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Atomic Absorption Spectrometric Determination
of Mineral Elements in Mammalian Bones
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The phosphorus content of the majorbones of mae and female selected mammals
was determined using the yellor
the bone with the highest phosphorus content was used as pilot sample. Varying

absorption operated on the de. At least 6,000 ppm
(0.6%) of strontium was required to give optinum results for calcium. The amount of
i i i i With

the incorporation of strontium in the sample solution, all elements of interest can be
determined in the same sample solution. Based on this, a procedure is proposed for the
determination of calcium and other elements in bones. Average recoveries of spiked
czlcnum and magnesium were 67.85% and 9816%, respmwe)y at the 95% confidence
level. of variation obtained using one of the
sumples were 0.00% for calcium, lead and sodum, 2.93% for magnesium, 3.27% for iron
and 3.92% for zinc at the concentration kvels found in that sample. Results from the
proposed procedure compared well with those from classical chemical methods at the
95% confidence level. It is evident that calcium, phosphorus, magnesium and sodium
which are the most abundant elements inthe bones are distributed in varying amounts
both in the different types of bones and different animal species, although the general

trend is Ca> P
generally
for the mul

Na > Mg for each bone considered. The calcium - phosphorus ratio is
1. The work set out to propose anatomic absorption spectrometric method
i-element analysis of mammalan bones with a single sample preparation and

to study the distribution pattern of these dlemnents in the bones.

Key words: Phosphorus interferen

Bones consitute the principal component of all adut
i dense

distribution, calcium-ph
lis actualy its nourishment
from blood and nerve tissi

o spong
fespectively. The bone is known to be hard and elasti.
Thehard i

40wt 70% of bone chemical mixture. The elastic nature
of the bone is a result of the organic substances whid
make up the remaining 30% of the chemical mixtute.
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There are various methods. available for the
examination of the mineral content of bones. These
nclude polarography (Ladanyi & Stalder 1883), stripping
voltammetry (Yixiang 1985), inductively coupled atomic:
ermission spectroscopy (Lee 1983, Bamett 1987), atomic

absorption spectroscopy (Lindh et al. 1980, Drash 1982,
Smon & Liste 1963, Drash etal 1987, Drash & Ot 1983,
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Kowal et al. 1989, Samuel et al. 1989, Keinonem 1992,
Baranowska et al. 1995) and x-ray fluorescence (Lind
1883, Armstrong et al. 1992, Price et al. 1992). Most of
the reports are concarned with the determination of foxic
eements especially lead and cadmium in bones. Of

analy;

thereby

common, no method has been described yet for the
determination of calcium in bones using this instrument.
ince bones contain phosphorus, the delay or lack of

of calcium in biological materials by this technique.
Phosphorus usually combines wilh calcium ions in the
sample solution {o form Ca,(PO), which in the flame is
converted 1o Ca,P,0,. a very thermaly stable compound
andwhich reduges substantially the concentation of free:
calcium ions in the flame. This eflect of phosphorus is

solution to the sample solution before analysis. The
strontium orlanthanum preferentially reacts with PO, ions
o form Sr, (PO,), or La, (PO,), which are more stable
banCa, O, Iherebypvevenhng theinteraction of PO
ons with Ca’

Varous conderirzions of stonfum rlartanuminthe

(i) A Unicam 919 atomic
(Pye Unicam, a
operated on the air-acetylene mode at wavelength
setiings as detalled in the instrument's data book for
each ement: calcium at 422.7, magnesium at 285.2,
iron al 24823, lead at 217.0, zinc at 213.9, copper at
324.8,cack miur at 228.8, manganese a1 279.5, nickel
at2320, Cobaltal 240.7 and chromium at 357.9 nm,
(i) A fame photometer (Model PFP7, Jenway,
England)
(v} A Gallenkamp mutile furnace (Gallenkamp,
England) wih a temperature range 0-1000°C was
used

absorption

Reagents, solutions and calibration curves

Al reagents were of analytical reagent grade.
Deionized dstilld water was used in all preparations
and diutions. Stock strontium solution (50,000 ppm)
was prepared by dissolving 152.156 g SCL,6H,0 in
water andi diluting 10 IL in a volumetric flask. Stock
standard Solutions of the elements (1000 ppm in each
case]werepreparedas detailed inthe AAS data book.
Al slock saluons were smndarmzea before use.

