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SUMMARY REPORT 
INTROIXlCTI~ 

1 The present report gives the background, a preliminary description and an 
srjaeement of a Workshop held at the Bermuda Biological Station for Research, Inc., 
St. George's Weet, Bermuda, at the kind imitation of the Government of Bermuda. 

2 Upon the initiative of UNEP, a study of the feasibility of a programme for 
monitoring background levels of selected pollutants in open-ocean waters was undep 
taken by three conaultanta appointed by IOC, WMO 
of the UESAMP Working Group on the Scientific Bases for the Detemination of Con- 
centrations and Efects of Marine Pollution ( G m  Reports and Studies No. 1) as 
a starting oint. On the baeis of their study, a proposed programme was developed 
by the IOChO/hP preparatory meeting of experts (Ueneva, 23-25 March 1976), and 
submitted to the IOC-WMO (IPLAN)/upJEp group of governmental experts (Geneva, 
26 March 1976) for consideration and approval. 

and UNEP, using the recommendations 

3 The Ehecutive Committee of WMO approved the Programme in principle by its 
Resolution 16 (E-XXVIII). 
approved the general concept and intention of the proposed programme, and by 
Resolution EEVIII.9 approved the joint IOC/wMO/UNEP Pilot Project on Monitoring 
Background Levels of Selected Pollutants in Open-Ocean Waters. 

The Executive Council of IOC, by the Resolution EC-VII.11, 

I 4 Forty-two Member States have supported the Programme and expressed an interest 
in its implementation; of these, twenty-three Member States have nominated National 
Co-ordinators and forty-nine laboratories to participate in the intercalibration 
exercise. 
to co-operate in this exercise, and nominated five laboratories to participate in the 
Pilot Project . 

The International Council for the Exploration of the Sea (ICES) was invited 

5 The guidelines for the intercalibration phase of the Pilot Projeut were formulated 
at the Second Session of the UIpt4E Uroup of m e r t s  on Methods, Standards and Intep 
calibration (GEMSI) (Bergen, 1-4 May 1978), and further elaborated by a core group 
of UEMSI (Monaco, 12-14 March 1979). A detailed timetable of the intercalibration 
of the sampling procedures,which was to be followed in the B e m d a  exercise, was 
formulated at a meeting of the Steering Committee in Benrmda, from 8 to 10 October 
1979 ( h e x  I). 

6 The action plan was frequently adjusted during the exercise to ensure the 
maxim poseible scientific output. There were several reasons for such adjustments: 
the highly variable weather conditions which prevailed during the period of the 
experiment; the need to repair shipboard equipment; breakage of some earnplers during 
transportation; malflmutioning of certain samplers; and the loss of a large-volume 
Bodma sampler. Such contingency plans allowed all the main objectives of the 
Workshop to be achieved. 

7 It must be stressed, however, that the maximum benefit can only be gained 
from this exerciae if the intercalibration of standard solutions for trace metals 
and chlorinated hydrooarbone is oomplet ed. 
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On 4 October 1979, high-level standard solutions were sent by the IAEAts 
International Laboratory of Marine Radioactivity (IIMR) in Monaco, to 41 laboratories 
participating in the intercalibration exercise of the Pilot Project. These solutions 
containedt Lindane, DDE, DIDD, DDT, HCB and Aroclor 1254, but the internal standards 
recommended by the GIPMF, Group of Experts on Methods, Standards and Intercalibration 
were not included because they could not be obtained in good time. 

To date, only five laboratories,have sent their results and three laboratories 
have indicated that they could not do the analyses. 

Low-level standard solutions were prepared and sets of vials labelled %piked 
sea water?' were sent by IIMR, but only to fourteen laboratories. Them low-level 
standard solutions will be distributed to other laboratories only after they have 
submitted results of their analyses of the hi&-level standard solutions. 
two laboratories have reported their results for the low-level standards. 

To date, 

Similar analyses of standard solutions of selected trace metals have yet to be 
initiated. 
regard it is necessary to stress that, without the results of m c h  analyses, not 
only will the value of this Workshop be significantly reduced, but a full report on 
the intercalibration exercise will not be possible. 

This will be done as soon as appropriate funds are available. In this 

The success of the Workshop in Bermuda was to a large degree due to the input 
of the Bermuda Biological Station for Research and its personnel, to the NoAA vessel 
R.V. OEDRGE B. ICELEZ and her captain and orew. This input is gratefhlly acknowledged. 

1. OP- OF THE HORKSHOP 

Thirtpfive scientists from thirteen countries participated in the Workshop, 
, and representatives of HMO and observerB from UlQEP were also preeent. 

A list of Participants is given in Annex 11. 
opened on 12 January 1980 by the dwernor of Bermuda, Sir Peter Raasbothq IUr. Erling 
Maess, a Patron of the B e m d a  Biological Station for Research, gave the keynote 
address. Dr. Slaczka, Assistant Secretary IN, officially welcomed all participatits 
on behalf of the sponsoring agencies (100, HMO and UNEp). He thanked the Oavernment 
of Bermuda for hosting the Workshop, and the Bexmuda Biological Station for Research, 
its Director and staff, for the m e  of its laboratories and other faollitiea. 
Dr. Slaczka especially thanked Dr. Tony map, Deputy Director of the Station, for 
the excellent preparation of the Station for the Workshop. He thanked the US loational 
Oceanic and Atmospheric Administration for providing the Workslhop with the R.V. 
CWIME B. KEIB5 and other equipment. 
quality analytical equipment provided by the Hewlett-Packard, Perkin-Elmer and 
Varian Companies, and thanked the UII Ehdronment Programme for its valuable finauoial 
support for the Workshop. 

The Horkahop was offioially 

He achowledged.with appreciation the' Ma- 

Dr. Slaczka briefly described the origin, history and goals of the IOC/MXO/UNEP 
Pilot Project on Monitoring Background Level8 of Selected Pollutants in Open-Oaean 
Waters under which the Workshop had been organised. 

On behalf of the IOC, as the leading spansor of the Workshop, and of 'the WHO and 
UlqEP as co-sponsors, he invited Dr. Neil Andersen to a m m e  the eoientifio 1Oadelc 
ship of the Workshop, Dr. Mike Bewers, the responsibility for the aondaot of the 
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trace+etal intercalibration, and Dr. Karsten Palmork, likewise, for the chlorinated- 
hydrocarbon int ercalibration. 

Dr. Andersen, who is Chairman of the IOCts GIPME Group of Experts on Methods, 
17 Standards and Intercalibration, briefly described the scientific basis of the 

experiment. 

2. CONDUCT OF TKE WORKSHOP 

18 All the necessary facilities and chemicals were provided by the Bennuda 
Biological Station for Research, the Hewlett-Packard, Perkin-Elmer and Varian 
Companies, the US National Oceanic and Atmospheric Administration, the IAEAts 
International Laboratory of Marine Radioactivity, in Monaco, the Netherlands 
Institute of Sea Research, in Texel, the German Hydrographic Institute in Hmburg, 
the Skidaway Institute of Oceanography, Savannah, USA, and the Bedford Institute 
of Ocean0 
-ex 11Ir 

aphy, Dartmouth, Canada (a list of the main facilities is given in 

19 The participants formed two action Teams: - Chlorinated-hydrocarbon Team (leader Dr. IC. Palmork) - Trace-metal Team (leader Dr. M. Bewers). 

Compositiomof the Teams are given in Annex bv. 

20 A Workshop C u t t e e  (Annex V) was also fonned to take care of the proper 
execution of the exercise. 

21 -- Ad hoc meetings of the Teams were organized to discusn the progress of the 
work, the incoming results, and any difficulties; and appropriate steps to solve 
them were taken. 

22 The preparatory phase of the Workshop started on 13 January 1980. During 
this pha8e all chemicals, basic standard solutions and glassware were prepared, and 
the gas chromatographs and atomic absorption spectrophotometers were checked and 
calibrated. The seagoing phase of the experiment started on 15 January on the 
arrival of the R.V. GEDRUE B. KEI;Ez, and continxed nntil 21 January 1980, the 
appropriate onehore laboratory operations depending on what had been accomplished 
and on problems met during each cruise. 
the Panulirus Station, 12 miles southeast of Benrmda (32O 101 N; 64 

The sea-water samples wereocollected at 
31' W). 

23 During the period 13-19 January 1980, two US satellites measured environmental 
conditions around Bermuda. 
with the Coastal Zone Colour Scanner (CZCS). 
axly unusual levels of productivity present during the sampling period. 
Advanced Very Hi& Resolution Radioneter (AVHRR) on NOAA-6 was used to record 
Burface temperature. 
CUlatiOn patterns (e.g., eddies) that occurred. Sea-truth measurements were made 
and are in h a d 0  Tapes have been received and are presently being analyzed by 
Dr. Neil Anderaen at the Remote Sensing Facility of the Scripps Institution of 
Oceanography. 

TIROS-N measured water colour (i.e., chlorophyll-a) 
Results will provide insight into 

The 

These results will provide information on any unusual c i F  
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3. INTERCALJBRATION OF CHMRINATED-HnlROCAHBON 
SAMPLING PROCEDURE 

24 Some participants who arrived at the Biological Station before the start of 
shipboard operations, undertook preparatory work such as checking the gas chromato- 
graphic procedures and instruments, checking and controlling blanks, and pre- 
paration of sampling equipment. 

25 A first meeting of the participants in the chlorinated-hydrocarbon group 
The scientists taking part in the exercise were was held on 11 January 1980. 

identified (Annex N), and an operational plan for the first sampling cmise was 
developed and is given in Annex VI. 

26 The objective of the first cruise was to determine the concentration 
of chlorinated hydrocarbons at 1200- and 10-meter depths, in ,order to 
estimate the size of the sample required for the intercalibration experiment 
described in Annex I. Rough weather during the cruise resulted in the loss of 
one large-volums (90 1) Bodman sampling bottle, after obtaining only one e w l e  
at 10 m depth. 
danger involved in its use. However, subsurface water (10 m) ws8 sampled, uaing 
the Tokar and Harvey gas-lift system, which resulted in the collection of 420 
litres of seawater. The seawater was stored in two 210llitre stainless-steel 
drums which has been used predausly only for the storage of sea water. 

Sampling with this device was thus abandoned because of the 

27 Sea water from the drums was immediately passed through glas ctblumna 
containing XAD-2 resin (five bed volumes per minuter 250 ml rain-'), resulting 
in two extracts of 50 litres each and one of 126 litres. These samples were 
transferred to the laboratory and analyzed according to the procedure given in 
Annex I. The remlting chromatograms appeased to be rather complioated, and 
their interpretation was hampered by the large number of peaks pre~ent. It WBB 
suspected that some of these peaks might not originate from the sample. Blanke 
were run thmu& the entire procedure, uaing one IC.AD-2 oolumn five times in' 
succession. 
especially before florisil treatment. It w8s deoided, therefore, to improtre 
the blanks by cleaning all -2 reein to be uaed in the erperiment, by ace- 
tonitrile Soxhlet extraction, 
in the same way. 

Resulting chromatograms showed relatively hi& blank vsluerr, 

The sodium sulpha+e and floriail were d60 olemed 

28 The extract of each sample was analyzed by gas chromatograph equipped with 
electron capture detector (MfD); samples obtained in the Inetihrte of Harine 
Research in Bergen and in the International Laboratory of Marine RadioaOtiVity 
in Monaco (both from 10 m depth), obtained under similar ohromatographic conditime, 
were available for comparison. 

29 In the sowmiter semplee collected during the Workshop it waa difficult 
to recognize the PCB patterms present in the Bergen and Monaco smplem. 
was due to the blanks and the relatively low contribution of highly dorinated 
components in the samples collected during the Workshop. The conoentration 
of PCB in sea water calculated bn the brraie of Aroolor 1254 and in tern of 
the standard formulation commonly used (the gaa chmmatogrsph with glaswpadced 
column under isothexmic c nditions, and electron capture deotor) resulted in a 
value of about 0.05 ng 1.'; this is one order of mawtude loner than sny value 
reported before. 
support these findings. 

This 

Unpublished reeults (Hammy, 1980 and Elder and VillaneaVe,l980), 

-9- 
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30 It was recognized that the retention times of the dominant peaks in the 
sample chromatogram are shorter t h m  those of Aroclor 1254 peaks. 
Hillebrand recently found that less highly chlorinated components represent 
the PCE composition in North Sea water better than the commonly accepted 
Aroclor 1254, 

Duinker and 

31 It appeared that several peaks in the sample chromatogram have retention 
times identical to peaka typical of Aroclor 1221 and 1242. 
decided to compare the chromatograms of the samples with chromatograms of as 
many individual PCB components as were obtainable during the Workshop. 
this purpose standard solutions of sixAeen mono, di-, tri-, and tetra- 
chlorobiphenyls were prepared at various concentrations. These, and other 
standards still to be prepared, will be ueed in identifying the peaks present 
in the chromatograms obtained in the analyses of sea-water samples. 

Therefore, it was 

For 

32 The preparations for the second cruise (Annex VI) were made according to 
the requirements set forth in the-operational plan for sea-water sampling for 
chlorinated-hydrocarbon analysis, and further developed as a result of knowledge 
gained f r m  the analyses of samples collected on the first cruise. For storage 
of the seaewater samples, eight !%-litre glass carboya were cleaned with chromic 
acid, cuncentrated hydrochloric acid, water, acetone and hexane. The last hexane 
washing was evaporated down to appropriate volume and analyzed by gas chromato- 
graph to check the quality of the carbogs, 

33 A 1000-litre steel tank, supplied by the Bermuda Biological Station for 
Research, steam-cleaned and washed with sea-water, was used to store sea.-water 
obtained through the gas-lift system, so as to minimize any inhomogeneity that 
mi&% arise when using individual glass carboys as originally proposed in the 
operational plan. 

samples for a time-variation experiment. 
34 All samples foreseen in the operational plan were obtained, except for 

35 The samples for intercalibration between the participants were prepared on 
board the R.V. CIEX)RUE 33, KELEZ from sea water collected in the large tank, from 
the stainless-steel drum containing water from the Bodman sampler, and from 
the stainless-steel drum containing sea water from the gas-lift system. The 
effects of rctorage of sea water in various containers were minimized by immediate 
extraction through XAD-2 column on board the ship. 

glass samplers (Gaul-type) provided by the German Hydrographic Institute in 
36 For comparison, hexane ertracts of sea water were obtained directly from 

Hamburg. 

4. INTERCALIBRATION OF TRACI+XEXAL 
SAMPLIrn PRocxuJRE3 

Objectives 

37 The objectives of the experiment were the intercomparison of different 
types of sampling bottles (modified CIO-FID, HYDRO-BIOS and NISKIN) and three 
different types of hydrowire (Kevlarf plastic-coated, galvanized steel; and 
unlubricated 302 stainless steel). Each of these types of sampling bottlee and 



IOC Workshop Report No. 25 
Page 11 

38 

39 

40 

41 

hydrowires is widely used in various combinations for the collection of sea- 
water samples for trace-metal analysis. An ancillary objective was to determine 
the intercomparability of laboratory analyses, particularly in those cases where 
multiple determinations on single samples can be carried out. 
major aspects of analytical performance remain to be-assessed through the pro- 
posed IOC Standards and Sea Water lRound-robbinl Intercalibration. 

Experimental design 

However, the 

In the chosen experimental desi@ each type of sampling bottle was deployed 
on each type of hydrowire in a water mass or layer which may be assumed to have 
a homogeneous trace-metal distribution over spatial and temporal dimensions 
larger than those bounding the sampling experiment. There was sufficient 
replication in the design to enable an analysis of variance to be made to 
determine any differences between types of sampling bottles and hydrowires. 
E’urthermore, the design contained considerable redundancy, so that, even if 
sample losses or adverse weather conditions forced a reduction in the degree of 
replication, the integrity of the comparison would nevertheless be maintained. 

One or more of each type of sampling device was to be first deployed on 
a single hydrowire cast at depths below 1500 metres at the Panulirus Station ( W v ) .  
Previous assessments of the hydrography at this station (Pocklington, 1972), 
have shown that gradients in temperature and salinity in time and space at such 
depths are small (Annex I). Previous measurements of the vertical distribution 
of trace metals indicate that their concentrations are invariant at intermediate 
depths. 
sample set was as small as feasible. 
number of times to enable each participant to draw four water samples from each 
type of sampler on an individual cast. 
each of these water samples at their home laboratories for the following trace- 
metals: 

The bottle spacings were such that the depth range covered by the 
The cast was to be repeated a sufficient 

The participants were asked to analyse 

Priority 1: mercury, cadmium, lead, copper, zinc, nickel, selenium, 

Priority 2: chromium, arsenic, manganese, iron, tin, molybdemm, and 
and cobalt 

vanadium. 

Each participantls data could then be used to assess the intercomparability 
of sampling bottles. The comparison of hydrowires could be made by using a 
single sampler typo but, because individual wires may mask some of the differences 
between bottles and vice versa, it was decided to deploy the three type6 of 
bottle on each of the three types of hydrowire. Thus the sampling sequence 
had to be repeated for the other two hydrowires. 
bottle-to-bottle comparisons as well as an assessment of differences between 
hydrowires. 

The design included a test of the vertical and temporal homogeneity of the 
trac-eta1 distributions in the region of the water column used for the intep 
comparison. The design allowed for the collection of additional replicate 
samples at the spatial and temporal extremities of a sampling sequence for 
later analysis by participant laboratories with known analytical precisions. 
The resulting data should enable the homogeneity assumption, implicit .in the 
int ercomparison experiment, to be tested. 

