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"REFACE

The Regional Seas Programme wos initisted by UNEP in 1974, 5Since then the
Governing Council of UNEF hms repeatedly endoraed o regional epproech to  the
contzol of merine pollutien and the management of marine and coestal ressurces
and has requested the development of regionsl sction plans. The HRegionul Seas
Programe at present yins udea ten regions and has over 120 coastel States
participating in it.

One of the basic components of the ecbtion plans gponscred by UNEP in  the
fremework of Regional Seas Programme is the asdessment of the state of marine
genvironment and of its resources, of the =ources and trends of the
pullution, and the impact of polluticn on buman health, mearine ecosyitems end
amenilLies. In order to egsist thgse perticipeting in this activity end to
ensure that the date obtained through this esaggament cen be compared on &
world-wide basis and thus contribute to the Global Enviromment Monitoring System
{GEM5) of UNCP, g set of reference methodz and guidelines for marine pollution
studie=s are bejng Jeveloped and ate recom®ended to be adopted by Governmentz
participating inh the Regivnal Seas Progremme.

The methods end guidellnes are prepered in eo-operatiocn with the relevant
spegialized bodiez of the United Hations system as well zz other organizelkions
gnd mre tested by a number of experts competent in the fleld relevant Yo the
methods described.

In the description of the methods end guidelines the style used by LEthe
International Organization for Standerdization {I50) is followed as clo=ely as
poesible.

The methods and guidelines, as published in UNEP's =series of Reference
Methpds for #Marine Pollution Stuwdies, are not considered s Timal. They are
plenned to be periodically revised taking inte account the developoent of owur
urderslanding of the problems, of analyticel instrumentation and the actual need
af the users. .In order te Facilitete these revisions the wsers are inviked to
convey their comments end guggestiona to:

International Leboratory of Marine
Hadioactivity

International Atomic Epergy Agency

c/o Musée Pofanograptiique

MC2000 MONACD

which is respomaible fer the techniral co-grdination of the developmankt, testiag
and intercalibrativn af reflcrence methads.

1/ UNEP: Achievements and planned development of UNEP's Reglonel  S=ec
Programme weand comparable progrsmmes sponsored by gther bodies. UnNEF
Regional Seas Reports and Studies No. 1 UNEP, 1982.

275 P HULM: A Stretegy for the Yeas. The Heglenmal 3eps Progroamme:  Paslt  and
T - 1ED 10a%



This lissue of the Reference Method For Marine Pollution Studies HNe. i:
was prepared in co-operation with the Food and Agriculture Ooganization aof the
United Mationa {FAQ) and the Internetional Atomic Energy Agency {IAEA]. Ii
includea ecomments reeeived From the FADJUNEP/IAEA Experks Cangultation Meating
on Referenie Mathadg For the Determinetion of Chemical Contaminants in Harins
Organisms (Rome, 4-8 June 1984) and from a number of scientists who reviewe:
arl tested the methaod. The assistance of all thaze who contributed te  bhe
preparation of this reference method is geatefully scknowledged.
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1. SCOPE AND FTELD OF APPLICATION

Thia reference method describes a gas chromatographlc analysis for the
deteraination of methylmarcucy (Metlg) in biological material after liberation o
Merdg with a strong acid from s homogenized ssmple. Detection limit 0,601 mgkg™
Fd. '

2, BEFERENCES

BERNHARD, M. (197&) Manual of methods 1n aguetic eaviromment research. Parct 3.
Sampling and analysea of hlelogicel makeriel. FAQ Fish.Tech.Pap. Mo. 158
(FIRI/T158}, pp, 124, FAD, Rome.

KAMPS L. R. and McHAHON B. (1974) utilization of Lthe Westoo pracedura for the
determination af methylmercury in fish by gas-liquid chromatography. J.AOAC
33/530-595, -

UNEP/FAD/IAEA  {(1984) Sampling of 9elected warine organiswms and  sampls
prepareiion for btrace metul analysia. Reference Methods for Marine Pollution
Studies Mo, 7 Rev. &, UNEP, Geneva.

