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Background: Evaluate the level of interference of biochemists dosages in the 24-hour urine using or not the
6 mol/l HCl acid in different concentrations and conditions and its implications in the most demanded ana-
lytes in clinical laboratory.
Methods: Twenty-two volunteers collected three 24-hour urine in 3 conditions: with 5 ml/l and 20 ml/l of
6 mol/l HCl in the container, and without acid preservative. The samples collected without preservative
were separated in aliquots and added 5 ml/l of 6 mol/l HCl after 24 h. Analytes, uric acid creatinine, urea,
chlorides, glucose, magnesium, sodium, potassium, microalbumin, proteins, amylase, aldosterone, calcium,
cortisol, phosphorus, citric acid, oxalate, and metanephrines, were determined.
Results: Uric acid, glucose, microalbumin, protein, amylase and aldosterone showed that %CV ranging from 16
to 57% in the presence of acid preservative. Analytes that need acid preservative cortisol, citric acid and
oxalate showed %CV ranging from 6 to 27% with r=0.66, r=0.77, r=0.70 respectively provided 5 ml/l
after delivery and r=0.31, r=0.70 and r=0.48 without preservative acid when compared with the gold

standard (with 20 ml/l of 6 mol/l HCl).
Conclusions: Glucose, microalbumin, protein, amylase and aldosterone urinary did not show good perfor-
mance in the presence of acid preservative. Analytes that need acid preservative showed variation acceptable
in condition 5 ml/l of 6 mol/l HCl added after 24 h.

© 2011 Elsevier B.V. Open access under the Elsevier OA license.
1. Introduction

Studying 24-h urine is important for understanding the renal system
and for the diagnosis of various diseases. The urine reveals a wide spec-
trum of biochemical information about the human body [1]. Because
the current procedures are reproducible and reliable when used cor-
rectly, the largest source of variability in urine testing is the biological
material itself. Therefore, methodological standardization is focused
on the preparation conditions of the patient and sample, such as diet,
sample collection and preservation of 24 h urine samples [2,3].

Several urine preservatives have been validated based on their phys-
icochemical properties for use in the determination of biochemical ana-
lytes. The stability of the biological sample is a major factor for optimal
laboratory results. Therefore, many researchers have focused on im-
proving the specificity and sensitivity of themethods adopted in clinical
laboratories [4]. To inhibit degradation and preserve the stability of
urine chemical substances, laboratories refrigerate urine during the
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sample collection period and freeze the sample until the time for the
necessary analyses, and use acid, base, formaldehyde, toluene or thymol
as preservatives [5].

Problems faced by laboratories in collection of 24 h urine include the
loss of intermediate volumes and from having a noninvasive but labori-
ous collection process. In addition, some analytes do not need acid or al-
kaline preservatives in the collection container, whereas others require
preservatives [6]. In these cases, patients receive containers with and
without acid preservative for urine collection for the two different pa-
rameters. Patients have more work to collect the urine in 2 times and
there is the need for more time to release the results.

Several studies focused on the use of preservativesmainly lithogenic
parameters such as calcium (Ca2+), phosphate (PO4

3−), magnesium
(Mg2+), uric acid [5,7] where the authors studied the need to add in
the container preservatives acid or base prior to urine collection. The
preservation of urine includes the examination of physical and chemical
characteristics and microscopic structures in the sediment routine uri-
nalysis [8].

Our study aimed to standardize the collection of urine by measur-
ing analytes of high demand in the clinical laboratories of samples
with and without acid preservatives and analyze the best results for
decision by only one recommendation collection of 24 h urine for
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biochemical testing. We also tested the methodological performance
of lower concentrations of acid preservative added to the container
before collection and after delivery of the biological material to the
clinical laboratory.

2. Subjects and methods

Twenty-two volunteers were randomly recruited (10 women and
12 men) aged over 18 years, they collected 24 h urine in three differ-
ent conditions and no consecutive days. The study was approved by
the UNIFESP's Ethics Committee and was in compliance with the
Declaration of Helsinki II. All subjects provided informed consent for
the procedures.

2.1. Procedure for 24 h urine collection

The first sample was collected in containers without preservatives,
and was subsequently separated into urine sample aliquots without and
with acid preservative (5 ml/l of 6 mol/l HCl) added after delivered in
the laboratory. The second and third urine sampleswere collected in con-
tainers with acid preservatives containing a 5 ml/l and 20 ml/l of 6 mol/l
HCl, respectively. All aliquots of these samples were stored at −20 °C
until the time for biochemical analyses.

