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The objectives of this work were: to study certain factors
affecting the use of a modification of the Young and Gill thiazole
yellow colorimetric method for quantitative estimation of magnesium
made in the Nutrition Laboratory at the University of Tennessee to per-
mit its use in the analysis of food, feces, and urine; and to compare
magnesium determinations obtained by this method with those obtained
on the same materlals by an established gravimetric procedure. The
thiazole yellow method involves the formation of a red magnesium-dye
lake, which can be messured colorimetrically, between magnesium hy-
droxide end thiazole yellow in the presence of a protective colloild.
The determination is made directly on the ash solution and inter~
ference of other ions is prevented by a compensating solution.

Techniques were devised for preparing completely anhydrous
magnesium sulfate to be used in the magnesium standerd solution and
for weighing the anhydrous salt sufficliently rapidly to keep absorption
of molsture at a minimum,

Recoveries of magnesium in stendard solutions heving e mag-
nesiumtcaleium ratio of 1:0.7, l:l4, and 1:10 and in fecal ash solutions
with ratios of 1:6, 137, snd 1116 renged from 98 to 102%, indicating
that the modified compensating solution 1s effective in preventing
interference of calcium over this wide range of concentrations. Inter~
ference which occurred in food and fecal samrles having a high ratio
of total mineral to megnesiun wes overcome by the use of smeller ali-
quots or greater dilutions of the test solutions.

Even though the color of the msgnesium=-dye lake faded with time
in blenks, standards, snd samples, epparent maegnesium concentrations
and percentage recovery did not chsnge sppreciably when optical density
readings were taken at 10, 20, end 30 minutes aefter addition of dye and
base. A time intervel of 20 minutes proved most efficlient and con-
venient.
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Magnesiunm determinations on food, feces, and urine by the
thiagole yellow method averaged 6, 4, and 6% higher respectively than
those by a gravimetric method in which magnesium was precipitated from
the caleium-free filtrate as magnesium ammonium phosphate and ignited
to magnesium pyrophosphate, This difference was not sufficiently great
to prevent comparison of human balance data obtained by the two methods.
The fact that the modified thiazole yellow method appears reliable and
18 rapid seems to Justify its use in routine analysis for magnesium
in human balance experiments.
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INTRODUCTION

Because a rapid method for the determination of mag~
nesiun in food, fecal, and urine composites prepared iIn
human metaboliec balsnce experiments was needed in the Wutpie
tion Leboratory at the University of Tennessese to facilitate
analyais of g large number of samples, sn attempt was made
to apply the thiazole yellow sclorimetric method developed
by Young and G111 (*S1) for anslysis of plent tissue. Ale
though the originel method 41d not give reproducidle re-
sulte, & sodificution was developed zultebls for anslysis
of food composites (Thomas, 'S6). Further work in this
laboratory produced sn sdsptation of the method which ep~
peared satisfactory for anslysis of ash solutions of food,
feces, and urine.

The purpose of the worik reported in this paper was
to study certain factors Influencing the use of the modi~
fled thiazole yellow cslorimetrie method for gquantitative
estimaetion of magnesium in food, feces, end wrine and to
compsre ths results obtained by this method with those ob-
tained by en ssteblished gravimetric procedure.



REVIEW OF LITERATURE

The colorimetrie determination of magnesium was first
suggeated by Koltheff in 1927 when he reported that, in an
alkaline solution, magnesium ions change the yellow color
of titan yellow and similar dyes %0 & red color. When so-
dium hydroxide 1s added to the solution containing the dye,
e red mapnesium hydroxide~dye complex is formed that can be
measured colorimetrically (Weagy, '4LE). The intensity of
this coloration is related %o the concentration of magnesium
present (“itchell, '5S4). The need for repid, accurate
methoda for estimation of magnesium haes prompted several in-
vestigetors to develop methods based upon this principle.
Nothods have been desoribed for the determination of mage
nesium in soll extracts, plant tissues, water, end body
flulds.

In his review of the use of the thiaszole yellow
method for deteraminstion of megnesium, Mitchell {('Sli) states
that the following fects concerning the method have been
epteblishsdt

1. The same c¢olor changs that is produced by mag~

nesium is given by other substences under the
seme conditions,

2. The intensity of the color of the magnesium~dye

lake 1s changed by certain metal fons and



organie compounds.

3« TUnless a protective colloid is present, & precip~
ftate rapidly settles from the solution if con~-
centrations of magnesium sbove threes n2iorograas
per milliliter ere present.

e The colored complex is not stadble and the in-
tensity of the color decrsasss with time,

Mikkelsen snd Toth ('47) compared different &yes for

use in repld colorinetric methods for satimating magnesium
in 8o} extrects. In this study, thieszole yellew (scdfum
2-2 disulfonste of methylbenszolthiazols) was found to be
better than titan yellow op Clayton yellow, The color
ehange produced with thlegole yellow was wvery sharp and
clesr-gut and its range of sensitivity was brosder than that
of the other dyes studled.

Effect of Interfering lons

In modifying a titen yellow method for satimsting
nagnesium in soll extracts, Peech end English ('hl) found
that serious errore resulted from the interference of ions
such &8 caleium, manganese, sluminus and, to s lesser ex~
tent, iron. They stated that in the sbeence of magnegium,
caleium at sany concentration falled to give a coler lake
with titan yellow, but In the presence of nasgunesium, eal-
ciun enhanced or decreased the color of the magnesiua~dye
lake, depending upon the concentration of magnesium present.



At a low level of megnesium, the presence of 80 times an
mueh caleium as magnesaium hsd no effect on ths intenaity of
the color. At s high level of magnesium, the presence of

§ times as much celelum as magnesfum intensified the ecolor.
At en even higher lavel of magnesium, Incressing the cel-
cium concentration deocressed the intsnsity of the color of
the magnesium-dye lake,

Other workers (Kolthoff, '27; Iludwig and Johnaon,
th2; Tares, '48; Hirsohfelder and Serles, '3) agres that
the red coler of the msgnesium-dye lake is deeper in the
presence of the calefum lon, although the fon when present
by {tself doss not produce a color change. In the analyals
of s0il extracts by a thiasole ysllow method, the magnesium-
thiszole yellow lake became turbid in the presence of s osl-
eium concentraticn exceeding 100 times that of magnesium
(4ikicelsen and Toth, '47). This interference wes overcome
by the use of & smaller aliguot of the test solution.

Becauss of ths controversy over whather or not cslei~
un interfered in the deteramination of mnagnesium by a titan
yellow method, “kamoto end Thomes ('54) compared results of
nagnesiuvm determinations made directly on bovine serum and
on & ealeium~free filtrate of the same serum, They ob~
tained two standerd curves, one by using standard megnesium
solutions with added caleium end one by using standerd solu-
tions without sdded celeium. When readings from the anslysis



made directly on the serum were reed ersinst the standsrd
ourve made with solutions centaining calelum, results were
similar to those obtained with the celolumefree filtrate
resd against the stendard curve made with solutions not cone
teining calecium, When those made directly on the serunm
were read against & stenderd curve not containing csleium,
the results were much lower, They conoluded that the sffect
of the esmount of calclua present in bovine serum wes negli~
gible if celeium was sdded to blanks end standards.

