


 
Fish oil in HNO3/HCl MTAX in DMSO 

Element 

Component 

Limits  

(μg/g) 

STD-1 

(0.5J) 

(ng/mL) 

STD-2 

(1J) 

(ng/mL) 

STD-3 

(2J) 

(ng/mL) 

Component 

Limits  

(μg/g) 

STD-1 

(0.5J) 

(ng/mL) 

STD-2 

(1J) 

(ng/mL) 

STD-3 

(2J) 

(ng/mL) 

Arsenic 0.1 0.2 0.4 0.8 0.75 0.15 0.3 0.6 

Cadmium 0.1 0.2 0.4 0.8 12.5 2.5 5 10 

Lead 0.1 0.2 0.4 0.8 2.5 0.5 1 2 

Mercury 0.1 0.2 0.4 0.8 7.5 1.5 3 6 

Vanadium 1 2 4 8 50 10 20 40 

Molybdenum 1 2 4 8 50 10 20 40 

Ruthenium 1 2 4 8 50 10 20 40 

Rhodium 1 2 4 8 50 10 20 40 

Palladium 1 2 4 8 50 10 20 40 

Osmium 1 2 4 8 50 10 20 40 

Iridium 1 2 4 8 50 10 20 40 

Platinum 1 2 4 8 50 10 20 40 

Nickel 5 10 20 40 250 50 100 200 

Chromium 10 20 40 80 125 25 50 100 

Copper 10 20 40 80 500 100 200 400 

 

Operating Conditions 
Water phase 

HNO3/HCl 

Organic Phase 

DMSO 

Sample Introduction System 

Nebulizer Quartz PFA 

Injector Quartz 2.5mm ID Quartz 1.0mm ID 

Spray Chamber Quartz, cyclonic Quartz, cyclonic 

Interface Pt cone Pt cone 

Parameter 

Plasma mode KED KED 

RF forward power (w) 1550 1350 

Sampling depth (mm) 5 7.5 

Nebulizer gas Flow (L/min) 1.03 0.688 

Spray Chamber Temperature(℃) 2.73 20 

He cell gas flow (mL/min) 4.2 4 

Addition gas flow (mL/min) none O2, 30 

 



 
Fish Oil in HNO3/HCl MTAX in DMSO 

Mass LOD BEC LOD BEC 

51V 0.81 0.089 0.372 0.122 

52Cr 1.702 0.177 0.04 0.152 

60Ni 0.044 0.011 0.029 0.132 

63Cu 0.026 0.005 0.018 0.086 

75As 0.015 0.012 0.028 0.005 

98Mo 0.01 0.003 0.02 0.023 

101Ru 0.002 0.001 0.005 0.005 

103Rh 0.001 <0.001 0.002 0.008 

106Pd 0.042 0.008 0.004 0.009 

114Cd 0.001 0.002 0.011 0.003 

192Os 0.006 0.002 0.017 0.026 

193Ir 0.015 0.002 0.009 0.011 

195Pt 0.001 <0.001 0.011 0.028 

202Hg 0.022 0.002 0.033 0.013 

208Pb 0.007 0.001 0.002 0.017 

 
Fish Oil in HNO3/HCl MTAX in DMSO 

Mass 
Component 

Limits  

Sample 

Concentration 

Component 

Limits  

Sample 

Concentration   

51V 1 < MDL 10 0.032 

52Cr 10 0.460 25 0.027 

60Ni 5 0.017 250 0.048 

63Cu 10 0.028 100 0.099 

75As 0.1 < MDL 0.75 0.005 

98Mo 1 0.006 10 0.005 

101Ru 1 < MDL 10 0.010 

103Rh 1 < MDL 10 0.013 

105Pd 1 < MDL 10 0.012 

114Cd 1 0.002 12.5 0.004 

188Os 1 0.017 10 0.023 

193Ir 1 < MDL 10 0.012 

195Pt 1 0.001 10 0.058 

202Hg 0.1 0.001 7.5 0.011 

208Pb 0.1 0.031 2.5 < MDL 

 

 
Day 1 Day 2 

 

