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ABSTRACT: Microspectrofluorometric measurements are made to determine uptake and distribu- 
tion of oil in marine organisms after exposure to crude oil. Equipment combining fluorescence 
microscopy with spectral analysis of the fluorescence emission is described. After contamination 
with oil, the intestine content of Lumbricillus lineatus, Nereis diversicolor and Anaitides mucosa 
shows a fluorescence emission at long wavelengths with a maximum at about 550 nm; this is in 
contrast to the fluorescence emission of these organisms without oil contamination. There is 
evidence that aromatic hydrocarbons are metabolized in the intestine of the worms-studied. 

INTRODUCTION 

Fluorescence spectroscopy is known  as a very sensi t ive tool for the de te rmina t ion  of 
many  substances.  When  restricted to invest igat ions  wi th in  the visible or the near  UV 
region  of the spectrum, most aromatic hydrocarbons show fluorescence emiss ion of h igh 
intensity.  These substances  are components  of crude oil. Fluorescence spectroscopy 
therefore has b e e n  proposed for ident i fy ing traces of oil in  sea water  (e.g. Gordon & 
Keizer, 1974). 

At least as in teres t ing  as the proof of oil in  sea water  is the ident i f icat ion of oil in  the 
tissue of organisms. Some advantages  and  results as wel l  as difficulties in  the use of 
f luorescence spectroscopy for the de te rmina t ion  of oil in  the tissue of benth ic  organisms 
wil l  be  out l ined  here. 

METHOD 

Since there are powerful  analyt ical  methods (e.g. gas chromatography in  conjunc-  
t ion with mass spectrometry} for the analysis  of samples  con ta in ing  traces of hydrocar- 
bons  and  their metaboli tes,  the ques t ion arises whether  there is a need  for such a method 
as f luorescence spectroscopy which gives much less deta i led information with respect to 
the ident i f icat ion of s ingle  chemical  compounds wi th in  complex mixtures. 

Optical  spectroscopy combined  with microscopy offers the fol lowing a d v a n -  
t a g e s to the biologist  (see also Kohen et al., 1978): (a} It enables  the biologist  to inspect  
small  organisms. It is impossible  for gas chromatography to analyze s ingle  organisms 
from meiofauna  or microfauna.  Using f luorescence microscopy it is possible to de termine  
the dis tr ibut ion of several  toxic substances  in  different body parts of these organisms. 
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The  smal les t  a r ea  for m e a s u r e m e n t  wi th  the  e q u i p m e n t  used  in  the  inves t iga t ions  
p r e s e n t e d  here  has  a d i a m e t e r  of only  0 .5 /an .  (b) It is poss ib le  to ana lyze  the  con tamina-  
t ion of l iv ing  organ isms  wi th  this  method.  After  dea th  the  d is t r ibut ion  of toxic subs tances  
wi th in  the  o rgan i sm m a y  change .  

The  ma in  r e s t r i c t i o n s of the  me thod  are:  (a) The  combina t ion  of f luorescence  
spec t roscopy  and  microscopy  is res t r ic ted  to the  de t e rmina t i on  of subs tances  which  g ive  
f luorescence  emiss ion  in  the  v i s ib le  or nea r  UV reg ion  of the  spectrum.  Therefore  only a 
ra ther  l imi t ed  - never the less  impor tan t  - group of components ,  e.g. of crude oil, can  be  
de tec ted .  (b) Tissue  i tself  shows f luorescence.  The shor ter  the  w a v e l e n g t h  of the  
exc i ta t ion  l ight ,  the  more  the  t issue i tself  emits  f luorescence  l ight .  It is difficult  to dec ide  
b e t w e e n  emiss ion  of t issue subs tances  and  oil  componen t s  at  w a v e l e n g t h s  shorter  t han  
450 n m  (Hodgins  et al., 1977). 

