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Pest ic ide res idues  in food are  of g rea t  impor tance  in the evaluat ion of 
food quali ty.  They are  normal ly  minimal  in honey but  i t  is very 
impor tan t  to know the i r  level. Pest ic ides might be in t roduced into honey 
by bees t ha t  fed on nec ta r  or pollen f rom contamina ted  blossom and to 
control  Varroa mite (Varroa jacobson~) with the organophosphorus 
pest icides,  so tha t  one might expect t ha t  there  will  be res idues  in 
honey. 

Apicul ture in Lugo (NW Spain) is in a s t a te  of expansion.  In 1989, there  
were 32500 hives, r ep resen t ing  an increase  of 97. on the year  1987 and 
account ing  for  6.77. of the Spanish total .  Honey product ion in t ha t  year  
was 218.0 tonne,  up to 11.27. as compared with the preceding year  
(Fern6ndez 1990). The expense in pest ic ides in the county of Lugo (NW, 
Spain) in the years  1988-90 was of 698 ptas  (4 $) /Ha of land cul t iva te  
t ha t  which r ep resen t  a 217. of the to ta l  wornout  in Spain of tha t  which 
only 105 ptas  (0.75 $) /Ha r e t u r n  to insecticides.  If i t  compare with the 
expense of other  count ry  f rom Europe (Germany, France,  Holland) should 
r ep re sen t  a 22Z, 217. and 117. respect ively in pest ic ides and a 67., 5.67. 
and 37. as for  insect icides (Vilarifio 1993). The ana ly t ica l  methods 
avai lable  for  the de te rmina t ion  of organophosphorus pest ic ides in honey 
(coumaphos, mala th ion .... ) used aga ins t  Varroatose are  numerous 
(Thrasyvoulou and Pappas 1988; Taccheo et  al. 1989; Str icker  et  al. 
1989; Gnadinger  1989; Garc ia  et al. 1994) but  there  are  less methods 
about  organophosphorus pest icides de te rmina t ion  in honey used to control  
insects  on numerous f ield crops (Danielyan et  al. 1976; Orbaek 1988). 
These ana ly t ica l  methods, f i r s t ,  requi re  ex t r ac t ion  with d i f f e r e n t  
solvents:  wa te r -ace tone ,  dichloromethane,  benzene- isopropanol ,  
ace tone-pe t ro leum ether  and n-pen tane ,  followed by pur i f i ca t ion  of the 
organic  layer  and f ina l ly  chromatographic  de terminat ion .  Gas-Liquid 
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chromatography (GLC) is one of the most impor tan t  ana ly t ica l  techniques 
used in pest icide residue analysis.  Two advantages  are  i ts  sensi t ive and 
specific detec tor  systems and the abi l i ty  to separa te  mix tu res  of 
analy tes  in the columnn. Unti l  recently,  GLC of pest icides has been 
conducted using packed columns conta in ing a large var ie ty  of liquid 
phases and supports.  In the las t  years  capi l lary  columns have improved 
s ign i f ican t ly  and the fused si l ica GLC columns are  more f lexible  and 
of fe r  an eas ier  of manipula t ion  and ins ta l l a t ion  than  found with glass  
capi l lary  columns. The de te rmina t ion  of organophosphorus pest ic ides in 
honey with glass  capi l lary  columns and GL-mass spec t romet ry  (MS), 
GC-ni t rogen phosphorus and e lec t ron capture ,  GC-electron capture,  
GL-flame photometr ic  detec tor  has been real ized.  

The aim of th is  work was to set  up a residue method with a pest icide 
ex t r ac t ion  procedure for  honey with a c e t o n i t r i l e - w a t e r  and 
chromatographic  de te rmina t ion  of the levels of the pest icide res idues  in 
honey f rom Lugo (NW Spain). 

MATERIALS AND METHODS 

The study was car r ied  out on 1"17 samples of honey, provided by 
beekeepers,  f rom the county of Lugo (NW Spain) depicted in Figure 1. The 
samples were unpasteur ised,  although some of them had been hea ted  to 
f ac i l i t a t e  the i r  ext ract ion.  They were collected in 1988, 1989 and 1990. 
Physicochemical analysis  were real ized on some samples (Herrero 1993). 

