
Table 1. Variables lnfiuenclng Calcium Determination
by Atomic Absorption Spectrophotometry

Reference no.

1,9

10

1,2,6

3,4

Z5
3-5, 7, 12
1,5,7

We investigated the suppressive effects of phosphate on
calcium determinations with lanthanum-air/acetylene and
potassium-nitrous oxide/acetylene methods, and we evalu-
ated the ability of these methods to meet the suggested
analytical goals for unne samples. The 20 gIL La-air/acety-
lene method was the most nearly accurate for predicting the
actual calcium concentrations (f-test value = -0.042), fol-
lowed by the 2 g/L K-nitrous oxide/acetylene method (f-test
value = 0.450), 10 g/L La-air/acetylene (f-test value =

-0.733), and finally 5 g/L La-air/acetylene (f-test value =

-2.446). The dilution used significantly influences the appar-
ent calcium concentration measured with the La-air/acety-
lene methods.

Calcium determinations in biological fluids by atomic

absorption spectrophotometry (AAS) present a challenge to
clinical chemistry laboratories, given the number of poten-
tially confounding variables (Table 1). In the present study
we have investigated one of these variables, phosphate.

Phosphate combines with calcium in the condensed
phase, forming a less volatile compound. This compound

decreases the concentration of free vapor-phase calcium
atoms in the spectrometer’s light beam, thus causing a less
intense analyte signal (1). This suppression can be im-
proved by two different methods. The first, the air/acety-
lene flame (2300 #{176}C)with an added releasing agent such as
lanthanum, increases the absorbance signal by binding the
phosphate and leaving free calcium atoms (2). However,
lanthanum must be added in a molar ratio of lanthanum to
phosphate of approximately 5:1 to ensure a maximum
recovery of calcium (2),and even this will not totally

alleviate the suppression (1).Alternately, the nitrous ox-
ide/acetylene flame (3080 #{176}C)overcomes the phosphate in-
terference found in lower-temperature flames by producing
a high calcium dissociation (3),which is unaffected by
phosphorus content as great as 100-fold that of calcium
(13). This apparent benefit is neutralized by increased
ionization of calcium at higher temperatures, which re-
duces analytical sensitivity. Addition of an easily ionized
compound, such as potassium, will eliminate this ioniza-
tion interference (3,4).

Our intent in this study was twofold: first, to compare the
suppressive effects of phosphate on calcium absorbances
with both the lanthanum-air/acetylene and the potassi-
um-nitrous oxide/acetylene methods and, second, to deter-
mine the ability of these methods to meet the suggested
analytical goals for urine samples, i.e., a standard devia-
tion <2% of the actual calcium concentration (14) (SD = 0.2
mmol/L for 10 mmol/L calcium standard).

Materiais and Methods

Apparatus. We used a Model AA-1275 atomic absorption
spectrophotometer (Varian Associates, Palo Alto, CA) and
made all dilutions with a Hamilton digital dilutor (Hamil-
ton Co., Reno, NV).

Procedures. Calcium standards from 0 to 2 mmol/L were
prepared from 25 mmol/L calcium standard (Fisher Scien-
tific Co., Fair Lawn, NJ) with various amounts of phos-
phate (0 to 200 mmol/L), which corresponds to the phos-
phate content of feline urine (15). Nitric acid (1.0 mol/L)
was added to give a final acid concentration of 0.1 moLIL in
each standard, to prevent the precipitation of Ca(H2PO4)2
and CaHPO4. We then assayed the standards with methods
A2, B2, C2, and D2 (see Table 2). The standards in the
La-containing solvents were used with the air/acetylene
flame, the K-containing solvent with nitrous oxide/acety-
lene. The instrument settings are summarized in Table 3.

Urine samples. Urine samples were acidified by mixing
one volume of 6 moIJL HNO3 with nine volumes of urine.
The samples were then analyzed for calcium by using
methods Bi, B2, Cl, C2, Dl, and D2 (Table 2), with a
separate standard curve prepared for each method (gener-
ated by assaying the calcium standards with no added
phosphate).