The smount of caleium &¢n blood or urins @14 not aof~
fect the magnesium deteraination by & titan yellow method
(Orenge and Rhein, 'Sl). Removal of calcium ions from solu-
tions of plant tissue when estimaeting thelr magnesium ocon-
tent by a thiagole yellow method was unnecessary, but this
method d41d not work with accuracy for the snalysis of solue
tions of lysimeter leachings end raln weter unless caleium
snd 3303 wers removed prior 0 the snslysis (Sterges and
Maolntire, '$0). In the snalysis of water (Ludwiz end John-
son, 'L2), esccurate determinations were obtained even in the
pregence of excess c¢alelum in the form of omlefum sulfate;
it was belisved that the eleotrostatic forces ersated by the
calefum salt and the protective ocolloid kept the lake in
suspension, thus helping to produce readings which were
highly reproducible. 0Ofillam {*41) reported that calecium in
congentrations up to £00 parts per million &id not interfere
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with the deternination of one part per million of magnesiunm,
but acourecy was improved If the concentration of calcium
was below 500 parts per million, In the snslysis of body
fluids (Xunkel, Pearson, and Schwelgert, '§7), caleium conw
centretions below 500 ag per milliliter 41d noet iaterfere
with the color reaction.

Aluminum ifon, 1like calelun, gives no soler change
with the dyes in alkaline solution but in the presence of
magnesiux intensifiss the color of the magnesium~dye lake
(Peech and English, 'Lli; Teras, *L48). This effect cin be
prevanted by the addition of aluminum salts to the stand-
arde and unknowns in smounts sufficient to produce maximum
intensification of the ecolor of the lake.

The effect of mangenese is more serious than that of
éalezum or aluminum because manganese develops a color with
thisgole yellow sizilar to that of megnesium (Young and G111,
'S1l). This interference may be kept to & minimum by the
addition of hydroxylsmine hydrochloride and by the sddition
of mangansse to the stendards and unitnowns. Peech and
English ('4l) observed that with small concentrations of
nagnesium, mangancse decreased the intsnaity of the color
of the lake or destroyed it} with larger amounts of mag-
nesium, manganese intensified the ¢olor of the magnesium
lske. It had been reported that hydroxylanine hydrochloride
prevented fading of the msgnesium leske (Gillam, 'Ll), Fesch
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and English (*4)) felt that the beneficial effect of this
reagont was Qus to 1ts sotion in preventing manganese inter-
ference rather then to sny direct effect on the stablility of
the magnesium~dye lake., They reported sn expsriment which
showed that hydroxylemine hydrochloeride 414 not prevent
feding of the magneaium~dye lalkte in the sbsonce of mangsnese,
but was very sffective in preventing mancansse interference
vith the titan yellow test for magnesium, The meghanism
ror preventing the interference of mangsnese nmay involve
the formation of & complex end the inhibition of atmannkanil
oxidation of menganese fom in alkalime solution.

According to Ludwig end Jonnson ('42), iron in amounts
normally found in natursal vaters does not seriously inter-
fere with a apecstrophotometric determination of magnesium
in drinking water; Teras ('48) reported that irom in amounts
below 2.5 parts per million 422 not interfere with g brile
liant yellow test for magnesium in water but et higher con-
centrations intensified the color of the mamnesiuva-dye lake.
Orange end Rhein (1S1) found that iren did !nterfere with
the t!itan yellow snelysis for magnesium In blood and urine
and sugcested a method by whieh iron could be removed
effectively with cupferron.

Gillem (*4h1) end Nunkel et al. ('L7) egree that the
ooncentration of phosphate ion should be kept below 100 ug
per milliliter because sbove thig concentration the color of



e
ths lake ias destroyed. Thia effect ocours because phosphate
buffers the solution and lowers the hydroxyl ion concentra~
tion. Ammonium ions in concentrastions up te 500 or 600
parts per million 448 not interfere with the eoler of the
magnesium=dye lake (Gillem, '41).

The specific interfersnce of ions seems to be a
function of the megnesiun concentration of the solution,
but the interfering effects very with different ions. For
exsmple, the presence af c¢alcium end sluminum results in abe
nornglly high megnesium va}ueo. this effect being greatest
et high megnesium levels (Mikkelsen, Toth smd Prince, 'h8).

Elimination of Interfersnce
Several methoda have been sugmested for eliminstion

of the effects of Interfering substances {¥itchell, 'S4).
These methods inelude removal of Iinterfering lons from solu«
tion by precipitation, ignision, or seperation ea complexes}
suppression of their eflfects by formation of eoluble come
plexes; snd stendardizetion of their effecta by the use of
compensating solutions. %The use of compensating solutions
is based on the fact that interference of certain ifons is
relsatively constent adove speeific concentrations (Tarss,
8)., If fixed smounts of the various ions are sdded to
the test solutions, the effeet of the ilons slreasdy pressnt
will be compensated for. When Drosdoff snéd Nesrpase ('48)
added to blanks, stendards, end samples compensating
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solution eontaining phosphate, calcium, gluminum, and man-
ganese ions at a level 5§ times as high as that in the alie
gquot of ash solution being analysed, the effect of these
fons present in ths sample wes ingignificant. Pesch and
English {('h4l) also found that the best way to eliminate cal~
ofum end aluminua interferense was to add these ions to the
standards end unknowns in amounts suffiocient %o preduce
meximm intensif'tcation of the color of the megnesium~dye
lake.

Stebility of Color

Severel investigators (Gillam, 'Ll Sterges and Haoe
Intire, '90;} Gricsson, *55; Mitcheld, 'SL) have observed
that often on standing there 1z a rapid decresse in ths in~
tensity of the red color of the megnesiumwdye lske and cone
sistent readings cannot be obtained, Mitchell ('Sh) be~
lieved that this fading s essoclated with an "ageing” of
the magnesium hydroxide. The change responsible for fsding
starts as soon as the =magnesium hydroxide 1s formed in solu-
tion end occurs whether or not the dye 12 present. He reoom-
nended glycerol end & moderate concentration of sodium hy-
droxide as color stabilizers. The addition of hydrexylamine
hydroochloride had no effeect. Gillam (thl) stated, to the
contrary, that the fading of the coler was atopped when a

snell smount of hydroxvliemine hydrochloride was added,



10
Because of variations in color development, it 1s
necessary to run a standard curve with each sertes of un-
knowns (Sterges end MacTntire, '503 SZricsson, '55). Tn this
way, the results of the analysis will not be seriously af-
fected because the change In the coler of the unknowns will
probebly parallel that of the standards,

