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COMMUNICATIONS 

QUANTITATION OF I N K  TRANSFERRED DURING PHARMACEUTICAL 
P R I N T I N G  OPERATIONS USING I N D U C T I V E L Y  COUPLED 

PLASMA ATOMIC EMISSION SPECTROSCOPY 

Kimberly Dunnl, Thomas Garcia' Roland Hilborn2, Joseph Kristof ' ,  
Andrew S t e e l e l ,  D.  K i r k  Wilbourne', 'Glaxo Inc . ,  Research 
T r i a n g l e  Park,  NC, 2Colorcon, W e s t  Po in t ,  PA. 

ABSTRACT 

The i d e n t i f i c a t i o n  of s o l i d  dosage forms i s  o f t e n  achieved 
through p r i n t i n g  with a non-toxic i n k .  Due t o  product  p u r i t y  
requirements,  a method t o  q u a n t i f y  t h e  amount o f  i nk  a p p l i e d  t o  
t a b l e t s  and capsu le s  i s  of i n t e r e s t  t o  t h e  pharmaceut ical  
i n d u s t r y  . 

The fo l lowing  p r e s e n t a t i o n  i n v e s t i g a t e d  t h e  use o f  
i n d u c t i v e l y  coupled plasma atomic emission spectroscopy ( I C P -  
AES) as a direct  method of q u a n t i f y i n g  t h e  amount of i n k  on a 
t a b l e t .  Because t h e  i n k  used contained a n  i r o n  ox ide  pigment of 
known composition, q u a n t i t a t i o n  of t h e  i r o n  con ten t  could be 
used t o  measure t h e  amount of  ink t r a n s f e r r e d  t o  t h e  t a b l e t .  

The q u a n t i t a t i v e  r e s u l t s  ob ta ined  us ing  ICP-AES w e r e  i n  
agreement with c a l c u l a t e d  va lues  f o r  t h e  volume of i n k  i n  t h e  
g ravure  r o l l .  T a b l e t s  exposed t o  "double p r i n t i n g "  w e r e  e a s i l y  
d e t e c t e d  by t h e  ICP-AES method. 

INTRODUCTION 

The fo l lowing  s t u d y  w a s  conducted t o  determine t h e  amount of 
ink  which i s  t r a n s f e r r e d  t o  a pharmaceutical  dosage form d u r i n g  
t h e  p r i n t i n g  p rocess .  The de te rmina t ion  of t h e  amount of i n k  is  
complicated by t h e  p r i n t i n g  process ,  because i n k  can be los t  i n  
a number o f  ways as it i s  t r a n s f e r r e d  t o  t h e  s u b s t r a t e .  During 
t h e  p r i n t i n g  p rocess ,  ink i s  t r a n s f e r r e d  i n t o  t h e  logo  c a v i t y  
engraved i n t o  t h e  m e t a l  design r o l l  as it passes  through t h e  ink  
pan. A b l a d e  s c r a p e s  t h e  excess ink  from t h e  s u r f a c e  of t h e  
des ign  r o l l  and uniformly f i l l s  t h e  c a v i t y .  The i n k  i s  
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DUNN ET AL. 

t r ans fe r r ed  t o  a rubber r o l l ,  which appl ies  t he  logo t o  t h e  
surface of t he  t a b l e t .  Incomplete t r ans fe r  of t he  ink occurs a t  
each of t he  s teps  i n  t h i s  process.  

Inductively coupled plasma atomic emission spectroscopy 
(ICP-AES) was used t o  quan t i t a t e  t h e  amount of ink t r ans fe r r ed  
t o  pr in ted  t a b l e t s .  This method, which i s  based on t h e  a b i l i t y  
of ICP-AES t o  quan t i t a t e  trace metals, i s  su i t ab le  f o r  t h e  
ana lys i s  because the  colorant i n  t h e  ink i s  an i ron  oxide 
pigment. Determining the  amount of i ron  present thus  gave a 
d i r e c t  measure of t h e  amount of ink t r ans fe r r ed  t o  t h e  tab le t .  
From the  dimensions of the  logo cavity,  and the  dens i ty  of t he  
ink, t he  t h e o r e t i c a l  maximum amount of ink t h a t  could be 
t r ans fe r r ed  was calculated so t h a t  the  e f f ic iency  of ink 
t r a n s f e r  during the  p r in t ing  operation could be determined. 

