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PREFACE

The Regional Seas Pragramme was initiated by ONEP 1a 1974. 3Since then the
Coverning Council of UNEP hag repestedly endorsed @ regional spprosch to the
control of marine pollutien and the management of marine and coestal resaurces
end has reguested the development of regional sction plans. The Regional Seas
Prograwme at present ins udes ten regions and has aver 120 coastel States
perticipating in it. Y

One of the basic componenta of the action plens sponsored by UNEP in  the
fremework of Regional Seas Programme is the assaessment of the state of marine
environment and of its resources, of the sources and trends of the
pullution, and the impact of pollutich on buman heslth, marine ecasystems end
amenilies. In order to essist those puarticipating in this activity and to
ensure that the date obtained through this asgeasment cen be cempared on e
world-wide pasis and thus contribute to the Global Envirenment Monitoring System
{QGEMS) of UNEP, & set of reference methods and guidelines for merine poflution
studies sve being dJeveloped and are recommended to be adopted by Govermments
participating in the Regivnal Seas Programme.

The methads end guidelines are prepered in co-oparation with the relevant
specialized bodies of the United Nations system as well as other aryanizslions
and ere tested by a numher of experts competent in the field relevant ta the
wethods described.

In the description of the methads end guidelines the style wused by the
international Organization for Standerdization (IS0} is followed as closely as
pessible.

The methods 8nd guidelines, a3 published in UNEP's series of Reference
Methods for #arine Pollution Studies, are nat considered ss firmal. They are
plerned te be periodically revised taking into account the development of our
undersLanding of the problems, of analyticel instrumentation snd the ectual need
of the wusers. .In srder to Facilitote these revisions the users are iavited to
convey their comments and suggestions to:

International Leboratory of HMarine
Radiogctivity

International Atomic Energy Agency

c/o Msde Ucéanogrephique

iMC980G00 MONACO

which is responsible for the technical co-ardination of the development, testiaeg
and intercalibrativa of refcrence methads.

1/ UNEP: Achievements and planned development of UNEP's Regionsl  S2a¢
Programme and comperable progremmes sporsgred by other bodies. UNEP
Regional Seas Reports and Studies No. 1 UNEP, 1982.

2/ P. HULM: A Stretegy for the Seas. The Regional 3cos Progremme:  Past  and
~ ¢« __. mco 10ag



This issue of the Reference Method For Marine Pallution Studies No, 1:
was prepared in co-operation with the Food and Agriculture Organization aof the
Unjited Natiana {FAG) and the Internstionasl Atemic Energy Agency {IAEA). Ii
includes comments received from the FAQ/UNEP/IAEA Experts Cansultation Meeting
on Reference Mathadag fFor the Determinatian of Chemical Contaminants in  Marime
Organisms (Rome, 4-8 June 1984) end from a number of scientists who reviewec
ard teated the method. The assistance af all those who contributad te the
preparation aof this reference method is gratefully acknawledged.
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l. SCOPE AND FIELD OF APPLICATION

Thig refepence method describes a gas chrometographic analysis for the
determinetion of methylmercucy (Metlg) in bialogical material after liberation o
Merig with e strong acid fram a homogenized ssmple. Detection limit 0.001 mgkg™
r“ - ’

2, REFERENCES

BERNHARD, M. (1976) Manual of methods In aquatic environment research. Part 3.
Sampling and analyses of hiclogical materiel. FAQ Fiash.Tech.Pap. No. 158
(FIRI/1158), pp. 124, FAD, Rome.

K&MP3 L. R. and McMAHDN B. {1972) utilization of the Westoo pracedure for the
determination af methylmercury in fiah by gas-liquid chromatography. J.AOAC
35/530-595.

UNEP/FAO/IAEA  (1984) Sappling of aelected marine organisms and  sample
preparation for trace metal analysis. Reference Methods for Marine Pollution
Studieag No. 7 Rev., 2, UNEF, Gepeva.

