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FREFACE

The Regionsal Seas Progremme was initiated by UNEP in  1974. Since
lhen the Governing Council of UNEP hag repeatedly endorsed o regional
approach to the contro) of marine pollution and the management of marine
and coastal resources and has reguested the development of regional
action plans. The Regicnal Seas Programme at present includes ten
regions and has over 120 coastal States participating in it. {1}, (2)

Qne of the basic components of the sction plans  sponsared by UNEP
in the framewerk of the Regional $eas Programme is Lhe assessment of the
state of the marine snvircnment and of its resources, and of the sources
and trends of the poliution, and the impacl of pollution on human health,
marine ecosyatems and amenities. In order to assist those participating
in this unctivity and to ensure that the data obtaimed through this
asgessment can be compared on a world-wide basis anmd Lhus contribute to
the Global Fnvironment Menitoring System [(GEMS) of UNEF, a s=et of
Reference Methods and Guidelines for marine pollution studies nro boing
develaped and are recommended to be adopted by Goveroments participsting
in the Regional Seas Programme.

The methods and guidelines are prepared in ce—operation with Lhe
relevant specialized bodies of the United Nations system as well as  other
arganizations and are {ested by a mumber of experts competent in the
field relevant to the methods descrihed.

In the description of the wethods and guidelines the slyle used by
the Inlernutiomal Organization for &Standardization (IS0} is followed as
closely as possible.

The methods and guidelines, as published in UNEP’s series of
Reference Methads for Marine Pollution Studies, are not considered as
final. They wure plannhed to be periodically revised teking into account
the development of our understanding of the problems, of analytical
insirumentstion and the actual need of the users. In erder to Tacilitate
these revisions the users are invited to coovey their commenis and
suggestions to:

Marinc Environmental Studies Laboratory
Internstional Laboratory of Marine Radicactivity
International Atemic Energy Agency

cfa Musee Oceanographique

MCEB000  MONACO

which 1is responsible for the technical co ordination of the develuprent,
testing and interecalibration of Reference Methods.

{1}y UNEF: Achievements and planned development of the UNEP's
Hegional Seas Programme aond  cowparalle BT O HMmes
asponsored by other bodies. 1NEP Regional Seas Lieports
and Studies No. ] UNEP, 198Z.

{2} P. HULM: A Strategy fur the Seas. The Regicnal Seas Progranme:
Past and Future UNEP, 1383.
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This issue of the Referepce Method Tor Marine Pollution Studies No.
46 {draft} was prepared in co—operatien with the World HeallLh
Organisation {WHQ}, &nd the Inlernational Atomic Energy Agency [IAEA).
It includes commenta received from the WIH/UNEP Meetings on the
Bialaogical Maonitoring aof Methylmercury in Mediterrsmesn Populations
{Zagrelh, 17-Z]1 Septepber 1984) and on Hemlth Effects of Methylmercury in
the Meditervrenean Area (Athens, 15-19 September 1986), as well as Tiom =a
numbar of scienktists whe reviewed and tested the method. The osasistance
of all those who coniributed to the preparation of the isszuve of this
reference method is gratefully acknowledgod.
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T. DETERMINATION OF METHYIMERCUHY IN HUMAN HAIR

1. GSCOPE AND FIELD OF APFLICATION

This Reference Method describes the determineticn of methylmercury
in  human  hair by ges liguid chromatography. jt i= designed for
biclogival menitoring of selected individusls and pepuletion groups with
a vpozsible intake of methylwercury exceeding the recommended Provisional
Tolerable Weekly Tntake (FIW1l) through contaminsaled senfood, as purt of =&
project on the ewvaluation of methylmercury in MHediterranean populations

and related health hazrards. The method, however, is also appliceble to
other regions.

2. REFERENCES

BEENHARDT, M. (1976) Mouual ol Melhods in squatic Envireoment Hesearch.
Part 3. Sampling end anoalysis of biological material. @Quidelines
for the FAG{GFCM) /UNEP Joint {oordination Project on Pollution of
the Mediterranean. FAQ Fish., Tech. Pap. (do. 1568) 124 pp, Rome, FAG.

CALLIM, G.I., FERGUSOH M.M. and LENIHAN, J.M.A. {1981} Determination of
methylmercury in  tissues wusing enzyme prateelysis.  Analyst, 106,
1009-1013.

CAPELLI, k., FEZIA. ©., FRANCHI, k. and ZANICHI, G. {197T49) Extraction of
methylmercury from fish and its determination by atomic absorption
spectroscopy.  Analyst, 104, 1197--1200.

CAFPON, C.E. and SMITH, C..J. (1977] Gas—chromatographic determinatiunluf
inorganic wmercury aod organomercucials in biological materials.
Anal. Chem., 49, 3I65-3E69,

CHITTLEROROUGH, G. (1983 Anelvsisz of human hair for lrace elements.
Sci. Tot. Environ., 14, 53-75.

G1OVANOLT JACUBCZOE, T., GHEENWOOD, ILE., SMITH, C.J. aod CLARKSON, T.W.
{1974} Delermination of total and iporganic mercury in hair by
flameless atomic absorption, and of  methy¥lmercury by gas
chromatography. Clin. Chem., 20, 222-2Z93.