UNEP/FADSIAEA  (in preparatinn) Guidelines far monitoring chemical contaminants
in marine organisms. Reference Methods for Marine Pollution Studies Ko, 4,
UNEP, Geneva.

WESTOO, G. (1974} Metbodolegy for wmercury and methylmercury for  food
cantpmination monitoring. MWorking peper for FAQ/WHO expert consuliation te
identify the fogd contaminants bto be menitored and to recommend sampling plans
and mathodelogy. Rome, 7-11 October, 1974. Rome, FAQ-ESN:HON/74/17.

3. PRINCIFLES

An 2liquol of the sample, prepared according to UNEP/FADSIAEA {198a) 1is
homoegenized and the methylmercury (MeHg) in biolagical material iz liberated
with a strong acid {HEBr). The MeHg Is then extracted with an orgenic salwent
(benzene] and the MeHg separated from interfering impurities by extraction with
an aguwous ethanolic solution contazining a thiol-compound (cysteine). After
liberating the MeHg from the thigl-compound with s strang acid and extracling
again with an organic selvent the extract iz analysed by gas-liquid
chromatography.



A, REAGENTS
fFor tnis analysisz use only digtilled water and reageants of recognized
amalytical gualiky.

4.1 Deminerelized distilled water or water of squivalent gquality, free from
mercuty.

&.2 Concentrated HC1 (dypop = 1.1% gl'll, suprapure of zimilar.
4.3 Hydrochlocic acid, & N.
Hix equal wolumes of distilled water (4.1} with concentrated HCL (4.2).
4.4 Jadium hromide.
4.5  Sodium sulphat;, anhydrous. [Dried overnight at 4530%.

NOTE: Sodium zuelphebe may be contaminated with substances which cauae
interferences. Carefully c¢heck this resqent,

4.8 Cysteine solution.

1.00 g cysteine hydrochloride (1 H
0.775 g sodium acetate (3 H,0} .
12.5 g anhydrous sodium sulphate
about 50 ml ethanol, mercury free

0

Disaalve the reagents in about 50 ml of distilled water {4.1) and dilute
to 100 ml with ethangl. Prepere a fresh salution every 3 days.

4.7  PBenrene. Distil with a Widmer column (5.12}).
5.5 standard soluotiana of methylmercury.

4.8.1 Steck soletlen: 100 g Hgl“l. Weigh 0.125%4 o wmethylmercury
chloride to the nearest 0.0001 q. Teanafer ka a 1000 ml volumebric flasle.
Bring to volume with diatilled water (4.1) and mix.

MOit: [his solution is siable for years.
4.3.2 Calibration solution:z 1.00 ug Hglﬂl. Dilute 1.00 ml of the stack

solution (4.8.13 in a 100 ml volumetrie Flask and bring up to volume with
distilled water f4.1).

MOTE: Thia solution must not be oldsr than 2 days.
4.8.3 Stock solution for gas chromatography: 100 ug Hgl‘l. Weigh 0.1254

g methylmercury chlocide to the nearsst 4.0001 1. Transfer to a 1000 ml
valumabrie flagic. Brimg to wolume wikh henzene {4.7) and mix.



NOTE: This solation i3 stable.

8.8.4 Standerd solutions: 0.05, 0,10, 0.20, B.36 ng Hgul L.

Using volumetric flesks (5.9}, dilute appropriete aliquots (e.g. 0.05,
1.10, 0.20, 0.3C ml) of the stock solution (&4.8.3) in benzene (A.7) 2o that with
5 pl the fallowlng amgunis can be injected into the ges chrematogreph: 0.253,
0.5, 1.0, 1.5 ng Hy. Keep the solutions well closed to aveid evaporation.

MOTE: This solution is steble for seversl mantha.
4.9 Teramilic alcokol, antifoam B emulsion {e.g. Fisher Corp.) or similiar.
4.10 VMorking metrix: Prepefs s sufficiently large amount of Binlogical tigsue
to last several determinations (e.qg. 300 g FW) sccording te {9.1). Homegenize
with & siainless steel blender ar other homogenizer {5.1).

