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The study was undertaken to investigate flame photometric determinations
of magnesium in solutions of ash from biological samples collected during
metabolic balance experiments. Two general methods for elimination of inter-
ference by other ions were studied. In one adverse effects were eliminated by
addition of anions and catioas to the standard solutions in amounts comparable
to the levels in samples to be analyzed. However, this method was discontinued
because the atomizer burner of the flame photometer became too badly clogged
for further use. Poorly volatilized calcium sulfate and phosphate may have

been responsible.

The other method depends on removal of interfering anions by precipita-
tion and addition of interfering cations to the standard solution. The first
procedure investigated involved removal of phosphate and sulfate ions by
precipitition with stannic chloride and addition of calcium, of calcium and
sodium, and finally of calcium, sodium, and potassium to the standards to
compensate for the varying amounts present in the samples. Reproducibility
of analysis, recovery of added magnesium, and agreement of values obtained
by the flame photometric and a colorimetric determinstion were criteria for
evaluation of the method. Standard curves were reproducible in all series of
determinations but replicate analyses of solutions were in poor agreement.
Apparent magnesium concentration of solutions of ash and recovery of added
standard were dependent on the amount of magnesium in the diluted sample
analyzed. Agreement of magnesium concentrations obtained by the two
methods was satisfactory only for the series in which calcium alone was
added to the standard solutions,

Precipitation of phosphate and sulfate ions with barium and ferric
chlorides from standards and samples was the other procedure studied. In
one series of determinations calcium, sodium, and potassium chlorides were
added to the standards to compensate for the amounts found in the samples.
Reproduci:bility and recovery of added magnesium were no better than those
obtained by previous determinations. Influence of the concentration of the

Form G-20



solution analysed upon the apparent magnesium concentration of the original
solution of ash was not eliminsted. Results obtained by the flame photo~
maetric method were in every caze much less than those from colorimetric
determinations.

The procedures for flame photometric determination of magnesiuvm
in ash from food, fecea, and urine samples were generally unsatiasfactory
judged by all of the sriteris studied. Processes required for removal of
the interfering anions snd addition to the standards of interfering cations
were 0 time consuming thet the flame photometric method studied had
little advantage over colorimetric methods in this respect.
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~HAPTER I

INTRODUCTION

Aiineral metaboligra in human subjects ig one aspect of the
researci in progress in the Nutrition Lepartment at the University of
Tennessee. Wiaen a study of magnesinm metaboliem was initiated a
colorimetric method was sought for magnesium determinetions in
saiapies coliected in tue metlaboiic balance studies. A alazole yellow
celorimetric procedure, developed for sanalysis of plant tissus, was
uodified for analysis of ssn solutions of Iocod, feces, and urine. {ae
wethod has proved thoroughly satisfactory and is falrly rapid, dow-
ever, because of the large number of samples to be anslyzed, use of
a considerably fastier flawie phoilomelric analysis seeraed desirable if
conditions saitable for wiagnesium Jeterininstion in tae biclogical
naterials could be established,

winer ions present in the ash from food, feces, and urine
interfere with magnesium analysis by whe flame pactomeiric msihod,
The purpose of the work reported in this paper was to investigaic
procedures available for elimination of interference by sulfate,
phogphate, calcium, sodium, and potassium in an attempt to find
conditions which would permit satisfactory maegnesium determinstions

i



in tae types of ruaierials 10 be analyzed. lieproducibility of analyses
made at two different sample concentrations and in different series of
determinations, recovery of magnesiua added o goluiions of as., and
agreement of resulis wita those obiained by colorimetric analysis o«

tne same samples were criteria for evaluation of procedures,



CHAPTER I

REVIEW OF LITERATURE

Up to the .alddle of the {wentleis century, analysis of biclogical
raaterials for magnes.us was nade by the tedious graviraetric
method. The determination is extremely time consuming and subject
to several sources of arror. ULevelopment of several colorimetric
procedures provided rouch more rapid methods of analyseis (Thomas,
1858; Andrews, 1980). dHowever, the various methods described
were frequently satisfactory anly in the hande of the autaors., As a
resuit conflicting evaluations of the colorimetric procedures are
found in the literature. Use of the rapid flane photometric method
ior magnesium determination has received attention slso (Hathaway,
L962).

Fiame speciropaotometry has been in use nearly 100 years
for the gualitative identification of metals but prior to 1826 the
literature disciosed little work on the use of flame spectrophotometry
for quantitative snalysis (Gilbert et al., 1850). Since that time
spectroscopic determination which eliminateg or reduces cheqical
treatment of samples has attracted the attention of analysts (West et al.,
1950). With the development of the photonultiplier tube which mignt

3



permit determination of those elements that exit radiation weskly in
the flame (Brealey and Ross, 1951), interest of numerous investigators
has been directed toward adaptation of the flame photometric raethod

to magnesium determination (Knutson, 1357; ianna et al., 1857;

Knox, 1980; Alcock et al,, 1980; Andersen et sl,, 1882).

Flame photometers such as those menufaciured by Feriin-
Elrer, Baird Associates, and Beckman Instruments are com:sercially
available (iargoshes aad Vallee, 1553), Tae inatrunent consists
sasentially of 3 parts: (1) the pressure regulators or flow neters for
the fuel gases, (2) the atomizer, (3) the burner, (4) the optical system,
(5) the photosensitive detector, and (8) the inatruaient for indicating or
recording the output of the detector (villard et al., 1558).

The flam e photometric method can be used to analyze sinall
cuantities of material or deter:nine low concentrations of most of the
elements which exhibit flame spectra. Two advantages of the rmethod
are precision and speed (Caton and Bremner, 1954). dowever, this
method generally is not credited with accuracies exceeding + 3.5 per
cent of the amount preseant (Uean and Tanompseon, 1955). In practice,
optimal precision and sensitivity are achieved only when the many
factors affecting ernission of lght and its messurement are recognized
and controlled, Some factors influencing precision of measurements

are: (i) the burn@r, (2) components of the flame, (3) monochromator,



(4) detector, (3} amplifier, {3} composition of the sarnples, and (7)
the solvent used {siargoshes and Vallee, 1955).

The principle cause of difficulty with flame photometric
analysis is direct interference effects of other elements such ss
nonbackground radiation which can occur when an emission line falls
within an emission band of another ion or when an intense line
emission i adjacent (Gilbert et al., 1950). In addition background
radiation serivusly alfects determination of weak emitters. In tue
case of magnesiu.n, the flanne background at 285, 2 milllinicrons
{hereafter relerred to as p) is extremnely complex., An intense
sodiwn Une occurs &t 265, 3 mp (Alcock et al., 1960) and a calcium
oxide band &t 354 mp (Willard et al., 1958). Background radiation
increuses also with the proportion of acetylene in the fuel usea for
the {lame, but tais can be kept at a rnisimum by reduction of the
slit width (Knutson, 1907).

several investigators have reported interference by a nu.uber
of anions and cations. Baker and Johnson (1654) obtained resulis
which indicated that pyrosulfste and pyrophosphate ions may be
respongible for flame anomalies which decrease the calcium filame
intensity, Dippel et al. (1954) found by plotting emission intensity of
calcium and of magnesium at constant concentrations against the

concentration of phosphate that the emission intensity passed tarough



a minimum after whica it increased until enhanceraent occurred at
phosphate concentrations exceeding one molsr. willard et al, (1858)
stated that phosphate and sulfate could form coinpounds with calcium
which bad comparatively high melting and boiling points so that
calcium ions could not be made available for excitation, idargoshes
and Vallee (1953) reviewed evidence which showed calcium aulfate
and celciurn phosphate to be less volatile than caleclum chloride,
thereby suggesting poesible interference. limination of interference
imay be accomplished by cilution of the sa:uple until the effect is
negligible, by addition of salte to the standard to approximate the
composition of the sample, or by removal of the interfering sui-~
stances (Caton and Bremner, 1854).

