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O r g a n o c h l o r i n e s  a r e  r a n k e d  among  t h e  c l a s s  of  p r e v a l e n t  a n d  
e n v i r o n m e n t a l l y  p e r s i s t e n t  s y n t h e t i c  chemica ls .  Honey  bees ,  b e e s -  
wax, a n d  h o n e y  cou ld  be  i n d i c a t o r s  f o r  m o n i t o r i n g  e n v i r o n m e n t a l  
po l lu t ion  b y  o r g a n o c h l o r i n e s  s u c h  a s  p o l y c h l o r o b i p h e n y l s  (PCBs) 
a n d  o r g a n o c h l o r o  p e s t i c i d e s  ( B r o m e n s h e n k  e t  al. 1991; Davis  1989; 
G a y g e r  a n d  D u s t m a n n  1985; Morse e t  al. 1990). S c a r c e l y  a n y  d a t a  
w e r e  r e p o r t e d  ( G a y g e r  a n d  D u s t m a n n  1985} on the  d i s t r i b u t i o n  of  
o r g a n o c h l o r o  c o m p o u n d s  b e t w e e n  b e e s w a x  a n d  honey .  P h y s i c o c h e m -  
ical  f a c t o r s  s u c h  as  a d s o r p t i o n ,  vo la t i l i za t ion  ( H e n r y ' s  law c o n -  
s t a n t ) ,  l i poph i l i c i t y  ( o c t a n o l - w a t e r  p a r t i t i o n  coe f f i c i en t )  a n d  m e t a -  
bolic s t a b i l i t y  ( I s n a r d  a n d  L a m b e r t  1989; Mackey  1982; Sed l ak  a n d  
A n d r e n  1991) can  i n f l u e n c e  the  l eve l  of  i n d i v i d u a l  o r g a n o c h l o r i n e  
c o m p o u n d s  in b e e s w a x  a n d  honey .  Dur ing  wax a n d  h o n e y  f o r m a t i o n  
metabo l ic  a t t a c k  b y  d i f f e r e n t  e n z y m e s  can  d e g r a d e  p o l l u t a n t s  
(Davis  1987; Winston 1987). In  t he  PCB a n d  c h l o r o b e n z e n e  (CBz) 
s e r i e s ,  b i o d e g r a d a t i o n  d e c r e a s e s  a n d  b i o c o n c e n t r a t i o n  i n c r e a s e s  
wi th  i n c r e a s i n g  d e g r e e  of ch l o r i ne  s u b s t i t u t i o n  (Hardman  1991; 
Kohli e t  al. 1976; Sed lak  a n d  A n d r e n  1991). R e g a r d i n g  t h e  c o m p o s i -  
t ion  of h o n e y  ( s u g a r s ,  w a t e r ,  a n d  some o r g a n i c  ma te r i a l  a n d  p a r t i -  
c les  s u c h  as  pol len ,  o r g a n i c  ac id  a n d  e s s e n t i a l  oils in t r a c e s ) ,  a n d  
of b e e s w a x  ( e s t e r s ,  h y d r o c a r b o n s ,  a c id s  a n d  some n a t u r a l  wax 
f rom p l a n t s  as  minor  c o m p o n e n t s ) ,  i t  is e x p e c t e d  t h a t  b e e s w a x  is 
more l ipophi l ic  a n d  o r g a n o c h l o r i n e s  could  be  more  e n r i c h e d  in 
beeswax .  However ,  t he  p r e s e n c e  of p a r t i c u l a t e  m a t t e r s  (e .g .po l len)  
in h o n e y  can  i n c r e a s e  t he  l eve l  of  n o n p o l a r  c o m p o u n d s  in h o n e y  
due  to s o r p t i o n  p r o c e s s e s .  Th is  e f f e c t  ha s  b e e n  d e m o n s t r a t e d  in a 
s imi lar  s y s t e m  ( S c h r a p  and  O p p e r h u i z e n  1990) w h e r e  s u s p e n d e d  
p a r t i c l e s  can  i n f l u e n c e  the  p a r t i t i o n  coe f f i c i en t .  

In  t h i s  c o n t r i b u t i o n  (i) t he  p a r t i t i o n  b e t w e e n  b e e s w a x  a n d  h o n e y  
of some o r g a n o c h l o r i n e  c o m p o u n d s  (PCB a n d  CBz i somer s ,  DDE) a n d  
(ii) b i o c o n c e n t r a t i o n  in b e e s w a x  a n d  h o n e y  f rom a f e e d i n g  e x p e r i -  
men t  b y  a d m i n i s t r a t i o n  to h o n e y  b e e s  of  f eed  f o r t i f i e d  wi th  t h e s e  
c o m p o u n d s  is p r e s e n t e d  a n d  d i s c u s s e d .  