Mass 

2J 2J 

Drift (%) 

2J 2J 

Drift (%) Limit 
Before 

samples 

(ng/mL) 

After 

samples 

(ng/mL) 

Before 

samples 

(ng/mL) 

After 

samples 

(ng/mL) 

51V 8.02  7.42  7.4 7.99  7.39  7.5 < 20% 

52Cr 79.74  76.31  4.3 79.83  75.03  6 < 20% 

60Ni 39.80  37.97  4.6 39.75  38.63  2.8 < 20% 

63Cu 79.96  76.35  4.5 79.62  76.36  4.1 < 20% 

75As 0.80  0.80  0.7 0.80  0.78  3.4 < 20% 

98Mo 7.97  7.61  4.6 8.01  7.55  5.7 < 20% 

101Ru 8.02  7.46  6.9 7.97  7.64  4.2 < 20% 

103Rh 8.03  7.45  7.2 7.96  7.67  3.7 < 20% 

105Pd 7.88  8.33  5.8 8.13  9.10  11.9 < 20% 

114Cd 0.81  0.84  3.1 0.80  0.79  1.5 < 20% 

188Os 7.96  8.14  2.3 8.02  7.86  2 < 20% 

193Ir 7.89  7.41  6.1 8.00  7.61  4.8 < 20% 

195Pt 8.00  7.39  7.6 7.99  7.75  3 < 20% 

202Hg 0.81  0.79  2.2 0.79  0.75  6 < 20% 

208Pb 0.79  0.81  1.8 0.80  0.76  5.1 < 20% 

 



 

Mass 
Sample 

Spike 1 J-1 
Sample 

Spike 1 J-2 
Sample 

Spike 1 J-3 
Sample 

Spike 1 J-4 
Sample 

Spike 1 J-5 
Sample 

Spike 1 J-6 
Average Std 

RSD 
    (%) 

Recovery 
(%) 

51V 3.70  3.84  3.56  3.64  3.65  3.73  3.69  0.09  2.56  98.91  
52Cr 41.23  45.77  41.20  40.90  41.46  41.19  41.96  1.88  4.48  100.20  
60Ni 19.00  19.66  18.96  18.65  19.17  18.97  19.07  0.33  1.75  94.99  
63Cu 38.83  40.11  38.48  38.24  38.80  38.72  38.86  0.65  1.67  96.87  
75As 0.32  0.42  0.33  0.39  0.39  0.40  0.38  0.04  11.10  93.79  
98Mo 3.82  4.10  3.80  3.85  3.93  3.93  3.90  0.11  2.79  96.95  
101Ru 3.91  3.95  3.86  3.77  3.85  3.88  3.87  0.06  1.61  96.69  
103Rh 3.97  4.02  3.89  3.83  3.90  3.95  3.93  0.07  1.68  98.17  
105Pd 4.17  4.24  4.10  4.01  4.07  4.20  4.13  0.09  2.10  103.90  
114Cd 0.39  0.41  0.38  0.38  0.38  0.39  0.39  0.01  2.94  95.68  
188Os 3.85  3.92  4.00  3.62  3.77  3.82  3.83  0.13  3.44  93.98  
193Ir 3.80  3.89  3.83  3.69  3.79  3.80  3.80  0.07  1.76  95.14  
195Pt 3.86  3.97  3.89  3.81  3.85  3.89  3.88  0.05  1.35  96.88  
202Hg 0.41  0.43  0.42  0.42  0.42  0.41  0.42  0.01  1.51  103.00  
208Pb 0.53  0.60  0.52  0.53  0.52  0.53  0.54  0.03  5.91  103.00  

Mass 
Sample 

Spike 1 J-1 
Sample 

Spike 1 J-2 
Sample 

Spike 1 J-3 
Sample 

Spike 1 J-4 
Sample 

Spike 1 J-5 
Sample 

Spike 1 J-6 
Average Std RSD (%)  

Recovery 
(%)  

