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On December 16, 2014 the ICH Working Group published the elemental impurities guideline into the current ver-
sion step 4. The aim of this control strategy is to track impurities that may contaminate pharmaceutical products 
and are potentially contributed by several sources. Additionally, the guideline also focuses on final drug product 
quality. To ensure that all components and all needed production steps required for a pharmaceutical product 
demonstrate regulatory compliance, risk assessment will become a priority for every pharmaceutical manufac-
turer. This approach of testing and documentation can become a major challenge, especially in the consideration of 
various potential sources such as excipients, water, APIs, container systems and manufacturing processes. 
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In the current version, ICH Q3D consid-
ers 24 elements in their specific toxicity 
class and their permitted daily exposure 
(PDE, µg/day). Based on a maximal daily 
intake of not more than 10g of a drug 
product, drug substance or excipients, 
ICH Q3D provides a table outlining 
permitted concentrations based on µg/g. 
However, when the assessment process 
shows a potential risk, then additional 
data will be required and testing for 
elemental impurities will become the 
next challenge. Based on the low PDE 
concentrations, and new specific and 
sensitive instrument technology, imple-
menting these new guidelines will be on 
every pharmaceutical manufacturer and 
contract laboratories’ minds.

IMPLEMENTING A STRATEGY
As a quality control contract analytical 
laboratory serving many multinational, as 
well as local pharmaceutical companies, 
SGS receives many client inquiries for 
elemental impurity testing for which the 
samples’ background is unclear or uncer-
tain. To provide valid information about 
elemental impurities in pharmaceutical 
products, we needed to implement a 
screening procedure to close the gap 
in risk assessment whenever additional 
data is required. Based on our previous 

experience with heavy metals determi-
nation, our lab focused on optimizing 
ICP-MS because of its selectivity and 
sensitivity. In order to prepare for the 
broad range of sample materials we 
will receive from clients, we considered 
three worst case scenarios for method 
development: 

1.	All target elements from ICH Q3D, EP 
5.20 and USP 232

2.	Worst case limit from ICH Q3D, EP 
5.20 and USP 232

3.	Worst case sample matrix, spiked with 
potential interferences  
(K, Na, Ca, Mg, Cl)

For the validation procedure, the Euro-
pean Pharmacopoeia (2.4.20) and United 
States Pharmacopoeia <233> advise 
parameters and acceptance criteria. We 
combined these requirements for a quali-
tative procedure and performed a valida-
tion by spiking experiments in Omega-3 
fish oil. This sample matrix was consid-
ered because of its high carbon content 
and difficulty with digestion. Compared 
to other tests, sample preparation is also 
a critical step for analysis for elemental 
impurities using ICP-MS. In this case, the 
main goal is to reduce organic sample 
background by a closed-vessel micro-

wave digestion to match the background 
of the sample in the calibration solution. 
Additionally, to demonstrate the applica-
bility of our procedure to different sample 
materials, our objective was to verify the 
procedure on every new sample material 
in future routine screenings via a spiking 
experiment. 
	
CHALLENGES
To move ICP-MS to the next level of 
multi-element testing, different catego-
ries of interferences must be controlled. 
Physical interferences due to viscosity, 
density, nebulisation effects and chemi-
cal interferences like contaminations 
and carry over effects are more likely to 
be present before the sample solution 
arrives in the plasma. For instance, 
spectral, isobare, and polyatomic interfer-
ences are expected in the plasma and 
vacuum chamber. Fortunately, most 
commercially available instruments 
today have a control strategy for spectral 
interferences incorporated into the daily 
setup procedure. However, based on the 
target elements and sample background, 
the challenge will come from specific 
isobare interferences and polyatomic 
argon species. Argon plasma gas, in the 
presence of oxygen, nitrogen, chlorine or 
hydrogen from reagents or sample in the 
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vacuum, can form polyatomic combina-
tions that can become a potential source 
of false positive results. 

Furthermore, Mercury is a metal that 
warrants special interest because of 
absorption effects on plastic surfaces in 
concentrations <10 µg/l. Consequently, 
sample stabilization with higher concen-
tration of gold will be necessary to avoid 
analyte loss within sample- and pumping 
surfaces.