Solvents used in the study were ana ly t ica l  grade and f resh ly  dis t i l led 
pr ior  to use or pest icide residue grade. All inorganic  chemicals  were 
ana ly t ica l  reagents  (AR). Florisi l ,  60-100 mesh (Sigma Chemical Co.) 
ac t ivated  in a 130 ~ oven overnight  and Sep-pak car t r igde  (Waters No 
51960) were used. Pesticide s tandards  (Supelco, Inc. Kit No. 52) of 
azinphosmethyl,  coumaphos, diazinon, dichlorvos, dimethoate,  disulfoton,  
ethion, fenchlorphos,  malathion,  methamidophos, mevinphos, naled, 
oxydemetonmethyl,  phorate  and phosalone were used. 

Samples were mixed, and sub-samples  (100 g) were ex t rac ted  with a 
mix ture  of a c e t o n i t r i l e - w a t e r  (300 mL, 2+1 by volume). The liquid a f t e r  
f i l t r a t i o n  was again ex t rac ted  with hexane (I00 mL) for  t r a n s f e r r i n g  of 
res idues  and concent ra ted  to volume of 5 mL. A f u r t h e r  cleanup with a 
Flor is i l  column or a Floris i l  Sep-pak was made on the samples of honey. 
The column was washed with hexane and the residues were eluted with 200 
mL of hexane or 10 mL for  Sep-pak. Each eluate  was concen t ra ted  to 2 mL 
in Kuderna-Danish concen t ra to r  and collected in a 2 mL vial. The solvent 
was evaporated to dryness at  room tempera tu re  under  n i t rogen  s t ream.  The 
dried sample was taken up with an appropr ia te  volume (1 mL) of hexane. 

The res idues  of 15 pest icides were determined by gas- l iqu id  
chromatography using a Hewlet t -Packard,  Model 5890A with 
n i t rogen-phosphorus  detector  (NPD), equipped with a bore fused s i l ica  
capi l lary  column (HP-101) containing methylsi l icone f luid as non polar  
s t a t i ona ry  phase (12 m length, 0.2 mm i.d. and 0.2 lam f i lm thickness).  
The GLC condit ions are given below: 
Car r ie r  gas flow (nitrogen),  1.4 mL min-1; auxi l ia ry  gas f low (ni t rogen 
50), 36 mL min -1 and the flow ra tes  of hydrogen and a i r  were 3.5 and 100 
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mL min -I r e spec t ive ly .  The in jec t ion  p o r t  t e m p e r a t u r e  was  200 ~ and the  
o 

t e m p e r a t u r e  of  the  de t ec to r ,  250 C. The column had an in i t i a l  
t e m p e r a t u r e  of 60 ~ (1 min) p rog re s s ive ly  i nc reased  to  a f ina l  
t e m p e r a t u r e  of  240 ~ f o r  1 min wi th  a r amp  of  30 ~ rain 
Two laL of  sample  e x t r a c t  were  in jec ted  by sp l i t l e s s  in jec t ion  technique  
wi th  the  sp l i t  c losed fo r  0.5 minutes  using the  ope ra t i ng  condi t ions  
ind ica t ed  above. 
In the  e s t ima t i on  of var ious  r e s idues  f rom pes t i c ides ,  t h e i r  me tabo l i t e s  
o f t en  have iden t ica l  r e t e n t i o n  t imes .  In o r d e r  to  avoid e r r o r s  r e su l t i ng  
f rom th i s  f ac t ,  the  i den t i t i e s  of  o rganophosphorus  pes t i c ides  were  
conf i rmed  by GLC using a Pe rk in -E lmer  Autosys tem f i t t e d  wi th  63Ni 
e l ec t ron  c a p t u r e  d e t e c t o r  and cap i l l a ry  column (HP-5) conta in ing  phenyl 
methy ls i l i cone  as  non po la r  s t a t i o n a r y  phase  (25 m lengh, 0 .2  mm i.d. 
and 0.33 lam f i lm thickness) .  The GLC condi t ions  a r e  given below: 
C a r r i e r  gas  f low (n i t rogen 50) and a u x i l i a r y  gas  f low,  30 mL rain -1. The 
in jec t ion  p o r t  t e m p e r a t u r e  was 200 ~ and the  t e m p e r a t u r e  of  de t ec to r ,  
300 ~ The column had an in i t i a l  t e m p e r a t u r e  of  60 ~ (1 min) 
p rog re s s ive ly  inc reased  to  a t e m p e r a t u r e  of 180 ~ f o r  1 min wi th  a r amp  
of  20 ~ min -1, fo l lowed by 10 bC min q to  240 ~ fo r  2 min, and then  5 
~ min -I to  250 ~ f o r  1 min. 
S t a n d a r d s  were  p r e p a r e d  by success ive  di lu t ion of  a 1000 mg L -I so lu t ion  
of  ~es t i c ides  in methanol  to  ob ta in  the  fo l lowing  so lu t ions  : 100-400 lag 
mL-" f o r  coumaphos,  methamidophos  and phosalone;  40-100 lag mL -1 f o r  