Test for homogeneity by ruwming 5 extrections {9.1) and analyses (10.3}.
If the coefficiant of veriation is less then 20% the working matrix is ready for
use . Dtherwioe homogenize the working melrix ogain or prepare g new working

mateix.

HOTE: The working meirix should he prepared from spec imens aof the =ame
specisd which wWill b2 anal ysed.

5. APPARATUS

5.1. Homegenizer (e.q. Polytron}.

5.2  Bulb pipeties, 1.00 ml, 2.00 nl, 3.00 ml, 4.00 ml, 5.00 ml, 10.00 ml,
15.00 ml, 50.0 ml end gradueted pipettes, 1.0 ml, $.0 ml and 10 ml.

5.3 Graduakted cylinder, 100 ml.

5.8 Erlenmeyer flasks, 200 ml and 2000 =l.

5.5 Eeparatiun funnels, 7> ol capacity.

£.6 test tuhes with ground joints and stoppers , 5 ml and 15 nl capacity-
5.7 Centrifuge tubes, 200 ml capacity, complete with groond glass stoppers.
5.8 Centrifuge tubes, 10-15 ml capacity.

5.9 Yalumeiric fleska, 10 ml, 100 ol, 200 @1, 500 ml and 1000 o) capacity.

5.10 Centrifune, 600 g or faster, at leest 200 ol capacity.
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7.1l Hechanical shaler for mixing solutions.
5.12 MWidmer distillotion apparatus complete with:
= Flask, round bottom and ground joint 29732, 3 1 capacity.
- Heating mantle for this 3 1 Flask with enerqy regulator, 500 W.

- Adapter with two graund jeinks 29/32 and one ground joint 14/23, witk
thermomneier.

- Ceil condenser with ground jaoint 22732, coil lengkh 70 om.

- Distillation column, Widmer, with gmund joints 29/32, effective lengtt
Ml em.

63

5.13 LGas chromatograph with elsetron cepture detector (}H ar ML)}  anc

recorder, gomplete with:

- 5 x1/8" glesa colusn containing Llithium chloride and 5% phenyl
diethanalamine suecinate (PCEAS) on Chromosorb W, AW, DMCS, or similer,
SDFA0 mesh;

~ @ supply of carrier qaa (gas flow eate 60-75 ml M, min™') purified by

a Mzlecular Sieve.

Preparation of the column and cnr‘ditiuning:

Dissolve 0.5 g lithium chleride and 1.5 g phenyl diethanel diethylomine
succinote in ?2.% ml ethanol and 30 ml #eetone in a round bottom Flask. Add I «
Ehromosarbh W, &0/80 mesh, AW, OMCS5 or similar . Evascuate the flask until all
air bubhles have disappesred. After 10 min. transfer the mixture into a 1las;
Fiiter fuonel! end remove the liquid by suclion. Air-dry on filter paper. Fril!
the column with the dry Chromosarb. Heat £he column wvnder low gas flow rats
(25-30 ml N min"]':l abk Z2109C for 18 hours WITHOUT attaching the end af the
colunn ta the debector. Then bring the gas chromatograph to nocmal  conditians
Laetray

- LGas Tlow &0=70 ml N, rr..'m_i
—  [Colusn temperature: 175°C
- Injection temperature: 200°C

~ Detector temperstur=s: 20%°C {for 63

MNi gdetector use 220°CH

arnd satyrate the column with M=Hg by injecting large amounts (a%out 10 ng) a
Mety  standard sclution (4.8.4) repeatedly. CAUTION: In order not ke
comtaminats the deteclor 1t is important to ensure that it is at opetsbiena
temperatuce  {PN5°0) Lbeafore copnecling the eolumn while the carrier ges i:
flawing. Check the efficiency of the newly prepared column hy injecting 0.10 1w
Hg as MeHg. The peak height should be at least 20% of the maeximal observabl
peak height.  If the semsitivity is not sufficient ar the peaks are broadened
fhe calunn cen be improved by keeping it at warking temperature injecting (sbou



40 g Hg per injection) repeatedly benzene solutions of Melg jodide or
methox yethyl-mercury. Thesa s0lutions ere prepared Dy adding sedive iodide o
aquentta  solubtiona of MeHg chloride or methoxyethyl-mercury hydroxide and
extrgeting with benzene. Thia solytion iz steble for only two hours. The
benzene layer is then dried with godium sulphate.
2.14 Chramatographic syringes 3 pl.
5.15 Weilghing bottles with ground stoppers.
5.16 Drying oven {105°C).
Z2.17 5Stainlcsa steel bweezers.
5.138 pPesiccatar.
5.19 Freeze dryer.
5.20 Mnalytieal balance.