Additionally, Osmium is one of the 
mainly discussed target elements from 
the past. Although it is a rare element, 
it is also a target element within the 
requirements of ICH Q3D, EP 5.20 and 
USP<232>. The specific challenge with 
osmium is the enhanced nebulisation 
efficiency on the formed osmium- 
tetroxide after a closed vessel microwave 
digestion with nitric acid. The impact is 
a false positive signal, compared to the 
equivalent concentration without nitric 
acid by a factor of ~1 to 10. In order to 
control this chemical interference, the 
use of an appropriate complexing agent 
shows the fulfilled acceptance criteria for 
recovery in the spiking experiment. 

Arsenic, vanadium, chromium and nickel 
are target elements with a low target 
limit and a low atomic mass which leads 
to high potential for polyatomic interfer-
ences from argon species. In these 
cases, the use of a reaction or collision 
cell in the ICP-MS becomes fundamen-
tal. Small amounts of a specific gas (e.g. 
NH3, H2, He) is added to the ion beam 
in order to destroy polyatomic argon 
species.   Furthermore, a mass shift to 
a higher atomic mass can be another 
approach for certain target elements. 
For instance, in the case of arsenic and 
vanadium, oxygen will be added to the 
ion beam and the target element can be 
forced into a polyatomic combination and 
therefore to a different atomic mass.

VALIDATION
To combine the requirements of EP 5.20 
and USP <233>, the scope of the valida-
tion aggregates the selectivity, linearity/
range, accuracy, method precision, rug-
gedness/intermediate precision and limit 
of quantification. The individual worst 
case limit for every target element was 
considered as the 100% level. Table 1, on 

the following page, shows a summarized 
overview about the validation results.
 
For the selectivity of the method we 
compared the isotopic abundance in the 
spiked sample solution with the known 
abundance from the literature. This ap-
proach is only applicable for elements 
determined in standard mode and which 
have more than one isotope. The test for 
linearity was done by preparing five dif-
ferent concentration levels of a standard, 
including a blank solution covering the 
range up to 250% of the worst case 
limit. The precision and accuracy was 
demonstrated for all relevant elemental 
impurities measuring six individually 
spiked samples in the range of 10-200% 
of the individual worst case limit. In 
this validation, we defined the limit 
of quantification (LOQ) as the lowest 
concentration level that complies with 
the acceptance criteria from accuracy 
and repeatability. Finally, we defined the 
LOQ for most of the target elements at 
10% of the worst case limit, except of 
nickel due to a lack of recovery and cop-
per because of imprecision at the 10% 
level. By defining the sensitivity of the 
LOQ at less than 30% of the individual 
target limit, allows the risk assessment 
the control strategy to consider any 
additional testing on each batch of the 
pharmaceutical product.

ROUTINE SCREENING
After finalizing the validation, the next 
step was to apply the tests in the world 
of real sample material. In the first 
year we verified the procedure on 300 
different sample materials via a spiking 
experiment. 

Figure 1 shows a summarized overview 
about the collected experiences.
 In most cases, whenever the sample 
material is one of a pure organic basis, 
a spiking experiment leads to satisfied 
verification criteria. Inorganic compo-
nents from finished products, salts or 
inorganic excipients are likely to cause 
physical interferences, because they are 
still present after the sample preparation 
in the solution. In those cases, filtration 
of undigested residues of the sample 
solution needs to be performed. Tin and 
antimony are typical elements which 
show false negative results after the fil-
tration step. Despite the added potential 

interferences from potassium, magne-
sium, sodium or calcium in the validation 
work, the concentration of these salts 
can overestimate the added concentra-
tion whenever a pure salt is the sample. 

Typical false positive results are summa-
rized in Figure 2
 
CRITICAL EXCIPIENTS
The main challenge with the deter-
mination of elemental impurities in 
inorganic sample material is achieving a 
clear sample solution and low levels of 
digested inorganic background. As far as 
the analytical threshold and the sensitiv-
ity of the ICP-MS allows a dilution of a 
sample solution, it is good practice to 
control elemental impurities in dissolv-
able inorganics. Nevertheless, several 
inorganic sample materials require more 
than a nitric acid digestion. Based on our 
experiences, the addition of hydrofluoric 
acid to the nitric acid will be the only way 
to force inorganic sample material like 
titanium dioxide or silicone components 
into a clear sample solution. The risk for 
the lab worker from the hydrofluoric acid 
must be considered. For an application 
with hydrofluoric acid, the use of glass 
within the digestion and ICP-MS sample 
introduction must be avoided.