Permissible concentration ratios between interfering cutions
and elements to be determined generally increase when solution
concentrations decrease, Conrad and Johnson (1350) found that
interferences of cationic nature were greatly reduced at high
dilutions, Caleium interieres in magnesiu.a deterciination by en-
hancement of magnesium emission and sodiuc: and potassium by in~
ereasing background radiation {nox, 1960). Uippel et al, (1954)
also found cationic interference with calciuwa and niagnesiuin
analysis minimized at high dilutions, The hydrogen ion effect wae

established as insignificant by Baker and Johnson (1954) but the



Uii band spectrumn was found to interfere with the magnesium line
(willard et al., 1958),

Addition to the standard of ions to approximate concentrations
in solutions of biological materials was suggested by Alcock et al,
(1880), In this way, enhancement or suppression of magnesiun
emission by the interfering ions in the gtandarda corresponds to
similar effects in biological materials and errors introduced by
varying levels of interfering ions in the gamples are reduced., The
authors found that addition of a commpensating solution to the mag-
aeslu: standards permitted satisfactory calcium and magnesium
deteriainations in plasina, urine, and asi solutions {fro: feces,
using a Zeiss flame spectrophotometer FMGIL, West et al. (1550)
alzo believed that if high constant amounts of diverse cations were
added 10 the standard solutions small concentration variations in the
saples would be without effect ypon the emission stirength of the
metallic ion ln agueous sc.utions.

Elimination of snion interference has been discussed by
several investigators. Margoshes and Vallee (1355) suggested re-
moval by precipitation and Dippel et al. (1354) recorumended removal
by an anion exchange reain prior to analysis. Leyton (1954) stated
toat complete elimination of phosphate was necessary if reliable

calcium determinations were to be inade with the flame photometer,



Altough this tecinigue had not been used in his laboratory, he feit
that an indirect separation by calcium sdsorption and subseguent
elution from a cation exchange resin column was a promising proce-
dure, Margoshes and Veallee (1855) advocated removel of phosphate
and sulfate by precipitation with stannic chloride, OStannic sulfate
and phosphate precipitate within a {ew rainutes, followed by the Ly-
drolysis of excess stannic chloride to form gelatinous stannic acid
whicia is readily removed by centrifugation. in this way ell excess
reagent is removed fron: the golution., bLeterwinations of calciumn in
vivlogical fluids by this procedure appeared satisfactory and §5 per
cent recovery of added calciuin was obtained. oSonaw and Veal (19566)
eliminated phosphate interference in magnesium and calcium deter-
minations on seil exiracts by precipitation with ferric chloride., -
modification of tais ruethod by Steryes (1962) has been used success-
fully ior analysis of plant tissues from which phosphate and sulfate
were removed by precipitaiion wita ferric and bariwmn chlorides prior
1o analysis,

Thae use of organic solvents has contributed to the utility of
flame spectrophotometric methods of analysis (Cernes, i861). It has
been reported that with the use of organic avlvents, the possibility of
bringing more trace sle:nents within the range of measurement of the

flame photometer and the use of gmaller samples now exists (Kingsley



and Schaffert, 1852; 1854). Tuese suthors were able to make flame
photoceiric determinations of godium, potassiam, sand caleiun on
extremely small biological spechinens, ULiffsrent solvents were
found to produce varying levels of emission enhancement, acetone
being the most effective. Small amounts of alkall and alksline earth
slements in lubricating oils were successfully determined through the
snhanced smission in solutions of organic solvents (Conrad and
Johnson, 1950). The organic solvent acts as a fuel and by its com-
bustion incresses the temperature of the flame whereas energy must
be spent i heating and evaporating water from aguecus solutions
aspirated into the flame (Dean and Lady, 1955; Kaox, 1680),

Une other method for at least partial elimination of interfering
anions has been studied by several authors. This depends upon separ-
ation of & cation from anions and some of the interfering cations by
exiraction. The particular ion is made soluble in various organic
asolvents by the use of an appropriate chelating agent and removed
from the aquecus solution (Desn sad Lady, 19535; Dean and Cain,
1837). Cames (1561) showed such a procedure was satisfactory for
yitrium determination and Knox (1060) suggested application of the
technique in magnesium saalysis.

Use of atoamic absorption spectra presents a new and promis-

ing method of photometric analysis with sdvantages over the emission



10
methods. Theoretically, the method should be leas susceptible to
intereloment effects (Walsh, 1935). Sensitivity is so great that inter-
ference can be largely eliminated by extreme dilution (Parker, 1963),
Because analysis of biologicel materials for magnesium by flace
spectrophotometry is generally unsatisfactory, use of the atomic
absorption methed for magnesium has received considerable study.
Allan (1858) found reproducibility of magnesium analysis in plant
naterisl and soil exiracts to be within one per cent., He stated that
provided sufficient regard was paid to physical properties which
¢ould influence the atomization and t0 chemical constituents whica
could combine with magnesium in the flame, the :nethod should be
applicable to any solution containing :nagnesium. Dawson and
Heaton (1931) found reproducibility of analyses of biological
materials by the stomic absorption method to be within one per
cent on 40 different samples. Work completed by Willis (1830) con-
firmed the report by Allan that the prasence of sodiuny, potegsium,
caledum, end phosphate did not sifect the magnesium determination,
Atomic sbsorption determinations of magnesium may prove especially
beneficial in analysis of biological msterisls,

In the opinion of Hathsway (1982), no satisfactory method for
the determinstion of magnesium in biological materials has been re-
ported. Tie colorimetric procedure in use in the Nutrition laboratory
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at the University of Tennessee has given excellent reproducibility
and satisfactory recovery of added magnesium in the analysis of
solutions of ash fromn food, feces, and urine (Andrews, 1960).
Nevertheless, the possibility that flame photometric analysis might
be more rapid, if a procedure suitable for magnesium deiermination
in these samples could be found, prompted the studies reported in

this paper.



CHAPTER Il
PROCEDURE

A study of flame photometric determination of magnesium in
biological materials was made using a Beckman Model DU spectro-
photometer with photomultiplier and flame attachments. The sample
aspirator and excitation source was a model 4030 acetylene atornizer
burner. Although the acetylene-oxygen {flame has the disadvantage of
considerably greater background interference than the hydrogen-
oxygen flame, use of tha hotter flame is necessary for excitation of
weakly emitting fons such as magnesium,

The instrument was adjusted for maximum transmittance dial
reading at 588 mu with tap water from which air had been removed by
boiling, This setting on the wavelength dial corresponded to the 588
mp sodium line. Final mirror adjustinent reduced flame background
to its minimum. The peak of the magnesium line was located by noting
maximum deflection on the null meter when a solution containing 1000
parts per million of magnesium was sprayed while rotating the wave-
length dial from 234-287 mp at a slit width of 0. 06-0. 1 millimeters
(hereafter referred to as mm). The dial reading of the instrument
corresponding to the 285. 2 mp magnesium line was 285, 9., This

12



13
setting was verified repeatedly and could be located with a slit width
less than 0, 02 am.

Instrument dial settings found most satisfactory and used

throughout the study unless otherwise indicated were:

Selector switch . 1

Sensitivity 5.0

Zero suppression 3.0

Wavelengin 235,93 mp

blit width . 025 am

Oxygen 15. 0 pounda per square inch

(hereafter referred to as
pei)
Acetylene 3. 0 psi,
The power supply unit was not turned off between determinations and
the selector switch was left on "'check.' Nevertheless 2 warm-up
interval of at lenst one hour prior to 2 series of determinations
proved necessary for smooth operation.