NOTE: All glemssware to be used in enalyticel procedure should be «leaned

ficsk by ordinery laboratory procedures and then by Tinsing with 1 N ammoriom
hydegeide solution, followed by vinsing with deskilled woter and ethanel.

. SEHPLING

For & sampling pian follow UNER/EAD/TACS (in preparsktion} and for sampling
of marine organioms follow UNEP/FAQ/LAEA {1984).

T. SGAMPLE PREPARATION

For sample preparation Follow UNEP/FTADSIAER (1984),

8. CETERMIMATION OF DRY WEIGHT

B.1  Oven-drying

A clean weiqhing bottle (5.13), with its ground stopper removed, is placed
inio a drying oven (3.16) set at 10%°C. Tt iz important to wuse the tweezers
{5.17} every Lime the glass is touched, to avoid leaving fingerprints and
particles ot dirt on the weighing botile, Afler 2 hours at  109°C place  Lthe
—Focmar ol Phie botkle separately inito a desiceator {5.18) to cool.
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Weigh the emplty bottle with ifs akopper in plece an the analytical bal ance
{5.20). Wote the woight. Ploce 1-2 g of tha specimen sample (7) in the
weighing bottle and close with the stopper. Wejgh it again and note the weight.

Place the weighing bottle caataining the subsample in the drying aven saet

at 105%, remave the atopper with tweezers and plece the stopper also in the
Ov e .

After 28 hours replace the stopper on the bottlie, remove the bottle with
stopper from the drying oven, apen the bottles and place it and the stopper in a
degiccator to cool.

Weigh the bottle with stopper in place and nake the wejght.

Repsat the drying eycle until the differcnce hetwsen subsequent weighings
15 less than 0.5% of Lhe total weight; calculate the dry weight {OW} end record
the fresh weight (FW} end Dw/FPW ratio.

NOTE: Biaological materials contsining large amounts of lipids cannab be
oven-dried to constant weight and must, therefore, be freeze_dried (8.2).

8.2 f{reeze-drying

flace a 1-2 g exsctly weighed (5.20} subsample of the specimen sample ({7}
in a clean gonkainer suitable for freeze-drying and Freeze-doy (5.19) for 24
hours. Weigh the subsomple wexectly &nd freeze-dry for another 24 hours.
Determine again the weight of the subsample. IF the difference hetween the Ews
weighings is less than 0.5% determine the OW and DW/fW raliop. Othecrwise repesat
the drying eycle until the difference belwoen successive weighings (5 less than
0.5%.

9. EXTRACTION AL CLEAN-UP

2.1 bample

Homogenize (5.1} obout 5 q of tissuse {note the rxact weight in the
protocol} in a 200 ml centrifuge tube {5.8). Add A0 ml of distilled water {a.1}
and then 14 ml of concentrated 11 {4.2) and 10 g MaBr {&.4). Mix and then edd
7G.0 ml benzens {4.7), shake mechanicelly {5.11) for 5, or 15 minutes vigorously
by hand. Centrifuge (5.18) and then transfer 50.0 ml! of Lhe henrene  exbract
into a separating funnel (5.5}, Md 6.0 mi cysteine sulution {4.5]) with 5
pipette {5.2} and shake vigorously for 2 minutes. Centrifuge. If too much
emulaion ar Foom ism present gadd an wntifoam agent (8.%). The emulsion can alsc
b broken by vigerous stirring with a glass rod. Cenkrifuge again.  Transfer
2.0 ml ef the clesr aqueous layer into a 15 ml test tube with ground joint
(5.6). Acidify with 1.2 mi 6 N HCL {4.3), add 0.5 q Nabr (4.4} ond extract witf
4.0 m! benzene by shaking for 7 min. Trangfer Lhe extract into a 5 ml test tube
{5.6). Dry with anhydrous sodium sulphate {4.5).



