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Juvenile rainbow trout were exposed to unlabelled
benzo[a]pyrene (BaP) and 3H-benzo[a]pyrene (3H-BaP), in a
static exposure system for 2 days. The initial concentration
was 30 m g l± 1 and 0.625 m Ci l ± 1, corresponding to 6 mg kg ± 1

body weight and 125 m Ci kg ± 1 body weight. Hepatic 7-
ethoxyresorufin-O-deethylase (EROD) activity was measured
during the exposure and depuration periods, elucidating the
time-course pattern of CYP1A induction. Maximum induction
(11-fold) of EROD activity was observed on day 2 after
addition of BaP to the water. Tissue distribution of 3H-BaP was
studied by liquid scintillation counting and whole-body
autoradiography. The concentration of 3H-BaP-derived
radioactivity was highest in the bile at all sampling times. High
levels of radiolabelled compound were also present in the
gills, liver and the olfactory organ. There was an overall
decrease in all tissues during the depuration period. The
elimination of 3H-BaP-derived radioactivity from the gills,
however, was slow compared with liver and blood (6.2 days vs
2.7 and 2.9 days, respectively).

Keywords: Benzo[a]pyrene, rainbow trout, CYP1A induction,
whole-body autoradiography.

Introduction
P olyarom a tic  h y drocar bons (PAHs) are  w id esp re a d

e nv i ron me ntal  conta minants  of  con cern ,  mainly because of  th e

m utag enici t y  an d carc inogenic ity  of  the 4-  to  7- r ing PA H s

(Grimm er  et al. 1981).  T he m ain sources are  petro leum  spil lage

a n d  d ry  fal lout  from  the atm o sp h ere or  rainfall . Most  of  the

PAHs enter ing the aquatic  en viro nm en t  rem ain  close to  si tes  of

deposi t ion,  so that  lakes,  r ivers , and  co as tal  m arine

e nv i ron m en ts  n ear  cen tres  of  h um an  p opu lat io n are  pr im a ry

rep osi tor ies . Th ere  have been  several re p o rts  of  an  incre as e d

incid ence of  cancer- l ike lesions in  aquat ic  anim als l iving in

a re as wi th PAH-contam in ated sedim ents .  T hese f indin gs

p rovid e st ro ng evidence of  a l ink betw een m utagenic  PAH s in

sedim ents and t issue les ions in  bo ttom -living f ish (H odgins e t

al . 1977,  Varan asi  et al. 1986) .

T h e c ytoch ro m e P 45 0-d epe nd en t m on oo xy g ena se sy stem

(CYP) plays a  key  ro le  in  the toxici ty  of  PAH s.  E ven thou gh

m any  CYPs, including CYP1 A, are  in vo lved  i n  m e tabo lic

detoxif icat io n pathways (G onzalez 199 0),  highly react iv e

elec tro ph il ic  i nt erm ed iat es  are  p rod u ced  du r in g  m eta bo li sm ,

an d  th ese  m a y,  unl ess  f urther  m etab olism  o ccurs,  rea ct  w ith

DN A  and  oth er  cel lular  m acro molecules (Conn ey  1982) .

CYP1A is probably solely respon sible  for  7- ethoxyre so ru fin -

O -deeth ylase  (E ROD)  act ivi ty  and is h ighly ind ucible  upo n

e x p o s u re  to  PAH s,  som e polych lorin ated bip henols  (PCB s)

an d  p o ly ch lo r in at ed  d ibe nz ofu ran es an d d ib en zo d io x in s

(Skaare  et  al. 199 1, S tegeman and L ech 1991, Bernh o ft  et  al.

1994 ,  Hekto en  et al. 1994,  Goksù yr  1995) . T he induction of

the CY P 1A system  has therefore  be en used  as  a  b ioch em ica l

ind icator  o f  pollut io n in  th e aqu atic  environ m en t (P a yn e et al .

1987) . Biom arkers are  def in ed as sub- leth al biological

m e a s u res of  respo nses t o ,  a nd effects o f ,  pollutants in  l iving

o rgan ism s (P eakall  1994).  General ly,  biom arkers  are  sele cted

for the ir  resp o nse s t o  p art icular  c lasses of  env iro n m e n ta l

con tam inan ts  rather  than  to  speci f i c  i nd ividu al  che m ical s.

