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RESUMO

A exposição do consumidor a substâncias nocivas com origem nas embalagens que entram em contato
com os alimentos pode ocorrer como resultado da migração dessas por via intencional ou não, incorporados na
alimentação ao longo da cadeia. O papel e o cartão são usados em contato com alimentos secos, e por isso
vistos pelo consumidor como “saudáveis”. Tendo em vista que a gelatina é muito consumida por crianças e
atletas e que a madeira da qual são feitas as embalagens sofrem procedimentos químicos com o inseticida
pentaclorofenol (PCP) para sua conservação, estudou-se a transferência e a incorporação do PCP para a
embalagem secundária de gelatina comestível, provando uma ineficácia da barreira com o uso do polipropileno
(PP) como embalagem primária. Os resultados indicaram a migração em temperatura elevada (60° C) em um
curto  período  de  tempo  (48  h)  quando  a  embalagem secundária  foi  fortificada  com PCP derivatizado  na
concentração de 0,01 mg L-1 e colocada em contato com a gelatina seca acondicionada em sachês originais de
polipropileno. Outros trabalhos também apontam a migração de poluentes químicos incluindo os clorofenóis e
enfatizam  a  importância  desse  tipo  de  pesquisa  frente  ao  que  representa  como  risco  de  contaminação
subaguda.
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ABSTRACT 

The consumer exposure to the new harmful substances with origin in packaging which have contact
with the food can occur as a result of their intentional migration or not incorporated in the food during the food
chain. The paper and the cardboard are used in contact with dry food and that is because of this it is seen by
the consumer as “healthy”. Considering that the gelatin is too consumed by children and athletes and the wood
from which the packaging are made suffer chemical procedures with the insecticide pentachlorophenol (PCP)
for their preservation, studied the transference and the incorporation of PCP in the secondary packaging of the
edible gelatin proving effectiveness from the barrier with polypropylene (PP) use as a primary packaging. The
results indicate the migration with high temperature (60° C) in a short period of time (48h) when the secondary
packaging was fortified with derivatised PCP into 0,01 mg L -1 concentration and put in contact with dry gelatin
secured in polypropylene sachet. Others papers also point out the migration of chemical pollutants including
chlorophenol and emphasize the importance of this research represent like a risk of sub-acute contamination.
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INTRODUCION

The paper  and cellulose sector  in  Brazil
contributes strongly for the economic and social
development,  producing  10.1  million  tons  of
paper per year. In the global ranking, Brazil is the
7th world producer of cellulose and reached the
11th place  in  the  production  of  paper  in 2007
(Brazilian Pulp and Paper Association, 2008). 

Paper and paperboard are composites of
pulp of vegetal sources as the wood of planted
forests (Pinus and Eucalyptus) normally used as
food  packaging  materials  frequently  in  forms
adapted  to  direct  contact  with  dry  foodstuff.
These  materials  are  frequent  seen  by  the
consumer as healthful, but diverse additives are
incorporated  during  the  production  such  as
agents  of  resistance,  whitening,  preservatives,
which  vary  depending  on  the  final  purpose.
Currently,  the negative environmental  impact  of
plastic packaging waste has driven to a gradual
push towards the use of biodegradable materials
in food packaging. Paper has attractively seen as
a material ease of recycling them (Triantafyllou et
al.,  2002).  However,  for  avoiding  attack  and
development  of  xylophages  microorganisms,
some chemicals are using wood preservative and
slimicides to a cellulose pulp. Pentachlorophenol
(PCP)  had  been  widely  used  in  wood
preservation.  This  chemical  is  reported to be a
potential carcinogen and genotoxic agent causing
chromosomal  aberration  (Demers  et  al.,  2006)
and during the burning of PCP-treated materials,
polychlorinated  dibenzodioxin  and  dibenzofuran
(PCDD/F)  may  also  be  formed  (Collins  et  al.,
2007). In Brazil,  according to the Governmental
Decree of the Ministry of Health (ANVISA, 2006),
it have excluded the PCP use in June 2006. The
only resolution that limits levels (0,10 mg kg-1) in
cartonboard  packaging  materials  is  the
Resolution 130/2002 ANVISA (ANVISA, 2002). 

