
High Sensitivity Drinking Water Analysis using  
ICP-OES Spectrometry 
Uwe Oppermann1,  Jürgen Schram2, Marion Egelkraut-Holtus1 and Jan Knoop1 

 1Shimadzu Europa GmbH, Albert-Hahn-Str. 6-10, 47269 Duisburg, Germany, meh@shimadzu.eu 
 2Hochschule Niederrhein, University of Applied Sciences, Frankenring 20, Krefeld 

■ Overview 
 
Essential to life, drinking water is the most 
important nutrient source. For an adult, the daily 
drinking water requirement is approximately 2- 3 
liters per day. While in some regions in the world 
it is still very difficult to provide and guarantee, 
safe drinking water supplies, the situation in 
Europe appears to be very good. The next step, 
therefore, is to determine the quality of drinking 
water and to comply with specific standards as 
not all water is considered healthy or could even 
be classified as potable water. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Water – the most important nutrient source 
 
■ European regulations 
 
In the 98/83/EC Drinking Water Directive on the 
quality of water intended for human consumption, 
the European countries have specified when 
water is considered to be drinking water or when 
its consumption is questionable. The testing 
criteria mentioned in this directive must comply 
with and must be adopted into existing national 
law.  
 
■ Elements present in water 
 
As a natural product, water contains many 
substances such as organic compounds or 
inorganic constituents. The term mineral water 
already points to elevated concentrations of 
elements such as calcium, potassium, 
magnesium and sodium. These are essential as 
the human body does not synthesize them, and 
they must therefore be obtained from a dietary 
source.  There are, however, many other 
essential elements in drinking water such as the 
trace elements chromium, cobalt, iron, copper, 
manganese, selenium and zinc. Other tentative 
candidates, whose exact functions as trace 
elements in the human body have not yet been 
conclusively investigated, could for instance be 
arsenic, nickel or tin.  
 
■ “It is the dose that makes the poison” 
 
For all elements, the concentration plays a key 
role. For example, missing selenium, leads to a 
deficiency, and selenium-dependent enzymes 
that are present in almost every organ cannot 
perform their function. Too much selenium, 
however, can lead to poisoning, that´s why the 
Drinking water, for instance, may contain a 
maximum of 10 μg/L selenium.  Other elements 
according to the 98/83/EC directive are heavy 
metals such as lead, cadmium, chromium, cobalt, 
copper, manganese, molybdenum, nickel, 
mercury, selenium, zinc and tin. It becomes 
apparent from this list that the classification of the 
elements overlaps. Some of the heavy metals 
were classified above as ‘essential’. Other 
elements, on the other hand, can be classified 

Shimadzu Europa GmbH 
 

Albert-Hahn-Str. 6-10 
D-47269 Duisburg 
+49(0)203/7687-0 

 
shimadzu.eu/home/ 

shimadzu@shimadzu.eu 

as toxic or even belong to both categories. This 
emphasizes once more that the concentration is 
decisive.  
 
■ Drinking water Analysis 
 
The elements specified in the 98/83/EC directive 
should be analyzed with a minimum of effort and 
within the shortest time possible. These 
elements, along with other important minerals, 
are listed in table 1.  
 
Table 1: Elements and their limit values as specified in 98/83/EC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1]  In addition to the 70 elements that can be determined using 

the ICPE-9800 series, other elements can be included in the 
analysis. 

[2]  Determined as 3-fold standard deviation of a natural sample 
with a low concentration of the element. The detection limits 
refer to the drinking water application and can be improved 
depending on the selection of the spectral line/application. 

[3]  The limit value in Germany according to the German Drinking 
Water Ordinance is 3,0 µg/L, the detection limit is at 0.3 µg/L. 

[*]  using the hydride system. 
 
■ Quantitative Analysis using ICPE-9820 
 
When a large number of elements are to be 
determined, the new ICP-9800 series proves to 
be particularly advantageous because it can 
determine all elements simultaneously. Of this 
series, the ICPE-9810 is suitable for the 
determination of ultra-trace concentrations of 
most of the elements mentioned. The ICPE-9810 
is operated under axial plasma observation (AX). 
Since higher ppm-ranges, such as for sodium, 
are also of interest, radial plasma observation 
(RD) is required as well. The ICPE-9820 offers 
this combination of axial and radial plasma 
observation. The exact effect of axial and radial 
plasma observation is shown in the example for 
sodium. The calibration series up to 200 mg/L is 
axially (complete plasma) and radially (plasma 
section, from the side) observed. The calibration 
curve under axial observation is not linear, as so-
called ionization interferences can occur, 
especially at high concentrations of the main 
group 1 elements (sodium, potassium). These 
can be masked using radial plasma observation. 

 
 
 
 
 
 
 
 
 
Figure 2: Radial observation masks ionization interferences at 
high sodium concentrations (right) and the linear working range 
can be markedly extended 
 
■ Results  
 
Detection limits required according to the 
European 98/83/EG directive can be attained 
using ICPE-9820. Certified reference materials 
with elements (Table 1) were also measured as 
unknown samples within one measuring 
sequence. Two reference material samples 
(TMDW, trace metals in drinking water), supplied 
by High Purity Standards (North Charleston, SC, 
USA), were investigated. The results in Table 2 
show that the certified concentrations were 
recovered within short time and with very little 
effort. The elements mercury, arsenic, antimony 
and selenium can be measured with high 
sensitivity when switching to the hydride system.  
 
Table 2: Recoveries of the elements that are contained in the 
reference material lie within the range of 100 ± 5.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1]  The certified reference values are reported with an uncertainty 

of 0.5 – 0.2. %. 
[2]  n.r. = not reported 
 
■ Conclusion 
 
The ICPE-9820 series complies with the latest 
standards and can also be used in many different 
fields of analysis, for instance in the food or 
pharmaceutical industries as well as in the 
petrochemical industry. 
 
In cooperation with: 
 
 
 
 
 
 
 

98/83/EC Directive ICPE-9820 
Element[1] Limit 

Value 
[µg/L] 

Detection 
Limit 

[µg/L] 

Detection 
Limit[2] 

[µg/L] 

Plasma 
View 

Al 200 20 2.5 Axial 
As 10 1 2.0 (0.3*) Axial 

B 1000 100 1.00 Radial 
Ca - - 90 Radial 
Cd 5.0 [3] 0.5 [3] 0.20 Axial 
Cr 50 5 0.12 Axial 
Cu 2000 200 0.60 Axial 
Fe 200 20 0.45 Axial 
Hg 1 0.2 2.0 

(0.10*) 
Axial 

K - - 15 Radial 
Mg - - 18 Radial 
Mn 50 5 0.15 Axial 
Na 200000 20000 60 Radial 
Ni 20 2 0.45 Axial 
Pb 10 1 0.90 Axial 
Sb 5 1.25 1.25 

(0.15*) 
Axial 

Se 10 1 2.0 
(0.13*) 

Axial 

Element CRM-
TMDW[1] 

ICPE-9820 
CRM-

TMDW-A[1] 
ICPE-9820 

Al 120 117 125 121 

B n.r. [2] - 150 152 

Ca 35000 35300 31000 31000 

Cd 10 10 10 10 

Cr 20 20 20 19 

Cu 20 20 20 20 

Fe 100 99 90 90 

K 2500 2550 2500 2510 

Mg 9000 9000 8000 8010 

Mn 40 39 40 40 

Na 6000 6160 2300 2240 

Ni 60 57 60 58 

Pb 40 38 20 20 

Zn 70 68 75 73 
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