This in turn yields additional 

-11- 
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Execution of the experiment 

42 The first dayts ship operations (Annex VII) were intended to allow the 
deployment of enough mixed casts of modified CO-no, NISKIN and HYDRO-BIOS 
bottles on Kevlar hydrowire to provide each participant with four replicate 
sampleP from each bottle type. 
bottles at depths exceeding 1500 metres had to be abandoned because the 
greatest length of Kevlar hydrowire which could be handled by the ship was 
1400 metres. A decision was therefore made to deploy the bottles in the 
1200- to 13oO-m depth range despite the closeness of the oxygen minimum to this 
depth. 
the homogeneity of the trace-metal distribution with depth even more crucial. 

The original intention to deploy the sampling 

This is therefore a technical restriction which makes the testing of 

43 Owing to adverse weather conditions and malfunctioning of the HYDRO-BIOS 
bottles, the operations were altered to cover the deployment of modified GO-Fm 
and NISKIN bottles on the Kevlar hydrowire followed by the deployment of unmodified 
and modified GO-FIX) samplers on stainless-steel hydrowire. These latter operations 
were completed successfilly during a cruise of 48 hours' duration. 

44 Since the experimental design needed revision following the experience 
gained and operations during the first period at sea, the desie.1 was altered to 
take advantage of the redundancy in the original design, to carry out comparisons 
of pairs of bottle types only on single hydrowires and to use a single sampling 
bottle (modified GO-FLO) for the comparison of hydrowires. 

45 Therefore, on the second day of shipboard sampling for the trace-metal 
programme (Annex VII) modified GO-F'LQ and HYDRO-BIOS bottle were deployed on 
plastic-coated galvanized wire. Samples from the GO-FLO samplers will be used 
for the wire-to-wire comparison; the results-from this sequence of casts will 
suffice for the comparison of HYDRO-BIOS and GO-FLO samplers. 
replicate samples drawn from modified GO-FLO bottles on the first and last casts 
of the second day's operations were also collected for testing the vertical and 
temporal homogeneity assumption. 
in 24 hours. 

Additional 

The second day's ship operations were completed 

46 The action plan of the Workshop required the participants to analyze their 
samples in their respective home laboratories, but, because of the very good 
facilities in the laboratories of the Bermuda Biological Station for Research 
(clean laboratory with positive pressure inside, high quality flameless atomic- 
absorption spectrophotometers), some samples were analyzed by participants 
immediately (Drs. Church and Lee). These results will be included in the Final 
Report of the Intercalibration EKercise. 

47 During the Workshop it was decided to conduct an evaluation of sample 
changes during storage in each of the three types of sampling bottle (Annex VIII). 
For this purpose a 200-litre sample of sub-surface sea water was collected just 
outside St. George's Harbour (Contingency 
a large-volume polyethylene tank. Each type of sampling bottle was filled with 
water from this tank and samples were withdrawn at intervals thereafter for 
?%nalysis by participants at their home laboratories. Typically, samples were 
drawn from the sampling bottles within 5 or 10 minutes of filling, 2 hours 
later and 10 hours later (see Annex VIII). 
in sample composition resulting from affects during sample collection to be 
as ses sed. 

Surface Sample - CSS) and placed in 

These samples should enable changes 
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48 

47 

50 

51 

52 

53 

At the end of the Workshop a questionnaire was prepared and distributed 
Each participant was among the members of the Trace-metal Team (Annex IX). 

asked to complete his questionnaire and return it with his analytical results. 

5. SHIPBOARD OPERATIONS ON THE R o V o  GEORGE B. KEI;EZ 

15 January 1980: First day of sea-water sampling for chlorinated-hydrocarbon 
analysis 

The purpose of the fimt day's operation was twofold= 

to collect sufficient surface water to allow for enough 
analyses to determine the concentrations of the compounds 
to be analyzed, thus providing a basis for designing a . 

final sampling strategy (Annex VI); 
to give all interested participants and observers an opportunity 
to take part in the shipboard operations. 

(0 

(ii) 

The R.V. GEORGE B. KELEZ left St. Georgems at approximately 0800 hours 
and arrived'on the Panulirus Station at 1030 hours. Winds were 20 to 30 
knots and seas ran between 2 and 3 m. throughout the day. 
surface ROWN-bottle cast wag conducted. However, during the second cast 
(1230 hours), the vessel took a heavy roll, catching the B O W  bottle under 
the starboard bilge keel. 
of the bottle. At this time, BOINAN casts were suspended and a contingency 
mnpling plan, using a gas-lift pump desised by Ueorge Harvey and John Tokar 
of the NOAA Atlantic Oceanographic and Meteorological Laboratory in Miami 
was implemented. 
to permit the day's sampling goals to be met. Operations were stopped at 
1430 hours to return to port to change personnel for traceaetal Sampling 
that night. 
Officer of the GMlRGE B. KELEZ cancelling the night operations and delaying 
trace-metal sampling until 0700 0nJ6 January 1980. 

One successful 

The Kevlar cable parted, resulting in the loss 

This system worked and allowed pumping of sufficient water 

At 1600 hours, weather forecasts resulted in the Commanding 

16 January 1980 First day of sea-watm sampling for trace-metal analysis 

The purpose of this operation was: 

to compare HPDRO-BIOS, NISKIN and modified GO-FLO sampling 
bottles on Kevlar cable; 

(i) 

(ii) 

R.V. GEORGE B. KFITR7. left St. Georgecs at approximately 0830 hours and 
Winds were sustained at 30 

to compare stainless steel (SS) wire 'and the Kevlar cable, 
using modified GO-FLO and NISIN bottles. 

* 

arrived on the Panulirus Station at 1100 hours. 
to 35 knots and gusted to 45 knots. Seas ran at 2 to 3 m throughout the day. 

Initial casts on Kevlar cable failed owing to premature tripping of the 
HYDRO-BIOS bottles. After two failures and one success, a decision was made 
to try one more cast with HYDRO-BIOS bottlee and, if it failed,to drop the 
HYDRO-BIOS bottles and work only with the modified G&FW and NIsK3N bottles. 
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54 

55 

56 

57 

This cast was probably successful; however, the protected thermometer in 
the NANSEN bottle at the bottom of the cast flooded, prohibiting a calculation 
of the sample depth. 
indicating that the cast was probably successful. However, given the time con- 
straints and the problem with the HYDRO-BIOS bottle, use of these bottles wafi 
discontinued. 
and NISKIN bottles m t  smoothly as did scheduled work using the stainless- 
steel hydro-wire. 

The unprotected thermometer in the same bottle read 14.2' C 

Subsequent operations using Kevlar cable with modified GO-FIX) 

At 1630 hours on 17 January 1980, the R.V. CWRCE B. KELEZ steamed to the 
Spit BuoyoE St. George's to transfer two sick scientists to the M.V. FOX and 
returned to the Panulirus Station at approximately 2000 hours to complete work 
with the stainless-steel hydr-wire. 
St. George's at 0730 on 18 January 1980, and laid alongside until approximately 
0700 on 19 January 1980, 

19 January 1980: 
analysis 

The R.V. CMRCE B. KEWZ returned to 

Second day of seacwater sampling for chlorinated-hydrocarbon 

The cruise had the following objectives: 

To compare three different methods of sample collection and 
storage 

(a) 

(b) 

an all-glass sampler (German Hydrographic Institute) 
with in situ extraction with solvent; 
collection of water in steel druns filled with water taken 
with a 90-litre BODMAN sampler followed by XAD-2 resin colim 
extraction; 
collection of water in steel drums through the gas-lift 
pumping system followed by the XAE-2 resin column extraction. 

To fill a 1000-litre steel container and simultaneously pass water 
from it through 14 XAD-2 resin columns, to allow each participant 
to analyze one sample at the Bermuda Biological Station for Research, 
and one simultaneous sample later in his home laboratory. 
To fill glass and steel containers with TOO litres of water for 
multiple analyses by all participants in the Bermuda Biological 
Station for Research. 
To compare an in situ XAD-2 pumping system with the other methods 
of collection and extraction. 
To perform the standard Panulirus Station hydrographic cast. 
To make a NISKIN bottle cast to 900 m for nutrient, dissolved 
oxygen, and chlorophyll samples. 

-- 

(c) 

. 

All of the above objectives were achieved except that the NANSEN hydro- 
graphic cast had to be cut short owing to deteriorating weather conditions. 
TO achieve the above objectives, 48 discreet samples were taken which amounted 
to approximately 4000 litres of water. 
were used for sampling, 

Of the 20 hours spent on station, 17 hours 

Considering the multiple objectives and the poor weather, the trip wao 
considered successful. 
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20-21 January 1980: Second day of seacwater sampling for tracedetal analysis 

58 The purpose of this cruise was to obtain samples from modified GO-FfX) and 
HYDRO=BIOS samplers using the plastic-coated steel wire. Initially, two (3O-Eu) 
and eight HYDRWIOS bottles, and one NANSEN sampler with reversing themo- 
meters for.depth determination, were used. The NAHSEN sampler was positioned 
50 metres from the weight and ell other samplers were separated by eight metres. 
Each cast was lowered 1300 metres. 
as possible as the messenger was dropped. 

The wire angle was kept as nearly vertical 

59 The first cast was unsuccessf'ul owing to the failure of the NANSEN bottle 
to reverse. 
were mccessfitl. 
could not be repaired. 
more casts using seven instead of eight HYDRO-BIOS samplers. 

After a minor modification on the NANSEN bottle, the next two casta 
On the fourth cast, one KlyDRoIBIOS sampler came apart and 

However, the sampling w88 completed with only three 

60 Samples from the GO-FW and HYDRO-BIOS samplers were collected for each 

Additional samples were collected from the CO-FW bottles on the 
participant. 
bottle. 
second and last casts to check temporal and spatial homogeneity. 

Samples for salinity determination were collected from the NANSEN - 

6. DEXONSTRATION OF SURFACE MICR(F.LAYER SAMPLIMI 

61 Knowledge of the physic-chemical properties of the 8ea Burface is 
fundamental to an understanding of processes by which chemicals move between 
air and sea and vice versa. 
the marine environment. Many kinds of marine organisms 

The Surfsce microdayer is a unique element of 
inhabit this upper 

layer of the sea. 
films produced by lipid secretions of marine organisms and by oil spills) can 
accunulate mrious pollutants such as chlorinated hydrocarbons, heavy metals, 
etc. 
and energy transfer between the atmosphere and the ocean. 

8 to 10 October 1979, the Representative of W O  proposed that an intercalibration 
for sampling the surface micro-layer be incorporated into the exercise. The 
COmittee agreed to this. 
for developing the surface-sampling technique independently in the countries 
involved in this Pilot Project, the screen method of surface micro-layer 
sampling was demonstrated during the Workshop (Annex XI) to the participants 
of the intercalibration exercise; their reaction to the demonstration was- 

-. 

positive. The scientists involved could easily gerve as a core of reeesrchers 
who would be interested in developing a co-ordinated international effort for 
monitoring the surface micmlayer. 

At the same time the surface micro-layer (typically organic 

Such films can alter a surface micro-layer community and can modify ma88 

62 For these reasansfat the Steering Committee Meeting in Bermuda from 

To save time and money that could be spent in future 

7. SEMINAR AND CLOSURE OF' THE WORKSHOP 

63 - On 22 January 1980, a seminar was held during which the participants 
discussed available results and problems met during the exercise, end began 
to develop preliminary conclusions and recommendations which will be refined 
for inclusion in the Final Report. 
Annex XI. 

The Report of this Seminar is given in 
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64 The exercise was officially closed on 26 January 1980. However, neveral 
participants from the Chlorinated-hydrocarbon Tea9 renained at the Station 
to complete laboratory experiments that were underway, and the results of 
these experiments will be included in a report to be publinhed in September 
1980 on the results of the intercalibration exercise. 

8. CONCLUSIONS AND RECOMMIBDATIONS 

The following conclusions and recommendations orere dram up during the 
Workshop by the Chlorinated-hydrocarban and Trace-metal Teams, as well as 
during the seminar at the end of the Workshop, on 22 Janualy 1980. 

65 

(i) 

(ii) 

(iii) 

( iv) 

All the objectives of the Workshop were achieved with only 
minor modifications due to the difficult weather conditions 
during vessel operations. 
All participants received a set of sea-water samples for analysis 
in their home laboratories, for chlorinated hjydrocarbons or 
trace metals. 

The following chlorinated hydrocarbons should be estimated in 
the samples: PCBs, ISDT, DDE, DDD, DDIIU, HCE and Lindane. 

The following trace metals should be estimated in the samples: 
Priority 1: mercury, cadmium, lead, copper, zinc, nickel, 

Priority 2t chromium, arsenic, manganese, iron, tin, molybdenm 
selenium, and cobalt. 

and vanadium. 

Analgtical results should be sent not later than May 1980 to 
Dr. Palmork (chlorinated hydrocarbons) and Dr. Bewers (trace 
metals). 

For analysis of PCBs, the standard solutions of less chlorinated 
components should be used, preferably those corresponding to the 
composition of Aroclor 1221 and 1242 rather than Aroclor 1254 
which is commonly used as the standard. 

Bearing in mind the very low level of PCBs in open-ocean vaters 
(about 0.05 ng lo'), all glassware, colvents, resins and other 
chemicals should be of a very high grade of purity and cleaned-up 
carefully before using. 

For analysis of chlorinated hydrocarbons, t emperature-programed 
gas chromatography with capillary columns (glass or fused silica) 
and electron capture detector is recommended. 

During collection of sea-water samples for chlorinated hydro- 
carbon analysis, a closed sampling system should be used to avoid 
contamination of samples on board the ship (by paints, fuels, etc.) 

Preparation of individual sea-water samples for trace-metal 
analysis should be done on board ship in a "clean" laboratory. 
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(xi) It is strongly recommended that the intercalibration of trace- 
metal standard solutions be initiated as soon as possible. Without 
these data the value of the Workshop on Intercalibration of Sampling 
Procedures will be severely limited. 
It is necessaryto stress that one of the purposes of the intex- 
calibration of standard solutions is also to facilitate an evalu- 
ation of other laboratories of the IOC Member States that could 
eventually participate in the Pilot Project. 

Bearing in mind the difficulty in the interpretation and calculation 
of the clorinated-hydrocarbon chromatograms derived from the analysis 
of the sewwater samplee, additional studies should be undertaken 
in home laboratories. 

(xii) 

(xiii) It is recornmended that a small chlorinated-hydrocarbon action group 
meet in April or May 1980 to discuss the results obtained and decide 
the form of the part of the Final Report dealing with chlorinated 
hydro carbons. 

(xiv) For the preparation of the Final Report of the intercalibration 
exercise, three consultants should be engaged not later than May 
198ot one for the chlorinated-hydrocarbon section; one for the 
trace-metal section; and one for compilation and technical editing 
of the whole document. 

(xv) The Final Report of the intercalibration exercise should be ready 
in August 1980 for consideration at the Third Session of the GIFME 
Group of Experts on Methods, 'Standards and Intercalibration 
( September 1980) . 
If results of the intercalibration of the trace-metal standard 
solutions (hi& and low level) are not available in good time, the 
trace-metal section of the Final Report will only contain the- 
results of the intercalibration of sampling procedures. 

(mi) It irr reomended that a method of sampling the sea-surface 
micro-layer be further developed for use in the Pilot Project. 
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INTERCOVEXNMENTAL OCEANOO RAPHIC COMMI SSTON 

MEEITNG OF THE STEERINO C0MMT.l"~ FDR THE WORKSHOP ON THE 

INTERCALIBRATION OF SAMPLING PROCEDURES OF THE IOC/WMO/uNEP 

PILOT PROJECT ON MONITORING BACKGROUND LEVELS OF 

SEZECTED POLWTANTS IN OPEN-OCEAN WATERS *) 

Bermuda, 8-10 October 1979 

+) The Annexes referred to in this Report of the Steering Committee are 
retitled Appendixes in the Report of the Intercalibration Exercise of 
which this Steering Committee Report is itself Annex I. 
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The meeting was opened at the Bermuda Biological Station for 
Research at 10.00, 8 October.1979 by Dr. Neil R.- Andersen, Chairman - 
of the GIPME Group of Experts on Methods, Standards and Intercali- 
bration. The list of partici3ants is attached as Annex I. Dr. Anthony 
h a p ,  Acting Director of the Bermuda Biological Station, welcomed 
the participants. Dr. Wojciech Slaczka, Assistant Secretary IOC, 
reported on the recent developments concerning the intercalibration 
exercise developed at GEYSI-I1 (Beraen, 1-4 May, 1978) and at the 
JOC/WO/UMZ? Joint Secretariat Meeting (Paris, 25 September 1978), 
and later refined by a GENS1 Core Group (Monaco 12-14 March, 1979); 
The details concerning the experiment are contained in the reports 
of these meetings and are not reiterated here, except that the . 
following trace-metals: mercury, cadmium, lead, copper, zinc, nickel 
selenium and tin, and the following chlorinated hydrocarbons: PCB's, 
DDT, DDE, DDD, DDHU, lindane,hexachlorobenzene will be included in 
the intercalibration exercise. 

To date, 13 Member States have responded positively regarding 
their participation in the Workshop on Intercalibration of Sampling. 
Procedures (Bermuda, 11-26 January 1980)'with fourteen participants 
in the chlorinated-hydrocarbon analyses, and 15 in the trace-metal 
analyses; Colonbia requested on-the-job training for two individuals. 
The Congo indicated its wish to participate but did not specify the 
nature of its participation. Dr. Slaczka also provided the latest 
information on available resources for the Workshop. 

Mr. Desmond Scott, IOC Secretary, and Dr. Stjepan Keckes, 
Director of the UNEP Regional Seas Programme Activity Centre, 
.provided additional background information on.this matter. 

