotometrny.
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3.2.5 EXTRACTION OF MERCURY

Extrnaction o4 merncury from the digestate of onganic matitenr
diluted to 0,1 N acddity with dithdizone Ain carbon tetrachlo-
nide L5 given by the Analytical Methods Committee An The
Analyst (81) . Aften a back-extraction with 0,1 N hydrochlordic
acdd, mercurny As nre-extracted with dithizone and measured by
colondimetrny .

A simifan method has been used in ref.l16.

3.3 - CHROMATOGRAPHY

The method of Woidich et al.(84) has been used forn the determi-
nation of mercury 4Ln bilological matenial (12) . Mercury 4s
extrhacted from the digestate with dithizone . The dithizone
complex {4 punified by thin Layen chromatography, and the
mercurny band L4 extracted with methanol . The measurement

44 made by colorimetrny .

3.4 - DISTILLATION

Distillation has been used for the separation of mercury chlornide
o bromide , when neutnon activation method was used (16, 22,
59,74 )

3.5 - ISOTOPIC EXCHANGE
Isotopdic cxchange has been used aften distillation of the
mercury chlordide on bromide .

203y,

Iso0topic exchange of on an amafgamated copper foLL has

been used in reg.59.
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The procedure used by de Goedf (74) , aften the wet destruc-

tLion of ongandc matter , 44 the followding

" The mercury 4s volatifized at 200°C by adding hydrogen
bromide and trapped Ain a sodium acetate solutdion . An 4Lnac-
tive merncuny droplet 4is added to this solution and the
mixture vigorously stinned for 1 hourn, braking the elemental
merncury Anto hundreds of droplets thus ensdurding a good
Ls0topic exchange . The mencury metal 44 then collected
on a sintered glass fLLten and washed with water and with
acetone . Finally At 44 dissolved 4n nitrdic acdd and counted”.

3.6 - DEPOSITION ON METAL

For the separation and concentration of merncury , David
Smith et al. (17) use a procedure which Leads to a very
sensitive method gorn the deteamination of mercury 4in watehr
Aften the oxydation of the sample with KMnOg4 (see 2.1.2 above),
the procedure «48 as folLows .
" A s{lven codl freed o4 mercury by heating was added %o
each bottle and the bottles shaken overnight .
Up to this stage the samples rhemadined An thedir collecting
bottles, thus mindmizing contamination and Losses o0f mercury.
Each coil was removed grom the solution, washed with watenr
and acetone and dadled Ain adirn . Optimum condifions forn the
necovery of mencuny wene deteamined using 203Hg tracen.
Mercury amalgamated with the sifver was drdiven off by heating
the codl to houghly 250°C 4in a s4il4ica tube . The mercury
vapour was passed An a stream of nitrogen through a cell of
15 ecm Light path, in an atomdic absorption spectrophotometen.

Fon 1 kg samples ..... the coefficient of varndation at the

0,050 ug/kg tevel was 1,8 % . "

This method 48 the onfy case 04 concentration prior %o
gLameless atomic absorption spectrophotometry of mercury
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3.7 - PRECIPITATION

In two cases, precdipitation has been used for separation .

3.7.1 PRECIPITATION OF ARSENIC

Ansendc 448 precdpltated from watern samples with thionalide(41).
The precdpitate is gfiLterned and destructed and AsHz 44
gormed [ see 3.9. below).

3.7.2 PRECIPITATION OF MANGANESE

In this procedunre (34) , manganese L5 separated from the
digestate of neutron activated buttern, after addition of a

Mn carnden (see 2.2.1.1.5. above).

The dry nest of the ddigestate 44 dissolved 4n 150 mL watenr
and 30 g potassium chlorate 44 added . The so0fution 4s boiled
a pew minutes, then Left 45 to 60 minutes at room Lemperature
to allow the formation of a precipitate of manganese dioxide .
The precdpitate 4s filterned, dried and counted in a gamma
Apectrometen

3.8 - REDUCTION-MERCURY
The deteamination of mercury by fLameless atomic absorption
spectrophotometny §olLows the principles of the Hatch and 0%t
method . Mercury compounds are heduced to elemental mercury ,
the vapors of which arne evofved through a silica cell where
AL 44 measuned .

The method 44 composed of the folLowing steps

a. The exces 04 oxddants 4in the digestate A4 desthoyed (L4 not
abready done at the end of the destruction of organdc
mattern step) by addition of a solution of hydroxylamine
hydrochloride . This trheatment may be done separately
(18,62,75) on An combination with the next step (11,41 )

o/
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b. The neduction of the merncury compounds Lo elemental

0

mercuny L4 obtained by addition of a 5 to 20 % s0flu-
tion of stannous chlorndide orn suplhate , combined

(11, 41 ) on not with the hydroxylamine hydrochfordide
solution

The quantity of reagent added varies Largely accordding
to the authons (0,1 to 3 g of dry reagent per ghram

04 ondiginal biological sample).

The neduction can afs0 be obtained by addition of 2 mi
of a 1% sodLum bornohydnide (NaBHy ) solutdion 4Ln
0,005 N NaOH ( 32).

