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PREFACE 

The Regional Seas Programme was initiated by UNEP in 1974. Since 
then the Governing Council of UNEP has repeatedly endorsed a regional 
approach to the control of marine pollution and the management of marine 
and coastal resources and has requested the development of regional 
action plans. The Regional Seas Programme at present includes ten 
regions and has over 120 coastal States participating in it. (1), (2) 

One of the basic components of the action plans sponsored by UNEP 
in the framework of the Regional Seas Programme is the assessment of the 
state of the marine environment and of its resources, and of the sources 
and trends of the pollution, and the impact of pollution on human health, 
marine ecosystems and amenities. In order to assist those participating 
in this activity and to ensure that the data obtained through this 
assessment can be compared on a world-wide basis and thus contribute to 
the Global Environment Monitoring System (GEMS) of UNEP, a set of 
Reference Methods and Guidelines for marine pollution studies are being 
developed and are recommended to be adopted by Governments participating 
in the Regional Seas Programme. 

The methods and guidelines are prepared in co--operation with the 
relevant specialized bodies of the United Nations system as well as other 
organizations and are tested by a number of experts competent in the 
field relevant to the methods described. 

In the description of the methods and guidelines the style used by 
the International Organization for Standardization (ISO) is followed as 
closely as possible. 

The methods and guidelines, as published in UNEP's series of 
Reference Methods for Marine Pollution Studies, are not considered as 
final. They are planned to be periodically revised taking into account 
the development of our understanding of the problems, of analytical 
instrumentation and the actual need of the users. In order to facilitate 
these revisions the users are invited to convey their comments and 
suggestions to: 

International Laboratory of Marine Radioactivity 
International Atomic Energy Agency 
do Musee Oceanographique 
MC98000 MONACO 

which is responsible for the technical co-ordination of the development, 
testing and intercalibration of Reference Methods. 

UNEP: 	Achievements and planned 
Regional Seas Programme 
sponsored by other bodies. 
and Studies No. 1 UNEP, 1982. 

P. HUU4: A Strategy for the Seas. 
Past and Future UNEP, 1983. 

development of the UNEP's 
and comparable programmes 
UNEP Regional Seas Reports 

The Regional Seas Programme: 



: 

_) •, 

f • 

- 	 - 
•- 

Ul  43 

jr 

•i. 	nh 	:--t $-ti 
JP 

j tR 
tit r 

L 	J 	I 
- 	r-: 

r; 

• 	 .- -• - 
•- 	- 

- - _i• 	• 

'1M •; 	-I 
• 	 •• 	-r •, •; 	-, 	H •. 

11 

This draft issue of the Reference Method for Marine Pollution 
Studies No. 19 was prepared in co-operation with the International 
Oceanographic Commission (bC) of Unesco and the International Atomic 
Energy Agency (IAEA). It includes comments received from the joint 
IOC/UNEP Group of Experts on Methods, Standards and Intercalibration 
(GEMSI) of GIPME and from a number of scientists who reviewed and tested 
the method. The assistance of all those who contributed to the 
preparation of the draft issue of this reference method is gratefully 
acknowledged. 
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1. SCOPE AND FIELD OF APPLICATION 

This Reference Method is applicable for the analysis of different 
forms of mercury in water and suspended sediments. Inorganic dissolved 
mercury, total dissolved and particulate mercury are measured after 
mineralization by cold vapour atomic absorption spectrophotometry. 

The method described below has a detection limit of about 0.2 ng of 
mercury. The instrument used for the analysis is a Laboratory Data 
Control Mercury Monitor or a Coleman Analyzer, having a 30 cm optical 
cell and stable light source and detector. 

REFERENCES 

AGEMIAN, H. and DA SILVA, J.A. (1979) Automatic method for the 
determination of total mercury in fresh and saline waters and 
sediments. Analyt. Chimica Acta, 104, 285-291. 

BLOOM, S.N. and CRECELIUS, E.A. (1983) Determination of mercury in sea 
water at sub-nanogram per litre levels. Marine Chemistry, 14, 
49-59. 

FELDMAN, C. (1974) Preservation of dilute mercury solutions. Analytical 
Chemistry, 46, 99-102. 

RANDLESOME, J.E. and ASTON, S.R. (1980) A rapid method for the 
determination of mercury in sediments, suspended solids and soils. 
Environmental Technology Letters, 1, 3-8. 

