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Introonuetion

Thiemin nvarocnloriue (Vitinin Bl) is « walte crvstaliline vowcer
hevings wn empiricul Iomada of G, 0N oCLl, wnd & meltin: soint of
245¥C.  Lts simtoezlis in 1937 by R. Re Wwitliems (1) wes the culminstion

solote the tfactor resaonsi-

=

ot a halt century of efifort to idertiry ond

oLe tor beribveri, a dize:rse evidenced 1n 1u. wcute oLapes DY & senerv-

lized euemsz, or norioher:l neuritis or erlirrement of tne herrt. L3

ecrly &5 1884 Tolkcii, a Jevsnese doctor, rzcornized thit beriberi wes

4

arensble to dletiry troctment but 1t &3 not until 1995 to 191D tinit the

)

dietiry orizin of tiis dige: e nocime tecer teae to anm grost estent.  In
1911 Funk («) succeeccod in extroctinge trom rice solisnines o cryoteliine
metericl viiich cnred volynewritio in piceons and taree v=trs Llater ub-
lished his book "Die Vitirnine™ which firat guve thit nume to tne ccces-
sory Ifood ructors. Tuls jublicition proviasd s distinet irmpcous to
investigutions in the aietory I[ield ¢éna many metnods for isol:ition of
the polvneuritic frctor (Vitemin By) were proposcd ena tried. oot
noteble umong these was the use of Futle?a eurth 85 ¢n adsorbent by
seidell (3) wna guinine wulifete elntion by wWiiliwns (4). bearwnile
Junsen ard Doneth in 19:6 (5) snd Onduke in 193¢ (6) succecced in iso-
lating enough crystalline muterisl to prowvose a tentutive tormulea Ior
this tuctor. In 1970 wiilisns pronosea ¢ revisea Iormuda widen accur—
ateiy cenoted tne molecudir structure o1 tre cryvstellire substince ana
one yveur loter announceda tne ssminccis ol a comvound, tulamin nyoro-

cuioride, ieving tne scme biolo;zicul activity ana cnendcil crorertles

¢8 tne notursl ocenrring polvneuritic ivctor.



History

Until 1934 all assays of vitamin B potency were made with
pigeons or rats. However, in thet yeuar Kinnersly and Peters (7) pub-
lished the first chemical test for this vitamin. They had found that
diazotized sulfanilic acid in the presence of a buffer and formalde-
hyde formed & pink colored compound with vitzmin B;. This test wes
applicable only qualitatively in fractionation experiments.

In the same year W. H. Schopfer (8) proposed a quantitative test

using mold growth. As ezrly as 1932 he believed that some "vitamin"

influenced bacterial growth on media containing meltose. He later iden
tified one of the factors as vitemin By and then developed the method.

It consisted essentially of growing the mold Phycomyces Blakesleeanus

on & synthetic media to which had been added varying amounts of the
vitemin. The weight of the mycelium developed varied directly with the
amount of vitamin B; in the substrate. This method was applicable only
within narrow limits, being dependent upon the possibility of growth by
the mold. It was Schopfer's theory that the organism used vitamin Bl
to synthesize its own growth factor.

The following year Peters (9) found that the purest vitamin B;
preparations available could be converted by oxidation in aqueous solu-
tion into substances showing an intense sky-blue fluorescence. Berger,
Bergel and Todd (10) then found that this fluorescence was due to a
pale yellow sulfur containing compound (m.p. 221°) having &ll the re-
corded properties of "Thiochrome" (CIZHIAONAS) which was first found by

Kuhn (11) and his colleagues. The fluorescence of this compound was

also used as a qualitative test for vitamin Bl’



In 1936 the first quantitative chemical methods for the esti-
mation of vitamin B; were published. One of these was a gravimetric
procedure proposed by Neiman (12). He found that bismuth iodide in
potassium iodide formed an orange-red precipitate with thismin
chloride which could be filtered, dried and weighed. The weight of
the precipitate was found to be proportional to the amount of vitamin
By present.

Far more important than this, however, were several modifications
of previously developed qualitative methods which made possible their
application to quantitative determinations. The less important of
these were colorimetric procedures consisting of two modifications of
the Kinnersly Peters color producing reaction (13, 14) and the use of
a new color producing reagent described in a preliminary report by
Prebluda and McCollum (15). The other line of attack was the quantita-
tive meuasurement of fluorescence produced after the oxidation of thiamin
chloride to thiochrome. Jansen (16) developed the latter method which
has up to the present time found the widest application of any method.
He found that the thiochrome produced upon the oxidation of thiamin
chloride with potassium ferricyanide could be extracted by isobutsnol,
in which the fluorescence of thiochrome is much brighter than in water
solution. By visual comparison of this fluorescence with that of a
series of standaerds it was possible to determine the amount of vitamin
By originelly present.