51V  19.21  20.27  19.30  18.62  19.51  19.56  19.41  0.54  2.79  97.18  

53Cr  51.07  50.91  51.34  50.74  49.83  50.39  50.71  0.54  1.07  101.40  

58Ni  101.80  102.10  104.40  101.40  102.70  102.30  102.50  1.06  1.04  102.40  

63Cu  205.10  205.30  208.10  202.70  206.60  205.20  205.50  1.81  0.88  102.70  

75As  0.34  0.33  0.30  0.32  0.31  0.31  0.32  0.02  4.93  106.50  

98Mo  19.97  20.41  20.29  19.65  20.23  20.08  20.10  0.27  1.34  100.50  

101Ru  20.60  20.73  20.91  20.39  20.57  20.84  20.67  0.19  0.92  103.30  

103Rh  18.82  18.91  19.01  18.51  18.87  18.91  18.84  0.17  0.92  94.14  

106Pd  20.34  20.53  20.72  20.11  20.52  20.42  20.44  0.21  1.01  102.10  

111Cd  5.09  5.05  5.12  4.99  4.97  5.00  5.04  0.06  1.20  100.70  

192Os  20.82  20.78  20.61  20.73  20.82  20.50  20.71  0.13  0.62  103.40  

193Ir  20.35  20.37  20.51  20.25  20.56  20.24  20.38  0.13  0.63  101.90  

195Pt  20.20  19.99  20.10  19.72  20.22  20.11  20.06  0.18  0.92  100.00  

202Hg  3.06  3.09  3.06  2.74  3.01  2.90  2.98  0.13  4.50  98.96  

208Pb  1.03  1.01  1.02  1.02  1.03  1.03  1.02  0.01  0.70  102.70  
 

Mass 
Actual  
(ng/mL) 

Day 1 Mean 
(ng/mL) 

Day 2 Mean 
(ng/mL) 

RSD (%) 
(n=12) 

51V 4 3.69  3.83  2.9 
52Cr 40 41.96  43.11  4.0 
60Ni 20 19.07  19.56  2.3 
63Cu 40 38.86  39.54  1.8 
75As 0.4 0.38  0.39  7.9 
98Mo 4 3.90  3.97  2.5 
101Ru 4 3.87  3.91  1.8 
103Rh 4 3.93  3.99  1.7 
105Pd 4 4.13  4.61  5.9 
114Cd 0.4 0.39  0.39  2.5 
188Os 4 3.83  3.32  8.3 
193Ir 4 3.80  3.86  1.8 
195Pt 4 3.88  3.94  1.5 
202Hg 0.4 0.42  0.38  4.7 
208Pb 0.4 0.54  0.53  5.7 
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Parameter Value 

ICP-MS 

Forward power 1550 W 

Nebulizer gas 1.03 L/min 

Injector 2 .5 mm I.D. 

Cell gas flow 4.1 mL/min 

Dwell time 200 ms 

LC 

Column Dionex AG-7 (4x50 mm) 

Mobile phase 
0.6 mmol EDTA(2Na)、0.07 mol NH4NO3 , use DIW set the 

volume to 1000 mL, adjusted to pH 7.1 with ammonia 

Elution Isocratic 

Flow rate 1 mL/min 

Injection volume 250 μL  (自動進樣) 

Duration 150 s 

 



 

 

  

 

Label Cr (III) (cps) Cr (VI) (cps) 

BK-1 166  322  

BK-2 227  138  

BK-3 107  38  

BK-4 36  301  

BK-5 223  348  

BK-6 139  153  

BK-7 239  11  

Average 162 187 

SD  74 138 

Slope 398954 448466 

IDL (μg/L) 0.0006 0.0009 
 

 Label Cr (III) Cr (VI) 

Sample 0.0004 0.0007 
Sample Spike 0.1 μg/L 0.0968 0.1027 

Recovery (%) 96.4 102.0 
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Pb (μg/L)
1 50.66
2 49.59
3 49.05
4 50.37
5 50.68
6 51.12
7 49.5
8 50.22
9 51.62
10 49.55
11 50.43
12 50.78
13 51.34
14 50.09
15 50.48

Average 50.37
SD 0.72
SE 0.19

Uncertainty factor 
Xi

Uncertainty Probability 
distribution 

Standard 
uncertainty u(xi)

