
CONTAMINATION CONTROL—THE ANALYSIS OF THINGS
AS THEY SHOULD BE

Contamination control in analytical chemistry is a matter of

common sense. I haven't any special method for its prevention to suggest

to you, or any handy device. But that doesn't mean that it isn't impor-

tant. It is vital if the analyst is to maintain his credibility. I think

that the topic merits some exposition. '

My title, "The Analysis of Things as They Should Be," comes from

recollections of the text of a talk given 45 years ago by Dr. G. E. F.

Lundell of the U. S. National Bureau of Standards, called "The Analysis of

Things as They Are." The points he made regarding sampling, practicaj.

analysis, accuracy and so on, are as pertinent today as they were then.

I recommend it to you; it was published by the NBS in 1972"'.

Fundamental to good analysis is the requirement for a representa-

tive sample. A sample is no longer representative if it is contaminated.

Can we define contamination? Let's say that it is the presence

of extraneous material or materials that actively or passively interfere

with the analytical process to give a wrong result. Note that the material

can be foreign to the sample, a dilution or enrichment of the sample by

its constituents or even the presence of the analyte itself to a degree

not representative of the original material. This leaves quite a few

possibilities against all of which the analyst must guard.

How do we recognize contamination? Sometimes it's easy—the

sample doesn't look right, the analysis behaviour is strange, the result

not believable, or whatever. Sometimes it's difficult. Let me illustrate

both extremes.
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One of my favourite instances happened to an associate. It was

to do with the start-up of a pentaerythritol plant. The quantity of water

in the product was the vital parameter, and was being measured by Karl

Fischer titration. Sometimes not all the details are organized at start-up

time in industrial plants. In this case there was no sample container, so

one of the operators used his hard hat to catch some of the fresh product.

The lab was some distance away in another building and it was raining!

The operator.ran as fast as he could, but as you can guess, upon arrival

the sample was contaminated. Water from the process and that from the

atmosphere were indistinguishable. The sample was useless.

The story is elementary but it illustrates two important require-

ments—protection of the sample and exclusion of the determinand.

Another instance illustrates how subtle the detection of contamina-

tion can be. It is described in an article by D. E. Robertson entitled,

"Analytical Chemistry of Natural Waters,"'2' and concerns the determination

of mercury at low levels. It was found that the mercury content of sea-

water samples stored in polyethylene bottles in a laboratory increased

drastically with time while those stored in Pyrex bottles did not. It

was further observed that the rate of increase was faster for polyethylene •

bottles stored on the floor of the laboratory than it was for those on

the bench! Mercury vapour, perhaps coming from tiny droplets spilled and

caught by cracks in the floor tiles was suspected, but could not be

detected by a sensitive "sniffer" (sensitivity 0.01 mg/m3). Nevertheless

experiments showed that vapour at floor level was the source of the con-

tamination. In one of these experiments a 70 mg drop of mercury was

placed in a 20 litre, heavy-walled polyethylene bottle 15 centimeters

away from a 2 litre polyethylene bottle filled with a sea-water sample.

In five days the mercury concentration in the sea water increased one-

thousand fold, from 2 to 2000 mg/L! It was clear that mercury can diffuse

rapidly through the walls of polyethylene containers.

Some years ago at the Whiteshell Nuclear Research Establishment,

we experienced losses of water from 7 mJt heat-sealed polyethylene vials

\



- 3 -

containing samples of polyphenyl-based organic reactor coolant. The water

concentrations were about 100 ppm. When we tried to make inter-laboratory

comparisons with our Chalk River laboratory we could not get agreement, the

receiving lab being consistently low. Losses by diffusion of water out

through the walls were the cause, and were made worse by the lower atmos-

pheric pressure of air transport. Seme call such a loss of the analyte

"negative contamination."

Of course, the lesson is that proper attention to the choice of

sample containment is necessary. There is, however, probably no perfect

container, only the best compromise when the factors of durability,

porosity, sealability, reactivity, transparency, availability, cost and so

oa are considered. Perhaps an exception is containment within the medium

from which the sample was taken—the gross material being sampled itself—

with the analysis done by in-situ sensing, but more of that later.