Even  at  l onge r  w a v e l e n g t h s  it is in most  cases  necessa ry  to per form spec t ra l  ana lys i s  
of the  emi t t ed  l ight  to d i s t ingu i sh  b e t w e e n  f luorescence  of oil and  the t i ssue  itself. 
Somet imes  di rec t  inspec t ion  of the  f luorescence  p ic ture  m a y  be  used  to de t e rmine  wh ich  
par t  of the  t issue conta ins  oil  and  which  par t  does  not, bu t  there  a re  m a n y  s i tuat ions  
where  this  is not  poss ib le  wi thout  spec t ra l  analysis .  In the  fo l lowing su i tab le  e q u i p m e n t  
is descr ibed .  

EQUIPMENT 

Figure  1 g ives  a schemat ic  r ep resen ta t ion  of the  f luorescence  spec t romete r  unit.  A 
Zeiss  f luorescence  microscope  wi th  Neof luar  optics is f i t ted wi th  f i l ter  combina t ions  for 
the  ep i f luorescence  method,  e.g. the  f i l ter  combina t ion  H 365 wi th  f luorescence  exci ta-  
t ion at  365 nm and  observa t ion  of f luorescence  emiss ion  at  wave le f ig ths  longe r  than  
397 nm. The l ight  source is a s t ab i l i zed  h igh  pressure  mercury  (or xenon) lamp.  A 
pho tome te r  03 serves  for se lec t ing  the m e a s u r e m e n t  a rea  by  a su i tab le  d i aphragm.  It is 
fo l lowed by  a zoom lens  (Zeiss No. 474 340 and  477 156) for opt ica l  f i t t ing of the  
monochromator  and  the  photomul t ip l ie r ,  the  monochromator  (Jobin Yvon g ra t ing  mono-  
chromator  H 10) and  the photomul t ip l ie r .  The  la t te r  should  show only l i t t le  d e p e n d e n c e  
of sens i t iv i ty  on w a v e l e n g t h  in  the  r eg ion  s tudied,  as e.g. the  type  RCA C 31 034; it  is 
fo l lowed by  a p reampl i f i e r  (Ortec 9301) and  an  ampl i f i e r  (an Ortec  Brookdea l  pho ton  
counter  501/5014 is u sed  here  but  for most  pu rposes  it is not  necessa ry  to use  pho ton  
count ing  techniques) .  A str ip char t  r ecorder  m a y  be  the  end  of the  chain.  

As the  spec t rum o b t a i n e d  by  this combina t ion  of ins t ruments  is a superpos i t ion  of 
the  f luorescence  spec t rum on the  one h a n d  and  the  spec t rum of the  optics of the 
ins t rument  and  of the  pho tomul t ip l i e r  on the  other, it  is he lp fu l  to use  a compute r  for 
unfo ld ing  these  components .  To do this, the  da ta  are  t ransfer red  by  a microprocessor  and  
a t ape  recorde r  to a m a g n e t i c  tape.  

RESULTS AND DISCUSSION 

Ini t ia l  resul ts  were  ob t a ined  by  s tudy ing  se l ec t ed  o rgan i sms  of the  t ida l  f lat  of the  
G e r m a n  Nor th  Sea  coast: A n a i t i d e s  mucosa ,  N e r e i s  d ivers ico lor  and  Lumbr ic i l l u s  11nea- 

tus. These  worms were  exposed  for five days  to o i l - in -wa te r  d i spers ions  (0.5 %0 A r a b i a n  
l igh t  oil  in sea  water) .  Exper iments  wi th  exposure  to different  concent ra t ions  of the  
wa te r - so lub le  fract ion of crude oil  are  b e i n g  con t inued  and  wi l l  be  r epor ted  e l sewhere .  
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Fig. 1. Schematic descript ion of the fluorescence spectrometer  
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Fig. 2. Fluorescence spectra of the intestine content of ~ a i t i d e s  mucosa; solid l ine: contaminat ion 
with  petrol~ b roken  line: uncontamina ted  
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Figure 2 shows spectra of the intestine content of Anai t ides  mucosa  with and without 
exposure to oil. Spectra of analogous regions of Nere i s  diversicolor and Lumbric i l lus  

l ineatus  are similar. 
The spectra in Figure 2 are superpositions of the fluorescence spectra and of the 

spectrum of the instrument, as ment ioned above. The maximum at 490 nm is given by a 
high translucence of the microscope optics together with a maximum of sensitivity of the 
photomultiplier.  