Thiz benzene extract represents Lthe test solution used in the gas
ehramatographic enalysis.

9.2 Blank

Follow procedure {9.1) replacing the 5 g tissue sample wilh 5 wl  of
distilied water (4.1}J. IF the blank givea a peak at the retention time of Metg
{1.% min) check all reenenta and solutions for impurities.

NITE: The epxtraciion and clean-up should be carried ot in one run in
crder %o miniwmize losa of MeHg. IF the procedure has te be interrupted hriefly
than it should be discontioued only after the first centrifugation, i.e. when
tne Melg 18 bound %o cysteime. Langer interruption (i.e. overnight) should
anly aceur when the sample s in benzene solution. Usdally the fingl benzena
extract f(i.e. the test sclution} is stable and cen be gtored for several weeks,
but an axtract kept longer may lese Metg.

10. GAS CHEIMATOGRAPHIC AMALYSIS

160.1 Standapdization

Set up the gas chromatograph to normal oparating conditions (5.13) and
inject (%.14) 5 ul benzene (4.7) as a solvent blank followed by 5 pl each af the
standard solutions {4.8.48) containing 0.0%, 0.1, 0.2 and 0.3 o0g Hgul™ in arder
to obtain standacds of 0,25, 2.5, 1.0, 1.5 g lg. flot peek height against
amount of wmercury injected., A& straight line cukting the x-axis at the most at
0.0% ng By frum zero should be obtained. Otherwise, cheeck bthe gas chromatnqgraph
far malFunctioning or check the benzene (4.7} for Impurities.

10.2 galibration

Add 1.0 ml, 2,0 ml, 3.0 ml, 4.0 ml ond 5.0 mi af the calibration solution
{£.8.2} into 5 different 20i m]l centrifuge tubes (5.8Y. Add to each 60 ml of
distilled water (4.1} angd then la ml of concentrated HC1 (4.2) and 1D g Mafr
(4.4}, tix and then add 0.0 ol benzene (4.7), shake mechanically [5.11) for 15
min.,, ar 5 Mmin. wigorously by hand. Then transfer 50.0 ml of the benzene
extract into a separating funnel {5.5). Agd 6.0 ml cysteine solution (4.5} with
a pipette (5.2) and shake vigurously For 2 minuktes. Transfer 2.0 ml af the
clear aqueows leyer inta g 15 ml fest tyhe with a ground joint (5.8). Acidify
wilh 1.2 ml1 6 M HCl (4.3}, add 0.5 ¢ MaBr (4.3) and extrect with a.uml benzene
by shaking for 2 min. Transfar the extract into a 5 ml Eest gube (5.4). DOry
with anhwidrous sodium sulpbate (8.5).

Prepare g gubsample of Ehe working metrix and extract 1t as  descrihed
upder {9.1%.
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Inject {5.14) 5 pl of each of the extracis containing the different
calibration solutions (4.8.2} @nd the extract of the werking metrix end plot
peak heights obtained against Hg content.

fheck peak height of working matrix against previcus values.

10.3 Ansalysig of sample

Start esch series of sample analyses with a stenderdization (10.1), a
calibration {10.2} and a blank {9.2}.

Inject 5 ul of the test solutjon (%.1,) followed by 5 pl of a standerd
gsalution (4.8.4) whuse peak height does not diffar more than 25% from that of
the sample. Check the correct function of the gea chromatagraph by camparing
this peak height wlth the carresponding  ons  gbteined in previous
standardizations {18.1).

Make duplicete injections of both the zample and the standard fer each
sample analyzsed.

