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2 8  T ech n ica l  a n n e x :  r e c o m m e n d e d  p a c k a g e s  of c h e m ic a l  a n d  
b io lo g ica l  m e th o d s  fo r  m o n i to r in g  o n  a  d e t e r m i n a n t  b a s is

Matt Gubbins, Patrick Roose, Ian M. Davies, and Dick Vethaak

28.1 Review of CEMP requirem ents

This technical annex was prepared  by reviewing the chemical determ inants listed in 
the OSPAR C oordinated Environm ental M onitoring Program m e (CEMP) and pre- 
CEMP (ASMO, 2007a) and considering the m ost appropriate chemical analyses and 
biological effects techniques that could be applied in an integrated fashion to 
m onitor for these com pounds in the m arine environm ent.

Some general points concerning integrated m onitoring were noted during this 
process:

• In some cases, the list of contam inants that should be reported  under the 
CEMP (and pre-CEMP) m ay be insufficient for an integrated approach. In 
order to aid interpretation of biological effects m easurem ents, an 
integrated assessm ent m ay require data on related contam inants, which 
w ould  elicit a response on the biological effects com ponents of the 
m ethods packages. D eterm inants additional to those required  under the 
CEMP have, therefore, been added  to the packages below.

• It was felt that a fully "integrated" approach to m onitoring should include 
passive sam pling of contam inants as part of the package of methods. This 
will provide inform ation on availability of contam inants in sedim ents and 
allow for tem porally integrated sam pling of contam inants in water. 
(Guidelines for the application of passive sam plers are available from 
ICES W orking G roup on M arine Sediments in Relation to Pollution 
(WGMS).)

• The biological effects techniques applied to these packages of m ethods are 
listed either in  the ICES W orking G roup on Biological Effects of 
C ontam inants (WGBEC) recom m ended techniques list (ICES, 2007c) or 
form  part of the fish and shellfish m ethods packages proposed in the draft 
Joint Assessment and M onitoring Program m e (JAMP) Guidelines for 
integrated m onitoring and assessment of contam inants and their effects 
(ASMO, 2007b). The biological effects m ethods included here are 
separated into those appropriate to m onitoring selected fish species, 
shellfish (mussels), and bioassays (sediment, water, and in vitro tests).

• It should be noted that the biological effects m ethods listed here are those 
which m ay form  part of an overall integrated m onitoring package and are 
likely to be affected by the OSPAR priority  contam inants in  question. 
M any of the effects m easurem ents listed are "general" biological effects, 
which are indicative of stress or health status of m arine organism s or 
general toxicity in  the sedim ents and w ater column. These m ay be affected 
by a w ide range of contam inants and are not specific to the contam inants 
in question. Therefore, for each group of substances, the m ost specific and 
relevant biological effects techniques have also been highlighted.

• These packages of m ethods should be considered supplem ental to the 
existing JAMP Guidelines for C ontam inant-spedfic (OSPAR 2003-10) and 
General (1997-7) Biological Effeds M onitoring and the JAMP Guidelines 
on Contam inants in Biota (OSPAR 1999-2) and Sediment (OSPAR 2002-
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16). The JAMP Guidelines provide m ore detailed background on the 
biological effects and chemical analysis m ethods referred to here and the 
necessary cofactors that should be recorded for these techniques. The 
packages of m ethods presented here combine contam inant-spedfic effects 
w ith the general biological effeds m ethods that are likely to respond to the 
contaminants. They also deal w ith groups of contam inants not addressed 
by the contam inant specific guidelines and propose further integration of 
techniques, such as passive sam pling and invertebrate m ethods for metals.

The priority chemical determ inants from  the OSPAR CEMP and pre-CEMP are as 
follows (taken from  ASMO, 2007a). (The appendices referred to are CEMP 
appendices.)

The following com ponents of the CEMP are to be m easured on a m andatory basis:

• the heavy metals cadmium , mercury, and lead in  biota and sedim ent 
(appendix 2);

• the PCB congeners CB 28, CB 52, CB 101, CB 118, CB 138, CB 153, and CB 
180 in biota and sedim ent (appendix 3);

• the PAHs anthracene, benz [a] anthracene, benzo [ghi]pery lene, 
benzo [a] pyrene, chrysene, fluoranthene, i d e n o [1,2,3-ai ] py re n e, pyrene, 
and phenanthrene in biota and sedim ent (appendix 4);

• TBT in sedim ent (biota voluntary/pre-CEM P; appendix 5).