PAH s, som e P CBs, an d po lych lor in ated  diben zofuranes and

d ib en zo d io xin s a re  poten t inducers  of  the CYP1A  family of

th e cy to ch rom e  P 4 50 -dep en de nt m o no ox y gen ase syst em

(CYP),  and CYP1A ac tiv i ty  had therefore  bee n used  a s a

bio chem ical  ind icator  o f  pol lut io n i n  t he aq uatic  env iro n m e n t

(P ayne et al . 1987 ).  T he interp re tat ion  of  such data  req u i re s

c o m p rehen siv e k no wledg e of  d ose±res po n se  re la t io n sh ip s

after  v ar ious rou tes o f  expo sure  to  CYP1 A-ind ucer s.  T he aim s

of the p resen t  w ork  w ere  to  invest igate  the t im e-cour se  pattern

of  hepatic  CYP 1A  in ductio n in  rain bow  tro ut  a f ter  exp osure  to

BaP  in  water,  an d to  s tu dy  the  t i ssu e di st r i bu tio n an d

elim ina tio n of  the  in d ucer.

MATERIALS AND METHODS

Chemicals
BaP was obtained from British Greyhound Chromatography and Allied Chemicals

(Birkenhead, Merseyside, UK), 3H-BaP (specific activity, 57 Ci mmol± 1;

radiochemical purity, 98.9%) from Amersham Life Science (Amersham, UK),

ethoxyresorufin and NADPH from Sigma Chemical Co. (St Louis, MO, USA), while

Bio-Rad protein assay was obtained from Bio-Rad Laboratories GmbH (Munchen,

Germany). All other chemicals were of analytical grade.

Animals
Juvenile rainbow trout (Oncorhynchus mykiss) of both sexes, weighing 85 ± 15 g,

were obtained from a commercial hatchery in late May. The fish were kept in two

600 l fibre-glass tanks with aerated, filtered (biological filters) and recirculating

fresh water at 9± 10 °C. Lighting was artificially adjusted to a 12-h light (7 am to 

7 pm) ±  12-h dark cycle. The fish were acclimatized in the fibre-glass tanks for 2

weeks before treatment. They were fed fresh fillets of green pollack (Pollachius

virens) once daily. Commercially pelleted fish feed was avoided, as it may contain

etoxyquin, an inductor of CYP1A-activities.

Treatment
One week before dosing, 48 fish were transferred to four 200 l glass tanks with

the same holding conditions as the fibre-glass tanks. The biomass in each tank

was 6 g l± 1 (12 fish). The fish were starved 3 days before exposure. After removal

of pumps and filters, 600 m l of a solution of unlabelled BaP and 3H-BaP in acetone

was added to the water in two tanks, to give a final concentration of 30 m g l± 1 and

0.625 m Ci l± 1, corresponding to 6 mg kg ± 1 fish and 125 m Ci kg ± 1 fish. Acetone only
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was added to the other two tanks. The exposure period was 2 days in aerated

water. The water was then renewed, and thereafter renewed every second day

during the depuration period. Pumps and filters containing charcoal were

reconnected to remove possible radiolabelled materials excreted from the fish.

Four BaP-exposed fish and four corresponding controls were sacrificed by a blow

on the head 1, 2, 4, 6, 8, and 10 days after the start of exposure. In order to

study tissue distribution by means of whole body autoradiography, eight fish were

exposed to Bap and 3H-BaP in the water in a separate tank. The holding conditions

and treatment were the same as for the other BaP-exposed fish, except that the

concentration of 3H-BaP in the water was 7.5 m Ci l± 1 (1.5 mCi kg± 1 fish). Two fish

were euthanized with an overdose of benzocaine in water 2, 4, 6 and 10 days

after dosing. They were immediately frozen in liquid nitrogen and prepared for

whole-body autoradiography.

Preparation of microsomes and enzyme assays
The livers were removed carefully without disrupting the gall bladder and the

microsomes were prepared as described by Beyer et al. (1996). Enzyme

activities (EROD) were recorded immediately by the method described by Klotz et

al. (1984), with the exception that the assay was carried out in 0.1 M Na-

phosphate buffer (pH 7.4), and at an assay temperature of 20°C. The protein

content was determined by the method of Bradford (1976) using lyophilized

bovine serum albumin as standard.

Liquid scintillation counting
Samples (10± 200 mg) of gill, muscle, skin, bile, liver, blood, trunk kidney and

head kidney were digested in Soluene-350 (Packard) (1 ml per sample) for 24 h.