GOOLVARD, L. and SMITH, H, {1980} Determinaticn of methylmercury in
human blood. Apalyst, 1046, V26-729,

INTERNATTONAT, ATOMIC ENERGY AGENGY (I1978) Activation apalysis of hair as
an indicator of contamivation of man by environmenlal trace element
poliutants. Doc. TAEA/RL/50, 12-13, 1AEA, Yienna.

McMULLIN, J.F., PRITCHARD, J.G. and SICONDARY, A.H. (182Z) Accuracy and
privvision aof the determination of mercary in human scaip hairc by

cold-vapour atomic abserption specitrophotemetfry. Analyst, 107,
B03-B14.



UTHE, .0.¥., S0LOMON, J. and GRIFT, B. (1972} Methods and other elements:
Rapid semimicro mebthod for debtermination of oethyimercury in fish
tissue. J. ADAC, 5%, S5BI-589.

WESfbH, G. {1968} Determination of methylwercury salts in various kKinds
ef hiolagteal material. Acia Chim. Scand., 22, 14-17.

3. PRINCIPLE

The method invelves direct determination of methylmercury by gas
liguid chromaltography. The sample is disintegrabked in a solubion of
sodinm bydroxide, melhvimercury s exiracted from an aligquel of Lhe
solulivoe iole toluepe and, after parification, a szmall volums is injected
inle a chromatographic celumn, filled with polyethyleneglycel succinate
on Dintomile AW, Mcthylmercury  in the gascous mixbture ls delecked with
an eleciron capture detector and 1ts smount  determined by compariag Lhe
peak height wilh those of appropriaste standards.

4. SAMPLIHG

Code muamber, pame, age of donor and date of sampling are recorded
by a warker oo a trancparent plastic sampiing bhag 12x5  om. Uaie may he
cut using  scisiors, rom several sit?g, preferably in the oonipital area,
and as close as posaible ta the sealp Y4, in an amount  which  corresponds
to aboul 2 groms, {amounts are best eslimaled by comparing them wilh o
prepacked sampls of koown  weight? bub  Lhe minimom amount  required i
about hall & pram.

The hair js collected oo a sheet of white poper with prowimal ends
on the same side &) and  subsequently transfoerced with  bweczors, or by
falding the p%per and letting hair slide inbo bhe bag, The proximal ends
arc identified 2 by a line, drawn non Lhe oulside of the bay with @
narker.

Ten hairs, 1if lewg, arc pluchked of F the scalp, wrapped in a sheet
af plaslic feil apd placed in the bag with tE? rest wf the sample, Lo
epabie later sectlonal analyszis, 10 reqguirsd .

The hag is Lhen stapled at several points o impoobilize the hair as
much as poseible, and then closed by folding the open opd and stapling.

The complelad Fecording Form (Anmex 1) is  {astensd to Lhe Loy in
Lhe same wav. Samples, ocollected at bthe same location and/sor fime are
packed topgether and  forwarded 1o the analylical Taboratory. It is
iwporianl: to have informastlens aboub  lopngor brocaks in the regular
conswnplion o seaflood suspecled  to have o ilgh concenlrabioen of MeHg,
oo the pariod when the hailr talken was Formed, (Azsuming s growth  rale of
I ew per monthi,



Differences in the copncentrations of mercury in hair of the some
sub ject have been reoported depeadiog on ifts sanpling site on the body and
alza in wvarious areas of the scalp. These differences mighl Ln part be
accounted for by the variahilily of amalytical resulks andfor by local
rontamination; 1if  true, lhey are nol  expected to be large enowh io
influence the interpretalion of data itn the context of the scope as
oullined in 1 shove,

NOTES:

1) With repular consumption of seafood there will be no major
variafien in concenktrations of HE or Melg within a few mm from +the
scalp and  hence, minor differences in this distance will not affect
the comparability of resalts.

2] Dees nol apply for shurt and/ov curly hair.

3} In long haic Hg and Mellg concenlrations =2t the far eod are
influenced by reped Led washing, application of cosmetic
preparat iong ete, Thus distal end may ne longer corroctly reflect

the exposure. The ends of very long halc are cul off Lo a  length
af aboul 10 cm.

4} 1t is sufggested that this part of sampling be pestponed tu o laber
stage and applied to vases for which the resultz  indicabed hiph
eXpoLure .

5. PRETREATMENT OF SAMPLE

Some authors recommend the use of hair as collected {(MoMullin
el wl., 1982, Chittleborough, 1380}); it appears preferable, however, to
anulyze material fTem which ndhering dust and  grease have been  removed.
Of several solvents, or comhinations thereaf (hexane, aleohol, acctone,
waler, dielhylether, delergenls), Lhe wse of water and acelooe  are
recommendead by TARA and WD,

Hair is cut wilh stainless steel zcisgars inlo segmentr as  short  as
possihle  (or powderaed in a  teflon hosogenizer after freezing in liguid
nitrogen), transferred to s wide Lesl tube (Fig.l,a) or beaker and washed
successively with acetone water — water — wator - acetone. Fach tine
the sample is covered with bthe galvent {10 26ml depending oo the amouni),
mechanically  shaken (or sLiceed at freguent intervals) for 10 min and the
solvont. careful ly decanted.  The hair  ceswining in the tube affter Lhe
last acetens wash is  lelt to dey, protected from dust and draughts, in
the ocpen rcontainer and then LlransTerred inte & clesn test  lube or
envaelope.