UNEP/FAD/IAEA  (in preparatinn) Guidelines far monitoring chemical contaminants
in marine organismg. Reference HMethods for Marine Pollutian Studies Ko, 4,
UNEP, Geneva.

WESTO0, G. (1974) Methodology for mercury and methylmercury for faod
cantemination monitoring. Working paper for FAD/WHO expert consultation to
identify the food contaminants ta be menitared and to recommend gampling plans
and mathodology. Rome, 7-11 October, 1974. Rome, FAQ-ESN:MON/74/17.

3. PRINCIPLES

An aliquot of the sample, prepared according to UNEP/FAD/IAEA (1984) 1is
homogenized and the methylmercury (MeHq) in biolagical material is liberated
with 8 strong acid {HBr). The MeHg is then extracted with an organic salvent
(benzene) and the MeH; separated fram interfering impurities by extraction with
an agueoys ethanalic solution containing a thiol-cempound (cysteine}. After
liberating the MeHg from the thiol-compound with s strong acid and extracling
again with an organic selvent the extract is analysed by gas-liquid
¢hramatography,



4. REAGENTS

for this analysis use only distilled water and reagankts of recognized
analytical guality.

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

4.2 Concentrated HC1 (dyqop = 1.17 gl'l), suprapure or similar.
4.3 Hydrochloric acid, & N.
{ix egqual volumes of distilied water (4.1) with concentrated HCL (4.2).
4.4 Sadium bromide.
4.5 Sodium sulphat;, anhydrous. Dried overnight at 45{1°C.

NOTE: Sodium sulphete may be contaminated with substances which cause
interferencesz. Carefully check this reagent,

4.6 Cysteine solution.

1.60 g cysateine hydrochloride (1 Hzo)
0.775 g sodium acetate (3 H,0} .

12.5 g anhydrous sodium sulphate
about 50 ml ethanol, mercury free

Disaalve the reagents in abaut 50 ml of distilled water (4.1) and dilute
to 100 ml with ethanol. ®Prepare a fresh sciution every 3 days.

4.7 Benzene. Distil with a Widmer column (5.12).
4.8 Standard solutians of methylmercury.

4.8.1 Stack splution: 100 g Hgl“l. Weigh 0.1254 ¢ wethylmercury
chloride to the nearest 05.0001 9. Transfer to a 1000 ml volumetric flask.
8ring te volume with distilled water (4.1) and mix.

NOft: [hig solution is stable for yesrs.

4.8.2 Calibration solution: 1.00 ug Hgl -. Dilute 1.00 ml of the stock
solution (4.8.1) in a 100 ml volumetric flask and bring up ta volume with
distillod water f4.1).

NDOTE: This solution must not be older than 2 days.

4.8.3 Stock solution for gas chromatography: 100 ug Hgl‘l. Weigh 0.1254

g methylmercury chloride to the nearest 3.0001 q. Transfer to a 1000 ml
valumatrie flask. Bring to volume with benzene {4.7) and mix.



NOTE: This solution 13 stable.

2.8.4 Standerd selutions: 0.D5, 0.10, 0.20, 0.30 ng ngl-l-

Yzing volumptric flasks (5.9}, dilute appropriete aliquats (e.qg. 0.05,
1.10, 0.20, 0.3C ml) of the stock solution (4.8.3) in benzene (4.7) so that with
5 ml the fallowing amounts can be injected into the gas chromatogreph: 0.25,
0.5, 1.0, 1.5 ng Hg. Keep the solutinas welt closed to evoid evaparation.

NOTE: This solutiaon is steble for several montha.
4.9 Teramilic alcafoi, antifoam B emulsiga {e.g. Fisher Corp.) or similier.
4.30 Working metrix: Prepare a sufficiently lerge amount of biological tissue
to last several determinations (e.g. 300 g FW) according te {9.1). Homegenize
with & stainless steel blender or other homogenizer (5.1).