Protective Collolds
The addition of protective celloids, such as stareh,

agar; gum ghatti, or polyvinyl elecohol, stebilizes the color
by preventing sedimentation of the precipitate (Zricsson,
156). Meny protective colloids have been studied, and there
has tceen some controversy over which one is most satisface
tory for keeping the dye~lake dispersed. Those studled in-
elude starch, dextyin, gums, agar, end polyvinyl aleohol.
Hirsehfelder end Serles {'34) reported that the addition of
soluble starch or dextrin preventsd the precipitation of

the magnssium~dys lake. Peeeh and English {'LY) found that
the Intensity of the eoloy of the mecnesium lake incressed
when a protective collold was used, thus Increasing the
renge and gensitivity of the test. £Llthough they felt that
soluble starch end gum tragscenth were equally satisfactory,
they preferred starch becsuse gum tragecenth must be purle
fisd by electrodialysis. Garner ('46) found that & 1%
starech solution lost its protective eflfeotiveness in two or
three days and also promoted fading. FHe discovered that
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gun ghatt! wes superior becsuse it maintained the disper-
sion for 24 hours or more snd $n solution was water-cleer,
Sterges and YMaoTntire {'90) found that gum ghatt! wvas more
satisfactory than gum scecia Or stsrch ss a protective
oollodd,

Orange end Rheln ('51) and Heagy ('48) considerad
polyvinyl aleohol superior to gum ghatt! because it sceentu« .
ates the coler of the dye~laks, thus incressing the sensi=
tivity of the method by at least 15% asbove that found when
gun ghatti 4s used. In eddition, polyvinyl aleohol has the
advantege of being & chemicel compound whieh 4g avelledle
in pure form and ls essily dissolved. Mitshell ('S4), to
the contrery, preferred starech beceuse 1t has no effect on
the eolor of the solution.

Comparison of Golorimetric snd Gravimetrliec Methods
Wikkelsen, Toth and Prinse ('48) ooupared the results

of analysis of plant tissues for magnesium by 2 thiazole
yellow method with pesults obtained by the A0AC gravimetric
method in whigh magnesium is precipitated as magnesium
emmonium phosphate and ignlted to magnesium pyrophosphate.
Averare recovery by the thiazoles yellew method for & samples
of bean tissue wes 98,04 of that found by the gravimetpic
method., The renpge was 944 to 105% recovery. Others also
heve found good sgreoment between results of the thiasole
yellow method of snalysis of plant tissue extracts snd the
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ADAC gravimetric method {Mitchell, 'Shi} Sterges and Mae~
Intire, '50), Sterges and Msentire ('50) found that the
results from the thiagole yellow method ranged from 0-5%
higher than by ths grevimetrie¢ method, OGood agreement bee
tween colorimetric anslysis of the magnesfium content of soil
and plant tissue extracts and grevimetrie snalysis dy pre~
¢ipitation of magnesium hydroxyquinolate hes been reported
(01llem, ‘413 Drosdoff end Nearpass, '48).

Excellesnt agreement has been reported between results
obtained by photometric and gravimetric anslysis of msgnesivm
in naturel water (Indwig and Johnson, ‘L2; Tarss, '48).
Aneslysis of urine by a colorimetric method using titan yellow
or Clayton yellow gave results aversging 3% lower than those
given by s gravimetric method (Hirsehfelder end Serles, 'I).

Modificetion of a Thiazole Yellow Method for Anslyeis of
Food, Feges, and "rine

In the Nuteition Leboratory at the 'niverasity of

Tennessee, an attempt was made to apply the thiaszole yellow
solorimetric method developed by Young and G111l ('S1) for
the enelysis of plant t!issue to the quantitative estimetion
of megnesium in food compoeites colleeted In human balance
studies (Thomes, '56), When this procedure was used with
food, some solutions beceame turbid and reproducidility wves
poor, sugpesting that the total amineral coantent wes too high
for the dye~leke to be stabilizsd by the protective colloid.
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To reduce the minsral content, celeium was removed {rom the
compenseting solution snd added to the blanks snd stendarda
in approxinetely the emount known to be Iin the aliguot of
the sample. VWhen this modification was used, turdidity wes
sliminated, but recoveries were poor. This suggested that
ths balence between enhancement end suppression of the
color of the magnesium-dye lake had been upset by the change
in the compenseting solution. Reducing the concentration of
copper snd mengenese in the compensating solution and de-
cressing the concentrastion of hydroxylamine hydrochloride
improved the recoverics snd provided s modificetion sulteble
for the analysis of ash solutions from food composites.
However, this modification wes not applicabdle to ash loluﬁl
tions of fecal samples, Further work im this laboratory
produced an adaptation of the method which eppesred sstis~
factory for the anelysis of food, feces, and urine, This
modificetion has since been used successfully for routine
snalysis in this laboretory. The detalls of the modified
mathod are presented in the ssction entitled "PROCIDURE,"



PROCEDURE

The preliminary part of the work reported here was
concerned with fasctors, such ss the presence of other min-
srals end the time of color Qevelopment, which influence the
vee of the modified thiasols yellow colorimetric method for
analysis of magnesium in food, feces, and urine. Although
the method has been used to anslyze samples containing a
wide renge of magnesium to celeium ratios, more information
wes needed concerning the range of magnesiumtcaleiunm ocon-
centrations which waes controlled by the ¢ompenseting solue
tion. Teohnigues for preparing the anhydroung magnesium sule
fate to be used in the stendard solution und for weighing
the anhydrous salt repidly in order to keep sbsorption of
nolature st a minimwm were devissd. The main part of the
study dealt with a comparison of megnesium determinations
obtained by the modiffed thissole yellow colorimetric method
with those obtainsd on the same materials by an established
gravimetric procedure.

Msteriels Analysed
The materiels anslysed in the preliminsry pert of

" this study were ash solutions of feces snd urine which had
been prepared previously in this ladboretory end asnclysed for
calelum, magnesium, end phosphorus, These ssmples were con-

venient for the study of the effect of sdded ecaloium becsuse
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the original celeium content was known. The method under
study had been used previously to determine the magnesfium
content of these materials.

Materials used for direet comparison of the results
of the colorimetric method with the gravimetric method were
prepared in the following msnner. Urine collectsd over a
2 hour period was pooled and diluted to 1200 ml., Two alie
guots of this composite were sshed and solutions prepared
for colorimetrie analysis. Three sliguots of the same
urine composite were analysed gravimetrically. Ash solnu-
tions of food and feesl compos!tes were prepared from frogen
samples availsble from previous experiments, Three ali~
quots of eash of these ash solutions were analyced for mage
nesium by the gravimetriec method, Two aliquots of the same
solutions were ¢iluted and analyzed colorimetrically,

Ashing of food and feces wes not carried out in duplicate
a8 1s routine in the Nuteition Laboratory because the large
quantity of eomposits required to yleld sufficient magnesfun
pyrophosphate for socourats welighing wes not sveileble in
duplicate smounts. Colorimetri¢ deterainations were made on
the same solutions of ash becsuss of the nead to make a
direct comparison of the results of the two methods.