METHODS 

Manufacture of Pr inted Tablets 

Placebo t a b l e t s  were compressed and f i lm coated (white) with 
an aqueous based dispers ion of hydroxypropylmethyl ce l lu lose  and 
p l a s t i c i z e r  .’ The coated t a b l e t s  w e r e  p r in ted  with an aqueous 
based ink2 
iden t i f i ca t ion  code on the  opposite face using a double gravure 
o f f s e t  p r i n t e r  . 3  

with “Glaxo” on one s ide  and a 3 d i g i t  

Quant i ta t ion of Ink  Usinq ICP-AES 

The pr in ted  port ion of t he  t a b l e t  was scraped with a carbon 
s t e e l  blade, ensuring t h a t  a l l  of t he  p r i n t  w a s  removed. The 
scrapings w e r e  weighed and placed i n t o  a microwave d iges t ion  
vesse l .  An unprinted port ion of t h e  same t a b l e t  was scraped ( t o  
obtain approximately t h e  same weight of shavings) and placed 
i n t o  a separate  microwave d iges t ion  vessel  a s  a cont ro l  sample 
t o  allow background correct ion.  Five mL of e i t h e r  0 . 5  o r  5 .0% 
v/v n i t r i c  ac id  were added t o  each vesse l  which w a s  then  sea led  
and digested f o r  a s u f f i c i e n t  time i n  t he  microwave t o  achieve a 
pressure of 70 p s i  f o r  approximately 3-5 minutes. [Ei ther  
concentration of n i t r i c  ac id  may be used. The percent was 
increased t o  5 . 0 %  because t h i s  concentration gave b e t t e r  
reproducib i l i ty  t o  the  measurements.] After  cooling, 250 pL of 
concentrated hydroflouric ac id  w a s  added t o  each vesse l  and the  

1 . OpadryS , Colorcon, West Point, PA. 

2. Opacode WB@ , Colorcon, West Point, PA. 

3. Delta Priater, R.W. Harmen Company, Philadelphia, PA. 
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QUANTJTATION OF INK USING ICP-AES 489 

sample was f u r t h e r  d iges ted  f o r  s u f f i c i e n t  t i m e  i n  t h e  microwave 
t o  achieve a pressure  of 70 p s i  f o r  approximately 3-5 minutes.  
The s o l u t i o n  was cent r i fuged  f o r  approximately 1 0  minutes a t  
4000 RPM and t h e n  f i l t e r e d  through a 0.45 pn PTFE f i l t e r  p r i o r  
t o  a n a l y s i s .  Fourteen samples and 1 4  c o n t r o l s  (from 1 4  
d i f f e r e n t  t a b l e t s )  were prepared. 

A spiked sample was prepared i n  t h e  same manner a s  t h e  
samples i n  t h e  previous s e c t i o n .  An unprinted t a b l e t  was 
scraped t o  o b t a i n  approximately t h e  same average weight as t h e  
samples i n  t h e  previous s e c t i o n .  Af te r  t h e  a d d i t i o n  of t h e  
d i g e s t i o n  so lvents ,  200 pL of t h e  1 0  ppm i r o n  s tandard  w a s  
spiked i n t o  t h e  d i g e s t i o n  v e s s e l .  The spiked sample was t h e n  
d iges ted  and analyzed with t h e  samples prepared i n  t h e  previous 
s e c t i o n .  

The samples were analyzed i n  t r i p l i c a t e  by ICP-AES us ing  t h e  
parameters l i s t ed  i n  Table 1. The amount of ink  present  w a s  
c a l c u l a t e d  using Equation 1. 