For each series of analyses, a standard curve was prepared
using a blank and standard solutions of magnesiun sulfate supplying
the ion at concentrations of 5, 10, 13, 20, 30, and 40 micrograms
(hereafter referred to as jug) per milliliter (hereafter referred to as

ml)., At intervals during a series of determinations the transmittance



14
dial was set at 100, the most concentrated standard solution aspirated
and the null meter returned to serc by slight adjustinent of the sensi-
tivity control knob,

The materials to be analyzed were composites of food, feces,
and urine which were collected during a metabolic balance study at
the University of Tennessee., Aliquots of the composites were weighed
into silica dishes, dried under infrared lamps, heated over a flame
until volatile matter was removed, and ashed in a muffle furnace at
550 degrees centigrade (nereafter referred to as °C) for 15-24 hours.
Hesidues were cooled, moistened with deminerslized water and
treated with a small amount of concentrated hydrochloric acid to
dissolve the ash. After further dilution, the sample was fiitered
through ashless {ilter paper into 2 volumetric flask and diluted to
volume, The calcium content of the particular composite determined
the amount of slurry ashed. Aliquots of these solutions were further
diluted with demineralized water to contain less than 40 ug mag-
nesium per ml. Samples chosen for use in this study included
solutions of asix from 4 food, 4 feces and 4 urine composites. All
had been analyzed for magnesium by the Tennessee modification
(Thomas, 1956; Andrews, 1860) of the Young and Gill (1951)
colorimetric method and for caleium by the oxalate-permanganate

procedure (ACAC, 1980, p. 180). Phosphorus levels had been
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determined by the microchemical method (ACAC, 1980, p. 644) modi-
fied for determination with a photoelectric colorimeter, The mag-
nesium concentration of the ash solutions determined by colorimetric
analysis served as a reference to aid in evaluation of results obtained
in the present study. Reproducibility of analyses at different dilutions
and at different tinies, recovery of added standard at varying dilutions,
and agreement with colorimetric determinations were criteria of
adequacy of the flame photometric method investigated.

Four procedures suggested for preparation of samples contain~
ing interfering anions and cations are elimination of interference by
dilution of the sample until interference is negligible, addition of
salts to the standards to approximste the composition of the sample,
removal of interfering substances, and extraction of the cation with
an organic solvent, The dilution method was not feasible because the
calcium and phosphorus content of solutions from food and feces was
several times the magnesium content of the samples., Extraction
seemed to present error problems that made it appear undesirable
also. Therefore, the other possibilities were chosen for study.

The procedure selected for initial study was that of Alcock
et al, (1960), In the colorimetric determination of magnesiun:,
interference by many of the inorganic ions present in biological

inaterials is eliminated by addition to standards and samples of a



13
compensating sclution supplying such iong at the maximum effective
concentration, Eecauase of experience with the effectiveness of a
compensating solution in the colorimetric procedure, the flame photo-
metric method described by Alcock et al. (1960) for detorfnimtion of
magnesium in biclogical materials seemed likely to be suitable, also,

A standard solution of magnesium was prepared from
Mg804. THoO which had been dried at 300°C in a muffle furnace for
7 hours; placed in a 100°C oven for at least cne hour; cooled and
weighed; returned to the furnace for one hour; cooled as before and
reweighed., A 1,2375 gram (hereafter referred to as g) sample of
the anhydrous salt was dissolved in distilled water and diluted to
259 ml to give a standard solution containing one milligram (hereafter
referred to as mg) of magnesium per inl of solution. The compensat-
ing solution described by Alcock et al. (1980) supplied in the mag-
nesiumn standard solutions caleium, sodiwmn, potassiwmn, chloride,
sulfate, and phosphate in concentrations correasponding {0 maximum
amounts found in normal human plasmsa, feces, or urine.

For the present study, standard solutions of magnesium were
prepared containing 0, 5, 10, 15, 230, 30, 40 pg magnesium per ml
with the same amount of compensating solution in each. Analysis of
these gave the standard curve for each determination. Analyses

were made on two consecutive days. By the end of the second series



19
of determinations the rate of aspiration of the aamnples was notice-
ably reduced and aiuall lumps of black and white materials popﬁed out
of the burner at intervals. Tue evidence thai non-volatilized material
was clogging the burner indicated that the method was unsuitable with
the type of burner available and the study of this procedure of neces-
sity was discontinued.

The other general method used for elimination of interference
is removal of the offending ions by precipitation. The fact that sulfate
and phosphate reduce emission of calcium in the flame by formation of
campounds with extremely high melting and boiling points suggested
that the solid material deposited in the burner might well be calclua
sulfate and phosphate mixed with carbon., Hemoval of these anions
appeared the next step in the attempt to develop & procedure for
magnesium deterruination.

Margoshes and Vallee (1955) proposed precipitation of phos-
phate and sulfate with stannic chloride. Giance excess stannic ion is
removed by hydrolysis and precipitaticn of stannic acid, the uethod
has the advantage of avoiding cation contaunination. This siiaple
method to precipitate phosphate and sulfate ions frou: the solutions of
ash was instituted. The amount of stannic ion necessary to react
with the phosphate and sulfate in the saiaples was calculated, assum-~

ing the sulfate content to be siiilar to that reported by Macy (1842)



18
and using the phosgphaie concentration already deter:nined, A golution
of stannic chloride in 95 per cent ethyl alcohol was prepared contain-
ing 1. 38890 g snClyc 5dgU per 100 ml. This solution furnighed 0. 46
mg etannic ion per mi. aliquots supplying stannic iut needed for
precipitation of waximua smounts of sulfate sad phosphaie pgrobably
present in any diluted azh solution were acded to equal volumes of ali.
Lolutions were allowed to stand at lea: . . hours for precipitation,
centrifuged at 2000 revolutions per winute (hereafter referred ic as
APA) for 15 minutes in an International Centrifuge i:odel V, size 2,
and supernatants saved for analysis, OStandard soiutions were pre-
pared each containing . U2 mg caledum and 0~40 pug wmagnesium per
wl., Although no phosphate was present in these solutions snd the
sulfate level was iow, an amouni ¢i tae ethancl-gtannic chloride
aolution equal to tnaat used per mi of ash solution wag added io insure
constant dilution of sa.ples and standards, Frecipitation and cenirif-
ugation were carried out in exactly the sane msaner a3 ia the sam-~
ples. bupernatanis were aspirated in the fla:us (¢ obtain points for a
curve and sample readings.

in a preliminary trial, complsteness of precipitation was
verified by addition of a second aliquot ¢of stannic chloride solution,
The gelatinous precipitate walch again formwed evidently congiated

entirely of stannic acld since except for slighily reduced transmittance
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dial reading resulting {rox: dilution, neither the standard curve nor
the analyses were altered by the second precipitation. In all sub-
sequent analyses oue treatment with stannic ciloride was considered
sdequate for complete remsoval of phosphate and aulfate iona.

By this method, phosphate- and sullate-free diluted golutions
of agh frown food, feces, and urine were prepared containing mag-
nesium ion in concentrations of 5-40 ug per :1al. For each sample of
all types of solution, the magnesiumn concentration of one was double
that of the other., ilecovery samples were prepared similarly con-
talning 3 or 10 ug of added magnesiam per ml of the more dilute
solutions., Standard readings and sample analyses were carried out
on 4 separate occasions, Lack of reproducibility of analyses and
unsatisfactory recovery of added standard indicated that other ions
present in varying amcunts in the solutions of ash were interfering
with magnesiua determination. Since background radiation is in-
creased by sodiwmn ions, the relatively large amounts of sodiui
presumably present in solutions from food and urine were suspected
of being responsible for the lack of reproducibility,

In the next series of experiments, influence of sodiwm fon
concentration on sample unalyses was studled. Standard solutions
were prepared containing the same amounts of calciurn and mag-

nesium as before but with sodiuin chloride added. Hodium ion
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concentrations were .03 or 0. 3 qug per inl of final geolution. ~aos-
paate and sulfate lons were removed by precigitation as before from
standards and samples., In an attemnpt tc reduce further the back-
ground radiation, the slit widih was reduced ¢ , 0132, ., 4t the
Boune fline oxygen pressure was lowered to 13 pei to produce & some-
what hotier flarne, amples at two dilutions, and recovery sanples
were read ag befors againgt the new 3¢ - Jard solutions, Ueteruin-
etions were made on three seperate occasions, Firally, samples
were road againet standard solutions containing potsssiam chlorvide,
also. Fach solution, prepared as before, contained . 02 :ay calciam,
U. 3 ing sodiuiz, and .04 ng potassiwn with 0-40 pg magnesium per
e Steps in the aunalysis were the sa:ne as thoce followed in all
previous series,

Reproducibility of analysis and recovery of added :zegaesium
weare studied in another series of determinations in which plwsphste
and salfate were removed using ferric and bariva lons es precipitat-
ing agents. Soluticns of bariumn caloride and fax*xﬁm ehloride suppiy-~
ing the icns at lavels aseded for precipitation of maxiiumn amownls
of sulfate and phosphate astimated in the Jdiluted ush solutions were
added in aqual voluiaes per mi to all sanples. Solutions were nade
slightly alkaline by the addition of anruonia.u hydroxide, Standard

solutions were prepared containing . 02 my calelauc, 0.2 mg sodlour:,
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and . 04 myg potassiuwm, and 0-40 ug magnesium per rul. Since the
only sniong present were sulfate and chloride, addition of ferric ion
was omitted, The same volumes of barium chloride and aw:monjfurr
hydroxide used in each solution of agh were added to the standard
solutions together with a volume of demineralized water equal to the
amount of ferric chloride solution placed in the samples. Following
an interval of about 12 hours, the precipitate was removed by
centrifugation. Thae phosphate- and sulfate-free sclutions of ash and
ash solutions containing added magnesium were suzlyzed sgainst the
standards in 4 separate determinations.