Ash solutions were prepared by weighing aliquots of
food {125 gm), feces (130 gm), end urine (50 ml) composites
into ellilea dishes, eveporating to dryness, snd eshing et
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§509¢ for 2l hours in the muffle furnsce. Aftsr cooling,
the materisl was moistened with dlstilled weater and snough
concentrated hydrochloric acld was added to dissolve the
esh upon heating. The solution was diluted, Piltered
throu;h ashlesz filter paper, and made up to s convenilent
volume for anelysis by the colorimetric or gravimetriec
e thod,

Effect of Msgnesium:Caleium Ratio
In Qrdor to deternine thet the compensating solution

prevented interference of celcium over the wide range of mag-
nesiun to caleium ratlios commonly encountered in the analy-
sis of food, feces, and urine in this laborstory, known
anounts of celeium, Iin the form of calcium chloride solu~
tion, were added to solutions of standerd containing 15 sg
nagnesium per aliquot et the following magnesium to calefum
ratioss 110.7, lsh, end 1:10. Thess samples wers snelysed
es if they were unknowns by the modified thiassole yellow
colorimetric method which is described in the next section.
The "unknowns" were read sgeinat standerds and blanks pre~
pared in the ususl way. Recovery of msamesium was onleu-
lated by dividing the pesult of the anslysis by the amount
of magnesium known to be present in the solution anslyzed,
An sttempt was made to study the effect of large
quantities of caleclum in fecal ash solutions by edding cel-

cium to fecel golutions previously shown by analysis to
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eontain 130 ;g calelum and 7.7 ng wegnesium per 2 ml aliquot,
The levels of caloium sdded were 50 mg, 100 s, 130 g, end
150 s2g. The fecal solution was also analysed without any
added calaetum, V¥When snalysis of the solutions containing
added calclium proved impossidle becsuse of elouding during
coler develonment, information concerning the possible ine~
fluence of the magnesium to caleium retic was odtalined by a
study of the recovery of magnssium sdded to fecsl ash solu~
tions of varying calcium snd magnssium concentration, Re~
sults and recoveries from previous enalyses in this lebora~
tory were assembled to aid iIn this study.

Colorizstric Method of Anslysis

The modified thlasole yellow colorimetric method de~
veloped and used in this lsboratory rfor detorminstion of
megnssium in food, fecss, and urine is described in detall

belew. The procedure snd reagents given were used throughe
out the present study, '

The Klett-Summerson photoslectrie ecclorimeter with
o, Si filter was used for reasding opticasl density. Since
the readings of this instrument are given on g logarithale
' seels, they sre proportional to optisal density and eon-
centration of color-forming substances and cen be used
directly in making the standerd curve. Colorimetsr tubes
wore matched by lulccting tubes which gave resdings within
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two sesle divisions of each other on the same red-golored
solution.

The following resagents were prepsred in quantity at
the beglnning of the study gnd w22 needsd as work pro-
gressed.

1., Hydroxylemine hydrochleride, 0.75%¢ (w/v)

2., Compensating eolution, grems per diter:

Calolum ohloride, (CaCl,) 0.280
Aluminum sulfate, 41(850))4°18H,0 0,370
Mangenous sulfate, mah‘nzo 0,080
Sodium phospbete, NagPOy +12Hp0 0,700
Copper sulfate, CuSOy«SHpO 0.0240

Hydroehloric seld, concentrated 8.960 (5 ml)

3. Polyvinyl slechol, Du Pont, 2lvenocl, Grade T1-2li,
2% (w/v). Twenty grams of polyvianyl alecohol
woere nixed with sbout LO0 ml of warwu distilled
water snd warmed, with stirring, on a hot plate
until 4iesolved. The solution was diluted to
1 1liter and stored in the refrigerator.

4. Mixed reament. £2gual perts of ), 2, and 3 were
mixed together fresh daily.

Se Thisgole yellow dye, Oenereal Aniline Works, Ine.,
Albeny, Hew York. A stoek solution containing
0.5% (w/v) of dye in 50% ethyl alecohol wag pre~
pared end stored in & dark bottle in the
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refrigerator where 1t keeps indefinitely.

Sodium Hydroxide, 10 N,
Magnesiun stendard solution, 1 mg msgnesium per

ml. MgS0)+7H20 was dehydrated at 300°C for 7
or mors hours until constant welght was ob~
tained, The stendard solution was propared by
dissolving 1.2375 gm of the anhydrous MgSJ)y in
distilled water and made to 250 nl. Becsuse
the asnhydrous salt tekes up molisture rapidly,
various techniques for preparing end welighing
the enhydrous MgS0), were eompered. These are
desoribed in the section on "RESULYTS AND DIS-
CUSSTON," |

The procedure for the colorimetric method was as

follows?
1.

<

Je

The day's supply of polyvinyl aloohol was renoved

from the refrigerator sbout 2 hours befors use.

Appropriate volumes of samples and standerds were

transferred in duplicate with Normex pipettea
into golorimeter tubes., Three levels of stand-
ard which bracketed the magnesium econcentrae«
tione of the unitnowns were sufficlent alter the
range of proportionslity had been established
end the techniques mastered.

Distilled water was added to bring the volume of
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sll samples and stenderds up to 5 ml., Blanks
eontaining § ml d8stilled water were prepared,
Sometimes, for conveniencs, the blanks, stend~
erds, end unknowns were pipetted into coloris
neter tubes and stoppered with corics on the
day pr.vidﬁs to anelysis,

Enough =mixed resgent for the day wea prepared,
mixed carefully, and ellowsd to stend gt ibnct
15 minutes.

A 0,024 molution of thisgole ysllow was prepsred
daily by 4ilutine I ml of the stook dye solu-
tion to 100 =l with dfstilled water,

From e burette, 3 ml of mixed reagent were added
to ench tube, stirring with s smell glass rod
flattened horigontally at one end.

Beginning with the blanks, 1 ml of 0,025 thiasole
yellow wss added from a buretts to one tube and
stirred immediately.

Repidly 2 ad of 10 N NaOH were added with & pipette
eut off at the tip., The solution was atirred
during the addition of the base snd the stop
wateh started, Steps 7 and 8 wers repeated for
ell tubes in order,

After exactly 20 minutes, the colorimeter was set
¢t zero with the blank snd the optical density
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read in all tubes, Readings were mede in the
same order and st the same rate as ths eddi-
tion of the dye end sodium hydroxide,

To test precision of the method, reecoverics were run
with esch analysis by adding 1 nl of magnesium sulfate solue~
tion contalning 10 pg of megnssium to sdditionsl aliquots of
the samplsa. Percentage recovery wes celculated by sub~
trecting the emount of magnesium in the ssmple from the
smount of magnesium in the recovery and dividing by 10,
Whenever possible, samples were snalyzed et two dilutions.
The presence of large quantities of aineral assh prohibited
analysis of solutions of food and feces at the higher con~
centration.