Sensitivity
coeffcient Ci

Ci × u(xi) (Ci × u(xi))2

50 ml tolerance 0.06§ 三角形分佈(√6) 0.0122 1 0.0122 0.00015 

50 ml SD 0.017§ - 0.0170 1 0.0170 0.00029 
50 ml temperature 

effect 0.1545＊ 矩形分佈(√3) 0.0892 1 0.0892 0.00796

矩形分配(Uniform or Rectangular Distribution)

資料落在± a之間任何一點的機率皆相等 u(x) = a / √3

三角形分配(Triangular Distribution)

資料出現在中心值附近的機率高，且集中程度介
於常態分配與矩形分配之間

u(x) = a / √6



Uncertainty factor  Xi
Probability 
distribution 

Standard uncertainty 
u(xi)

Sensitivity 
coefficient Ci

Ci × u(xi) Ci × (u(xi))2

一、前處理uP 0.0916 1 0.0916 0.0084 
1.天平不確定度uscal - 0.0002 1 0.0002 0.0000 
2.定量瓶不確定度ufla - 0.0916 1 0.0916 0.0084 

二、標準品uS 0.0918 1 0.0918 0.0084 
1.標準品純度upure 矩形分配(√3) 0.0058 1 0.0058 0.0000 
2.pipette不確定度upipette - 0.0005 1 0.0005 0.0000 
3.定量瓶不確定度ufla - 0.0916 1 0.0916 0.0084 

三、檢量線ucal - 0.5690 1 0.5690 0.3238 
四、重複性分析uR t 分佈 0.1866 1 0.1866 0.0348 

組合標準不確定度uC = 0.61 

擴充係數 k = 2

擴充不確定度U = k × uC = 1.23 (95%信賴水準)
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Online Multi-elemental Monitoring of 
Environmental Atmospheric Gases with a Gas 
Exchange Device Coupled to the High Sensitivity 
Thermo Scientific iCAP Qs ICP-MS 
Tomoko Vincent1, Kohei Nishiguchi2, Keisuke Utani2, Shona McSheehy Ducos1, Lothar Rottmann1 
1Thermo Fisher Scientific, Hanna-Kunath Strasse 11, 28199 Bremen, Germany
2J-SCIENCE LAB, 3-1 Hiuchigata, Kamitoba, Minami-ku, 601-8144 Kyoto, Japan
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Goal
To demonstrate real time multi-elemental analysis of environmental 
contaminants in air in using a gas exchange device coupled to the 
Thermo Scienti!c™ iCAP™ Qs ICP-MS.

Introduction
Environmental pollution is an immediate and growing 
concern. Environmental monitoring has become a key 
mechanism in determining how industrial activities and 
accidental contamination impact our water supplies, 
ecosystems and the air that we breathe. Strategic policies 
such as Clean Air for Europe (CAFE) and the United States 
Clean Air Act (CAA) for example, provide a framework of 
standards and objectives for the control of persistent 
pollutants that can damage health and the environment. 
Daughter directives within the CAFE program call for 
monitoring of nickel, arsenic, cadmium, mercury and lead. 
Of particular concern are fine particles with a diameter of 
less than 2.5 µm (PM2.5), which can penetrate deep into 
human bronchial tubes causing asthma and bronchitis. In 
China, where coal burning is still the biggest energy source 
and private car use is rapidly increasing, an estimated 70% 
of cities have PM2.5 levels above1 the daily 75 µg PM2.5/m3 
Chinese National Air Quality Standard limit2.

The Fukushima Daiichi nuclear power plant incident in 
2011 demonstrated an immediate need for the monitoring 
of specific analytes in ambient air3 in order to determine the 
distribution of radioactive materials in the environment, 
support remediation strategies and assess any possible 
subsequent threat to human health. 

Current approaches for measuring radioactive 
contamination in the environment require the collection and 
preparation of soil and water samples and impingers or 
filtering for air sampling. These methods, however, cannot 
provide the real time results necessary for a meaningful 
assessment of current environmental conditions.