-1  
az inphosmethyl ,  oxidemetonmethyl ;  0 .3 -20  lag mL f o r  diazinon,  
d ichlorvos ,  d imethoa te ,  d isul fo ton,  ethion,  fenehlorphos ,  mala th ion ,  
mevinphos,  naled,  and phora te .  
A pes t i c ide  r ecovery  s tudy  was  c a r r i e d  out  by f o r t i f y i n g  honey samples .  
Pes t i c ide  s t a n d a r d s  were  added to the  homogenized honey samples  be fo re  
the  f i r s t  solvent  e x t r a c t i o n  s tep  and they  were  ana lyzed  by app l i ca t ion  
of  the  prev ious ly  desc r ibed  method. The recovery  a s says  were  r e p l i c a t e d  
t h r e e  t imes .  F o r t i f i c a t i o n  levels and r ecove r i e s  a r e  ind ica t ed  in t ab l e  
1. 
The l i n e a r i t y  of  response  of the  NPD f o r  s t a n d a r d  pes t i c ide  so lu t ion  was  
i nves t i ga t ed  as  well  as  the  minimum de t ec t ab l e  level (MDL), which is 
def ined  as  the  concen t ra t ion  giving a s ignal  twice  the  noise.  These 
values  a r e  shown in t ab l e  1. 

RESULTS AND DISCUSSION 

Pes t i c ide  r e s idue  e x t r a c t i o n  was achieved using a c e t o n i t r i l e - w a t e r  (2:1 
v/v) ,  because  o the r  solvents  (acetone,  hexane  . . . .  ) e x t r a c t  n a t u r a l  
components  of honey which i n t e r f e r e  in the  c h r o m a t o g r a m s  of  the  15 
pes t i c ides .  Besides a c e t o n i t r i l e - w a t e r  a l lows the  r ecove ry  a g r e a t e r  
number  of  po l a r  and non po la r  pes t ic ides .  
Cleanup as  descr ibed ,  is neces sa ry  because  the  honeys a r e  r i ch  in 
i n t e r f e r i n g  f a c t o r s .  Fu r the rmore ,  i f  the  samples  a r e  numerous,  th i s  
c leanup method pe rmi t s  t ha t  the  GC s t age  to be f a s t e r  by removing those  
subs tances  wi th  long r e t en t ion  t imes  and i f  t h e r e  mul t ip le  pes t i c ide  
r e s idues  i t  p e rmi t s  good s epa ra t i on  and i den t i f i c a t i on  of  the  
pes t i c ides .  

The r ecove r i e s  of  the  pes t i c ide  r e s idues  were  in the  r ange  f r o m  83 to 
100%, excep t  f o r  two pes t i c ides  oxydemetonmethyl  and mevinphos wi th  "/8 
and 76% respec t ive ly .  Table  1 shows the a v e r a g e  values  of  t h r e e  
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Figure I.- Locations where honey samples where collected per year 
o = 1988, + = 1989, = 1990. 

Table I. Pesticide recovery from honey fortified and minimum 
detectable levels. 

Minimun Fortification 

Pesticide detectable level, ~g g-I Rec. a (%), SD 
-I 

l e v e l ,  ng g 

Azinphosmethyl 0.800 2 85 • 4.2 
Coumaphos 2.000 3 91 • 3.1 
Diazinon 0.030 I 84 • 2.4 

Dichlorvos 0.030 1 83 • 4.3 
Dimethoate 0.070 1 94 • 4.8 

Disulfoton 0.006 I I00 • 2.3 
Ethion 0.200 I I00 • 1.5 
FenchloFphos 0.020 3 92 • 2.1 
Malathion 0.030 2 92 • 2.2 
Methamidophos 2.300 5 86 • 4.3 
Mevinphos 0.050 1 76 • 5.0 
Naled 0.200 8 i00 • 4.3 
Oxidemetonmethyl 0.300 2 78 • 3.5 
Phorate 0.009 2 100 • 6.1 
Phosalone 2.000 4 92 • 3.6 

a 
M e a n  v a l u e s  o f  t h r e e  r e p l i c a t e s .  