It was necgessary to include standerds with each aet
of determinations because the standard curve varied from day
to day., 411 determinations were made in duplicate.

Gravimetric Method of Anelyeis
In the grevimetric determination of megnesium in food,

feces, snd urine, the calcium was first removed by precipi-
tation of the oxelate by the method of the Associstion of
oOfficial Agricultural Chemiets ('50). In the case of feces,
two and one~half times the specified amount of ammonium
oxalate was added because of the high celeium content of the
fecal sample supplying adequate gmounts of magnesium for
snalysis,
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The caleiumefree filtrate was then analyzed for mag-
nestum by ¢ modificetion of the method of Msay ('42) with
ref'erence to the technigues of Willerd, Purman, and Bacon
('S7)e The large smounts of swmonium gnd oxelste iona
present were reuoved by ecldifying the filtrate with con~
centrated nitric acid and concentrated hydrochloric eeid
and svaporating to dryness. This process was carried out
twice. With urine, the remaining organic metter was renoved
by hesting the residue in the muffle furnace overnight st
5509, Since ssh solutions of food and feces were used,
this atep wes not necessary in their an=lysis, The residue
was dissolved &n concentrated hydrochlsrie ecid and dis-
tilled vater end filtered through ashlees filter paper into
an unscretched beaker.

The magnesium waa precipitated as magnesium ammonium
phosphate by the addition of diemmoniun hydrssen phospﬁatc.
followed by the sdditien of filtered concentrated ammonium
hydroxide until the solution wes strongly salkaline to methyl
red, With food and feeoal samples, saamonium tartrate solu-
tion was added with ths digmmonium hydrogen phosphate te
keep the iron snd sluminum present in solution, After
standing in the refrigerator overnight, the preciritate was
filtered through a porcelain filtering crucibdble (previously
fignited to constant weight at 1000°C) and weshed free of
chlorides with dilute, filtered smmonium hydroxide solution.
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The precivitate of magnesium ammonium phosphste was ignited
to magnesium pyrophosphate by holding at 1000°C for one to
one and one~helf hours. To prevent cracking, crucibles were
placed in the muffle furnace at a temporature of 500°C and
the furnsce then sllowed to heat to 10009C, After 45 %o 60
minutes at this temperature, the furnace wes turned off end
ellowed to cool to S00°C before the crucibles wers removed,
It wes assumed that the crucibles and samples were st cone
stent welght after this perioed of drying. In prelisminery
work with the first sample, the crueibles were returned to
the furnaea and ignited st 1000°C for 30 minutes after being
imited as deseribed above, snd the welght remained con-
stant, After cooling in the air for 5 minutes, the cru~
cidbles were placed in dessicetors and cooled to room temper-
sture before being weighed. The amount of the magnesium
present wes caloulated from the welight of the megnesium
pyrophosphate.

All gravimetric analyses were made in triplicate.
Recoverics were run by adding a standard solution of mag~
nesium sulfates to two additional aliquots., Percentage re~
covery was deterained by subtrscting the average weight of
magnesium in the sample from the weight of megnesiun in the
recovery sauple and dividing by the weight of magnesium
added. This velue was determined by a simultsneous anslysis
of the volume of standard solution added to the recovery
sample,



RESULTS AND DISCUSSION

The work sccomplished in the present atudy consisted
of two main problema: evaluation of the iafluence of cer-
tain varisbles involved in the use of the modified thiascle
yollow colorimstric method upon megnesium determinations
end o comparison of the results obtained in the snalysis of
food, fecal, and urine solutions by the eolorimetric method
and a gravimetris procedure.

Preparetion of Hagnesium Standsrd

Since in any colorimetriec method of analyais, determi-
nations are based on conparisons with solutions of knowm con-
centration, the rellsbility of methods fer the preparation
of standerd solutions ie essential, Tn the case of mag-~
nesium, preperation of standard solutions 1s asomplicated by
several factors. Megnesium metad is too Peadily oxidised
te permit use of standard wire such ss that avallable for
iron and les® reactive metels. Furthsrmore, magnesium salts,
such as the phosphates snd sulfates, tend to precipitate ss
aixtures rether than as single chemiesl compounds. For this
reason, the compounds gensrally preferred for use in ssand~
erd solutions have been freshly prepered megnesium pyro-
phosphate obtained by ignition of megnesium emmonium phoge
phate, or anhydrous magnesium sulfate. The latter is thw
compound used in the Nutrition Leborstory. Since magnesium
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sulfate forms seversl different hydrates, the enhydrous
salt must be freshly prepared and welghsd under carefully
controlled conditions to provide reliable standard solu«
tions; In the present study, conditions for the prspara«
tion of completely anhydrous magnesium gsulfate were sstab«
lished and a technique devised for weizhing semples repidly
enough t0 keep absorption of molisture at & minimum.

The first prodlem in working with the method for
preparing the magnesium standerd solution was to £ind the
best procedure for obtaining completely enhydrous MgSOy.
Semples of Mz80) «THZ0 wers welghed into crueidles which hed
besn $gnited to constent weight. The Lydrate was dried In
the furnsce at 300°C for 7 hours, then transferred to en oven
et 1009 end left overnight. The crucibles were trensferred
to a dsalccator, allowed to cool to rFosm temperature, and
weighed. To determine If this method of drying removed all
of the molsture, the cruclibles were returned te the furnace
at 300°C for one hour, When they were welighed agein, the
welight wes less, indfcating further loas of waterj they wers
returnsd to the fwrnace, weighed, snd constsnt welght obe
teined, This procedure was repeated and aimiler resulta ob-
tained. It iz, therefore, recoimended that the MgS0,+THp0
be dried in the muffle furnace at 300°C for 7 or more hours
until constant weight !s reached to obtain completely

.nhm. "830]‘0
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The second problea was to devise teghniques whieh
would insure a minlimum absorption of molsture by the hydrate
during weighing. In welghing s semple of 1.,2375 gm, the
dried magnesium sulfate gained 0,1 mg or wore tﬁ weight per
minute. Thus appreciable srrors would be introduced if
severel minutes were spent in transferring and weighing the
magnesium sulfate after 1¢ hes been dried., So that the time
spent in trensferring and welghing would be short, the
approxinate weight of MgS0y+7Hp0 needed to obtain the de~
sired amount of ¥gS0, was calculated from the empirieal
formule. This amount was welighed into e weighed, dry eru-
¢ible and dehydrated as described previcusly. Aﬁ additional
senple was dried In & second erucible. After constant
welght was reached, o small amount of snhydrous MgS0, was
transferred from the seeond crucible to the first to ob=
tein the desired weight of achydrous selt. . The amount of
MgS0y in the Hg30j+TH20 in eruecible #1 was caloulated to be
49.72% end in erucible #2, 49.73%. This procedure was re«
peated ueing the averagze of these two figures to deteraine
the amount of Mg80L«7H20 required. Agalin the weight lose
slightly exceeded ths eatimste and s smell amount of
anhydrous MgSOy wes added from s second crucible to obtain
1.2375 gm.