NOTE: Sirnificant  exiraneous contamination of samples wiih methylmerccury
iz not likely Lo noccur at any  slage of  the procedure . Exlrome
precantions  have to he taken, however, to  avoid contamination  when
determining inorganic ooroury.
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FIGHEE 1: Test tubes for the decomposition of sumples and extraction of
methylzercury: 25ml {(a}, 19zl (b}, 3ml {c}.

6. REAGENTS

6.1 Sodium hydroxide, 7.5M, 250ml, kept ir polyethylene or poly-
propylene bottle.

G.2 Cysteine hydrochlocide, 1%, 100ml.

6.3 Sodium chloride, 1%, 100ml.

B.4 Copper  sulphate, IM in ?M =sulphuric acid! Lo 60-80ml waler in a
heaker add carefully 10.ml of sulphuric acid {d=1.84 g/ml}, dissalve 1in
it 25¢ of wopper sulphule pentabydrate and dilute to 1l00m]l with water.

6.5 Potassiwn bromide, 4M, 10Qwl.

6.6 SGodiam thiosulphate, 0.05M. 100ml.

5.7 Toluens, 500pl, chromategraphic grade.

8.4 Penzene, Yhilml, chromatographic grade.

6.4 Activated magnesium silicate (fleorisil, o.g. Merck 9,5514), 100g.

6.10 Sodium sulphate, anbydrous, 100g.

NOTE: Reagenlts 6.1-6.6 are aquecus solulions prepared with double
distilled water from a guartz still. All  chemicals ond  selvents  should
be ofF highest purity. The wolumcs and amounts should Le sufficient for
the analysis of about 100 hair ssmples.



7. STANDARD SOLUTIONS

7.1 Methy lmercury {Mely ) stock stendard solutien, 10 pg ml™l in
benzene, 100ml: Weigh sccurately 56.2mg of MeHg chloride, transfer into
A Aml wvolumetric flask cornlaining 3H—40pl henzene, shake until dissolved
and add benzene to the mark. Using a Eppendorf type pipette, withdraw
1.00m]1  of the above solution, transfer it into a 100ml volumetric flask
and dilute with benzene to the mark.

7.2 Mefhyimﬁfﬁury {Meﬁg} working  standard solutien, 100ng ml'l,
G60ng / ml - and Z20mg/ml 7. lsing a high precigion pipette transfer 0.5,
0.3 and 1, 1mnl of the sulution under 7.1 inte 50m]l  volumetrie flasks and
dilute with benzene to the mark.

NOTE: ALL OPERATIONS TINVOLVIMGZ BENZENE SHOULD BE CARRIED OUT TN A
WELL-VENTILATED HOOD. SKIN CONTACT WITH BENZENE MUST RE AVOIDED AS IT IS
A KNOWN CARCINOGEN.

. AT'PARATUS

8.1 Semi-micro analytical balance.
#.2 Centrifuge 5/50ml capacity.
#.3 Watarbath.

B.4  Mechanmical shaker.

2.5  Transfer pipefles, Eppendorf  type, S0uk, 100ul, 25nl,  500ul,
16060p1, 2 sels.

B.& Yolumetric Flasks, I0ml, 25ml, 10 each, 50ml, 100ml, 4 ench.

H.7  High precision micro syringes, 5ul, 10ul, & each, Iul, loOpl, 3
wach.

* Renzene 1% a beiter extvactant Tor Melly thao loluene., Because of its
toxicity, however, it i1z used only in the fina! stage when small volumes
are invelved., See also ¥OTE undor 7.2,
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8.8  Test Llubes with ground stopperz, 3ml, 10ml, 40ml (Fig. I a,bi,e), 20

earch.
#.9  Gaz chromatograph with electron capture detector.
8. 10 Recarder or eyuivalent reading instrument.

8.11 Chromatographic volumns, glaaa, 1.6w long, 2mm dia, Tilled with 5%
polyvethylene gElycel =uccinate (PEGS) on Chromosork W, AW, DMCS ar
Chromoesorb W, HE, 100-120 mesh.

NOTE: 1f PEGS is not available, DEGS {diethylene glycol succinate)
ghould he wused.

4., PROCELURE

The physical properties uof haic and ikts chemical compositicn {as
comparad to fish muscle which is the malerial most widely apalyzed for
MzHg), in particular the hipgh parcentage of sulphur contaiping anino
acids in its matrix, reguire a different approach to desintegrakion and
substantial further wmodifications of Lhe extraction procedurs devised by
Westod (1988). The measurement system is basically the same as used in
the analysis of seafood.

.1 Afler the c?rﬂmatugraphin clmmn has been conditioned, adjust Lhe
gos Tlow (B0 ml h '} wand | Lemperatures to  the optimum {eolumn 130°C,
injector 16GYC, detector 250°0%,

9.2 Tnject  Sul  aliquots of the warkiog Melg standard solutions (7.2)
and check Lthe sensitivity of the deteclor amd linearity of response.