The most interesting differences between the spectra are located in the region 
be tween 500 and 600 nm. The maximum at about 550 nm only in the spectrum of the oil- 
exposed organisms indicates accumulation or generation of substances with long wave- 
length fluorescence in the intestine. The fluorescence spectrum of crude oil itself shows 
a maximum at a much shorter wavelength.  

Differences in the spectra in the region above 650 nm are of no interest in this 
context. They are caused by different contents of chlorophyll or chlorophyll metaboli tes 
in the intestine from the food of the worms (diatoms) and show no reproducible 
dependence  on oil contamination. 

Using gas chromatographic analysis, van Beruem (personal communication} found 
that after exposure to oil larger organisms (Arenicola marina] accumulated perylene,  
benzo-b-fluoranthene, benzo-c-phenanthrene,  benzo-b,c-fluorene, pyrene, fluoranthene 
and phenanthrenes in addit ion to benzo-a-pyrene,  benzo-e-pyrene,  methylchrysene and 
chrysene; the latter substances were also found (at much lower concentrations) in the 
uncontaminated organisms. Many other authors, too, report organismic uptake of poly- 
nuclear  aromatic hydrocarbons from petrol (e.g. Anderson, 1977; Varanasi  & Malins, 
1977). 

But the maximum of f luorescence emission at about 550 nm cannot be explained by 
accumulation of aromatic hydrocarbons. There must be polar substances, too, probably 
by metabolizing the aromatic hydrocarbons. This metabolic process seems to occur 
within the intestine of these organisms. The intestine content of Lumbric i l lus  l ineatus  
showed drops of different colour under  the fluorescence microscope (excitation at 
365 nm), the colour ranging from blue over light and dark yellow to brown. Spectroscopi- 
cally the emission of these drops differed by the relative height of the maximum at 
550 nm, the brownish drops showing the highest  relative intensity at this point, indicat- 
ing the highest  content of metabol ized compounds. 

The assumption that this maximum at 550 nm is caused by metabol ized compounds 
of crude oil is based on the following facts: Crude oil itself shows relat ively low intensity 
of fluorescence emission at wavelengths longer than 500 nm (fluorescence excitation at 
365 nm). A fluorescence emission at long wavelengths is due to compounds with large 
pi-electron systems as polycyclic aromatic hydrocarbons. Examples for fluorescence 
emission of these hydrocarbons are: chrysene 387 nm, pyrene 397 nm, phenanthrene 
367 nm, benzo-a-pyrene 405 nm, perylene 465 nm, fluoranthene 477 nm, tetracene 
511 nm (average wavelength of the fluorescence spectrum, according to Berlman, 1971). 

Obviously, it is not possible to construct a maximum of fluorescence emission at 
550 nm with these substances. But the introduction o f  the amino or hydroxyl group 
causes bathochromic shifts in the spectra of the aromatic  hydrocarbons which can be 
enlarged by addit ional  groups bound to the same ring system as for example the 
carbonyl group. 
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As examples  for these  effects da ta  m a y  be  g iven  for b e n z e n e  and  some b e n z e n e  
der iva t ives  (Berlman, 1971): b e n z e n e  282 nm, pheno l  (in methanol )  300 nm, 1,4-dime- 
t hoxy -benzene  324 nm, 2 ,3-d ihydroxy benzo ic  ac id  431 nm, an i l ine  (in ethanol)  341 nm, 
1 ,3-d iarn inobenzene  439 nm. 

For po lycyc l ic  a romat ic  hydrocarbons ,  the  s i tuat ion is of course more  compl i ca t ed  
bu t  the  t e n d e n c y  is the  same.  Thus the w a v e l e n g t h  of the f luorescence  emiss ion  of 
f luoran thene  (477 nm) is shif ted by  the in t roduc t ion  of an  a m i n o  group to 552 nm (3- 
amino  f luoran thene  in ethanol) .  There  wi l l  be  no diff icul ty const ruct ing a m a x i m u m  of 
f luorescence  emiss ion  at  about  550 nm by  a combina t ion  of hydroca rbon  der iva t ives  
con ta in ing  hydroxy  or amino  or o ther  po l a r  groups.  At  present ,  there  are  not  enough  
spect ra l  da t a  ava i l ab l e  to p roduce  a comple te  ca ta logue  of al l  compounds  which  could  
contr ibute  to such f luorescence  emission,  and  moreover  add i t i ona l  da t a  from other  
ana ly t i ca l  me thods  should  be  used  to se lec t  the  rea l ly  impor tan t  compounds .  