We analyzed uric acid, creatinine, urea, chlorides, glucose, magne-
sium, microalbumin, sodium, potassium, proteins and amylases, which
do not require acid preservatives. In addition, we analyzed calcium, cor-
tisol, aldosterone, phosphorus, citrate, oxalate and metanephrines,
which are recommended by laboratory guidelines (CLSI 2006) to in-
clude acid preservatives (preferably 20 ml/l of 6 mol/l HCl). In this
study, all analytes weremeasured in duplicate on the same day of thaw-
ing and in all conditions described.

The biochemical parameterswere analyzed by conventionalmethods
and by automated methods with ADVIA 2400 — Siemens® equip-
ment, to determination of uric acid, creatinine, urea, glucose, magne-
sium, protein, amylase we used an ion-selective electrode method for
sodium and potassium determination, immunonephelometry (Aptec
— Biosys Ltda— Belgium) formicroalbuminuria analysis, radioimmuno-
assay (Coat-a-Count — Siemens®, Tarrytown, NY) for aldosterone, and
quimioluminescencia — Beckman Coulter — Unicel DXI-800 — Brea,
CA for cortisol analysis, enzymatic method — Sigma Oxalate Diagnostic
Kit (Sigma Chemical Co., St Louis, MO) for oxalate, and enzymatic
method — citrato-liase [9] for citric acid. The HPLC was used to
determine metanephrines.

2.2. Statistics

We analyzed data using dispersion measurements among the
samples for the same analyte under different conditions. The aliquots
are different because of urine 24 h were collected on 3 different days
and in three different conditions but it were the same subjects. Ana-
lyses were performed in groups and between the four aliquots of
each subject.

The variation of samples were calculated under the following condi-
tions: samples collected without preservatives, samples collected with
5 ml/l of 6 mol/l HCl, 20 ml/l of 6 mol/l HCl, and 5 ml/l of 6 mol/l HCl
added only after urine samples had been delivered.

We calculated the averages and SD from the concentrations of
each analyte from 22 patients to observe the variability of results.
We also calculated the average %CV and SD between the aliquots to
each analyte of each subjects. We accepted a significance level of var-
iation (%CV) of 20% for the urine samples [10,11] without considering
the biological variation proposed by the consensus model of analyti-
cal quality specifications defined by taking as basis a hierarchy of
strategies presented in an editorial published by Fraser [11].

Pearson correlation coefficient was also used to investigate the linear
association between the samples for continuous data. We determined
the correlation coefficient r, whose value ranges from −1 to 1. Values
closer to 1 indicate better correlations between [12–14] variables.

Uric acid, creatinine, urea, chlorides, glucose,magnesium,microalbu-
min, potassium, sodium, proteins, amylase and aldosterone have their
gold standard collectionwithout conservatives. In this case, this analytes
were compared (using the Pearson r and coefficient of variation) with
three different conditions: 5 ml/l of 6 mol/l HCl added before the urine
collection; with 5 ml/l of 6 mol/l HCl added after patient urine container
delivery and with 20 ml/l of 6 mol/l HCl added before the urine collec-
tion by patient.

According to the kind of analyte, the presence of acid is mandato-
ry. Calcium, cortisol, phosphorus, citric acid, oxalate and metane-
phrines ]were collected using 20 ml/l of 6 mol/l HCl. This procedure
is the gold standard for these analytes and was compared (using the
Pearson r and coefficient of variation) with three different conditions:
with only 5 ml/l of 6 mol/l HCl added before the urine collection; with
5 ml/l of 6 mol/l HCl added after patient urine container delivery; and
without preservative.

Data is presented (with respective %CV and Pearson r) based on the
difference between each concentration and the gold standard method
(in separate tables, depending of the gold standard method — with or
without preservatives). For this study we follow a validation protocol
recommended by CLIA 88 [14].

3. Results

Biochemical analysis of urine, the urine volume in 24 h, the sedi-
mentoscopy, densities and urinary pH of urine samples showed no
changes in this study. Table 1 shows the average concentrations and
standard deviation (SD) of each analyte performed of n=22 volun-
teers in the study.

