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ABSTRACT: Corrugating adhesive prepared with
flexographic wash water may contain metal
compounds or complexes. For some purposes, these
metals must remain in situ; that is, they must not
migrate from the glueline through the linerboard to the
product in the container. This exploratory study
examined metal migration behavior under the
influence of an isothermal moisture gradient. Movement
of metals, as indicated by a concentration build-up near
the outer suface of the linerboard, was not found. The
concentrations of metals contained in the commercial
wash water supplied for this study were small compared
to that of the background metals in the linerboard.
These background metals also masked any introduced
metals.
KEYWORDS: Corrugated boards, fiber boards,
flexography, liner board, metals, migration, starch,
wash waters.

Using flexographicwash water in cor-
rugated fiberboard starch adhesive
is a relatively new practice. Because
this water may contain metal com-
pounds and complexes (hereafter
referred to simply as metals) from
the ink, there is concern that such
metals might migrate from the
glueline through the linerboard to
the board’s surface. Linerboard con-
tact with the container’s contents
then might allow metal migration to
the package’s contents.

Several authors (1-13) have studied
metal migration out of packaging

materials, with Knezevic (1-6) ap-
parently being the most involved.
From this literature, one finds that
while metals can be made to migrate,
usually under acidic conditions, there
appears to be a minimal health risk
from metals transferring to products
from the packaging (2-5, 8, 10, 11).
However, in all of these works there is
little information on the movement,
if any, of metals within the paper-
board to the surface in contact with
the product. Therefore, there is still a
concern that any potential addition
of metals to corrugated fiberboard,
such as by using flexographic wash

water for preparing the starch adhe-
sive, could affect products in contact
with the linerboard.

This study was designed to examine
the potential for metal migration by
subjecting a starch-coated linerboard
to a constant moisture gradient and
determining the metal content
change near the noncoated surface.
We understand that real-life humid-
ity conditions generally are cyclic and
therefore may involve metal move-
ment due to the possible repetitious
moisture condensation that may oc-
cur within the paperboard. However,
this study was designed to determine
whether migration occurs under con-
stant conditions.

BACKGROUND

C ORRUGATED FIBERBOARD

For products to be impregnated by
metals from the starch adhesive used
to bind the component paperboards
(Fig. 1), the metals must migrate from
the singleface glueline through the
singleface linerboard to its outer sur-
face, the side that normally faces to
the inside of the container. A similar
migration to the surface of the
doubleback linerboard, i.e., to the
outside of the box, would not result
in metallic impregnation of the con-
tents. A probable cause of metal mi-
gration could be a hydrodynamic
driving force caused by a difference
in humidity on the outside as op-
posed to inside surfaces of the box.
Although many possible moisture
gradients may occur in real life, this
study dealt only with the situation in
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which the temperature is equal on
both surfaces and there is high hu-
midity on the outside (doubleback)
surface and low humidity on the in-
side (singleface) surface. Under these
conditions, a constant moisture gra-
dient exists, and the moisture flow
rate through the specimens should
be constant.

The metals in the starch may migrate
only from the singleface glueline (Fig.
1, L)—that portion of the singleface
linerboard lying between flute tips
should not be a source of wash-water
metals. For the doubleback glueline
to be a metal source, the metals must
migrate from the doubleback glueline
inwardly along the medium to the
singleface glueline. Thus, for any met-
als possibly introduced to the starch
from flexographic wash water, it is
the singleface glueline that would be
expected to be the primary transfer-
ence site between the container and
its contents.

Migration behavior at the glueline

The metals, if weakly bonded orionic,
should be free to migrate from the
starch into the paperboard. Only then
should they pass through the liner-
board to its outer surface and con-
centrate there. Several scenarios are
possible.

Near the outer surface of the liner-
board, the metal concentration/time

behavior follows one of four possible
cases (Fig. 2):

A. Metals are fixed in both the paper
and starch. The concentration re-
mains constant at the initial pa-
perboard concentration (i).