AS 
VS 
Ab 
vb 
w, 

= pg/mL i r o n  i n  t h e  sample 
= volume of t h e  sample (5.25 mL) 
= average Fg/L i r o n  i n  t h e  sample blanks 
= volume of t h e  sample blank (5.25 mL) 

I - weight of sample scrap ing  (wg) 
Wb = average weight of blank scrap ings  (pg) 
P1 = percent  of s o l i d s  i n  t h e  ink (39%) 
P2 = percent  of i r o n  i n  t h e  i n k  (17%) 

Determination of t h e  T h e o r e t i c a l  Amount of Ink Transfer red  t o  
t h e  T a b l e t s  

The maximum amount of i n k  which could be t h e o r e t i c a l l y  
t r a n s f e r r e d  t o  t h e  t a b l e t  was determined by c a l c u l a t i n g  t h e  a r e a  
of t h e  logos on t h e  design r o l l  using a grav imet r ic  method. 
This a r e a  was t h e n  m u l t i p l i e d  by t h e  depth of t h e  c u t  i n t o  t h e  
design r o l l  t o  determine t h e  volume of ink  contained i n  t h e  
c a v i t y .  

The a r e a  of t h e  p r i n t e d  logo w a s  determined by photocopying 
each of t h e  i n d i v i d u a l  symbols and weighing t h e  copy of t h e  
logo. To improve t h e  accuracy of t h e  measurement, a proof of 
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490 DUNN ET AL. 

TABLE 1 

Parameters f o r  ICP-AES Analysis  

Instrument: 

lave 1 e ngt h 

? l a a m  Power: 

Jiewing Neight : 

In t r ance  S l i t :  

I x i t  S l i t :  

qebul izer  : 

Nebulizer G a s  : 
~~~ ~ 

Nebulizer G a s  Flow: 

Nebulizer Uptake R a t e  

Spray Chamber: 

Purge G a s :  

Coolant G a s  Flow: 

Sheath G a s  Flow: 

Standards:  

Jobin-Yvon JY 38 Plus  I C P  

238.208 m 

900 W a t t s  

12 m above l o a d  c o i l s  

30 w 

35 w 
~ ~ ~ ~ ~~ 

Meinhard (glass concen t r i c )  Type C 
~~~~ ~ 

Argon a t  2.95 bar  

1.2 mt/min 

1 . 0  mt/min 

S c o t t  t y p e  glass 

Nitrogen a t  4 L/min 

14 L/min 

0.2 mt/min 

10 rng/mL i r o n  in 0 .5% or 5.0% v/v 
n i t r i c  a c i d  
0.5% or 5 . 0 %  v /v  n i t r i c  a c i d  

t h e  logo (drawn t o  t h e  same scale as t h e  a c t u a l  t a b l e t  p r i n t i n g )  
w a s  success ive ly  en la rged  on a commercial photocopier4 
t h e  symbols were expanded i n  area by a f a c t o r  of  1024 .  
expanded symbols w e r e  t r a c e d  on to  paper of uniform cons i s t ency ,  
and t h e  symbols c u t  a long  t h e i r  edges and weighed. A 
c a l i b r a t i o n  curve w a s  produced by weighing p i e c e s  of t h e  same 

u n t i l  
The 

4. Kodak Ehaprint 90 Copier, Easanan-Kodak, Rochester, NY. 
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QUANTITATION OF INK USING ICP-AES 49 1 

paper t h a t  w e r e  of  known areas. The area of t h e  logo w a s  t h e n  
determined by comparison t o  t h e  c a l i b r a t i o n  curve generated from 
t h e  p i e c e s  of paper of known area. 

Equation 2 w a s  used t o  c a l c u l a t e  t h e  t h e o r e t i c a l  amount of  
s o l i d s  from t h e  i n k  depos i t ed  onto t h e  t a b l e t  s u r f a c e .  

6 Amount of S o l i d s  (pg) = A x D x p x P x 10 
(Equation 2 )  

where: 

A = logo area = 0.0378 cm2 
D = depth of embossment = 22 p o r  2 . 2  x cm 
p = s p e c i f i c  g r a v i t y  of ink = 1.2 g/cm3 
P = percentage of s o l i d s  i n  i n k  expressed as a decimal = 