Reproducibility of analyses under each set of conditions was
studied. Apparent ciagnesium concentrations of the original solutions

of ash were compared with those obtained by colorimetric analyses,



CHAPTER 1V

RESULTS AND DISCUSSION

Calcium interferes with flame photometric determination of
inagnesium by enhancement of emission and the effect varies with
the concentration of both magnesium snd csliciurn in the solution. Be-
cause marked differeaces in calcium concentrations in solutions of
food, feces, and urine existed, it seemed advisable to begin the study
by using standard solutions which contained an amount of calcium
comparable to the maximum amount present in the diluted solutions
of ash. Calcium cnloride was added to sll standard solutions te
furnish . 02 ing calclum per ml,

Preliminary study of emission radiation obtained when the
standard solutions of magnesium were aspirated into the oxy-
acetylene flame siowed that the relationship between enission and
concentration was not linear and that the increase in emission with
increasing concentr:iion rapldly decreased above 20 ug magnesium
per ml, Consequently in this study, sll samples were diluted to
furnish low concentrations of magnesium ions and the maximum
concentration of the standarde was 49 g per ml. With one exception,
in all the studies to be discussed interfering phosphate snd sulfate

22



ions were removed by the addition of stannic chloride solution to
standards and ash solutions prior to analysis.

A typical standard curve for magnesium solutions contsining
. 02 mg calciun per ml is shown in Figure 1. Bach value used for
the curve represents the mean of 4 separate determinstiona. The
replicate readings for a particular solution were in good agree:nent.

waen sodium chloride as well as calcium chloride was added
{0 standard solutions, sensitivity appeared to be slightly increased at
magnesium concentrations below 20 ug per mi but was unaffected at
higher levels. Reproducibility continued satisfactory. At the time
potassium caloride as well a8 calcium and sodium chlorides was
sdded to all standard solutions the oxygen pressure in the fuel was
reduced in an attempt to increase magnesiwmn radiation emission by
using a slightly hotter flame. Thae slit width in the instrument was
decreased at the same time in the hope that & decrease in background
radiation effect raight be obtained. Simultaneous introduction of
changes in physical conditions and in composition of standards was
inade because preliminary trials showed that decrease in oxy;en
pressure and slit width produced no improvement in reproducibility
of sample analysis. Under these conditions, little change in the shape
of the standard curve was found in the concentration range studied.

The steepest part of the curve was still found at magnesium



24

100
80
®
i
@
o
W
Q
»
§ 70
]
g
& 60 |
Lo
<
10 |
(4] Y M 2 4

0 10 20 30 49

Magnesium Concentration (ug/ml)

Figure 1. Standard curve for magnesium solutions containing . 02 mg
calcium per ml.
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concentrations below 13 ug per ml. Reproducibility was not altered.
Addition of these interfering cations to the standard solution to com-
pensate for equivalent amounts in some of the samples appeared to
bave no adverse effect on the relationship between radiation exission
and magnesium concentration in the standard solutions.

The standard curves indicated that greatest sensitivity of
response to changes in magnesium ion concentration might be expected
below 10 ug per ml. However, preliminary analyses of very dilute
solutions showed such variability that dilution of samples to contain
approximately 10 ng magnesiurn per ml seemed advisable. Inclusion
in each series of determinations of other samples having double the
low concentrations was necessary if adequacy of compensation for
cation interference was to be studied. Solutione of ash obtained from
food, feces, and urine composites were chosen for analysis in order
to determine the accuracy and reproducibility of magnesium znalysis
for all three types of biological materials. Any method of analysis
used in metabolic balance studies muet be applicable to feces and
urine samples as well as food.

Results of replicate analyses for magnesium using standard
solutions containing . 02 mg calclum per ml sre presented in Table 1.
bolutions of ash designated as Food A and B, Feces E and F, and

Urine J sand K were those prepared from period composites collected



TABLE 1

REPRODUCIBILITY OF MAGNESIUM DETERMINATIONS IN

ASH SOLUTIONS OF FOOD, FECES, AND URINE WHEN
STANDARD SOLUTIONS CONTAIN ADDED CALCIUM

Solution  Dilution Magnesium (pg/ml)
of asi 1 2 3 4
Food
A 1:2 25.0 20,8 23,5 24,0
1:4 11.5 8,3 11.8 11,8
B 1:2 39.5 34.5 38. 0 40,0
L 17.3 17.0 29, 0 13,0
Feces
E 1:5 18.7 12. 6 18,9 18,9
1:10 T. 2 8.8 3.0 3. 8
¥ 1:5 16.5 18,4 15,0 13.0
1:10 8.2 5.9 .2 2,08
Urine
J s 19. 2 17.0 18,0 18,3
114 9, 8 8.9 10. 4 7.2
K 1:2 1.3 17.5 20,9 18,8
1:4 10,2 8.0 11.8 8. b
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in 2 metabolic balance experiment. Tae concentrations of these
solutions were suitable for calcium analysis. For flame photometric
magnesium determinations, the solutions were further diluted as
indicated and each solution was analyzed at two dilutions. Analyses
of food ash solutions were not reproducible at either concentration,
hiamimwn difference in the apparent magnesiun concentration in the
series of replications for Food A (1:2) was 38 per cent of the low
value, Ueter:ninations on the same sample at the 1:4 dilution differed
by 38 per cent. In the case of Food B, agreement between the repli-
cate analyses of the more dilute solutions appesred no better than
that found for solutions with twice as :uuch magnesivum, Noreover,
the apparent concentration of the solution of ash was dependent on
the aunount of magnesium preseat in the sample analysed because in
every case estimates made on the more dilute selutions were less
taan half that for the more concentrated. Differences of one to 1§
per cent were obtained, In the case of solutiens from feces and
urine, agree:ment between replicate analyses was no better and
apparent magnesiva concentration determined was again dependent
upon the magnesiu:n level in the solutions analysed.

in Table II are presented data from replicate anslyses of
more dilute solutions of ash together with those obtained when

aliquots contained 5 or 10 ng of added magnesium per ml. From



TABLE Ul

RECOVERIES OF ADDED STANDARD IN ASH SOLUTIONS OF FOOD, FECES, AND URINE
WHEN STANDARD SOLUTIONS CONTAIN ADDEDL CALCIUAM

e YOy Y e g S S O N ST oo gty 3 S S g = SRR
Magnesium (ug/ml)
Solution Sample analysis Standard Amount found Average
of agh 1 2 3 _ 4 added i 2 3 4 ___recovery
%

Food
A 11. 56 §.9 11.8 11.6 S 14.8 12,8 18,5 18.8 99+31
‘ 10 18.5 18.3 22,5 22.4 96+18
B 17.8 19,0 20,0 18,0 5 21.1 35.8 21.2 28,7 108%715
10 24.8 35.8 30.9 31.0 121%48

Feces
E .2 8.8 8.0 6.5 H] 2.2 10,0 11,2 13,3 9238
i0 14.2 14.8 18.0 18.0 961235
¥ 8.2 5.9 7,2 5.5 5 11.5 8.7 11,2 13.3 104+38
10 13.8 14,3 18,3 19,9 103+28

Urine
J 8.8 8,8 10.4 7.2 & 13.4 11,9 15,5 14.5 94+38
10 1.2 17,0 20,8 20.0 96r24
K 10.2 3.0 1it.38 8.5 & 13.9 1.9 138.0 14.0 38443
10 16.2 18.3 19,3 19,0 39427

f s o e R Y R SR RO
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the difference between the apparent magnesium concentration of the
recovery sample and that obtained from analysis of the dilute solu~
tions in the same series, percentage recovery for each replication
was calculated, Average recoveries ranged from 88 per cent in the
case of Urine X to 121 per cent in the case of Food B. Far more
serious, however, was the fact that differences between the repli-
cate determinations were tremendous., As might have been expected,
the standard deviation of the mean recovery was in all cases smaller
when the larger amowunt of standard wase added, but even then
standard deviations were between 18 and 48 per cent when average
recoveries were 56 and 121 per cent, Again, analyses for one type
of sample appeared little better than those for the other two.