MATERIALS AND METHODS 

P a r t i t i o n i n g  of  o r g a n o c h l o r o  c o m p o u n d s  b e t w e e n  b e e s w a x  a n d  

Send  r e p r i n t  r e q u e s t s  to  J. J a n  a t  t h e  a b o v e  a d d r e s s .  
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F i g u r e  1. R e l a t i o n s h i p  b e t w e e n  b e e s w a x / h o n e y  p a r t i t i o n  c o e f f i c i e n t s  
a n d  1 - o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  of  o r g a n o c h l o -  
r i n e  c o m p o u n d s  : CBz ( ) ,  PCB ( ) a n d  4,4 '-DDE ( ) .  Kow 
v a l u e s  f rom Hawker  a n d  Connel l  (1988); I s n a r d  a n d  
L a m b e r t  (1989). 

h o n e y  was  p e r f o r m e d  a t  70~ a b o v e  t h e  mp of  beeswax ,  in a n  
u l t r a s o n i c  b a t h  f o r  15 rain. 

One h o n e y  bee  co lony  (Apis He l l i f e r a  Carn ica )  r e c e i v e d  f eed  - 60 % 
s u g a r  s y r u p  wi th  c i t r u s  e s s e n t i a l  oil as  a d d i t i v e .  One bee  co lony  
c o n s u m e d  on a v e r a g e  0.4 L s u g a r  s y r u p  da i ly  f o r  5 weeks .  The  
f e e d  was  s p i k e d  wi th  t he  fo l lowing l eve l  of  o r g a n o c h l o r i n e s :  PCB 
(as Aroc lo r  1242) 6,500; 4,4*-DDE 1,400; 1,4-diCBz 3,500; 1,2,3,- 
t r iCBz 350; 1 ,2 ,3 ,4 - te t raCBz 220; 1 ,2 ,3 ,5 - te t raCBz 220; pen t aCBz  37; 
and  hexaCBz 4 p p b  on a f r e s h  wt  bas i s ,  r e s p e c t i v e l y .  

A sample  of  h o n e y  (15 g) was  d i s s o l v e d  in w a t e r  (50 mL) a n d  
o r g a n o c h l o r i n e  c o m p o u n d s  w e r e  e x t r a c t e d  wi th  hexane .  A sample  of  
b e e s w a x  (5 g) was  mel ted  a n d  u l t r a s o n i c a l l y  e x t r a c t e d  twice  wi th  
a c e t o n i t r i l e  (30 mL) a t  70~ fo r  15 rain. To t h e  combined  a c e t o n i -  
t r i l e  e x t r a c t s  w a t e r  was  a d d e d  a n d  o r g a n o c h l o r i n e s  e x t r a c t e d  in to  
hexane .  The  h e x a n e  e x t r a c t  was  c l e a n e d - u p  o v e r  s i l ica,  w i th  
s u l p h u r i c  ac id ,  a lka l i ne  h y d r o l y s i s ,  a n d  c h o m a t o g r a p h y  o v e r  F lo r i -  
sil b e f o r e  GC a n a l y s i s .  

The  h e x a n e  e lua t e  w~3s a n a l y s e d  b y  h igh  r e s o l u t i o n  g a s  c h r o m a t o g -  
r a p h y  (HRGC) wi th  Ni e l e c t r o n  c a p t u r e  d e t e c t i o n  (ECD) a n d  wi th  
s p l i t - s p l i t l e s s  in jec t ion .  HRGC-ECD was p e r f o r m e d  on a Hewle t t -  
P a c k a r d  5890 i n s t r u m e n t ,  u s i n g  a 60 m x 0.25 mra (id) f u s e d  s i l ica  
c a p i l l a r y  co lumn,  c o a t e d  {film t h i c k n e s s  0.25 l~ra) wi th  SPB-5 
(Supe lco)  a n d  h y d r o g e n  c a r r i e r  g a s  a t  a flow r a t e  of  38 c m / s e c  
(a t  200"C). The  make  u p  g a s  was  n i t r o g e n .  The c h r o m a t o g r a p h i c  
c o n d i t i o n s  w e r e  a s  fol lows: i n j e c t o r  240~ d e t e c t o r  280~ column 
55~ f o r  1.1 rain t h e n  to  200~ a t  15 ~ a n d  to 235"C a t  
1 .5"C/min.  P u r g e  a c t i v a t i o n  t ime was  1.5 rain. Quan t i f i ca t i on  was  
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Table 1. Phys icochemica l  p r o p e r t i e s  of some o r g a n o c h l o r i n e  com- 
p o u n d s  and  the i r  b i o c o n c e n t r a t i o n  in beeswax and  h o n e y  
from o r g a n o c h l o r i n e  c o m p o u n d s  admin i s t e r ed  to  bees.  

