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Is your analyst contaminating your laboratory samples?

Simon Osborne, Analytix Ltd

In recent years, many industries have been actively working towards reducing their detection limits often because of regulatory requirements. Another example
is evident in the recent FDA proposal of a “close to zero” plan to eradicate trace metal contaminants from baby food [1].

Reducing detection limits presents some challenges and laboratories need to have
specific protocols and the right set-up to control possible contamination and ensure a
robust approach.

Any sample preparation for elemental analysis requires the addition of reagents and
the handling of these reagents, even if ultrapure, is a key factor in achieving lower
detection limits and ensuring reliable quantification limits. Certainly, the quality of the
acid plays a key role, but if not combined with proper handling, the reagent can easily
be contaminated, affecting the blank values. Apart from reagent contamination, other
sources of contamination include digestion vessels that have not been sufficiently
cleaned between runs and dirty glassware.

When working at trace level analysis, the choice falls on ultrapure reagents including
acids and water. What is not often considered is the potential for the presence of

the analyst to contaminate the reagents in routine operations that could lead to
inconsistent results. In fact, human skin, hair and sweat contain contaminants such as
Zn, Cd, Pb, Fe, Cu, Ni, Mn, and Na. In addition, the use of cosmetics and the presence of
watches, rings, bracelets, and other jewellery further increases the risk of contamination
during handling.

For example, Rodushkin et al.[2] reported increases in levels of 30 to 50 times for Bi
and Sb probably originating from make-up worn by the analyst where these are used
as additives for bacterial growth inhibition in some formulations or found in one of the
components of the black pigment in mascara. The same publication also highlights
the routine use of pipettes as a source of contamination when working at trace levels,
either due to the presence of metal components in the pipettes or simply due to
contamination on the tips. Even leaving a bottle of ultrapure reagent uncapped in the
laboratory will get contaminated during regular operations.

This article will explore how the implementation of an automated dosing system can
effectively overcome the challenges of reagent contamination and also investigate the
critical task of adding concentrated acid and other reagents into digestion vessels, a
process that has traditionally relied on manual methods like pipettes. This crucial step
faces several limitations in addition to contamination:

- Safety concerns

- Time consuming operation

Methods

The Milestone easyFILL from Analytix used
in this study is an automated dosing station
specifically design to be integrated into the
sample preparation process (Figure 1).

It controls direct addition of reagents in
most digestion vessels and vials without
exposing the operator to the reagents.

— = To enable easy operation the system

is controlled via a dedicated graphical
interface (Figure 2). This allows new users
to quickly understand the process of
control and can simply select the type
and volume of reagents and then the
system begins the addition. For routine
operations, the user has only to select a
customised method and press ‘Start’ to
begin the addition.

Figure 1: Auto dispensing easyFILL system.
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Figure 2: Graphical interface for simplified procedures.

The system is equipped with six lines for different reagents that through a peristaltic
pump are directly loaded into digestion vessels and vials. The six lines can be a
combination of either solvents and water or acids and water however this study looks
at the most common reagents used in food testing laboratories namely ultrapure water,
trace metal grade nitric and hydrochloric acid, and hydrogen peroxide.

Two different procedures for adding reagents to vessels were compared: the
conventional method using a bottle-top dispenser (manual addition) and an automated
method using easyFILL. The analysis was performed with ICP-MS TQ on 67 elements
representing both the major and trace elements typically analysed in food matrices. The
easyFILL system had been in regular use for 12 months prior to the study.

Results

Table 1 shows the results for levels of major elements for manual dispensing with

a bottle top system compared to auto dispensing using easyFILL. The levels for the
auto dispensing method are significantly lower compared to the manual method. As
indicated by the colour codes there were a few sporadic values where the easyFILL bias
was higher however these are not significantly different and overall, the auto dispensing
method shows favourable results.