B. Metals are fixed in the starch and
free to migrate in the paper. Met-
als in the paperboard could mi-
grate and concentrate in layer C
(Fig. 3) at a higher concentration
(k) than the initial level (i), Metals
in the starch remain in the starch.

C. Metals are fixed in the paper but
could be free to migrate from the
starch. The starch metals become
fixed at the interface. The analyzed
layer C of the paperboard would
be identical with that in Case A.

D. Metals could be free to migrate in
both the paperboard and starch.
Metals in the paper could migrate
to the analyzed layer C at the same
rate and level as that for Case B,
followed by the metals from the
starch. The graph would have two
parts, corresponding to the pa-
perboard metals, up to level k, and
the starch metals, to a level n above
k. The two slopes maybe differ-
ent. Only Case D allows for the
migration of wash-water metals
to the container/product inter-
face.

Two other scenarios maybe possible
(but are left to future study):

E. The metals could migrate by dif-
fusion as a result of the concen-
tration gradient of the metals
themselves within the sheet. As
the metals migrate toward layer C
as a result of the moisture gradi-
ent, their increased concentration
would cause them to counter-dif-
fuse back into the sheet; apparent
migration rates would be summa-
tion rates, indicating the predomi-
nating driving force.

F. Vapor-phase migration could ex-
ist. Some metals, such as mercury,
have high vapor pressures and
may migrate in the air stream as
the air and moisture vapor move
through the sheet. This mecha-
nism would depend on the par-
ticular chemical compound for the
metal and its bonded state within
the paperboard.

Metal levels in adhesive
Metal migration rates may depend
on the concentration of metals in the
water used to prepare the starch.
Testing for the concentration effect
requires concurrent exposure of
samples having either a low or high
level of metal in the starch. Since the
flexographic wash water is presumed
to have a high level of metals, fresh
tap water can be presumed to be a
low-level source of metal, We tested
the effect of metal concentration by
evaluating two sets of samples: one
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made with starch prepared with
flexographic wash water and the
other with starch prepared with tap
water.

Flexographic wash water is known to
cause premature starch viscosity
breakdown, This problem can be cor-
rected by including a starch viscosity
stabilizer with the flexographic wash
water, but the addition of a stabilizer
may affect the rate of metal migra-
tion. We tested for this effect by in-
cluding a set of samples that con-
tained a viscosity stabilizer in the
starch made with flexographic wash
water. If the stabilizer fixed the met-
als in the starch, the samples would
respond like a Case A scenario in-
stead of Case C, or a Case B scenario
instead of Case D.

EXPERIMENTAL

Simulated glueline exposure
We expected the flexographic wash-
water metal concentrations to be
relatively low and yet significantly
higher than the metal concentrations

in fresh tap water (based on a discus-
sion with an ink producer). Conse-
quently, a large area of glueline was
required for analysis. Therefore,
rather than exposing corrugated
board to the moisture gradient, we
used a simulated glueline. A sheet of
linerboard was coated on one sur-
face with corrugating starch adhe-
sive and gelled. Three batches of
starch were prepared using (a) fresh
water; (b) flexographic wash water
obtained from a boxmaker’s print-
ing plant during a typical cleanup
operation (for all solutions except
sodium hydroxide preparations;
metallic hydroxides might precipi-
tate out and not be included in the
starch); and (c) the same formula as
(b) but including HARLOFLEX, a
chemical viscosity stabilizer.*

The three types of coated sheets, each
simulating a glueline several centi-
meters wide, were mounted in frames

* The use of trade or firm names in this
publication is for reader information and
does not imply endorsement by the U.S.
Department of Agriculture of any product
or service.

and placed in a dual-zoned humidity
chamber (Fig. 4) maintained at 23°C.
An 80%-RH environment was in con-
tact with the starched surface and a
30%-RH environment was in con-
tact with the uncoated surface of the
linerboard. Moisture was thus free to
migrate through the starch layer and
then through the linerboard. The wa-
ter transmission rate was 2.44 L/m2/
day through the samples. Tempera-
ture and humidity were controlled
using two Honeywell DR4500 con-
trolling recorders, one for each zone.