Hionic fluor (Packard) scintillation fluid (10 ml per sample) was then added. All

samples were equilibrated at room temperature for 24 h before counting in a

Packard Tri-Carb 1900 CA liquid scintillation analyser. The counting efficacy was

controlled by a Packard automatic 3H-quenching standard. Tissue concentrations

of BaP or its metabolites were calculated from counts (dpm mg± 1) in each tissue,

and the specific radioactivity of 3H-BaP. The results are presented as BaP

equivalents g± 1 (BaP equivalents ml± 1 for blood and bile).

Whole-body autoradiography
The fish were embedded in a 1% (w/v) carboxymethylcellulose gel and immersed

in a bath of hexane and solid carbon dioxide (± 75°C). Sagittal whole-body

sections (30 m m) from different levels of the body were collected at ± 20°C on

adhesive tape (No. 821, 3M Co., St Paul, MN, USA) in a PMV cryomicrotome (PMV

450 MP, Palmstierna Mekaniska Verkstad, Stockholm, Sweden) as described by

Ullberg (1954, 1977). After freeze-drying at ± 20°C, the sections were exposed to

Hyperfilm-3H (Amersham, UK). The photographic exposure period was 3 months.

Statistical methods
The datasets were examined for significant difference (p<0.05) according to

Student’s t-test. Log transformations of the sample data were employed in order

to allow the use of parametric statistical methods. Parametric tests were

preceded by Bartlett’s test for homogeneity of variance (JMP® software, version

3.0.2, SAS Institute Inc., Cary, NC, USA). The data from the depletion study were

summarized using the statistical software program Excel Analysis Toolpack

(version 1 from GreyMatter International Inc., Cambridge, MA, USA). Tissue

concentrations of BaP-derived radioactivity in the liver were correlated with

hepatic CYP1A levels. Log-transformed tissue concentration of BaP was

regressed against sampling time. Regression lines were fitted for each organ and

95% confidence intervals for the slopes obtained. Elimination rates were regarded

as being significantly different in two compartments when there was no overlap of

95% confidence intervals for their respective slopes (Sokal and Rohlf 1981). ND

(not detected) values at time points where both ND and positive values were

found, were assigned a random value between the limit of detection and zero

(Bhattacharyya and Johnson 1977).

Results
CYP1A induction
The time-course pat te r  of hepa tic  E ROD act ivi ty fol lowing

e x p o su re to  BaP in  water  is show n in Figure 1. A sign if ican t

induction of  E ROD ac tiv i ty  was observ ed 1 day  after  the start of

th e ex p osu re , the act ivity  on day  2 being 11-fold higher than  in

the  corresp on ding  con tro ls . W hen the BaP -exposed f ish  were

transf erred to  clean water  af ter  2  days of  exposure ,  the enzy m e

activ ity  decre ased to wa rd s co nt ro l levels by day  10 . The EROD

activ i ty, nevertheless,  was s t il l  s ig nif icantly  higher than the

co rresp on ding  c on tro ls a t 4 ,  6  and 8 days after  exposure .  T he

m u lt i pl e  reg ress ion an aly sis  sh owed that  the h ep atic CYP 1A

levels  w ere p osi t ively corre lated  (r 2=0.98 ) to  the levels of BaP-

deriv ed r adioactivi ty  in  th e l iver  dur ing th e depu rat ion phase

(day 2 to  day  10).

Tissue distribution and elimination of BaP-derived

radioactivity
3H -BaP -der ived rad ioact ivi ty  w as  pre sent  in  al l  t i ssues

analysed  1 d ay  after  the start  o f  the ex posure (Table 1).  The bile

contained the highest  con centrat ion o f  BaP-derived

radioactivi ty  at  al l  tim e points,  peak levels  being rea ch ed  4

days after  dosing.  Peak  levels in  l iver, m usc le ,  gi ll  and b loo d

w e re observed af ter  1  day of  exposure ,  w hile  the hig hest

concentr at ions in  skin,  t ru n k kidn ey  and  he ad k id ne y w ere

reached after  2  days.  T he concentrat ion decreased in  al l  th ese

t issues durin g the d ep urat ion period.  T h e est im ated half- l ives

of BaP-der ived  radioac tiv i ty  in l ive r, gil ls and blood were  2.9,

6.2  and 2.7 days, respec tive ly (Figure 2) .

