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Diagnostic reagent for determination of Calcium concentration.
Liquid. Monoreagent. Store at +2/+8°C. For in Vitro Diagnostic Use (IVD). Do not freeze.
Products with T2063 Ref Number is produced for Abbott Architect Biochemistry Autoanalyzer Series.

Changes made in the instructions for use are marked as grey.

INTENDED USE

The test is applied for the quantitative determination of
Calcium in serum, plasma and urine.

GENERAL INFORMATION

Calcium is the fifth most abundant element in the body and
the most common cation. An average human body of 70
kg contains approximately 1 kg (about 25 mol) of calcium.
The skeletal system contains about 99% of the calcium in
the body, mostly in the form of extracellular crystals of
unknown structure and a composition close to
hydroxyapatite [Ca10(P04)s(OH)2]. Soft tissues and
extracellular fluid contain about 1% of the calcium in the
body." Almost all calcium in the blood is found in plasma,
with an average calcium concentration of 9.5 mg/dL (2.38
mmol/L). Calcium is present in plasma in three
physicochemical states: 50% free (ionized), 40% bound to
plasma proteins and 10% complexed with small diffusible
inorganic and organic anions, including bicarbonate,
lactate, phosphate and citrate.?

Calcium is essential for the mineralization of bone andis a
key regulator of many body functions. The circulating
concentration of calcium ions is kept constant under the
control of parathyroid hormone (PTH) and vitamin D
metabolites."

Calcium is found in many foods, but is particularly foundin
dairy products and fish eaten whole (e.g. sardines,
herring). Even with adequate dietary calcium intake,
calcium absorption may be restricted by the presence of
other dietary components that form insoluble complexes
with calcium, such as oxalates and phytates, or by
insufficient calcitriol, which stimulates the absorption of
calcium ions. The recommended calcium intake is 1000
mg/day (25 mmol/day). Larger amounts are needed during
pregnancy and lactation.

Adequate dietary calcium intake during childhood and
adolescence is an important determinant of peak bone
mass (typically reached at 20 to 25 years of age), which
itself is a predictor of osteoporosis risk.
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Furthermore, plasma calcium concentration can be
maintained over a wide range of dietary intake because
homeostatic mechanisms can eliminate bone calcium if
necessary to maintain extracellular fluid concentration,
and excesses are usually readily excreted.?

Approximately 98% of calcium filtered through the renal
glomeruli is reabsorbed from different parts of the renal
tubules. Of this reabsorption, 60-70% occurs in the
proximal tubules, 20% in the thick ascending loop of the
henle, 10% in the distal convoluted tubule, and 5% in the
collecting ducts. The distal nephrons are primarily
responsible for calcium excretion, although they are
responsible for a small proportion of reabsorption. The
majority of calcium reabsorption from the proximal tubules
occurs passively via the paracellular pathway, whereas a
small proportion occurs actively via the transcellular
pathway in which parathyroid hormone and calcitonin are
involved as regulators 4

The free calcium fraction is biologically the active form.
Deviations of the free (ionized) calcium concentration
outside the very narrow reference range can cause
morbidity and mortality. Its concentration in plasma is
strictly regulated by the calcium regulatory molecules PTH
and 1,25(0OH)2D. PTH synthesis and secretion by the
parathyroid glands is controlled through the calcium-
sensing receptor (CaSR), a transmembrane receptor on
the surface of parathyroid gland cells. A decrease in
circulating free calcium is detected at the CaSR, and as a
result the parathyroid gland master cells increase the
secretion of PTH to increase free calcium via the kidneys
(calcium reabsorption), intestine (calcium absorption) and
skeletal system (bone resorption releases calcium).

When calcium is sufficiently increased, free calcium
interacts with CaSR to initiate a classic reverse feedback
loop that decreases PTH synthesis.5 Approximately 80%
of protein-bound calcium is associated with albumin and
the remaining 20% with globulins.'5€ Since calcium binds
to negatively charged regions of proteins, its binding is pH
dependent. Alkalosis leads to an increase in the negative
charge of proteins and an increase in binding and thus a
decrease in free calcium; conversely, acidosis leads to a
decrease in the negative charge, a decrease in binding
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and an increase in free calcium. For every 0.1 unit change
in pH in vitro, there is an inverse change of approximately
0.2 mg/dL (0.05 mmol/L) in serum free calcium
concentration. Changes in the concentrations of calcium,
protein and small anions, together with changes in pH or
changes in the amounts of free calcium and total calcium
in plasma, can redistribute acutely or chronically between
the three physicochemical pools."