The apparent magnesiun concentrations of the original
solutions of ash calculated from analyses of each solution at two
dilutions sre compared in Table Ill with those previously determined
by the thiazole yellow colorimetric method (Hunt, 1963). When the
more concentrated solutions used in the present study were con-
sidered, analyses of solutions of ash from food obtained by the two
methods wers in excellent sgreement. Results of the colorimetric
analyses wers only slightly higher than those of the present study,
Ditferences were considerably greater if results obtained in analysis

of the more dilute solutions were compared with the colorimetric



TABLE I

COMPARISON OF MAGNESIUR DETERMINATIONS BY TWO METHODS
AND RECOVERY OF ADDED STANDARD IN ASH SOLUTIONS WHEN
STANDARD SOLUTIONS CONTAIN ADDED CALCIUM

o g e

Solution Dilution Colorimetric Flame photometric Difference yﬁécover;added standardb

of agh analysis analysis Spg 10 pg
»rg Mg/ml % %

Food A 1:2 50. 2 49, 0+8, 52 -2, 4

1:4 43,2486, 1 91+1 523
Food B 1:2 8.9 78.0+5.0 ~1.2

1:4 72, 645, 1 87+13 105+ 20
Feces E 1:9 88,7 19.1+10. 1 -9.8

1:10 71.2+3.0 90+7 94+12
Feceas F  1:5 84. 8 83.4%8. i +22.3

1:10 82.0+7. 3 GT+8 91+15
Urine J 1:2 38.5 36.8+2.0 -4, 8

1:4 36.3+5.9 35710 8149
Urine K 1:2 35.8 38.0+2. 3 +8. 3

1:4 31.3+s. 7 93+8 94+3

85tandard deviation.

bsamnple concentration used in calculation was one-half analyzed value for 1:2 dilution
of solution of ash,

of
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analyses, The agreement between the colorimetric estimate and the
average apparent magnesiun concentration of urine determined at
two levels in the solutions of ash was satiafactory. ODiiferences of
about 8 per cent between determinations were found. In the case of
fecal samples, agreement between the results obtained in the two
methods was poor. For sample K, results of the colorimetric
analysis were 10 per cent higher and for sample F, 22 per cent
lower than those of the flame photometric determinations.

In the calculation of recovery of magnesium added to solutions
of asi presented in Table II, the difference between the apparent
magnesiun concentration of the dilute solution of ash and that con-
taining added standard was considered the amount recovered, Since
almost invariably the amount found in the more dilute solution was
less than half that of the more concentrated, it seemed probable
that the influence of magnesium concentration on its determination
was & reason for unsatisfactory recoveries. Consequently, re-
coveries were recalculated using the difference between the analyses
of the recovery sample and one-half that of the more concentrated
solution of ash. liesults are included in Table lll, Average re-
coveries calculated in this manner would indicate greater accuracy
than the previous results, For asnh solutions of food, average

recoveries were from 91 to 105 per cent and standard deviations
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renged fro:m 7 to 20 per cent. Feces sauples had lower percentage
recoveries and standard deviations were no better than for food
samples. Average recoveries for Urine J were 95+10,5 and 87%5, 3
per cent but for sample i recovery dropped to §3+5. 2 and 94+8, 1
per cent,

Except for Feces I, agreement between anslyses by tae
colorimetric method and average apparent ragnesium values ob~
tained by the flame photometric nm:ethod were acceptable, rdowever,
lack of reproducibility of analyses and dependence of the apparent
magnesium concentration on the particular dilution of the sample
analyzed indicated that the method was unsuitable for analysis of
samples of food, feces, and urine, possibly because of interference
by ions other than calcium in the solution of agh, Two ions other than
calciuin present in large amounts in the biological samples analyzed
were sodium and potassium. Both emit strong radietion and inter-
fere with inagnesgium determination through increasses :n background,
The sodium line at 285, 3 mnp 18 s0 close 0 the magnesium line that
interference by sodium seemed a possible cause for difficulty,

A new group of standard solutions was prepared in which
sodium and calcium were present in constant ainounts. ‘The quantity
of sodium ased by Aleock et al. (19680) in & compensating solution and

that estimated to be in the solutions of =gh was 0, 3 :nyg per ml,
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However, because of difficulties encountered with clogging of the
burner in the preliminery study of solutions in which sulfate and
phosphate had not been removed, it seemed inadvisable to add any
aalts at concentrations higher than necessary. Therefore, sodium
was added to the standards at only . 03 mg per ml. Values for
replicate analyses for magnesium using the standard solutions con-
taining added calcium and sodium are listed in Table IV, solutions
of ash of food analyxed at two dilutions varied in apparent concentra-
tion by as much as 30 per cent, In solutions from food, the apparent
concentration of magnesium determin_ecé on the inore dilute sample
again failed to agree with that obtained with the more concentrated,
tiowever, estimates were sometimes greater and sometimes less,
Samples of ash solutions of feces and urine gave no better agreement
between replications and differences i{n estimated mmagnesiu:a con-~
centrations obtained at two dilutions were from O to 20 per cent.

kHeplicate values for samples containing o or 10 ug of added
magnesiu: per inl of solution and of the dilute samples without added
standard are presented in Table V., Kecoveries were calculated from
the difference between apparent magnesium concentration of the
recovery samples and taat obtained from analysis of the dilute solution
in the same series. Average recoveries ranged from 33+22 per cent

for Food B to 152+49 per cent for Feces ¥, The average recovery



TABLE 1V

REPRODUCIBILITY OF MAGNESIUM DETERMINATIONS IN ASH
SOCLUTIONS OF FOUL, FECES, AND URINE WHEN STANDARD

SOLUTIONS CONTAIN ADDED SODIUM® AND CALCIUM

Solution  Lilation Aiagneaium (ug/mi)
of ash 1 2 3 4
Food
A 1:2 28,0 24,0 23.0 23.0
ia"i 11;& ii 5 1‘& O 3.&. &
o 122 35,5 40,0 28,5 38, 5
i:4 20,0 21. 5 21,4 148, 5
Feces
B 1:5 18,0 17.0 19. 5 14,0
' i:19 .5 3.5 10. 5 )
F | ) 15,3 14,8 13, 12.5
1:10 5.5 8.0 10,9 7.0
Urine
J 1:2 17.5 18. 5 20,5 17.0
{:4 3,0 . 0 12,9 8,9
i $:2 18,6 16.C 21.Q 19,0
v 1:4 8.5 8.0 12.90 8.0
- N = o e e e

8s5tandard solution contains . 03 mé sodium per ml,
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TADBLE Y

RECOVERIES OF ALDBLDL STANOVARD IN AGH SOLUTIONS OF FOOL, FECLE:, AND UKINE
WHEN STANDARD LOLUTIONS CONTAIN ADDLSD SODIUME AND CALCIUN