0.39 
lo6 = f a c t o r  t o  convert  from g t o  kg 

RESULTS AND DISCUSSION 

Table 2 summar izes  t h e  a n a l y t i c a l  r e s u l t s  ob ta ined  f o r  t h e  
amount of i n k  p r i n t e d  on each t a b l e t  using ICP-AES. With t h e  
except ion of Tab le t  #5, t h e  r e s u l t s  are a l l  of t h e  same o r d e r  of  
magnitude (range 1 6 . 1  - 26.6  pg).  Tablet  #5  c o n t a i n s  
approximately t w i c e  t h e  amount of i n k  as t h e  o t h e r s .  This  
discrepancy can be a t t r i b u t e d  d i r e c t l y  t o  t h e  p r i n t i n g  p rocess .  
Occasional ly ,  one of t h e  l i n k s  c a r r y i n g  t h e  tablets  through t h e  
rubber p r i n t i n g  r o l l s  i s  not f i l l e d .  As a r e s u l t ,  t h i s  p o s i t i o n  
on t h e  r o l l  does not d i scha rge  ink  onto a substrate dur ing  t h a t  
p r i n t i n g  cyc le .  The rubber r o l l  t h e n  r e c e i v e s  a second q u a n t i t y  
of i nk  from t h e  m e t a l  gravure r o l l  du r ing  t h e  next cyc le .  The 
a d d i t i o n a l  ink i s  then  t r a n s f e r r e d  t o  t h e  next t a b l e t  when it 
comes i n  con tac t  with t h e  rubber r o l l .  The p r i n t  on such 
t a b l e t s  i s  bo lde r .  

The average amount of  i nk  t r a n s f e r r e d  t o  a t a b l e t  (excluding 
Tablet  #5) w a s  22 pg, with a r e l a t i v e  s t anda rd  d e v i a t i o n  (RSD) 
of 1 7 . 8 % .  The RSD demonstrates cons ide rab le  v a r i a b i l i t y  i n  t h e  
amount of i n k  depos i t ed .  Some t a b l e t s  had incomplete p r i n t i n g ,  
with t h e  t o p  o r  bottom p o r t i o n s  of t h e  p r i n t  c u t  o f f .  The 
observed v a r i a b i l i t y  could a l s o  be a t t r i b u t e d  t o  t h e  p r e c i s i o n  
of sample p repa ra t ion ,  which may be dependent on t h e  q u a n t i t y  of 
core  e x c i p i e n t s  which are scraped i n t o  t h e  sample. However, t h e  
p r e c i s i o n  of t h e  a n a l y t i c a l  method i s  demonstrated by t h e  low 
RSD ( 3 . 4 % )  f o r  r e p l i c a t e  readings of a s i n g l e  t a b l e t  sample, and 
by t h e  e x c e l l e n t  sp ike  recovery of 100 .2% of t h e  expected value.  
Table 3 con ta ins  t h e  maximum t h e o r e t i c a l  q u a n t i t y  of i nk  which 
can be t r a n s f e r r e d  t o  a t a b l e t  du r ing  t h e  p r i n t i n g  process ,  
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492 

Sample 

1 

2 

3 

4 

5* 

6 

7 

8 

DUNN ET AL. 

Amount of Amount of 
Dry Ink (pg) Sample Dry Ink (pg) 

20.1 9 18.5 

25.7 10 21.8 

26.6 11 21.2 

26.3 12 17.0 

49.5 13 16.5 

25.2 14 20.9 

25.0 Average 22 

16.1 RSD 17.8% 

TABLE 2 

RSD 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1.7% 

*Value not used in calculation of average and RSD. 

TABLE 3 
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QUANTITATION OF INK USING ICP-AES 493 

based on t h e  grav imet r ic  c a l c u l a t i o n s .  The repor ted  value i s  
t h e  average of f i v e  r e p l i c a t e  samples, which provided an 
estimate of t h e  e r r o r  of t h e  q u a n t i t a t i v e  method. The maximum 
q u a n t i t y  of dry  s o l i d s  t r a n s f e r r e d  t o  t h e  t a b l e t  s u r f a c e  dur ing  
p r i n t i n g  was determined t o  be 39 pg. 