Physiologically, calcium can be classified as intracellular
and extracellular. Intracellular calcium plays a key role in
many important physiological functions such as muscle
contraction, hormone secretion, glycogen metabolism and
cell division.” The intracellular calcium concentration in the
cytosol of unstimulated cells is less than 1/20,000 of that
in the extracellular fluid (= 0.1 /mmol/L)." Extracellular
calcium provides calcium ions for the preservation of bone
mineralization, blood coagulation and plasma membrane
potential of intracellular calcium.

Calcium stabilizes plasma membranes and affects
permeability and excitability. A decrease in the
concentration of free calcium in plasma results in
increased neuromuscular excitability and can lead to
tetany; increased concentration decreases neuromuscular
excitability .1

Low total plasma calcium (hypocalcemia) can be the result
of a decrease in albumin-bound calcium, the free fraction
of calcium, or both.®2 Hypoalbuminemia is the most
common cause of marked hypocalcemia, especially in
hospitalized patients, because 1 g/dL (1 g/L) of albumin
binds approximately 0.8 mg/dL (0.02 mmol/L) of calcium.
Common clinical conditions associated with low plasma
albumin include chronic liver disease, nephrotic syndrome,
congestive heart failure, malignancy, malnutrition, and
volume replacement with saline or colloidal solutions after
surgery. In these conditions, the free calcium
concentration is typically maintained within the physiologic
reference range.’

The most common causes of hypocalcemia are late-stage
chronic kidney disease (CKD), hypoparathyroidism and
hypomagnesemia. In CKD, hypoproteinemia,
hyperphosphatemia, low plasma 1,25(0OH)2D (caused by
reduced renal synthesis) and skeletal resistance to PTH
may all contribute to hypocalcemia. Some medications
(bisphosphonates, denosumab, imatinib, proton pump
inhibitors, etc.), conditions associated with various
malignancies (osteoblastic metastases, some hematologic
cancer treatments, etc.), post-surgery (thyroidectomy,
parathyroidectomy etc.) and some surgical procedures
(gastric bypass surgery etc.), calcium deposition in
damaged tissues (crush injuries, tumor lysis syndrome
etc.), vitamin D deficiency, nutritional deficiencies and
malabsorption may cause hypocalcemia.® Hypercalcemia
usually occurs when there is excessive calcium entry into
the extracellular fluid compartment from the skeleton,
intestine or kidney, such as excessive resorption of bone
mineral in malignancy. Hypercalciuria often develops in
such cases. Hypercalcemia develops when the capacity of
Rev: V1.2 Date: 12.2023
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the kidney to excrete filtered calcium is exceeded, and
hypocalciuria may be paradoxically present when renal
failure is present and calcium excretion is reduced.
Hypercalcemia may also be seen in many different
conditions such as various malignancies, endocrine
disorders (hyperparathyroidism, hypothyroidism,
acromegaly, acute adrenal insufficiency etc.), loss of
function mutations in CYP24A1 (25-Hydroxyvitamin D 24-
Hydroxylase), infantile  idiopathic  hypercalcemia,
granulomatous diseases, vitamin overdose (vit D and A),
total parenteral nutrition, milk-alkali syndrome, some drug
use (chlorothiazide diuretics, some vitD and analogues,
calcium+vitD, lithium, growth hormone, PTH therapy, etc.),
CKD and immobilization.?

Most stones formed in Western societies are composed of
calcium, usually in combination with oxalate, although
calcium phosphate and urate may also be present, either
alone or in combination with calcium oxalate. As a result,
the measurement of calcium in urine is of great
importance. In general, calcium oxalate stones suggest
hyperoxaluria as the main cause, whereas -calcium
phosphate stones suggest hypercalciuria and/or
insufficient acidification of the urine.® There is considerable
overlap in hypercalciuria between stone-forming and non-
stone-forming causes, but a limit of 4 mg/kg body weight
(0.1 mmol/kg) is useful. Excretion above this level occurs
in common metabolic abnormalities that form calcium
stones and is observed in up to 50% of patients. On the
other hand, crystal formation is clearly dependent on the
concentration of calcium as opposed to the rate of
excretion. 19141 The rate of urinary calcium (UCa)
excretion provides information on calcium intake, intestinal
absorption, skeletal resorption and renal tubular filtration
and reabsorption.2