9.1 Disinlegrate H50-100mg of hair sawple by covering it with Zml of 7.5
M Nall {6, L) 1o a Z5ml  tesl tube (Fig.l,u), add Iml cysteins
hydrochleride {6.2) and place the test tube with cenkeats in a water bath
al. 90"  for 30 min; stir Lhe test tube repeatedly. Couol and transfer the
solution into a 10wl volumetric [lask; wash the test tube several Limes
with smatl volumes {Iml} of J% MNal (6.3} and add washings te Lhe
solution in the flask; ditute te the mark with Na®'l aod mix.

3.4  Trensfer a Iml aliquol of the solution ton s conical teat  tohe.
Acidify with ml CuldQy -Hy50 gulution (#.4), add 2Zmi 4M EKBr (6.5)
followed by 3ml of lolucne ﬁ.é}. Equilibrate for 10 min and centrifuge.,

9.5 Withdraw 2ml of the organic solution and bransfer it te a I0mi test
tube {Fig.1,L7}.

9.6  Strip MeHg from the organic selvent by equilibrating fur & win with
U.6m] 0.5M thiosulphate {6.6). Centrifuge.



5.7  Withdraw 0.5m]1 of the aqueous phase with an Eppendorf pipetle and
tronsfer it iolo 2 conical 3ml Llesi tube (Fig.l,cl,

4.8 Add 0.3 ml of Ho80,0-CuS0y zolutivn follewed by 0.3ml KRr and 0.5ml
benzene  (F.R).  Equilibrate foer 10 min ond  contreifuge,  Transfer the
benzene phase e a new 3ml Lestk Lube.

9.9 Start taking chromatograoes with MeHg workiog standard  selotions  in
Sply, followed by a Bul ssmple. Continue alternating samples and standard
aolutions. 1f necessary, adjust the aliquots taken {and/or  Lhe  wolumes
of beoxeoe in the [(inal extraction) so as to get the deflection of the
recorded pen {or the readiny un Lhe display) belween 20 and 80% of Lhe
full scale. '

ROTE: A series of ten souples daily is  assumed in bormal working
copditions provided that the wanalyst hax become familiar with the
procedure.

.10 If the Melg poak is nob clesrly sepsrated proceed with purification
as follows: Add 200 myp Florisit {6.%) and 50mg arhydrons  sodiue sulphate
{6.10}) to the sample cxtract in  the test tube. Shuke and let settle.
Inject a new Bul aliquot and inspect the chromatogram.

NOTE 1: With typical MeHg concentraticns for exposed peopulations (31
/gl the treatpenl with Florisil is uswally not necossary. [t 1s
c[fective in removing interlerences bul (0-15% of MeHe may be lost.

NOTE Z:  Affer fthree or four ingected samples, pezsks begin te  tail.
Hestore the performance of  the column by injecting a 5ul aliguot of a
suturaled splulion of HgClE in henzene.
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SCHEME FOR DETERMINATION OF METUYIMERCURY IN HATH

10.1 50-100mg sample +  Zmi
NaCQkl (6.1} + lml cysteine
(6.2); keep al 9% 30 xin,
slir frequentiy; cool, dilote
to l0m) with NeC1l (6.3) in a
volumelric Tlask.

10.2  1m}l aliquot+2ml HoS804-
Cus0; (8.4} + 2ml KBr (6.5) +

Zml toluons (6_.7])_
Equilibiate 10 min,
Centriluge. Trapsfer 0.5ml
aqueocus phase ., Withdraw

{1.fml and join agueouns phases.

10.3 dm! tolucne  phase +
0.68ml

NaoSels(6.6). Equilibrate 10
min., centrifugs:. Trans{er
0.5ml aqueous phase.
Withdraw .5ml? and Joln
aqueous phases.,

10.4 im]l aqueous phase+0.3ml
Kir+0.3ml Hs80G, —Cullly +0.5m!
benzene (&, % Equl]lhrate

10.5 Inject 5P1 organic
rhaze.



11. QUALITY CONTRGL

At present ao certified reference material iz availeble for Helg in
heir and accuracy hns to be sssured by other means of analytical quality
control. Twe alternatives are given balow!

11.1 lnterlaboratory_hair reference sample {[HRS): Kefore beginning the
actual monitoring, 2 3 hoir samples of at least DH0g each with MeHg
contents between &pg g - and Z0ng g_l should be provided by the
organizers. Aliquots {¥-3g) ahould be distribuled to two or three
sxperienced participating leboratories to determine their Melg conlent.
Upon reaching agreement between the reaulta, theae samples will serve as
reference materiala for the project.

11.2 Matrix reference somple (MRS): A hTir sample {(120g) with a low MeHg
{€0.05p¢ g ) and total mercury (<0.5pg z™*) should be collected by each
af the gparticipating laboratories for internal qualiky conteol. It
should be obtained From ipdividuals whose diets do not Lnclude zemfood
and who are not associated with any type of activities, or epvirooments,
invnlrving @ercury. The hair agmple i= washed according to  the
instructions given in Section 5 sbove, wand checked for MeHg using the
proposed (or an equivalent}) procedure. Total mercury (nnd selenium}
should also be determined in this sample,

11.3 Together with the analyred samples & similar aliquel of 1HRS i1s
provessed  in the same way {under Section 5.). The result obtained feor
thizs sample is a measure of the occurscy achieved in the series.
Comparing the peaks for this sample with those obtained for the working
stundard asnlution aliquots, THRS also indicates matrix influences and the
vield of the wethod.