PRINCIPLES 

After preparation of the sample, ionic mercury is reduced to the 
elemental state at room temperature and flushed from solution by gas flow 
in an open system. The mercury is then determined by a physical method 
based on the absorption of radiation of 253.7 rim by mercury vapour. 

REAGENTS 

All reagents, including the deionised double distilled water must 
be as low in mercury concentration as possible. All reagents must be 
checked for mercury contamination by analyzing blanks. 



4.1 Deionised Double Distilled Water (DDDW). Water is deionised with a 
mixed-bed resin and double distilled. 

4.2 Sulphuric acid (d200  =1.84 gml), Aristar or similar grade. 

4.3 Nitric acid (d20 0c = 1.40 gmr) Aristar or similar grade. 

4.4 Hydrochloric acid (d200c = 1.15 gml), Aristar or similar grade. 

4.5 Potassium permanganate (Analar or similar), solution of 6 g in 
DDDW (4.1). 

4.6 Hydroxylamine hydrochloride (Analar or similar)3% solution of DDDW 
(4.1). 

4.7 Stannous chloride, 15 solution of SnC12, 2H20: prepare this 
solution daily for the analysis; transfer 37.5 g SnC12, 21120  (B.D.H. low 
in mercury or similar) into a 250 ml flask. Dissolve in approximately 15 
ml sulphuric acid (4.3). Bring to volume with DDDW (4.1) and mix. 

4.8 An entrainment gas: nitrogen or argon supply at 120 ml min and 
cleared of mercury by passing through a dreschel bottle containing 100 ml 
of KMn04 solution (4.5). 

4.9 Potassium dichromate (Analar or similar grade). 

4.10 Concentrated hydrofluoric acid (40 w/v). 

4.11 Mercury standard solutions. 

4.11.1 	Stock mercury solution. Transfer 1.354 g (weighed to 
nearest 0.001 g) of mercuric chloride (HgCl2) into 1 litre volumetric 
flask, add 50 ml of nitric acid (4.3) and add 10 g of potassium 
dichromate (K2Cr207) (4.9). Make up to volume with DDDW (4.1). This 
solution contains 1 g Hg F, and may be diluted with DDDW to a 1 mg Hg 
1 1  stock solution which is stable for several months if stored in a 
glass bottle 

4.11.2 	Mercury standard solutions. Prepare daily a series of 
working standard solutions by appropriate dilution of solution 4.11.1 
with DDDW (4.1) containing 10 ml or sulphuric acid (4.2) per litre. 

NOTE: 	The concentration of the mercury standard solutions (4.9.2) 
depends on the mercury levels anticipated in the samples to be analysed. 
These levels should lie approximately in the middle of the range of 
concentration of the standard solutions. 

4.12 Working matrices: Prepare working matrices (water and suspended 
sediment) by homogenising sufficiently large samples of the same types of 
materials. Test the homogenity of the working matrix by analyzing 5 
subsamples for their mercury content(s). If the coefficient of variation 
of the five analyses is less than 10 the working matrix is ready for 
use. Otherwise homogenize the working matrix until the above coefficient 
of variation is obtained or prepare a new working matrix. 
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5. APPARATUS 

5.1 Sampling equipment. 

5.1.1 	For surface samples: Pyrex bottle. For the deep samples: 
sampling bottle with a minimum aount of metallic parts such as P.V.C., 
Niskin or GOFLO bottles attached to non-metallic wire. 

5.2 Filtration equipment 

5.2.1 A filtration Bet: glass filtration system, a vacuum pump. 

5.2.2 0.4 im filters (Nuclepore or similar). 

5.3 Plastic tweezers to hold filters. 

5.4 Disposable plastic Petri-dishes. 

5.5 Usual laboratory equipment such as assorted volumetric flasks, 
pipettes and micropipettes, etc.. 

5.6 Analytical balance with a precision of ± 0.01 ing. 

5.7 Balance with a precision of ± 0.1 g to weight reagents. 

58 Pyrex flask for chemical digestion of suspended matter. 

5.9 Centrifuge. 

5.10 Bubbling flask. 	Tall form having a volume adapted for the 
analytical portion. In this flask, mercury-free gas is bubbled into the 
solution to liberate gaseous mercury. For this, the bubbling tube is 
terminated with a fritted end (100 - 200 um porosity). 

5.11 Gold collector for amalgamation of gaseous elemental mercury: gold 
thread cut up into small pieces; quartz tube for gold thread. 