Magnesium (pg/ml)
Solution Sainple anslyais Standard Amount fourd Average
of ash 1 2 3 4 added i 2 3 - recovery
Food
A 1.0 11.0 15,0 16,0 5 1.5 16,0 i8.0 14,0 1iB8tl4
10 26.0 21.5 24.0 23.0 122t17
B 3.0 21.5 21,0 1&3 5 2i.5% 28.5 25.0 25,0 38+22
10 32.5 40,0 32,0 36.5 #5+10
FYeces
K .3 3.9 10,8 Te b 3 13,8 LL0 15,8 12,5  148+42
10 21,9 18,5 22,0 17,0 141r22
kB Ve U 8,0 14,0 4,0 3 13,6 19,5 18,5 10,5 152t+ay
' 19 20,9 14,0 20,0 16,0 1358535
Urine
J 8,3 8.9 2.0 8.0 5 14,5 2.3 16,0 13.0 148+32
19 21,0 17,5 20.5 1&.5 128+20
K 4.9 8,0 12.0 8.0 % 12,5 13,0 14,5 13.% 130+14
10 20,90 18,0 21,0 20.5 120*+12

a%tandard solution contains . 03 mg sodium per ml.



wap above 115 per cent for all samples except Food B, HReplications
of recovery were no better than those shown in Table Il and analyses
for one type of sample appeared little better than those for the other
two, A comparison was made of analyses of sclutions of ash as
determined by the thiazole yellow colorimetric method (Hunt, 1883)
with the flame photoraetric method in Table VI. The former were
somewhat higher than results from the flame photometric method,
Average magnesium concentration of food samples found by the two
methods differed by lees tann 3 per cent. In the case of fecal
saraples and Urine J, results varied by 5-10 per cent while in the
case of Urine X agreement was excellent,

Recoveries wer: recalculated as before by using the difference
between the analysis of the recovery sample and one-half that of the
more concentrated solution of ash, Average recovery was 84112 to
128+7 per cent of the magnesium added, Recoveries of b ug added
magnesium were slightly better than of 10 pg per mil.

Because resulta appeared no better than previously, it was
decided to use a larger amount of sodium in the standards. There-
fore magnesium standards containing added calcium and 0.3 mg
sodium per ml were prepared. HReproducibility of analyses for solu-
tiona of ash st two dilutions may be seen in Table VII, Replicate

analyses were in no better agreement than in previous determinations



TABLE VY

COMPARISON GF MAGNESIUM DESTERMINATIONS BY TWO METHOLS
AND HECOVERY OF ADDEL STANDARD IN ASH SOLUTIUNS WHEN
STANRDARD SOLUTIONS CONTAIN ADDED SODIUM® AND CALCIUR

Solution Dilation Colorimetriec Flame pmw;:;tric :'Jt*ifkferem:er | ‘ecovery added standard®
of agh analysis analysis Spg 10 pg
Bz Mgliml % %

Food A  1:2 50, 2 48, 4+2, 5" 3.7

1:4 45,6845, 9 94+12 113+25
Food B 1:2 75,9 73.448.8 -4, 8

1:4 83.8+7.4 119412 2847
Feces E 1:%5 66, 7 82.517%7.9 -b.1

1:10 32.0+13.8 97+11 110+18
Feces ¥  1:5 84,8 71,518.4 +9. 4

1:19 75.0+15, 4 100+11 110+23
Urine J 1:2 35.5 35.0%4,7 -10. 9

1:4 38, 048, 8 108+24 114+38
Urine K 1:2 33. 6 38.045.9 tl,1

1:4 37.6%5.9 119428 123+486

o

2 Standard solution contains .03 :ag sodiwn per inl,
bstandard deviation,
CSample concentration used in calculation was one-hslf analyzed value for 1:2

dilution of solution of ash. e



TABLE VIl

38

REPRODUCIBILITY OF MAGNESIUM DETERMINATIONS IN ASH
S5O0LUTIONS OF FOOD, FECES, AND URINL WHEN STANDARD
SOLUTIONS CONTAIN ADDED SODIUM® AND CALCIUM

weram o s

Solution Dilution Magnesium {ug/ml)
of ash 1 2
Food
A 1:2 20.0 23. 38
1:4 9.0 16,9
B 1:2 35.0 32.5
1:4 16.0 16,3
Feces
B i:5 11. 5 15,0
1:16 5,5 7.5
F 1:5 10,6 14.5
1:10 8.0 8.5
Urine
5 1:2 12. 9 13,2
1:4 1. 6 T.9
K i:2 13.5 16.0
1:4 8,9 1.8

&Standard solution conteins . 3 mg sodium per ml.
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and toe type of material had ro influence on analysis. In the csse of
eolutions of ash from food the maximain value exceeded the lowest by
11 to 27 per cent and for solutions fro: feces and urine by 17 to 38
and 7 to 2§ per cemt, respectively, Differences between replicate
analyses of the more dilute solutions were in general ag grest as
thoge found for the more concentrated, The apparent mnagnesium
concentration of solutions of ash obtained hy analysia at two dilutions
differed by 0 to 2% per cent, “While 10 of the 18 comparison” - ~ead
within 10 per cent, there was no consistent pattern., Differences of
0, 3, and 25 per cent were found in the replicate analysis of Urine J.
Results of replicate analyses of samples contrining § or 10 pg of
added magnesium per il together with analyses of ramiples to which
no standard had been added are listed in Table VII, Percentage
recovery of the added standard i8 presented also, leproducibility
did not improve with any group of samples, Average recoveries
ranged from 7714J per cent for Urine X to 115143 per cent for Food
B, Standard deviationz were larger on the average than in previous
determinations. Calculations of recovery of {5 and 10 puz magnesium
added per sl were made using the dilference between the analysis of
the recovery saiple and one-half that of the mmore concenirated
solution of ash (Table 1X). Average recoveries ranged from 33410

per cent to 95+15 per cent with one exception. Improvement in



TABLE VIU

RECOVERIES OF ADDED STALRDARD IN ASH SCLUTIONS OF FOUD, FECES, AND URIMNE
AHEN STANDARL SCLUTIUNS CONTAIN ADDED 30DIUM® AND CALCIUM

_ s agmesiww g/ ml)
solution zample analysis Standard Amount found Average
of agh 1 2 3 addec 1 2 3 recovery
’?9
A 9.3 10,8 10,0 3 12,6 15,5 145 33+3%
10 16,0 23,0 22.9 101+32
E 15.0 18,5 15,0 5 16.6 26,0 22,0 90+58
10 21,6 22,5 32,0 1i5+48
k eces
E .0 .5 i, 9 o 8.5 15,0 12,3 LR 3
19 12,5 15,0 16.5 g2+az
| 3 8, 0 8.5 7.0 5 8.¢ 15,5 19,3 83781
10 12,6 14,5 18,5 55+21
Urine
J 7.0 7. 3,9 5 8.5 1435 12,9 87+50
10 12,5 10,0 18,9 Bi+34
K &0  1.b 5.5 5 10,2 13,5 129 11+40
10 14.9 20,0 18,5 85432
- T T S T S

2Standard solution contains . 3 myg sodium per ml.

0%



TABLE 1X

COMPARISON OF MAGNESIUM DETERL NATIONS BY TWO METHODS
AND RECOVERY OF ADDED STANDAL 2 IN ASH SOLUTIONS WHEN
STANDARD SOLUTIONS CONTAIN ADL <D SODIUM® AND CALCIUM

Solution Dilation Colorimetric  Flame photometric Differeace Hecovery added standard®

of ash snalysis anslysis b5 ug 10 pg
»ag Mg/ml % %

Food A 1:2 50, 2 44, 3+3. 8P ~13. 3

1:4 38,742, 3 89+10 98+14

1:4 87.3+8. 1 96 +26 125+47
Feces £ 1:5 86. 17 8. 3+9. 5 -28.9

1:10 68.3+11.3 91+ g4+14
Feces ¥  1:5 84. 8 83,3+10. 1 -2.4

1:10 85.0+5.0 94+18 92+11
UrineJ  1:2 38.5 28, 3+3, 8 ~38.0

1:4 30.7+1,2 99+15 96+16
Urine K 1:2 35,6 30.3+2.9 -17.5

1:4 32.0+2.0 34+10 99+14

aStandard solution contains . 3 mg sodium per ml.
bStandard deviation.
€Sample concentration used in calculation was one-half analyzed value for 1:2 dilution
of solution of ash. ' &
s
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recovery calculated by this method again indicated that apparent
magnesium concentration is dependent on the concentration of the
sample analyzed.