T he results  from  the au tor adio grap hic stu dy were  in  good

agreem ent w ith those fro m the l iqu id scint i l la t ion  coun ting.

T he h ighest  con centrat io ns of  radio labelled co m poun d w ere

M. Sandvik et al.176

Figure 1. Hepatic CYP1A activity (EROD) in rainbow trout after 2 days of

exposure to BaP in water (30 m l l± 1). The fish were transferred to clean water after

day 2 (­ ). The results are given as means±SE (n=4). *: Significantly different from

corresponding controls.
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found in  the gi l ls,  liver, bi le ,  in test inal  conten ts ,  intes t inal

m uco sa  and  the o lfactory  organ  (Figure s 3 and  4) . The level  of

r adio labe lled com p oun d in  the intest in al  m ucosa incre a s ed

d ur ing the exp erim en tal  p erio d,  whe reas tho se  in  the o ther

t issu es d ecreased.  At day  10,  how ev er,  radioactivi ty  was st i l l

p resent in  the gi ll s,  l iver,  in test inal  m ucosa  and the olfactory

o rgan .

Discussion
E x ten sive f ie ld  s tudies an d exper imental  work have b een

c a rr ied o ut  in  o rder  to  establish  the re lat ion sh ip b etw ee n

e x p o su re  to  CYP1A -inducers and the respo nses in  te rms of

CYP1A act iv i ty  in  var ious species  (Stegeman 1993, Goksù yr

1995) .  T he  majori ty  of dose±respo nse an d t im e-cou rse stu di es

h ave in volved  or al  and intrap eri ton eal  adm inistrat io n.

E xper im en tal  st udi es wh ere  f ish  have been  exp osed to  

CY P1A -inducers  in  the surro un d in g w ater,  h ow ev er, are  scarc e

(Gerh a rt  and Car lson 1978, Sm olowitz et al. 1992, Levine 

et al. 1994) .

In  o ur  s tu dy, an 11-fold induc tion of  EROD ac tivity was

o bserved in  the  l iver  fol lowing 2 days of  exposure to  30 m g l±1

BaP  in water. T he p at tern  ob served,  with  an ini t ia l  rap id

in crease in  E ROD act ivi ty fol lowed by a slow decrease d ur in g

d epurat ion,  is i n  accord an c e w ith  prev io u s s tu di es in  w hich

rain bow  t rout  an d o ther  f ish species have been ad min istere d

single doses of  PAH-type inducers (Coll ier  and Varanasi  19 91,

U p sh al l  et al. 1993 , E ggens and Boon 1996). The dose of

aqu eou s BaP correspo nd ed to  a  b ody  b urden  of  6  m g kg±1 b .w.

T his is w ithin the range of  re p o rted d oses  u sed  in  earl ier

stu di es w ith  di ffe rent  routes of  adm inist rat ion of  BaP  in  f ish

(Up sh all  et  al . 1993,  Beyer  et  al . 1996). T he  dose  level  of

aqueous BaP w as  exceeding i ts  so lubil i ty  in  water.  How ever,

levels up to  1  mg l±1 w ith  w aterbo rne BaP have previously 

b een  re p o rted  (Sm olow itz et  al.  1992) .  The posit ive corre lat ion

(r 2=0.98) between  the hepatic  CYP1A  ac tivit ies  and the levels

o f  BaP -derived radioac tivi ty  in  the l iver  during the depurat io n

p h ase s tro ngly su ggests th at  the ind uct ion  resp on se re flects 

th e kinetics of  the indu cer.  T his  is  supp orted by the longer

l ast in g i ndu ction response of  CY P1A  in stud ies where  m o re

p er sistent  com pounds such as 2 ,3 ,7 ,8-T CDD and  certain  PCBs

h ave been  em ploy ed  as indu cers  (H ektoen  et  al.  1994, Beyer  e t

a l. 199 6) .