The schedules, dates, experimental designs , equipment and 
expendable supplies described in Annexes If-V are based on the 
obtained information and findings of pretrious meetings on this 
matter..The following assumptions have been made regarding organi- 
zation of the Workshop. 

Drs. Palmork and Villeneuve reported on Dr. Palmork's 
recent visit to the IAEA.Internationa1 Laboratory of Marine Radio- 
activity in Monaco vhere they discussed the instruments to be 
used in this exercise and went through the methods of chlorinated- 
hydrocarbon analysis. Information from their report, supplemented 
by the discussion that followed, Constituted the basis for Annex I1 
This Annex describes in detail the part of the exercise dealing 
with chlorinated hydrocarbons. 

Dr. Villeneuve reported on the distribution of chlorinated- 
hydrocarbon standards; high-level standards have been sent to 
all laboratories participating in the Ollot Project. However, no 
internal standard (as recommended by the GENS1 Core Group) was 
available. Therefore, an attempt will be made tc acquire appro- 
priate comaounds (e.g. $ from Dr. Duinker, tletherlaods) to include 
in a second distribution of 6t.andard solutions. The second set of 
chloFinated-hydrocarbon standards to be added to seawater samples 
and analyzed as recocmended by the GZXSI will 5e distributed before 
January . 
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Dr. Bewers presented the experimental design for the trace- 
metal sampling. Dr. Bewer's exposition has been combined with 
information provided by Dr. Atwood and the Steer,ing Committee 
in Annex 111. 

On the topic of availability of trace-metal standard 
solutions, the Steering Committee considered that under no cir- 
cumstances can the analyaes of standard trace-metal solutions, 
discussed in the Report of GEAXSI-II, and later by Dr. Andersen 
on hia visgt to the Sagami Chemical Research Center, be omitted. 
To do 80 would seriously undermine the proper interpretation of 
results of the trace-metal analysis of samples collected during 
the Workshop. 

for' analyses conducted at the Bermuda Biological Station, will 
be provided by: . 

The atandard solutions, which will be employed as standards 

Dr. M. Bevers: Trace Metals 
Dr. J.P. Villeneuve: Chlorinated Hydrocarbons and XAD resin. 

Facilities at the Bermuda Biological Station will be available 
for the period 1-26 January 1980, and Dr. Knap will be responsible 
for this aspect of the Workshop. Details are given in Annex 11. 

The timetable requires participants to be at the Bermuda 
Biological Station no later than 11 January 1980 (the ship is 
scheduled to arrive at 0900, 13 January 1980, and may commence 
operations Immediately; participants are expected to depart no 
later than 26 January 1980. Dr. Knap indicated that the Station 
could accommodate 40 people. The Grotto Bay Hotel will be used 
to accommodate any participants in excess of this number. There is 
a b 0  available at the Station a seminar room havicg a capacity 
for 80 people. This will be used for discussions following sample 
collection, and analysis from 21 to 25 January 1980, but will be 
also available for other purposes throughout the total period of 
the experiment. The sea-water samples will be taken at the 
Panulirus Station (32°10'N; 64O31'W). 

8ince 1954. Several analyses of the physical oceanographic 
conditions at this station have been conducted (Schroeder & Stommel, 
1969; Pocklington, 1972; Worthlngton,l976) Since the experiments 
require the repeated sampling of as near a homogeneous water mass 
as porsible, the majority of the sampling work will be conducted 
in depths exceeding 1000m, where gradients in the hydrographic 
properties with depth are minimal and teqoral chasges In physical 
conditions are small and documented (Annex IV). 

Pawlowski reported to the Committee on various matters 
relative to the R/V KELZZ. This information, and data provided by 
Dr. Atwood, are incorporated in Annex V on shipboard operations, 
plans and schedules. 

The'hydrography of the Station has been studied continuously 

Lt . 
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As with all oceanographic field operations, a schedule of 
ship operations 
conditions and having a small (ice., one dag) time contingency 
built in. However, there is always the possibility that' 
unforeseen circumstances (e.g., unsafe weather conditions, 
engine breakdown, etc.) would require major decisions and 
schedule adjustments. Therefore, the responsibility for making 
such decisions must reside uith the Scientific Committee to 
enable on-eite alterations in the operation to be made (see below). Any 
modifications made to the plans and schedules contained in the 
attached Annexes must follow the basic tenet that the scientific 
viability of the experiment,insofar as is possible, not be 
compromised. All scientific operations aboard the R/V 
will be under the 6upervisioa of Dr. Atvood, the Chief Scientist. 
Decisions regarding ship operations, especially the safe ope- 
ration of the vessel, will be the responsibility of the 
Commanding Officer of the R/V 

was developed assuming reasonable weather 

KXLEZ 

KELEZ. 

Discussing the responsibility of preparation and execution 
of the Workshop, the Steering Committee agreed that two 
committees should be formed: 

1. The Scientific Committee - scientific aspects of the Workshop 
and preparation of the final report on the whole intercali- 
bration exercise (intercalibration of standard solutions, 
sea-water sample6 and sampling procedure). This committee 
would be composed of Dr. N. Andersen, Dr. K. Palmork, 
Dr. H. Bewers, Dr. D. Atwood, Dr. G. Harvey, and Dr. H. Yindom. 

The Steering Committee noted that in order to ensure that all 
common sampling equipment was made available for the experiment, 
additional scientists.would be invited to participate in the 
Workshop. These are, in order of priority: 

1. 

2. 

3. 

Dr. K. Kremling, 
Institut fiir Meereskunde an der UniversitCt Kiel, 
DBsternbrooker Weg 20, 
Kiel 
Germany (Federal Republic) 

Dr. J. Olafsson, 
Marine Research Inetitute, 
Sholagata 4; 
Regk javik , 
Iceland 

Dr. J. Duinker, 
Netherlands Institute for Scientific Research, 
Den Burg, 
Texel 
Netherlands 
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4. Dr. Manfred Ehrhardt, 
Institut fUr Meereskunde an der UniversitZt Kiel, 
D listernbrooker Weg 20, 
'Kicl 
Germany (Federal Republic) 

5. Hr. A. Holden, 
Freshvater Institute 
Department of Agriculture and Fisheries for Scotland 
Pitlochry, 
Scotland, U.K. 

6. Dr. G. Topping, 
Department of Agriculture and Fisheries for Scotland 
Torry . 
Aberdeen 
Scotland, U.K. 

2. The Administrative Committee - administrative aspects of the 
Vorkshop. This Committee would be composed of Dr. W. Slaczka 
(IOC), Dr. T. Knap (Bermuda Biological Station), acd 
Lt. B. Pawlowski (R/V ICELZZ). 

At the same time IOC will take overall resFoosibility for the 
Workshop and be also responsible of all administrative arrangements 
precaeding the Workshop. - 

Committee vas informed that: 

. .  

Regarding fund8 needed and available at present, the Steering 

1. The estimated contribution of IOC will be $32,000; and 
'UNEP has been asked to provide an additional USS 60,000. 
These resources are required immediately. 

There will be a minimum of 8165,000 provided by the 
Nafional Oceanio - - and Atmospheric Administration 
of the United States (Sl30,OOO for the operations of 
the R/V KELZZ, shipboard services and associated costs, 
e.g., docking fees, pilot, etc.) and,by the Bermuda 
Biological Station for Research,$ 35,000 for use of 
facilities. Additional undetermined re6ources will 
also be contributed by Canada, Norway and the U.S.A., 
as well as by the IAEA's International Laboratory of 
Marine Radioactivity. The Steering Committee stressed 
that without these resources, the Workshop on Inter- 
calibration of the Sampling Procedures would not be 
scientifically successful. 

2. 

Dr. Smagin (WMO) briefly discussed 'til0 interests in marine 
pollution monitoring, and the role that the air/sea interfzce 
plays in affecting mass and energy transfer. It is with this 
regard that W O  is interested in marine environmental monitoring. 
He pointed out that the surface microlayer (typically an organic 
film arising from natural processes) can act as an important 
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reservoir for various s~bstances, including halogenated hydrocarbons 
and trace metals. He suggested that the Steering Committee conuider 
incorporating an intercalibration of sampling methods of the surface 
microlayer into the exercise. The Committee concurred with Dr. Smagin's 
aseessment of the importance of the air/sea interface and the need 
for conducting an intercalibration of surface microlayer sampling 
methods. However, the Committee pointed out that auch a sampling 
intercalibration had not been considered during previoud GEMS1 
meetings which have led to the presently planned and scheduled 
intercalibration of water sample8 for chlorinated hydrocarbons and 
selected trace metals. The Committee took the view that because the 
surface microlayer had not previously been considered in the develop? 
ment of intercalibration plans, the necessary expsrti~e for . 

designing an appropriate experiment is lacking. Nevertheless, in 
response to Dr. Smagin's request, the Committee agreed that time 
would be made available and shipboard capabilities provided to 
undertake eurface microlayer sampling, provided that circumstancee 
do not arise that would jeopardize the major object'ive of the water- 
sampling intercalibration. The development of an experimental 
design, the invitation of three or four participants, the c o ~ t s  
required for transporting people and equipment to Bermuda, and their 
subsistence at the Bermuda Biological Station must be the responsibi- 
lity of WMO. AlSO, the timely reporting to IOC and the Bermuda 
Biological Station of developments and plans is absolutely necessary, 
because of the limited time available before the Workshop starts. 

The meeting was closed by Dr. Andersen at 1500 hrs on 
10th October, 1979. 
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National Oceanographic and 
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Miami, Florida 33149 
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Meteorological Laboratory 

Atmospheric Administration 
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CHLORINATED HYDROCARBONS IN SEA WATER 
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and 
J.P. Villeneuve 
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A araft prepared on the basis of IOC/CCE(MSI)-I1/3, Annex IV (Appendix 4), 
and the methods used at the International Laboratory of Marine Radioactivity, 
Monaco and the Institute of Marine Research, Bergen, Norway. 

The draft will be discussed by the Steering group of the IOC/WMO/hEP 
Pilot Project on Monitoring Background Levels of Selected Pollutants in Open-Ocean 
Waters, at the meeting 8-10 October 1979 at the Bermuda Biological Station for 
Res ear ch. 
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OUTLINE OF THE METHOD TO BE USED FOR THE DETERMINATION OF 
CHLORINATED HYDROCARBONS IN SEA WATER 

Introduction 

At the second-session of the GEMSI, in Bergen, Norway, May 
1978, IOC/GGE(MSI) -11/3, Annex IV, a paper (appendix 4) was 
produced on "ANALYSIS OF CHLORINATED HYDROCARBONS IN SEAWATER 
BY ABSORPTION ON AMBERLITE XAD-2 RESIN". This paper is used 
as the basis for the "outline of the method" described 
here,-with a few modifications made by The International 
Laboratory of Marine Radioactivity, Monaco and The Institute 
of Marine Research, Be,rgen, Norway. 

In the method described here, seawater is passed through 
glass cartridges containing Amberlite XAD-2 resin which 
adsorbs the desired chlorinated hydrocarbons. The resin is 
then eluted with water miscible organic solvent to remove 
the adsorbed compounds. The eluate is diluted with water 
and extracted with hexane. The hexane extract, containing 
chlorinated hydrocarbons is then subjected to solid-liquid 
column chromatography to remove unwanted substances, reduced 
,in volume to give a convenient concentration, and finally 
analysed by gas chromatography. The overall efficiency of 
the method is about 90% (+ lo%)# for a number of chlorinated 
compounds including polychlorinated biphenyls and the DDT 
series. 
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The main advantage of the method is that after the adsorption 
step, the resin can be stored for many weeks without adversely 
affecting the results. So, the adsorption step can be effected 
with relative ease aboard ship, after which the cartridges are 
sealed and shipped to a land based laboratory for further ana- 
lysis. Thus, need for sophisticated laboratory facilities at sea 
are reduced. 

In addition, since the adsorbtive capacity of the resin is quite 
high, the upper limit on sample size is imposed only by the 
ability to collect large volumes of seawater. In sampling 
surface waters, this difficulty can be overcome by crawing water 
directly from the ocean through a cartridge or resin. 

Sampling from ships. 

Most oceanographic vessels are floating contamination problems. 
Contaminating substances, especially PCBs, are potentially pre- 
sent in the ships paint, hydraulic fluids, lubricating oils, 
anti-corrosives, hoses, bilge water, seawater plumbing systems, 
etc., etc. Every effort must be made to prevent seawater samples 
from coming in contact with these and other sources of contami- 
nation. It is essential to gain the co-operation of the officers 
and crew of the ship during a sampling programme in order to 
avoid such operations as bilge pumping or paint chipping when 
sampling gear is being used over the side. 

c 

Obviously, as with most analytical methods, certain steps re- 
quire a log of familiarity before they become routine, and 
probable sources of contamination must be minimized. Various’ 
aspects of the technique are presented in more detail below. 

Sampling 

The analyses of seawater for chlorinated hydrocarbons require 
collection of volwnes in the order of 50-100 liters. The samp- 
ling can then eit.her be done by collecting sea water by suction 
directly from the surface and upper layers of an appropriate 
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volume through tygon or teflon tubing connected to a column with 
amberlite XAD-2 resin using a pump (Fig. 1). The speed of the 
pump should be adjusted to deliver 250 ml/min. When samples 
below the surface are desired, the use of a Bodega-Bodman 
Sampler should be prefered (Fig. 12). 

Adsorption of chlorinated hydrocarbons from seawater 

Pack a 2 cm (I.D.) glass column with 50 ml of precleaned XAD-2 
resin in pesticide-free water. Make sure that all air bubbles 
are removed. Pass the desired (measured) amount of seawater 
through the column at a rate of 200-250 ml/min. (The adsorption 
efficiency of the resin is a function of the flow rate; the rate 
given here is 4-5 bed volumes/min which has been experimentally 
determined to be the optimum and gives about 95% adsorption. 
efficiency for PCBs and DDTs) (Harvey, Steinhauer and Teal, 
1973).This can of course be accomplished by gravity flow or with 
a pump (Fig. 1. 11.). 

Fig. 1'. Set up for the adsorption of chlorinated hydro- 
carbons on XAD-2 resin in the Monaco laboratory. 

When'using a pump it should be placed down stream of the column 
to avoid contamination. 
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It may be of interest to determine the relative amounts of 
chlorinated hydrocarbons in the dissolved and particulate 
states. However, filtering seawater before subjecting it to XAD- 
2 adsorption presents a problem because membrane, paper and 
glass fibre filter materials adsorb organic matter. 

Furthermore, membrane and paper filters usually contain sub- 
stances which interfere with the analysis so that only pre- 
cleaned glass fibre filters are suitable. So, if one filters the 
sample of water and then analyzes the filter for particulate 
chlorinated hydrocarbons, the results tend to be high because 
the total amount of chlorinated hydrocarbon present is due to 
particulate content plus that adsorbed on the filter. By exten- 
sion, if the filtrate is subjected to the resin adsorption 
technique, the “dissolved” concentrations will tend to be low 
because some of the chlorinated hydrocarbons will have been lost 
on the filter. This problem can be overcome somewhat by first 
subjecting the sample to XAD-2 adsorption followed by filtration. 

I 

The reasons the latter is more accurate are two-fold. First of 
all, since the resin beads are large compared to most seawater 
particulates, the particulates tend ‘to pass through the resin 
bed and out of the column. Secondly, XAD-2 tends to pick up only 
those chlorinated hydrocarbons in the dissolved state rather 
than those adsorbed to particles. Only rarely does a sample of 
open ocean seawater contain particles large enough to be held up 
by the column. These are readily visible at the top of the 
column and can be carefully removed before the column is eluted. 

In the open ocean, the amount of chlorinated hydrocarbons asso- 
ciated with particulates is usually less than 10% of the total, 
whereas in coastal zones, it may account for 90% or more. There- 
fore, the necessity for filtering seawater depends on the over- 
all aims of the monitoring programme and the prevailing condi- 
tions at the sampling locations. 

Internal standard 

Before the elution of the XAD-2 column, an internal standard 
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should be added to the top of the column if the behaviour is the 
same as that of the compounds investigated. The internal standard 
will then go through the entire work-up procedure and simplifies 
the quantitation because there is no longer any need for exactly 
measured volumes and injections. The internal standard used is a 
PCB with four chlorine atoms, which is not found in measureable 
amounts in the Chlophene A50, used as standard in our laboratory 
(Institute of Marine Research, Bergen). 

Extraction of resin and work-up of extract 

The work-up of the resin can vary a little depending on the 
concentration of the chlorinated hydrocarbons in the area to be 
monitored,' the presence of interfering substances and the amount 
of water sampled. The following is suggested: 

Elute the resin column with 200 ml of boiling acetronitrile 
under gravity flow. 

The eluate is transferred to a separating funnel (specially made 
for bromine analysis) containing 600 ml pesticide-free water. 

The acetonitrile/pesticide-free water mixture is extracted twice 
with 80 ml portions of hexane (redistilled). 

Dry the extracts with a minimal amount of Na2SOd. After.decant- 
ing the combined hexane fractions, wash the Na2S04 with a few 
ml's of fresh hexane and decant this into the combined hexane 
fraction. Carefully reduce the volume of the hexane solution to 
approx. 10 ml on a rotary evaporator (do not exceed this limit 
or chlorinated hydrocarbons can be lost!)r a Kuderna-Danish 
evaporator might also be used. 

The next step in the procedure is to remove interfering sub- 
stances from the extracts - that is compounds which have GC 
retention-times that are the same or close to retention times of 
the target chlorinated hydrocarbons. Quite often at this stage 
in the procedure the presence of interfering substances is 
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exhibited by a yellow to brown tint in the extract. 
a preliminary check by electron capture gas chromatography 
should be carried out. 