This application note evaluates the use of a gas exchange 
device (GED) coupled to the iCAP Qs ICP-MS for the direct 
analysis of atmospheric air (Figure 1). The GED overcomes 
problems in the direct analysis of air by ICP based 
techniques by exchanging atmospheric gases with argon 
which is compatible with the ICP ion source. Direct air 
sampling using the GED and on-line elemental analysis by 
high sensitivity ICP-MS therefore provides immediate 
information on airborne contamination.

The fast elemental scan speeds afforded by ICP-MS allow 
for the measurement of single particle events (SPE) that are 
seen as pulses in the signal intensity as they are processed by 
the ICP ion source. As air entrained elements are in 
particulate form, the ICP-MS based analysis of SPE can 
determine the number and even size of particles, therefore 
providing valuable information on elemental transport in 
the environment.



2 Gas Exchange Device

 

Figure 1. Gas Exchange Device coupled to the Thermo Scientific 
iCAP Qs

The GED (J-SCIENCE LAB Co. Ltd., Kyoto Japan) 
consists of 2 inner tubes of 0.07 µm porous glass that act 
as a membrane and an outer body made of (PYREX™) 
glass (Figure 2). The gas sample is introduced into the 
central inner tube of the GED device and argon is 
introduced into the outer tube at 2 L/min using the GED 
internal mass flow controller. 

As the particulate supporting gas travels along the inner 
tube, atmospheric gases diffuse out of the inner tube 
(indicated by the blue arrows in Figure 2) and argon 
diffuses from the outer tube into the inner tube (indicated 
by the yellow arrows). Ultimately, before the sample 
enters the plasma, the atmospheric gases have been 
replaced by argon while particulate matter from the 
sample remains.

Figure 2. Principle of Gas Exchange Device 

Instrument Configuration
A Thermo Scientific iCAP Qs ICP-MS was used for all 
measurements. The sample introduction kit consisted of a 
demountable quartz torch with a 2.0 mm ID sapphire 
injector. The spray chamber was removed and the exit line 
from the GED was attached directly to the injector using a 
PFA adapter. The instrument was operated in a single 
QCell mode, using kinetic energy discrimination (KED) 
with pure He as the collision gas. The use of pure He 
KED eliminates interferences, ensuring low backgrounds 
and maintains high sensitivity for the analytes measured.

Table 1. Instrument operating parameters

Parameter Value

Sample gas 0.68  L/min

Air sampling rate 0.235 L/min

Auxiliary gas 0.8 L/min

Cool gas 14 L/min

Forward power  1550 W

Collision cell gas He at 4.5 mL/min 

KED barrier 3 V

Tuning, Sampling and Data Acquisition
The combined GED-ICP-MS system was optimized using 
a gas mixture of volatile 52Cr, 95Mo, and 184W species 
generated by an Element Standards Gas Generator 
(ESGG) (J-SCIENCE LAB). The ESGG produces a 
continuous stream of elemental vapor in an argon gas 
flow that is introduced into the GED.

Ambient air was sampled via a TYGON® R3603 tube 
(i.d. 3.2mm, o.d. 6.4mm), approximately 15 m long.  
One end of the tube was connected directly to the GED; 
the other end was fed through an outside window, 10 m 
above ground. The argon sample gas flow of 0.68 L/min 
entrained the outside air through the tube and into the 
GED at a flow rate of 0.235 L/min. Sampling conditions 
are shown in Table 2.

Table 2. Sampling Conditions

Parameter Value

Location  Bremen, Germany

Date, Time 18 Dec 2012, 9:30 am  
 to 13:30 pm

Weather Conditions Overcast, 6 °C, 
 Wind: ENE 14 km/h

To determine optimal dwell times for the analysis of 
atmospheric particles, time resolved analyses of the target 
isotopes (66Zn, 118Sn, 121Sb, 141Pr, 205Tl, 206, 207, 208Pb, 209Bi 
and 238U) were made using dwell times of 0.5, 1, 10 and 
100 ms over a period of 300 s. In a subsequent 4 hour 
measurement of the outside air, a 10 ms dwell time was 
used for all isotopes.