L iquid scin t i l la t ion co unting  and tape sec t io n

a utoradiograph y were  em ploy ed in  order  to  obtain 

in form ation on  the t issue distr ibu tio n and el im ination of  BaP

an d i ts  m etaboli t es .  W hen using th ese  tech niques i t  sho uld be

Hepatic CYP1A induction in rainbow trout 177

Days after

dosing Liver Muscle Skin Gill Head kidney Trunk kidney Bilea Blooda

1 4.054±0.813 0.011±0.001 0.156±0.024 0.968±0.120 0.065±0.009 0.119±0.031 30.880±4.422 0.062±0.007

2 3.724±0.789 0.009±0.002 0.272±0.044 0.914±0.165 0.187±0.106 0.294±0.095 71.520±7.831 0.043±0.012

4 2.845±0.571 0.004±0.001 0.075±0.003 0.560±0.071 0.081±0.029 0.192±0.053 92.591±14.873 0.022±0.009

6 1.447±0.490 0.004±0.001 0.052±0.009 0.548±0.046 0.157±0.078 0.099±0.010 66.736±19.431 0.009±0.005

8 1.003±0.107 0.002±0.001 0.045±0.006 0.478±0.058 0.090±0.006 0.170±0.071 34.205±9.666 0.014±0.005

10 0.505±0.050 0.004±0.001 0.030±0.005 0.309±0.020 0.096±0.023 0.018±0.008 41.705±14.171 0.001±0.001

Table 1. BaP equivalents in tissues (m g g± 1) of rainbow trout after administration of BaP in water (30 m g l± 1). The fish were transferred to clean water after day 2.

The values are expressed as BaP or metabolically transformed equivalents, calculated from counts (dpm g ± 1) in each tissue, and the specific radioactivity of 3H-BaP.

a m g ml± 1.

Values are means±SE (n=4).

Figure 2. Predicted elimination rates (Ð ) and tissue levels in rainbow trout during

depuration following 2 days of exposure to BaP (30 m g l± 1) in water. The values are

expressed as BaP equivalents or metabolically transformed equivalents,

calculated from counts (dpm g± 1) in each tissue, and the specific radioactivity of
3H-BaP. The results are given as means±SE (n=4). Half-lives of BaP-equivalents in

liver, gills and blood were 2.9, 6.2 and 2.7 days, respectively. Elimination rates in

organs with the same letter were not significantly different.
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b o rn e in  m in d that  the observed radiolabell ing re flec ts the 

sum  of radioactivi ty  of  the pare n t  co m p o u nd  an d  i t s

m etaboli tes.  In  the present  s tud y no furt her  a t t em pts w ere

done to  character ize or  quantif y  the parent  co m p ou nd  o r  i t s

m etab oli tes .  How ev er,  studies on m etabolism of  BaP  in

r ainb ow  trout  and other  f ish  species indicate th at  BaP  is

read ily  m etabolized and that  a  large port ion is con verted  t o

w a ter-so luble  m etaboli tes,  mainly glucuronic acid conju gates

(A hokas et  al . 197 7, Plakunov et  al. 1987).

T he high co ncentr at ion of  radio labelled co mp oun d in  the

gills obviously ref lects the ro le  of  this org an as the m ain

absorption si te for  aqueous BaP. Xenobio tics absorbed thro u g h

the gi ll s are dist r ibuted to  variou s organs via  the dorsa l  aort a .

T he f ish kid ney receives a major frac tion  of  the art er ial  blood,

w h e reas the l iv er  is  m ainly  su pplied  with  ven ous blo od.

A cco rd ing ly,  i t  has been  suggested  that  the k id ney  may

contr ibute  signif icantly  to  the rem oval of  m any x enobiotics by

u r in a ry  excre t ion (Klaassen  1975). In  the pre sen t  s t u dy,

h o w e v er,  the concentration of  BaP-derived rad ioact ivi ty  in  the

l iver  was 40- and 10-fold higher than  in  the tru nk  kid n ey  at

days 1 and 2,  resp ectiv ely. T his observation,  together  w ith the

high  a nd  i nc rea sing levels of  rad ioact ivity  in  the bi le,  suggest

that BaP  and metaboli tes  are  m ainly ex cre t ed b y t he

hep ato bil i ary  rou te  in  rainb ow trout ,  and t hat  ren al  excre t io n

plays a  m ino r ro le  on ly.

T h e auto radio grap hic s tud y revealed a  high  amo unt of

radiolabelled com poun d in  the o lfactory  organ, implicat ing

that  this t issue m ay be a  susceptible  target  organ for  PAH s in

th e wa ter.  T h is is su ppo rted by Sm olow itz et al. (1992), who

re p o rted a  s trong CYP 1A induc tion in  the olfactory  ep it h el iu m

of  top min now s (Poecil iopsis lucida)  fol lowing  exposure  to BaP

in  wa ter.  On the oth er  h and ,  no  in duction occurred  wh en  BaP

was injected  intr aperi ton eally, indica t ing  that  the olfac tory

ep ith eliu m  is  m o re  heav ily  expo sed to  the in ducer  w hen this  is

ad m in i ste red v ia  w ater.  Accord in g ly,  the author s suggested

that  the olfactory  organ m ay  re p resent  a  sp ec if ic  m ar ker t issue

for waterborn e e xp o su re to  CYP1A inducers.