The link between calcium intake and cancer risk has been
extensively studied. Although the results of these studies
are not always consistent, they suggest that adherence to
calcium intake may have some advantageous effect on the
likelihood of developing colorectal cancer.'? Moreover,
there is also evidence linking high calcium intake with an
increased risk of cardiovascular disease.®

TEST PRINCIPLE
Colorimetric (arsenazo) method

Total calcium is most commonly measured by
spectrophotometry using metallochromic indicators or
dyes. Arsenazo lll, which causes a color change after
selectively binding to calcium, is one of the most widely
used metallochromic indicators.

Arsenazo Il (1,8-dihydroxynaphthalene-3,6-disulfonic
acid-2,7-bis[azo-2]-phenylarsonic acid) has a much higher
affinity to calcium than to magnesium at slightly acidic pH*
and forms anintense blue-violet complex by bindingit. The
absorbance of this complex is measured at 660 nm and is
proportional to the calcium concentration in the sample.

Note 1: Methods used to quantify calcium in the blood may
measure the free Ca*? ion or the total calcium
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concentration and then provide a calculation of albumin-
adjusted calcium. The term ionized calcium, although
widely used, is a misnomer because all calcium in plasma
or serum is ionized, regardless of whether it is free or
associated with protein or small anions through ionic
binding.!

Note 2: Since the spectral properties of arsenazo lll are
pH dependent, the solution should be well buffered. The
binding of calcium to arsenazo Ill may be affected by buffer
and sodium concentration.

Note 3: Several methods for measuring total calcium have
been described. Currently, photometric, ion selective
electrode (ISE) and sometimes atomic absorption
spectrophotometry (AAS) methods are used in clinical
laboratories to measure total calcium in serum and urine.

Total calcium adjusted for albumin (adjusted or
corrected calcium): Large variations in the
concentrations of calcium-binding compounds in the blood
can occur, this variation will affect the measured total
calcium concentration without changing the free calcium
fraction. Various types of calculation have been proposed
to "adjust" the measured calcium concentration. The aim
is to find the answer to the question "What would be the
adjusted result if the concentrations of all calcium-binding
compounds were within their respective reference
ranges?". In practice, only albumin-based adjustments are
commonly used. The term adjusted calcium is preferable
to corrected calcium, because "corrected' may give the
impression that the result has been corrected due to an
error 1415

Corrected calcium is calculated using total calcium and
albumin. A correction factor is calculated by first
multiplying the deviation of plasma albumin from the mean
of the reference interval by the slope of the regression of
total calcium against albumin. The following two equations
are often used for results expressed in mg/dL and mmol/L
respectively:

Adjusted total calcium (mg/dL)
= Total calcium (mg/dL) + 0,8 [4 — Albumin (g/dL)]

Adjusted total calcium (mmol /L)
= Total calcium (mmol/L) + 0,02 [40 — Albumin (g/dL)]

Note 1: These are fairly simple calculations andin practice
it is recommended that laboratories create equations
specific to their reference populations that include linear
regression from the different methods used to measure
total calcium and albumin concentrations.

Note 2: Many factors influence the distribution of calcium
between free, complex and protein-bound fractions. The
reliability of serum albumin adjustment is impaired in
patients with very low or high serum albumin
concentrations, in patients with severe disease and
multiple organ failure, which is common in intensive care
units.

It should be noted that equations developed for specific
reference patient groups, such as hemodialysis patients’4
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16 or patients with liver disease, may be better than no
adjustment in this patient group.?

Note 3: The accuracy of the adjusted calcium equation in
outpatients can be improved by deriving a population-
specific equation when applied in a specific care
setting 1718

REAGENT COMPONENTS
Arsenazo (llIl) - 0.2 mmol/L
Good's buffer - <50 mmol/L

Stabilizers.

REAGENT PREPARATION

Reagent is ready for use.

REAGENT STABILITY AND STORAGE

Reagents are stable at +2/+8°C till the expiration date
stated on the label which is only for closed vials.