repared by
Ol s soletions, “The.concameatione of e
elementsin the samples were determined by
meariry the absorbance and refering (o te

different classes of materials: 1.0% for calcium and
magnesium in water (APHA/AWWA 1975) and plant
& Krishna 1980),
(Briscoa & Rogan 1965); 0.3%for calcium in unused petrol
engine lubricating oils (Udoh 1995); 0.19% for calcium in
plant materials (AOAC 1984); 0.08% for caicium and
magnesium in soil extract (Allen el al. 1974) and 0.04%
for calcium and magnesium in plant digest (Allen et al.
1984).If he interference due lo phosphorus s eliminated
for the determination of calcium, the same bone sample.
salution can be used for the determination of all other
elements. This work was designed to study the distribution
addition of the correct amount of strontium not only
eliminates the interference of phosphorus in the analysis
of calcium in bones using air- ace\ylsne flame atomic

New calibration curves
were pre pared on aach subsequent analysi

Sample collection

Nine live animals (see names in Table 1) were
bought fom sellers, slaughtered and the bones
removed. The bones were soakedin water for 48 hto
easeermoval of the adhering flesh. The bones were
thendriedin an oven at SO°C to constant weight and
blended inlo powder with a Belltone Minshun electiic
blender. Al the powdered samples were stored in
plasiic containers.

Determiination of phosphorus by uv-vis method
One gram of each sample powder was weighed

absorpti but also per
ana!ysvs ina single sample prepamuon

Experimental

Apparatus
A Urica

They were then putina
mufle funace and ashed at 600°C. The ash was
treated with 20.0 mL of 1 + 1 (HCI:H,0) solution and
the resuiling solution concentrated on a steam bath to
about 50 mL. The solution was transferred
quanitatively o a 50- mL volumetic flask and diuted
1o the mark with water. The resulting solutions were
useior e daerminaionof hosphons by the yelow

am
meter (Pye Unicam, Eng\and) equipped with a print-
out recorder and a computer)
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the sample solution is pipetted into a 100- mL
volunetic flask and 20.0 mL of vanadomdybdate



reagent is added toiland the solution diluted to the
mark with water. (The vanadomdybdate reagent is
prepared thus: 200 g ammonium molybdate is
dissolved in 200.0 mLhotwater and then cooled, then
1.0g ammonium melavanadate is also dissolved
separately in 1200 L. hot water, cooled and then
140.0 mL concentraked nilic acid is added toitina IL
volumetric flask. Themolybdate solution s gradually
added to the vanadate solution and the resulfing
solution diluted 1o the IL mark with water). For the
calibration curve, 0~ 5 ppm phosphorus standard
solutions are prepared in 100 ~ mL volumetric flasks
each containing 200 ml. vandomolybdate reagent.
The absorbance of e resulting yellow solutions of
increasing intensityare read at 400 nim.

Effect of the varying concentrations of strontium
on the determinalion of calcium and magnesium
by atomic absorplon spectroscopy

Afixedmass (0.19) o each pilot sample (icentified
by bold face numbers in Table 1) was weighed in
duplicates, ashed, dssolved in 20.0 mL of 1+1 (HCI
H,0 ) solution and concentrated on a steam bath to
about 5.0 mL. The solutions were transferred
quaniitatively to 50 mL volumetric flasks. Varying
volumes of stock siontium solution corresponding to
strontium concentalons given in Table 2 were added.
The absorbance o caltium and magnesium in each
was defermined by atomic absorption spectroscopy.