11.4 Metrix refercnce sample is used as  a  replacement for  the
interiaboratory reference sample for checking the performunce of the
separation and detpction system in the presence of the hoir mwatrix. By
apiking naliquots of matrix reference sample [(MES) in the disintegration
stage {9.3) with known amount of Mellg (e.g. acourstely mpeasured volumes
of Lthe Mellg stock standard selution, 7.1) approaching to those expected
in analyvzed samples, control iz secured ever the functioning of the
column and detector under the influence of the matrix. The peaks uf MeRg
in the spiked MES are compured with those obtained with equal amounts  of
MeHg in the working stamdaprd solution, injected subsequently.

NOTE ¢ Methyimercury added to the MES is not entirely equivajenl to that
bound in the samples. If the decomposition of the sample is complete,
however, identical bebaviour during processing can be nasumed.
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1Z. CAICULATION GF HESULTS

The concentralion of MeBg in the  sample is  obtalned from
exper imental dota as follows:

) -1 h a_. ¥
Mellg (in pg g5 ) - 1. ﬁ 5. X,
g Ty- Yy
whers,
r . a dilulion faclor dependent on the volume ratios of the
organic and aqueous phasces in the successive stages of

Processing,
by = the poak height for the sample,
83 - the amount of MeHg standard added {(in ng},
V¥ - the valume of the Final organic sample solulion {in pl}.
he = the peak height for Lhe injected MelHp standard,
M - the amount of the sample processed (in £,

x = the aliquot of the sample sclution injecled (in plh,

A combined tost repori on all  thres detorminations described o
this Reference Melhod  (methylmeroury, total aercury and selenium}  is
given on pages 2L to 22,
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IT. DETERMTNATTON OF TOTAL MERCURY IN HUMAN HATR

1. SCOPE AND FIELD DF APPLICATION

This Reference Method describes the determinrtion of totel . aercury
in huwan bair by atomic absorption spectrophotometry. It is designed for
biological monitoring of selected individosls and populalion groups  in
the Mediterranean region with a possible intale of mercury exceeding Lhe
rocommended Provisional Tolerable Weakly Intale {PTWI} thraough
contaminated  =eafood. The method i= alsoc designed to enable (2l
comparison with previous datna and (B the necessary correlalion between
totel wercury and methyimercury in Lhe aubjects monitored.

2. REFERENCES

BOCK, H. (1979), A Handbook of Decomposition Methads in Anslytical
Chemislry, International Text Boock Company Itd., Glasgow/Tondon.

INER/FAQ/TAEA/1OC {1984) Determination of total mercury in selected
maribe organizsms by flameless atomic spectrophotomeiry. HReference
Methods for Marine Pollution Studies No. 8, Bev., 1., UNEP, Geneva,

3. FPHRINCTFLE

Determination of total mercury 13 hased on cold vapour atowmic
shsnrplion spectrometry afler complete mineralization of the sample in a
reflux system. Decomposition wilh an exidizing acid mixture is described
in detail. In subsequent phases of the anelysis the reference method 1s
fallowed as used for determining total mercury in selected marine
argeniame (UNEF/FAD/TARA/IOC, 1984).

HOTE: If teflon bomb digealers are available, they may be used imatead
of the reflux digesters described below., Their use 1= described in  the
above mentioned Reference Methad Nao, 8.



4. HEAGENTH

4.1 HNitric acid (d = 1.4g m17 1),

4.2 Sulpburic acid (d = 1.84g mi"%).

4.3 Hydrogen peroxide, 30%.

4.4 Fotassium permanganate solution, 1% in distilled water.

4.5 Hydroxylesmoniumchloride, L% solution in distilled water, prepared
daily.

411 reagents should be of supraspur or equivaleat purily. They are
usually packed in 250 mwl quantities. 100 determinations would require
approximately 200ml of HNO3, and EDp] each of sulphuric acid and hydrogen
peroxidea,

5. EQUIPMENT AND ATPTARATUS

The  l1ahoratory shanld be adapted for trace analyiical work,
possibly equipped with a2 laminar [low hood,
MOTE: A laboratory inm which metallic amercury or its salts had been
huendled at any time ip the past is not svitable for determining mercury
at low levels. It is also advisable that concentrated mercury solutions
fstock standard solutions) be prepared and diluted in a separate room.

in addition te general  apparatus and glassware (pipettes,
volumetric flasks, ete.) listed for determination of mnethylnercury
{Chapter I, Section 8, 8.1-8.8) the following special apparatus is

required.

5.1 Twelwe flasks for decompositicon of samples, 25ml, round bottom,
with standardized ground glasa jointa, l9mm dia. (Fig. Z,d).

4.2 A digestion unil [e.g. unit as used in routipe semi-micro Kjeldahl
determination of nitrogen} with temperature control between B0 and 3009C,
for simultaneons decompeosition of &6 gamples.

6.3 3ix Condensers {Fig. Z,a).