If not then 

t 

Fig. 2. Separating funnel for the hexane (C) 
extraction of the acetonitrile 
eluate (A), mixed with water (B) . 

If interfering substances are present they can usually be re- 
moved as follows: 

Pass the concentrated extract through a micro-chromatography 
column (a Pasteur pipette will suffice) containing 2-4 cm.of 
Florisil(R). Wash the column with one bed volume of 5% ether in 
hexane. The extract and ether-hexane washings are then combined 
and evaporated in a Kuderna-Danish concentrator to 0.5-1.0 ml 
or in a stream of pure nitrogen. 
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Fig. 3. Eluation of the adsorbed chlorinated 
. hydrocarbons from the XAD-2 resin with 
boiling acetonitrile. 

It is important to quantify this volume for the final gaschro- 
matographic analyses if an internal standard is not used. 

After removing interfering substances, PCBs and p,p'-DDE can be 
separated from p,p'DDT and p,p'-DDD before electron capture gas 
chromatographic analysis on packed columns as follows: 

First, prepare deactivated silica by baking 100-200 mesh silica 
for 8 hrs at 14OoC, then add to it 3% (W/W) water. (Some experi- 
mentation with conditions using standard chlorinated hydrocarbon 
solutions as yield determinants is necessary). Pass the extracts 
(0.5-1.0 ml) through a micro-chromatography column packed with 2 
grams of the deactivated silica. It is recommended that the 
microcolumns are treated with dichloromethane and subsequently 
with n-hexane in order to remove interfering substances (Duinker 
and Hillebrand, 1978). Elute the column with hexane (10-15 ml) 
which removes PCBs and p,p'-DDE, then elute with a 10% ether- 
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Fig. 4. Rotavapor'for the reduction of the extraction 
volume. 

Fig. 5. Short column with Florisil for the 
clean up of the extract (ro remove 
for example phthalates and other 
organic compounds) . 
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hexane solution (10-15 ml) or toluene which removes p,p'-DDT and 
p,p'-DDD. The eluates are then concentrated to a convenient 
volume for gas chromatographic analysis. Appropriate blanks 
should be run, repeating the analytical procedure using water 
that was-extracted already. This gives an estimate of the pre- 
sence of any contamination source, with the exception of the 
sampling procedure. 

final volume reduction. 

Gaschromatographic analysis 

There are a number of suitable gas chromatographic stationary 
phases for chlorinated hydrocarbon analysis. Information con- 
tained in the references at the end of this paper may serve as a 
starting point for familiarization with materials commonly used. 

Glass capillary columns.are also in use for these analyses and 
in that case the separation of PCBs and p,p'-DDE from the p,p'- 
DDT and p,p'-DDD is not necessary. 
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The gas chromatograph should be equipped with electron capture 
detector. It should also have glass column(s) and all-glass in- 
jector and detector systems in order to avoid losses of samples 
by thermal "cracking" . 

Sample extracts are injected into the GC using standard techni- 
ques. However, due to the small quantities of chlorinated 
hydrocarbons normally dealt with, special care should be taken 
(see Appendix). 

Gas chromatografic analyses using packed columns. 

The analysis is performed on a Varian 3700. The chromatographic 
column used is a glass column filled with gas chrom Q coated 
with 10% OV 101 or with 10% DC 200. 

For PCBs analysis, different types of packing are used by 
laboratories which make routine analysis: 

5% DCFS 1265 + 4% DC 200 on chromosorb W 80/100 
3% Ov 210 + 3% OV 17 on gas chrom Q 100/120 
6% QF1 on chromosorb W 80/100 
10% OV 17, 10% OV 210 (1:4) on chromosorb W 80/100 
1.5% SP 2250 + 1.95% SP 2401 on Supelcon aw 
4% SE 30 + 6% OV 210 on gas chrom Q 
5% SE 30 on Varaport 30 

The main problem is the homogeneity of the phase. Normally with 
10% (or more) of coating material there is no difficulty in 
obtaining an efficient column. 

Experimental conditions: 
to column: 20oOc 
to injector: 21oOc 
to detector: 26OoC 
N2 flow rate: 50-70 ml/min 
Volume injected: 1-10 U 1  
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Gas chromatografic analyses using capillary columns . 

The analyses of the PCB and pesticides were performed on a 
Hewlett Packard 5710 A gaschromatograph equipped with a HP 1874 A 
Capillary column control and a 45 m long glass capillary column 
coated with SE-54. The construction of the electron capture 
detector (ECD) permits the make up gas to flow directly into the 
detector housing via a built in metal coil which is heated by 
the detector and maintained at a constant temperature. Since the 
volume of the carrier gas entering the detector is very small 
compared to the make up gas (- d 1:SO). The temperature vari- 
ation in the oven has little or no influence on the detector 
temperature and the capillary column can.therefore be tempera- 
ture programmed. 

The conditions for the analyses were as follows: 

Sample injection splitless, 
Oven programmed from 100-230°C at 8OC/min, 

Detector temp.: 25OoC 
Paper speed: 20 mm/min. 

Injector temp.: 2 5 ooc 

GC/MS analyses of a PCB- and pesticide-mixture 

A mixture of PCB (Chlophene-A50) was analysed on a computerized 
gas chromatograph mass spectrometer (Finnigan GC/MS/DS Model 
9000/3200F/6100) under the same chromatographic conditions and 
the same chromatographic columns as for the analyses performed 
using ECD-detector with temperature-programming (Fig. 7). The 
degree of chlorination (Chlorine number) of the different PCB 
components was determined and this chromatogram was compared 
with the chromatogram obtained using the same column type, 
electron capture detector and temperature programming. No 
attempt was made to determine the structure of the different 
isomeres. 



TOC WorkRhop Report No. 25 
Annex I - Appendix IT 
Page 12 

. 
' . .  . .. I .' 

. .  

Fig. 7. Gas chromatogram of Chlophene-A50 and pesticidemixture using EC- 
detector and temperature prograniming. 

For the quantitation of the pesticides the following standard. 
solution was used: 

0.260 ng c1 BHC. 
0.529 ng B BHC 
0.268 ng y BHC 

0.510 ng pp DDE Pro V l  
hexane 1.077 ng op DDT 

1.009 ng pp DDT 
0.500 ng internal standard (a PCB-C14 isomere). 

. .  

Water sample from Monaco July 1979 

The sample was subjected to the procedure described above and 
the Na2S04 dried sample was reduced to 10 ml. 

The 10 ml sample was divided into two parts A and B. 

A. The 5 ml sample was mixed vigorously with conc. H2S04 and 
sentrifuged. The hexane-phase was evaporated by a stream of 
dry nitrogen and then redissolved in 70 p 1  of hexan. 0.5 p 1  
of this solution was injected on the gas chromatograph 
(Fig. 8). 
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Fig. 8. Gas chromatogram of sample after conc. H SO clean-up. 2 4  

One half of the sulphuric acid washed sample (A) was taken 
to dryness and redissolved in 2 ml of 4N KOH in,Methanol in 
a 10 ml Sovirel tube with teflonlined screw cap. The tube 
was left at 8OoC for one hour. The sample was diluted with 
approx. 0.5 ml destilled water and extracted with 2 x 3 ml 
of hexane. The hexane-phase was evaporated to dryness and 
redissolved in 50 ~1 of hexane and 0.7 p 1  was injected in 
the gaschromatograph (Fig. 9). 

B. The volume was adjusted to 10 ml and subjected to clean up 
on a Florisil column (- 0.5 x 4 cm). The eluate was evapo- 
rated to dryness, redissolved in 100 p 1  of hexane and 0.5 ~1 
was injected on the gaschromatograph (Fig. 10). 
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Fig. 9 . Gas chromatogram of sample after conc. H SO and KOH/methanol 2 4  clean up. 

Fig. 10. Gas chromatogram of sample after Florisil clean-up. 
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Table 1. Content of PCB and pesticides in nanogram 

per liter sea water, H SO clean-up. 
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Table 2. Content of PCB and pesticides in nanogram 

per liter sea water, H SO and KOH/meth clean-up. 2 4  
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Table 3. Content of PCB and pesticides in nanocjram 

per liter sea water, Florisil clean-up. 

THRESHOLDS 256 IF 

a-4 I 

EST 4 

TIYE 
14.61 
14.84 
15.32 

15.55 
15.80 
16.07 
16.31 
16.44 

17.73 
18.00 
18.22 
18.33 
18.51 
111.66 
18-80 
19.27 
19-40 
19.64 
19.92 
20.14 
20.23 
20.35 
20.48 
20.59 
20.81 
21.15 
21-74 
21.55 
21.76 
21-97 
22.17 
22.37 
22.55 
22.63 
22.76 
23.20 
23.LO 
23.73 

24.24 
24.40 
24.57 
24.86 
25.07 
25.20 
25.54 

23.e7 

25-92 
. 26.09 

. .IETHOD 
A U L A  

.O6,H4 
15.6906 
23.4 13 7 

2.4816 
-8506 
-4446 

.I I. 31 00 
.9587 
I.IP73 
1.6422 
.5449 
-1045 

' .U627 
1.3096 
7.9190 
-3342 
.IO41 - 1337 

1.7055 
. ' 3.1187 

1.6357 
1.5786 

. 1.3436 
-2313 
-0223 
-0632 
a4706 
1.8369 
4.1118 
-5360 

2.0029 
6.5554 
6.4227 
.3553 
.3443 

1.5580 
4,1049 
.7885 
-9328 

3.3360 
2.4016 
6.1632 

. 9.6313 
a6689 
* 5670 

2.0590 
20.6572 
3.4169 
11.5241 
5-0256 
.8550 
I.5l20 

8.0873 

26.39 *- 23.2803 
26.51 3.3347 
20.85 1.4712 
27.12 - I536 
27.31 3.nittz 
27.hY 3.4809 
ze.16 11.7h86 
28.34 -4504 
28.63 . I949 
28.91 3.6OBO 
29.32 2.2690 
29.h6 1-695h 
29.635 3.7435 

* I  

I , FILL' 10 

.OUJO, 

.3 152. 

.OJJO, 

.3395. 

.O,JOJ. 

.onno, 

.0050, 

.0003. 

.00Q3. 
I .OJr)O. 
.010D, 
.0500, 
.01100, . 
1.8491r 
94 13, 
-9900. 
.0500, 
.4347. 
.0500. 
.0000, 
.0000, 
.4754, 
.5671. 
.L325r 
.&629. 
,2595, 
-3316, 
.3731. 
.00;3r 
-1426. 
e3523, 
-0969. 
-1245. - 1245, 
.231R. 
eI664. 
a 1063, 
-2238. 
.I2IO, 
.oooo. 
.3710. 
-2305. 
e09d9r 
I9760 

* 1022. 
07 10, 
.0030, 
.0000. 
.5493. 

-0691. 
.0000. 
.0000. 
-0000. 
.0000. 

069 I B .  

-0529. 
.0000. 
.001)0. 
.Or)00. 
.oooo, 
.0000, 
.0000, 

31 

. .  

.0J00, I 

.aooo. I 

.0003. ! ' 

.0303. I 

.0000. I 

.1003. I "1LhilL Sl4ri44C1 

.ouoo1 ! 

.0050, ! 

.0000. ! 

.6431. 7 Vca-cLa: 
-5932, 8 PCJ-CL4: 
.3335, I I  PCJ-CL~: 
.0003r I . , 
.1192. 13 PCD-CLU: 
..ocoo. ! 
.0000, ! 
.O!xlO. 1 
..0456, 15 PCJ-CL4l 
.2129# 1'1 P'CD-CLII: 
.533tI. 17 P;J-CLSl 
-0556. I d  r'C3-CL5: 
.i103. 19 PCJ-CLSI 
.4u32. 21 KB-CLSI 
.unqo. 22 VCB-CLS: 
.0003. I 
.0140. 21 r'CO-CL5: 
.I1520 24 PCB-CL51 
.Ottll~ Pi-DLt: 
.0200, DILLC3IVI 
.0237, DIELCiil'4I. 
.3524, 29 PCB-CL5: 
.IZfiL(, 30 PCB-CL61 
.0520, 31 PCD-CL6: 
.2blU, 3 3  PC3-CLbI 
.2316~ 34 PCJ-CL51 
.oooo* 1 
..0429, PP- CDC-09-LCT I 
.096b. 36 PCS-CLhl 
..4l68, 31 ZCB-CL61 
.1317. 38 FCJ-CL6I 
.094Yr 39 PiB-CL51 
-0728, 40 PC3-CL6t 
.oono. I 
.0000. 1 ' 

PP-ELT: 
.326u. 42 rCD-:L61 
-046'4. 42 K3-CL6: 
.ouoo, I 
~.0000, I 
.0000. . I  
.oooo. I 
.0516r 43 Pca-CL61 
.u000. I 
.oooo. I 
.00001 .I 
.UOIlO. I 
.0000. I 
.0000# I 

-4 2- 



IOC Workshop Report No. 25 
Annex I - Appendix I1 
Page 18 

Contents: 

APPARATUS 

CHEMICALS AND GLASSWARE 

PREPARATION OF 
XAD-2 RESIN 

GAS CHROMATOGRAPHIC 
ANALYSIS AND CONFIRMATORY TESTS 

P 19 

P 21 

P 23 

P 24 

-43- 



Apparatus. 

The apparatus described here will mainly be those used at the 
International Laboratory of Marine Radioactivity, Monaco and the 
Institute of Marine Research, Bergen, Norway. 

1. The pump used is a Cole-Parmer pump ser. 6LS 93581 WZIR051. 

Fig.11. Cole-Parmer pump for the suction of 
seawater through the XAD-2 resin. 

2. The Seawater sampler suggested to be used for collection of 
water volumes up to 90 liters, is the Bodega-Bodman sampler. 
This is a modification of the Bodman Sampler (Bodman et. 
_. al., 1961) made by Bodega Marine Laboratory in collabora- 
tion with R. Hamblin, Oceanic Industries, Osterville, Mass. 
USA (Fig. 12). 

1) construction with non-contaminating materials, - anodized 
aluminum, stainless steel, teflon and viton; 2) 100 lb disk lead 
weights bolted directly to the bottom of the sanpler and a one- 
way relief valve in the lid to permit subsurface cocking, such 
that the sampler could pass closed through the surface film, 
thereby minimizing a potential source of contamination; 3) the 
cylinder, constructed of aluminum, was maintained at its full 
diameter at both ends,facilitating cleaning and enhancing flush- 
ing as it descends through the water column; 4) the use of a 
Kullenberg piston core release mechanism allows sampling at pre- 
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cise distances from the bottom; 5) a magnetic switch on the 
upper plate of the sampler switches an integrally mounted 12 KHZ 
pinger to double pulse rate at the time of the trip, thus per- 
mitting continuous shipboard monitoring of the position and 
condition of the sampler; 6) a Swagelok Quick-connect purge 
valve in the lid for the attachment of a nitrogen gas line and 
a stainless steel ball valve with standard Swagelok connections 
at the bottom of the sampler allows the contents of the Bodega- 
Bodman to be transferred directly to a cleanroom for processing 
with limited exposure to the shipboard atmosphere; 7) position- 
ing of the outlet valve in the center of the flat bottom plate 
reduces the potential for loss of larger settling particulates 
between sample collection and processing, which has been re- 
ported as a deficiency in similar samplers (Gardner, 1977). 

Fig.12.The Bodega-Bodman sampler. 
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The figur nr.12 and the description of the sampler is copied 
from: 

THE SAMPLING AND MEASUREBENT OF HYDROCARBONS IN NATURAL WATERS, 
by B.W. de Lappe, R.W. Risebrough, A.M. Springer, T.T. Schmidt, 
J.C. Shropshire, E.F. Letterman and J.R. Payne University of 
California, Bodega Marine Laboratory Bodega Bay, California 
94923 (unpublished paper). 

Chemicals and glassware. 

Common sources of interference in the laboratory originate from 
glassware, chemicals and other materials used in the extraction 
and workup procedure, which have not been properly treated. 
Therefore, it is necessary to do routine and periodic checking 
of glassware and chemicals in order to ensure low blank values. 
For cleaning glassware the following procedure is recommended: 

Wash all items in hot, soapy water and rinse thoroughly. 
Rinse each piece of glassware with pesticide-free acetone. 
Without drying the glassware, rinse each piece with pesti- 
cide-free hexane. Transfer the glassware to a drying oven 
and bake at 3OO0C for at least four hours, or at 25OoC 
overnight. 

A convenient procedure is to wash glassware by the described 
method each afternoon, place it in an oven equipped with an 
automatic timer set to shut off in the morning, so that it has 
time to cool by the time work commences each day. In this way, 
it can be used immediately and not exposed unnecessarily to the 
possibility of contamination. 

The oven used in baking glassware and heating chemicals should 
be dedicated to chlorinated hydrocarbon analysis. Contamination, 
especially of chemicals such as Na2S04, can take place if they 
are heated in an oven that has been used for other work. 

-46- 



TOC Workshop Report No. 25 
Annex I 
Page 22 

- Appendix TI 

Fig.13.Final rinse of glassware with acetone and hexane 
before baking at 25OoC overnight. 

The analyst should become familiar with other sources of conta- 
mination such as plastic wash bottles, plastic screw caps on 
glass or metal containers, PCB treated fibre glass used in air 
conditioning systems and as insulation, lubricating fluids, hy- 
draulic fluids, paint chips, etc. 

It should not be assumed that pesticide grade solvents are suit- 
able for immediated use. Each new batch when received should be 
checked for background contamination by running blanks. 