To make weighing more rerid, a Oram-stic Palence was

used., A deslecant wes pregent in the balence case to help
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keop the molsture content of the alr low.

Ae & Tssult of this study, it is recommended that the
welght of MgSOy+T7Hz0 needed to obtain the desireéd amount of
enhydrous MgS0), be celouleted from the emoirical formula or
from the MgS0), content determined in preliminery trials.
This smount, along with an extra amcunt in a second erucible,
should be dehydrated as recommended previously. A small
amount of MgS0|, ecan be transferred rapidly from the second
to the first crucible If it is needed. Veighing should be
done on & Cran-atic or ainiler repid balance, By folleowing
thias procedurs, s minimum amount of time will be spent in
transferring end weighing the anhydrous MgS0).

Effect of Magnesium:Celeiun Ratio
The range of caleium concentraticns over whieh the

compenseting solution prevented interferonce was studled by
sdding known anounts of calefum to standerd solutiona of
magnesium sulfate and to eliguots of golutions of sash from
feeal composites,

Mention has deen made rreviously of the relatively
high =zimeral concentration in ash solutions of feces. In
the feces of individuals on normsl humen dists, the smount
of magnesium present ls likely to be low in comparison to
the total mineral content. For these reasons analysis of
ash solutions of feecsl componltes l;y the modified thiasole
yellow method heas required special pnc;mtiana.: Work with
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a fesal compoaite having the smallest magnesiumiceleium
ratio sncountered in studies in this laborstory, 1:16, 11~
lustretes the difficulties, When the solution of ssh wes
diluted to gzive & =aznseium lon eomcentretion of aprroxie
mately & ug of aagnesium per 2 ml aliquot, snelysis aprearsd
satisfectory. Addition of 19 ng of magnesium as standard
solutfon to 2 ml of this dilute solution had no asdverse efe
fect upon the analysis. However, when S0 ng of calelum
woere added, Iincreasing the caleium fon concentration from
130 to 180 mg per aliquot, cloudiness was noticed during
color development and readings were high., Addition of 100
Jig or more of caleium caused iamediste precipltetion when
base was added. Whether this Interference was due to cel~
cfum fon alons or to an increase in cation concentration
sbove the sbility of the protective collold to prevent coag-
ulation cannot be stated with certainty. In the snalysis of
other ash solutions of food end feces in the present study,
however, similar difficulty wes encountered when attempts
wore msde to carry out anelyses at two different dllutions.
At the grester dilution, the soluticins were cloar and re«
sults were reproducible on different days, but et the higher
concentretion, the solutions became cloudy and results were
high. This interference could bte overcomes by the use of a
smaller sliquot of the test solution as suggested by Mlickel~
gen and Toth ('47). Por the food and fecea samples being
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analyzed in this study, it was neceasary to anslyze asamples
with s magnesium content of 5 to 10 ug because the ratio of
total minerels to magnesium was apparently high. In previous
work in this lsboratory, 1t was possible to analyze food and
fecal samples et higher levels of maegnesium {teble 1) when
the ratio of total ash to magnesium was lower. Urine
samples were satisfactorily a_mlyud at ooncentrations of
sagnesium up to 30 ng per aliguot because the ash content
wes low 4in relation to the magnesium content.

In work d4one in this laboretory, ths range of mage
nesium ¢0 caleiuam lon concentrations in the meterials under
study hes been as follows: u»ing, Ile.S to l:23 feces, 1:5
to 1t163 food, 13l to 117. The influence of the relative
snountes of oalsium upon analysis was studied throuch deters
ainstion of the percentapge recovery of edded magnesium in
standard solutions having & magnesiumtcslelum retio of
210.7, 1k, and 1:10 end in fecsl ash solutions in which
previous analysis indicated ratios of 1:6, 117, and 1:16.
As shown in tedble 1, recoveries of added magnssium for the
thres magnesium:caloium retios in the 2tendard solutions
wers 100, 98, and 100%, indicating that the compensating
golution is adequate over this wide range vhen no other
mineral 1s present. Of even groater laportence is the fast
that recoveries with fecal solutions, containing undeter~

mined concentrations of other minerals, wers also excellent



TABLE 1

INFLUENCE OP MAGNESIUMICALCIUM RATIO ON PERCENTAGE
RECOVERY OF ADDED MAGNESTUM

Nag!uum/
Sample aliquot MgiCa ) § 2 3 Av,
(ng)
Stendard
Solution
15 1:0.7 102 101 98 100
15 1:4 99 98 - 98
15 13110 98 10% 97 100
Fecal Ash
Solution
#58 11.4 116 101 200 e 100
[ 16.4 16 97 100 . 98
' o 10.6 1:7 98 101 - 100
f#ot 18.7 117 102 103 - 102
9 7.7 1116 o2 - - 102

®Results from previous snalyses in this laborstory.
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{98 to 102%) at éifforent megnesiumi:caleium ratios. Recove
eries were sbout the seme at the 1:16 ratio es at the 1:6
ratio, 102 and 100% respestively. Recoveries of added mage
nesiux were aqually as good at magnesiumtgcsleium ratios
renging from 1:10,7 to 11lé sugpesting thet the compenssting
solution is effective in preventing interference over this

wide range.

Effeet of Time

8everal voriters hsve observed, when using colori-
aetric methods, that the Intensity of ths coler of the
nagnesium-dye lake often decresses on standing (Gillam, 413
Sterges and MacIntire, '50; Bricsson, '55; “itohell, *Sh).
In the present study, this feding was noted also. Optical
density resdings were made 10 minutes after the sddition of
the dye and baese in the originel method (Youngz and G111, 'S5l
Because 1t seemed more economical of time to be sble to In-
clude more samplss in a single series of determinations than
was possible when resdings were made after 10 minutes, resd~
ings ané apperent megnesium concentrations of the seme aolu=-
tions were checked at 10, 20, and 30 minutes after the addi~
tion of the dye and sodium hydroxide to see if the time
interval changed the results. Tn most cases, there was a
stepdy fading of the color of the magnesium-dye lake from
10 to 30 minutes in the blanks, standards, semples, end

recoveries, The colorimeter was set st zero with the blank
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at the start of each series of readings, the routine pro~-
cedure in analysis by the thiassole yellow method, 4 typle
cal series of comparisons is presented in table 2. The
value of the colorimster reading decreased with esch time
intervel, reflecting s diminighing of the intensity of
color of the magneosium<-dye lake. The rate of feding veried
from day to day and occasionally the reading st 20 minutes
was higher than at 10 minutes, but it wee slvays lower at
30 minutes than at 20 minutes. The rete of feding also
veried from sample to sample in the ssme series. Mitchell
(*sly) felt that this rfeding wes sssocisted with an "egeing"
of ths magnesium hydroxide which occurred whether or not
the éyes was present.