The following com ponents are currently part of the pre-CEMP and are to be 
m easured on a voluntary basis:

• the brom inated flame retardants HBCD and PBDEs 28, 47, 66, 85, 99, 100, 
153, 154, and 183 in  biota and sediment, and BDE 209 in  sedim ent 
(appendix 8);

• the p lanar PCB congeners CB 77, 126, and 169 in biota. M onitoring of 
those congeners in sedim ent should be undertaken only if levels of m arker 
PCBs are e.g. 100-fold higher than  the background assessment 
concentration (appendix 9);

• the alkylated PAHs C l-, C2-, and C3-naphthalenes, C l-, C2-, and C3- 
phenanthrenes, and C l-, C2-, and C3-dibenzothiophenes and the parent 
com pound dibenzothiophene in biota and sedim ent (appendix 10);

• perfluorooctane sulfonate (PFOS) in sediment, biota, and w ater (appendix 
12);

• polychlorinated dibenzodioxins and furans in  biota and sedim ent 
(appendix 13).

28 .2  M ethods package  for m etals

A lthough cadmium, m ercury, and lead are the only m andatory metal determ inants 
under the CEMP, other m etal species are needed to interpret the biological effects 
data as part of an integrated package. A dditional m etal species needed include 
copper and zinc. Metals analysis should be perform ed on sedim ents and biota 
collected from  the same times and locations, w here possible. Cofactors for sedim ent 
analysis are also required, including alum inium  and lithium . Diffusive gradients in 
thin films (DGTs) present the opportunity  to undertake passive sam pling for metal 
species to allow tem porally integrated sam pling of w ater and m easure availability of 
metals in sediments.
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Metal-"specific" biological effects m easurem ents include m etallothionein, ALA-D, 
and oxidative stress, although both m etallothionein and oxidative-stress responses 
are know n to be affected by other contam inants. ALA-D is lead-specific and can be 
m easured in  fish blood, although it has lim ited use/expertise across the ICES/OSPAR 
community. It is recom m ended that it be applied only in areas w here lead 
contam ination is perceived to be a problem  or w here chemical m onitoring indicates 
that concentrations are significantly above background.

ALA-D is relevant only for fish. M etallothionein can be applied to fish liver and 
m ussel digestive glands, although best results are obtained from  mussels. There are a 
num ber of oxidative-stress m easurem ents that can be m ade in  both fish and mussels 
which could add  value to an integrated package of metals m ethods, bu t ow ing to the 
lack of standardized m ethods, quality assurance, and assessment criteria, it is 
suggested that this m ethod is not an essential part of the metals package.

A num ber of "general" biological effects m easurem ents in  fish and shellfish will be 
affected by environm ental metal contam ination and these are show n in Figure 28.1. 
In vivo bioassays are also relevant m easurem ents for the effects of metals.

M etallothionein in  mussels and ALA-D in fish are considered the most 
specific/relevant biological effects m ethods for metals.

Metals

Chem istry
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shoreline 
invertebrates?)
More metal spp. 
than required by 
CEMP should be 
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biological effects 
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Figure 28.1. Package of chemical and biological effects methods relevant to monitoring for 
metals. The most specific/relevant biological effects methods are highlighted (bold, shade).

28 .3  M ethods package  for PCBs, polychlorinated dibenzodioxins, and  furans

Because of the similarity of their toxicological effects, a single m ethods package was 
proposed for polychlorinated biphenyls (PCBs), polychlorinated dibenzodioxins, and 
furans. In addition to the OSPAR CEMP required  determ inants, additional 
chlorinated biphenyls (CBs) m ay cause biological effects, and their analysis should 
be included in an integrated m onitoring approach. These include coplanar CBs 
CB105, and CB156. A variety of passive sam pling devices (e.g. silicone rubber) offer
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the potential for tem porally integrated sam pling of these com pounds from  w ater and 
investigation of their availability in  sediments, and these should be em ployed w here 
possible.

There are no truly specific biological effects m easurem ents available for PCBs, 
polychlorinated dibenzodioxins, and furans. The m ost relevant are considered to be 
induction of CYP1A/EROD activity in  fish liver and application of the dioxin 
receptor-based in vitro test, DR-CALUX.

Several other general biological effects m easurem ents in  fish and shellfish may 
respond to exposure to these com pounds and are show n in Figure 28.2. DR-CALUX 
is considered the m ost useful in vitro bioassay technique, although chronic in vivo 
bioassays m ay also be relevant.