5.12 Ni-Cr heating wire with variable transformer to heat trap flask. 

5.13 Atomic absorption spectrophotometer equipped with a U.V. source 
lamp, and an optical cell with quartz window transparent to U.V.. 

NOTE: Because of their long cell path length and their high 
sensitivity, a Laboratory Data Control Mercury Monitor or a Coleman 
Analyser are reccoimnended. 

5.14 An X-Y recorder with multirange variable millivoltage control. 

5.15 A device for the absorption or elimintation of mercury vapour at 
the outlet of the measuring cell (e.g. fume hood of the laboratory). 

5.16 Silicone rubber tubing to connect the different portions of 
apparatus assembly (see figure 1: Assembly of the various constituents). 
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5.17 500 Watt U.V. lamp. 

5.18 Clean cupboard for drying samples. 

6. CLEANING PROCEDURE 

Glassware used for the analytical method must be thoroughly cleaned 
by the following procedure: 

- 	Fill the glassware with concentrated nitric acid (4.3). Heat 
to 400C for 4 hours. 

- 	Rinse with an HNO3/HF mixture (10:1) (4.3, 4.10). 

- 	Rinse several times with DDDW (4.1). 

7. SAMPLING AND PRETREAThENT 

7.1 Sampling 

If possible, use a small non-metallic boat. For the surface 
water; if it is possible sample by hand directly into a pyrex bottle. 
Otherwise, sample as below. For the deep water: sample with precleaned 
P.V.C. Niskin or GOFLO bottles (5.1). Transfer the water sample 
immediately into a pyrex flask (5.1). A pyrex flask is used for the 
storage because mercury in water samples stored in plastic bottles may 
diffuse through bottle walls. 

NOTE: The P.V.C. Niskin or GOFLO bottle is washed with HNO3 (4.3) 
diluted 1:5 and rinsed several times with DDDW (4.1). 

7.2 

Filters are soaked in cold 50 }*Cl (4.4) for 2 days. The acid, is 
changed and the filters are left in a fresh solution of the same acid. 
The filters are then rinsed several times with DDDW (4.1). The filters 
are kept in l HC1 (4.4) for longer storage. Several days before use, 
the filters are rinsed with DDDW (4.1). 

7.3 To determine dissolved mercury, the water sample is filtered as 
soon as possible through 0.4 pm filter (Nucleopore or similar) (5.2.2). 
After filtration, the water samples are acidified with 2 ml of sulphuric 
acid (4.2) of nitric acid (4.3) per 100 ml sample. 

7.4 For the determination of total dissolved mercury (organic + 
inorganic mercury compounds) photo-oxidize the water sample for 8 hours 



MM 

with a 500 watt U.V. lamp (5.17). An alternative solution to oxidize 
organic mercury can be provided by a slow oxidation with HNO3 (4.3) at pH 

1 during 2 months. This procedure is especially relevant for seawater 
and estuarine waters with low organic matter content. 

NOTE: For the determination of inorganic mercury, analyse the 
acidified filtered water sample prior to photo-oxidation. 

7.5 

Weigh the filter with a precision of ± 0.01 mg; the water sample is 
filtered as in 7.3; the particulate sample retained on the filter is 
treated as follows: 

- 	Rinse the filter with about 50 ml of DDDW to remove salt. 

- 	Transfer the filter with its particulate load into a plastic 
Petri dish (5.4) and store at room temperature. In the 
laboratory it is dried at 40 0C for 8 hours in a drying 
cupboard (5.18). The drying temperature must not be higher 
than 400C to avoid gaseous mercury losses. 

- 	After cooling to ambient temperature, the filter with its 
suspended matter is weighed with a precision of ± 0.01 mg. 

8. ANALYSIS 

8.1 

8.1.1 At the time of use prepare from standard solutions of 
mercury (4.11) at least five calibration solutions covering the range of 
concentrations to be determined. Treat each of these solutions as soon 
as possible, after their preparation, exactly in the same way as the 
sample taken for the analysis (see 8.1.2). 