Chemicals such as Na2S04 and especially Florisil 
tendency to adsorb contaminants from the.atmosphere and should 
be periodically checked. Na2S04 can be cleaned by thoroughly 
washing with benzene and methylene chloride, followed by heating 

(RI to 3OO0C in a clean oven. For details about handling Florisil 
the analyst should request the free bibliographies supplied by 

have a 

, 

,the manufacturer. (Floridin, 3 Penn Center, Pittsburgh, Pa. 
15235). 
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Injection syringes must be kept clean. It is not unusual for a 
highly contaminated needle to need intensive cleaning before 
residual chlorinated hydrocarbons are removed. This could require 
30-50 washings. Periodically, the syringe should be dismantled 
and soaked overnight in a suitable organic solvent such as ace- 
tone or ethylacetate. Since most new syringes are contaminated 
during manufacture, they should be thoroughly cleaned before 
use. 

Preparation of XAD-2 resin 

The commercially supplied XAD-2 resin beads are usually con- 
taminated with a variety of organic compounds and fine particles 
formed by mechanical agitation during processing. Since batches 
vary, trial and error during the cleaning procedure is to be 
expected. The following has been fairly successful. 

Shake the beads in a 50-60 mesh sieve to remove fine material 
and then wash those retained by the sieve with 30-50 volumes 
of tap water. Extract the beads in a Sohxlet for at least 
24 hours using acetonitrile as a solvent. Change the solvent 
and repeat the extraction for an additional 24 hours. 

Sometimes at this stage the resin is sufficiently clean to use; 
if not, additional extraction with different solvents such as 
benzene or acetone is necessary. 

To check the progress of the clean-up procedure, a background 
blank determination is carried out. 

To do this, pack a clean glass column (2 cm I.D.) with 50 cm3 of 
extracted resin. Elute the column by gravity flow with 200 ml of 
boiling acetonitrile. Dilute the eluate with 600 ml of pesticide- 
free water. Extract this aqueous acetonitrile solution with two 
80 ml portions of hexane. Extract the combined hexane fractions 
with 10 ml of pesticide-free water. Dry the hexane extract over 
a minimum amount of anhydrous Na2S04 and then concentrate it to 
0.5 ml in a Kuderna Danish concentrator or in a stream of dry 
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nitrogen. Analyze the extract for interfering compounds on a gas 
chromatograph using the same procedure that will be employed for 
seawater extracts. Calculate the interference on the basis of 
units of weight (usually ng) per litre. To do this, you must, of 
course know at this point the amount of seawater to be sampled. 

If the blank is not acceptable, continue the cleaning process. 
When a satisfactory blank is obtained, the resin may be air 
dried and stored under pesticide-free water until needed. 

Fig.14. Reflux of XAD-2 resin with acetonitrile 
in a Sohxlet apparatus. ’ 

Gas chromatographic analysis and confirmatory tests. 

Before injecting the sample, each syringe should be checked for 
the amount of residual solvent contained in the needle portion. 
Generally, liquid contained in the needle at the completion of 
an injection is also evaporated onto the column due to the high 

-49- 



IOC Workshop Report No. 25 
Annex I - Appendix I1 
Page 25 

temperature of 
sidual solvent 

the injector. In some cases, the amount of re- 
can be in the range of 0.05-0.5 p1. This can 

change the calculated results considerably if not accounted for 
when injections in the ~1 range are being used. 

Qualitative analysis of the chlorinated hydrocarbons in question 
is done by comparison of retention times for samples with standard 
solutions, preferably on at least two columns which differ con- 
siderably in the polarity of their stationary phases. Additional 
identification of the compounds of interest can be done by 
chemical alteration followed by qualitative analysis (as well as 
quantitative analysis in some cases). Such confirmation proce- 
dures are exemplified by the following procedure for the de- 
hydrochlorination of p,p'-DDD and p,p'-DDT to form p,p'-DDMU (2- 
chloro-1, 1-bis (p-chlorophenyl) - ethylene and p,p'-DDE re- 
spec tive ly : 

To each of two 0.1-0.5 ml aliquots of concentrated extract, 
contained in graduated centrifuge tubes, add 1 ml of 0.1 N 
NaOCH3/methanol solution. Heat the two mixtures to 5OoC in 
a water bath. For DDT confirmation heating should be for 30 
mins; for DDD heat for 1 hr. Allow the two reaction mixtures 
to cool and then add 5 ml of pesticide-free water and 1 ml 
of pesticide-free hexane. Extract the newly formed deriva- 
tives by shaking the reaction mixtures vigorously; then let 
stand until the hexane and aqueous phases separate. Remove 
the hexane phases. Re-extract the aqueous phases with an 
additional 1 ml portion of hexane. Combine the two extracts 
for each of the two experiments and reduce each in volume 
to a suitable concentration for gas chromatographic ana- 
lysis. DDE oxidized by chromic acid. 

Whenever possible confirmation should be carried out using 
GC-MS techniques (mass-f ragmentography) . 

For chemical derivation procedures to confirm the presence 
of other chlorinated hydrocarbon compounds the reader is 
referred to standard references such as "The Pesticide 



Analytical Planual" (Vol. I. U.S. Departmen't of 'Health, 
Education and Welfare, Food and Drug Administration, 
Rockville, Md.) 

Quantification of PCBs and DDT residues is accomplished by 
comparing peak heights in sample chromatograms with those 
produced by reference standards. The peaks in the chromatograms 
of sample extracts should be bracketed by those of standards 
because of the limited range of linear response by the ECD. In 
the case of PCBs the sum of the 5 major peaks in the standard 
solution should be used (if a peak is missing in the sample 
chromatogram the quantity zero is used in the summation). 

The following formula will give the concentration of 'a chlori- 
nated hydrocarbon in a water sample: 

3 x- Vext x 10 WT 
X 

- Htsam -- 
ng/l Htstd 'samp Vinj 

[CHI 

Where: 

= concentration of chlorinated hydrocarbon in CH 1 ng/l 
nanograms/liter. 

Htsam = peak height of chlorinated hydrocarbon on sample 
chromatogram. 

= peak height of chlorinated hydrocarbon on standard Htstd 
solution chromatogram. 

Wt 

'samp 

'ext 

weight in nanograms of chlorinated hydrocarbon 
giving Htstd. 

volume in liters of water extracted. I 

final volume of extract in ml. 

= volume of extract in microliters giving Htsam. 'inj 

It should not be implied that the method outlined is the only 
method or necessarily the best method. It can, however, be 
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considered as "state-of-the-art" along with other methods 
presented in recent literature references. 

The following list of references include those which describe 
techniques for isolating chlorinated hydrocarbons from seawater. 
In addition, there are some references which discuss problems 
with contamination; a few references reporting results on samples 
using the techniques referenced and some containing descriptions 
of the advantages and disadvantages of the various techniques. 

This list is by no means exhaustive, but contains the most 
important references describing the three main techniques 
commonly used for chlorinated hydrocarbon analysis. 
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SAMPLING INTERCALIBRATION OF TRXCE-METALS 

Introduction 

The recently completed ICES Fourth Round Intercalibration for 
Trace Metals in Seawater has enabled the analytical procedures for 
the determination of trace metals to be evaluated. The results from 
higher precision laboratories shov that, whilst different sample 
treatments can have systematic influences upon analytical data, 
differences in instrumental techniques (e.g., atomic absorgtion 
versus anodic stripping voltammetry) have small effects. Tbe purpose 
of the IOC Sampling Intercalibration Workshop is to examine biases, 
or differences between alternative sampling techniques that can 
influence 'the, results of seawater analyses. 

Experimental Design. 

determinations in seawater are the use of General.OceenicsR GO-FLO 
or NISKIN samplers or HYDRO-BIOS bottles deployed on various types 
of hydrographic wire. Although in most cases the Samplers are 
modified to some degre.e to minimize contamination problems, the 
basic devices differ little throuthout the developed countries. The 
.preferred types of hydrowire are plastic-coated stainless steei, 
K W l m ,  and n:?l.on. Nevertheless, until zecently, much use was 
made of stainless steel, and many surveys have been carried out 
using this type of hydrographic wire. 

The most commonly used sampling techniques for trace-metal 

. The chosen. design. seeks to ensure the influences of these 
different sampling bottles and hydrowires upon the' resultant ana- 
lytical data. The design involves two experiments to examine 
differences between a) sampling bottles and b) hydrowire. 

a) Sampling bottle intercornparison 

The three most common sampling bottles used in trace metal 
work -GO-FLO, NI-, and HPDRO-l3IoS - will be deployed in'series 
on a single wire ( Kevlar) in a deep water mass which, from hydro- 
griphic considerations, can be assumed to be homogeneous over depth 
scales peater than the sampling depth sequence. Sets of 4 to 6 
samples will then be drawn directly from each sanyling bottle zrd 
frozen or acidified (according to the participant's needs) and 
shipped to his laboratory for analysis. One such cast will be 
carried out for each participant. Thus each Farticipnnt will receive 
up to 18 samples for analysis in triplicate at his home laboratory. 
If sufficient participants have adequate precision and detection 
limits, this should enaSle a dPtailed assessment of the reiative 
sampling bottle influences to be nade. 

b) ,Hydrowire intercoqarison 

Sets of single GO-PLO bottles will be deplcyed sequeatizlly 
on different hydrowires to examine hydrowire irfluences. Each 
participants will receive six sanples iron a single GO-FLO san2,ler 
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deployed in a common water mass on each of three hydrowires (Kmlar, 
stainless steel, and plastic-coated stainless steel). Thus a total 
of 18 samples will need to be analyzed in triplicate by each parti- 
cipant so as to deternine the relative differences-between hydrowires 
as exhibited by the analytical data. 

On-Sit e Inter calibra t ion 

In addition to the core experiments proposed above it is also 
intended to enable participants to undertake, at their discretion, 
an examination of sample-handling techniques at the BES. A large 
volume sample 4500 litres will be collected and placed in a large 
polyethylene container with teflon enclosure minlf01d6+ Participants 
will be able to draw water from this container to test the effects 
of various treatments especially the effect of different filters 
and filter holders. Analytical facilities izclirding clean bottles, 
laminar-flow hoods and atomic absorption spectrophotometers will be 
available at the BBS for the analysis of samdles from this container. 

. I  

Operations 

As described in the R/V ELEZ schedule of operations. 

Participants' Requirements 

Each participant will be required to bring a minimum of 36 
precleaned sample storage bottles to BBS. If he wishes to join in 
the optional third stage of the trace-metal intercalibration, he 
should also bring additiocal pre-cleaned sample bottles and any 
filtration equipment they wish to test to Eermuda. Be shonld also 
ensure that an adequate supply of high purity acid is brought if 
he intends to acidify his samples prior to shipment from Bermuda 
to his hone laboratory. Facilities for freezing samples will be 
provided by EBS. Participants must ucdertake to arrange the 
shipment of sample sets from Eermuda to home laboratory, to con- 
duct the aralyses of the samples before i May 1980, and return the 
analytical data to the Scientific Committee by 15 June 19800' 

In the event that a participant is unable to pre-clean his 
sample storage bottles prior to his arrival in Bermuda, some 
facilities for bottle washing are available at BES but are likely 
to be severely limited. High puritr uater will be available oc 
site. 

x assistance with transportation arrangezents will be provide2 by 
.BES staff and the Administrative Cocmittee. 
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FACILITIES AND SERVICES OF THE BERMUDA BIOLOGICAL STATION 

The Bermuda Biological Station for Ilesearch, Inc. (BBS), has 
offered its facilities for the Workshop of the IOC/'dMO/UNsP Pilot 
Project on Monitoring Background Levels of Selected Pollutants in 
Open-Ocean Waters. The BBS vi11 make available facilitiee (room/ 
board/laboratories) for 40 participants from January 1st to 
January 26th,, 1980. BBS will provide transport from the research 
ship "KELEZ" to the BBS laboratory by one of its research boats at 
no additional charge to IOC. If ferrying of' participants to Station. 

at no extra coat- 
.'s' ("Panulirus" Station) is required, BBS will provide ship time 

BBS will provide: a room for seawater sample storage; 1 room 
for pre-treatment of seawater samples for chlorinated-hydrocarbon 
analyses; and one room for trace-metals; a room for gas chromato- 
graphs (GC); an additional room for gas chromatograph and mass 
spectrometer (GC/MS); and a room for atomic absorption spectropho- 
tometers (AAS). Varian A68OCiateS and PerkineElmer will each 
provide two (2) Gas Chromatographs with electron capture detectors 
(1 capillary, 1 packed column), and one (1) flameless XAS each. 
The factories will provide also appropriate technical service. It 
is expected that BBS will provide laminar flow hoods. Drs A. Knap 
and K. Palmork will contact Hewlett-Packard for a temperature= 
programmed glass capillary ECD/GC, and the Finnegan Corporation for 
the loan of a (OVA) GC/)rS, 

. 

pant. 
Full room and board will amount to 5320 per week per partici- 

BBS will also be responsible for necessary glassware and 
chemicals. 

The IOC will provide BBS with 910,000 to cover partially the 
BBS costs (see BES expenditure), UNEP was asked for an additional 
95,000 for expendable equipment. 

FACILITY UTILIZATION COSTS 

Ship time 9 5,000 

Salaries ( 5 B  overhead) s 15,mo 
Secretarial (photocopying) B 2,000 

Expendable equipment: 
' Glassware, gasks, solvents, acids S 15,000 

Preparation of la5oratories 3 13,CCO 

Total costs 9 50,000 

Expected UEIZP contribution - 3 5,000 

BBS con tr 1ku t ion S 35,OCO 

IOC contribution - s 10,000 

--------- --------- 
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OPERATION OF R/V "XEIZZ" FOEl THE INTERCALIBBATION EXPERIMENT 

Zanuary 13-21 I980 

Presently, the R/V GIORGE B KELEZ (R-441) will operate out of 
St. GZORGZS from the period 13-21 January 1980. In-port and docking 
assistance will be provided through MEYERS SHIPPIXG AGENCY (attention 
Capt. J. Villard goore). 

The vessel will arrive equipped vith 3 vans: - a clean van located athwartships on the main deck; - a chemistry van located on the port side of the main deck; - a geology van located on the starboard side of the maih deck. 
Two winches, a hydraulic h dro-winch with 2000 m of 3/16'' stainless 

cable and an electric hydro-winch with ICEVLAR cable, provided by 
NOAA's Atlantic Ocean Marine Laboratory, will be mounted on the main 
deck, for operation through the starboard A-frame. A craae and a Bowe 
oceanographic winch will also be available if operations require. The 
Rowe winch is equipped with 3000 of 1/211 galvanized cable. 

Navigation will be by radar and LORAN C. 

Primary vessel operations are planned for 6 days (14-20 January 
(a.m.>) according to the following schedule: 

(1) Departure to the Panulirus station will be in the late morning 
or the early afternoon; 

(2) Work will be round the clock with sampling for either trace 
metals or chlorinated hydrocarbons on alternative days; 

(3) Sampling operations will be suspended in time to arrive at 
the Bermuda pilot's station at sunrise; 

Docking will follow with turn-around time allowed for off- 
loading personnel and equipment; 

(4) 

(5) Ship will then return to sea to follow a similar schedule. 

weather may cause delays in arrival, 1066 of operational time 
and/or may necessitate early departure. 

After four days of full operation, activities will be suspended 
so that the ship may re-fuel and take on water and provisions at 
the Naval Station Annex at Hamilton. Staging will occur probably 
during the normal working day. However, these tesks will be completed 
in the least possible amount of time. 

Because of the round-the-clock o>erations, the 8hiF will be 
able to provide accommodation for only 6 scientists, including 
women, in a' 2-berth and ,a 4-berth cabins. 
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Scientific personnel are reminded that weather and safety are 
critical factors in vinter operations- The following equipment is 
recommended for all personnel: 

(1) Warm clothing including coat or sweater 
(2) Close-toed shoes 
(3) 
(4) Gloves for heavy work 
(5) Sea-sickness pills. 

Foul-weather gear -Jacket necessary, boots and pants optional. 

The R/V KEUZ will be docked at Norfolk, Va-, from 15 November 
to 10 January, with staging planned for 2-9 ~7anuazy. All equisment 
to be transported by the KXLZZ should be delivered and ready fo= 
loading by 31 December.1979. All items should 5e identified as being 
for use in the Intercalibration Experiment at the Bermuda Biological 
Station, and should be shipped to: 

NOAA ship GEORGE a KE~;EZ 
439 w. York St., 
Atlaatic Marine Center, 

Norfolk, Va.. 23510. 

A list of items should also be sent to the same address. It is 
hoped that any customs formalities can be handled between station 
personnel and local officials. 

. Cruise and project instructions should be sent to the ship as 
soon as possible. Instructions should be prepared in accordance with 
stand&-d NOAA-NO 5 procedures. 

A final note: 

In completing a standard cast, the vessel will generally vork 
with its stern into the winds and seas, favoring the starboard 
quarter. This enables straight wire zngle and a level platform 
to be maintzined, es well as protecting all personnel. 
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IITST OF PARTICIPANTS 
. .  