Once opened vials are stable for 30 days at +2/+8°C in
optimum conditions. On board stability is strongly related
to auto analyzers’ cooling specification and carry-over
values.

Reagent stability and storage data have been verified by
using Clinical and Laboratory Standards Institute (CLSI)
EP25-A protocol.*®

SAMPLE REQUIREMENTS

Serum, plasma and urine can be used and are collected
according to the standard procedures. For plasma, sample
collection tubes with Li heparin and Na heparin should be
preferred. Multiple sample freezing and thawing should be
avoided. In order to prevent precipitation of the calcium salt
in random urine samples (samples collected in less than
24 hours and evaluated instantly), collect them in a bottle
containing 1 or 2 mL 6mol/L HCI. To prevent precipitation
of calcium salt in 24-hour urine samples, collect them in a
bottle containing 20 or 30 mL HCI .43

The stability of Calcium in serum/plasma:*?
7 days at +20/+25°C
3 weeks at +2/+8°C
8 months at -20°C

The stability of Calcium in urine:*?
2 days at +20/+25°C
4 days at +2/+8°C
3 weeks at -20°C

Note 1: Posture alters serum calcium concentration.
Changing from upright to horizontal posture causes a
decrease of about 4% (range 2% to 7%).2

Note 2: In addition to serum, heparinized plasma may be
preferred. Citrate, oxalate and
ethylenediaminetetetraacetic acid (EDTA) anticoagulants
should not be used in spectrophotometric methods as they
complex with calcium and cause interference.!

Note 3: Although calcium has been reported to precipitate
with fibrin (e.g. heparinized plasma) or lipids during
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storage or freezing, total calcium measurements are little
affected by storage, provided that water loss associated
with long-term refrigerated or freezer storage is avoided
(by using tight-fiting containers designed for such
storage). Calcium can be adsorbed from dilute solutions
during storage in plastic and glass."

Note 4: Calcium salts such as calcium oxalate precipitate
during and after collection of urine samples. To prevent
precipitation of calcium salts, samples can be collected in
a container with acid. The commonly used acid is HCI at 6
mol/L and 10 to 30 mL is added to the container for a 24-
hour collection (1 to 2 mL for random samples).*20:21

CALIBRATION AND QUALITY CONTROL

Calibration: The assay requires the use of an
Multiconstituent Calibrator.

Multiconstituent Calibrator.
Ref.No: 06R56-02

Calibration stability is 15 days. Calibration stability
depends on the application characteristics and cooling
capacity of the autoanalyzer used.

Serum traceability is provided with SRM 956d material.

Control: Commercially available control material with
established values determined by this method can be
used. At least two level controls must be run once in every
24 hours. Each laboratory should determine its own quality
control scheme and procedures. If quality control results
are not within acceptable limits, calibration is required.

REFERENCE INTERVALS / MEDICAL DECISION
LEVELS

Serum/Plasma . 8.5-10.5 mg/dL
Random urine (Male)'® 0.9 - 37.9 mg/dL
Rastgele idrar (Female)® : 0.5- 35.7 mg/dL
Urinet® 100 - 300 mg/24 hour

Detailed pediatric reference interval values can be found
in the results of CALIPER study:
https://caliper.research.sickkids.ca/#/

To convert results from mg/dL to mg/day (24-hour urinary
excretion);

24-hour excretion = [(V x ¢) =+ 100] mg/day

Formula

V = 24-hour urine volume (mL)

¢ = analyte concentration (mg/dL)

Critical values: Critical values indicating the likelihood of
morbidity are values less than 6.0 mg/dL (1.5 mmol/L) and
greater than 14.0 mg/dL (3.5 mmol/L).%®

Note 1: Plasma calcium concentration has been reported

to vary with age, gender, season, during pregnancy and
over a 24-hour period.?223
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However, in an outpatient group of healthy men and
women living in the Southwestern United States, no age-
related decline or sex-related difference in total or free
calcium values was found.?* During pregnancy, total
calcium and corrected calcium decrease in parallel with
plasma albumin.?>%¢ The fetal circulation is relatively
hypercalcemic242® evidenced by higher total and free
calcium in cord blood than in maternal plasma. In healthy
term newborns, calcium concentrations decrease in the
first few days after birth, but soon rise to concentrations
slightly higher than those observed in adults.?®

Note 2: According to the literature, healthy men and
women excrete up to 300 mg (7.5 mmol) calcium per day
on a calcium-unrestricted diet and up to 200 mg (<5 mmol)
calcium per day on a calcium-restricted diet. Reference
data for UCa globally are not well established and it may
be preferable to use 4 mg/kg body weight (0.1 mmol/kg)
as an upper reference limit in an individual patient.!