Test for bamogenmeity by running 5 extrections {9.1) end analyses (10.3}.
If the coefficiant of veriation ig less then 20% the working matrix is veady for
use. Othecrwise homogenize the working matrix again or prepare a new working

makeix.

NOTE: The working matrix should he prepared from specimens af the same
species which will be analysed.

5. APPARATUS

5.1. Homegenizer (e.q. Polytrom}.

5.2 BRulb pipettes, 1.00 ml, 2.00 wl, 3.00 ml, 4.00 ml, 5.00 ml, 10.00 ml,
15,00 ml, 50.0 ml end graduated pipettes, 1.0 mi, 5.0 mi ard 10 wi.

5.3 Graduated cylinder, I0C mi.

5.4 Erlenmeyer flaskg, 200 ml and 2000 =»l.

5.5 Separgtiuoe funnels, 75 ml capacity.

5.6 Yest tuhes with ground joints ond stoppers , S ml and 15 ml capacity-
$.7 Centrifuge tubes, 200 ml capacity, complete with greund glass stuppers.
5.8 Centrifuge tubeg, 10-15 mil capacity.

5.9 Valumetric flesks, 10 ml, 100 al, 200 ml, 500 ml und 1000 =l capacity.

5.10 Centrifuge, &00 g or faster, at lesst 200 ml cepacity.
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5.11 Hechanical sheker for mixing solutions,
5.12 Widmer distillation apparatus complete with:
- Flask, round bottom and ground joint 29/32, 3 1 capacity.
- Heating mantle for this 3 1 Flask with energy regulator, 500 W.

-~ Adapter with twe graund joints 29/32 aend one ground joint 14/23, witf
thermometer.

- Ceolil condenser with ground jaint 2%/32, coil length 20 owm.

~ Distillatien columnr, Widmer, with graund joints 29/32, effective lengtl
20 mO
5.13 Gas chromatograph with electron cepture detector (JH or 63Ni) &nc¢
recorder, complete withs

- 5 x1/8" gless column containing lithium chloride and 5% pheny!
diethanalamine suecinate (POEAS) on Chromosorb W, AW, DMCS, or similer,
60780 mesh;

~ @& Supply of carrier gas (gas flow rate &0-75 ml Nz min“l} gurified
a Malecular Sieve.

Preparation of the celumn and conditianing:

Dissolve 0.5 g lithium chleride end 1.5 q phenyl diethanol diothylamine
succinate in 2.5 ml ethanol and 50 ml acetone in a round bottom fiask. Add I ¢
Chramosarb W, 6&0/80 wmesh, AW, OMCS or similer . Evacuate the flask until all
air bubbles have disappeared. After 10 min. transfer the mixture into a qlas:
fFilter fuonel and remove the liquid by suclion. Air-dry on filter paper. Ffil!
the column with the dry Chromosorb. Heat the column wnder low gas flow rate
(25-30 ml N_ min"t) at 2109C for 18 hours WITHOUT attaching the end af the
column ta the detector. Then bring the gas chrometograph to normal conditjans
i.€0.,

- Gas flow &-70 ml N rnin_l
—  LCalumn temperature: 175°C
- Injection temperature: 200°C

~ ODetector temperature: 20%°C (for 63

Ni detector use 220°C)

and saturate the column with MzHg by Injecting large amounts (atout 10 ng) a
MeHy standard sclution (4.8.4) repeatedly. CADT I0N: In order not ke
contaminate the deteclor it is important to emnsure that it is at operaticna.
temperature {205°C) before connecling the column while the carrier gas i:
flowing. CTheck the efficiency nf the newly prepared column hy injecting 0.10 1w
Hg a5 MeHg. The peak height should be at least 20% of the maximal observabl:
pcak height, If the sensitivity is nat sufficient or the peaks are broadened
the calumn can be improved by keeping it at warking temperature injecting {sbou



4G gy Hg per injection) repestedly benzene solutions of MeHg iodide or
methox yethyl~mercury, These soluticns ere prepared Dy adding sedium jadide to
aqueots solutiona of MeHg chioride or mettoxyethyl-mercury hydroxide and
extraciing with benzene, Thia solution is steble for only two hours. The
benzewe layer is then dried with sodium sulphate.
5.14 Chramatographic syringes 5 ul.
3.15 Weighing bettles with ground stoppers.
5.16 Drying oven {105°C]-
2.17 Stainlcsa steel hweeyers,
5.18 pPesiccator.
5,19 freeze dryer.
5.20 Analytical balance.