MOTE: [F Metlg levels are expeeted to he so high khat the peak obtained
liea beyond the linear part of the standardizetion curve, either less tissue
must be extracted (9.1) or the test solution (9.1) must be diluted. If an the
ather hand the peak height is smell the sensitivity of the procedure can be
inereased s2ither by increasing sample size to a maximem of 10 g, or by emplaying
a smaller amounk af the cysteine soluklon and changing Ythe subeequent valomes
pecordingly -

1. EXPRESSIGN OF RESULTS

Read the MeHo concentration correspording to the peak helght obtained from
the ealibration curve {i0.2) ard correcl the weight differcnce with respect Lo
the thearetical 5 g of tisgue te be extracted. Correct alse for differences in
volumes used in the calibration (10.2) and in the sample extraction {9.1).

Expresa Lhis conceniraticn both in Mng-l F¥ and o mgkqdl DW ukilizing
tor the latfer the results of (8}.

12. ESTIMATION OF PRECISION AND ACCURACY

12.1 Precisiun

Estimate the precision of the entire analytical procedure (Y bo 10}
by analysing 5 suhsamples Coom one uriginal sample.  IF the coefficient of
varlgktinn is grester than 20%, check the procedure for

sranikhla arraere anel canbamiaabinn.



MITE: The standardization test (10.1} can also be used for the estimstion
Of the precision of the gas chromabographic analysis.

12.7 A¢curacy

- Participate in the intercalibration exercises and, in addition,

- include snalyses of the working malrix (4.10).

12.3 fality contral

If tie quality conteol checks veveal a Flectuation in the stapdercd
deviation or the socourscy by more than 5%, check the following Factors:
gtability of atock golutipns (prepare new aclutions);  instrumental drift or
inadvertant changes in operational parameters; contsmination of the working
matrix (=elect alternative reference meterjal Far analysis); contamination of
equipment c.g. glassware, operatar erroris).

13. TEST REPORT

fill in the test report (lable 1) giving Full details in every column.
Attech sampling and sample preparation protoccl (UMER/FAQ/IREA 1984).



1.

2.

-j_.I]_

7able 1 ; TJest Report on Total MethyImercury Concentration in

Biolagical Matarial

Sample coded

Determinatian of dry weight by fresze-drying or in aven

2.1 Duration of drying:

2.2 Date of drying {day, month, yesrl:

hours

2.% DHSFW ratios

Extraction snd clean-up

3.1 Pate {day, month, year):

3.2 Amomal ies observed which may influence test resulkta:

fas chromatagraphic asnalysis

4.1 Date (day, month, yeac):

4.7 Standardization:

Blank 0.5 a.5 1.0

1.5

peak height

f.3 Calibration

Blank 1 ml 2 ml % ml £ ml

5 ml

peak height

maiT ix substandard

pae haight




4.5 Result of analysis (mgkg = FW)

- 11 -

4.4 Analyaias of sample

weight af sample (grsms) W

EW/OW ratio;

peak height:

ftatimation of precision

5.1 Date (day, month, year)

5.2 Results;

replicates 1 2 3 3
Q gEmple
peak haight
mean peak height __ m\an conc.- nqudl
stand. deviation coeff. of variation =
Estimation of eccuracy
6.1 Date (day, month, ycar}
4.2 Origin and type of certificd standard used:
6.3 Declared mg HEHgkg-l af certified standard:
&4 Resutta:
replicakes 1 2z 3 >
J sample
peak height
mezan peak heighb _Mear: comne . mgkq-l




7.

i0.

- 17 —

Anoma}ies obecrved during test end other conditiona which could
influence bthe test reaulfs:

Intercalibration exerciss (qive detailg):

full gddre=s of £he institution which carried out the test:

Mame{s) and signature{s) of the person{s) who carried out the
test:

Date:

Attachment : Sampling end semple preparation protoeol relevant to
the analyred sample.
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LIi5T iF FEFCRENCE HETHADS PR HARIME POLLYTION STUOLES
LISTE CES METHODES 0F REFERENCE -POUR LES ETRDES DE POLLUTION MARENE
Guidaiinag far mnitorig the ouallty of cosstal recreational wators. (Draft}
Rafarance Mathvwda for Harina Pollobion Shodies Ho. 1, UKEP 1982,

Deabtecminatian of toggl coliforsa in pea-water Oy BN opebrane FilEpabion  oulbture
asthod. feference Hathods For Harins Pallution Studies Ma. Z Rew. 1, UNEF 1983,

Odtarwmination des colifdomas totaux dans 1" wdd da par pae e sdkhode de calbues  aur
oewbreres fllirentes- Héthodes da rEFdconced pout lad études de polluotion sdplne Ko 2
m-l Li FHI.E_ 1531- i

Cotarminaion of few-sl eolirferss in sss-wmqinr by the ssbesne Tlltestion cultues
methad. Hafermce Mathods For Macins Pollubion Stpdims Ma. 3 fev. L, 0P E993.