The results of the annlrcli‘or semples 414 not change
apprecisbly from one time Interval to the next (table 3,
page 34}, probably because the color produced with standards
and senples faded st about the same rete {table 8). Sterges
and MagIntire ('60) ailso felt that fading 414 not interfere
with the enslysis if st least three imown standards wers run
with each seriss of satniplee and if eesch serics wes reed
after the seme time Iinterval.

Recoveriea were run by sdding imown amounts of mage
nesium ¢o duplicate aliquots of samvle. Tn some !nstances,
es with urine #2 (teble 3), recovery improved somewhat from
10 minutes to 30 minutes while the sctual snslysis remained
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TABLE 2

EFFECT OF TIME ON INTRNSITY OF COLOR OF THE
MAGNESIUM~DYE LAXE

Time Colorimeter
Sample Interval Reeding®
, _ (min)
Standerd Solution
10 ng Hagnest 20 4
ng Magnesium
30 75
20 ng Megnest 8 ﬁ%
ng Yegnesium
3 42
10 219
30 ug Magnesiun 20 215
b 210
Solution of Ash
10 8s
Pood #3 20 8{
30 8
Food #3 plus 10 15
10 g gtgnuiuu 3”? % ,
10 1hk
Urine #1 20
% T

8iverege of reasdings from duplicete tubes.



TABLE 3

EFFECT OF TIME INTERVAL OF ANALYSIS
OF SOLUTIONS

Sanple Interval Analysis Added Qs
{(min) {ng Mg per ml) (%)
10 11.3 9
Pood #3 20 1.2 9
11.2 96
10 Se7 99
Feces #1 20 6.? 98
6. 96
% ;g ;.g 97
Feces .
% 13 4
10 8.8 92
Trine #2 20 8.9 95
8.9 97
10 17.0 96
Urine #) 20 i7.1 gl
30 17.5
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the same. This example points out the unsven feding which

occurred from sample to semple. In other instances (feces
#l1) there was a slight decreass in per cent recovery with
increase in time, The fact that there wes no consistent
trend in recovery of added magnesium snd that the results

of the anslysis 434 not change appreciably when resdings were
made between 10 and 30 minutes following color development

~ indicates that results obtalned at eny time within this
interval are equally relisble. As long es all readings in

& series ere made at the same time Interval after color de~
velopment, the fading will not affect the analysis.

A time interval of 20 minutes between the addition of
the dys and base snd the reading of the optical density has
proved convenient in thias lsboratory. Color ean be dee
veloped and readinzs made on 10 to 20 pairs of tubes in 40
minutes. Resding the optical density at 10 minutes after
the sddition of dye and base seems inefficlent since three
standards sand & blank must be Includsd in duplieate with
each series; only S or 6 sauples cen be enalyzed as compared
with 1 or 16 when readings are made at 20 minutes, Making
readings et 20 minutes, rether than 10, has the additionasl
sdvantage that most of the bubbles formed by addition of the
polyvinyl aleohol have sscaped during the longer Intervel.
Digadventages of making readings at 30 minutes efter addi-
tion of dye and base include the danger of error from
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fatigue, when color must be developed in & large number of

tubes at a constant rate, and the possibdle formation of
turbidity in solutions of high mineral content.

Comperison with s Orevimetrlc Method

Since, until recently, most of the date from mag-
nesfium bslance studlies in humans heve been obtained by uae
of ¢ gravimetric method, in which megnesium s precipitated
from the caleium-free filtrate a8 magnesium ammonium phoge
phate and ignited to magnesfum Mcphah {Daniels and
Sverson, '363 Bogert and McHMettriek, '22) Cheney and Plunt,
t25) Hummel ot el., 363 Hummel st al., '373 Maey, 'L2),
gomparison of the results obtalined by the modified thiszole
yellow nethod with analyses made by the gravimetrie pro~
cedure appeared sssential. To make thls comparison, all-
quots of the same composites of food, feces, and urine were
enalyszed by both methods,

The results of analyses by the colorimetrio method
are shown in table L. The levela of megnesium per 1 ml
eliquot of ash solution and duplicete ash solution are pree«
gented to show the reprodueibility of snalyses by the modie
fied thiaszole yellow method, Deteraminations of resovery of
magnesium added to other eliguots of the ssme solutions of
ash are Included to indicate the asccuracy obtalnsble and
the effectiveness of the compensating solution in the con~
trol of interference by other ions, The magnesium



TABLE §

COLORIMETRIC DETERMINATION OF MAGNESIUM

Average

Averepge

#3
Average

#2
Duplicate
Averapge

#3
Duplicate
Average

“l
Duplicatel

#1
Duplicate
Average

#2
Tuplicate
Average

Ul 100
6'2 600 91 -
6.1 91
1l. 10.6 96 97
. 11.0 96
Teges
~Hgperml -
‘z ?. 91
O 3 ¥
7ol 98
6. 6.8 3 oL
6.! 6.8 9§ A
" 68 95
10,86 10,2 96 99
8.1 8.1 102 103
. 100
Uprine
g per wl e
9.0 3.2 98 oL
"02 49 - e
9.1 96
15’1 150 * 98
1507 15.3 e 97 99

22,

o6 28,
28.8 29.
28.6

¥
26

20.0
20.8

26.2
26,2
.2

108,0 110-3
110,90 106.
108,9
%.2 93.0
gh.a 933“

3.

83:50 dilution

b1:2% dtlution
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concentration per 100 gm of food and fegal composite and
psr 2l hour urine sample are included for comparison with
the enalyses made by the gravimetric method,

Reproducibility betwesn the two analyses of the same
sample and between duplicates of food, feces, sand urine was
good (table §), indicating satisfactory precision of the
method., Average deviation of individual anslyses from the
mean was 3% for food, 25 for feces, and 1% for urine.

Recoveries ranged, for the most part, froa 9§ %o
1038, indicating that the thiasole yellow method is accurate
for use in snalysis of food, feces, and urine. To show that
recoverics with food solutions are usuaslly equelly as good
¢ with urine snd feces, results of the colorimetric enely~
sis of food Fl ere included in table lj, even though grevi-
metric analysis of this sample was not made, Recoveries
averaged nearly the seme for the three blological materials:
974 for food, 984 for feces, snd 97% for urine, Thus, in
humen balence studles, the date obtalined in the quantitative
estimation of magnesium in all three types of blologicel
materials by the thissole yellow method should be comparable.
hAccuraey, o8 xndionﬁod by recoveriss, was equelly good with
urine #2 containing 15.6 ug megnesium per ml and with feces
#2 containing sbout half ss much magnesium, indicating that
the compensating solution effectively prevented the Inter~
ference of other lons present in the samples anslysed.
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The magnesium content of the food, feeal, and urine

sanples ss estimated quantitatively by the gravimetrie
method 1s shown in table 5. In the cass of food and feces,
two or threes aliquots of the same ash solution were anslyszed 3
and the results caleulated on the basis of mg of magnesium
por 100 gm of composite. With urine, two or three samples
of the composite were analysed and the results given in mg
of magnesium per 2i hour output. Recoveries of added nmag-
nosium are Included alsc to indicate the asscuracy obtained.