The results of comparisons of measurements of biochemical param-
eters that do not require preservatives and their results when adding a
preservative in three different conditions and obtained the following
results: creatinine, urea, chloride, magnesium, potassium and sodium
did not vary significantly with the use of preservatives in both tests
with 5 ml/l of 6 mol/l HCl added in the collection container, such as
when added to 5 ml/l after delivery or with 20 ml/l in the collection
container, even though the pattern without using preservatives.

Uric acid showed %CV below the set limit of acceptance but the
correlation ‘r’was very weak when dosed with preservative acid con-
ditions, (CV=17. 47% and r=0.58, CV=13.26% and r=0.58 and
CV=16.62% and r=0.37), 5 ml/l in container, 5 ml/l added after,
and 20 ml/l in the container, respectively. Chlorides coefficient of
variation (CV=44.96%) obtained by using 20 ml/l of 6 mol/l HCl.
We observed that glucose, microalbumin and protein in the 24 h
urine, showed high variability in the coefficient of variation when
using acid preservative, but with correlation ‘r’ close to 1. Amylase
and aldosterone showed (%CVN40) and index of correlation rb0.3
in the presence of 6 mol/l HCl under different conditions (Table 2).

For the biochemical analytes which are recommended in the use
of preservative acid (20 ml/l of 6 mol/l HCl) analytes calcium, phos-
phorus, and citric acid showed %CV ranging from 1% to 6% and “r”
ranging from a minimum 0.70 to 0.99 for all 3 conditions. Cortisol,
oxalate and metanephrine showed higher %CV ranging from 18 to
30% with r ranging from 0.67 to 0.97 and provided acidification,
after delivery of the sample in the laboratory with 5 ml/l of 6 mol/l
HCl, the analytes, calcium, phosphorus, and metanephrine showed
r=0.90 (strong correlations). In this condition, cortisol, citric acid
and oxalate showed moderate correlations (r=0.66, r=0.77,
r=0.70) respectively and weak correlations (r=0.31, 0.70, 0.42) in
the absence of preservative (Table 3).

The percentage of variation of results for each analyte in different
conditions where we observed that cortisol, oxalate and metane-
phrines showed greater variations without the use of preservative
acid compared with the recommended standard (20 ml/l of 6 mol/l



Table 1
Shows the average and SD of the concentrations of 22 volunteers to calculations without considering the urinary volume excreted.

Analytes Mean±SD (N=22 subjects)

Without acid
preservative

5 ml/l of 6 N HCl in the
collection container

5 ml/l of 6 N HCl added
after delivery

20 ml/l of 6 N HCl in the
collection container

Uric acid (mg/l) 45.00±16.10 32.90±12.05 36.55±12.03 34.15±11.76
Creatinine(mg/dl) 88.30±49.37 88.70±44.55 87.65±49.11 87.25±43.75
Urea (g/l) 16.30±51.03 16.90±31.63 16.50±49.28 16.60±29.32
Chlorides (mmol/l) 165.00±55.48 193.00±58.42 201.50±56.49 264.00±63.10
Glucose (mg/dl) 3.00±22.35 3.00±22.27 3.50±22.16 2.50±21.61
Magnesium (mg/dl) 5.30±2.82 5.65±2.86 5.70±2.86 5.45±2.72
Microalbumin (mg/dl) 18.75±77.18 15.80±78.77 15.80±26.76 17.35±41.33
Potassium (mmol/l) 41.95±25.80 42.20±25.83 42.00±25.67 42.05±24.49
Sodium (mmol/l) 157.00±46.06 157.00±45.70 155.50±45.73 154.50±45.18
Proteins (mg/dl) 6.00±9.65 4.50±9.36 4.00±7.95 2.00±7.37
Amylase (U/l) 196.50±83.80 82.50±51.45 27.00±37.91 23.00±6.43
Aldosterone (mg/l) 150.29±78.38 195.11±106.84 238.16±107.78 417.22±116.92
Calcium (g/l) 11.45±4.97 11.35±5.02 11.40±4.84 11.30±4.95
Cortisol (mg/l) 18.93±7.89 18.03±8.44 18.95±8.41 17.29±9.78
Phosphorus (mg/l) 51.70±25.10 52.65±5.16 52.15±24.97 52.10±24.62
Citric acid (mg/l) 499.00±439.88 489.50±185.00 461.00±189.53 548.00±192.38
Oxalate (mg/l) 11.00±11.84 12.50±6.70 11.00±6.78 10.00±6.62
Metanephrines (mg/l) 21.25±12.75 28.10±54.17 24.75±12.14 21.45±22.57

Table 2
Coefficient of variation and correlation coefficient from the analytes that do not require acid preservative under the 3 conditions studied in comparison to the results obtained with-
out any preservative (gold standard).

