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The Black-necked grebe (Podiceps nigricollis) is a migratory and 
dispersive birds species (Cramp 1980). Its breeding areas are 
located in central and eastern Europe; its wintering quarters are 
in western Europe, around the Mediterranean, Adriatic, Black and 
Caspian Seas (Cramp 1980). Recently Focardi et al. (1984) have 
reported that specimens of Black-necked grebes accumulate 
polychlorinated biphenyls and mercury in their tissues during their 
wintering in the Northern Adriatic lagoon of Marano. During the 
last decade information has been gathered about the biological 
effect of chlorinated hydrocarbons on birds (Peakall 1970; Walker 
and Knight 1981 ) and particularly about biochemical defense 
mechanisms developed by several animal species (Kappas and Alvares 
1975). 

Residues of some ch lor ina ted  hydrocarbons and the leve ls  of the 
mixed func t ion  oxidases (one of the most e f f i c i e n t  hepatic 
de tox ica t ion  systems) have been evaluated in specimens of 
Black-necked grebes co l lec ted in the lagoon of Marano dur ing the 
w in te r ing  period (October and December 1984; Ap r i l  1985) and are 
the subject  of t h i s  report .  

MATERIALS AND METHODS 

For the analysis of chlorinated hydrocarbons a 0.1-1 g aliquot of 
freeze-dried homogeneous material was extracted in a Soxhlet 
apparatus with n-hexane. The extract was subjected to sulfuric acid 
cleanup followed by FIorisil chromatography. The eluates were 
analysed with Perkin Elmer Sigma 3 gas chromatographs equipped with 
Ni63 Electron Capture Detectors. Glass columns packed with 4% SE-30 
+ 6% SP-2401 on Supelcoport and a 30-m-long SBP-5 fused silica 
capillary column were used. 
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The i so la t ion  of the microsomal f rac t ion  was made, a f ter  l i v e r  
homogenization and cent r i fugat ion (12000xg for  10 minutes), by gel 
f i l t r a t i o n  of the supernatant f rac t ion  (Pyykko 1983). The MFO 
a c t i v i t y  was tested by a ld r in  epoxidation (Wolff et a l .  1979) and 
by the 7-ethoxyresoruf in dealkylat ion (Pohl et al .  1980). For the 
separation of the forms of Cytochrome P-450, the microsomal 
proteins (quant i f ied by the Bio-Rad Protein assay) were subjected 
to electrophoresis in SDS-Polyacrylamide as described by Laemmli 
(1970). 

RESULTS AND DISCUSSION 

The concentrations of hexachlorobenzene (HCB) and of pp'DDE in the 
t issues of grebes during the i r  winter ing period in the lagoon of 
Marano remain at roughly the same level (Table I ) .  lnstead the 
concentrations of PCBs increase in a l l  analysed t issues from 
October 1984 (a r r i va l  at the winter ing quarters) through Apr i l  1985 
(departure for the breeding grounds). The di f ferences between the 
October and the Apr i l  samples are s t a t i s t i c a l l y  s i gn i f i can t  for the 
adipose t issue (p<O.05) and for the uropygial gland (p<O.05). 
Because of the increased concentration of PCBs during the grebe's 
winter ing,  the PCBs/DDE ra t ios  for a l l  the t issues averaged 
together change considerably from October to Apr i l  (Table 1). 
Comparing PCBs values of Apr i l  1985 with those reported by Focardi 
et a l .  (1984) for Apr i l  1983 and Apr i l  1984, i t  would seem that  
there is  a marked increase of t h i s  xenobiot ic from year to year. 
This confirms, for the Mediterranean region, the previous f ind ings 
of Lambertini et alm (1983) for a resident water b i rd species and 
of Boldreghini et a l .  (1983) for several migratory species breeding 
in Italy. 

Liver sensitivity in mammals and birds to certain PCB isomers, 
involving an increase of Cytochrome P-450 and conseguently of MFO 
activity, has frequently been reported during the last decades 
(Allen and Abrahanson 1979; Knight and Walker 1982; Thomas et al. 
1983). In our samples, the PCB congeners and isomers in the liver 
of grebes are mostly penta-, hexa-, hepta- and octachlorobiphenyls 
(Figure 1). Among the isomers there are three ( 2 , 2 ' , 3 , 3 ' , 4 , 4 '  - 
2 , 2 ' , 4 , 4 ' , 5 , 5 '  - 2 , 2 ' , 3 , 3 ' , 4 , 4 ' , 5 , 5 ' ) ,  characterized by IUPAC 
numbers 128, 153 and 194 (Ballschmiter and Zel l  1980), that  are 
strong inducers of Cytochrome P-450 (Goldstein et a l .  1977). 
Together with the increase of PCB residues, the hepatic mixed 
funct ion oxidases, 7methoxyresorufin O-deethylase and a ld r in  
epoxidase, show a s ign i f i can t  va r ia t ion  between October 1984 and 
Apr i l  1985 (p<O.O01 in both cases), with a c t i v i t i e s  lowest upon the 
b i rds '  a r r i va l  in the lagoon and highest upon  the i r  departure 
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Table I .  Chlor inated hydrocarbons (pg/g d,w.) in t i ssues (R = mean; 
SD = Standard Deviat ion;  E.O.M. = Extracted Organic Mat ter ) .  