Particle 

Ar Sample Gas 

Particle 

Sample Gas / Ar 

Ar 



3Result and discussion 
Ambient air was self-aspirated into the GED-ICP-MS and 
the target isotopes were analyzed at different dwell times 
as described. For analyses that intend to evaluate particle 
information, dwell times should be carefully optimized to 
favor the analysis of full SPEs. Dwell times that are too 
short, will measure sections of the SPE and dwell times 
that are too long will tend to measure multiple particle 
events in one scan.

Figure 3 (100 ms dwell) and Figure 4 (10 ms dwell) show 
time resolved scans for both an N2 gas blank and an air 
sample. When comparing Figures 3 and 4, it is clear that

10 ms dwell time (higher scan frequency) provides 
improved discrimination between particle events and that 
individual events have a higher signal to noise ratio. At 
100 ms dwell time, multiple events are captured together 
and averaged so that particle event information such as the 
number and intensity of events is lost. 

Even shorter dwell times should further improve time 
resolution and dwell times of 0.5 and 1 ms were also 
evaluated. It was observed however, that shorter dwell 
times captured partial particle events and did not provide 
additional information compared to the 10 ms dwell time 
scans.

Figure 3. Time resolved scans for ambient air and an N2 gas blank using a 100 ms dwell time.  
Please note the different (vertical) intensity scales on the two scans

Figure 4. Time resolved scans for outside air and an N2 gas blank using a 10 ms dwell time.  
Please note the different (vertical) intensity scales on the two scans
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A 10 ms dwell time was chosen for a longer term 
measurement of over 4 hours. Figure 5 shows a 30 minute 
section of the 4 hour monitoring period. Particle events  
for Zn, Pb and Bi are clearly shown.

The environmental source of the particles observed in these 
analyses is practically impossible to determine as the particle 
trajectory travel distance is unknown. In this application, 
lead particles can be seen at regular intervals throughout  
the 4 hour period. The cycling and transport of lead in 
particulate matter is well documented, therefore lead 
particles are likely to occur in industrial and urban areas. 
For a more accurate evaluation of particle sources in air, 
further sampling points and baseline data regarding the 
geochemical cycling, potential sources and detailed 
environmental conditions at the time of sampling are 
required. 

Conclusion
The Thermo Scientific iCAP Qs ICP-MS has demonstrated 
the high sensitivity and freedom from background 
interferences required for the measurement of particles in 
ambient air. The iCAP Qs ICP-MS has flexible scan times 
with a data buffer system capable of handling the large 
amounts of data acquired during long term in-situ analyses. 
QCell technology eliminates interferences whilst ensuring 
high sensitivity even for the lower mass isotopes thanks to 
its high transmission efficiency. A single mode KED 
approach could thus be employed for a number of isotopes 
across the mass range. 

The use of a Gas Exchange Device coupled to the iCAP Qs 
ICP-MS is not limited to monitoring environmental air. 
Additional applications include monitoring a large range of 
gas samples such as specialty gases, semiconductor gases in 
the workplace, tobacco smoke and the presence of 
radionuclides.

Acknowledgement: 
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provided by J-SCIENCE Lab., Japan
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Analysis of plating baths using the 
Thermo Scientific iCAP 7400 ICP-OES 
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Goal
This application note describes the performance of the Thermo Scientific™ 
iCAP™ 7400 ICP-OES Duo analysing different elements in different types 
of plating baths. The duo viewing offers optimal method conditions using 
axial view for traces and radial view for major elements, and the pre-loaded 
template allows for rapid and simple method development.

Introduction
The plating of metal is an ancient technique, used for 
hundreds of years. It can be defined as the act of covering 
the surface of objects by depositing a metal on a conductive 
surface. This is typically carried out by immersing the object 
in a solution in which the metal ions are moved by an 
electric field. The applications are rather vast, ranging 
from the merely decorative, to the enhancement of the 
physical properties of the material being covered (i.e. to 
prevent corrosion, reduce friction, alter conductivity, or to 
improve characteristics such as hardness or durability). It 
is widely used in the production of jewellery pieces to 
achieve a silver or gold finish. Due to the ability to cover 
objects as small as an atom this technique has a high 
potential to be used in the nanotechnology area.