5.4 Attachment (Fig., 2,b} permitting =separate collectien of condensate.

5.5 Atomic absorption spectrometer for U¥ and wvisible 'speciral range
(Fig. 3,h).

5.6 Mercury hollow cathode lamp (Fig. 3,1}.

6.7 Absorption cell, [50mm long, Y0mm dia. with silica windows {Fig.
3,8} :

5.8 Aeration flasks, 50ml {Fig. 3.ua].
5.9 Recorder (Fig. 3,3).
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FIGURE 2: Decomposilion assembly for total
mercury in biclegical material.
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FIGURE 3: Assembly for determinstion of total mercary a) aecation  flask,
flowmeter, d) two-way stnpcock, e} trap with
¥}  abserption cell, b}

b} nitrogen cylinder, o)
f} mercury lamp,

magnesiwe perchlorale,
spectrometer, 1) delector, Jj) recorder.
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6. SAMPLING AND PRETREATMENT OF SAMPLE

Hair sumples should be taken and pretlrsated in the same manner as
described for determination of methylmercury {Chaptor 1, Sections 4 =aod
o).

7.  PROCEDURE

7.1 Weigh accurately 100-200mg of hair somple, prepared according to
the instructions for Melg and transfer it into & decomposition Fflasl.

7.2 Add Z2ml of nitric (4.1) acid, assemble the decomposition apparatus
{(Fig. 2} and let the hair disintegrate at 50°C for 1 h.

7.3 Add  carelully 0.9m1 coovenlrated sulpburic acid 4.2} Lhrough the
condetser and incroese Lhe btemperature slowly unlil  fumes ofF sulphuric
acid begin to evelve. :

7.4 Cool and lef the condensate drain into the devomposition hotile.
Cluse Lhe stopocock apd add 0.5m1 of  30% Holo  (4.3). By carefully
recpening  the stopoock add hydrogen peroxide dropwise into the mixties in
the decompogsition bhatile.

7.5 Close the slopeack and expel nilcogen oxides by keeping  the misture
For 30 win at 90,

7.6 Slowly incroasce the temperature and evaparate Lo Fumes of sulphuric
arcid.  (Cool.

7.7 After the sojulion becomes clear and colourtess (iF  not repezat. Lhe
treatmenl  undor 7.4 ad 7.5) open the stopeock and let Lhe condensed
tiquid drain inte the decemposition [(lask. Transfer Lhe =salution from
the decowposition flask inte a 26ml volumectric Fluoslk.

7.8 Dteattach the flask te the apparatus and sdd through the condenser 2
small porticnz (Zml) of water, By Dboiling, let the condensing wapaur
wash the unit, Add  the candensele o the sample solulion in Lhe
volumetric flask.

7.9 Add KMnO,  solution (4.4) dropwise until a  faiut pormanent pink
colour 1z obfaincd, thetr deslray ewoess wikh gome: drops nf
hydroxylumoniwnchloride (HONH2Cl) solution (4.5}, Make up with waler Lo
the mark. '

For stundardization and analysis tTellow Lhe procedures  described  in
Reference Method for Marine Pollution Studies No. B, (Petermination of
total mercury 1o selecled marine organisms by cold vapour atoimie
absarption  spectropholametry) in this series, Seclions 10, 11 and 13,
using an approprisle standard reference material for gquality conlral or a
matvix ceference sample/interluboratory refeoronce sanple as described in
section 1, 11, (p.d].
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LIT. DETEBMINATION OF SELENTIM IN HUMAN HAIR

1. SCOPE AND FIELD OF APDPLICATION

This Heference Mcthod describes the determipatiouw of selepiuvm  ip
human hair {and other indicative tissues) by gas liquid chromatography
and 15 desipgned for biclogical wmonitoring of selected individuals and
population  groups  in the Mediterranesn region with a possible intske of
methylneccury  exceeding  the recommended ¥Frovisional Tolerablo Weekly
Entake (PTWI) through contaminated seafood. The data are intetsded to
establish a possibie correlation belwesn methylmoerouwry intake and  lewvels
of selentum io Ltho gubjecls monitored.
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2. PRINCIPLE

The sample is ashed with magnesium oilrate. 4-nitro-l,2-diaminc-
hen#apne reacts with selenium {(IV) to dive S—nitro-2,1,3-benzo-
seienvdiazale extractabla inte Eoluens nr henzens (Poole et.al., 1977;
Cappon and Smilh, 15T8), Salenium in the solvent phase iz determined by
gas ligquid chromatography using an =lectron capture dotector.

The above method has  been selected boecause selenium i1s determined
in conjunction with methylmercury, both of which require compelence i
gas  chromalographic lLechniques. Reliable resull fuor toltal  selenium,
hawever, will also be obtained by the Following technigques:

a) Atomic ahsorplion spectrophobtometry after transformalion of
gelenium into gagecus selcenjum hydride followed by its thermal
decomposiktion, 1o produce atomic vapour in a healked absorption
oell of  Lhe spectrophotomeler (Wotkinsen, I879; TNedina and
Fubeska, 1980}).

bl Fluorimetric melhod exploiting the intense fluorescense of the
naphtoselenodiazol formed in the reaction between 2,3 dianine -
naphtalene with 3¢ (I¥). This method was r1ecently recomaended
on the basis of comparative studie= but requires s high
cuality spectrafluorineler (Analvtical Methods Commiltbes,
1973,

) % tivation analy=is, based on either 17 sec TigeM or 120.4 day
e (Sared snd Thomassen, 1979).