8.1.2 Determination 

Preparation step: Put 100 ml of water sample into a bubbling 
flask. Add 5 ml SnC12 solution (4.7) to reduce ionic mercury to 
elemental form: 

+ 2 Sn --> Hg + 2 Sn2  

Aeration step: Adjust the controls of the apparatus, particularly 
the entrainment gas flow (4.8), to obtain a flow rate of 120 ml min. 
Wait for the stabilization of gas flow. Divert the gas flow towards the 
bubbling flask filled with the water sample. The solution is bubbled for 
10 minutes to strip the mercury. The gas is then passed through a gold 
collector (5.11) for amalgamation of the liberated gaseous mercury. 
After 10 minutes, the aeration is stopped. The gold collector is heated 
with a heating coil (5.12) to a red colour to liberate gaseous elemental 
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mercury, and the gas flow is resumed. The entrainment of gaseous 
elemental mercury into the measuring cell produces, on the recorder 
(5.14), a peak which rapidly reaches its maximum. After the measurement 
purge the aeration flask for several minutes to eliminate residual 
gaseous mercury. 

NOTE: During the determination if the peaks are not the same form 
as those obtained during calibration, it is necessary to use the peak 
areas in preference to the heights. 

Blank test: 	Follow the procedure in (8.1.2) replacing the 
analytical sample with DDDW (4.1) using the same quantities of reagents. 

8.2 

8.2.1 Digestion 

Transfer the loaded filter after weighing to a pyrex flask. Add a 
few ml of DDDW (4.1), 10 ml concentrated sulfuric acid (4.2), 5 ml 
concentrated nitric acid (4.3) and 10 ml KMnO4. Place the flask in a 
water bath at ambient temperature and digest for 12 hours. After 
digestion, add 10 ml hydroxylamine hydrochloride solution (4.6). Mix 
until the solution is clean and the precipitated Mn02 is dissolved. To 
eliminate the remaining particulate matter, centrifuge this solution for 
10 minutes at 3000 rpm. Transfer the supernate to a 100 ml volumetric 
flask and bring to volume with DDDW (4.1). 

8.2.2 Prepare at the time of measurement at least 5 calibration 
solutions from the standard solutions of mercury (4.9.2) covering the 
range of concentration to be determined. Transfer appropriate aliquots 
into a 100 ml flask. Add 1 ml nitric acid (4.3) and bring to volume with 
DDDW (4.1) and mix thoroughly. Conduct the analysis in the same way as 
the sample (see 8.2.3). 

8.2.3 Determination 

Preparation step: Transfer the sample of 100 ml or an aliquot 
diluted to 100 ml (containing not more than 1 )jig of mercury) into the 
bubbling flask. Add 4 ml 10% SnC12 solution (4.7). 

Aeration step: After adjustment of the controls of the apparatus 
nd when the gas flow is stabilized, aerate the bubbling flask. A peak 
will appear on the recorder which will rapidly reach its maximum. When 
the absorbance decreases, purge the gas circuit of the apparatus by 
deviating the gas flow into another flask filled with DDDW (4.1). 

8.2.4 Blank tests 

Reagent blank: Follow the same procedure used in 8.2.3 but replace 
the sample with DDDW (4.1) using the same amounts of reagents as for the 
actual sample (8.2.3). 

NOTE: Contrary to the determination of dissolved mercury (8.1), if 
the concentration of mercury in the sample is greater than 100 ng', do 
not use the gold collector to concentrate mercury vapour to avoid 
contamination and recorder saturation. 



Filter blank: After rinsing and weighing the filter place it in a 
flask and follow the instructions given in 8.2.1, 8.2.2 and 8.2.3. This 
will determine the concentration of mercury in the Nuclepore (or similar) 
filter. It is assumed that the average blank of all filters is that 
which is determined in this step. 

9. EXPRESSION OF RESULTS 

From the peak height or area corresponding to the mercury 
measurement, determine by reference to the calibration curve and taking 
into account the blank tests (reagents blank for dissolved mercury, 
reagents and filter blanks for particulate mercury), the concentration of 
mercury in the test solutions. 

Calculate from this value the mercury concentration taking into 
account the volume and/or the quantity of matter weighed. Express the 
dissolved mercury concentration in ngl of water and the particulate 
mercury concentration in Wl g of suspended matter. 

- mercury concentration in the water sample: Cw (ng Hg) 

C q  = ( (ng E1g 1) - (ng Hg) ) 

a]iquot 	reagent 
of the sample 	blank 

- mercury concentration in the suspended matter: CS.M.  (,.tg llg/g) 

A = (ng Hg 1 ) - (ng -l) - (ng Hg 1 ) 

aliquot 	reagent 	filter 
of the sample 	blank 	blank 

A = mercury concentration in the digestion solution of the 
suspended matter sample in ng 11gl 1 . 

