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The link between endocrine d isruption and m arine incidents m anagem ent is not an obvious 
one. This paper provides some background in form ation  on the problem  o f endocrine 
d isrup tion, the current position in m arine waters and poses the question o f the contribu tion  o f 
sh ipping to  the p rob lem , rather than answering it.

The term  endocrine d isruption cam e into com m on use fo llow ing  the observation tha t fish 
showed intersex conditions in UK rivers. M ale  fish were found to  have egg-like  structures in the ir 
testes and egg yolk protein (vitellogenin) at high levels in the ir b loodstream s. W ork  at CEFAS 
and Brunei University in the UK dem onstrated tha t if fish (trout) were held in the d ilu ted effluent 
o f sewage treatm ent works they quickly developed high levels o f v ite llogenin  (VTG) in the ir 
b lood  (e.g. Purdom e ta /., 1 99 4 , Routledge e ta / . ,  1998). Further from  sewage inputs the levels 
o f VTG were lower and it seemed tha t the effect was caused by chemical(s) in sewage. The 
chem icals causing the effect were isolated and identified by CEFAS. They were found to  be a 
num ber o f d ifferent hum an derived steroids such as estradiol and the active ingred ient o f the 
contraceptive p ill; ethinyl estradio l (Desbrow et a /. , l 9 9 8 ; Routledge et a /., 1998).

These com pounds were not the only chem icals found to  cause fish to  change sex and 
labora tory w ork on exposures to  fish o r to  cel I-1 ¡nes have produced a long list o f industria l and 
b ioc ida l com pounds tha t are able to  m im ic natural hormones tha t have pro found effects on 
reproductive cycles. This list o f reproductive endocrine disrupters includes some surfactants such 
as nonyl-phenols, phthalates used as plasticizers and even some classically persistent and toxic 
pesticides such as the breakdown product o f DDT -  ppDDE. (Jobling et al. , 1 995 ).

The activity is not always estrogenic in effect (i.e. m im icking fem ale hormones), but can be 
androgen ic  (m im icking male hormones) o r even m ore subtle such as an ti-androgen ic  o r a n ti
estrogenic. As more processes and pathways have been exam ined it has become clear that 
reproductive effects are not the only targets o f horm one mim ics and o ther vital functions such as 
growth and behaviour can also be affected. Some flam e retardant com pounds fo r exam ple can 
have effects on the thyroid system and im pact growth.

The evidence base fo r w idespread effects has been grow ing rap id ly over the last decade. Effects 
tha t were previously described as reproductive toxicity have been reconsidered to  be a result of 
endocrine d isruption and there are examples o f effects from  birds (egg shell th inn ing  as a result 
o f DDT exposure) to  a lliga to rs (penis m alform ations from  pesticide exposure). The reviews by fo r 
instance M etzler (2001) and Damstra et al. (2002) gather the evidence together. M ost o f these 
effects are close to  po in t sources and it seemed likely tha t in m arine systems the d ilu tion , 
dispersion and breakdown o f chem icals (particu larly steroids) w ould  reduce concentra tion 
below  effect levels. There is, however, at least one very good exam ple o f a w idespread effect of 
a chem ical in coastal waters at very low  levels due to  b ioaccum ula tion  in anim als; the case of 
TBT is well docum ented.
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Tributyltm  (TBT) was introduced as a b iocide in an tifou ling  paints in the 1960s and was w idely 
used on pleasure craft and ships by the mid 1970s. Research at CEFAS in the 1980s showed 
tha t in estuaries with large numbers o f pleasure craft Pacific oysters w ould  not grow  norm ally 
and labora tory experiments showed TBT to  be the cu lp rit (W aldock and Thain, 1983). M arine  
snails proved to  be even m ore sensitive to  TBT and at single nanogram  per litre (part per trillion) 
concentrations fem ale whelks (Nucella  lapillus) grew  a penis and died as a result o f the vas 
differens b locking the oviduct. These effects were described as imposex (male features imposed 
on females) (Matthiessen and G ibbs, 1998).