Determination of Mineral Elements in Bones

transferred quanfitatively toa 50- mL volumetric flask
and made 1o volume wih waler. A blank solution was
also prepared. Allthe solutions were analyzed for the
lements of interest by atomic absorption
spectrophotometry and lame photometry in the case
sodium

Recovery studies

Known amounts of caltium and magnesium (50
mg each) as oxides were added to 0.1 g portion of the
femur of female B. indicus in triplicate. The samples
were then ashed and analjzed as described under
proposed procedure.

Comparison of resulis from proposed procedure
with those from classical chemical methods

Duplicate weighings of0.1 g of each sample were
ashed and the solutions made as described under
proposed procedure bul without the addition of
strontium solution. Ablanksolution was also prepared
for these. The solutios vere analyzed by both AAS
and classical chemical methods ~ calcium by
permanganate titration after precipitation as oxalate,
magnesium by precifiation as the quinaldinate, iron
nd titration
EDTA (Vogel 1961). The results using the femur of
male B. indicus were compared with those from
reproducibility studies invalving the same sample.

the calibration cies.
Proposed procedre

Each sample powder (0.1 g) is weighed into
crucible and pulin a muffle furace set at a
temperature of 200 fist to char and then 600°C and
heated unti the ash i fre from all visible traces of
carbon. The cruchls isremoved from the furnace and
allowed to cool. The ash s treated with 20.0 mL 1+1
(HCI : H,0) soliion and the resulting solution
concentrated onasteam bath to about 5.0 mL. The
solution is transirred quantitatively to a 50- mL
volumetric flask 6.0 mL of 50,000 ppm strontium
Solution s added and the resulting solution dilted to

pplication of procedure
Duplicate weighings ol 0.1g of each of the other

ashed and the solutins prepared as described in the
proposed procedute. 4 biank solution was aiso
prepared. The solutions. vere analyzed for th different
elements as in the proposed procedure.

Results and Discussion

Determination of phosphorus

Table 1 shows the phosphorus content of the
samples. Itis evident from the results that the bone

ter. The resulling
forthe elementsdlinterest using an atomic absorption
spectrophotomelranda flame photometer for sodium.
Ablank solutionisalso prepared and analyzed.

Reproducibilitystudies

Tripicate weighings of 01 g of the femur of female
B. indicus was sshed and solubilized as described
under proposedprocedure. I ach case, 6.0 mL of
stock strontium solution was added and the solution

from one organism to mother, irrespective of sex.
Generaly, tibia andfibula has the highest phosphorus
content for mostof the animals. The degree of
interference of phosphorus on the absorption
behaviour of calcium is supposed to be maximum in
the bone sample with the highest concentration of
phosphorus for each anmal, Bones with the highest
phosphorus content were therefore selected as pilot
<amples for the respecive animals (see bold face in
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(AOAC 1984),

Table 1. Analysis of the bones

— Anmalphosphos conkn (3G 110" bone povden

Bosidcis | Capareversa  Ovsaries S scofa Canis lamilares | Oryoioagus coicos

B (v cow (goat) (sheep) (pig) (o) ratbi)
Tials Female T7ale Forals Wals Femdh Fernas _ Fomals Taie
Famu VB2 58 0020 25 ez B 134 mar
2001 2020 005 010 k000 00 002 007
Hmens 11560 11475 234 9102 8563 1044 1600 aa7s
2012 1005 k000 002 008 0% 010 00
Radusna 11384 9530 a5 10046 1260 10481 8272 8559
2004 017 001 008 010 00 000 00
fvs 10816 10673 048 045 98B 104M 01 778
2004 002 010 013 007 00 0 007
Vedebl 10719 10786 009 57 o170 2% 916 10352
colu =001 2017 w00 00 =000
Toralioa 107,18 @21 13w 9040 10279
6 00 0w o0 000

Table 1). i the interference due to phosphorus is i the bones.  Application of the student { ~ test &

eliminated in ash solutions of those bones, then that

quantity of strontium needed to achieve this wil also

be sufficient when handling bones with fower

phosphorus content than the pilot bones.