CSM = A x V 
P 

V = Volume of the aliquot in litres 
P = Dry weight of suspended matter in mg. 

10. ESTIMATION OF PRECISION, ACCURACY AND QUALITY CONTROL 

10.1 Precision 

Estimate the precision of the entire analytical procedure (8) by 
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analyzing five samples of the working matrices (4.7). Calculate the 
standard deviation (S) and the coefficient of variation (CV) where 
CV=S.100/mean value. If the CV is greater than 10* check the whole 
procedure for possible errors and/or contamination. The precision of the 
method is normally better than ± 10% at the 95% confidence level. 

10.2 Accuracy 

Using this Reference Method, analyze a certified standard, with a 
matrix similar to the material under study, together with your own 
working matrix chosen from among your samples (4.7). Calculate the mean 
and the standard deviation for the certified standard and the working 
matrix. If the value given for the certified standard is within the 
interval of your mean ± standard deviation, your method has the required 
accuracy and the working matrix can be used as a standard for checking 
the accuracy of your procedure. If not, check the whole procedure for 
errors. 

NOTE: In addition, by participating in intercalibration exercises 
involving several analytical laboratories, the accuracy of the method as 
used by the analyst can be checked and compared with the accuracy 
obtained by other participants in the exercise. 

10.3 Q1Y_ct21 

Analyse periodically, at least once a week or whenever the routine 
has been interrupted for more than a week, the working matrix, in order 
to guarantee the precision and accuracy of your results. If, on any 
occasion, the calibration curve is found to be altered by more than 10% 
from the previous one, check your routine for errors. 
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11. ANALYTICAL REPORT 

Fill in the Analytical report (table 1) giving full details in every column. 

Table 1: Analytical Report on Mercury in Estuarine 

Waters and Suspended Sediments 

Sample code: 

Determination of dry weight of suspended sediment: 

2.1 Duration of drying: hours 

2.2 Date of drying: 	_____day; month; year 

2.3 Weight of filter: 	 mg 

2.4 Weight of filter and suspended sediment mg 

2.5 Weight of suspended sediment: mg 

Digestion of suspended sediment 

3.1 Duration of digestion: hours 

3.2 Temperature used for digestion: 

3.3 Date of mineralization: day; month; ___year 

3.4 Anomalies observed which may influence results: 

Standardization (calibration) 

4.1 Date: __day;_____month; 	......... year 
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4.2 Result: 

solution sample 	1 	2 	3 	4 5 6 	7 	8 

- --- - ------------------ 

concentration 	 - 	- 	- 

(ngF1  Hg) 

units of recorded signal 

Analytical result and estimation of precision for water subsamples. 

5.1 Date: day; 	-month; ___year 

5.2 Result: 

subsample 	 1 2 3 	4 	5 

volume of subsample 

units of recorded signal 

ng1 Hg 

mean concentration ngl; Stand. deviation 

coeff. of variation 

Estimation of accuracy 

6.1 Date: day; month; 

6.2 Type of certified standard used: 

6.3 Declared ng1 of certified standard: 
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6.4 Results: 

sample 
	

123 	4 	5 

units of recorded signal 

ngl-1  Hg 

7. 	Anomalies observed during analysis and other remarks relevant to the 

interpretation of results for analysis of water sample: 

B. 	Analytical result and estimation of precision for suspended sediment 

subsamples 

8.1 Date: day; 	-month; year 

8.2 Result: 

subsample 	 1 2 3 	4 	5 

mass of subsample (mg) 

units of recorded signal 

ngl 	g in suspended sediment 
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mean concentration ngV1 ; Stand. deviation 

coeff. of variation 

Estimation of accuracy 

9.1 Date: day; 	-month; - year 

9.2 Type of certified standard used:_ 

9.3 Declared ngl of certified standard: 

9.4 Results: 

sample 	 1 2 3 	4 	5 

(ngCl Hg) 

units of recorded signal 

Anomalies observed during analysis and other remarks relevant to the 

interpretation of results relevant to the interpretation of results 

for analysis of suspended sediment: 

8. 	Intercalibration exercise (give details): 



• 	 .• ,• 

.. 

.. 

- 14 - 

Full address of the institution which carried out the analysis: 

Naae(s) and signature(s) of the person(s) who carried out the 

analysis: 

Date: 
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