NOTE: All glessware to be used in enalyticel pracedure should be <leaned

firstk by ardinary Ilaboratory procedures and then by rinsing with 1 N amionium
hydroxide salution, followed by rinsing with destilled water and ethanel,

§. SAHMPLING

far & sampling ptan follow UNER/FAG/TAEA (im preparation) and for samnling
of warine organisms follow UNEP/FAQ/TAEA (1984).

7. SAMPLE PREPARATION

for sample preparation follow UWEP/FAT/IAER (1984},

8. CETERMINATION OF DRY WEIGHT

8.1 Oven-dryiag

A clesn weighing bottle (5.15), with its ground stnpper removed, is placed
into & drying oven (5.16) set at 10%°C. It ia important to wuse the tweezers
{5.17) every Llime the glass is ftouwhed, (o avoid leaving fingerprints ond
particles »f djirt on the weighing tottle. Afler 2 hours et 105°C place the
-t~mnan ond Fhe botkle separately into a desiceator (5.18) to cool.
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Weigh the empty bottle with its stopper in plece an the analytical balance
{5.20). Note the weight. Place 1-2 g of tha specimen sample (7) in the
weighing bottle and close with the stopper, Weigh it sgyain and note the weight.

Place the woighing bottle coataining the subsemple in the drying oven ast
at 105°C, remove the atopper with tweezers and place the stapper also in the
Ooven.,

After 24 thours replace the stopper on the bottle, remove the tottle with
stopper from the drying oven, apen the bottle and piace it and the stopper in a
degiccator to cool.

Waigh the bottle with stopper in place and note the weight.

Repsat the ‘drying cycle until the differcnce between subsequent weighings
i1s less than 0.5% of Lhe total weight; calculate the dry weight (OW) and record
the fresh weight (FW) and DW/FW ratia.

NGTE: Biological materials confsining large amounts of lipids cannat be
aven-dried ta coastant weight and must, therefore, be freeze-dried (8.2).

8.2 freeze-drying

Plece a 1-2 g exactly weighed (5.20} subisample of the specimen sample (7)
in a clean conktainer suitable for freeze-drying and freeze-dry (5.19) for 24
hours. WYeigh the aubsemple exectly and freeze-dry faor ancther 24 bours.
Determine again the weight of the subszample. If the difference between the two
weighings is less than 0.5% determine the DW and DW/fW raLio. Otherwise repeat
the drying cycle until the difference between successlve weighings is less than
0.5%.

9. EXTRACTION AND CLEAN-UP

2.1 Sample

Homogenize (5.1) obout 5 q of tissue {mote the exact weight in the
protocol} in a 200 ml centrifuge tube {5.8). Add 60 ml of dislilled water {6.1}
and then 14 ml of concentrated 11 {4.2) and 10 n NaBr {4,4). Mix and then adc
7G.0 ml benzene {4.7), shake mechaniceily (5.11) for 5, or 15 minutes vigorously
by hand. Centrifuge (5.18) and then traasfer 50.0 ml of ihe benzene exfract
into a separating funnel (5.5}, Add 6.0 ml cysteinme sulution {4.5) with 3
pipette {5.2} and shake vigorously for 2 minutes. Centrifuge. If too muct
emuigion ar foam is present gdd an antifoam agent (8.9). [fhe emulsion can alsc
b broken by vigoerous stirring with a glass rod. Centrifuge again. Transfer
2.8 ml of the clear aqueous layer into a 15 ml test tube with ground jaint
{5.6). Acidify with 1.2 mi 6 N HCl {4.3), add 8.5 g Nabr (4.4) and extract witt
4,0 ml benzene by shaking for 2 min. Transfer Lhe extract into a 5 ml test tubhe
{5.6). Dry with anhydraus sodium sulphate {4.5).