The  term  migration  usually  describes  a
diffusion  process,  which  may  be  strongly
influenced  by  an  interaction  of  the  packaging
material  with  the  food,  gained  a  widespread
importance  in  food  safety  as  normal  procedure
for  checking  compliance  introduced  into  the
legislation.  Migration  of  packaging  components
can be so small (10,0 ng g-1 – 60,0 mg kg-1) that
biological reply in the exposed organisms will not
be  short-term  observed,  however  after  long
periods  of  contaminated  food  ingestion,  subtle
toxic  manifestations  and  with  difficult  detection

will be able to occur (Kroes et al., 2000).
The industries that place packaging food

or those who manufacture and sell raw materials
do  not  always  know  the  potential  migrants
identities. Therefore, it is important to analyze the
final product as packaging and food to guarantee
the quality of products offered for the population.
This  report  verified  the  migration  of  PCP  from
spiked  paperboard  packaging  into  dry  food  as
edible gelatin in different temperatures and time,
which  simulate  a  typical  packaging  situation
originating  indirect  contact  controlled  by  a
polypropylene film into which the PCP diffused.

MATERIAL E METHODS 

2.1. Chemicals

Acetic  anhydride,  potassium  hydroxide,
sodium  carbonate  and  sulfuric  acid  were  from
Vetec (Rio de Janeiro, Brazil). All reagents were
from  analytical  grade.  Acetone,  hexane  and
isopropanol  were  from  pesticide  residue  grade
(Merck,  Rio  de  Janeiro,  Brazil).  Analytical
reference  standard  of  pentachlorophenol  was
from  Dr.  Ehrenstorfer  GmbH  (Augsburg,
Germany).

2.2. Gelatin samples 

           Edible dry gelatin samples (85 g) in carton
box  as  secondary  packaging  involving  original
sachets  of  polypropylene  as  primary  packaging
were  used.  The  area  of  the  carton  box  and
sachets  was  234.6  cm2 and     90.25  cm2,
respectively.  Samples  were  obtained  at  a  local
market.

2.3. Preparation of PCP for calibration curve

           Standard PCP solutions were prepared in
hexane,  making  appropriate  dilutions  to  give
concentrations of  0,02 ;  0,01;  0,1;  0,2;  0,4;  1,0
and 10,0 mg L-1. 
         Five milliliters of these solutions were mixed
with     20 ml of 0,1 mol L-1 Na2CO3 and    2,0 ml
acetic anhydride.  Tubes were sealed and shook
30 min on a mechanical shaker, and then allowed
to phase separation. Aliquots of 1,0 µL from the
hexane layer were injected in the GC system.

2.4. Limits of detection and quantitation for gelatin

          The  limits  of  detection  (LOD)  and
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quantitation  (LOQ)  were  defined  as  3  and  10
times  the  value  of  noise,  respectively.  The
standard deviation from estimated concentration
values of the lowest calibration point was used as
a noise measure.

2.5. Gas chromatography analysis 

A  gas  chromatography  system  (Varian
Analytical Instruments, USA) equipped with a Ni63

electron  capture  detector  (Varian  Star  Model
3600  Cx)  and  STAR workstation  software  was
used to determine PCP in gelatin and paperboard
samples. The separation column was a 12 m X
0,20 mm ID fused silica capillary  SPB-5 with a
size film of 0,33 µm (Supelco). The following GC
parameters  were  kept  constant:  detector
temperature, 300°C; injector temperature, 250°C;
injection mode, splitless; injection volume,       1,0
µL..  The  column  temperature  program:  initial
temperature 100°C, hold 2 minutes from 100°C to
a  rate  of  10°C  min-1 and  to  final  temperature
250°C,  and  hold  2  minutes.  Carrier  gas:  ECD
grade H2, at a flow rate of  1,0 ml min-1. Make up
gas: ECD grade N2, at a flow rate of 1,0 ml min-1.