Analytes without
preservatives

Coefficient of variation
%CV±SD 5 ml/l of 6 N
HCl in the collection
container

Correlation
coefficient (r)

Coefficient of variation
%CV±SD 5 ml/l of 6 N
HCl added after
delivery

Correlation
coefficient (r)

Coefficient of variation
%CV±SD 20 ml/l of 6 N
HCl in the collection
container

Correlation
coefficient (r)

Uric acid 17.47±6.93 0.58N 13.26±5.79 0.58N 16.62±9.19 0.37N

Creatinine 0.65±0.03* 0.93 0.81±0.05* 0.94 1.28±0.12* 0.94
Urea 1.83±0.72* 0.98 2.80 ±0.17* 0.97 2.69±1.00* 0.98
Chlorides 9.38±3.53* 0.97 12.39±6.52* 0.99 44.96±2.78N 0.87
Glucose 31.33±1.04N 0.99 43.20±0.70N 0.99 46.45±0.76* 0.99
Magnesium 2.97±0.20* 0.98 4.04±0.34* 0.97 4.34±0.16* 0.99
Microalbumin 47.47±0.42N 0.99 22.54±7.54N 0.97 43.65±1.87N 0.99
Potassium 1.74±0.78* 0.99 1.65±0.84* 0.99 1.93±0.85* 0.99
Sodium 0.77±1.19* 0.99 0.83±1.69* 0.99 1.15±1.18* 0.99
Proteins 19.31±1.73* 0.99 23.68±3.11N 0.99 44.39±1.29N 0.97
Amylase 40.23±108.5N 0.03 N 51.22±122.7N 0.32 N 58.63±89.02N 0.00 N

Aldosterone 51.23±52.59N 0.17 N 37.44±43.84N 0.66* 57.20±81.89N 0.12 N

(*) Acceptable (N) no acceptable variation.

Table 3
Coefficient of variation and correlation coefficient from the analytes that require acid preservative (n=22 subjects) measured under three conditions in comparison of results to the
gold standard with preservative (6 N HCl).

Analytes that require
acid preservative at a concentration of
20 ml/l of 6 n hcl

Coefficient of variation
%CV±SD 5 ml/l of 6 N
HCl in the collection
container

Correlation
coefficient (r*)

Coefficient of variation
%CV±SD 5 ml/l of 6 N
HCl added after delivery

Correlation
coefficient (r*)

Coefficient of variation
%CV±SD without
preservatives

Correlation
coefficient (r*)

Calcium 1.89±0.20* 0.99 2.16±0.26* 0.99 1.00±0.23* 0.99
Cortisol 26.63±3.05 N 0.62* 26.79±4.97 N 0.66* 18.50±4.95 0.31 N

Phosphorus 1.89±0.99* 0.99 1.86±0.91* 0.99 1.90±0.98* 0.99
Citric acid 5,99±19.20* 0.95 5.08±16.13* 0.77* 4.95±14.21* 0.70*
Oxalate 25.19±2.53N 0.67* 23.34±2.40 N 0.70* 30.11±4.15 N 0.42 N

Metanephrines 24.12±14.20N 0.97 15.81±5.47* 0.90 19.31±7.59* 0.96

(*) Acceptable, (N) no acceptable variation.
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HCl) in the container. Theses analytes showed %CV of about 25% with
the use of preservative acid at a concentration of 5 ml/l of 6 mol/l HCl
in container and added acid after delivery to the laboratory, when
compared with the standard recommended, but presented moderate
levels of correlation (rN60) under these conditions.

4. Discussion

In our study, the concern was to standardize the collection of 24 h
urine without influencing the results of tests however, the design of
our study included measurements of analytes that would show false
results in the conditions we tested, such as uric acid and chlorides.
We consider necessary to analyze this analytes in this condition to
standardize the collection of 24 h urine.