However ,  it  is poss ib le  to state that  not  the  hydrocarbons  themse lves  bu t  the i r  
der iva t ives  wi th  po la r  subs t i tuents  give  r ise to the  f luorescence  emiss ion  at 550 nm 
which  was  obse rved  in the  in tes t ine  of o i l - con tamina ted  organisms.  

In p r inc ip le  it  is poss ib le  that  subs tances  wi th  these  spect ra l  p roper t i e s  which  are  
p resen t  in crude oil  in smal l  concentra t ions  are  accumula t ed  by  the organisms,  but  it is 
not c lear  by  wha t  m e c h a n i s m  this accumula t ion  occurs in the  intest ine.  The  fact that  the  
po la r  der iva t ives  are  more  so lub le  in wa te r  than  the pu re  hydrocarbons  can be  e x c l u d e d  
for such an  accumula t ion  process,  as the  f luorescence  was  not  emi t t ed  by  a h o m o g e n e o u s  
content  of the  in tes t ine  of Lumbricillus lineatus but  by  s ingle  drops,  different  drops 
showing  differr  re la t ive  in tens i t ies  of the  f luorescence  m a x i m u m  at 550 nm, as 
m e n t i o n e d  above.  

On the other  h a n d  it is we l l  k n o w n  that  me tabo l i sm of po lycyc l ic  a romat ic  hydrocar -  
bons  in o rgan isms  l eads  to der iva t ives  of the  type  d i scussed  here.  Hydroxyl  groups  are  
in t roduced  into the  hydrocarbons  v ia  the  format ion of epoxy  der iva t ives  (Sims & Grover,  
1974; Mal ins ,  1977; J e r i na  et al., 1979; Sch~fer-Ridder ,  1979). This was  not  only  obse rved  
in m a m m a l i a n  t issue but  also in  inver tebra tes  (Varanasi  & Malins,  1977; Anderson ,  1978; 
Ernst, 1979). Ande r son  repor ted  the  me tabo l i sm of b e n z o - a - p y r e n e  by  aryl  hydroca rbon  
hydroxy lases  in Spodoptera, in Mytilus edulis and  in Geukensia demissa; Ernst s tud i ed  
the  me tabo l i c  t ransformat ion of 1-(1-14C)naphthol  in Mytilus edulis and found metabo l i -  
tes  of h igh  polar i ty .  Whereas  m a m m a l s  in i t ia te  the  oxida t ion  of a romat ic  hydrocarbons  
b y  the incorpora t ion  of one a tom of mo lecu la r  oxygen  to form a rene  oxides  and  further  
me tabo l i ze  these  oxides  to t rans-d ihydrodio ls ,  bac te r i a  incorpora te  bo th  a toms of mole-  
cu lar  oxygen  and  c i s -d ihydrod io l s  are  formed.  Fur ther  ox ida t ion  l eads  to the  format ion of 
ca techols  (Gibson, 1976). 

It therefore  seems  l ike ly  that  the  f luorescence  emiss ion  obse rved  in the  in tes t ine  of 
the  o i l - con tamina ted  spec ies  m e n t i o n e d  above  is due  to subs tances  formed by  me tabo-  
l i sm of oil  components .  Still  open  is the  ques t ion  w he the r  this  me t a bo l i sm  is caused  by  
enzymes  of the worms themse lves  or b y  o i l - d e g r a d i n g  bacter ia .  These  bac te r i a  wi l l  be  
p resen t  in  the  o i l - in -wate r  d i spers ions  and  m a y  have  en te red  the in tes t ine  of the  worms 
toge the r  wi th  oil  drops.  Inves t iga t ions  are  cont inu ing  in this  field. 
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