Paperboard samples

Commercial 205-g/m2 unbleached
kraft linerboard was cut into 240 x
300 mm sheets, coated with the ap-
propriate starch, and sandwiched
between two plastic frames using
contact cement. The plastic frames
gave a flat, tight seal when mounted
in the chamber and prevented mois-
ture from moving through the frames
rather than the linerboard. Twenty
specimens were mounted and ex-
posed concurrently. Specimens of
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the “blanks” (fresh water in adhe-
sive), “wash water,” and” wash water
with chemical” (the viscosity stabi-
lizer HARLOFLEX) were randomly
positioned in the chamber, removed
after various exposure times, and
analyzed. New sheets were continu-
ally placed in the chamber as speci-
mens were removed. Replicated data
were obtained from specimens ex-
posed at various times; e.g., all of the
eight-week samples were installed
and removed at different times dur-
ing the course of the study.

A total of 23 specimens of each type
of coated board (69 specimens total)
were analyzed; exposure times

ranged from 2 weeks to 12 weeks.

Adhesive preparation
and application

The adhesive was a carrier-type, un-
modified starch formula with 20-21%
solids; it was applied to the liner-
boards using the Forest Products
Laboratory glue machine normally
used for doublebacking. The glue gap
was 0.23 mm. The volume of starch
applied was assumed to be constant
for all sheets. The adhesive was gelled
using aphotodryer-type heating unit.
Restraint provided by the wire kept
the sheet flat.

Specimen preparation for analysis
Paperboard samples were removed
from the chamber after a suitable
exposure time, removed from the
frames using a razor knife, and sur-
face-ground to remove the starch
layer and two thirds of the paper-
board thickness (Fig. 3, layers A and
B). Grinding the sheets has the po-
tential of adding grinder wheel dust
to the sample and of driving starch
residue into the remaining portion
of paperboard (Fig. 3, layer C). To
minimize the latter possibility, the
grinding wheel was cleaned and
refaced with a diamond-tipped tool
after removing the starch and layerA
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of the paperboard. A vacuum near 
the wheel removed grinder dust as it
was generated, thereby minimizing

R E S U L T S  A N D

D I Sc U S S I O N

contamination. Initial metal concentrations
Any residual dust was carefully re- 
moved to reduce the possibility of its  perboard and corrugating starch
reintroduction to the specimen in 
the next grinding pass. A second pass  I and II. The metal concentrations of
of the grinding wheel removed layer 
B and should have removed any sidered negligible because they were
starch that had been driven into the 
sheet during the first pass. The final a food-grade (household) starch,
thickness of layer C was approxi-
mately 0.10 mm. This layer then was metal concentration of the paper-
subjected to inductively coupled.

The metal concentrations of the pa-

used in this study are given in Tables

the corrugating starch can be con-

of the same concentrations as that of

which was very low compared to the

board itself.
plasma emission spectroscopy (14).

The paperboard had only trace
amounts of cadmium, chromium,

cobalt, and molybdenum, all about 1
ppm or less (Table II). The amounts
of copper, lead, and nickel were
slightly higher but still less than 5
ppm. The paperboard appeared to
have higher concentrations of ar-
senic, manganese, selenium, and
zinc.

Effect of grinding
Removal of the starch layer and the
adjacent two layers of the coated pa-
perboard left a layer consisting of
only paperboard, which should have
had the same metal concentrations
as that of the supplied paperboard.
The data showed no significant dif-
ference in metal content for samples
ground in this manner compared to
uncoated paperboard at the two-
sigma confidence levels tested
(>95%) (Table II). However, a high
coefficient of variation resulted from
analysis of four or five specimens of
each type of coated sheet. Metal con-
centrations for all three types of
coated board within this “ground-
down” set showed a similarly high
degree of scatter, thereby eliminat-
ing any interpretation of differences
between the three types of adhesive
preparations. Whether the excessive
variability was a consequence of the
grinding process or reflects the limits
of the metal analysis is not known.