This benzene extrack represents Lthe test solution used in the gas
chromatographic enalysis.

9.2 Blank

Follow procedure (9.1) replacing the 5 g tissue sample wilh 5 ol of
distilied water (4.1}. If the blank gives a peak at the retention time of HeHg
(1.9 min) check all reagenty and salutions for impurities.

NUTE: The extraction and clean-up should be carried cut in one run in
erger o pinimize losa of MeHg. IF the procedure has to be interrupted briefly
than it should be disconticued only after the first centrifugation, i.e. when
the MeHg 18 bound to cysteine. Longer interruption (i.e. overnight) should
anly accur vhen the sample ls in benzene solution. Usually the final benzene
extract (i.e. the test solution) is stable and cen be stored for several weeks,
but an axtract kept longer may lbse Metg.

18- EAS CHRIMATOGRAPHIC ANALYSIS

18.1 Standardization

Set up the gas chromatograph toa normal opearating conditioas (5.13) and
inject (%.14) 5 ul benzene (4.7) as a salvent blank followed by 5 pl each af the
standard saolutions {4.8.4) contalniny 0.89, 0.1, 0.Z ang 0.3 og Hgul™ in ordec
to cbtain standerds of 0.25, 0.5, 1.0, 1.5 ng lg. flot peek height against
amount of mercury injected. A& straight pine cutting the x-exis gt the most af
0,05 g Hg frum zero should be obtained. Otherwise, check the gas chromatoqraph
for mal functioning or check the beazene (4.7} For impurities.

10.2 Calibratinon

Add 1.0 ml, 2.0 ml, 3.0 ml, 4.0 ml ond 5.0 mi of the cslibration =oulutian
{£.8.2} inta S different 200l ml centrifuge tuhes (5.8). Add to each 60 ml of
distilled water (4.1} and then 14 ml of concentrated HCY (4.2) and 18 g NaBC
(4.8}, Mix and thenm add 7.0 ml benzene (4.7), shake mechanically (5.1L) far 15
min.,, ar 5 min. wvigorously by hand. Then transfer 50.0 ml of the benzene
extract inta a separating funnel (5.5). 4dd 6.0 ml cysteine solation {&.5) with
a pipette (5.2) and shake vigurously For 2 minutes. Transfer 2.0 ml aof the
clear aqueaus leyer Inta a {5 ml test tube with a ground jeiat {5.6). Acidify
wilh 1.2 ml 6 N HCl (4.3}, add 0.5 ¢ NaBr (4.3) and extrect with 4.0 ml benzene
by shaking for 2 wmia. Trancfar the extract into o 5 ml test tube (5.8). Ory
with anhydrous sodium sulphate (4.5).

Prepare a subsample of the working matrix and extract it as descrihed
under {9.1}.



Inject {5.14) 5 pl of each of the extracts containing the different
celibration solutions (4.8.2) end the extract af the working metrix and plot
peak heighta obtained against Hg content.

Check peak height of warking maetrix agsinst previcus values.

10.3 A&nalysigs of sample

Start each series of sample analyses with a stendardization (10.1), a
cal ibratian {10.2) and a blank {9.2).

Inject 5 pl of the test solution (9.1,) followed by 5 ul of a standerd
salution (4.8.4) whose geak height does not differ more than 25% From that of
the sample. Check the correct function of the goa chromateograph by comparing
this peak height with the cocrresponding one obteined in previous
agtandardizations {18.1).

Make duplicete injections of both the sample and the standard for each
sample enalysed.