Fig. 1 . Im posex in whelks sam pled in 1 9 9 8  (Buccinum undatum  =  b lue bars; N eptunea ant iqua  =  purp le  
bars. Stages 0  to  3 ind ica te  increasing severity o f e ffect (N =  the num ber o f an im a ls  tested). 
(CEFAS unpub lished data).

This exam ple is a coastal one since Nucella  is found on rocky shores. It seemed unlikely at the 
tim e tha t whelks offshore would  be affected, but w ork in the Netherlands (ten H aller-T jabbes, 
1996) and by CEFAS (unpublished data shown in Fig. 1) showed extensive imposex in larger 
whelks (Buccinum sp. and Neptunia  sp.). The effects were particu larly marked in sh ipping lanes 
and close to  disposal sites fo r dredged m ateria l.

Is there s im ila r evidence tha t fish m ight show endocrine d isruption in m arine waters? CEFAS 
used the flounde r as a sentinel species to  look  fo r effects in estuaries (Allen et al 1999). The 
results showed tha t in waters historically im pacted by industria l and dom estic discharges the 
level o f VTG in male fish was high and there was evidence o f intersex in some individuals. 
During a five-year study (Kirby et al, 2 00 4 ) the severity o f effect was seen to  decrease as sewage 
discharges were replaced and water qua lity in UK estuaries generally im proved. O ne  exception 
to  this trend was the River Tees in the North o f England where levels o f VTG rem ained high year
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on year. Sewage inputs appeared to  be the m a jo r driver o f effects on fish and if the causative 
com pounds were steroids, they should degrade and not a ffect anim als offshore.

O ne  way to  test this assum ption was to  place fish in cages offshore. This opportun ity  arose 
during an in ternational w orkshop evaluating b io log ica l effects techniques (BECPELAG) 
h ttp ://w w w .iis .n iva .no /P E LA G IC /w eb /index.h tm . In this experim ent cod were deployed in cages 
a long putative po llu tion  gradients from  land and from  offshore o il p latform s. The results showed 
tha t a very low  level o f VTG was indeed induced in male cod and those closer to  o il p latform s 
had a h igher level than those further away.
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Fig. 2 . C oncen tra tions  o f v ite llogen in  in the p lasm a o f m ale  cod  cap tu red  from  the NE A ltan tic  
(rep roduced  w ith perm ission from  Prof. A. Scott).

This was a surprising find ing  and led us to  look  at VTG in w ild cod from  the N orth  and Irish 
Seas and from  Iceland waters where we assumed any po llu tion  levels would  be low. The results 
showed tha t small fish had only low  concentrations o f VTG but larger ones had increased levels. 
The point at which the production  o f VTG seemed to  increase d ram atica lly  (Fig. 2) coincides 
with a tim e in the life cycle when the fish are able to  take larger prey items such as bottom - 
dwelling fish and crabs (Scott et al. , 2 0 0 6 ). From this evidence it seems that the driver fo r the 
change in p roduction in VTG may be due to  uptake from  prey items o f m ore persistent and 
b ioaccum ulating  com pounds tha t are w idespread in the environm ent at very low  levels. 
Presently we have not yet identified the cause o f the problem  and the current program m e at 
CEFAS is a im ed at quantify ing s im ila r effects in prey species such as the dab  tha t live in close 
association with sediments.

So is there a link o f endocrine d isruption to  sh ipping such as by accidenta l spillages o f o il and 
chem icals? For the exam ple o f TBT and whelks the link to  sh ipping use o f an tifou ling  paints is 
c lear but fo r endocrine d isruption in fish it seems m ore likely tha t the cum ulative and chronic 
effects o f sh ipping, land-based and offshore-based industry, o r even g loba l d istilla tion  of 
persistent com pounds m ight be to  blam e. The next challenge is to  develop a strategy to  identify 
the causes and trends in the effects. If this is something tha t is reducing over tim e we m ight be 
looking at a legacy o f historical inputs. If the trend shows an increase, the risk assessment is 
d ifferent matter.

