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The problems regarding storage and pre-neutron activation analysis treatment for the elements aluminum,
calcium, vanadium, selenium, copper, iodine, zinc, manganese, and magnesium in a urine matrix are reviewed.
The type of collection and storage procedure and pre-neutron activation analysis treatment of urine depend on
the specific trace clement; that is, its inherent physical and chemical properties. Specifically polyethylene in
teflon containers are the most suitable for general determinations. Whether any preservative is added would
depend upon the stability of the trace element and its tendency for surface adsorption. Preferably preservatives
should contain no radioactivatable elements for maximum efficacy. Freeze drying or packing urine shipments
under dry ice needs to be explored on an individual basis. Each pre- or post-neutron activation analysis
treatment is specific and optimized for the trace element analyzed.
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Introduction

Cornelis et al. [1] describe one of the most compre-
hensive studies to date regarding neutron activation
analysis for bulk and trace elements in urine, problems
in sampling, collection, storage, sample preparation and
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contamination hazards during neutron irradiation. Qur
intent in this review is not to repeat Cornelis’s study
but to add to it from our experience in work involving
the urine matrix [2-7].

The quantitative analysis of urine for trace elements
is important for metabolic and nutritional research. Be-
cause of its ready availability and easy access, under
proper conditions, it can be a vehicle for mass screen-
ing of individuals for normal and disease states. Urine is
an aqueous admixture composed of dissolved and sus-
pended waste products as well as inhaled and absorbed
substances such as pollutants and/or their metabolites.
The two major radioactivatable elements whose pres-
ence can interfere in the radioassay of urine are sodium
and chlorine. Perhaps that is why there is a paucity of
Instrumental Neutron Activation Analysis (INAA)
techniques for trace element determination in the urine
matrix. For the sake of brevity this discussion will be
limited to Ag, Cd, Hg and the radionuclides depicted in
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figure 1. One of the drawbacks of neutron activation is
the limited number of reactor facilities where research
and routine analysis can be performed; consequently, in
many cases samples must be transported to the facility.
It is of paramount importance that special precautions
be taken in the collection and storage of urine samples
prior to reactor irradiation. In other words, the analyst
must know the history of the sample before it reaches
his or her hands.

Storage of Urine Specimens
for Specific Elemental Analysis

Not all storage vessels or containers are suitable for
all trace elements to be investigated. It is important that
the containers chosen show no absorption or adsorp-
tion of the desired trace element and that there is no
loss of the trace elements during storage. West et al. [8]
showed that the adsorption of silver in potable water
samples to the walls of borosilicate, flint, and
polyethylene was pH dependent and could be pre-
vented for 30 days by collecting samples in sufficient
sodium thiosulfate to produce a 10-15% solution.

King et al. [9] bave shown that in order to prevent
losses of Cd by adsorption to the walls of glass contain-
ers, water samples should be acidified with HNO,.
Since polymer surfaces do not imteract with Cd
aqueous solutions, sampling of Cd would be better per-
formed employing plastic containers.

Struempler [10], found that polyethylene containers
did not absorb cadmium and zinc; and acidification
with dilute HNO; to a pH value of 2 prevented Ag, Pb,
Cd, and Zn adsorption on borosilicate and silver ad-
sorption on polyethylene surfaces. He also found that
silver solutions must be kept in the dark, even under
acidified conditions, to maintain stability and to mini-
mize adsorption loss and that new polypropylene con-
tainers could not be cleaned satisfactorily for Cd and
Zn. Feldmen [13] has shown that distilled water solu-
tions containing >0.1 ng Hg/mL can be stored in glass
without deterioration for as Iong as five months if the
solution contains 5% by volume HNO; and 0.01%
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dichromate. Storage of such standards is safe in
polyethylene containers for at least 10 days if the solu-
tion contains 5% HNO; and 0.05% dichromate.

Thiers [11] found that borosilicate glass can seriously
contaminate solutions and should not be used for stor-
age unless the analyst is confident that the contamina-
tion of the element being determined is negligible.
Murphy [12] states that “Teflon FEP bottles and
beakers have been used at NBS for the past several
years with favorable results after thorough cleaning
with nitric and hydrochloric acids to remove contami-
nants introduced during fabrication.” High purity acids
were stored for at least two weeks with no significant
levels of contamination observed. It is important that
any substance added to the urine for purposes of
preservation does not form complexes with the desired
trace element, or introduce that trace element. Some
authors have suggested that the samples be lyophilized
since dry, solid samples lessen the possibility of leaking
or adsorption during storage. However with urine we
have found that due to its high NaCl concentration
there is both a volume limitation and the possibility for
a potential loss due to bumping of the sample during
the vacuum process. As a minimum the urine must be
diluted with deionized water to allow solid freezing.