A comparison of average magnesium concentrations of solu-~ |
tions of ash determined by the thiazole yellow colorimetric method
(Hunt, 1963) and the flame photometric method may be found in
Table IX. The flame photometric determinations were lower than
the coloriinetric values by 2, ¢ to 38, 0 per cent. Except for Feces
F, differences in magnesium concentration determined by the two
methods were considerably greater than those obtained when
calcium was the only interfering ion present in the standards.
vidently addition of sodium ions to the standards to compensate
for that in the samples failed to reduce interference in the rmagnesium
determination. Jince potassium interferes also the possibility that
inclugion of potassium chloride together with sodium and calcium
chlorides in the standards might compensate for interfering ions in
the solutions of ash was investigated.

The amount of potassium added was that used by Alcock et al.
(1980), With this inclusion, the cations added to standard solutions of
magnesium were preaent {n the seme amounts as those found effective
by the British investigstors in overcoming interference and the anions

{phosphate and sulfate) had been removed by precipitation. Replicate
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enalyses of solutions of ash at two dilutions are presented in Table X.
Maximum differences between replicate analyses were 25 to 50 per
cent of the lowest value. Lack of reproducibility was not influenced
by whether the solution of ash was prepared from food, feces, or
urine. Influence of the level of magnesiumn in the solution analysed
was stil]l evident, Differences in the apparent concentration obtained
at two dilutions varied from 0 to 40 per cent and were unrelated to
the nature of the biological material represented, For example, re-
sults of analysis of solutions of Feces F varied from complete agree-
ment to differences of 4 and 22 per cent and in Food B from 1 to 23
per cent. Replicate analyses of the dilute solutions of ash and those
containing an added 10 pg magnesium per ml are listed in Table XI,
Average recoveries, calculated from the differences between the
apparent magnesium concentration of the recovery sample and that
obtained from analysis of the dilute solution in the same series, were
between 83+21 and 107420 per cent. Although the average percentage
recovery of added magneaium would suggest ressonably good accuracy,
the large standard deviations indicate the unreliability of individual
analyses. Results do suggest, however, that accuracy was slightly
increased by the inclusion of potasgium as well as sodium chlorides
in the standard solutions. Calculations of recovery based on analysis

of the less dilute solutions are given in Table XII. Apparent recovery



TABLE X

REPRODUCIBILITY OF MAGNESIUM DETERMINATIONS IN ASH
SOLUTIONS OF FOOD, FECES, AND URINE WHEN
STANDARD SOLUTIONS CONTAIN ADDED
POTASBSIUM, SODIUM, AND CALCIUM

Magnesium (ug/mD)
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2 3
Food
A 1:2 25. 5 17,0 20.0
1:4 10.0 1.5 7.0
B 1:2 o 27. 5 40,0
1:4 1.9 13. 5 15,
Feces
E 1:3 15.5 12.0 13. 3
1:10 1.0 4.5 5.0
F 1:5 13. 5 10. 0 11. %
1:40 7.0 5.0 4.5
Urine
J : 19.0 14.5 18.5
1i: 16.90 1.5 8.5
K 1:2 20.0 18.0 20,0
1:4 8.0 8.5 8.0




TABLK &1

RECOVZRIES OF ADUED STANDARD IN ASi1 SOGLUTIONS OF FOLUD, F iCL8, AND URINE
W HEN STANDARD 5OLUTIONS CORTAIN ADDeD FPOTASSIUM, SODIUC 4, AND CALQUM

viagnesium (ug/ml)
Solution Saraple analysis Standard fmouat found Average
of agh i 2 3 added 1 2 3 recovery.
w
Food
A 16.9 .2 .0 10 21,3 14,5 17.5 uptat
a8 18,9 13,0 15,0 10 33.90 20,0 24,0 88+38
reces
5 .0 4.3 5.0 10 18,0 12,0 18,0 93+20
¥ 7.9 o, u 4,8 10 1.0 14,5 15,0 16u+d
Jrine
J 16,0 7.8 8.5 10 20,0 4.5 17,5 &£3+21
=% &,V 8.5 3.0 10 18,4 17.06 1.5 167+20
S TR T R NIRRT SRR oy g2 S e

Sy



TABLE x11

CO.APARISCON OF MAQONESIUL DETERMINSATICONS BY T#O0 1. .4THODE AND RECOVERY OF
ADDED STANDA D IN ASH SCLUTION: WHEN LTANDARD SOLUTIONS CONTAIN
ADLED POTASSIUM, SODIUM, AND CALCIUM

Solution Dilution Colorunetric Flame photometric vifference Hecovery added standard
of ash . ansiysis analysis ) L l0pg _
pg biglml % o
Food A 1:2 50,2 41,78, 62 ~20.4 a8+1
i:4 32.7%6. 4
Food B 1:2 5.9 87.5+117. 4 -13.9
i:4 83.3+12.1 82+3
Feces E i:5 84, 7 88, 3+8.3 -26. 89
1:10 ‘ 55, 0+13, 1 §0+13
Feces F i:5 64, 8 58.0+8.3 -11,1
1:10 55. 9+13. 1 #38+3
Urice J 12 34, 9 34, Tt4. 5 -11. 0
I:4 32.0+%. 2 2349
Urine K 1:2 33.8 37.3+4, 5 4,5 g4+l
1:4 30,7245, 3

“3tandard deviation,

bSar~~le concentration used in culculation was one-half analyzed value for 1:2 dilution

of solution of ash. &
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was now §2+3 to 98+3 per cent. Recoveries ealculated in this manner
were beiter for solutions of ash from feces and urine than from food
and agreement beiween replications was strikingly improved, Ex-
cept for Urine K, magnesium determinations by the flame photometric
method were from 11 to 27 per cent below those obtained by color-
imetric analysis (Table XII), Disagreement would have been even
larger had the comparisons been based on the more dilute solutions
of ash., It is evident, therefore, that in this series of analyses also
the spparent magnesium conceatration dotermikcd was dependent
upon its level in the solution analyzed. This fact together with lack
of agresment between individual determinations indicates that inter-
ference by ions other than magnesium in the solutions of ash was not
eliminated.

Stannic chloride used to remove phosphate and sulfate ions
was added in equal amount per ml to solutions of ash and standards;
the excess stannic ion theoretically was completely removed by
precipitation of gelstinous stannic acid. Nevertheless, there is a
poasibility that removal was incomplete and that differing amounts
of stannic ion remaining in the solutions might have caused inter-
ference., For this reason, a final study was conducted in which ferric
and barium ions were substituted for stannic ions for the precipitation

of phosphate and sulfate, Cegleium, sodium, and potassium chlorides
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were present in the standard solutions in the gsame concentrations as
in the previous series. These standard curves were similay to those
obtained when stannic chloride was the precipitating agent, As be-
fore, sensitivity was greatest in the range of 0 to 10 ug magnesium
per ml and lowest above 20 ug magnesium per ml. Replicate read-
ings showed greater variation than was found previously.