Borohydnide Leads to a more constant neductdion and
L5 purer than tin salts

c. The elemental mercury vapours are conducted to the
measuring cell with the aid of a §Low of ain orn nitrhogen.

3.9 - REDUCTION -ARSENIC.

Inorgandic ansendic <8 neduced Anto arsine,AstHsz , by zinc 4in
acid solution . The arnsine L5 then passed through a schubbern
containing glass wool Limpregnated with Lead acetate so0futdon
and into an absorben tube containing silver diethyldithiocanr-
bamate d<issolved 4n pyridine . In the absorbern, arsenic rneacts
with the s{flven salt and forms a so0luble red complex which

45 sudLtable 4o photometiic measurement

The method has been used forn the deteamination of arsenic

A water, aftern precdpitation with thionalide (41) , 4in bilolo-
gical matendal, aftern digestion (1, 41), and in dry

sediments (62).
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4. MEASUREMENT .

Table 3 p. 54) shows the approximate percentages of samples
anaflysed by the diffenent techniques available .

4.1 - ATOMIC ABSORPTION SPECTROPHOTOMETRY

Wherneven Lt was possdible to use Lt, atomic absorption was the
method most grequently employed . 1£ has been used for mone

thar 80% 04 the rnesults trhansmitted. This recent ftechndique,
aflowing a quick and sensitive measurement of metals , L4
probably the ground fon the development of most nesearches Lin the
gLeld 0§ non-orngandic micropollutants

The detection Limit that can be achdieved on waten nanges from

1 to 100 ug/L , according to the metal measurned | for Ainstance
Ag, Cd, Co, Cn, Cu, Fe, Mn, Mo, N&, Pb, Zn ) and the appara-

tus employed . Aften an extraction by means of a complexding
neagent An a combustible solvant ( §.4. M.T.B.K ) a furthen
sensditivity facton from 1 £o 50 can sE4{LL be gasaned according to
the efement taken Ainto account , the final detection Limit
beding then 1 %o 5 ug/L on even better .

Differnent accessondes, especially at the Level of the element
excitation (graphdit oven, tantalum boat ) , Lead to detectdion
Limits nanging grom 0,001 to 0,1 ug/L gorn some metals

Biofogical samples and s0LLid samples must Lnevifably be
destrnoyed and put in solution before infection in the fLame ;
this neanly always produces a dLlution grnom 10 to 100 with

a neducing effect on sensitivity which L8 stLiLL very good fon
that kind of samples (detection Limit nanging from 0,01 o

5 mg/kg accornding to the metal )
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4.2 - FLAMELESS ATOMIC ABSORPTION.

This technique A4 presently the best one gfor mercury measurement.
It 48 quick and easy and can he carndied out by means of a
thaditional atomic absorption spectrophotometen f4itted with a
specdial measurnement cell, or by means of special apparatus con-
cedved forn mencury measurement .

The detection Limit neached Ain waten 45 about 0,02 ug/Zl.

Reduction 4n metallic Hg with stannous chlordide orn sulfate or
sodium borohydride (see 3.8 above) A5 preceded by an oxidation
which L5 usually carndied out with acdd peamanganate when waten
£s concenned (see 2.1.2 above) , on by a more or Less elabo-
nated destruction of organic mattern forn biological samples

on sediments (see 2.2.1 above )

One author only (17) proceded to a previous concentration o4
watern, by setting down mercury on a siLvern co4il . In these
conditions, the coefficient o vandiation at the 0,050 ug/kg
Level was 1,8 % fon 1 kg sample

4.3 - SPECTROPHOTOMETRY (COLORIMETRY)

Colonimetrny has been used forn the measurement of metals by
different Laboratories begore they could be equipped with atomic
absorption spectrophotometerns , on in particular cirnconstances

1t has also been used fon the measurement of elements which
are not adapted, on were not adapted at the time of measurement,
gon atomic absorption : arsenic , boron, molybdene,selenium



Ansenic has always been measured by means of silvern -diethyl-
dithiocarbamate dissolved in pyridine ( 1,41,62).

A colondimetnic method by means of zinc - dibenzyf -
dithiocarbamate has been used for direct and continuous measune-
ment 0§ copper in water from a boat (30.2 ) and for measurement
An digested sediments (30.1 ) and (Low t° - ) ashed biolLogical
matendial (30.3)

Colonimetrny has also been used forn the measurement of the
Hg-dithizone complex separated by thin-Layer chromatography

and dissolved 4in methanol (12,see 3.3 above) , and for the
measurement of the Hg-dithizone complex dissolved 4in chloroform,
agten separnation of the chloro-Hg-complex on andondic resdin

(16, see 3.1.2 above)

Usually, previous concentrations orn extractions arne necessary
when detection Limits similarn to those achieved by atomic
absorption have to be penformed in colordimetry .

4.4 - RADIOACTIVE COUNTING (AFTER NEUTRON ACTIVATION)

Neutrnon activation 4is a sensitive and reliable technique fon
the measunement o4 many elements . 1t can be applied £to a
vardiety of samples with a wide range o4 concentration Levels.
Howevenr, 4in many cases , a chemical separation 4s nequired %o
sepanate the formed nadioisotopes . Moreover a nuclean reactorn

L5 necessay !