I n  c a l c u l a t i n g  t h i s  value,  s e v e r a l  assumptions p e r t a i n i n g  t o  
ink t r a n s f e r  and t h e  dimensions of t h e  c a v i t y  of t h e  design r o l l  
w e r e  made. The f i r s t  assumption was t h a t  t h e  shape of t h e  
design r o l l  c a v i t y  was rec tangular .  I n  r e a l i t y ,  t h e  bottom 
corners  of t h e  a c t u a l  engravement a r e  rounded, and t h e  
c a l c u l a t e d  volumes w e r e  t h e r e f o r e  s l i g h t l y  higher  t h a n  t h e  t r u e  
va lues .  The second assumption was t h a t  a l l  of t h e  i n k  contained 
i n  t h e  c a v i t y  of t h e  design r o l l  was t r a n s f e r r e d  t o  t h e  rubber 
r o l l  dur ing  t h e  p r i n t i n g  process .  The ink  t r a n s f e r  w a s  a c t u a l l y  
incomplete due t o  i n t e r f a c i a l  t e n s i o n  between t h e  i n k  and metal  
s u r f a c e  of t h e  design r o l l ,  r e s u l t i n g  i n  a r e s i d u a l  q u a n t i t y  
being r e t a i n e d  i n  t h e  logo c a v i t y .  The f i n a l  assumption was 
t h a t  once on t h e  rubber r o l l ,  t h e  ink  was completely t r a n s f e r r e d  
t o  t h e  t a b l e t  sur face .  I n  r e a l i t y ,  some r e s i d u a l  i n k  remains on 
t h e  rubber r o l l  fol lowing t r a n s f e r .  

The e f f i c i e n c y  of ink  t r a n s f e r  during t h e  p r i n t i n g  process  
was determined from t h e  r a t i o  of t h e  a c t u a l  and t h e o r e t i c a l  
amount of ink  t r a n s f e r r e d .  Using t h e  r e s u l t s  ob ta ined  by t h e  
ICP-AES and gravimet r ic  experiments, 56% of t h e  i n k  i n  t h e  
design r o l l  c a v i t y  was deposi ted onto  t h e  s u r f a c e  of  t h e  t a b l e t .  
The e f f i c i e n c y  value repor ted  i s  s p e c i f i c  f o r  t h e  condi t ions  
used t o  p r i n t  t h e  p a r t i c u l a r  t a b l e t s  examined i n  t h i s  
experiment. The percentage of i n k  t r a n s f e r r e d  is  dependent on 
such f a c t o r s  a s  t h e  dimensions of t h e  design r o l l  embossment, 
e l a s t i c i t y  of t h e  rubber r o l l s ,  i n k  v i s c o s i t y  (and o t h e r  
p r o p e r t i e s  of t h e  ink  which can a f f e c t  i t s  s u r f a c e  t e n s i o n ) ,  and 
p r i n t e r  set up condi t ions .  

CONCLUSIONS 

ICP-AES was demonstrated t o  be an  accura te  method t o  
q u a n t i t a t e  t h e  amount of i n k  t r a n s f e r r e d  t o  a t a b l e t  s u b s t r a t e  
dur ing  t h e  p r i n t i n g  process .  The c a l c u l a t e d  va lue  for t h e  
amount of ink  t r a n s f e r r e d  during t a b l e t  p r i n t i n g  us ing  ICP-AES 
was 22 pg (RSD = 17.8%), compared t o  a t h e o r e t i c a l  q u a n t i t y  of 
3 9  pg (RSD = 1.7%) determined through gravimet r ic  a n a l y s i s .  A 
comparison of t h e  va lues  i n d i c a t e s  a 56% e f f i c i e n c y  of ink  
t r a n s f e r  from t h e  gravure ro l l  t o  t h e  t h e  t a b l e t  s u r f a c e  during 
t h e  p r i n t i n g  opera t ion .  Reported values  a r e  s p e c i f i c  f o r  t h i s  
experimental  set-up and could vary f o r  a l t e r n a t e  p r i n t i n g  
processes .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



494 

ACKNOWLEDGMENTS 

DUNN ET AL. 

The au thors  would l i k e  t h e  thank D r .  Mirtha Urnana-Murray, 
M r .  Jack Ackley and t h e  R.W. Hartne t t  Company f o r  t h e i r  
t e c h n i c a l  e x p e r t i s e  and a s s i s t a n c e  u t i l i z e d  i n  t h i s  paper .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