Reversing the grinding process—re-
moving layers B and C, leaving the
starch layer and paper layer A—re-
sulted in metal concentrations in-
dicative of the metal in the starch
(Table II). Because the specimen ana-
lyzed was partly paperboard and
partly metal-free starch, the metal
concentrations were expected to be
less than the concentrations of the
paperboard alone. This was the case
for arsenic, cadmium, cobalt, lead,
and selenium, and nearly so for chro-
mium, nickel, and manganese. Cop-
per and zinc showed a strong increase
in concentration. Both of these met-
als are present in standard copper
piping applications; thus, their in-
crease was not totally unexpected.
The problem with this argument is
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that the quantities of these metals
were of the same magnitude whether
fresh water or flexographic wash wa-
ter was used for the starch prepara-
tion. The starch may have been con-
taminated by the photodryer screen
during gelling. We did not expect the
apparent lack of an increase in met-
als (other than copper and zinc). This
result would seem to imply the ab-
sence of such metals in the wash
water. Apparently any metals intro-
duced to the starch via the wash wa-
ter were masked by the background
metal concentrations in the paper-
board.

Effect of exposure time

A high level of scatter was again ob-
served. Under a constant driving
force, metals would move at a con-
stant rate to layer C of the paper-
board, and the concentration there
should increase linearly with time.
To determine whether migration had
taken place, a linear regression of the
data was made using the least-
squares method. The resulting
slopes, intercepts, and coefficients
of determination (R2values) are given
in Table III. In all cases, the slopes
were very small, intercept values were
relatively close to the initial concen-
trations (Table II, paperboard with-
out starch), and coefficients of deter-
mination were very low there is a
very low probability that changes in
concentration occurred in paper-
board layer C, even after 12 weeks of
exposure.

Table IV shows the average metal
concentrations for the 23 exposed
samples. As the data indicate, most
of these average values are close to
the initial concentrations (Table II);
with one exception, all are within two
sigma units of the initial concentra-
tion, implying a >95% probability that
the average values are not different
from the initial concentrations. Only
the 1.68-ppm initial concentration
for chromium wash water lies be-
yond the two-sigma limit, implying
that there is a >95% probability that
this value is simply an outlier. The

data imply that case A or C is operat- needed to explore the situation in
ing.                  which the water used in the starch

preparation contains considerably
Additional work is needed to increase
the confidence level of these find- higher metal concentrations than

does the paperboard.ings. In addition, at least two envi-
ronmental variables could be exam-

C O N C L U S I O N Sined: cyclic humidity and low tem-
peratures. Cyclic humidity reflects  Our research lead us to the following
the diurnal conditions of day/night conclusions:
fluctuations in humidity, and low
temperatures are typical of refrigera-
tor/freezer storage, Also, the appar-
ently low level of metals in the com-
mercially obtained flexographic wash
water precludes any definite state-
ment on the actual migration from
the starch where the metals were
present. Additional studies are

1 . Paperboard itself may be a larger
source of metals than is the
flexographic wash water. Metal
concentrations in the starch ad-
hesives prepared with
flexographic wash water and with
fresh water were very low and were
indiscernible from the back-
ground metal contained in the
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paperboard. A survey would be
needed to establish the range of
metal concentrations that exist for
flexographic wash water and for
various linerboards.

2. Metals apparently did not migrate
within the linerboard. Time/ ex-
posure tests using constant rela-
tive humidities of 80% and 30% at
23°C showed nonsignificant change
in metal concentrations after a 12-
week exposure period.

3. We do not know if metals migrate
from starch to linerboard. The ap-
parent low levels of metal in the
commercially supplied wash wa-
ter, together with the low or non-
existent metal migration rates ob-
served for the linerboard, preclude
determining whether metals mi-
grated from starch to linerboard.
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