Manufactures frequently establish optimum specifications 
in order to guarantee maximum solution efficiency and 
uniformity of the plating solution. Plating solutions should 
be analysed regularly in order to maintain the recommended 
formulations and to prevent problems related to improper 
levels of bath constituents and contaminants. A current 
problem faced by the plating industry are gradual and 
continuous changes in pH and metal or cyanide content, 
leading to a significant decrease in efficiency. Some of the 
most common plating solutions and their main 
applications are presented in table 1.

Table 1. Plating solutions commonly used and their main applications

Plating Baths Main applications

Alloy Hardness improvement

Cadmium Corrosion Resistance

Chrome Decorative and industrial

Composite Physical properties improvement

Golden Jewellery manufacturing and electronics

Nickel Decorative and corrosion resistance

Rhodium Jewellery manufacturing

Silver Jewellery manufacturing and electronics 

Tin Food processing and electronics

Zinc Corrosion resistance
 



2 There are several different methods that can be employed 
for the quantitative analysis of plating solutions; these are 
classified as volumetric, gravimetric or instrumental. Both 
volumetric and gravimetric methods are simple, accurate, 
and rapid and can be performed with common laboratory 
equipment. Nevertheless they only rely on chemical 
reactions instead of measuring the physical properties 
associated with the composition of the substance. 
Additionally, instrumental methods are far quicker and 
allow for the automatization of the analysis, leading to less 
mathematical errors and higher reproducibility.

A common  instrumental technique is  spectroscopic 
analysis, in particular inductively coupled plasma-optical 
emission spectroscopy (ICP-OES), which is used in the 
analysis of major components and trace contaminants in 
plating solutions. When using this technique there are 
some aspects that need to be taken into consideration, 
such as physical interferences (such as viscosity or surface 
tension) and chemical interferences. They can be overcome 
easily by sample dilution and accurate matrix matching.

The analysis of sulphuric acid (H2SO4) levels in plating 
baths is commonly performed by electroanalytical methods, 
specifically potentiometry. This is a simple and relatively 
low cost method but the sensitivity is limited at low 
concentrations, not allowing for accurate measurements 
in highly dilute solutions and it can also encounter a 
number of interferences. Maufacturers that use plating in 
their processes, are increasingly using ICP-OES 
instrumentation to quantify H2SO4 levels. This method 
allows for a rapid, sensitive and interference free 
measurement of sulphur, directly proportional to H2SO4, 
resulting in high accuracy even at low levels.

Instrumentation
The Thermo Scientific iCAP 7400 ICP-OES Duo was used 
for the analysis of a range of plating baths. This is a 
compact duo view ICP-OES instrument based on the 
innovative technologies of the iCAP 7000 Series ICP-OES 
spectrometers. The instrument achieves powerful analyte 
detection and provides a highly cost effective solution for 
routine analysis of liquids in laboratories with standard 
sample throughput requirements. The Thermo Scientific™ 
Qtegra™ Intelligent Scientific Data Solution™ (ISDS) 
incorporates several pre-loaded templates (see Figure 1) 
for common methods, simplifying normal method 
development and providing an option of immediate 
analysis.

Figure 1. Plating Baths template selection

Sample and standard preparation
Elements analysed in each plating bath are presented in 
table 2. For the Chromium and Chromium & Aluminium 
baths the quantification of sulphur was performed in 
order to quantify the amount of H2SO4 in the samples. 

Table 2. Elements analysed in each plating bath

Quantification of the samples was made by Method of 
Standard Addition (MSA) to avoid any possible matrix 
effect. Standard addition calibration was prepared by 
spiking samples with traceable 1000mg/L aqueous, single 
element standards, to the concentrations listed in table 3. 
All solutions were made to 50 mL with ultra pure 
de-ionized water. 