4. HREAGENTE

The following volumes and amomts should be sufficient for aboeul
JO delerminat ions ol selenium:

4.1 Hydrochloric seid soluticons, M, BM and IM, 250mt each.
q.2 dnmotiia, 1M, 250m1.

4.2 Magnesium nitrate hexahydrate, 250g.
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4.4 d-nitro-l,2-disminobenzene (4~-WDE), 1% in iM HC1, 100 mi.
4.%  b-nilro-Z,1,3-benzoselencdiazcle {5-HBS=D), 5&.

NOTE: Solutions of 4-NDR  and 5-NBSeD have Lo be prepared weekly (50ml)
and impurilies removed by two equilibrations with 10ml tolusne.

4.4  Sodium selenate {1¥), Hg.
4.7 Toluene, 500m].
4.8 Benzene, 500ml.
4.5 Florisil, l00g.

4.10 Sodium sulphate anhydrous, 50y.

5.  STANDARD SOLITIONS

2.1 delenium siock standard selutien: Misselve 3lmg of H-NESed (4.5)

i 100wl of toluenms (4.7 and dilute in a volumetric Tlask to Lhe mark
with toluene.

$.2  Belenivm working slandard solution: Withdraw 100ul of the stock
standard solution with & high preocision micropipette or syringe and
dilute toe 190wl wilh tolucne (4.7).

NOTE: If S-NBSeD {4.5) is ‘mol avallable, a working sclenium standacd
salution can he prepared as follows: o a golution (100ml} of sadium
salenate (IV) (4.6) ecquivalent to Z2pg 50 ml™" add 2ml of 4-NDB (4.4) and
dip the boltle for 10 &in in o waler balh al 759, Exlracl Lhe
selenodiazole formed with 10wl Loluene, diacard the  aqueows  solulion  and
wiash the Loluene phase wilh Sml of IM ammonia (A1.2). Inbroduce anhydrous
sodium sulphate (4.10) (BUmg) and Florisit (4.9) (250mg) to remove wiater
and impurities. Take Sml of clear solution and dilute bto 10OmL.

NOTE: Toluene can be replaced Ly benzene which is a belter oxteactanl;

with care il can be uged in laboratories with well wvepkilated hoods in
spile nf ite toxieity.

G. APPARATUS

Basic apalytical instrumentiation and glassware as L previous
chaplers and the following additionul equipmeni.

a1 Four 1nfrared lamps.
6.2 Electric Furnace for temperatuces up ko BOOYO.

£.3 Teenty zilics cruciblee, 15ml.
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6.4 {flas chromalograph with electron capture detector.

.5 Glass column=, 1.5m long, Hmm dia. fifled wilh 3% O¥-17 on
Chromagarh AW.

E.BE Chromatorgruphic syringes, EFI and lﬂyl, 4 each.
T. GSAMPLINGQ AND FEETEEATHMENT OY SAMPLE

Hair samples should be taken and prelreogled 1o the same manner as
described for determination of methylwmercury {Chapter [, 8Sections 4 and
5). :

B. FROCEDURE

#.1 Adjust the nitrogen flow-rate through the chromelographic column,
and temperatures of the injeclor (220°C), column (190%C} and detector
(270907,

8.2 Weigh accurately 250mg of =ample prepared according Lo Lthe
iostructicns for MeHg, inte a 15ml silica crucible; wet the material with
Ml of sulurated magnesium nitrate selulion (4.3), Put the crucible wilh
contants under an  infrared lamp and evaporsle carefully ta avoid
gputtering. '

8.3 When completely dry increase the temperature LUy Lringing the IR
lamp closer until pitric oxides are no lotger formed.

6.4 Trapsfer the crucible with contents te an eleclric furnace at 5007
Mror 30 win during which Lhe mualerial will turn into a white ash.

3.5 Take the crucible oubt of the furnace Lo conl. Disselwve the ash Lo
Aml WM BC1 (4.1) while warming to 90YC for L0 min to hbring alil  selenium
te oxidalion state {(1V).

B.6 Transfer the selution 1o a 0ml volumetric Tlosk, wash the coucible
wilkh several Iml aliguets of 6M HCL {4.1) and diluate Lo bLhe mark with the
Aoild.

8.7 Transler 2ml of the solubion ba a 10ml test tube and equilibirate
with 3wl toluene (4.7} to remove organic impurilies. Afler separation  of
rhases transfer the agqueous soloulion e o sccond 10l Lesl Lube.

B.B Add Iml of 1% 4-NDE (£.4) and Jdip the btabke for 1) min 1n a wabor
haih al Ta™C.

H.9  Eddracl the bFencoselenediazole  Tommed by equilibration with  Zml
boenwene (4.8 o b min. Withdraw zod discard the agueous phase.