Results and DIscussion

The results of assaying calcium phosphate standards
with methods A2, B2, C2, and D2 are shown in Figure 1.
The 20 g/L La method was found to be the most nearly
accurate when compared with the actual calcium concen-
tration (t-test value of -0.042). This was followed by 2 g/L
K (t = 0.450), 10 g/L La (-0.733), and finally 5 g/L La
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Interferences
Phosphorus 1-8

Sulfur 5-7
PH3 contamination of acetylene
Others (SI, Al, Ti, Zr)

(Be,V) 11
Releasing agents
Lanthanum
EDTA 1,3
Strontium 8

De-lonizing agents (potassium)
Solvent
Fuel type (temperature)
Flame height
Other adjustments to be optimized

Dilution Aspiration rate
Fuel ratio Position of light beam
Position of burner Lamp current



Method Abbreviation

Burner

Fuel flow (units)
(L/mln)

Oxidant flow (units)
(L/min)

Aspiration rate (mLimin) 5 4.6

The following settings were constant for both methods:
Wavelength,nm 422.7
Stoichiornetry fuel lean
Slit width, mm 0.5
Lamp current, mA 5
Hold time, s 3

111
U
z
C
C
C
C
‘I,
C
C

0.0 0.5 1.0 1.5 2.0 2.5 3.0

ICal (mmol/L) ICe) (mmol/L)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

IPHOSPHATEI Immol/LI
4 0

25

50
75

100

125

150

175

200

2.5 3.0

IPHOSPHIITEI (mmol/L)
I 0

-#{176}--- 25

#{163} 50

#{149} 75

#{149} 100
-a--- 125

#{149} 150

$ 175

200

352 CLINICAL CHEMISTRY, Vol. 36, No. 2, 1990

Solvent

Table 2. Method Definitions

La,5g/L5 A
La, 10 g/L
La, 20 g/L
K, 2 g/Lc

B
C

Dilution
1:10
1:20 2
1:30 3
1:40 4

1:50
aSolventsarerepresentedfirst in the method identification,followedbythe

dilution. Forexample,La(10g/L)with a 1:20 dilutionis representedas B2.
b Published method for calciumdeterminations(16).

Publishedmethodfor calciumdeterminations(4, 17).

(-2.446). Although the 2 g/L K method was not the most
accurate, it was the only method to approach the suggested
analytical goal of a standard deviation (calculated from the
difference between observed and actual calcium concentra-
tions) of <2% (14). With a standard deviation of the
difference of 0.049 mniol/L for calcium standards between 0
and 2 mmol/L, the 2 g/L K method was the most precise of
the four methods but had the tendency to overpredict the
actual calcium concentration. Descriptive statistics for the
above methods are given in Table 4.

We chose the 10 g/L La method to compare the slope of
each calcium curve as a function of phosphate concentra-
tion (Figure 2). The relationship was a second-order poly-
nomial rather than a linear one, illustrating a greater

Table 3. Instrument Settings for Determination of
Calcium by Atomic Absorption Spectrophotometry

Expansion scale
Gas supply pressure, kPa

Air 420

Acetylene 70
Nitrous oxide 280

Air/acetylene Nitrous oxlde/

method acetylen. method

air/acetylene nitrous oxlde/
acetylene

2.2 8
2.5 9.1
6 6

16.6 13.5

suppressive effect with increasing phosphate concentra-
tion; this contrasts with previous studies (5), in which a
different atomic absorption method was used.

