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Complex	
  mixtures	
  –	
  or	
  “cocktails”	
  –	
  of	
  ‘legacy’	
  contaminants	
  (that	
  are	
  now	
  subject	
  to	
  
control,	
  such	
  as	
  heavy	
  metals	
  and	
  persistent	
  organic	
  pollutants),	
  emerging	
  chemicals	
  
(defined	
  as	
  chemicals	
  that	
  have	
  been	
  detected	
  in	
  the	
  environment,	
  but	
  are	
  currently	
  
unregulated,	
  the	
  fate	
  and	
  biological	
  impacts	
  of	
  which	
  are	
  poorly	
  understood)	
  and	
  natural	
  
chemicals	
  (e.g.	
  algal	
  biotoxins)	
  in	
  marine	
  ecosystems	
  pose	
  a	
  threat	
  to	
  human	
  health	
  via	
  the	
  
food	
  chain,	
  and	
  represent	
  important	
  scientific,	
  economic	
  and	
  health	
  challenges.	
  	
  	
  Protecting	
  
marine	
  ecosystems	
  and	
  seafood	
  resources	
  from	
  the	
  adverse	
  effects	
  of	
  chemical	
  
contaminants	
  therefore	
  remains	
  an	
  important	
  issue.	
  	
  	
  	
  

Analytical	
  chemistry	
  plays	
  a	
  key	
  role	
  in	
  evaluating	
  to	
  what	
  extent	
  regulatory	
  steps	
  (such	
  as	
  
regional	
  conventions	
  controlling	
  certain	
  persistent,	
  bioaccumulative	
  and	
  toxic,	
  or	
  PBT,	
  
chemicals)	
  have	
  been	
  effective	
  in	
  leading	
  to	
  reduced	
  emissions	
  of	
  these	
  legacy	
  contaminants	
  
into	
  marine	
  environments.	
  	
  	
  Evidence	
  suggests	
  that	
  a	
  number	
  of	
  these	
  regional	
  conventions	
  
succeeded	
  in	
  reducing	
  inputs	
  and	
  levels	
  of	
  certain	
  PBT	
  legacy	
  contaminants	
  in	
  many	
  areas,	
  
although	
  problematic	
  exposure	
  scenarios	
  do	
  still	
  exist,	
  for	
  example	
  lingering	
  high	
  levels	
  of	
  
polycyclic	
  aromatic	
  hydrocarbons	
  (PAH)	
  in	
  UK	
  estuaries.	
  	
  In	
  parallel,	
  the	
  application	
  of	
  
biomarkers	
  and	
  bioassays	
  integrated	
  with	
  analytical	
  chemistry	
  has	
  strengthened	
  the	
  
evidence	
  base	
  to	
  support	
  an	
  ecosystem	
  approach	
  to	
  manage	
  marine	
  pollution	
  problems.	
  	
  In	
  
recent	
  years,	
  however,	
  the	
  increased	
  sensitivity	
  of	
  analytical	
  chemistry,	
  toxicity	
  alerts	
  and	
  
wider	
  environmental	
  awareness	
  has	
  led	
  to	
  a	
  focus	
  on	
  emerging	
  chemical	
  contaminants	
  
(including	
  brominated	
  flame	
  retardants,	
  microplastics,	
  nanomaterials	
  and	
  recreational	
  
drugs).	
  	
  High	
  profile	
  recent	
  examples	
  –	
  such	
  as	
  the	
  Prestige	
  and	
  Deepwater	
  Horizon	
  oil	
  
disasters	
  in	
  Spain	
  and	
  the	
  US,	
  and	
  the	
  ongoing	
  pollution	
  of	
  the	
  Pearl	
  River	
  estuary	
  in	
  China	
  -­‐	
  
have	
  also	
  highlighted	
  the	
  huge	
  damage	
  and	
  cost	
  that	
  marine	
  pollution	
  can	
  incur	
  and	
  helped	
  
focus	
  public	
  and	
  political	
  attention	
  on	
  the	
  issue.	
  	
  	
  

The	
  challenges	
  posed	
  by	
  chemical	
  contamination	
  and	
  pollution	
  can	
  be	
  met	
  by	
  initiating	
  a	
  
programme	
  of	
  exposure	
  assessments	
  for	
  priority	
  chemicals,	
  to	
  establish	
  a	
  better	
  
understanding	
  of	
  the	
  biological	
  effects	
  of	
  these	
  chemicals	
  and	
  to	
  better	
  understand	
  the	
  
impacts	
  of	
  complex	
  mixtures	
  of	
  substances	
  on	
  physiology.	
  	
  The	
  economic	
  and	
  infrastructural	
  
challenges	
  posed	
  by	
  such	
  a	
  wide	
  variety	
  of	
  chemicals	
  means	
  that	
  a	
  targeted,	
  effects-­‐based	
  
strategy	
  is	
  needed.	
  

In	
  order	
  to	
  meet	
  these	
  challenges,	
  and	
  pursue	
  cost-­‐effective	
  scientific	
  approaches	
  that	
  can	
  
provide	
  the	
  evidence	
  necessary	
  to	
  support	
  policy	
  needs,	
  the	
  authors	
  of	
  this	
  paper	
  support	
  
the	
  widely	
  held	
  view	
  that,	
  rather	
  than	
  increasing	
  the	
  analytical	
  chemistry	
  monitoring	
  of	
  large	
  
numbers	
  of	
  emerging	
  contaminants,	
  it	
  will	
  be	
  important	
  to	
  target	
  key	
  groups	
  of	
  chemicals	
  of	
  
concern	
  using	
  effects-­‐directed	
  analysis.	
  It	
  is	
  also	
  important	
  to	
  evaluate	
  to	
  what	
  extent	
  
existing	
  biomarkers	
  and	
  bioassays	
  can	
  address	
  various	
  classes	
  of	
  emerging	
  chemicals	
  using	
  
the	
  adverse	
  outcome	
  pathway	
  (AOP)	
  approach	
  now	
  being	
  developed	
  by	
  the	
  Organization	
  for	
  



Economic	
  Cooperation	
  and	
  Development	
  (OECD)	
  with	
  respect	
  to	
  human	
  toxicology	
  and	
  
ecotoxicology.	
  	
  These	
  methods	
  promise	
  to	
  be	
  valuable	
  tools	
  for	
  determining	
  the	
  most	
  
effective	
  way	
  to	
  address	
  complex	
  chemical	
  contamination	
  mixtures	
  that	
  can	
  threaten	
  
marine	
  ecosystems	
  and	
  seafood	
  resources.	
  

	
  

	
  