It should be remembered tﬁat up until this time vitamin Bj was

obtained solely from naturzl sources. Its concentration and purification



were accomplished almost entirely through adsorption on Fullers earth,
Lloyds reagent or acid clays followed by elution with alkalis, aqueous
alcoholic hydrochloric acid, quinine sulfate, pyridine or the acid salts
of the nitrogen bases. All of these methods were slow and recovery was
not quantitative. For that reason, the discovery by Cerecedo and
Hennessy (17) that thiamin could be quantitatively adsorbed on and
eluted from synthetic zeolites provided a definite step towerd more
accurate analysis. It mede possible the separation of thiamin chloride
from some impurities which might interfere with any of the quantitative
determinations previously proposed. Whitehorn (18) in 1923 had shown
thet organic bases of moderéte strength are removed from solution by
passing through a bed of permutit, one of the synthetic zeolites. Fur-
thermore he showed that the organic base could subsequently be removed
from the bed by a selt solution such e&s potassium chloride. The appli-
cation of this knowledge by Cerecedo and Hennessy to the problem of
purification of vitamin B was of importance because permutit adsorption
has several distinct advantages over that of Fullers earth or acid clays.
One of the most important is the use of neutral sslt solutions for re-
covery of the vitamin rather than an alkali in which thiamin chloride

is relstively unstable. Further advantages are the known composition

of the adsorbing agent, the controlled size of the particles, the possi-
bility of modifying the composition of the zeolite and the possibility
of regeneration of the adsorbent. Through the use of this agent
Cerecedo and co-workers were able to prepure crystalline vitamin By

from yeast (17) rice (19) and wheat bren (20).



inother quantitative method which is graduslly gaining wider
acceptance was also proposed in 1937. Schultz, Atkin, and Frey (21)
observed thet crystalline vitamin Bl exerted a pronounced influence
on the rate of alcoholic fermentation. By using carefully controlled
conditions it is possible to detect as little &s one microgram of

vitamin B, through the measurement of the volume of gas produced by

1
yeast in a certain period of time.

Since 1937, three colorimetric methods have been proposed. A
Japanese worker (Zz) converted thiamin chloride to thiochrome with
potassium ferricyanide. The resultant ferrocyanide was then converted
to prussian blue. This method involves & notable weakness in its lack
of specificity for any reducing substance might change ferricyanide to
ferrocyanide. Villela and Leal (23) found that treating thiamin chloride
with smmonium molybdate in 3 N sulfuric acid and aminonaphthosulfonic
ecid resulted in an intense blue color. Since this is the same proce-
dure used in the Fiske and Subbarow determination of inorganic phos-
phorus, it is necessary to run two determinations, one on the original
sample and one after the destruction of organic matter (including thiamin)
with a sulfuric acid - nitric acid mixture. The difference between the
two determinations would then represent the color due to thiamin. It
appears that any organic phosphorous present would make this method in-
accurate. A third colorimetric method was one advanced by Melnick and
Field (24) using the reagent introduced by Prebluda and McCollum (25).

It is this method and the thiochrome method of Cerecedo and Hennessy

(26) which have been investigated for this thesis.,



Object

The object of these experiments was to study the effectiveness
and applicability of the chemical methods for determining thiamin
chloride. Two of these, the thiochrome method and a colorimetric
method were studied because they have merited the widest application

and attention.

Principle

Thiamin pyrophosphate (cocarboxylase) a naturally occurring
form of thiamin is converted to free thiamin by enzymatic hydrolysis.
The thiamin solution is then purified by adsorption on and elution
from a zeolite. This is followed by the determination of the total
thiemin (free + phosphorzlated) by one of two methods, thiochrome or

colorimetric.



Experimental Procedure

Preperation of the Zeolite

Permutit was originally used in this investigation but was dis-
carded when it became apparent that it would not give satisfactory re-
sults. Decelso (30-40 mesh), a sodium eluminum silicate produced by
the Permutit Company of New York was finally adopted. A preliminary
treatment of this compound 1s necessary to remove any excess alkali
and to replace the sodium with potassium. Two methods have been pro-
posed to accomplish these ends.