Htepiination dew colifareed fdomir dens 17ami de mer pic la séthodes de cultucs =ur
smiifansd Filtrentes. MWéthodsw do tAFiCences pour leda ébudes ¢ pollutinn secine Ha 3
cdv. 1, PHE 1563,

Datacminetion of fascal streptocpeci ln soe—water hy tha ssaprene Tlltrstloo culburs

_smthod, Reference Mathods For Hacine Pallutfon Studies Wo. & Rev. 1, UNEF Ladl.

LEAER i) 1
URET S %
PIAE_fms 1
UNEF S0 1
PTG L
NP D %
PHAE TS 3
UREP A ]
PRLUE FOHS L
UKER /P ML/TAER
UNEP /F DS TAEAS
ING ¢

ONEF /F A/ TAEMS
10C:

WNEE /T AOFTAEA 1
UMER /T RO/ TAER «
UNEF FAQSTAERS
1o

UNEPFRC/TARA

LHERSF A0S TAEA =

IMERSFAOSIAER ¢

Qiturm{nation dea streptocomms fécaux dag 1 ewr de oot par Le etthods da culbuora s
menbrares  Tiltrantas. Mékhodes de réfécnncas pour lea dtudes du polluticn marine ha &
~v. 1, MMUE 1983 -

Cetarslnakion ot faoecal collfoxwe in hdvalyms iy sulbiple buat coba mebhod, Aefevencs
Mathads for Hatine Pollutina Stxies Mo. ¥ Aev. 1, tNEF 1947%,

Citarmindtion des collfoeses fécmo dena log bivalven pac Lo £sak dws busas wuitiplasx.
Mithodes de rdfdronces pour lan Stdey &3 pailgtion marine B 5 pév.l, PNUE 1943,

Guidalires for sonltoring chumisel coiteminentd in serine orgenissa. Rafecence Mathada
far Farine Fallutinn StixHes Mo. &, UREP. {In grepesetiod)

Sempling af setectsd marine argenises and smeple preparation for krsce setal enalysis.
Rafyranco Mathods For Mesine Pollut:loa Shgiies Ho. 7 Hew, I, LNEP L7Ha,

Cotmrairation of total seceacy In selroted Aycirmd orgetistd by oald vepaur atosic
abaarption spechrephotowatry. Axferencs Hathods for Harine Pollution Studies Mo, B Rav.
L. UREPR 19ga,

Ontormination of totat msenic in mlectsd werine arganisws by Flssdaless atoasic
shaorption mpeciTophotomtry.  [Oraft] Raference Meliods for Hapine Pollutfon Skudles
Mi. §, UNEP 1984

Detarmination of totsl sslenium in selactsd marine grgenlsss by hydzrida  gepwcation
atoalz  sbsorption spectrogtotomekry.  fAafasencd Bathada Far Micins Pollytion Stopdlsa
Mo. L0, UHEP 19B4. )
Detarmination af taktyl cwinbgs, rind, lesd snd coppar i 34lected marind acganiasas by
Tiawalesw stomic shworption apectropfwionctry. Aafsrencsx Mathods M Macine Pallution
Shuwdlas Ha., 31 Aev. 1, P Lloda,

Sanpling of solected sarimd qgrjenizet and aosple preparatien for the analyaiz aof
chlacinated hydrocarbons. Rafeceaiod Mathods fgc Harin® Pollution Studies Me. 12 Aav.
1, UNEF 1984,

Datormination of methylmareizy in salscted pacins organj=ms, Rafotsece Hethods for
Maring PFoliutlen Skodies Ma. 15, UREF WEP 1934,