NDTE: IFf MeHg levels are expected to be so high that the peak obtained
lies beyond the Llinear part of the standardizstion curve, either less tissue
nust be extracted (9.1) ar the test aolution (9.1) must be diluted. If an the
other hand the peak height is small the sensitivity of the procedure can be
inereased either by increasing sample size to a maximem of 10 g, or by employing
a smaller amount aof the cysteine solution and changing the subsequent volumes
aecordingly.-

11. EXPRESSIGN OF RESULTS

Read the MeHg concentration corresponding to the peak height obtained from
the ealibration curve {1i0.2) and correcl the weight differcnce with respect Lo
the theoretical 5 g of tissue te be extracted. Correct alse for differences in
volumes used in the calibration (10.2) end in the sample extractian (9.1).

Express Lhis concentration hoth in mgkg-l F¥ and in mgkg—i DW wutilizing
far the latfter the results of (8.

12. ESTIMATIUN OF PRECISION AND ACCURACY

1z2.1 Precisiun

Estimate the precision of the entire analyticsal procedure (9 to 10}
by analysing 5 suhsamples from one uriginal sample. If the coefficient of
variation is grester than 20%, check the procedure for

wranibkla arrare and cantaminabinn,



MITE: The sktandardization test (10.1) can also be used for the estimation
of the precision af ths gas chromatographic analysis.

12.2 Accuracy

- Porticipate in the intercalibratian exercises and, in addition,

- dnclude snalyses of the working malrix (4.10)}.

12,3 Duality contral

If the quality control checks reveal a C(luctuation in the standerd
devistion or the accuracy by more than 5%, check the following Factors:
stability of stock solutions (prepare new aclutiong);  instrumental drift or
inadvertant changes in aqperational parameters; contsmination of the working
matrix (select alternative reference meterial For analysis); contamination of
equipment c.g. glassware, aperatar ertar(s).

13. TEST REFOAT

fill in the test report ((able I) giving full detsils ir evecy column,
Attach sampling and sample preparation praotocel (UNEP/FAG/IAEA 1984).
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2‘

Sample code:
Doterminatian of dry weight by freeze-drying or

2.1 Ouration of drying:

2.2

2.3 DW/FW ratios

_1.[} -

‘able 1 1 Test Repori on Total Methylmercury Concentration in

8iolagical Material

Date of drying {day, month, year)s:

in aven

hours

Extraction snd clean-up

3.1

Date {day, month, year):

3.2 Anomalies observed which may influence test results:

4.1

4.2

4.3

chromatographic enslysis

Date (day, month, year):
Standardization:
Blank 0.25 3.5 1.0 1.5
peak height
Calibration
Blank 1 ml 2 mi 3 ml £ ml % ml

peak height

meirix substandard

peek haight

e A



4.5 Result of analysis {mgkg-l W)

- 11 -

4.4 Analysis of sample

weight af semple (grems) Fi

FY/0W ratios

peak heights

fstimation of precision

5.1 Date (day, month, year)

5.2 Resylts:

replicates 1 2 3 5
g sample
peak height
. -1
mean peak height Mmean conc . tmgkq
stand. deviation coeff. of variation %
Estimation of accuracy
&.1 Date {day, month, ygar)
&.2 Origin end type of certificd standerd used:
6.3 Declared mg MeHgkg-1 af certified standard:
6.4 Resulta:
replicates 1 P4 3 >
g sample
peak height
mean peak heighb mean: Cone . m.gkq-l
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7. Anomalies obacrved during test and other conditiana which could
influence the test reaulis:

—

8. Intercalibraticn exercise {(give detaeils):

9., full addre=s of the institution which carried out the test:

10. Name{s) snd signature{s) of the person{s) who carried out the
test:

Date:

Attachment: Sampling and saemple preparation protucol relevant to
the analyzed sample.
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LiST &F REFERENCE METHOCS FOR HARINE POLLUTION STUDIES
LISTE DES METHODES DE ROFERENGE POUR LES ETVOES DE PORLUTION NARSHE
Cyidatines ¢ar eaonitaring the ouality of cosstal rcecrestional watets. (Dract)
Raferance Mathada for Marine Failution Studiew Nd. 1, UNEP 1582,