Method A - The zeolite is placed in the adsorption tube and
fifteen ml of hot 2 percent acetic acid are passed through it. This
is followed by fifteen ml of hot 25 percent potassium chloride solution.
This glternute washing is repeated four times after which one hundred
mls of boiling water &are passed through the zeolite bed. It is then
ready for use.

Method B - Decalso is suspended in water and while being
thoroughly stirred is adjusted to a pH of 4.5 with concentrated sulfuric
acid. This pH is maintained by the further addition of sulfuric acid
for fifteen minutes. The suspension is allowed to settle and the liquid
is decanted. After repeating the acid wash three times, the zeolite
is washed five times with water, three times with 95 percent ethyl al-
cohol, once in acetone and three times in ethyl ether., It is dried in
a flat pan at 37°c for three days. The dried material is placed in the
adsorption tube and washed with 30 mls of 25 percent potassium chloride
solution followed by 500 mls of hot distilled water. The Decalso bed

is then ready for use.



Adsorption Tube

Wash_ Bettle
1)
Constant Level
Ja’ho‘\
Ye— steam
- HJ‘.'-F*I;. bd
1o
Yacuum
Pom r

Hydrolysis of Sample

A sample which will contain approximately 150 gamma of total
thiamin is refluxed for fifteen minutes with twenty volumes of 2 per-
cent acetic acid. After cooling, one tenth volume of 1 N NaOH and one
tenth volume of freshly prepared 6 percent Takadiastase (Parke-Davis)
are added. The mixture is incubated at 38°C for one and one helf hours,
brought to a boiling point, cooled and filtered. The total filtrate
or an aliquot thereof is then ready for passage through the adsorption

tube.



fdsorption end Elution

A volume of thiamin chloride solution containing not more than
200 gamma of the vitamin is introduced into the adsorption tube at room
temperature, If the concentration is low, the solution is permitted to
run through the Decalso bed at a fairly rapid rate (10 ml/minute). If
the concentratiaon is higher, the rate of flow should be such that the
solution is pessing through the bed for a minimum of 7 minutes. When
this is completed, the adsorption tube is heuted by steam and the Decalso
bed washed with 30 ml of distilled water. This wash gerves two purposes.
It removes eny impurities which might have been left in the tube and
also helps heat the Decalso bed preparstory to elution. Immediately affer
the last of the wash water has been sucked out, the stopcock is closed
and while steam is still passing through the outer jacket, 25 percent
potassium chloride solution adjusted to pH 2.0 with sulfuric acid is
added to the tube. This is then permitted to pass through the Decalso
bed at such a rate that 20 mls of eluate are collected in 6 to 9 minutes.
The potassium chloride solution is added to the tube in 10, 5, 3, and 2
ml portions to facilitate complete elution. The eluate is cooled and is
then ready for a quantitative analysis of the thiamin chloride content by
either the fluorometric (thiochrome) or colorimetric procedure. The
Decalso bed is washed with 500 ml of hot distilled water using the con-
stant level siphon arrangement (see dizgram) to prepare it for the next

sample.
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Solution b - 20 gm of C.P. sodium hydroxide are dissolved in
600 ml of distilled water; 28.8 gm of C.P. sodium bicarbonate are then
acdded and the solution made up to & final volume of one liter with dis-
tilled water.

Diazotization and Finul Reagent - The diazotization reaction is
carried out in an ice bath with use of one pert by volume each of Solu-
tion A and of Solution B. This reaction reauires a period of about 10
minutes. The mixture is agitated by means of an electric stirrer. &Lt
the end of this period 4 perts of Solution B are added to the resultant
mixture. The solution is stirred and maintuained at a temperature of
0 - 5°C for at least 20 minutes. Wnen the reaction is completed, the
diazotized solution remains satisfactory for use at least 12 hours at
refrigeration temperatures. In meking the final reagent for reaction
with the vitamin, add 20 ml of ireshly diazotized p- aminoacetophenone
to a flask conteining <75 ml of Solution C. This mixture is stirred
for a period of 5 to 10 minutes after which the reagent is ready to use.