2.6. Accelerated migration test

            Five milliliters of a standard solution of
acetylated PCP (0,01 mg L-1) were sprayed into
empty  gelatin  cardboard  packaging
(area  =  234,6  cm2),  which  was  allowed  to  dry.
The  dry  gelatin  samples  involved  in  the
polypropylene  original  closed  sachets  were
replaced  into  spiked  packaging,  closed  and
stored at 25, 40 or 60oC for 3, 6, 24 and 48 h.
After  each exposure,  it  was  proceeded  the
extraction  according  to  the  analytical  method
adopted.

2.7. Analytical procedure

          The method applied for PCP in gelatin
(AOAC, 1985) consists on gelatin acid hydrolysis
with H2SO4  solution, originating an homogeneous
hydrolysate  to  ease  the  PCP  extraction  with
hexane. Partition with KOH solution executes the
function of cleaning to separate the acid and PCP
compounds. 

Dry gelatin  samples  were  removed from
secondary cardboard packaging and opened the
sachets.  Dry  gelatin  samples   (2,0  g)  were
hydrolyzed  with  10,0  ml  of  6  mol  L-1 H2SO4  in
tightly cap tubes heated for 60 minutes at 100°C

in water bath. During this hydrolysis, tubes were
periodically removed to mix samples by carefully
hand  shaking.  After  1  hour,  the  samples  were
allowed to cool and 10,0 ml hexane-isopropanol
(4:1, v/v) were added and the mixture was shook
for 2 minutes. The mixture was centrifuged for 2
minutes at 1800 x g and the upper hexane layer
was  transferred  to  some  clean  tubes.  The
extraction was repeated twice and all the hexane
extracts were combined. In these tubes, 5,0 ml of
1 mol L-1 KOH were  added; tubes were sealed
and  shook  for  2  minutes,  centrifuged  and  the
upper layer was removed and discarded. Hexane
(10,0  ml)  was  added  to  the  extract,  and  after
mixing  and  centrifuging  the  hexane  phase  was
removed and discarded. Ten milliliters of the final
extracts were transferred to a volumetric flask. A
blank reagent was prepared in parallel using this
same procedure.

RESULTS AND DISCUSSION: 

Dry  gelatin  samples  were  exposed  to
secondary  packaging  artificially  contaminated
with PCP and investigated for this chlorophenol
presence.  Among  the  time  and  temperature
tested  conditions,  PCP  was  detected  in  the
samples exposed at 40°C for 48 h and at 60°C
for 6, 24, 48 h (Table 1).

Table 1. Migration of PCP from cardboard 
packaging to gelatin*

Exposition time 

Temperature    3h         6h  24h   48h

25°C  <0.02 <0.02 <0.0
2

<0.0
2

40°C <0.02 <0.02 <0.0
2

0.02

60°C <0.02 0.02 0.02 0.06
* Values for PCP are expressed as mg kg-1;                      <0.02 
correspond to values below LOD.

           Gas chromatography equipped  with
electron capture detector (GC-ECD) was used to
identify  the  contaminant  PCP  into  dry  gelatin
samples.  Typical  GC-ECD  chromatograms  are
shown in Figure 1.

           The clear peaks were obtained at the
same  retention  time  as  those  of  standards  in
hexane. The quality criteria applied was: Time of
the sample retention should be the same as the
pattern in the rate of 9,63 minutes;  a signal-to-
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noise ratio of 3 for the detection limit (LOD); LOD
was  calculated  from  calibration  standards.  The
calibration curve linearity obtained the correlation
coefficient  r2 = 0,998 and according Rieder et al.
(2000), it is considered the strongest correlation
with minor dispersion on set of points located in
the curve. LOD was in the range of 0,02 mg kg-1

and  repeatability  was  calculated  using  the
Relative  Standard  Deviation  (RSD)  obtained
range 1%.