Dr. 14. AMBE 
Sagami Chemical Research Center 
Nishi-Ohnuma 4-4-1 
Sagamihara, Kanagma 229 
JAPAN 

Dr. N. ANDERSEIJ 
Scripps Institute of Oceanography 
University of California, San Diego 
La. Jolla, CA. 92037 
USA 

Dr. D. ATWOOD 
Atlantic Oceanographic and 

NOAA 
15, Rickenbacker Causeway 
Miami, Florida 33149 
USA 

Meteorological Laboratory 

Dr. M. BERNHARD 
Marine contamination Laboratory 
CNEN 
79030 Fiascherino (La Spezia) 
ITALY 

Dr. M. BEWERS 
Bedford Institute of Oceanography 
Dartmouth, Nova Scotia 
CANADA B2Y 4A2 

Dr. L. BRUGMANN 
Institut f<r Meereskunde 
Akademie der Wissenschaften der DDR 
Warnennkde, Rostock 253 
GERMAN DEMOCRATIC REPUBLIC 

Dr. T. CHURCH 
University of Delaware 
College of Marine Studies 
Newark, DE. 19711 
USA 

Dr. J. IXJMKER 
Netherlands Institute of Sea Research 
P.0. Box 59 
Den Burg, Texel 
THE m m m s  

Dr. H. GAUL 
German Hydrographic Institute 
Be rnhard-Nocht-St rass e 7 8 
2000 Hamburg 
FEDERAL REPUBLIC OF GERMANY 

Dr. G. HARVEY 
Atlantic Oceanographic md 

NOAA 
15, Rickenbacker Causeway 
Miami, Florida 33149 
USA 

Met eoro 1 ogi cal Laboratory 

Mr. T.J. H1LI;EBRAND 
Netherlands Institute for Sea Research 
P.0. BOX 59 
Den Burg, Texel 
THE NErHmLA.NDs 

Dr. K. LEE 
Chemical Oceanograpy 
Korea Ocean Research 

Inst i tut e 
P.0. BOX 131 
Dongdaemun, Seoul 
REPUBLIC OF KOFEA 

Mr. J. W N A R D  
Bedford Institute of 
p.0. BOX 1006 

Laboratory 
and Development 

Oceanography 

Dartmouth, Nova Scotia 
CANADA B2Y 4A2 

Dr. C. McLEXID 
National Institute for Ehvironmental 

Yatabe, Ibaraki 
JAPAN 

Studies 

Dr, J. OLAFSSON- 
Marine Research Institute 
Skulagata 4 
Reykjavik 
ICELAND 

Dr. A. ORLANDO 
Servicio de Hidrografia Naval 
Departamento Oceanograffa 
Montes de Oca 2124 
Buenos Aires 
ARGENTINA 
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Dr. K.H. PAIMORK 
Institute of Marine Research 

N-5011 Bergen-Nordnes 
NORWAY 

P.0. BOX 1870 

Dr. R. PEZLENBARG 
Naval Research Laboratory 
Code 4330 
Washington, DOC. 20375 
USA 

Dr. S. PIOTROWICZ 

15, Rickenbacker Causeway 
Miami, Florida 33149 
USA 

NOAA/AOML 

Dr. B. PRESLEX 
Department of Oceanography 
Texas A&M University 
College Station, TX 77843 
USA 

Mr. J. PUIG 

15, Rickenbacker Causeway 
Miami, Florida 33149 
USA 

NOAA/AOIJIL 

Dr. D. SCHMIDT 
German Hydrographic Institute 
B e rnhard-Nocht -St ras se 7 8 
2000 Hamburg 4 
FTDEXAL REPUBLIC OF GERMAEJY 

Dr. M. STVALLwzf.4EI ' 

School of Biological Sciences 
University Sains Malaysia 
Penang 
MALAYSIA 

Mr. R. SMITH 
Skidaway Institute of Oceanography 

Savannah, Georgia 31406 
USA 
Mr. F. STORTI 
Skidaway Institute of Oceanography 
P.O. Box 13687 
Savannah, Gem-@.?. 31406 
USA 

P.0. BOX 13687 

Mr. K. SULLIVAN 
Chemistry Department 
Texas A&M University 
College Station, TX 77843 
USA 

Lto J. TOKAR 
NOAA/AOML 
15, Rickenbacker Causeway 
Miami, Florida 33149 
USA 

Dr. G. TOPPING 
D.A.F.S. Narine Laboratory 
P.O. Box 101 
Torry, Aberdeen 
scoTmm 
Dr. J. TRAMONTAX0 
College of Marine Studies 
University of Delaware 
Newark, DEL 19711 
USA 

Dr. J.P. TI%TjtWEi~< 
International Laboratory of' Marine 

Musee Oc6anographique 
Monaco Ville 
PRINCIPAUTE DE MONACO 

Dr. D. !dASLXlTCHUK 
Narine Sciences Institute 
University of Connecticut 
Avery Point, Croton, CT. 06340 
USA 

Radioact id ty 

Mr. S. GJILKEIIFJISEN 
Institute of Marine Research 
Nordnesparken 2 
N-5011 Bergen-Nordnes 
NORWAY 

Dr. H. WlTJDOM 
Skidaway Institute of Oceanography 
P.0. BOX 13687 
Savannah, Georgia 31406 
USA 

Dr. P. YEATS 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmmth, Nova Scotia 
CANADA B2Y 4A2 
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Representative of the Bermuda Biological 
Station for Research 

Dr, T, KNAP 
Deputy Director 
Bermuda Biological Station for Research 
St. George's West 1-15 
BEEMUDA 

Representatives of the Sponsorin5 
Organizations 

Dr. W. SLACZKA 
Assistant Secretary, IOC 
Marine Pollution Research and Monitoring 
Unit 

Unesco 
7, Place de Fontenoy 
75700 Paris 
FRANCE 

Dr. V. .SMAGIN 
World Meteorological Organization 
Case Postale No, 5 
CH-1211 Geneva 20 
SWITZERLAND 

Dr. D. ELDER 
UNEP/RSPAC 
Palais des Nations 
CH-1211 Geneva 10 
S WI TZERLAND 
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1. 
2. 

3. 

4. 

' 5. 
6. 
7. 
8. 
9. 
10, 
11 e 

LIST OF FACILITIES PROVIDED FOR TIIT;: IJORKSITOP 

The Bermuda Biolo*cal Station for Research 

The US National Oceanic and AtmosDheric Administration 

Clean laboratory with the positive pressure inside, for trace-eta1 analyms 

Two ceranic-tiled laboratories for pre-treatment of the sea-water samples 
for chlorinated hydrocarbon analyses 
Three laboratories for gas chromatographs and atonic-absorption spectro- 
photometers 
Laboratory for storage of special sampling equipment an6 containers for 
seacrnter samples 
Two conference rooms 
Equipment and glassware for sea-water analyses 
Solvents, other chemicals and atandards for chlorinated-hydrocarbon ana1,vses 
Containers for collection of sea water 
Copying machine 
Transportation facilities (car, motor-boats) 
Accomodation and fill board for participants 

1. 

2 e  

3. 
4. 
5. 
6 e  
7. 

9. 

10. 
11, 
12 e 
13 e 
U. 
15 

a. 

Rev. GEDRGE B e  KXLEZ 
Clean van for preparaticn of sea water samples for trace-aetal analyses 
Chemistry van 
Geology van 
Hydraulic hydro-winch with 2000 meters of 3/16" stainless-steel cable 
Electric hydro-winch with Kevlar cable 
Crane and a Rowe oceanographic winch with 3000 meters of 1/2Iv galvanized cable 
Gas-lift pumping system 
Installation for extraction of sebwater samples for chlorinated-hydrocarbon 

Stainless-steel dnuns for collection of se-water samples 
Two BO- bottles 
Concrete hydroweight set on polyethylene 
Meter wheel assembly 
Modified 10 1 GO-FXD bottles 
Two satellites NOAA-6 and NIMBUS-7 

analyses 
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Bedford Institute of Oceanography 
1. 
2. Modified and unmodified 12-litre GO-FLO bottles 
3. 12-litre NISKIN bottles 
4. 

600-1itre plastic tank for storage experiments 

3000 metres of Type 302 stainless-steel hydro-wire 

Deutsches Hydrographisches Institut 
1. 
2. 12 HYDRO-BIOS bottles 

4000 metres plastic-coated galvanized-steel hydro-wire 

Skidaway Institute of Oceanography 
1. 1500 metres of Kevlar hydro-wire 
2. High-purity pumping system 

&paratus and accessories 

Gas Chromatographs 

1. 

2. 

3. 

Hewlett-Packard 
5340 A Gas Chromatograph equipped with Electron Capture Detector (ECD) and 
30 m fused-silica capillary columns covered by S%54 

Accessories: 18835 B Capillary Inlet System 
5840 A GC Terminal 

P e rkin-Elm e r 
Two Sigma 3 B GC Gas Chromatographs equipped with Electron Capture Detector 
(ECD) and 2 m glass-packed columns (liquid phase 1,955 OV-17 + 1,5 OV-101) 

Accessories: Sigma 1OB GC Data Station 
Recorders 
Battery Backup Pack 332-2400 

Varian 
Gas Chromatograph Model 3700 equipped with Electron Capture Detector (ECD) 
and 30 m fused silica capillary columns covered by SG54 

Accessories: Chromatographic Data Systems CDS 111 
9176 Recorder 
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Atomic Absorption Spectrophotometers 

1. Perkin-Elmer 
5000 Atomic Absorption Spectrophotometer 

Accessories: Graphite F’urnace 
HGA 500 Programmer 
Printer Sequencer PRS-10 
Recorder 56 

2. Varian . 

AA 775 Series Atomic Absorption Spectrophotometer 

Accessories: CRA 90 Carbon Rod Atomizer 
Model 65 Vapour Generation Accessory 
Ash53 Atomic Sample Dispenser 

Additional equipment and chemicals provided by participants 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

Sampling set for immediate liquid-liquid extraction of chlorinated hydrocarbons 
(Dr. H. Gaul) 

XAD-2 columns for prepgration of sea-water extracts of chlorinhted hydrocarbons 
(Dr. Villeneuve) 

XAD-2 columns for in situ extraction of chlorinated hydrocarbons 

Equipment for sampling of microlayer (Dr. Pellenbarg) 

Standard solutions of PCB 

Standard solutions of chlorinated hydrocarbons (Dr. Villeneuve) 

Some chemicals for traceaetal analyses (Dr. Lee) 

-- 
compounds (Dr. Duinker) 
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COMPOSITION OF THE TEAMS 

Chlorinated-hydrocarbon Team 

J. Duinker 
H. Gaul 
M. Hillebrand 
J. Leonard 
K. Palmork 
K. Sullivan 
J.P. Villeneuve 
S . Wi lholmsen 
A. m a p  
D. Elder (observer) 

Trace-metal Team 

M. Ambe 
D. Atwood 
M. Bewers . 

L. Bsgmann 
T. Church 
J. Duinker 
K. Lee 
C. McLeod 
J. Olaf'sson 
R. Pellenbarg 
S. Piotrowicz 
R. Presley 
D. Schmidt 
M. Sivalingam 
R. Smith 
F. Storti 
G. Topping 
J. Tramontano 
D. Waslenchuk 
H. Windom 
P. Yeats 
A. Orlando (observer) 
M. Bernhard (observer) 
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COMPOSITION OF THE WORKSHOP STGERINC COMMITTEE 

OVERALL SCIENTIFIC SUPERVISION 

Dr. Neil R. Andersen 
Office of Naval Research Liaison 

University of California 

Scripps Inst. of Oceanography 
La Jolla, California, USA 

Office 

San Diego 

and 
National Science Foundation 
Washington, D.C., USA 

OVERALL CO-ORDINATION 

Dr. Wojciech Slaczka 
Intergovernmental Oceanographic 
Commission 

Unesco 
Paris, F'rance 

OPERATIONS AT BBS 1 
Dr. Anthony Knap 
Benmtda Biological Station 

for Research, Inc., 
St. George's West, 1-15 
Bermuda 

1 OPERllTIONS AT SEA 

Dr. Donald Atwood 
Atlantic Oceanographic and 

National Oceanic and 
Meteorological Laboratory 

Atmospheric Admini st ration i Miami, Florida, USA 
TRACE MEX'ALS 

Dr. J. Michael Bewers 
Atlantio Oceanographic Lab. 
Bedford Institute of 

Dartmouth, Nova Scotia 
Canada 

Oceanography 

I 
CHLOlUNATED HYDROCARBONS 

Dr. Karsten H. Palmork 
Institute of Marine Research 
Bergen, Norway 
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CHLORINATED-HYDROCARBON SAMPLING PROCRAMME 

Planned Shipboard Operation - First Day 
Sequence of shipboard operations 

1. Eight 90-1 BOlBUN-bottles to 5-10 metres 

to fill: 2 210-1 Stainless steel drums 
2 5O=l Glass carboys 
1 9O=l Bodman-bottle 

TOTAL . 61e1 

. Time = 3 hours 

2. Start extractions immediately, using glass columns with -2 resin. 

3. 1 BODMAN-bottle to 1200 rn 

to fill: 2 50-1 Glass carboys (d 90-1 actually taken) 

Time =I 1 hour 

4. Return to Bermuda 

TOTAL TIME = 8 hours, port to port 

Planned Shipboard Operation - Second Day 
The aim was to intercalibrate both sampling and analytical methods. The 

following samplers were use& 

one gblit re anodized aluminium BODMAN bottle 
a stainless steel gas-lift pumping system 
an in-situ XAD-2 extraction system 
three 10-litre glass sampling/extraction flasks’ 
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The following samples were to be obtained= 

50 litre samples from gas-lift, RODMAN bottle and glass sampling/extraction 
flasks, to be extracted and analyzed by Gaul at Bermuda, to compare the 
three sampling methods. 
The gas-lift and B O W  bottle samples are to be stored in two stainless 
steel drums. 
less steel piping. 

One %-litre sample from BO- bottle and one 5blitre sample from gas- 
lift pumping system (columns for both to be supplied by Villeneuve) and 
two 5Glitre samples from in-situ XAD-2 extraction system (one column each 
to be supplied by Villeneuve and Sullivan), to compare the three sampling 
methods and to compare (by combining the results with those of the preceding 
exercise) the extraction by solvents and -2 columns, including a com- 
parison between the two types of columns. 
Samples to be analyzed at Bermuda. 
The BODMAN and gas-lift samples to be transferred from the stainless steel 
drums as in the preceding exercercise. 
1) and 2) are to be analyzed by one person, or a small team, consisting of 
Villeneuve, Gaul, Sullivan, Hillebrand and Milhelmsen. Determination of 
blanks is included. 

Fourteen 50-litre samples in separate glass carboys will be obtained from 
the gas-lift pumping system. 
supplied by Villeneuve. 
pant, one of which must be analyzed at Bermuda by him; the second one is 
to be analysed in the home laboratory. 
at the home laboratory is left to the analystvs discretion. 
details of the modifications of the procedures suggested at Bermuda will 
be supplied by each participant. along with his results. 
Interdaboratory differences should become apparent from these results. 
To analyze any temporal variation in homogeneity in respect of organo- 
chlorines, one of these fourteen carboys will be specifically designed for 
sampling and analyzing water at regular intervals during the entire sampling 
period. 
XAD-2 columns (transfer system and columns to be supplied by Villeneuve). 
The carboy will be refilled when empty to allow the extraction of the next 
%litre sample by the next column. 
The analysis is to be performed at Bermuda preferably by the same person 
or a small group of persons. 
The activities on board were scheduled as follows: 
Start with filling three Gaul flasks (1 hour) 
Start filling glass carboy no. 1 as soon as possible. 
be the one designated for the study of time variation. 
with the gas-lift pumping system so as to fill 13 carboys and one stainless- 

1) 

Transfer from drums to Gaults flasks will be through stain- 

2) 

The samples obtained in the exercises 

3) 
XAD-2 resin columns and transfer systems to be 

Two XAD-2 columns will be supplied to each partici- 

The analytical procedure to be used 
However, fill 

Individual 5Glitre samples will be transferred to individual 

This carboy should 
Continue operation 
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steel d m  with at least 100 litres (two BODMAN casts will be required). 
The designated carboy will be used for extraction with XAD-2 resin columns 
repeatedly during the whole sampling period. 
extracted are next in priority; the remaining samples will be extracted in 
the laboratory. 
Gaul will require 4 hours to extract his first samples and prepare the 
flasks for the next cast. 
sufficient to obtain at least 50 litres. 
'10 litres) will be combined for analysis. 

The other samples to be 

If three flasks are available, two casts will be 
The extracts of 5 samples (each 
. 
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TRACEXETAL SAMPLING PROCRAMTlIE 

In view of restrictions on ship time imposed by the adverse weather conditions, 
the following contingency plan0 were devised to meet probable cuts in total ship 
time originally required for the completion of the trace-metal exercise. 

If the time available is 

3 days Stay with original design. 
Planned shipboard operations for each day remain unaltered. 

2 days Reduce redundancy in the original design 
Plans for first day remain unaltered. 
On the second day 2 modified and 2 unmodified GO-FLO samplers 
will be deployed on the remaining 2 hydro-wires. 
Each participant will receive 16 samples in addition to the 
12 collected on the first day. 

1 day Restrict experiment to a comparison of sampling bottles bottles 
using only a single hydro-wire type. . *. 

0 day Use the large-volume container to collect a subsurface sea-water 
simple vith the Biological Station's 
Subsample this water to provide each participant rrith up to 
8 samples for analysis in the Station and in home laboratories. 

work boat (Mic Mac). 

PARTICIPANTS lTSTRUCTIONS FOR SAM'PLE COLLEXTION 

SCIENTIST BOTTLE "PE FILLING PRESERVATION 

AMBE 

BEWEXS/YEXTS 

BRUGMANN 

CHURCH 

1 litre Plastic Leave small air gap None 
5 litres Poly. Leave small air gap None 
500 ml Glass Leave small air gap Bottles contains acid 

2 litres CPE 

500 ml Silica 
with Poly. Stopper 
(bagged) 

Remove Red Flash 
Drain to waste 
Shake out drops 
Fill to shoulder 

5 ml WFREX HC1 using 
di sp ens er p r w i  de d . 
Cap and tighten with 
plastic spanner 

Leave small air gap 1 ml conc HNO with 
pipette provided. Wash 
tip in HN03 once before 
use. 
Cap and reseal bottles 
in plastic bags. 