Precision by this procedurs was good as Indioated by
the close agrsement between repliceate anslyses of the ssmple
(table §). Average deviation of individusl enalyses from
the meen was OX for food, 1f for feces, snd 2% for urine.
Aceurscy, as indicated by average per cent reecvery, was
good, ranging from 92 to 103%. The recoveries averaged
about the asame in the analysis of food and feces, 90 and
1004 respectively. The average recovery for urine was some=~
what lower, but this was probably due to the grester possi-
bility for error present during ths analyasis; a large vol-
ume of liquid was evaperated to dryness in a silics svap~
orating dish and epattering wae & constant possid!lity.

The results obtained by the colorimetr!c method end
the gravimetris method are summariged in table 6, page 4d.
Results of the analysis of food, feces, and urine for mag=-

nesium by the colorimetric method were consistently higher



TABLE §
ORAVIMETRIC DETERMINATION OF MAGNESIUM

Replisate Resovery

Semple Replicate Anslysis of Added Magnesium
1 2 3 Av, 1 2 Av,
Pood
BE_per 100 gm & Regovery
#2 22.4 22,4 22,4 22,4 W 96 95
73 21,6 21.6 - 21.6 102 98 100
Peces
ag per 100 gm £ Regovery
#2 27.2 28.0 27.6 27.6 96 96 96
#3 2h.S 24.5 25.0 2.7 102 100 101
#h 19.7 20.2 20.2 20,0 101 104 103
Urine
mg_por 2 hr £ Recovery
#1 106.2 102.0 - 104.1 92 i 92
#2 67.6 86.4 82,8 85.6 98 89 9oL




TARLE 6

COMPARISON OF MAGNESIUM CONTENT OF POOD, FECES,
AND URINE SAMPLES AS DETERMINED BY TWO METHODS

R S ——

Gravimetric

Colorimetrie

Sample e thod Method DAfference
Pood
Sg_per 100 g= 2
92 22.4 2.4 E
3 21.6 22.0
Peces
ag per 100 gm X
#2 27.6 28.6 b
i3 24.5 26.2 7
# 20,2 20,5 2




L2
than those by the gravimetric method, With food, the re-

sults by the colorimetric msthod ranged from 2 to 9% higher,
with feces, the renge wes 2 to 7% highep, and with urine,
the range was L} to 9F higher. The difference between the
results of the analysis of urine ss obtained by the two
nethods in this atudy does not agree with thet found by
Hirsehfelder snd 3erles ('34). They report that results ob~
tained when determining the magnesium content of urine with
& colorimetric method using titan yellow or Clayton yellow
svaraged 3% lower than results obtalned using s gravimetric
procedure. No other comparisona of colorimetris and gravi-
netric methods using food, feses, or urine were found in

the literature, but ssveral comparisons have been made using
other materials. Por example, Sterges and Mgolntire ('50)
found that anslysis of plant tiszsue by the thiszcle yellow
method geve results from 0 to $% higher then the AOAC greavi-
metric method.

Comparison of the dsta obtained in the analysis of
gomposites of rood, feces, end urine for magnesium by the
University of Tennesses nodificetion of the thisszole yellow
colorinetric method and by the older gravimnetric techniques
indiceted that the 1imits of experimental error, ss shown
by recovery of added magnesium, of the two methods were
similar (teble L end table S). Analyses by the colopimetrie
mothod were consistently higher than thoss obtained by the
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older method, Towevep, since the differences were of the
sams magnitude for all three types of blological material,
balanes data obtained by the two methods should be entirely
comparsble, In no csse wes the difference in the estimated
magnesium content of food, feces, or urine sufficiently
great to indicate a real difference in dietary level of mag~
nesium or in its metedboliaam in a comperison of human balance
data obtained by the two methods., Sinece the comparison of
snalyses by the twe procedures Indiceted that the dsta ob-
tained by the colorimetric method are no less relisble than
those cbtsined in the gravimetric procedure and since the
rapidity of she colerimetric method has the obviocus ad-
vantage of faeclliteting the study of maznesium metebolism
snd requirements in humans, the sdoption of the modified

thiazole yellow method for routine use eppoars justified.



SUMMARY

In work reported in this paper, several fasctors
affecting the Tniversity of Tennessee modification of a
thiazole yellow colorimetric method for datermination of
megnesium in humsn balance experiments werse studied, Com~
parison of analyses by this method was made with those fronm
& gravimetric method used in obteining much of the data on
magnesium balences reported in the literatwrs.

Conditions for prepsring completely anhydrous mag-
nesium sulfate were ecsteblished and s technigue devised
for welghing samples repldly in order to keep asbsorption of
nofsture at & minimum,

The influence of magnesiumicaleclium ratios was studied
through determination of the percentage recovery of msg-
nesium in standard solut!ons having a magnesiumicalotum
ratio of 1:0.7, 1:h, and 1110 and in fecel esh solutions
with ratios of 116, 117, snd 1t16. Recoverles ranged from
98 to 102% Indicating that the nodified compensating solu~
tion is effective in preventing interference of caloium over
this wide range. 8oclutions became turblid after addition of
dye and bese when the level of celolum was !noressed in g
fecal solution with a megnesiumicaleium retio of 1:16.
Solutions elso became turbid during the snalysis of food
and fecal seamples whieh hed a high ratfio of total aminersl

to megnesium, This interference was 2vircome by the use of



LS
smaller aliguots or grester dilutions of the test solution.

Apparent magnesium concentration and percentage re~
covery of added maegnesium d1d not chenge appreciably when
optical densisy readings were talen at 10, 20, end 30 atn-
utes after addition of dye and base during analysis of food,
feocal, and urine sasples, even though there was a fading of
the color of the magnesium-dye lake in the blenks, atanderds,
and samples with passage of time. A time interval of 20
minutes hes proved most efficlent and convenient in the
Nutrition Laborastory.

Megnesiun determinations on food, feces, and urine
by the thiazols yellow method were consistently higher than
by a grevimetric procedure. However, in no cese was the
difference sufficiently grest to prevent comparison of
hunian balance data obtained by the two methods. The fact
that the modified thiaszole yellow method sppears reliasble
end 1s rapid seems to Justify its use in routine anslysis

for megnesiun in human belance studieas.
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