Type of plating bath Elements 
analysed

Chromium and ammonium fluoride (Cr & NH
4
F) Al, Cr, Zr 

Nickel (Ni) B, Ni

Chromium (Cr) Fe, S

Chromium (Cr) S

Chromium and aluminium (Cr & Al) S
 



3Table 3. Standard addition concentrations (mg/L)

Method Development
A LabBook was created in Qtegra ISDS which contained 
the method parameters and standard concentrations as 
listed in this note. A standard sample introduction kit was 
used for the analysis. The instrument was calibrated and 
the samples analyzed in a single run. The method 
parameters are shown below in table 4.

Table 4. Method parameters

Results
The results obtained in the analysis of the different bath 
samples are shown in table 5. It is assumed that all of the 
sulphur present in the sample is in the form of H2SO4, 
therefore the results obtained for sulphur is multiplied by 
3.06 [M(H2SO4)\M(S)=3.06], in order to calculate the 
concentration of H2SO4. Results obtained for all the 
elements were within the expected range.

Type of 
Plating Bath Element Blank Standard 1 Standard 2 Standard 3

Cr & NH
4
F

Al 0 1 2 -

Cr 0 20 40 -

Zr 0 50 100 -

Ni
B 0 5 10 -

Ni 0 50 100 -

Cr
Fe 0 50 100 -

S 0 50 100 -

Cr S 0 50 100 150

Cr & Al S 0 25 50 75

Parameter Setting

Pump tubing
Sample Tygon® 1.016 mm 
Drain Tygon® 1.524 mm

Pump speed 50 rpm

Nebulizer Glass concentric

Nebulizer gas flow 0.5 L/min 

Spray chamber Glass cyclonic

Center tube 2 mm

RF Power 1150 W

Coolant gas flow 12 L/min

Auxiliary gas flow 0.5 L/min

Exposure times
Low 10 sec 
High 5 sec
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Table 5. Results of the analysis of the different plating baths. All concentrations are in mg/L.

Type of 
plating bath

Elements and 
wavelengths (nm)

Concentration 
found

Established 
concentration/range

Dilution 
factor*

Cr & NH
4
F

Al 167.079 2.2 <10

100

Cr 205.560 456.0

500Cr 206.550 454.9

Cr 267.716 446.7

Zr 274.256 1504

1700
Zr 327.305 1486

Zr 339.198 1567

Zr 343.823 1689

Ni

B 208.959 6380

<7000

1000

B 249.678 6270

B 249.773 6150

Ni 221.647 95470
80000

Ni 231.604 94770

Cr

Fe 259.837 2892

<5000

100

Fe 259.940 2907

Fe 371.994 2823

S 180.731 (H
2
SO

4
) 1021.6 (3126)

2500 – 3000 
(H

2
SO

4
)

S 182.034 (H
2
SO

4
) 1035.0 (3167)

S 182.624 (H
2
SO

4
) 983.7 (3010)

Cr

S 180.731 (H
2
SO

4
) 85.6 (2020.3)

2250 – 2500 
(H

2
SO

4
)

10S 182.034 (H
2
SO

4
) 79.4 (2429.6)

S 182.624 (H
2
SO

4
) 74.2 (2271.7)

Cr & Al

S 180.731 (H
2
SO

4
) 5.7 (35.1)

<150 
(H

2
SO

4
)

2S 182.034 (H
2
SO

4
) 7.5 (45.9)

S 182.624 (H
2
SO

4
) 7.5 (45.9)

* All dilutions were prepared using ultra pure water.

Concentration ranges were established by the manufacturers 
taking into account the concentrations usually found in 
these types of plating baths to obtain maximum efficiency. 
This gives the plating operators the status of the bath 
simplifying the assessment of how the bath composition 
evolves overtime.

Conclusion
The analysis of plating baths, specifically those that 
require the analysis of sulphuric acid, is rapid and highly 
sensitive when using the Thermo Scientific iCAP 7400 
ICP-OES in conjunction with the Qtegra ISDS. This 
enables the accurate quantification of metals and sulphuric 
acid content, while the powerful, easy to use iCAP 7400 
ICP-OES allows both experienced and inexperienced users 
alike to vastly reduce the method development time required 
for these sample types, resulting in cost effective analyses. 