Urinary tests results can lead to radical changes in medical man-
agement of patients [15,16]. Our results demonstrated that there is
biochemical parameters were not significantly different with or with-
out acids preservative, however parameters such as glucose, microal-
bumin, amylase, aldosterone, chlorides and uric acid did not show
satisfactory performance with the use of acidifying the 24 h urine.
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In the case of chlorides dosage is not recommended the use of HCl as a
preservative because the hydrochloric acid influence this test. Uric
acid dosage that did not show good results with the use of acid pre-
servative which would justify that there are many laboratory guides
that advocates the use of sodium hydroxide (NaOH) or bicarbonate
(Na2HCO4) to keep ph=8 in urine favoring best results in urinary
uric acid dosage [7,17].

There are constant reports in the literature validating new parame-
ters in the 24 h urine due to its important diagnostic andmonitoring [7].
Some studies such as determination of oxalate, citric acid, uric acid and
creatinine have been described by many authors and in accordance
with the methods adopted dosing have greater accuracy when using a
preservative concentration of acid in 20 ml/l of 6 mol/l HCl to oxalate
and citric acid maintaining the pH=3–4 [16,17].

In our study found no significant differences with the use of pre-
servative in the collection container or added when the acid concen-
trations in 5 ml/l of 6 mol/l HCl to acidify the urine after delivery of
the material in the laboratory. What is in agreement with studies per-
formed with the parameters Ca2+, PO4

3−, Mg2+ and uric acid involved
in the pathogenesis of patients with litiases [18–20].

Metanephrinewidely usedbecause of its importance in participating
in the pathogenesis of hypertension, are parameters performed in urine
collected with acid preservative (6 mol/l HCl) but our results show no
significant differences regarding the concentration or the addition of
acid before or after delivery of the sample. What does this according
to the study with dosages of catecholamines and kallikrein [21].

Our results are consistent with previous studies where the authors
demonstrated that acidification or alkalinization of urine samples at
the time of delivery to the laboratory at 24 h after collection, does
not alter the levels of urinary oxalate, calcium, magnesium, and uric
acid [22] compared with the methodology provided acidification
(acid in collection container) and allow all these analytes can be de-
termined in a single sample.

With our findings support the standardization of urine collection
container without preservative 24 h for biochemical parameters, uric
acid, creatinine, urea, chloride, glucose, magnesium, microalbumin, po-
tassium, sodium, protein, amylase and aldosterone.

The analytes uric acid, glucose, microalbumin, protein, amylase
and urinary aldosterone showed great variability with the use of acid-
ic (6 mol/l HCl) in the 3 conditions imposed, affecting the perfor-
mance of methods for urinary dosages used in this study.

The analytes that need acid preservatives found that the biochem-
ical parameters of calcium, phosphorus, and metanephrine showed
acceptable %CV and strong correlation index compared the condition
of your use of 5 ml/l of 6 mol/l HCl added after delivery in the labora-
tory and when we do not use preservatives.

While the analytes; cortisol, citric acid and oxalate showed accept-
able variability index with moderate correlation with 5 ml/l of 6 mol/l
HCl added after 24 h, however cortisol and oxalate showed a weak
correlation results without preservatives in our study.

We concluded in our study thatwe can collect 24 h urine in container
without acid preservative, for all analytes studied but cortisol and oxalic
acid showed the best correlationwith the use of acidificationwith 5 ml/l
of 6 mol/l HCl added after delivery of the 24 h urine in laboratory.

The recommendation is to keep the 24 h urine at low temperatures
during the collection and delivered to the laboratory to keep it at 4–8 °C
for 3 days and after freezing them at−20 °C for up to threemonths are
key recommendations to preserve the stability of biological material
until the implementation of the dosages required [2].

We chose to conduct this study in urine after freezing because this
is a procedure adopted by many laboratories to perform urine tests.
However many analytes of higher demands are made on the same
day of delivery of biological material. This fact could contribute to im-
prove the performance of results of tests in urine.

With the advent of new methodological techniques and automa-
tion we considered necessary to revise procedures for modifying the
standards proposed earlier that we can now dispense modify them.
This study examines the implications of the use preservative 6 mol/l
HCl which is acid, toxic, corrosive, and when placed in the container
that will be provided to the patient may cause some inconvenience,
such as burns or irritation upon contact with skin.

Treatment of 24 h urine after delivery of the material in the labo-
ratory decreases the risk of injury from patient to carry containers of
extremely corrosive strong acid, and use correctly the lowest acid
concentration that favors the good performance of several methodo-
logical strengths analytes without changes in urinary composition
when added preservatives.
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