Determining what kind of stabilizing additive should
be mixed with the solution can be very complex, as can
be seen in the following figures showing the loss of the
element with storage time for several types of contain-
ers.

As seen in figures 2 and 3 [13], the aqueous results
obtained in both glass and polyethylene confirm the
generally held view that aqueous solutions of mercury
salts rapidly lose strength on storage because they exist
as a colloidally suspended hydrolysis product.

Depicted in figures 4 and 5 [13], nitric acid at the 1%
level appears to be almost as ineffective as water alone
in glass and polyethylene vessels. It is more effective at
the 5% level but still quite unsatisfactory.

As presented in figures 6 and 7 [13], the mixture of
H,SO, and potassium permanganate produces colloidal
Mn oxides. These over a period of time remove the Hg
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Figure 2-Stability of Hg solutions in glass (H;0); 0, 10 ng ImL; +, Figure 3-Stability of Hg solutions in polyethylene (H,0) +, 0.2

Ing/mL. ng/mL.
100 100 g

% Hg DETECTABLE
0
n

% Hg DETECTABLE

O
0 1 1 0 ) )
5 10 5 10

DAYS DAYS

Figure 4-Stability of Hg solutions in glass (HNO;); A, 10 ng/mL, 5% Figure 5-Stability of Hg solutions in polyethylene (HNO;); B 0.2
v/v): +, 1 ng/mL, 1% (v/v); 0, 10 ng/mL, 1% (v/v). ng/mL, 5% (v/v); 0, 0.2 ng/mL, 1% (v/v).
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Figure 6-Stability of Hg solutions in glass (0.5% (v/v) H,SO,
+0.01% KMnQy); +, 10 ng/mL.

from the solution and plate it on the side walls of the
container.

In glass the combination of 1% HNO; and 0.01%
dichromate does not prevent a rapid initial drop of Hg
concentration with increasing storage time, possibly
due to adherance of hydrolyzed Hg salts to the walls
although little or no loss occurs after the first day. This
effect is presented in figure 8 [13]. However, as can be
seen in the figure, the combination of 5% HNO; and
0.01% dichromate is quite successful because of its abil-
ity to prevent the hydrolysis of dissolved mercury and
to prevent its reduction to oxidation states lower than
+2. For polyethylene containers it is necessary to in-
crease the dichromate concentration to 0.05% as can be
seen in figure 9.

The initial concentration of Cd present in water also
affects the degree of loss of Cd during storage. Figure
10 shows the percentage loss of Cd as a function of
time for distilled water samples at pH 10 with different
Cd concentrations. The curve for 25 ppb Cd reaches a
maximum value of about 35% Cd loss after 20 hours of
storage in soft glass [9]. For most environmental moni-
toring programs the significant level of Cd is in the
1-100 ppb range.

Loss of Cd is definitely pH dependent as seen in fig-
ure 11. At pH 6.9 there is no Cd loss. Cd loss does not
occur in plastic containers [9].
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Figure 7-Stability of Hg solutions in polyethylene (0.5% (v/Vv)
H,S0,+0.01% KMnO,); +0.2 ng/mL.
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Figure 8-Stability of Hg solutions in glass (HNO;+4-0.01% K,Cr,O);
A, 0.1 ng/mL; +, 1 ng/mL; 0, 10 ng/mL.
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Figure 9-Stability of Hg solutions in polyethylene (5% (v/v)
HNO; +K,Cr; 05); +, 0, 0.2 ng/mL.

Figure 10-Percent of '®Cd in wa-
ter during storage with respect
to the initial concentration of
cadmium in solution. Soft glass.

% Cd IN WATER

Figures 12, 13, and 14 show the loss of silver in
aqueous solutions stored in different types of containers
[8]. The maximum and minimum values represent the
variation in multiple runs. There appears to be a nar-
row range of adsorption values in the case of the flint
glass but adsorption begins after a shorter contact time.

Thus, we can see that the container loss must be in-
vestigated for each element analyzed and for each con-
centration range. Because of the nature of urine,
several practical considerations must also be addressed
if urine samples are to be shipped to a nuclear reactor
for neutron irradiation and subsequent radioassay.
Rapid freezing and dry ice shipment may offer the least
potential damage to the matrix; however, for each indi-
vidual elemental assay it must be determined if freezing
has any deleterious effects on the analysis.