Effect of varying the concentration of strontium

on the determination of calcium and magnesium
Table 2 shows the amount of calcium obtained with

varying concentration of strontium. It is evident that the
amount of calcium increased, with increasing

90 confidence level to replicate recovery values
showied no significant ditferences between the amoun
of element added and the amount recovered,
Obs evable variations in resuits could be attributedfo
arrent fluctuations and variations in instrumen
rspose.

Cormparison of results
Teble 4 shows that the results obtained from the

generally atstrontium concentration of 6,000 ppm. Higher

‘concentrations of strontium did not produce any better

result, Table 3 shows that increase in the concentration
tronium did not gi

increase in the amount of magnesium obtained

whether strontium was added or not. A similar result

petrol engine lubricating oils (Udoh 1995),
elements in vegetables (Udoh 1999) and
rotein sources (Udoh 2000)

in unused
metaliic

animai p
Reproducibility and recovery studies

Table 4 shows that the Proposed procedure gives
highly reproducible results. The coefficients of
Vvariation calculated were 0.00% for calcium, lead and
sodium, 2.93% for magnesium, 3.27% for iron and
3.92% for zinc at the concentration levels foundiin that
sample. Copper, cadmium, chromium, manganese,
nickel and cobalt were not detected in that sample.

For the recovery studies (Table §), analysis of the
ash solutions showed recovery of calcium to be 97,85+
0.35% while that of magnesium was 98.1620.31%. It
oll i

poposed procedure are more enhanced for calcium
thar e i from solutions without strontium,
tis 50 observed from the table that the propossd
soCeture gives comparatively good results for allotrer
dermints as those obtained from solutions without
strontium.  Although solutions with and without
sto nfum give comparatively good results except for
wlcivm, it would be uneconomic to determine other
derments without the addition of strontium and oy
alciun with strontium. Hence to determine all metalis
#le ments including calcium in bones by atomic
&bs option spectroscopy using air - acetylene flame,
te_correct amount of strontium (not less than 6,000
#rm) must be added to the bone stock solution prir
b anlysis. Although only the femur of female B.
indjcus is used to illustrate this, the same trend was
ehseved for all other bone samples. Table 4 also
s$ovs that the results obtained from the proposed
#rocedure compare well with those from classicel
h u are labori

it latter
ancd nore time-consuming.

Distibution of the elements

in the determination of the ullimate element content
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Determination of Mineral Elements in Bones

Table 2. Effea ofthe ncreasing concentration of stronium onre. anountofcacium oblained,

Pilot bonetamant ol magnesium (g/g X 10

Gongentration 52—
of strontium,
opm

C. reversa

Male
fbula)

Qaries

S.soola  C.familaris O, cunicolus
Female  Male — Femals Ve Farai i

(Tivia and (i g (Tiaang Ratiss

Fema
(TWiaand Female  (Tibiaand  Male

(Femur) ula) fibula) and uim__fibula) (Hy §
5 o i umes) iy e
T o st M B e b e

W WX 0 %o ey s oo 4

n Wy oy @E g2 omnomn e oo
ded s mum i mss smri e men 00D
WX N ma wsm  mri mels e e 29
W L mra s i mers e e 23
ot mes  seer  sore 55 wou 98 sy

39850 35068 33168

@061
40375 @004 39108 36290 30335 34719

Table 3. Effect of the increasing concentration of strontium onhe anount of magnesium oblained.