 The  PCP  migration  of  the  secondary
cardboard packaging  to  the gelatin  matrix  after
incubation)  for  the  temperatures  of  40oC  and
60oC they are presented in Figure 2A.  At 40oC
migration occurred only in 48 h, but at 60oC PCP
migration was observed in 6 h. It was observed
how fast the migration from paper box packaging
occurs  to  dry  gelatin  in  elevated  temperatures
and short periods, through polypropylene film that
is  generally  used  as  barrier  to  migration.  The
PCP  migration  from  secondary  paperboard
packaging  to  gelatin  showed  a  good  fit  to  the
exponential model, with r2 value of 0,979 (Figure
2B). 

              PCP showed ability to migrate from a
secondary packaging to a dry food matrix, in this
case,  edible  gelatin.  Migration  kinetics  often
depends on the temperature,  nature and paper
properties  (like  the  size),  and  nature  of  the
contaminant  (chemical  structure  and  physical
properties).  PCP  has  relatively  high  molecular
mass           (266 g mol-1) getting itself relatively
low migration  rates  (Choi  et  al.,  2002).  Papers
and  porous  structures  are  relatively  open  and
they  are  allowing  that  the  contaminants  are
transferred   to  the  fatty  and  dry  food  in  short
period of exposure.)

               Efficient and fast migration of chemical
pollutants,  including  chorophenols  from
paperboard  to  selected  dry  food  has  been
reported (Anderson & Castle, 2003; Triantafyllou
et al., 2006). PCP has received special attention
in  order  to  measure  the  levels  that  can  be
transferred to food for direct contact (Triantafyllou
et al., 2006; Summerfield & Cooper, 2001; Song
et al., 2003; Diserens, 2001; Ozaki et al., 2004). 

           However,  primary  polypropylene
packaging  was  not  capable  to  avoid  PCP
migration.  Some  researchers  have  investigated
the  effectiveness  of  polypropylene  and
polyethylene  films  as  barriers  to  contaminant
migration  to  water.  They  found  that  such  films

were not effective as barriers to some chemicals,
such  as  anthracene,  benzophenone  and  PCP
(Choi et al., 2002; Song et al., 2003).

CONCLUSION

It  is  alarming  the  fact  that  the  food
products  as  being  the  packing  contaminated in
the  origin,  can  become  tainted  by  even  low
concentrations  of  undesirable  compounds  such
as PCP. This situation  is real if the products are
stored under inadequate conditions. Particularly,
gelatin  is  greatly  consumed  by  children  and
athletes.  Gelatin  is  normally  consumed  by
children in the diet school at least once a week
(Teppner, 2004) and for athletes it is an indicated
a  dessert  before  a  competition  (Di  Pasquale,
1997).  However,  can  represent  a  risk  of  sub-
acute contamination.

Therefore,  similar  studies  should  be
developed with other contaminants simulating the
real situation in the properly sample and not only
determined  in  solvent  simulations.  These
experimental  data  are  relevant  for  being
monitorize the packaging material of food to the
toxic  compounds  research   which  could
effectively  be  transferred   to  the  alimentary
products.  Such  results  can  help  the  vigilance
agencies of health to oversee them whether they
are following the legislation.      
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Figure 1. Determination of PCP by GC-ECD. Chromatograms showing (A) presence of PCP in gelatin  sample  
after  migration at  60oC  for  48h ;(B)  PCP  standard  solution (0.2 mg L-1).

Figure 2. (A) Migration of PCP from secondary cardboard packaging to gelatin matrix after incubation for 3, 6, 
24 and 48 h at 25oC (■), 40oC (●) or 60oC (▲). (B) PCP migration at 60oC fit the exponential model(Y = aebx) 
with r2 = 0,979, a = 0,0027 ± 0,0017 and b = 0,065 ± 0,013.
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