Cleanliness of the container is also necessary. Those who do

sensitive boron and phosphorous analyses are familiar with the hazard to

these by dishwashing detergents. Glassware dedicated to the job, perhaps

made of boron-free glass, and cleansed only with distilled water is

necessary.. Atmospheric dusts are a problem. I remember an instance where

to prove his point a chemist walked once around the outside of a laboratory

building with an open beaker in his hand and subsequently proved by emission

spectrography the prevalence of lead fallout contamination in the neigh-

bourhood. Those persons occupied with trace metals analysis in the environ-

ment are well aware of such problems. Today with good technique the limit

of control of the analytical blank in water samples is perhaps 0.1 pg.kg""1

of sample, a creditable achievement. Extreme care and cleanliness in

sampling are necessary to meet and use this capability.

The prevention of contamination by atmospheric gases is especially

difficult. Have you thought of how much water vapour air contains? With

the exception that the analyst would need to be an amphibian, for the trace

determination of water, there would not be too much difference as far as

contamination control is concerned, in the design of apparatus to be used



in the laboratory, or under the surface of a pond. There is an abundance

of water in either place. A closed system is the best approach. A nice

example is the "Aqua Test" made by Photovolt Corp.

(SLIDE)

Sample introduction is by syringe. Karl Fischer reagent is generated

internally. The apparatus is simple and its volume small. We've found it

much more practical for trace water measurement in organic coolant samples

than our earlier dry box or glass train set-ups.

Atmospheric contamination also makes reliable oxygen and nitrogen

analyses particularly difficult. Methods using inert gas fusion or hot

vacuum extraction of gases from zirconium or titanium are examples. The

apparatus far these has to have means to accept and reject samples with-

out air being allowed to enter. Parts of them see extreme temperatures,

1500° during the' gas removal cycle and -196° for the collection cycle, and

a sealing problem is created by the joining of diverse materials, such as

quartz and stainless steel, in a leak-tight way. Evolution in our labora-

tory has taken such apparatus from the large and clumsy to more compact

designs having reduced internal volumes. Seals are also fewer and smaller.

This oxygen analyzer is an example.

(SLIDE)

Its blank rate, a measure of atmospheric oxygen contamination, is 0.5 -

1 yg O.min"1. Its larger predecessor's rate was 3 - 7 yg O.min"1.

A device we have found useful i s a fluidic seal which can allow

mechanical motion to be translated into a vacuum system from outside,

allowing sample changing, for example. Made by Ferrofluidic Corp.,

i t uses a magnetic field to force a magnetic fluid into gas-tight contact

with a shaft and bearing. We use this on an automated hydrogen-in-metals

analyzer.
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Distinguishing oxygen and nitrogen contamination from the gases

originally present in the sample can sometimes be accomplished by observing

the ratio of the former. If its value matches that of air the analysis

becomes suspect.

I've mentioned sample containment, cleanliness, design of

apparatus and isolation of the analysis process. What other ways are

available to combat contamination?

Perhaps the best approach is analysis in-situ. This requires

sensing of the element sought within the bulk material without the usual

process of withdrawing a sample. Often used for process control, it is

usually called "in-line" analysis, and has the further advantages of

providing immediate results on a sample still under process conditions.

Thus we have dissolved oxygen, pH and fluoride analyzers based

upon reactions at electrodes inserted in pipes or lowered into lakes.

A similar new device for measuring dissolved hydrogen or deuterium will

be described here in one of tomorrow's papers. Specific ion electrodes

have opened many possibilities of this kind, and there are other in-line

approaches as well. It is well to keep in mind that electrodes can them-

selves serve to contaminate, for example by the leakage of electrolyte,

such as KCl from a pH electrode.

A current challenge to analysis without contamination is the

chemical characterization of deep underground natural waters. Reached

by diamond drilling holes hundreds of metres deep, they are of interest

to the study of the concept of nuclear waste disposal by emplacement with-

in large, stable geological structures. The sampling and analysis of such

waters poses formidable problems in maintaining sample integrity. The

drilling process releases pressures, hence dissolved gases, and introduces

fluids and foreign materials. The quantities and flows of water may also

be small.

Here in-situ analyzers may prove to be best. In co-operation

with the Inland Water Directorate of the Federal Department of Fisheries
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and the Environment, we are experimenting with a "geochemical probe." It

is a collection of specific electrodes which can be lowered down a diamond

drill hole and sealed in place at a desired depth.

(SLIDE)

It offers the possibilities of getting close to the place of origin of the

sample and approaching natural conditions.

In summary then, to cope with contamination we must first be alert

to its possible presence, we must be prepared to identify its effects,

however subtle, and we must act to prevent a bad analysis, remembering

that reputations are at stake. Proper cleanliness and wise choices of

sample containers and apparatus are 'required. Good design of equipment

helps. An alternative route is to .conduct the analysis in situ.
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