The 5 g/L La method had the greatest suppressive effect,
the LaIPO4 ratio varying between 27.3 and 3.4 for each
phosphate concentration (25 to 200 mmol/L). This is in
contrast to results with both the 10 g/L La (LaIPO4 = 54.6
to 6.8) and 20 g/L La (La/P04 = 109.2 to 13.6) methods.
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Fig. 1. Absorbance of calcium standards in the presence of various amounts of phosphate: (A) method A2, ( method B2, (C) method C2,
(17)method D2
See Table2 fordescriptionofmethods



Method

A2 B2 C2 02

0.533
-2.446

5.984
0.0158

Overail mean, mmol/L5 0.596 0.775 0.852 0.910
Number of replicates per standard (63 standards) 4 4 4 4
Standard deviation, mmoVL
t#{149}testvalue
F-test value
P-value
Difference from actual,mean mmol/L
SD

Mean for all samplesby all methodsfor the 63 standardswas 0.857 mmol/L(SD= 0.658).

0.599
-0.733

0.537
0.4651
0.0820.261

0.298
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0.002
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Fig. 2. Slopes from the B2 method plotted vs phosphate concentra-
tion
y = 0.24 - (6.95x 105)x - (9.99 x 1O) (R2 = 0.968)
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Fig. 3. Absorbance of 1 mmol/L calcium standard plus various amounts of phosphate in methods B1-B5 (left)and methods C1-C5 (right)
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Table 4. Effect of Various Methods on Calcium Concentration Measured
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Because the LaJPO4 ratio influences the absorbance
signal, we hypothesized that the dilution used would also
be a variable within an individual La-air/acetylene
method. To test this theory, we studied the 1 mmol/L
calcium standards with varied phosphate concentrations (0
to 200 mmol/L), assaying these standards with methods
B1-B5 and C1-C5. The results are shown in Figure 3.
Although the absorbances were expected to decline with
increasing dilutions, the variability within a dilution var-
ied drastically. The 10-fold dilutions showed the greatest
suppression in both the 10 g/L La and the 20 g/L La
methods. The commonly used 10 g/L La (20-fold dilution)
method also showed this suppression, whereas this effect
was lessened in the 20 g/L La (20-fold dilution) method. The

30-, 40-, and 50-fold dilutions showed little variability in
both the 10 and the 20 g/L La methods, which again
illustrates the importance of the La/P04 ratio.

Calcium determination in urine samples is much more
dynamic than the prepared calcium phosphate standards
used above. For this reason, we compared six different
methods (B1,B2,C1,C2,D1, and D2) by using 34 feline urine
samples. Because the actual calcium concentrations were
unknown, and because the C2 method had been found to be
the most nearly accurate with the standards, we compared
all observed calcium values with those by the C2 method
(Table 5). The 2 g/L K (10-fold dilution) showed the least
variation (SD = 0.08 mmol/L) followed by 2 g/L K (20-fold
dilution) (SD = 0.087 mmoIJL), 10 g/L La (20-fold dilution)
(SD = 0.124 mmoIJL), 20 g/L La (10-fold dilution) (SD =

0.124 mmol/L), and finally 10 g/L La (10-fold dilution) (SD
= 0.177 mmol!L).

We found the 20 g/L La-air/acetylene method to be the
preferred technique. However, methods involving La con-
centrations <20 g/L encounter serious phosphate suppres-
sion. Even at this La concentration and excessively high
phosphate, the calcium signal will still be suppressed.
Therefore, the greatest LaIPO4 ratio possible (without
exceeding sensitivity limits) should be used to reduce this
suppressive effect. We preferred the 2 g/L K-nitrous oxide!
acetylene method over the low-La concentration tech-
niques, but it has a number of drawbacks. First, it has the
tendency to consistently overpredict the actual calcium
concentration. Second, nitrous oxide is expensive, not
readily available, and requires a special burner. Third, use
of the optimal fuel setting is critical. A fuel-lean flame (fuel
flow rate <6 L/min) has the greatest sensitivity, but carbon



Method

B2 D2 Bi Dl

Overall mean, mmol/La 0.388 0.499 0.211 0.395 0.460
Number of replicates per urine sample 3 3 3 3 3
Standard deviation, mmol/L 0.274 0.305 0.243 0.266 0.283
1-test value -0.795 0.715 -3.441 -0.719 0.198
F-test value 0.632 0.511 11.839 0.517 0.039
P value 0.4295 0.4771 0.001 0.4747 0.8438
Difference from mean C2 method, mmol/L 0.035 0.05 0.117 0.034 0.033
SD