Table 1: Major elements results for HNO,, HCL, ultrapure water, and H,0,

HNOy HCI Ultrapure water
Element Manual easyFILL Bias (%) Manual easyFILL Bias(%) Manual easyFILL Bias(%) Manual easyFILL Bias (%)
118 0.23 0.22 3 0.54 0.32 41 0.08 0.01 3.16 241
23Na 1.52 1.08) 29 S.E 3.2 17 0.26 0.1_8-] 31 3.09 23
24Mg 0.1 0.06] 0.39 0.24 37 0.26) 0.11 58| 1.53 0.32
27A1 0.15) 0.04 76 0.13 0.11 21 0.15 0.14 1 2 0.1
|29si 9.6 10.01 4 29.65 23.45 -21 10.24 10.1 1.3 10.88 9.88)
31P 0.47 0.37 1 0.37 0.35 4 0.61| 0.55| d 0.41 0.5 22
325 0.21 0.12 i 5.77 5.12 11 0.18 0.15 17 4.96) 3.47 30
39K 675 637 6 1065 101 o eas[  em  oal  asy sy
{44Ca 0.35 0.15 57 0.82 0.54 34 0.08| 0.05 31 128 0.45
For both manual and easyFILL addition, 50 mL falcon tube filled with SmL acid/peroxide + 45mL ultrapure water
Al results expressed as pg/fL, n=3
Bias colour code: lower blank with easyFILL <0.00% green, same results 0.01 - 10% black, lower blank with manual fill >10.01% red
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Table 2: Trace elements results for ultrapure water

Ultrapure water

Element Manual easyFILL Bias (%) Element Manual easyFILL Bias (%) Element Manual easyFILL Bias (%)
7Li 0 0 -93Nb 0 0l 11630y 0 0 -
9Be 204 2.32 21/98Mo 542 078 46[165Ho 0 0 -
455¢ 0 0 -101Ru 0.7 0.17] 75|166Er 0 0 -
48T 0 0 -103Rh 0 0 -169Tm 0 0 :
51V 0 0 105Pd 0] 0 -172Yb 0 0] h
52Cr 0 0 107Ag 0 0 -1175Lu 0 0 -
55Mn 17.54 6.3 s41111¢d 0 0 -1178Hf 0 0 E
S6Fe 0 0 1185n 0] 0 -181Ta 0 0 4
59Co 0.29| 0 100/1215b 0] o -l182w 2.3 1.93 16
60N 0 0 -125Te 0 0 -1185Re 0.01] 0 58|
63Cu 0 0 -133Cs 0.05] 0 100f1931r 49.28 23.5 52|
66Zn 0 0 -138Ba 0 0 -1195Pt 2.34 1.46 -38
71Ga 0 0 -139La 0] 0 -1197Au 0 0 -
73Ge 0 0 -140Ce 0 0- 02H 4.29 0.3 93
75As 0.33 0 -100141Pr 0 o 205TI 0.19 0.05] 75|
1805e 1‘3| 0.18 -26[144Nd 0 o 208Pb 0 0 E
85Rb 0.79] g 100/1495m 0.03 o 100f232Th 0 0 -
|885r 0.62 0 -100[153Eu 0] 0 -i238U 0 0 -
lsay 0 o J157Gd 0 0 i

loozr o 0 -159Tb 0 0 p

Il results expressed as ng/L, n=3

Bias colour code: |ower

blank with easyFILL

<0.00% green, same results 0.01 - 10% black, lower blank with manual fill >10.01% red

Fcr both manual and easyFILL addition, 50 mL falcon tube filled with ultrapure water

Table 2 shows the results for levels of trace elements in ultrapure water for manual
dispensing with a bottle top system compared to auto dispensing using easyFILL.
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Although for this set of elements most levels were the same, where there were
differences, the auto dispensing method results were favourable. Results for other
acids and peroxide are available on request and again show that the auto dispensing
method produces significantly lower levels.

Conclusion

The auto dispensing easyFILL system demonstrated better acid dispensing capability
and a superior analytical blank value compared to the manual bottle top dispensing
method by removing analyst contamination and human error. The lower levels
achieved by easyFILL for both the major and trace elements can be explained by the
use of metal-free lines, the use of sealed bottles so there is no risk of the reported
contamination from leaving them open during normal operations, and the removal of
other potential sources of contamination associated with reagent handling.

Coupled with consideration of the safety aspects of the elimination of acid handling, the
easyFILL is a true asset to any laboratory performing trace element analysis.

For further information visit www.analytix.co.uk/contact/
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