r e p l i c a t e s  of  r ecove r i e s  ob ta ined  f o r  the  pes t i c ides  added to  honeys,  
using the  p rocedure  desc r ibed  above wi th  manual  F lo r i s i l  columns. We may 
compare  our r e s u l t s  wi th  those  given in mul t i r e s idue  methods  of  
phospha te  r e s idues  (McMahon and Burke 1978} in food. I t  can be seen t h a t  
s im i l a r  r e s u l t s  of  r ecove r i e s  were  ob ta ined  f o r  coumaphos,  d iazinon,  
ethion,  ma la th ion  whereas  we ob ta ined  b e t t e r  r e s u l t s  f o r  o t h e r s  
pe s t i c ide s  wi th  manual  F lo r i s i l  columns. 

The individual  pes t i c ides  a r e  i den t i f i ed  by compar i son  of  r e t e n t i o n  d a t a  
ob ta ined  in two d e t e c t o r s  of  d i f f e r e n t  s e l ec t iv i t y  (NP and EC) and two 
c a p i l l a r y  columns, HP-101 and HP-5 respec t ive ly .  

The NPD was  l inea r  fo r  al l  the  t e s t e d  o rganophosphorus  pes t i c ide s  over  
the  r ange  0 .3 -20  pg mL -~ fo r  diazinon,  d ichlorvos ,  d imethoa te ,  
d i su l fo ton ,  ethion,  fenchlorphos ,  mala th ion ,  mevinphos,  naled,  and 
phora t e ;  40-100 pg mL -1 f o r  az inphosmethyl ,  ox idemetonmethyl ;  100-400 ~g 
mL -1 f o r  coumaphos,  methamidophos  and phosalone.  The minimum d e t e c t a b l e  
levels  (MDL) were  de te rmined  and found to be d i f f e r e n t ,  because  th i s  
chemical  c l a s s  of  pes t i c ides  exh ib i t s  a g r e a t  d ive r s i t y  in i t s  chemical  
s t r u c t u r e s  and p r o p e r t i e s  (po la r i ty ,  vo l a t i l i t y  . . . .  ). These  va lues  of  
MDL were  0 .006 and 0 .009 ng g=l f o r  d i su l fo ton  and pho ra t e  r e spec t ive ly ;  

-1  -1 
0 .02  ng g f o r  f ench lo r fos ;  0.03 ng  g fo r  diazinon,  d ichlorvos  and 
mala th ion;  0.05 and 0.07 ng g f o r  mevinphos and d ime thoa te  

-1 -1  
r e spec t ive ly ;  0 .2  ng g f o r  e thion and naled;  0 .3  ng g f o r  
ox idemetonmethyl ;  0.8 ng g q  f o r  az inphosmethyl ;  2 ng g q  f o r  coumaphos,  
methamidophos ,  and phosalone.  

Resu l t s  of  the  minimum de t ec t ab l e  levels in honeys have been r e p o r t e d  
f o r  coumaphos (Thrasyvoulou and Pappas  1988; Taccheo e t  al  1989"/; 
Anderson and Woj tas  1986), d iaz inon (Anderson and Woj tas  1986}, 
d ime thoa te  (Barker  e t  al.  1980), e th ion (Klein e t  al .  1986}, ma la th ion  
(Thrasyvoulou and Pappas  1988) and methamidophos  (Drescher  and F ied le r  
1983). The minimum de t ec t ab l e  levels  in honeys f o r  az inphosmethyl ,  
d ichlorvos ,  d isu l fo ton ,  fenchlorphos ,  mevinphos,  naled,  
ox idemetonmethyl ,  pho ra t e  and phosalone a r e  r e p o r t e d  in th i s  work  f o r  
the  f i r s t  t ime ( tab le  I). 