5The overallmean forthe C2 methodwas0.445 mmol/L

0.124
(SD = 0.316)

0.087 0.177 0.124 0.08

Table 5. Various Methods Compared with the C2 Method for 34 Feline Urine Samples

354 CLINICAL CHEMISTRY, Vol. 36, No. 2, 1990

builds up on the burner, which progressively decreases the
absorbance signal. A fuel-rich flame (fuel flow rate >10
L/min) drastically decreases the sensitivity and is accom-
panied by precipitation of potassium chloride in the nebu-
lizer; this progressively decreases the sample-uptake rate,
which also reduces the absorbance signal. These problems
can be reduced by optimizing the fuel flow rate and running
distilled water through the nebulizer for -30 s between
each sample.

References
1. Long GL, Boss CB. Depression of calcium, strontium, and
barium signals by phosphine in atomic spectrometry. Anal Chem
1982;54:624-9.
2. Yofe J, Avni R, Stiller M. Elimination of phosphate interference
in flame photometric determination of strontium and barium. Anal
Chim Acta 1963;28:331-5.
3. Anderson ME, Brooker DB, Fischer JR, Ruiz EL, Marshall RT.
Measurement of calcium of milk by atomic absorption spectropho-
tometry in the presenceof major ingredients of detergents. J Milk
Food Technol 1973;36:554-8.
4. Manning DC, Capacho-Delgado L. Dissociation and ionization
effects in atomic absorption spectrochemical analysis. Anal Chim
Acts 1966;36:312-8.
5. Fassel VA, Becker DA. Chemical or solute vaporization inter-
ferences in flame atomic emission and absorption spectrometry.
Anal Chem 1969;41:1522-6.
6. Schulz VW, Bottger K, Meder B, Grallath E. Systematische

Fehier durch Phosphat- mid Sulfatgehalte in Human- mid Kon-
trollseren bei der at.omabsorptionsapektrometrischen Calcium-
bestimmung. J Clin Chem ClinBiochem1981;19:1063-6.
7.SmetsB.Vaporisationinterference of sulphate and phosphate
anions on thecalcium flameatomicabsorptionsignal. Analyst
1980;105:482-90.
8. Stojanovic D, Bradshaw J, Winefordner JD. Atomic absorption
inhibition release titration as a method of studying releasing and
inhibiting effects. Anal Chim Acts 1978;96:45-54.
9. Long GL, Boss CB. Removal of phosphine from acetylene. Anal
Chem 1981;53:2363-5.
10. Varma A. CRC handbook of atomic absorption analysis, Vol.1.
BocaRaton, FL: CRC Press, Inc., 1984:227.
11. Robinson JW. Atomic absorption spectroscopy. New York:
Marcel Dekker, Inc., 1966:118.
12. Marinkovic M, Slevin PJ, Vickers TJ. A flame emission
interference in the atomic absorption determination of calcium.
AppI Spectrosc 1971;25:372-4.
13. Willis JB. Nitrous oxide-acetylene flame in atomic absorption
specti-oscopy.Nature (London) 1965;207:715-6.
14. Shephard MDS, Penberthy LA, Fraser CG. Analytical goals
for quantitative urine analysis: a clinical view. Clin Chem
1981;27:1939-40.
15. Lewis LD, Chow FHC, Taton GF, Haniar DW. Effect of various
dietary mineral concentrations on the occurrence of feline urolith-
iasis. J Am Vet Med Assoc 1978;172:559-63.
16. PeaceAJ, Kaplan LA. Methods in clinical chemistry. St. Louis,
MO: CV Mosby Co., 1987:1003-9.
17. Analytical methods for flame spectroscopy. Palo Alto, CA:
Varian Associates, 1972.