Catsrminatian of tttel colifocxe in sop-wetyr Uy the oembrace (iltratica culbture
agthod. fefsrence Hatiwda for Harina Pallutign Studies Ha., 2 Rew. 1, UNEF 1983,

Odtormination deg coliformas totaux dane 1°edy da oar gad la mékhode do cuibturs aur
tetbreney Fllirenies. Mthadea da péféprences paur lea étuges de pollution marine Ko 2
Tév. L, PNE 1993, ‘

Cetarminetlon of feacul egliforss in sew-watar by tha eeubcsne filitvation culbure
metiid, Rafermce Mathody ¢nf Macine Pollutinn Stidiey 8a. I flev. L1, UNCP E9g3.

étemination dngy colifarwes féomux dena 173y de mer par la séthode do culture wmur
ambironed riltvantey. Mithodes do colirencas pour lde ébades Jw pollution serine Yo )
“Vo 1. m B&}a

Datarmination of faecal streptococci in sae-waber by tha meabrene flltratioa culbuxrse

_mathoa, Rederence Nqthads For Merine Pollotion Sktudies No. & Rev. 1, WP 1],

-

t

1

UMEP /T AO/TAER <

UNEP/FAC/LRERS
1ace

UnEP IFpC/ TAEA

URERSFAQ/TAEA

NMET/F A TAER

-

Sdtarwmintion des streptocoqams fécaux dana 1'esu de oer par le edthoda de culburd mor
wamhrares flltrantes. Mékhodea de référancas pogr lea dtudes da pallutien sarine Na &
My, 1, ™ME 1983, -

Getarwination of faecal coliforme Sn bivelyms tiy wultiple tast tube nethod, Referenca
Kathads for Marine Pollutinn Stixdies Mo. ¥ Hev. I, U4EF {987F.

Odtatwination des callfotmes féceux dang [&3 bivdives pec 1o Ceql dag busea myltigles.
Mithodes de rédférences pour lua dfides e pailution marine Ha 5 rév.l, PNUE 1343,

Guidalines for monltoring chwaicel contsminenta in aarine grgenisma. Rafarence Mathada
far Kacine Fallution Shudiea Mo. &, WEP. {in areperstion)

Sﬁgizq of solectsd merine prgeniwes vt smsgle prepacetion foe traca setal enalysis.
Raferance Kathods for Marine Pollution Sttles Ma. 7 Rev. 2, UNEP 1784,

Detacairation af total eserexy Iin selscted waring orgwiisss by cald vepdur etosic
sbaarption spethrephotowatry. Aaferencs Hethoda for Marine Pollutfon Studies Xa. 8 Rav.
1, UkeP 1581,

Datorminakion 9f 20o0tat wrsenic in msalectad mwrine atganisss Oy (lawalews oloeic
abaorption mpectrophotowstry. (Oraft) Rafsrence Merhada for Marine Pollution Studien
Na. ¥, UNEP 198a,

Detaemination of totsl selmnilux in selacisd aarine oprygsnims by hydeida gepwration
atomlc ebsorpticn spectrophiotmomotry. flefarercs Mathada for Merine Pollutinn Studiea
No. 10, UNEP 1984, -
Daterminetion of tatal cadoluam, zinc, lead end coppar in 3elected marined arganisam by
Tlawalese stomic shsorption aspectrophwioectry. HReference Mathods Fer Marine Pallutlon
Studies Sa. 11 fer, 1, WNEP 1944,

Sanpling of selected maring grgenises ax! aceple preparatica for the anslyaix of
chlacinated hydrocarbons. Haference Kathoda far Marine Pallutfon Studies Ns. 22 Rav,
1, INEP 1964,

Datormination of methylmarcwey in salectsd macine organims. Refocsmde Hathoda for
Marina Pollution Studicae M. [J, UREP UNEP 199,

! Deteraination of 2573 ind PCBs ia selacked pacine orgenisms. Raference Hathoda for

iatine Pullution Studles Ho. 14. WWEP 1982,
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Ostemination of 00Ts, PLBa, PCCs and athar hydrecesbona in see—abter by ga
cnromatogruphy. (Draft) Refevsnce Mathods for Harine Pollution Studida Na. 16, UNE
lsazl
“eramination af D0Ta, PCBa end othar tydrocsrbona in merine sedlments by gas liqui
cnganatogoanhy. (Draft) FRefarence Hethada o dmcine fallution Studles Mo. 17, UNE
19e2.