E.O.M. % HCB pp'DDE PCBs PCBs/DDE 
SD X SD R SD X SD X SD 

October ]984 
FAT 
UROPYG. 
MUSCLE 
BRAIN 
KIDNEY 
LIVER 

74 7 9.9 
54 2 8.1 

9 5 1 . 7  
16 2 5.2 

7 6 3 . 0  
12 5 1.4 

December 1984 
FAT 
UROPYG. 
MUSCLE 
BRAIN 
KIDNEY 8 
LIVER I0 

Apr i l  ]985 
FAT 
UROPYG. 
MUSCLE 
BRAIN 
KIDNEY 
LIVER 

8 0 2 5 . 4  
5 6 3 6 . 2  
9 4 2 . 1  

1 8 2 4 . 1  
23 .1  
31 .1  

89 3 4.6 
592  3.1 
I0 2 2.2 
20 4 5.0 

9 7 2 . 1  
I0 4 1.2 

0.33 0.13 7.08 3.39 2.14 1.41 0.31 0.14 
0.28 0.13 3.01 1.41 0.96 0.36 0.36 0,15 
0.03 0.01 0.68 0.47 0.46 0.38 0.79 0.58 
0.05 0.03 0.61 0.46 0.76 0.92 1.20 0.91 
0.03 0.01 0.43 0.19 0.29 0 , I I  0.68 0.22 
0.04 0.01 0.46 0.32 0.18 0.06 0.39 0.25 

0.61 0.19 I0.12 8.54 4.25 3.23 0.42 0.41 
0.25 0.23 8.24 6.60 2.27 0.83 0.28 0.16 
0 . I I  0.04 1.12 0.83 0.56 0.20 0.66 0.49 
0.06 0.05 1.18 0.45 1.17 0.44 0.99 0,43 
0,06 0.04 0.53 0.39 0.49 0.23 0.91 0.41 
0 . I0  0.08 0.64 0.32 0.37 0.19 0.52 0.24 

0.58 0.85 8.13 3.82 8.42 9.12 1.05 0.81 
0.27 0.31 6.09 2.89 5.49 6.07 0.94 0.73 
0.18 0.15 0.75 0.32 0.79 0.86 1.17 0.97 
0.08 0.06 0.64 0.53 0.92 0.67 1.42 0.74 
0.07 0 . I0  0.40 0,18 0.58 0.64 1.29 1.16 
0.09 0.12 0.49 0.27 0.82 1.05 1.68 1.49 

October 1984 n = 8; December 1984 n = 5; Apr i l  1985 n = 5. 

(Figure 2). However, when t r y i n g  to i n t e r p r e t  t h i s  increase, 
another fac t  should be taken in to  cons idera t ion ,  tha t  i s ,  the 
important func t ion  of these enzymes in s te ro id  metabolism (De Bruin 
1976). The increased a c t i v i t y  of the MFO enzymes in the l i v e r  of 
grebes immediately before t h e i r  departure for  the breeding grounds 
also coincides with the hormonal product ion preceding breeding 
a c t i v i t i e s .  A s im i l a r  f i nd ing  has been reported for  the females of 
the r a z o r b i l l  (Knight and Walker 1982) in cont rast  wi th other 
f ind ings  of "no re la t i onsh ips  between a c t i v i t y  and sex, s i t e ,  time 
of the year" in f i ve  other species of f i s h - e a t i n g  b i rds  (Walker and 
Knight 1981). 

I t  i s  d i f f i c u l t  to understand the actual  in f luence of the two 
fac tors  (xenob io t ic  and b i o t i c )  on the va r i a t i ons  of the MFO 
a c t i v i t i e s  in t h i s  species dur ing the w in te r ing  per iod.  One 
important f i nd ing  is  the s i m i l a r  e lec t rophore t i c  con f igu ra t ion  of 
the pro te ins  of the cytochrome P-450 area of the grebes (Figure 3) 
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Figure I .  Capi l lary  column gas chromatogram of a sample of l i ve r  of 
Black-necked grebe (Apr i l  1985). Condit ions: i n i t i a l  temp I00~ for 
10 min, 3~ to 280~ in iec to r  temp 220~ detector temp 280~ 
Carr ier gas Argon/Methane (95:5); Detector 63Ni EC. 
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Figure 2. Hepatic 7-ethoxyresorufin o-deethylase (Q) and aldrin 
epoxidase (A) activity during the wintering period (mean ad SD). 
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Figure 3. SDS-Polyacrylamide slab gels of the P-450 cytochromes 
(45-60 kD) from: I ,  control quai l ;  2, PCB-treated quai l ;  3, 
Black-necked grebe in Apr i l  1985. 

and that  of specimens of ]apanese quai l  experimentally treated in 
our laboratory with a commercial mixture of PCBs (Leonzio et al .  
1985). This could be ind i rec t  evidence that  in the l i v e r  of the 
specimens col lected in the Marano lagoon the induction of the MFO 
a c t i v i t y  is  at least in part due to the PCB residues present in 
that  area. 
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