A hundred  seventy  seven honey samples  were  co l lec ted  in s eve ra l  y e a r s  as  
fo l lows ,  36 in 1988, 68 in 1989 (Garcfa  e t  al  1992 ) and 73 in 1990. 
Table  2 shows the  r e s u l t s  of  the  pes t i c ide  res idue  ana lys i s  in these  
honeys. I t  can be seen t h a t  only s ix  pes t i c ides  were  de tec ted :  
az inphosmethyl ,  coumaphos,  diazinon,  ethion,  methamidophos  and 
phosalone.  The r e s u l t s  obta ined  show tha t  some pes t i c ide  r e s idues  were  
de t ec t ed  in 69 samples  of  the  177 s tudied,  these  values  a r e  shown in 
Table  2. Coumaphos, which is the  pes t i c ide  used a g a i n s t  V a r r o a  mi te  
a p p e a r e d  wi th  the  most  f requency  (14Z), whe reas  the  o t h e r  pe s t i c ide s  
used in vege tab les  pes t  were  observed  in less  samples :  e th ion  (137.}, 
phosa lone  (10Z), methamidophos  (97.), d iaz inon (47.} and az inphosmethy l  
{2Z). The o the r  108 samples  were  f r ee  f rom any d e t e c t a b l e  t r a c e  of  
pes t i c ides .  

If  r e s u l t s  a r e  ana lysed  per  year ,  the  observed pes t i c ide  r e s idues  a r e  of  
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F i g u r e  2 . -  T r id imens iona l  Histogram of  Organophosfphorus P e s t i c i d e  R e s i -  
due per  year .  Azin-m = Azinphosmethyl;  Cphos = Coumaphos; 
Mephos = Methamidophos; Phos = Phosalone.  

Table 2.- P e s t i c i d e  Residues Concentrations in 69 honey samples {gg/kg) 

P e s t i c i d e  Appearances Range Mean SD 

Azinphosmethyl 3 2-13 5.7 5.2 
Coumaphos 24 1-53 6.0 10.3 
Diazinon 7 17-116 41.3  31.4 
E th ion  23 1-8 3.0 1.6 
Methamidophos 16 4-25 8.6 5.5 
Phosalone  18 3-37 10.3 8.7 
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Figure  3 . -  Concent ra t ions  (/ag Kg-;) of azinphosmethyl,  coumaphos, d iaz i -  
non, ethion, phosalone and methamidophos in 69 honey samples 
contaminated.  

d i f f e r en t  na tu re ;  in 1988 phosalone was the most f requent ,  i t  appears  in 
15 samples of 27 contaminated  samples; in 1989 was coumaphos with 14 
samples of 41 contamina ted  samples; in 1990 was ethion with 12 samples 
of 23 samples contaminated.  Tr id imensional  h i s togram of f requency 
appearance  of pest ic ides per years  are shown in Figure 2. 

The levels of pest icide res idues  are low, genera l ly  they are  between 1-6 
ug kg -1, they are  shown in Figure 3, special ly when t r e a t m e n t s  proper ly  
a re  ca r r i ed  out. An exception is the sample with a high concen t ra t ion  of 
diazinon (116 gg kg-1), which was collected f rom hives near  to a wheat  
f ie ld  fumiga ted  with a large quan t i ty  of diazinon. Another exceptions,  
fo r  example coumaphos 53 gg kg , a re  produced due to t ha t  f a r m e r s  and 
beekeepers do not always conform to the d i rec t ions  for  use, e i ther  
applying a g rea t e r  number  of t r e a t m e n t  than  requi red  or using doses 
higher than  necessary  or the i r  hives are near  to the fumiga ted  f ie ld  
crops . 

In conclusion, the da ta  presented here provide evidence tha t  cap i l la ry  
column GC with NPD detect ion can be used re l iab ly  and advantageously for  
r egu la to ry  de te rmina t ion  of organophosphorus pest icide res idues  in 
honey. The described method allows quan t i t a t ive  ex t r ac t ion  of the 
organophosphorus pest icides used to control  pests  in the f ie ld  crops 
f rom Lugo (Informe Agrario 1991, Consellerfa de Agricul tura .  Xunta de 
Galicia).  It can be concluded f rom the presen t  s tudy tha t  the 
con tamina t ion  of honey is not prevalent  in Lugo. The most  res idue levels 
are  very low (<6 ppb). Finally,  it  must  be pointed out t ha t  the maximun 
residue levels (MRL) in honey have not been es tabl ished by the Spanish 
legis la t ion and the res idue levels obtained in this  s tudy are  very small  
compared to the MRL of the Spanish regula t ions  for  vegetable products  
(B.O.E. Boletin Oficial del Estado, 4-11-1989). 

Acknowledgment. The authors  would like to thank Vicerrectorado de 
Invest igaci6n da Universidade de Santiago de Compostela for  f inanc ia l  
support .  
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