Note 3: The UCa reference range for spot fasting following
an overnight fast or for samples collected over a specified
time interval is less than 0.16 mg/100 mL (<0.04 mmol/L)
glomerular filtrate (GF) as calculated by the following
equation:

UCa (mg/ 100 mL GF)
= [UCa (mg/dL)] x [Serum creatinine (mg/dL)] / Urine
creatinine (mg/dL)

Fasting calcium excretion (mg/100 mL [mmol/L] GF) is
used to assess the skeletal component. A value higher
than 0.16 mg/100 mL (0.04 mmol/L) GF usually indicates
an increase in osteoclastic bone resorption. This test is
used in the evaluation of kidney stone disease and high
cycle osteoporosis.!

Alternatively, the ratio of urinary calcium to urinary
creatinine can be calculated. Reference intervals for the
ratio depend on age and sex.’

Each laboratory should investigate the transferability of the
expected values to its own patient population and if
necessary, determine its own reference range.

Reference interval has been verified by using CLSI EP28-
A3c protocol.?®

Unit Conversion:
mg/dL x 0.2495 = mmol/L

PERFORMANCE CHARACTERISTICS

Measuring Interval

According to CLSI EP34-ED1:2018, “Measuring Interval”
refers to the interval where the analyte concentration is
measured with intended accuracy in terms of medical and
laboratory requirements without dilution, concentrating or
any kind of pre-treatment that is between the analyte’'s
lower limit of quantitation (LLoQ) and upper limit of
quantitation (ULoQ).3°
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The determined analytic measuring interval for Calcium is
1.5-20 mg/dL.

Detection Capability
Limit of Detection (LoD): 0.5 mg/dL

Limit of Quantitation (LoQ): 1.5 mg/dL

Note: LoQ values are based on Coefficient of Variation
Percentage (CV) < 20%.

LoD and LoQ values have been verified by using CLSI
EP17-A2:2012 protocol.3!

Linearity

This method shows measurement linearity in the activities
up to 20 mg/dL. Autoanaylzer’s auto-dilution system can be
used if the concentrations have higher values. See device
manual for further information.

For the manual dilution procedure, dilute the sample 1:5
using 0.90% isotonic. After this process, multiply the result
of the reworked sample by the dilution factor. Do not report
the sample result after dilution if it is marked as lower than
the linear lower limit. Rerun with a suitable dilution.

Linearity Studies data have been verified by using CLSI
EP06-A:2003 protocol.32

Precision

Running system has been developed according to 20x2x2
“The Single Site” protocol. Repeatibility and Within-
Laboratory Precision/Within-Device values have been
obtained according to the running results.

According to the protocol in use, 2 separate runs per day
have been made for 20 days (no obligation for being
consecutive days). This protocol has been applied to each
low and high samples separately and 80 results have been
obtained for each one. Statistically, the results have been
obtained using 2-factor Nested-ANOVA model .33
Repeatibility (Within Run) and Repeatibility (Day to Day)
SD (standard deviation) and CV% values of Calcium have
been given in the table 1 and 2 respectively.

Table 1. Calcium Repeatibility (Within Run) results
obtained from samples in two different concentrations

Mean Concentration SD CV% n
8.98 mg/dL 0.15 1.71 80
12.4 mg/dL 0.11 0.90 80

Note: This working system has been named “Within-Run
Precision” in the previous CLSI - EP05-A2 manual.34

Table 2. Calcium Repeatibility (Day to Day) results
obtained from samples in two different concentrations

Mean Concentration SD CV% n
8.98 mg/dL 0.36 4.05 80
12.4 mg/dL 0.46 3.73 80
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Note: This working system has been named “Total
Precision” in the previous CLSI - EP05-A2 manual 34

Method Comparison

As a result of the statistical evaluation of the method
comparison data:

Passing-Bablock equation:3%
y=1.07x - 1.48 mg/dL
r=0.993

Interference

Endogenous interferant and analyte concentrations that
have been used in the Calcium scanning tests has been
determined according to “CLS| EP37-ED1:2018” and “CLSI
EP07-ED3:2018” manuals 3637

The total acceptable error rate, which is going to be used to
detect whether the observed differential value obtained from
Calcium interference scanning test is appropriate, is
determined as +10%.38

In Calcium test results, no significant interaction has been
observed in the determined endogenous interferant and
analyte concentrations or between interferants and
analyte.