CONCLUSION
In order to provide valid information on 
elemental impurities in pharmaceuti-
cal products, ICP-MS will become the 
standard technology. Potential interfer-
ences within the determination can be 
controlled within sample preparation 
and instrument settings. Furthermore, 
data generated from a generic, validated 
screening procedure, can close the gap 
within a risk assessment whenever 
additional data is required. Besides the 
challenging considerations that inorganic 
sample material is present, there is one 
question that should be discussed: How 
can the patient digest an impurity from 
a solid form that concentrated nitric acid 
can‘t?



EL
EM

EN
T

LI
M

IT
 

SE
LE

CT
IV

IT
Y 

LI
N

EA
RI

TY
 

M
ET

H
O

D
 

PR
EC

IS
IO

N
 

IN
TE

RM
ED

IA
TE

 
PR

EC
IS

IO
N

 
A

CC
U

RA
CY

 / 
M

EA
N

 R
EC

O
VE

RY
 7

0-
15

0%
 F

O
R 

EA
CH

 S
PI

KI
N

G
 L

EV
EL

 
LO

Q
  [

LE
VE

L]
 

[µ
g/

g]
 

IS
O

TO
PE

 R
AT

IO
: 

0,
8-

1,
2 

CR
IT

ER
IA

: 
R≥

0,
99

8 
RS

D
 N

=6
 (1

00
%

): 
≤2

0%
 

RS
D

 N
=1

2 
(1

00
%

): 
≤2

5%
 

10
%

 L
EV

EL
 

20
%

 L
EV

EL
 

50
%

 L
EV

EL
 

10
0%

 L
EV

EL
 

20
0%

 L
EV

EL
 

TA
RG

ET
: ≤

50
%

 

A
s 

0.
15

 
R

ea
ct

io
n 

ce
ll 

0.
99

97
6 

10
.0

%
 

7.
1%

 
10

4.
2%

 
98

.8
%

 
10

1.
1%

 
98

.5
%

10
0.

5%
 

10
%

C
d 

0.
15

 
co

m
pl

ie
s 

0.
99

91
0 

2.
4%

 
2.

2%
 

93
.1

%
 

97
.1

%
 

97
.4

%
 

99
.4

%
 

10
0.

3%
 

10
%

H
g 

0.
12

 
co

m
pl

ie
s 

0.
99

97
2 

15
.3

%
 

16
.6

%
 

69
.7

%
 

78
.5

%
 

74
.6

%
 

84
.3

%
 

88
.5

%
 

10
%

P
b 

0.
5 

co
m

pl
ie

s 
0.

99
98

3 
11

.3
%

 
12

.6
%

 
89

.7
%

 
95

.7
%

 
92

.1
%

 
76

.8
%

 
82

.8
%

 
10

%

V
0.

12
 

R
ea

ct
io

n 
ce

ll 
0.

99
99

6 
7.

3%
 

5.
5%

 
92

.5
%

 
93

.3
%

 
92

.3
%

 
93

.7
%

 
95

.3
%

 
10

%

C
r 

0.
29

 
R

ea
ct

io
n 

ce
ll 

0.
99

98
3 

1.
9%

 
2.

6%
 

98
.3

%
 

92
.7

%
 

10
4.

3%
 

10
2.

6%
 

10
0.

8%
 

10
%

N
i 

0.
15

 
co

m
pl

ie
s 

0.
99

99
4 

8.
6%

 
6.

5%
 

66
.4

%
 

11
0.

3%
 

93
.0

%
 

95
.0

%
 

10
0.

8%
 

20
%

C
u 

1.
3

co
m

pl
ie

s 
0.

99
96

4 
2.

4%
 

1.
7%

 
10

0.
3%

 
(R

S
D

:3
2.

7%
) 

92
.5

%
 

10
2.

8%
 

10
2.

4%
 

10
6.

3%
 

20
%

M
o 

0.
76

 
co

m
pl

ie
s 

0.
99

95
0 

4.
8%

 
3.

4%
 

11
8.

1%
 

11
3.

5%
 

12
0.

1%
 

11
1.

2%
 

10
4.

9%
 

10
%

R
u 

0.
14

 
co

m
pl

ie
s 

0.
99

97
2 

3.
2%

 
3.

5%
 

10
9.

5%
 

11
0.

7%
 

11
7.

5%
 

11
0.

0%
 

10
9.

3%
 

10
%

R
h 

0.
14

 
M

on
o 

Is
ot

op
e 

0.
99

99
3 

2.
1%

 
3.

3%
 

10
6.