compound  ch lo r ine  log HLC** a r e l a t ive  b ioconc~n t r a t i on  
s u b s t i -  Kow* metabol.*** (xl0 ~) 
t u t ion  beeswax h o n e y  

PCB-6 2,3 5.06 3.486 1.00 36 1 

PCB-18 2,2',5 5.24 3.495 0.86 100 3 

PCB-24 2,3,6 5.35 3.507 0.94 89 9 

PCB-28 2,4,4' 5.67 3.544 0.90 230 11 

PCB-40 2,2',3,3' 5.66 3.738 0.76 294 7 

PCB-74 2,4,4',5 6.20 3.668 0.67 372 15 

PCB-101 2,2',4,5,5' 6.38 3.610 0.57 482 16 

diCBz 1,4 3.38 2.59 9 2 

triCBz 1,2,3 4.27 2.70 94 20 

tetraCBz 1,2,3,4 4.65 3.16 14 8 

pentaCBz 1,2,3,4,5 5.19 3.15 22 12 

hexaCBz 1,2,3,4,5,6 5 .66  3.24 130 4 

a - log  HLC in a tm  x m3/mol 
* da t a  f rom Hawker  a n d  Connell  (1988); I s n a r d  and  Lamber t  (1989) 
** da t a  f rom Dannen fe l s e r  et  al. (1991); D u n n i v a n t  et  al. (1992) 
*** da ta  f rom Sedlak and  A n d r e n  (1991) 

ba sed  on ex t e rna l  s t a n d a r d s .  Quant i f ica t ion  of PCBs was done  as  
the  sum of 31 PCB i somers  ( p r e s e n t e d  in Fig. 2). Recover i e s  were  
in the  r a n g e  of 78 to 103 %, d e p e n d i n g  on  the  compound .  CBz 
i somers  and  4,4'-DDE were  supp l i ed  by  F luka  (Bucks,  Swi tze r land) .  
PCB isomers  were  iden t i f i ed  b y  compar i son  with a r e f e r e n c e  so lu -  
t ion of  PCB s t a n d a r d s  (CIL, Promochem) a n d / o r  f rom da ta  on 
Aroc lor  1242 (Mullin et  al. 1984; Capell e t  al. 1985) u n d e r  similar 
condi t ions .  IUPAC n u m b e r s  were  u s e d  fo r  the  a s s i g n a t i o n  of  PCB 
i somers  (Bal lschmiter  and  Zell 1980). 

RESULTS AND DISCUSSION 

In  Fig. 1 p a r t i t i o n i n g  of o r g a n o c h l o r o  c o m p o u n d s  (PCB, CBz iso-  
mers ,  DDE) be tween  beeswax  and  h o n e y  was c o r r e l a t e d  wi th  the  1- 
o c t a n o l - w a t e r  p a r t i t i o n  coe f f i c i en t  (Kow). From similar r e l a t i o n s h i p s  
(Hawker and  Connell  1988; I s n a r d  and  Lamber t  1989; Mackay 1982) 
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PCB isomers (IUPAC ha) 

Relative composition (wt %) of PCB isomers in feed (0}, 
beeswax (B) and honey ( ~  adminis tered to bees. In 
b racke t s  the  isomer coeluted in GC peak is given. 

a slope with a posi t ive b ioconcent ra t ion  of o rganochlor ine  
compounds is expected.  The beeswax-honey  par t i t ioning followed a 
l inear  re la t ionship  with Kow up to 4.5. More lipophilic compounds 
(h igher  Kow) follow a negatqve slope in this  re la t ionship.  Reduction 
of the  beeswax-honey  par t i t ion  coeff ic ient  could be the  r e su l t  of 
sorp t ion  of the compounds on su spended  par t ic les  (e.g. pollen). 
This reduc t ion  is s ignif icant  for  components  with a high sorp t ion  
coeff ic ient  or Kow. 

The p ropor t ion  of d i f f e r en t  PCB isomers in beeswax and honey  
p roduced  by honeybees  fed contaminated food are  p r e s e n t e d  in 
Fig. 2. The following f r e sh  weight  levels were p r e s e n t  in feed,  
beeswax and honey,  r espec t ive ly :  total  PCBs (sum of 31 isomers) 
6,500; 1,300; 50 ppb,  4,4'-DDE 1,400; 740; 40 ppb,  1,4-diCBz 3,500; 
31; 7 ppb,  1,2,3-triCBz 350; 33; 7 ppb,  1,2,3,4-tetraCBz 220; 3.2; 1.7 
ppb,  1,2,3,5-tetraCBz 220; 5.9; 1.8 ppb,  pentaCBz 37; 0.82; 0.46 ppb,  
hexaCBz 4; 0.54; 0.015 ppb. In Fig. 3 the HRGC p a t t e r n s  of o rgano-  
chloro compounds in beeswax and honey a re  shown. The deplet ion 
(Fig.3) of l ight ly  ch lor ina ted  compounds in beeswax and honey  
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Gas c h r o m a t o g r a m s  (EC de t ec to r} ,  in t h e  PCB, CBz 
a n d  DDE r e g i o n ,  of b e e s w a x  a n d  h o n e y  made b y  b e e s  
f rom c o n t a m i n a t e d  feed .  