PCBs, Polychlorinated dibenzodioxins and furans

Chemistry

Sediments and biota 
sampled at the same sites 
and time.
PCBs-CB 28, CB 52, CB 
101, CB 118, CB 138, CB 
153, and CB 180 
Planar CBs (in biota)-CB 
77, 126 and 169 
PC dibenzodioxins and 
furans
Other CBs may cause 
effects therefore 
recommend co-planar CBs 
105, 156.
Passive sampling- 
temporally integrated water 
concentrations and 
sediment availability-see 
WGMS Guidelines.

Fish

Biological effects techniques

Shellfish
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Bioassays

‘Specific ’
Hepatic CYP1A/EROD, 
comet assay, 
macroscopic liver 
neoplasms
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Specific-No specific 
biological effects 
measurements 
available.

General-These 
measurements can 
be affected by PCBs- 
Lysosomal stability, 
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Scope for Growth.

Toxicity Identification 
Evaluation methods 
(T.I.E.) using C16 
columns

Some chronic in vivo 
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relevant such as DR- 
CALUX.

Figure 28.2. Package of chemical and biological effects methods relevant to monitoring for PCBs, 
polychlorinated dibenzodioxins, and furans. The most specific/relevant biological effects 
methods are highlighted (bold, shade).

28 .4  M ethods package  for PAHs and  alkylated PAHs

Because of their similar toxicological effects, a single package of m ethods is proposed 
for polycyclic aromatic hydrocarbons (PAHs) and alkylated PAHs (Figure 28.3). The 
package of m ethods is similar to Figure 28.2 above, although chemical determ inants 
should be analysed in sedim ent and shellfish only for biota. Because of their rapid  
m etabolism  in finfish, PAHs should be analysed as metabolites in  bile rather than  as 
parent com pounds in liver or flesh. As above, passive sam pling should also be 
applied w here possible.

Additional specific biological effects are applicable for PA Hs/alkylated PAHs. These 
include PAH m etabolites in  fish bile and DNA adducts in  fish liver. The most 
relevant/spedfic biological effects techniques are highlighted as induction of hepatic 
CYP1A/EROD, DNA adducts, and the DR-CALUX in vitro bioassay.
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General biological effects m easurem ents will also respond to exposure to these 
com pounds and are given in  Figure 28.3.
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Figure 28.3. Package of chemical and biological effects methods relevant to monitoring for PAHs 
and alkylated PAHs. The m ost specific/relevant biological effects methods are highlighted (bold, 
shade).

28 .5  O rganotins

It was felt that the package of m ethods appropriate to organotin m onitoring was 
already veiy well described by the JAMP Guidelines on organotin-spedfic 
m onitoring and in d u d ed  a suite of param eters relevant to im posex/intersex in 
gastropods, TBT, DBT, MBT, TPhT, DPhT, MPhT in sedim ents (for offshore 
monitoring), and in biota, w here appropriate (voluntary). It was noted that passive 
sam pling for organotins m ay become an option for integrated m onitoring of 
organotins in  future. It was also noted  that bivalve em bryo bioassays are sensitive to 
dissolved TBT at the ng F1 level.

28 .6  BFRs

It was noted that there are currently very few biological effects m ethods available 
and tested in a m onitoring context for m easuring the effeds of brom inated flame 
retardants (BFRs). The determ inants required  for CEMP are FIBCD and PBDEs 28, 
47, 66, 85, 99,100,153,154, and 183 in biota and sediment, and BDE 209 in  sediment. 
Passive sam pling is also relevant.

There are no specific biological effects techniques available. Thyroid horm one 
receptor assays in fish blood are relevant, but have not been well field-tested, nor is 
this an ICES recom m ended technique. Recent studies on the toxicological properties
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of these com pounds in  fish suggest that there are lim ited overt effects that can be 
detected by existing techniques.

28 .7  PFOS

Perfluorooctane sulfonate (PFOS) analysis in  sediment, biota, and w ater is included 
in the list of pre-CEMP determ inants; however, no specific biological effects 
techniques are recom m ended here. It was noted that the com pound m ay have 
endocrine-disrupting effects and that some endocrine disruptor-relevant endpoints 
m ay be appropriate along w ith general biological effect m easurem ents, such as 
reproductive success. A battery of short-term, low-volum e bioassays (in vitro and in 
vivo) using extracts can be used to perform  a first screening/assessm ent of 
unintended impacts and novel contam inants (see background docum ent on w ater 
bioassays). These extracts can be derived from  water, sediment, biota, and/or passive 
samplers. Inform ation obtained from  bioanalysis can also be used as inpu t for the 
design of future m onitoring program m es and the developm ent of appropriate higher 
level biological effects techniques biomarkers. However, a package of m ethods 
relevant to PFOS w ould  require further consideration.