Rinse twice. Fill to 2 ml IDTO3 with pipette 
800 ml. provided. 
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SCIENTIST BOTTLE TYPE 

DUINKER 1 litre CPE 

LEE 1 litre Poly. 

MCLEOD 1 litre Poly. 

PELLEXBARG 

PIoTRoI~cz 

PRESLEX 
SCHMIDT 

SIVAUNGAM 
WASLENCHUK 

1 litre CPE 

500 ml CPE 

1 litre Teflon 

250 ml Teflon 

500 ml Teflon 

300 ml Glass 
1 litre CPE 
(bag€@) 

Poly Polyethylene 

FILLING 

Rinse twice. Fill to 
2 cm below neck. 
Rinse once. Fill to 
line on bottle neck. 

Rinse once. Leave 
small air gap. 
Rinse three tines. 
Fill to 400 ml level. 

Rinse three times. 
Leave air gap. 

Rinse twice with 
10 ml S.U. sample. 
Fill to 1 cm below 
shoulder . 

Do not rinse. 
Rinse with 100 ml Ski 
sample. 
Rinse three times. 
Rinse twice. Fill to 
shoulder. 

Drain. Rinse twice 

PRESERVATI: ON 

2 ml IERCK HC1 

2 5 ml redistilled HNO 
with dispenser provi ed. 
Replace double cap6. 
Bottle contains 1 ml 
UUl’REX HN03. 
8 ml HN03 (MERCK 456) 
using dispenser provided. 
Rinse dispenser twice 
with acid before use. 
Seal tight and replace 
in plastic bag. 
5 ml redistilled HC1 
using dispenser provided. 
Rinse dispenser twice 
with acid before use. 
Seal tight and replace 
in plastic bag. 
25Opl conc. HN03 with 
Eppendorf pipette prov- 
ided. Place sample in 
ref ri @rat or. 

1 ml UVTRM IDJO3 with 
pipette provided. 
250 p1 ULTREX HNO3 with 
pipette provided. 
1 ml UTlt’REX HNO3 
1 ml redistilled HC1 
vith dispenser provided. 
5OO)11 MEXCK HC1 
500pl conc. mO3 with 
Qsendorf pipette pro- 
vi ed. Use new 
tip each time. e lace 
bottle in zip-locg bag 
and reseal. 
200 p l  NBS HITO with 

vided. Tip must be rinsed 
with 10% HC1 before dis- 
pensing NBS acid. Replace 
bottle in plastic bag and 
seal. 

gip e 

Eppendorf pipe 2 te pro- 
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TRACFrMETAL SAMPLTNG PROGRAMME 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 . 
12. 
13 
14 
15 
16 
17 
18. 
19 
20. 
21. 
22. 
23. 

Planned ShiDboard Operations - First Dai 
Sequence of shipboard operations 

Swing weight over side and lower to sea surface. 
Zero meter block. 
Lower to 50 M. 
Attach Reversing Bottle to wire. (No. 10) (KNUDSEN) 
Lower to 55 M. 
Attach No. 9. 
Lower to 60 M. 
Attach No. 8 
Lower to 65 M. 
Attach No. 7. 
Lower to 70 M. 
Attach No. 6 
Lower to 75 M. 
Attach NG. 5. 
Lower to 80 M. 
Attach No. 4. 
Lower to 85 M. 
Attach No. 3. 
Lower to 90 M. 
Attach No. 2. 
Lower to 95 1. 
Attach No. 1 

( HYDRO-BIOS 
( HYDRO-BIOS) 
( HYDRO-BIOS) 
( HYDRO-BIOS) 
( HYDRO-BIOS) 
( HYDRO-BIOS) 
(GO-FM) 
(NI=) 

( HYDRO-BIOS) 
Lower to 1300 M. 

Prior to the following series of hydrocasts the bottles will be deployed 
in sequence, tripped and recovered. 
be discarded to waste. 
trip test as well as some sampling bottle acclimatization. 

The water from this preliminary cast will 
This cast is intended to provide a messenger and bottle 

CAST 1. 

CAST 2. 

CAST 3. 

CAST 4. 

Cast consists of 1 NISKIN, 1 modified GO-FM and 7 HYDRO-BIOS bottles 
on hydro-wire . 
Samples taken for Lee and Pellenbarg. 
sample8 collected. 
Cast consists of 1 NISKIN, 1 modified GO-FW and 7 HYDRO-BIOS') bottles 
on KEVLAR hydro-wire. 
+) One HYDRO-BIOS bottle malfunctioned. 

Additional homogeneity check 

Cast consists 
hydro-wire . 
Samples taken 
Cast consists 
hydro-wire . 
Samples taken 

of 1 NISKIN and 2 modified GO-FM bottles on KEVLAR 

for Church, Duinker, Schmidt and Sivalingam. 
of 1 NISKIN and 2 modified GO-FLO bottles on W L A R  

for Bewers/Yeats, Brugmann and Windom/Smith. 
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CAST 5. 

CAST 6. 

CAST 7. 

CAST 8. 

CAST 9. 

1. 
2. 
3. 
4. 
5. 
6. 
7 r 
8. 
9. 
10. 
11 . 
12. 
13. 
14 
15 
16. 
17 
18. 
19 
20 . 
21 
22. 
23 
24 

Cast consists of 1 NISKIN and 2 modified GO-FM bottles on KEVUR 
hydro-wire. 
Samples taken for McLeod, Piotrowicz and Presley. 
Cast consists of 1 NISKIN and 2 modified GO-FIX) bottles on K W U R  
hydro-wire . 
Samples taken for Ambe. 
Cast consists of 2 modified and 2 unmodified GO-Fu> bottles on 
STAINLESS STEEL hydro-wi re. 
Samples taken for Duiker, Lee, Olafsson, Pellenbarg, Schmidt and 
S ivalingam. 
Cast consists of 2 modified and 2 unmodified GO-FIX) bottles on 
STAINLESS STEEL hydro-wire . 
Samples taken for Bewers/Yeats, Church and Windom/Smith. 
Cast consists of 2 modified and 2 unmodified GO-FM bottles on 
STAINLESS STEEL hydro-wire. 
Samples taken for Brugmann, McLeod, Piotrowicz and Presley. 

Planned Shipboard Operations - Second Dag 
Sequence of shipboard operations 

Swing weight over side and lower to sea Eurface. Zero meter wheel. 
Lower to 50 M. 
Attach bottle No. 11 (NANSEN) 
Lower to 58 M. 
Attach bottle No. 10 (CO-FLO) 
Lower to 66 M. 
Attach bottle No. 9 (HYDRO-BIOS) 
Lower to 74 M. 
Attach bottle No. 8 (JXDRO-BIOS) 
Lower to 82 M. 
Attach bottle No. 7 (HYDRO-BIOS) 
Lower to 90 M. 
Attach bottle No. 6 (HYDRO-BIOS) 
Lower to 98 M. 
Attach bottle No. 5 (HYDRO-BIOS) 
Lower to 106 M. 
Attach bottle No. 4 (HYDRO-BIOS) 
Lower to 114 M. 
Attach bottle No. 3 (HYDRO-BIOS) 
Lower to 122 M. 
Attach bottle No. 2 (WDRO-BIOS) 
Lower to 130 M. 
Attach bottle No. 1 ( GaFLO) 
Lower to 1300 M. 
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CAST 1. 

CAST 2. 

CAST 3. 

CAST 4. 

CAST 5. 

le 

2. 
3. 
4. 
5- 
6, 
7. 
80 
9. 
10. 
11. 
12 e 
13. 
U. 
15. 
16 
17 
18. 
19 l 
20. 
21 e 

Cast consists of 2 modified CO-FLO and 8 HYDRO-BIOS bottles on 
PLASTIC-COATED GALVANIZED S"EXL hydro-wire. 
Samples taken for Bewers/Yeats, Brugtnann and Windom/Smith. 
Additional homogeneity check samples collected. 
Cast consists of 2 modified GO-FLO and 8 HYDRO-BIOS bottles on 

Samples taken for Ambe, Olafsson and Piotrotricz. 
Cast consists of 2 modified GO-FLO and 8 HYDRO-BIOS') bottles on 
PLASTIC-COATED GALVANIZED STEEL hydro-wire. 
Samples taken for Church, Duinker, Pellenbarg and Schmidt. 
+) One HYDRO-BIOS bottle malfunctioned. 
Cast consists of 2 modified GO-Fu) and 8 HYDRO-BIOS') bottles on 
PLASTIOCOATED GALVANIZED STEEL hydro-wire. 
Samples taken for Presley, Waslenchuk and Sivalingam. 
+) One HYDRO-BIOS bottle malfunctioned. 
Cast consists of 2 modified GO-FZO and 8 HYDRO-BIOS') bottles on 

Samples taken for Bewers/Yeats, Lee, McLeod and Windom/Smith. 
Additional homogeneity check samples collected. 
+) One HYDRO-BIOS bottle malfunctioned. 

PLASTIC-COATED GALVANIZED STEEL hydro-wire. 

PLASTIC-COATED GALVANIZED STEEL hydro-wire. 

Contingency cast sequence using 6 HYDRO-BIOS Bottles 

Swing weight over side and lower to sea surface. 
Zero meter wheel. 
Lower to 50 M. 
Attach reversing bottle to wire. 
Lower to 58 M. 
Attach No. 8 GO-FUl bottle to wire. 
Lower to 66 M. 
Attach No. 7 HYDRO-BIOS bottle to wire. 
Lower to 74 M. 
Attach No. 6 HYDRO-BIOS bottle to wire. 
Lower to 82 M. 
Attach No. 5 HYDRO-BIOS bottle to wire. 
Lower to 90 MI 
Attach No. 4 HYDRO-BIOS bottle to wire. 
Lower to 98 M, 
Attach No. 3 HYDRO-BIOS bottle to wire. 
Lower to 106 M. 
Attach No. 2 HYDRO-BIOS bottle to wire. 
Lower to 114 M. 
Attach No. 1 GO-FIO bottle to Wire. 
Lower to 1300 M. 
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SAMPLING B0TTI;E 
No . Type - 

CO-FIX3 1 

HYDRO-B IO S 2 
HYDRO-BIOS 3 
HYDRO-B I OS 4 
HYDRO-BIOS 5 
HYDRO-BIOS 6 
HYDRO-BIOS 7 
GO-FLO 8 

NANSJiN 9 

CO-FM 

HYDRO-BIOS 

HYDRO-BIOS 

HYDRO-BIOS 

HYDRO-BIOS 

HYDRO-B 10s 

HYDRO-B IO S 
CO-FIX3 
NANSEN 

No . 
1 

2 

3 

4 

5 

6 

- 

7 
8 
9 

Scientist 

Yeat s 
Windom 
Yeats 
Yeats 
Yeat s 
Yeat s 
Windom 
Windom 
Yeats 
Idindon - 

CAST 2 
S ci ent i st 

01 af s s on 
01 af s s on 
Olaf ss on 
Olaf sson 
Olafsson 
Olaf sson 
Ola f s s on 
Olaf 6 s on 
01 af s s on 
Olaf sson 
ElcLeoi 

' Ambedlass 

McLe od 
McLeod 

Sample 

3 x 2  
3 x 0.25 1 
1 x 1.7 1 

1 x 1.7 1 

3 x 0.25 1 
3 x 0.25 1 
3 x 2  1 
3 x 0.25 1 
Salinity 

,1 x 1.7 1 

1 x 1.7 1 

etc. 
etc. 
etc. 
etc. 
etc. 
etc. 
etc. 
etc. 

Sample 

4 x' 1 
4 X 0.5 
1 x 1  

1 x 1  

1 x 1  
1 x 0.5 

1 x 1  

1 x 1  

1 x 0.5 

1 x 0.5 

1 x 0.5 

1 x 0.5 

1 x .1 
2 x 1  
Salinity 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 

1 

CAST 3 
Sci en t i s t 

Duinker 4 x 1  1 
Saving - - 
Duinker 1 x 1  1 

Duinker 1 x 1  1 

Duinker 1 x 1  1 

Duinker 1 x 1  1 

+) combine excess 
1 x 1  1 

Anbe 

1 x 1  1 
Ambe 1 x 1  1 
Ambe 3 x 1  1 

Sample 

4 x 0.25 1 

Saving - - 1 x 0.25 1 

Saving - - 1 x 0.25 1 

Saving - - 1 x 0.25 1 

Saving - - 1 x 0.25 1 

- Salinity 

+) Ambe received one sample from HYDRO-BIOS bottle No. 6, one sample 
from HYDRO-BIOS bottle No. 7, and one sample from HYDRO-BIOS bottles 
Nos. 6 and 7. 
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SAMPLING BOTTLE 

a€E 
GO-FM 

HYDRO-BIOS 
HYDRO-BIOS 
HYDRO-B 10s 
HYDRO-BIOS 
HYDRO-BI 0 S 
HYDRO-B 10s 
GO-FIX) 
NANSEN 

NO 

- 1  

- 

2 
3 
4 
5 
6 
7 
a 
9 

SAMPLING BOTTLF: 
NO Type - 

GO-Fu) 1 

HYDRO-B IO S 2 
HYDRO-BIOS 3 
HYDRWIOS 4 
HYDRO-BIOS 5 
HYDRO-BIOS 6 

HYDRO-BIOS 7 

GO-Fzo a 

CAST 2 
Scientist Samp I. e 

Presley 4 x 1  

Presley 
Presley 
Presley 
Presley 
Brugmann 
Brugmann 
BrugmtUlIl 

2 x 1  
1 x 1  
1 x 1  
1 x 1  
2 x 0.5 

2 x 0.5 

4 x 0.5 
Salinity 

CAST 3 , 

Sci ent i s t Sample 

1 Schmidt A x 0.5 
Pellenbarg 4 x 0.5 
Lee 4 x 1  

1 Schmidt 2 x 0.5 

1 Schmidt 2 x 0.5 
1 Church 1 x 1  

1 Church 1 x 1  
1 x 1  1 Church 

1 Church 1 x 1  
1 Church 4 x 1  

Salinity 

CAST 6 
Sc i ent i 8 t 

Waslenchuk 
Yeats 
Wind om 
Was 1 enchuk 
Waslenchuk 
Was lenchuk 
Waslenchuk 
Pi ot rowi cz 
Pi otrowi cz 

Sample 

4 x 1  1 
3 x 2  1 
3 x 0.25 1 
1 x 1  1 
1 x 1  1 
1 x 1  1 
1 x 1  1 
1 x 1  1 
2 x 0.25 1 

Pi ot rowi cz 1 x 1  1 

Pi otrowi cz 2 x 1  1 

Yeat B 3 x 2  1 

Piotrowicz 2 x 0.25 1 

Pi ot rowi cz 4 x 0.25 1 

Windom 3 x 0.25 1 
I Salinity 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

NANSEN 
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TRACFAJETAL ANCILLARY EXPF=RIMENT 

TEST OF SAMPLINGBOTTLE STORACF: EFFTCTS 

- Pump 200 litres at CSS site +), return to dock. 

Monday (later, when sampling bottles are available) 

- Set peristaltic pump to pull water from tank. - Secure 2 CO-FLX) bottles in vertical position, with valves open. - Secure 6-8 FTYDRQ.BIOS.bottles, having disconnected trip mechanism so as 
to open top of bottle only. - Secure 1 NISKIN bottle, top open. - - - 

- 
Lavel sample bottles prior to filling. 
Fill each participant's "time--zerotr bottles (in duplicate) 
Fill CO-FMS (requires 5 minutres/bottle), record time when starting and 

Immediately begin filling sample bottles, starting from the GO-FIX) that was 
finishing filling. 

filled first. 
Record time for sample when fill. 

Take half of sample from each CO-FIX) to make composite sample. 

- Continue for all early CO-FLX) time-series samples. - Once the early CO-FLQ samples are done, fill the HYDRO-BIOS, record time of 

- Begin filling sample bottles immediately, starting from the HYDRO-BIOS filling (start/finish). 

filled first. 
should provide a scale for each sample bottle type. 
samples. 

Fill bottle 1/6 or 1/8 from each HYDRO-BIOS. 
Do all early HYDRO-BIOS 

- Fill NIEXII!, take a sample 5 minutres after NISKIN is full (for OlafGson only); 
record actual time. (Done in duplicate, of course). - Take the 2-hour and 10-hour samples approximately 2 and 10 hours after the 

Participants 

sampling bottles were initially filled. Record actual times. 

+) Contingency Surface Sample 

Manpower requirements 

Minimum No. 
6 

Purpose 
One person per sampling bottle, to fill s m  le bottles 
(but only 2 required while GO-FWS are donep. 

1 One person to "feed" sample bottles to the filling people. 
1 One person to receive, acidify, cap, and bag filled 

bottles. 
1 

9 people (minim); 

11 people if HYDRO- 
BIOS bottles are used. 

One person to observe and record time at which each sample 
bottle becomes fill. 



IOC Workshop Report No. 25 
Annex VI11 - Page 2 
Bottle requirements 

Each participant needs 6 bottles for each sampling-bottle type sampled; i.e., - Church Brugmann, Waslenchuk (mercury), Waslenchuk and Schmidt (other 
metals\, all need 6 bottles for timed-samples, plus 2 bottles for "time- 
zero" sample, for 8 bottles total. - Windom needs 12 bottles for timed-samples, plus 2 for time-zero, for 
14 bottles total. 