Interferant- Calcium N Observed
Concentration | Target (mg/dL) Recovery %

T;g)orikg)gt 8.48 B 101

4:'3“rr‘:]3/r;|_ 7.97 3 105

1 6'5"1'0;2'/ oL 872 3 108

* Total acceptable error rate determined as interference limit and
repeatability (within run) pre-detected for the related method were
used for the calculations of how many times the control and test
samples prepared as a serum pool are going to be run repetitively.
In the calculations, the accepted error rate for type 1 (a error) was
5% and for type 2 (B error) was 10% (90% power).>"

Note 1: Hemolysis, jaundice, lipemia, paraproteins and
magnesium have been reported to interfere with
photometric methods to produce a negative or positive
false test result. Bichromatic readout, multiple wavelength
corrections or blinding can be usedto reduce interference.
Lipemic samples can be ultracentrifuged or processed to
remove the lipid fraction before analysis.?

Note 2: Although hemolysis can cause a negative error
because red blood cells contain a lower concentration of
calcium than plasma, more significant errors can result
from spectral interference of hemoglobin. Depending on
the method used, hemoglobin has been reported to
produce either negative or positive interference. In
photometric methods, blinding with serum treated with
ethylene glycol-O,0'-bis(2-aminoethyl)-N,N,N,N’,N'-
tetraacetic acid (EGTA) is recommended if hemolyzed
samples must be analyzed.3%:40

CALCIUM Page 5/8



Note 3: Individual instruments and methods should be
evaluated for their sensitivity to the interference from
magnesium, hemoglobin, bilirubin, proteins, turbidity and
other interferants.’

It should be noted that endogenous interferants, as well as
various medicines and metabolites, anticoagulants (e.g.
Heparin, EDTA, citrate, oxalate) and preservatives (e.g.
sodium floride, iodoacetate, hydrochloride acide) such as
additives, materials that may contact with samples during
collection and processing (serum separator devices, sample
collection containers and contents, catheters, catheter wash
solutions, skin disinfectants, hand cleaners and lotions,
glass washing detergents, powder gloves), dietary
substances known to affect some specific tests (caffeine,
beta-carotene, poppy seeds, etc.), or some substances
presentin a sample that cause foreign proteins (heterophilic
antibodies, etc.), autoimmune response (autoantibodies,
etc.), or due to malignancy (for example, interference by
paraproteins with phosphate testing and indirect ion
selective electrode methods) may show some negative
effects that will cause various attempts and some
misjudgements .3

These performance characteristics have been obtained
using an autoanalyzer. Results may vary slightly when
using different equipment or manual procedures.

WARNINGS AND PRECAUTIONS

IVD: For in Vitro Diagnostic use only.

Do not use expired reagents.

Reagents with two different lot numbers should not be
interchanged.

For professional use.

Follow Good Laboratory Practice (GLP) guidelines.

CAUTION: Human source samples are processed with this
product. All human source samples must be treated as
potentially infectious materials and must be handled in
accordance with OSHA (Occupational Safety and Health
Administration) standards.

Danger

EUHO032 - Releases a very toxic gas if contacts
with acid.

H317 - May cause allergic skin reaction.

Precaution

P280 . Use protective gloves / clothes /
glasses / mask.

P264 - Wash your hands properly after using.

p272 : Contaminated work clothes should not
be allowed to be used outside of the
workplace.

Intervention

P302+P352 - Wash with plenty of water and soap if it
contacts with skin.

P333+P313 - Seek medical help if it irritates your skin

or develops rash.
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P362+P364 :Remove contaminated clothes and
wash properly before using.

Disposal

P501 :Dispose the vials and contents
according to the local regulations.
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Good Laboratory Practices
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Consult Instructions for Use
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