Detemminakion of 0OTs and PCEs in arlmated merine grganfisma. fafcrecce Hebhoda  far
Hapina Pollutign Shydleas Ho. 14, UNEP 1982,
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Determination of 00Ts, PlBa, PCC3 wmd athar hpdrocstbors in ste—wabter by ga
crrometograpty - (Draft) Refacence Mathods for Harine Pollubion Studida Mo. 14, UNE
1932,

Zetarmination af 00Ta, PCBa end other hydrocsrbona in waring sedlmenta by gas Ligui
creabogounhy, (Draft) Fafarercs Hethads For Jmclos Pollution Seudlas Mo. LT, une
196l ,

Catoraination of totel dizsolved csdmim In  oop-watar by ciffarentisl pulss spedi
akripping voltassatry. {(Draft) Rafoconce Herhods for Hering Polluticn Stwdisg Ho. 13
INEP 1900,

Dutdapaination of tutal seccury in sabparine watecs sand susponded seattar by cald vapn
atpaic sbsarptlon spactraphoigastry, Hafarencs Hethods Morp Heelns Pollution Pallatic
Stodias . 19, UNCF 1793. (in preapacatioa)

Hxltaring of patroleum hydrocarborg  in sadiments. Refyranca Methads for Harl
Pollution Studias Mo, 20, WEP. (in preparstionkt

Datacwination af total colifaoraw In geaéa—uatar by sultipis beat buba eathod. fafarem
Mathods fae Harine Pollutlon Stwdies Ha. 21, UMEF 1983%. {in prepatetcicn)

Datarmingbion of Fascel colfforma I sadeward® by multipld Leat e method. Hefeper
Mathadw Far Marine Pollution Studies he. 27, USEF 1987, (Lln prepapation}

Datepminatlon of Fawcgl atrapiocecel 50 sap-water by wmultipla teat Etvbhe aaths
Hefarsnce Mathods for rarine Pollution Studigs Ma. 33, UNEP 1903. (in preparatiom)

Ssapiing af garosals el wpt previpitation for oalysis of chemicsl pollutant
Aglerance Hathodn Tor Harlne Pollukinn Studias MNa. 24, UNEF (in prepgaratlon)

Corul faml® Honlioring Handbooke. Rofermes Hethods for Marins  Pollpdlsn Stodlaas b
29, uner lvda,

Oektaminetion aff totel sercucy in saring serdiments ol sumpanded s9llds by eald wape
sbhaerptiogn spsctroppatomatry. Roforencea Hethods Cor Herine Pollution Studias Moo
WP 1584, {in preparstion}

Dutermination of total cedsivm in warine sedissnts by (lgaeless  shsarpt:
apectrophtotomet by  Rifirance Wathods far Beelpe Palludion Shxiies He. 27, UNER 191
1in mremiration)

Hanitaring of petrolaus hydrodacbona in see—witar. {0 prepesation)

Guldalinas lar I-cml.turi.r:bg of aatuarine wetsrs snd mpapended matter.  {in propaceticn

Catermination af faecal cnlifarma In aatuacins webees, Stepersdsd setter ad  sadimen
[in prepasdtian)

Detrpmination of phospraro in suspmeded mattsr end gediments.  {1n prepscation)
D=ztermination of nltesgen 10 suspevded catter aml wedimsnts. {Lln Prepatdtion}
Datarmination of 800, et (U0 in satusrine watocs. (in prepaceticom}

Arruta bomielty teata. (In prepacstion?

Potermiretion af totel ecsdwitm In sotusrine wataras amd Sepended matkesr.
oreparat ion)

diolaglcal mon-acute taxicify teats, {in pregaration)

: Zetesmination of basic gceanograghic and meteornlogical corditions. {in prepscatio

: fararmanabion af asbangard piyaical wmf chemical pacaneters- [ in propacation
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UNEP S IAEA 1 Caterminakion of aslgoted trace matils in sercsols and In webt precioltatlen.  (4n
preparstlon]

UNEPSIAER : (terminetion of nalagensted hydrocsptons in gerosols sad in ot precipitakian. ({1in
praparation)

UMHER /it 1 Seapling of drey depoaicion. (1in preparation)
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