- Olafsson needs 6 bottles for metals from HYDRO-BIOS, 6 bottles for mercury 
from HYDRO-BIOS, and 6 boftles for IJISKTIT samples, plus 2 for time-zero, 
for 20 bottles total. 
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QUESTIONNAIRE FOR PARTICIPANTS I1.T THE T R A C M m A L  PROCRAMME 

Name: 

Ins t i tut i on 
and address: 

A. Please specify the procedures employed durinRthe PANCAG80 Exercise. 

1. Elements to be determined 

2. Type of sample storage bottle - material - size/volume - method of pre-cleaning 
3. Sample storage conditions - condition of s le storage bottle prior to sampling (e.g. 

Super Q filled - conditions of sample storage 
Temperature (e.g. ambient) 
Additive Type 

Strength 
Source 
Volume per sample - any other special conditions 

B. Please describe the equipment and methods of sample collection and analysis 
which you commonly use under the following headings: 

1. Shipboard sampling - hydro-wire type - hydroweight const ntct ion/mat erial - sonplers type/material - describe any special sampler modifications - messenger type (indicate whether of commercial origin or specially 
madef and construction materials, if known) 
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C. 

- describe any other special conditions which you employ in deploying 
samplers, e.g., teflon-lined winch drum. 

2. Other shipboard operations: 

L 

I 

' -  

do you filter samples on board ship? 
pressure or vacuum filtration? 
directly from the sampler or after sample transfer to another 
vessel? 

filter type 
filter size 
filter holder type (if locally constructed - .Fee,, cxstum-made - 
type of tubing used 
precleaning of filters, filter holders, tubes, etc. 
use of clean rooms or clean benches facilities on board ship 

indicate materials used) 

Please also specify any other sample handling/pre-t reatment or analytical 
steps normally conducted on board ship. 

3. Normal sample storage procedures. 
Do you normally use different sample storage bottles and preservation/ 
storage conditions than those used during PANCAG80 (as specified in 
section A). If so, please describe these differences. 

4. Laboratory analysis procedures. 
Please describe the fo1lowine;r - preconcentration technique - analytical instrument used - 
How many independent analyses for each element do you normally conduct on 
each sample? 
Uhat elements in seawater do you believe you are equipped to determine on 
a routine basis? ' 

laboratory conditions under which preconcentration and analytical 
steps are conducted; e.g., laminar4low hood, clean room. 

Reasons for foregoing choices. 
Please describe briefly (< 1 page) the reasons for which you chose the 
part i cular met hods/equipm&t described above 
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(by Robert Pellenbarg, Naval Research Laboratory) 

The Simificance of the Marine Micrc-layer 

The sea-surface micro-layer, as the boundary between the oceans and atmosphere, 
offers a unique opportunity to monitor environmental changes. The uniqueness 
arises in part because the micro-layer becomes a first repository for a great 
many of the materials released by industrial activity. 
are, for example, petroleum hydrocarbons from tanker operations, pesticide aerosols 
from agricultural activities, and metallic species from heavy industrial processes, 
The micro-layer acts as a catchment and concentrator for these and other cast-offs 
from human activities which can be and are easily transported by atmospheric motion. 
Knowledge of the contents of pollutants in the micro-layer will aid in understanding 
the mass balance of synthetic materials in the marine environment. 

The materials of interest 

m e  relative enrichments in both organic and inorganic Gpeciea seen in the 
micro-layer make the analyses of a variety of synthetic materials easier in the 
sense that a concentrated sample is usually more easily analyzed than is a dilute 
one, such as sea water. 

Thus, in summary, the special qualities of the sea surface micro-layer which 
enhance its potential usefulness as an environmental monitor are: 1) the rapidity 
with which the micro-layer can collect and concentrate pollutants generated by 
man, and 2) the fact that materials to be monitored in the micro-layer are present 
in concentrations high relative to bulk sea water, thus facilitating the measurement 
of such materials. 

Samplinc the Micro-layer 

It is desirable that any standardized method for sampling the micro-layer 
be simple in construction for required equipnerrt,and in the use of such equipment. 
Simplicity will aid in enlisting world-wide assistance in monitoring the micro-layer. 
It is precisely the simplicity of the Screen which strongly suggests it as a 
standardized device to bo used for sampling the sea surface micro-layer on an 
international scale. The Screen was demonstrated to the participants of the 
IOC/WMO/UNEP Intercalibration Exercise in Bermuda, January 1980, whose comments 
were positive. The scientists who attended the IOC Norkshop could easily serve 
as a core of researchers who would be interested in assisting in developing a 
co-ordinated international effort for monitoring the micro-layer. 
suggested that the IOC/IJMO/UNEP participants be contacted directly with regard 
to joining the micro-layer monitoring effort. 
ultimate type of sampler to be used for the micro-layer monitoring are beyond 
the scope of this document. 
intercomparison exercise in which screens of different materials could be compared 
as to their abilityto collect non-contaminated sarnplee. 

It is strongly 

However, final decisions as to the 

It may prove desirable to conduct a screen sampler 

Standardization of the Screen 

The Screen sampler demonstrated in Bermuda is constructed of aluminium. 
For hydrocarbon work it is probable that stainless steel would be a more durable 
material for the Screen to be used in sea water. A plastic screen is imperative 
for work inwlvingthe measurement of trace metals in the micro-layer. 
case, it is required that recommendations for a standard Screen be promulgated. 
Some points of feasibility to be resolved are: 

In any 
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1. 

2. 

3. 

4. 

5. 
60 

7. 

- Page- 2 
Materials of construction: 

(a) which materials for organic work - stainless steel, monel 

(b) 

Overall size for the Screen - 0.75 1;1 x 0.75 m appears to be a convenient 
size. 

or aluminiurd! 
which plastics for trace netal work - acrylic, nylon or fiberglass? 

Recornmended Screen mesh size as a function of Screen material - 
1 mm x 1 mm from wire centre to wire centre appears to be a useful 
average size. 

Shape of the Screen - square of triangular. Both shapes have advantages, 
but a square Screen collects a larger sample per dip. 

Accepted methods for cleaning each type of Screen. 

Accepted methods for storing each type of Screen. 

Accepted methods for using the Screen; i.e., from 
from major surface vessels, or from major surface 
to tether a triangular Screen, for example. 

Many of the abwe points are covered in the context of 

a small boat away 
vessels using a bridle 

suggestions. in a paper 
detailing the version of the Screen used at the Naval Research Laboratory, Washington, 
DOC., All participants in Bermuda received a copy of this paper. 

Int ercalibrat ion for Micro-layer Monitorinq 

Once details for a standardized screen and its use have been developed, these 
instructions should be forwarded to those laboratories expressing interest- in 
partioipating in an intercalibration exercise. The laboratories could be assembled 
at a central sampling location to collect samples simultaneously for analysis at 
their laboratories, or one group could collect sufficient samples to be distributed 
among participating laboratories. In either case, prior to sampling, the following 
points must be decided= 

1. 

2. 

3. 

4. 

Parameters to be measured should be those monitored during .the 
Workshop on Int ercalibration of Sampling Procedures (Bermuda, 11-26. 
January 1980): chlorinated hydrocarbons, and the trace metals, copper, 
zinc, cadmium, and nickel. This approach will emphasize the relation- 
ships between surface micro-layers and underlying waters. 

Techniques for sample treatment such as whether to filter or not, 
whether to use centrifhgation, or solvent extraction, or digestion, or 
other sample treatments. 

Aoceptable methods for sample preservation, such as cooling, immediate 
extraotion, pickling with acids, or organio eolvents, and so forth. 

Accepted methode to be used for sample analyses. 
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It is strongly suggested that any sample collection take place in a region 
of the world that has predictably low winds for an extended period of time for 
intercalibration work. 
with calm waters readily accessible from shore in the summer, and such regions 
as the Mediterranean, and waters of the Equator should also be considered in 
this content 

Bermuda in the summer is proposed as a suitable location, 
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S Y M P O S I U M  
OF THE WORKSHOP ON INTERCALIBRATION OF SAMPLING PROCEDURES 

Bermuda, 22 January 1980 

Swmnary Report 

Introduction 

The meeting was opened by the Chairman, Dr. Neil R. Andersen, at 1400 hours, 
22 January 1980; the Agenda is attached hereto. 
of the project and noted relationship6 with other programmes, particularly the 
intercalibration activities of ICES. 
aupport external to IOC, in particular UNEP, and the U.S. N O M  who provided the 
vessel R.V. GM)RGE B. IZELFZ for the exercise. 
bution of the Bermuda Biological Station, without which the intercalibration experiment 
could not have been carried out. It was pointed out that Dr. Antony Knap deserved 
particular recognition in this regard. 

He briefly outlined the development 

Recognition W ~ B  given to the major sources of 

Special note was made of the contri- 

Results (to date) of the Analyses of Chlorinated Hydrocarbon Standards 

Dr. J.-P. Villeneuve reported on the distribution of standards and samples for 
organochlorine analyses. High-level standards had been sent to 40 laboratories, of 
which 5 had replied. A second set had been sent to 14 laboratories, of which 1 
had replied. The organic standards were supplied free of charge by the IAEA 
Laboratory in Monaco. Since the total cost of preparation and distribution was 
less than $2,000, samples were sent to any laboratory that might do the analyses. 
Several people reported that this led to some conf'usion because samples without 
identification were received in laboratories where organochlorine analyses are not 
carried out. 

It was agreed that more direct contact with the scientists who do the analyses 
is necessary so that samples are not sent to people who do not conduct such analyses. 
This is particularly true for the trac-eta1 standards, for which costs are higher. 

Several suggestions were made as to how to get information to the scientists in 
One suggestion (Dr..G. Topping) various countries and how to get their responses. 

was to name a lead person in each country who can distribute the samples to the 
appropriate person in his country. Another suggestion (Dr. M. Bewers) was to circulate 
a questionnaire, as ICES doee, asking people what they want and what they can do. 
Yet another (Dr. M. Bernhard) was tu mention the programme either in Unesco bulletins 
or in the Marine Pollution Bulletin and let the scientists clear channels. Dr. Slaczka 
stated that, with respect to some of its Member States, IOC is not allowed to deal 
with scientists without the permission of their governments, and that in some cases 
the scientists are not granted permission to participate even when they are inter- 
ested. 
laboratories and estimate capabilities and solicit participation in intercalibration 
exercises. 

It was generally agreed that it would be useful to get an expert to visit 
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Plans for Trace-Metal Standards Analyses 

Dr. Slaczka reported thet there had been some difficulty in providing enough 
funds to cover the costs of the analyses of traceaetal standards. 
that 320,000 would be required for 30 participants. It iva~ indicated that funds 
would be sought, perhaps from UNEP, for the analyses. Dr. Andersen pointed out 
that without the analyses of standards, the total sampling intercalibration for 
trace metals would be seriously compromised. 

He pointed out 

The Sagmi Chemical Research Center can supply many of the standards for 
distribution in May, but the cost will beh/fb20,000. 
IAEA Laboratory in Monaco can supply some of the standards. 
be purchased from Sagami* 
Slaczka in Monaco in February 1980. 
of most use to laboratories that had not taken part in previous intercalibrations. 

It may be possible that the 
The remainder could 

This matter will be discussed by Drs. Fukai, Bewers, and 
It was agreed that the standards programme was 

Sampling Programme Results 

Ship operations 
Dr. Andersen noted that the officers and crew of the R.V. GWEGE B. KELEZ did 
an outstanding job in assisting in the sampling programme, under adverse 
weather conditions. He indicated that special recoeition was in order. He 
also pointed out that the efforts expended by the scientists who went to 
sea equally deserve special mention, particularly Drs. Atwood, Harvey, Yeats 
and Mr. Smith, who served as chief scientist on board at various times during 
the period of sampling. Dr. Andersen suggested that a letter of recognition 
from IOC would be in order, which was unanimously agreed to by those attending 
the seminar. 

Chlorinat etf Hydrocarbons 
Dr. K. Palmork reported that there were no direct results,from the organic 
analyses yet. 
samples were obtained. However, on the second day all was completed as 
planned in the operational plan, which had to be progressively modified during 
the experiment to take into account the adverse weather. Because other 
equipment, such as the gas-lift system, was available and many extra sample 
bottles were supplied, additional work could be done. Two samples were 
obtained for each participant and all the results should be in by April. 
Dr. Palmork pointed out that much of the credit should go to Dr. Knap and the 
Bermuda Biological Station for obtaining the instruments, standards, and much 
other equipment, which considerably enhanced the experiment. 
It was considered important to continue the analysis of the large number of 
complex chromatograms obtained from samples collected on the second cruise, 
after the completion of the work anticipated. 
would be worthwhile to investigate the feasibility of composing a mixture of 
individual components that would represent the patterns obtained by application 
of temperature-programmed capil lnry r ~ o l v ~ ~ ~ n  chromatography. It was therefore 
agreed that the following participants would remain in Bermuda for several 
additional days and undertake this task: Drs. K. Palmork, J.-P. Villeneuve, 
J.C. Winker and Mr. T.J. Hillebrand. 

On the first day, owing to adverse weather conditions, not all 

It was concluded that it 
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(c) Trace metals 
Dr. M. Bewers reported that the original design of the trace-metal work 
remained intact although the sea conditions modified the plans. 
concern was the validity of the homogeneity assumption since shallower 
depths were taken than intended. Dr. Church reported that the values he 
has obtained at the Biological Station from three different bottles in 
Leg I suggest that homogeneity was maintained. The bottles were within. 
analytical precision, which he stated was superior to that which he achieves 
in his own laboratory. He stressed that it was good to get values here, 
so one could see problems right away. The surface-sample values compare 
well with those given in the scientific literature. 
it was indispensable to have instrument people here as well as instruments, 
since different laboratories have different machines and there was very little 
time for accustoming oneself to the instruments. 
Dr. Bewers stated that all the trace-metal results should reach him at the 
Bedford Institute by 31 May. 
experiment devised by Drs. Bernhard, Waslenchuk and Brugmann appeared to 
have worked satisfactorily. 

His only 

It was agreed that 

He also reported that the additional storage 

(d) Surface films 
Drs. Pellenbarg and Smagin stressed the importance of having sea-surface micro- 
layer sampling included in any ocean monitoring plan. ,In this experiment, 
because of the short le.& time and the rough seas, only a demonstration of 
a sampling screen was possible. 
on suggestions for monitoring the surface micro-layer. 
Dr. Smagin was asked 
and if sea-surface sampling is included. 
available but that funds, if necessary, would be sought from UNEP. Some 
discussion followed as to whether the screen was the best sampling technique 
but no consensus was reached. 

Disposition/Results of Analyses of Samples 

which could be addressed if a similar effort were repeated, should be compiled by 
the sub-groupstogether with their reports. 
Andersen by 1 August 1980, and he would distribute the integrated report by 
1 September. 
forwarding to GIFH5IV and IOC. 

Annex X is a report provided by Dr.. Pellenbarg 

if HMO would support the ocean monitoring project when 
He replied that no funds are presently 

Dr. N. Andersen suggested that any comments with regard to problems in general, 

The two sub-reports should reach Dr. 

The report would then be submitted to (ZEMSI-III for approval and 

It was agreed that participants should receive the appropriate subgroup reports 
before they are sent to Dr. N. Andersen, to eneure accuracy. ' 

Dr. M. Bewers asked about funding of travel etc. for subgroup leaders to get 
together for writing the reports. Dr. Slaczka said that IOC will pay this under 
its consultante programme. UlOEP is to receive two reports: the first, a report 
of what happened in Bermuda, activities, problems, etc., is required by April 1980; 
the second, the final report, is to include all results obtained in Bermuda and 
those obtained in the home laboratories (including all int ercalibration results), 
and is required by September 1980. This second report will be drafted by three 
consultants paid under the I W / m P  Project. 



IOC Workshop Report No. 25 
Annex XI - Page 4 

Dr. Slaczka stated that when the report is ready, CEMSI-I11 will meet to 
Is it possible to do baseline studies, discuss the feasibility of monitoring. 

followed by monitoring, or not? GEMS1 will also discuss training, education etc., 
in trace metal and organochlorine analysis for developing countries. 

Dr. N. Andersen thanked the representatives of the Hewlett Packard Perkin 
Elmer and Varian Companies for their helpfulness. 
that they were quite pleased with the experiment although more notice to get 
instruments here would have made it easier for all concerned. 

Purcell (Perkin Elmer) replied 

Dr. Slaczka thanked everybody for their hard work, both on land and sea, and 
especially Drs. Andersen, Bevrers and Palrwrk for. organizing the work so well, and 
the Bermuda Biological Station for Research for having everything available when 
it was needed. 

Dr. Andersen adjourned the meeting at 1700 hours, 22 January 1980. 
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SETKNAR ON THE CHMRTNATED-HYDROCARBON AND 
TRACE-MGTAL TN"I%RCALIBRATION MPERIMENT 

Bermuda, 22 January 1980 

A G E N D A  

1, Introduction 

(a) Project development (BI Sources of support 
Relationships to other programmes 

Involvement of B e m d a  B i ol o gi cal St at i on 

2. Results (to date) of Analysis of Chlorinateb.hydrocarbon Standards 

3. Plans for Traceaetal Standard Analyaes 

[ba{ Reporting format and timetable 
Distribution 

4. Sampling Programme Results 
Ship operations 
Hal ogenat ed hydro carbons 
Trace metals 

(a) Surface films 

Disposition/Results of Analpea of Samples 

[bB] Trace metals 

Analytical Aspects of fnetrumentation Present at BBS and Application 

5. 
Halogenated hydrocarbons 

6. 
to a Monitoring Activity 

7. Preliminary Discussion on Feasibility of a Monitoring Operation for 
Halogenated Hydrocarbons and, Trace Metals 

8. Atture Activitkee (e.g., TEXA; other pollutante) 
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