-  58  -

http://www.iis.niva.no/PELAGIC/web/index.htm


References

A llen Y., P. Matthiessen, A.P. Scott, S. H aw orth , S. Feist and J.E. Thain. 1999 . The extent o f 
oestrogenic contam ination  in the UK estuarine and m arine environments -  fu rther surveys 
o f flounder. Science o f the Total Environm ent 2 3 3 :5 -2 0 .

Damstra T., S. Barlow , A. Bergm an, R. Kavlock and G . Van Der Kraak (Eds). 2 0 0 2 . G loba l 
assessment o f the state-of-the-science o f endocrine disrupters. W H O -ILO -U N E P.

Desbrow. C ., E.J. Routledge, G .C . Brighty, J.P. Sumpter and M . W a ldock. 1998 . Identification 
o f estrogenic chem icals in STW effluent. 1. Chem ica l fractiona tion  and in vitro b io log ica l 
screening. Environm ental Science and Tecnhology 32:1 5 4 9 - 1 558 .

Jobling S., T. Reynolds, R. W hite , M .G . Parker and J.P. Sumpter. 1 9 9 5 . A  variety o f
environm enta lly persistent chem icals, including some phthalate plasticizers are weakly 
estrogenic. Environm ental Health Perspectives 103(6): 5 8 2 -5 8 7 .

Kirby M . F., Y.T. A llen , R.A. Dyer, S.W. Feist, I. Katsiadaki, P. M atthiessen, A.P. Scott, A. Smith, 
G .D . Stentiford, J.E. Thain, K.V. Thom as, L. Tolhurst and M.J. W a ldock. 2 0 0 4 . Surveys of 
plasma vite llogenin  and intersex in m ale flounde r (Platichthys flesus) as measures o f 
endocrine d isruption by estrogenic con tam ination  in United K ingdom  estuaries: tem pora l 
trends, 1 9 9 6  to  2 0 0 1 . Environm ental Toxico logy and Chemistry 2 3 :7 4 8 -7 5 8 .

Matthiessen P. and P.E. G ibbs. 1 9 9 8 . C ritica l appra isa l o f the evidence fo r tribu ty ltin -m ed ia ted  
endocrine d isruption in molluscs. Environm ental Toxico logy &  Chemistry, 1 7 :3 7 -4 3 .

M etzler M . (Ed.). 2 0 0 1 . The handbook o f environm enta l chemistry. Vol. 3L: Endocrine 
Disruptors -  Part I. ISBN: 3 -5 4 0 -6 6 3 0 6 -1 .

Purdom C. E., P.A. H ard im an , V.J. Bye, N .C . Eno, C.R. Tyler, and J.P. Sumpter. 1 994 .
Estrogenic effects o f effluents from  sewage treatm ent works. Chemistry and Ecology 8 :2 7 5 - 
2 8 5 .

Routledge E.J., D. Sheahan, C. Desbrow, G .C . Brighty, M . W a ldock  and J.P. Sumpter. 1998. 
Identification o f estrogenic chem icals in STW effluent. 2 . In vivo responses in trou t and 
roach. Environm ental Science and Technology 32:1 559-1 565 .

Scott A.P., I. Katsiadaki, P.R. W ittham es, K. H ylland, I.M . Davies, A .D . M cIntosh and J. Thain. 
2 0 0 6 . V ite llogen in  in the b lood plasma o f male cod (G adus m orhua ): a sign o f oestrogenic 
endocrine d isruption in the open sea? M arine  Environm ental Research 61 :1 49-1 70.

ten Haller-T jabbes C .C ., J.M . Everaarts, B.P. M ensink, and J.P. Boon. 1 9 9 6 . The decline o f the 
N orth  Sea w helk (Buccinum undatum  L.). Between 1970  and 1990 : a natural o ra  hum an- 
induced event? M arine  Ecology 1 7(1 -3 ) :3 3 3 -3 4 3 .

W a ldock  M.J. and J.E. Thain. 1 9 8 3 . Shell th icken ing in Crassostrea gigas  o rganotin  an tifou ling  
o r sedim ent induced? M arine  Pollution Bulletin 14:41 1 -415 .

-  59  -