Piot bone/amaunt ol magnesium (ug/g X 10°)

Congentration 5

Pt C. reversa Qaries S serofa C.familaris O cuniculus
o Female Wale  Fema Al T e

Mele  (Tibizand (Tibiaend (Tibiaand Ragius (Tbiaend Female  (Tbiaand  Male

(Femur) _fioua) _ fibla) __fbula) o uva _fioula) _(Humerus) _fibula) (Femur)
g 778 647 743 1099 52 684 43¢ Z3 EaT}
1.000 7.12 678 1143 1105 518 g3 497 10.98 540
3,000 676 677 1102 103 145 612 497 1071 503
5,000 7.10 671 1063 1032 5 711 496 1098 430
5000 7.09 641 1411030 T3 709 424 1071 500
5,000 744 639 1099 1208 B 700 459 1.07 536
12,000 707 674 1084 1207 06 708 493 1142 571
15,000 7.08 678 136 1205 76 636 46 1142 53

Table 4. Reproducivity of proposed procedure and compari
son ofresuls using the femur of femal B. indicus.

p— SO TR X
Winsr i O
Cadn ) T00.35= 565 340202050
Magnasium 6512010 6712025
Sodum a a
014005 0142007 0152001
0122000 a a
0102000 0092002 010:000
o.
ND.
ND.
ND.
ND.
D.

Shomum N,
a Element not anayzed o7

the ribs of male O. Cuniculus to 42011 ig/g in the
fadius and ulna of male O. aries. The concentration
of phosphorus ranged from 67.70 ug/gin the vertebral
column of O, aries to 136.00 ug/g in the femur of S.
scrola (see Table 1). A close examination of the results
reveals that the bone sample containing the highest
‘amount of phosphorus need not contain the highest
amount of calcium. Generally, the tibia and fibula of

“Tible 5. Recovery sludies data using the femur of female

Bindcus.
Concentraton mg__

Eemenl—Faded mecovered X .0, recovery

3 ETET

50 4892
50 4877 4893 017 97852035
"y s0 4923
50 4893
50 4909 4908 0.5 88161031

the different animals (see Table 1) contain more
‘phosphorus than other bones. The concentration of
magnesium ranged from 3.70 ug/g in the humerus of
female C. reversa 10 10.81 ug/g in the tibia and fibula

o male C. reversa. The concentration of sodium
ranged from 10.00 ug/g in the femur of female C.
familaris 10 27.50 yg/g in the ribs of male C. reversa.
“The conceniration of ron was generally low but ranged
fiom 0.07 pg/g in the radius and ulna of male O.
aniculss to 0.27 uglg in the femur of female O, aries
and the vertebral column of male O. aries. The
concentration of zinc was also generally low and
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Figure 1. Disirbution of elemens (/g x 10" bone powder) in th: femur.
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Figure 2. Distribution of elements 19/g x 107 bone powder) in the humerus.

ranged from 0.08 ug/g in the its of malle C. reversato isin the order Ca > P > Na >Mg > Fe > Zn > Pb. The
0.38 ug/g in the humerus of female C. familiaris and  concentrations of zinc are in most cases less than
radius and ulna of female C. faniljaris. Leadwas only  those reported for human bones of the upper Silesian
detected in the bones of maleand female . indicus.  industrial district (Baranowska ef al. 1395).

The results reveal that the abundaney of the elements
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Figure 4. Distribution of elements (1g/gx 10° bane powder) in the fos,

Conclusion stock solution. The method is fast, simple, allows for
the determination of all elements in a singe sample

For a total recovery of caldum in bone ash preparation and may be extended to e analysis of
solutions in an analysis by AAS, at least 6,000pPM  other bones not covered in this work Altiough the
(0.8%) of strontium should be presentin the sample  use of strontium or lanthanum to eliminae inlrference
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Figure 6. Distributon of elements (ug/g x 10° bune powder) in the tibia and fiouia,

I e

which brings about the desired efect n different X

matrices will continue to be a subjectof research, The author s grateful to the following people for
their roles in this work ~ Idoroenyin Etim, Nsongurua
Udo, Victor lyoho, Benjamin Ajulibe, Nkoyo Edet,
Aniefiok Ufot, Love Ebong and Paulina Asanga.
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