4%
 

10
6.

8%
 

11
4.

0%
 

10
7.

5%
 

10
6.

7%
 

10
%

P
d 

0.
1 

co
m

pl
ie

s 
0.

99
97

6 
2.

3%
 

3.
0%

 
75

.0
%

 
88

.0
%

 
10

3.
7%

 
10

2.
6%

 
10

3.
7%

 
10

%

Ir
 

0.
14

 
co

m
pl

ie
s 

0.
99

99
4 

9.
8%

 
10

.9
%

 
76

.2
%

 
78

.5
%

 
74

.6
%

 
84

.3
%

 
88

.5
%

 
10

%

P
t 

0.
14

 
co

m
pl

ie
s 

0.
99

80
7 

12
.3

%
 

13
.5

%
 

79
.8

%
 

72
.3

%
 

78
.5

%
 

79
.4

%
 

84
.4

%
 

10
%

O
s 

0.
14

 
co

m
pl

ie
s 

0.
99

99
3 

10
.2

%
 

9.
5%

 
84

.5
%

 
82

.5
%

 
74

.9
%

 
84

.4
%

 
80

.0
%

 
10

%

Fe
 

13
0

co
m

pl
ie

s 
1.

00
00

0
1.

5%
 

1.
3%

 
97

.2
%

 
98

.6
%

 
10

2.
0%

 
99

.8
%

 
10

0.
4%

 
10

%

Zn
 

13
0

co
m

pl
ie

s 
0.

99
97

6 
7.

6%
 

5.
7%

 
91

.4
%

 
93

.2
%

 
94

.6
%

 
98

.0
%

 
10

3.
0%

 
10

%

M
n 

25
M

on
o 

Is
ot

op
e

0.
99

98
6 

1.
0%

 
1.

0%
 

10
7.

6%
 

10
8.

8%
 

11
3.

8%
 

10
9.

9%
 

11
0.

8%
 

10
%

C
o 

0.
29

 
M

on
o 

Is
ot

op
e

0.
99

99
1 

1.
3%

 
1.

5%
 

10
6.

2%
 

10
7.

6%
 

11
4.

2%
 

11
0.

4%
 

11
1.

1%
 

10
%

S
e 

8.
5

co
m

pl
ie

s 
0.

99
83

7 
11

.6
%

 
9.

4%
 

92
.5

%
 

93
.1

%
 

98
.8

%
 

97
.3

%
 

10
4.

5%
 

10
%

A
g 

0.
69

 
co

m
pl

ie
s 

0.
99

83
9 

1.
9%

 
12

.5
%

 
72

.7
%

 
86

.2
%

 
10

1.
4%

 
10

6.
0%

 
10

6.
7%

 
10

%

S
b 

2.
2

co
m

pl
ie

s 
0.

99
99

8 
8.

9%
 

8.
6%

 
92

.4
%

 
90

.0
%

 
90

.5
%

 
92

.3
%

 
79

.6
%

 
10

%

Tl
 

0.
8 

co
m

pl
ie

s 
0.

99
99

6 
12

.3
%

 
11

.1
%

 
74

.8
%

 
76

.3
%

 
73

.8
%

 
81

.7
%

 
86

.2
%

 
10

%

B
a 

34
co

m
pl

ie
s 

0.
99

99
3 

3.
6%

 
2.

5%
 

93
.7

%
 

95
.7

%
 

93
.6

%
 

98
.8

%
 

10
1.

6%
 

10
%

Li
 

2.
5

co
m

pl
ie

s 
0.

99
99

6 
2.

9%
 

3.
3%

 
10

6.
8%

 
10

8.
8%

 
11

3.
9%

 
11

5.
6%

 
11

6.
7%

 
10

%

S
n 

6.
4

co
m

pl
ie

s 
1.

00
00

0
3.

1%
 

3.
2%

 
95

.3
%

 
92

.9
%

 
97

.4
%

 
95

.0
%

 
81

.4
%

 
10

%

TABLE 1: RESULTS OVERVIEW OF VALIDATION
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FIGURE 2: POTENTIAL INTERFERENCES FROM INORGANIC SAMPLE MATERIALS
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FIGURE 1: OVERVIEW OF CONSIDERATIONS FOR POTENTIAL INTERFERENCES FOR ROUTINE SAMPLES
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To receive future articles on current trends and regulatory updates, subscribe to SGS’ Life Science News at www.sgs.com/lss_subscribe
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