H. 1 Hemove Lhe impurities Crom bl solvenl phase by slripping with 3wl
LM oammonia {4.2). Withdraw apd discacd lhe agueous phaose,
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8.12 I1f many peaks appear in the selenium region =add 2h0mg of Flerisid
(4.2} and 5H50mg anhvdrows sedium sulphate (4.10); shake the w#mixture
thoroughly. Afler clarification ipject sanother S5ul sliquel, procecded,
and ollowed, Ly different velumes of workiog sclenium standucd selution
1o cover the relevanl range, between e.g., 0.1 and !.{og.

The v¥ield of ihe procedure is between 85 and 0% bul is reduced by
aboul. 10% in the case of treatmenl with Florisil.

9. BCHEME FOR DETERMINATION OF SELENLUM W RAIR

¥

9.1 Sample, 150-250mg 1+ Zml

Inmt ' Mg{MO2)2(1.-3) cvaporate, heat
Lo luﬁﬂ%, ignite At 500°C.

9.7 Nissolve ash  in 3ml  HC1

[ i4.1%, heep at a9 1 ming
transfor iote  10m]  wolumetric
Flash, WHL crucilide  and
dilule to wolome wikh H 1
(4.1%.

. a3 Teanster 2mi into 0ol

Lest tube {(Tigp.l, Mellg), add
Iml  4-NOB (4.4), koeep 10 min.
al B0 90%, coal.

B4 Extract h- HRSel [ormend
ERTLRT) Tl Laluene fAURY,

wilhdraw and Jdiscard  ayueous
. Pl

LT | Fal intn I beer
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10. CALCULATION OF HESULTS

The concentration of Se in the sampls i= oblaiped (rom experimental
data os Tollows:

Se (in pg. ¢ 1y = §. hy-ag-¥y
S VN
where;
f ... the: dilution factor, dependent on the fraction of  sewple

sub-sampled in the tesl  bube after dissolution (2710 in
the case of the 9.5cheme on p. 203

h,, iz the peak height for the sample {cm)

Ag 15 the amount of Se standard in ng

Vi 15 the volume of the final orgonic somple salution in ]1]
by L. iz the poak height for the Se standard {om)

YeooLL. is the aliquot of the injected samplc solution in pl

o, is the: ameaint of the processed sample in g
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IV. REFGHT OF THE ANALYSIS

Sample Code: __ Date of receipt: __

Date of analysis:

Laboratory:

Analyar:

Reauits and eatimated uncertainty®
MeHg_ % Hg tot ¥ Se_

Datu on the subject {Code):

4.1 age

4,2 s5ex

T e e T

4.3 profession

4.4 pregnancy (if applicable}

4.8 exposure;

4.58.1 type of seafood consume:d . -
4.5.2 concentration of Melg Heg 3e e
4 5.3 origin of seafood e
4.5.4 frequency:  daily___ Jweekly
4.5.5 amounts e ——— - -
4.5.6 expesure history:

time belween exposurc and sampling_

expoaure: continuous periodical __ ___

Sample detaila:

5.1 4dute of sampling

5.2 area, location

5.3 cause of increased mercury levels:

elevated natural levels of scafood

m————

local pollution (source)_ .

Measuremenl syslem

i ————




6.1 Instrument, Model:

MeHp
Hz total

Se

6.2 Column: MeHy e
Lemgth{m)

e s et —_—_——————

ligquid phase

glid support

6.3 Temperature (°C):
injecter v
ol umn [
detecter
6.4 BRetention:
Time (Sec):
Analvtical procedure: MeHg He Ee
7.1 number of processed
aliguots __ I -
7.2 amount apalyred, o
T.3 number of injected
aliquots .
7.4 evaluation of peaks
by peak height __ o
by intergration _ eas
7.5 precision achieved: . S ————
T.8 gquality control:
IkRs? -
MR&D e
W5Sc - _

Remarks and observations relevant to inlterpretation of results:

—_— ———— —_—————————————ee e i — — ———




- 29 -

ANNEX 1

RECORDING FOIM FOH HATR SAMPLING

To be completed by the person collecting hair samples:

| Sample code: Sampling dute: ... cnssrrrrencaanan
2. Data un donor:
HEME: s rvarsrosnnnnnnmnnas e
Date of birth:..... Gedesammmnn
BEMI Lasismrrtsrsrsranaannnnns ‘e
Oceupation: .. ... o n..an e
Employment: .. __..... iessnmmm.
3. Data on hair:
Colonr: .. .. .ccceeiicmannnan= ‘e
B L v 1 G srramanan
Treatment®:
q. Data an exposure™:
Type of seafood: ... o0 o1 P h et e e,
OriginT .. v ieeme s e aaa s aaaaan
Amgunls consumed: daily:......... weehkly: v varaa,
® Enquire about, and record any special {freatment applied to Lhe

scalp/hair during recent months such as medicated shampeos (Selsunm'}),
dyes, ointments, parm.

HH Data on exposure may be taken froe the dietary survey if available,
or cblained by interviewing the doner during sampling.

——————— e —— —— i ————

Sample received om:i............. G htte e e e
Quankbity grams:. ... ... ......... i s e e e .
Analysed for:......... C et ress ey i ety
Arvalyais completed omz. . ... . i

Results: MeHg:.... . o0ncvan. 3 P T 2 - Cnsa =
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