Catoraination of tatel dissolved csdmium in od-wator by giffecentisl pulse anodi
atripping valtaseatry, (Draft) Rafecence Hethods far HMufine Pollution Stwdies Mo. 14
UNEP 1900.

Dutamaination af totel eseccury in oatuarine watsrs end sumpanded mattar by cald vapn
atomic sbanrpticn spectrophotgastry. Raference Methads for Matine Pollution Pallutfc
Stadias Ho- 19, UNCPF 1993. (in prepacation)

Hoaltoring of petroleum hydrocarbons in sodiments. Referanca Methads for Harp
follution Studisa Mo, 20, UWEP. (in pceparation)

Datacmination af total colifarnu in sse—water Uy aultipie teat Luha method. Raferem
Methgds fae Harine Poliution Studfea Na. 21, UNEP 1583. (in prepacaticn)

Datermingatian of Cascal coffforme in Sugwwater by myltipla Leat tyne mettwd. Referen
Msthada far Harine Pgllution Studies Mo, 22, UNEP $98%. (ln areparstion}

Datermination of Ffaecgl alraptocacel $n set-watar by multipla taat Ltuhe aatho
Refarsnce Hathoda far Marine Pallution Studica Ma. 23, UKEP 1963, (in preparation)

Sampling af garosnla wwd wet precip{tation Tor walysia of chemicwl pollutaer
fAaferance Mothodn far Marine Pollution Studiea Na. 28, WEP (in pregacatlon)

Caorel faef Honlioring Handbadk. Refermew Mothada for Marine Pollutlon Studlaa b
29, (P 194,

Oakarmination of totel mercury in saring serdisents end mmpended yallds by eald vax
shaerptioa spectrophatomatry, Roforencea Hethods Car Hapine Follytion Studiaes Mo.
NEY 1984, (in preparatfon}

Dutarsination of total cedajim in marine asediments by Flseeldsa shsamt:
spectruphotometry. Rafsrance Hathods for Haripe Pallution Stixiies No. 27, UNER 19
{In gremeation)

Hanitoring of petrolaus hydrucacbaona in ses—wmtsr. {in prepesatizal

Guigeiined far mtb;cnﬁ O astuscine watsrs snd mapended matter. {in propacetion

Outersination of famcal cnlifarma In astusacine watersz, 3capendad wntter and  sadimen
(in prepatqtian)

Dutepmination of phasphorus in suspmided mattoy and sedimenta. {In preparatian)
Oetermination af nitregen in susperded matter gy scdissnts. {1in preparation}
Outareination of 80D, sndt CO0 in satumrine watncs. (4n prepacetion}

Anyta toxigity tests. (in preparntion}

Cotermination of total cadmivm In agtuarine watary and Sepend=d matter.
Aceparaticn)

3diologlcal man~acuts taxicity teata. {in pgrepuration)

: Jetemainatian uf basic oceanograghic and mateornlagical conditions. {in prewacatia

: Cacarmanation of stjrgard physical «nd chesical pacameters. (in prepacatian?
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GNEP/TRER ¢ Oeterminakian af sslacted Lrsce wotdls in wdrcdols endt in wet precioltstion. (in
orepacration)

UNEP/TAFA : Daterminatlan of halagenstsd hydrocaptons in serosoly snd in wot precipitaeian. (in
praparation)

UNEP /it : Semgling of dry depoaition. (in preparaticn)
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