Data obtained in replicate analyses of solutions of ash from
food, feces, and urine for magnesium are presented in Table XIII,
Solutions of ash designated as Food C and D, Feces G and H, and
Urine L and M were period composites collected in a metabolic
balance experiment and were similar to those used in earlier parts
of this work. Dilutions are indicated in Table XIll. Differences in
snalyses of 2 particular sample ranged from i1 to 58 per cent of
the lower value in solutions from f0ood and feces and from 20 to 120
per cent in ash solutions from urine. Complete lack of reproduc~
ibility in the urine analyses suggests possible failure to completely
remove phosphate present in greater amount in the urine composites
than in food and feces., However, ferric chloride was added 70 per
cent in excess of the amount required. The amount of barium
chloride added was 70 per cent in excess of that needed to precipitate
the sulfate estimated to be present. Magnesium concentration of

solutions of ash obtained from the more dilute solutions was in
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TABLE X1l

REPRODUCIBILITY OF 5AGNESIUM DETERMINATIONS IN ASH
SOLUTIUNS UF FOOD, FECES, AND URINE® WHEN
STANDARD SOLUTIONS CONTAIN ADDED
POTAGSIUM, SODIUNM, AND CALCIUM

Solution  Dilution Mf@qp{gﬁp’u (ag/ml) N
of ash i 2 3 4
Food
C 1:2 17.9 18,0 17.5 18.0
t:4 12,5 14,0 11,35 11.6
L 2 18.90 13.9 20.0 21,5
: 13.5 12.0 14,0 13.0
Feces
G 1539 11. % 3.0 8.0 12.5
1:10 5.6 5.5 5.5 7.0
£ 1:5 9.0 10.0 10.0 10.0
FRELY 6.0 5.0 8.0 5,9
Urine
L 1:2 5,0 3.5 4.0 4,0
1:4 3.0 2.8 2.5 3.0
M 1:2 5.5 2.5 2.5 3.5
1:4 2.9 1.5 2,0 2.0
v T L B AR SR e, e I T ST

Aphosphate and gulfate reinoved by ferric and barium chlorides.
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general pigher than from the more concentrated, Maximumn differ-
ences found were from 0 to 80 per cent. Heplicate values for samples
contalning added magnesiun and those without added magnesium in
the same series are shown in Table XIV. Average recoveries repre-
sented 83+12 to 138+27 per cent of the added magnesium. One type
of sample gave no better results than the other two. Recoveries
calculated from one-half the raagnesium found in the more concen-
trated samples are presented in Table AV, For urine the added
standard recovered was iow, 88 and 85 per cent. With the exception
of Feces H, recovery of magnesium added to solutions of food and
feces was high and ranged from 101+8 to 118+10.

Magnegium concentrations of all solutions of ash were lower
than those obtained in sny of the series in which stannic chloride was
the precipitating agent. Values obtained in the last analyses (Table
¥XV) were 78 to 534 per cent lower than the amounts found by color-
imetric analysis, In every respect, substitution of ferric and
barium chiorides for stannic chioride in the removal of interfering
anions resulted in less satisfactory magnesium determinations, For
this reason, further investigation of the procedure was sbandoned,

On the basis of the criteria established, it appeared that
analyses made with standards to which only calcium had veen added

gave the best reaults. However, determinations of magnesium



TABLE X1V

HECOVERIES OF ADDED STANDARD IN ASH SOLUTIONS OF FOOD, FECES, AND URINE®
WHEN STANDARD SOLUTIONS CONTAIN ADDED POTASSIUM, SODIUM, AND CALCIUM

T _ Magnesium Qug/m) .
Solution Sample analysis Standard Amount found Average
of agh 1 2 3 4 added )] 2 3 4 recovery
Food %
C 12,5 14,0 11,5 11.5 10 12,0 18,0 24.0 21.5 110+37
D 13.5 12.0 14,0 13.0 10 20.0 22.5 25.5 28.0 138:27
Feces
5.5 5.5 8.8 7.0 i0 14.0 14,5 15.0 17.0 133+6
8.0 5,0 8.0 5.5 10 12.0 13,8 16.0 14.0 110*16
Urine
L 3.0 2.9 2.5 3.0 10 8.5 8.5 11.5 10.56 100+11
M 2.5 1.5 2.0 2.0 10 9.5 7.0 8,9 8.0 83+12

‘Pmm and sulfate removed by ferric and harium chlorides.



TABLE XV

CUMFPARIDON GF MAGNESIUNM DATERMINATIONS BY T'WO METJdOLS ARD L «COVERY OF
AUDED STAND-ARD IN ASH SOLUTIONS® W HER STANDARD SOLUTIONS CONTAIN
ADDED PUTASSIUN, SUDIUN, AND CAVEOIUR

Rt o2 x A = = Wxi%:‘% TR L DTSN
Solatien  ilution  Colorimetric  Fiame phctometric Difference :iecovery added siandsrdc

Of Al analyGis analvsis 10 g
ag Mgiml P %
Food « 1:2 T8, % 38,272, 1V -98, L
1:4 49, 5ra, % 108+14
Food v 1:2 38, 2 38.4r3,4 75,
1:4 52.5+3.4 118+10
Feces G 1:5 al. 7 50,0+11. 4 ~33, 4
1:1¢ 58,347, 5 1019
Fecesg 4  1:0 38,7 43.8:7.5 -31, =
1:10 08,274, 5 9310
U I’iﬁe 'LA 1: ; &3. '73 3. ziio 2 “33‘: l
1. 11, 0%, 4 859
ﬁl’i&e x""’§ 1:2 27. 2 ?. 9:2‘ 8 "233. ﬁ'
1:4 8. 47l 8 Be:9
i e = = e 2 - o g

aFhospuate and sulfate remmoved by ferric and barium chlorides,
bStandard deviation.

CSample concentration used in calculation was one-half analyzed value for 1:2 dilution
of solution of ash.
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concentration of the solutions of ash were dependent on the level in

the sample analysed, and lack of reproducibility of replicate analyses
indicated that the method was unsuitable for use in the routine analysis
of biological materials characterized by considerable differences in
concentration, ven if conditions had been found permitting satis-
factory analysis, use of such a flame photometric procedure had
doubtful advantage over the colorimetric procedure with regard to
fime expended. The time consuming step in the latter s the prepar-
ation of samples for color development, Procedures necessary for
the removal of phosphate and sulfate ions in the flame photometric

method required fully as much expenditure of time,



CHAPTER V

SUMMARY

The study reported in this paper was undertaken to investigate
flame photometric determinations of magnesiun in solutions of ash
from biological samples collected during metabolic balance experiments.
‘Two general methods for eli:anination of interference by other ions were
studied. One was that of Alcock et al. (1960) in which adverse effects
were eliminated by addition of anions and cations to the standard
solutions in amounts comparable to the levels in samples to be
analyzed, However, this method was abandoned because the atomiser
burner of the flame photometer became too badly clogged for further
uge, Poorly volatilised calcium sulfate and phosphate may have been
responsible,

The other method depends on removal of interfering anions by
precipitation and addition of interfering cations to the standard solu-
tion. The first procedure inveatigated involved removal of phosphate
and sulfate ions by precipitation with stannic chloride and addition of
salts of calcium, of calcium and sodium, and finally of calcium,
sodium, and potassium to the standards to compensate for the varying
amounts present in the samples. Reproducibility, recovery of added

54
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magnesium, and agreement of values obtained from flame photo-
metric and colorimetric determinations were criteria for evaluation
of the method. Standard curves were reproducible in all series of
determinations, but replicate analyses of solutions were in poor
agreement, Apparent magnesium concentration of solutions of ash
and recovery of added standard were dependent on the amount of
inagnesium in the sample actually analysed. Agreement of mag-
nesium concentrations obtained by the two methods was satisfactory
only for the series in which caleium alone was added to the standard
solutions.

Precipitation of phosphate and sulfate ions with barium and
ferric chlorides from standards and samples was the other proce-
dure studied. In one series of determinations, calcium, sodium,
and potagsium chlorides were added to the standards to conpensate
for the amounts found in the samples. Reproducibility and recovery
of added magnesium were no better than those obtained by the pre-
vious determinations. Influence of the concentration of the solution
analyzed upon tﬁe apparent aagnesium concentration of the original
solution of ash was not eliminated. Results obtained by the flame
photometric method were in every case much less than those from

colorimetric determinations,



o8
The procedures for flame photometric determination of mag-
nesium in ash from food, feces, and urine samples were generally
unsatisfactory judged by all of the criteria studied, Processes re-
quired for removal of the interfering anions and addition to the
standards of interfering cations were ao time consuming that the
flame photometric method studied had little advantage over the

colorimetric method in this respect.
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