Pre-Neutron Activtion Analysis Treatment

Each trace element has its own inherent physical,
chemical, and radioactivatable properties which must
be considered in the pre-irradiation chemistry prior to
neutron irradiation and its detection and analysis. Be-
cause of the large amount of the radioactivatable ele-
ments sodium and chlorine in urine, it is not practical
or wise to employ instrumental NAA regardless of the
sensitivity and selectivity of the radioassay equipment.
This can graphically be seen in figure 15 which shows
the spectra of raw saliva and an extracted CCl, phase.
It can be observed that the iodine peak appears in the
top spectra but the compton continuum contribution to
the iodine photopeak is 77% of the total counts in the
photopeak [14]. For an individual trace element several
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Figure 11-Percent of '”Cd in wa-
ter during storage asa a function
of pH of solution. Soft glass.
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Figure 12-Adsorption range pro-
files for flint beakers at the 1.0
mg per liter silver concentra-
tion. Maximum (o) and mini-
mum (A) plotted values are
from the distilled water series.
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Figure 13-Adsorption range pro-

files for polyethylene beakers at
the 1.0 mg per liter silver con-
centration. Maximum (o) and
minimum (A) plotted values are
from the distilled water series.
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varied and different techniques can be employed for its Table 2. Impurity concentration in nitric acid.
isolation. If wet chemistry must be performed on the = -
sample prior to neutron irradiation, it is important that S‘]‘;’f bt‘.’l‘lhzg A%i:;:iif:t (i;“f ef:;;‘:l
the reagents employed be free of interfering activity.  giopent (:fgl/;) (ag/2) (gngl;g) Y
For example, for our aluminum determination various o 002 02 03
reagents have trace quantities of aluminum as can be . . 02 o
seen in table 1. Ba 01 8 J—
Nitric acid is generally the reagent of choice in wet  Te .01 0.1 -_—
digestion procedures and table 2 shows that different  Sn o1 0.1 1
grades of nitric acid contain varying amounts of many I 01 — -
trace elements [12]. The reagent of choice in our labo- id 0'?1 g'(l)s g’f
ratory for wet digestion is Baker Ultrex nitric acid. & o1 2 —
Urine is a nonhomogenous admixture whose concen-  se .09 0.2 —_
tration can vary over wide limits. In some determina- Zn 04 4 8
tions it may be necessary to take into consideration the  Cv 04 20 g
specific gravity of the urine. For example, it may be g; '(3)5 ig 55
quite critical in solvent extraction procedures such as ¢, 05 6 130
those in our determination of total iodine in urine by  Ca 2 30 30
the Szilard-Chalmers technique, as can be seen in K 2 10 1
table 3. Mg 1 13 —
Na 1 80 —_
Table 1. Aluminum contents of reagents. Total
Reagent  Mig. Concentration Al  Assay Impurity 23 ppb 220 peb 240 prb
ggg; ll;zk;n;ﬂtrex gg:z ggi ﬁ Zﬂ Table 3. Variatio? of extra-ction yield with s‘peciﬁc g.ravity and
HNO, Fisher Conc. 022 pg/ml osmglax:xty for urine collected at different times from
HNO;  Mallinckrodt Conc. 0.36 pg/ml one individual.
HF Mallinckrodt Ar  483% WT 025 pg/ml - N
HF Matheson 48% WT 0.69 pg/ml Extraction Specific
Reagent Yield (%) Gravity
H,O Fontenelle 001 pg/ml 63.2 1.031
Springs Distilled 63.9 1.026
H,0 McGaw-Distilled 0.03 ug/ml 67.3 1.017
For Irrigation 70.5 1.011
RESIN Bio-Rad Ag 50W-X8 0.25 pg/g Resin 81.2 1.007
RESIN Dowex 50W-X8 47 pg/g Resin 84.9 1.006
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Since urine contains sodium and chlorine, it is neces-
sary to perform a separation of the desired trace ele-
ment from dissolved NaCl in order to obtain a viable
analysis. Table 4 is a summary of the pre- or post-neu-
tron activation chemistry required for the trace ele-
ments listed in figure 1. While this list is not all
inclusive for all trace elements that can be detected in
urine, it represents some of those which have the great-
est importance in the study of disease and health states.
It should be noted that the procedures summarized for
Ca, V, Cu, Mn, and Mg are specific for tissue and will
probably need to be modified accordingly for a urine
matrix.

Conclusions

It would seem that the type of collection and storage
procedure and pre- or post-NAA treatment of urine
depends on the specific trace element; that is, its inher-
ent physical and chemical properties. The following
generalizations can be made.

1) Polyethylene or teflon containers may be the most

suitable.

2) Whether any preservative should be added would
depend upon the stability of the trace element and
its tendency for surface adsorption. Preferably
preservatives should contain no radioactivatable
elements for maximum efficacy.

3) Freeze drying or packing urine shipments under
dry ice needs to be explored on an individual basis
considering all factors involved.

4) Each pre- or post-NAA treatment is specific and
optimized for the trace element analyzed. As a
general suggestion, it is important to minimize the
number of operational steps and choose reagents
that do not contribute radioactivity in the activa-
tion step.
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