T h e ob served half- l ives of  BaP -d erived  radioactivi ty  in  t he

l i ve r  a nd  b lo od  w ere  2.7  and  2.9  day s,  re sp ec ti v ely.  T h is  is  in

ac c o rd a n c e  w i th  p re viou s s tud ie s o f  B aP  dep u ra t io n  i n

r ain bo w  t rou t  a nd oth er  f ish species (N iim i 1 98 7, L em aire  e t

al . 1990 ).  E lim inatio n of  BaP -der ived r adioactivi ty  was,

h o w e v e r,  s ignif icantly  slow er in  the gi l ls  (t !s =6.2 days) .  PAH-

ty p e  c o m p o u n d s  a re  capable o f  e l ic i t ing  st ro ng  in du c tio n  of

CYP 1A p ro te in s in  m a n y o rgans of  f ish  (Miller et  al . 1 98 9,

S t eg e m a n et  al . 199 1) ,  inclu ding  th e gi l l s (S m olow itz  et  a l.

19 9 2, H us ù y et  a l. 1996) .  Furt h e rm o re ,  S tew ard et  al . (1990)

fo un d si gni f ica nt  am ou nts  o f  BaP -der ived  r adio acti vi ty

i rrev er sib ly  bo u nd  to  m acrom o lecu les in  t i ssu es o f  b ro w n

b u llh ea d  (Ictaluru s  n e b u lo su s)  f ol l ow ing  in trap eri t one al

ad m in istr at ion .  T h is  r ad io act iv i ty  w a s m o st  l ik ely  du e t o

reactiv e BaP  in term e diates  f orm ed  b y CY P 1A -m ed iate d

m etab ol ism .  F ina ll y,  A n de rsso n  an d P ä rt  (1 989),  em ploying  a

p e rf u sed  g il l  prepa ra t io n,  f ou nd  tha t  BaP  wa s ex ten siv ely

m etab olized  in  th e g i l ls  o f  rain bo w tro u t .  T h e y  co n c lu de d

th at  t he gi l ls  ex press th e  e nz ym e sys tem s n ee d ed  fo r

form ation of  react iv e in term e d ia te s  w h ic h  m a y  b in d

co val en tly  t o  essent ial  m a cro m o le cu l e s an d  t h ereb y injure

cel l  f un cti on .  W h eth er  B aP  m etabo li t es  co va lent ly  b ou nd  to

M. Sandvik et al.178

Figure 3. Autoradiogram of rainbow trout 2 days after exposure to 3H-BaP in water (30 m g l± 1 and 7.5 m Ci l± 1: 6 mg kg body weight and 1.5 mCi kg ± 1). White areas

correspond to high concentrations of radiolabelled compound. Note radioactivity in the liver, bile and intestinal tract.

Figure 4. Autoradiogram of the head region of rainbow trout 2 days after

exposure to 3H-BaP in water (30 m g l± 1 and 7.5 m Ci l± 1: 6 mg kg body weight and

1.5 mCi kg ± 1). White areas correspond to high concentrations of radiolabelled

compound. Note radioactivity in the gills and olfactory organ.
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t i ssu e  m a cro m o lec u le s p a rt ly  contr ibut e to  lev els of

r a d io l ab e ll e d c o m p o u n d o b se rv ed in  the gi l ls of  r ainb ow

t ro u t  in  t he  p re se n t  s t u d y,  is  no t  k no w n at  p re s en t .

N e v erthe less ,  th e h ig h c on centr at i on  o f  BaP -d er ived

radioacti vi ty  in  th e g i l ls  throu g h o ut  th e  ex p er im e ntal  p er io d

re nd er s  t hi s  t issu e of  part i cu la r  i nt erest  as  a  po ten tial  target

o rgan for  waterb orn e  e x p o su re  to  PAH s. T he possibi l i ty  of

u sin g th e gi l l s as  a  sp ecif ic  marker  t issu e fo r  w aterb orn e

e x p o su re  to  PAH s sh ou ld b e e xp lored  fu rt h e r.
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