could  be  i n f l u e n c e d  b y  two f a c t o r s :  (I) Some e n z y m e s  d u r i n g  
bee swax  f o r m a t i o n  d e g r a d e  lower  c h l o r i n a t e d  c o m p o u n d s  ( e . g . d i - t o  
t e t r aCBz ,  d i c h l o r o b i p h e n y l s :  PCB-4, PCB-6, PCB-7, PCB-8, a n d  
t r i c h l o r o b i p h e n y l s  non p a r a - c h l o r o  s u b s t i t u t e d :  PCB-16, PCB-18, 
PCB-19, PCB-24); a n d  ( I I ) ,  i t  is s p e c u l a t e d  t h a t  d u r i n g  h o n e y  
f o r m a t i o n  d e p l e t i o n  b y  vo la t i l i za t ion  of l ower  c h l o r i n a t e d  com-  
p o u n d s  o c c u r s .  Lower  c h l o r i n a t e d  PCB a n d  CBz h a v e  h igh  v a p o u r  
p r e s s u r e s  a n d  c a n  e v a p o r a t e  f rom h o n e y  in v iew of t h e i r  H e n r y ' s  
law c o n s t a n t  (HLC). Loss  b y  vo la t i l i za t ion  p r e v a i l s  o v e r  p o s s i b l e  
metabol ic  d e g r a d a t i o n  in honey .  The  b i o c o n c e n t r a t i o n  (Fig.2) of  
some i n d i v i d u a l  c o m p o u n d s  was  c a l c u l a t e d  b y  c o m p a r i n g  t h e i r  
a b u n d a n c e  in b e e s w a x  a n d  h o n e y  e x t r a c t s  wi th  t h e i r  a b u n d a n c e  in 
t he  s t a n d a r d  so lu t ion  a d d e d  to feed .  In  Table  1 some p h y s i c o c h e m -  
ical  p a r a m e t e r s  of i n d i v i d u a l  o r g a n o c h l o r o  c o m p o u n d s  and  t h e i r  

544 



b i o c o n c e n t r a t i o n  in to  b e e s w a x  a n d  h o n e y  (C wax o r  h o n e y / C  feed )  
t h r o u g h  c o n t a m i n a t e d  b e e s  f eed  a r e  p r e s e n t e d .  In  b e e s w a x  hexa  
CBz, h i g h e r  c h l o r i n a t e d  PCB i s o m e r s  f rom t h e  t e c h n i c a l  Aroc lo r  
1242 m i x t u r e  a n d  d i - p a r a  ch l o ro  s u b s t i t u t e d  b i p h e n y l s  (e.g.  PCB 
no. 28,74) which  a r e  s t a b l e  to metabol ic  a t t a c k  w e r e  e n r i c h e d .  

However ,  lower  c h l o r i n a t e d  - b e n z e n e s  a n d  - b i p h e n y l s  w e r e  d e p l e t -  
ed. I t  was  a lso  e v i d e n t  b y  c o m p a r i s o n  of p a i r s  of  PCB i s o m e r s  
wi th  t he  same ch l o r i ne  c o n t e n t  (PCB no. 33/28,  44/74,  52/66,  
70/74) ,  t h a t  i s o m e r s  wi th  h i g h e r  p a r a  c h l o r i n e  s u b s t i t u t i o n  (PCB 
no. 28, 66, 74) which  a r e  more  r e s i s t e n t  to  metabol ic  d e g r a d a t i o n  
p r e d o m i n a t e d  in b e e s w a x  c o m p a r e d  to t h e  compos i t ion  a d d e d  to 
feed .  Metabolic  d e g r a d a t i o n  is more  p r o n o u n c e d  in b e e s w a x  t h a n  
honey .  

The  p r e s e n t  d a t a  e l u c i d a t e  t he  i n f l u e n c e  of p a r t i t i o n i n g ,  vo l a t i l i z a -  
t ion ,  and  metabo l i sm on  the  l eve l s  of  some o r g a n o c h ] o r i n e s  in 
bee swax  a n d  honey .  
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