Measunement of the formed rnadioisotopes 44 carndied out mainly

by gamma spectrometry . Mercury has been measured that way

( as Hg 197 ) 4in biological samples and sediments aftern destruc-
tion of onganic matten , separation by distillation and Lsotopic
exchange (see 3.5 above ) (6.2,6.3,6.5 to 6.8, 74) and 4in
biological samples (22,59)
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In that way alfso, manganese has been measured Lin butten as

Mn 56, after separation of the MnOg precipatate (34, see 3.7.2
above) and zinc 4An buttern, as In 65, without any separation
(34)

Beta counting of Hg 203 has been used gor measurement of Hg

in biological samples and sediments, aften destruction o4
ornganic matten, distillation as the chlondide, and furthen
nadiochemical purification (16)

A sensitivity grom 0,1 to 1 ug /kg can be achieved gfor mercury
gon samples of 1 g of wet matten .

4.5 - POLAROGRAPHY

Polarography has been used by five authors forn work on rdiver
and sea watens( 13,19,24,25,50 ) and by one (55) for measurning
Cu An frudt .

Pulse polLarography has been used by two of them (24,25 )} for
measunement o Cd,Cu,Pb,In on nivern and sea waten, after con-

centration on cationdic nesdin (see 3.1.1 above)

Pulse polarnography 4s a sensitdive method, but requiring shilLful

techndicians

4.6 - U.V-SPECTROGRAPHY

U.V-spectrography was used by one authorn for work on ndiven
and sea sediments, s04Ls and plants (15,32)

The matenial to be analysed As f4inst brought up in dry powden
gonm
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- 4o biological samples , bu Lyophilisation (| frudlt,fish )on
drying at <70°C on ashing at <450°C.

- fon minenal samples, by drying at <105°C on, fon siliceous
matenial , by theatment with hydrofluoric acdid [ see 2.2.1.6.2
above) , drying and ashing at <450°C

- fon watern samples, by evaporation to dryness, and ashing at

<450°C (previous possible concentration on resin )

The ground nesidue 48 Antroduced 4in a ghaphite electrode .
The excitation 44 gdven by means of a continuous arc, the
specthum L4 photographed .

This method 44 a delicate one; the making of standards 4in
matnixes sdimifan to those of the sample 45 usually required
and the staff must be well thained . 1ts application {4 advan-
tageous only gon Larnge serdies of samples

When these conditions ane fulfilled, this method allows the
measurement 04 a sendes of elements on the same sample, with
detection Limits rnanging from 1 to 100 ug per g of analysed
product . Anothern advantage 4s that the sample L4 concentrated
( drying on ashing ) while in wet methods, the sample A4
usually diluted

Howevern , the accuracy, whdich 448 about 10% 4in the most effective
cases, A8 usually not s0 good as Ain the othern methods

4.7 - X-RAY FLUORESCENCE

X-nay fLluorescence was used by only two authors for measunrning
Fe, T4 , and Sn in s04ils and plants ( 32 ) and forn Cd, Pb,
NL in ain parnticulates and in rain (43)
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The samples 448 prepared as Ain U.V-spectrography (32 , see 4.6
above ) then set on a cellfufose tablet on any othen convendient
duppornt .

Aln f4iLtens can be analysed directly .

X-nay gluorescence L4 morne accurate and neproducdiblfe than
U.V-spectrhography ; the sensitivity 44 similar and both
methods have the same problfems with matrnixes

One advantage 44 that the method is a non-destructive one
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APPARATUS.

2.
U
[
B
B
D
77 LA
§
& c
\

Conical fLask with shornt reflux tube extension, electrnical
hot plate ;

. Condcal glask, electrnical hot plate ;

Larnge boiling tube ( 40 mm X 230 mm) ;

Round - bottommed {Lask on conical tlask fitted by
means of a standard ground foint to a Long watern - cooled
neglux condensen .
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APPENDTIX

METHYL- MERCURY IN FISH .

The methods used forn the determination of methyl-mercunry
in §4sh are dernivations of the West60 method (85)

The method has been standardized by the Norndic Committee
on Food Analysis (86) .

" The methylmercuny in the homogendized sample L5 Libe-
nated grom the protedns by hydrochlornic acdid,and the
methylmercury chloride formed L4 extracted with
benzene. Fats, phospholipids, and Lipoproteins are
co-extracted into the benzene phase . The methylmen-
cury 48 furnthen Lisolated by extraction with a watenr
solution of cystedine sLightly acidifded with acetic
acid . Excess of hydrochloric acdid 44 added and
methylmercury chlordide L4 ne-extracted 4into benzene.
The benzene extract 44 dried and analysed using a
gas chromatoghaph with electron capture detecton "

The sensitivity A5 of the ornder of 0,02 mg methylmerncunry
per kg §4Lsh.

Results have been given forn methyl-mercury by four authons
only (6.4, 6.7, 6.8, 69). :
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(5)
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