Preparstion of Standsrds. Since a photelometer is used in this

work it is necessary to prepare a reference standurd curve from pure
thiamin hydrochloride (lMerck). A stock solution conteining 100 gamma

of thiamin chloride per ml is prepared. This solution, when acidified
to pH 2.0 with sulfuric acid, is stable for at least 2 months at refri-
geration temperatures. In a series of 50 ml centrifuge tubes are placed
0.2, 0.4, 0.6, 0.8 and 1.0 ml of the stock thiamin solution. Each is
diluted to 5 ml with potassium chloride solution (25 percent) which has

passed through the adsorption tube when no thiamin was present. To



each is added 5 ml of an alcohol-phenol solution containing 5 mgs of
phenol per ml and two drops of taymol blue. While this mixture is be-
ing stirred with a fine stream of nitrogen, N sodium hydroxide is added
drop by drop until the first faint blue color appears and this is followed
immediately by the addition of 2 volumes (10 ml) of the diazo reagent.
After thorough mixing, the solution is allowed to stand from 15 to 24
hours at room temperature. The red compound is extracted with 4 ml of
redistilled xylene (B.P. 134° - 138°) by adding the xylene directly to
the tube containing the reaction mixture and agitating by means of a
stream of nitrogen for 1% minutes. The layers are allowed to separate
and the red color in the xylene layer is determined with the photelo-

meter.,

Stendardization of the Photelometer. The phnotelometer was stan-
dardized using a green filter having maximuﬁ transmission between 520 -
580 mu. The standard xylene solutions prepared above contain the color
produced by 5, 10, 15, 20 and 25 gamma of thiamin chloride per ml of
xylene. These solutions were read in the photelometer and the gumma
per ml xylene (ordinate) plotted against percent transmission (abscissa).
A streight line results which wuas used as a standard curve for the thiamin
diazotate.

Preperation of Sample. An aliquote of potassium chloride eluate

containing 30 to 70 gamma of thiamin was used for the actual determina-
tion. It was treated the same way as previously described for the stan-
dard solutions. 1In some cases a heuvy precipitate was formed in the

reaction mixture upvon standing overnight. When this occurred, the reaction
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mixture plus the xylene was treated with 5 ml of 20 percent sulfuric

acid and thoroughly sheken., Ten ml of 15 percent sodium hydroxide were
then added, the mixture again sheken vigorously and allowed to separate.
The color in the xylene layer was tnen read in the photelometer and the

amount of thiamin present calculated from the standard curve.



TLBLE A
Zeolite - Permutit

Preliminary Preparation - Method B

14

Exp. ¢ ¥to : Vol. of ¢ Adsorp- : Elution ¢ & : % Re- : Remarks
No. : tube : soln. : tion ¢ Found :covery :
: : : : : : :
1 100 10 Hot Hot 30 30
2 100 10 Hot Hot 37 37
3 200 20 Hot Hot 56 28
4 <250 25 Hot Hot 155 62
5 600 10 Cold Hot 504 84 Color in 2nd 10
ml eluate.
6 600 10 Cold Hot 522 87
7 600 10 Cold Hot 558 93
8 75 10 Cold 35 47
9 100 10 Cold 57 57
10 125 10 Cold Hot 73 58
11 150 6 Cold 60 40
12 175 7 Cold 40 23
13 200 8 Cold Hot 60 30
14 75 25 Varm Hot 55 73
15 100 25 Werm Hot 67 67
16 125 25 Warm Hot 66 53




Zeolite

TABLE B

Decalso

Preliminary Preparation - Method A

15

Exp. : pli of ¢ & to i1Vol. of:idsorp-:Elution: & : % Re-:
No. s:Adsorp-: tube : soln. : tion Found :covery:
: tion : : : : : : :
17 : 7.0 : 150 : 100 : Hot : Hot : 92 : 61 :
18 7.0 Filtrate Hot Hot None bdsorption complete
from #1
19 7.0 100 100 Hot Hot 59 59
20 45 200 100 Hot Hot 192 96 Color in 2nd 10 ml
of' eluate
21 4.6 200 100 Hot Hot 176 88
22 5.2 200 100 Hot Hot 158 ¥
23 7.5 100 50 Hot Hot 91 91
24 7.0 100 50 Hot Hot 89 89
25 4.2 100 50 Hot Hot 78 78
26 3.8 200 25 Hot Hot 180 90
7 4.0 100 25 Hot Hot 87 87
28 2.6 100 25 Hot Hot 90 90
29 T4 100 25 Hot Hot 78 78
30 7.3 200 25 Hot Hot 164 82
31 5.0 100 25 Hot Hot 78 78
32 6.3 100 25 Hot Hot 90 90
33 6.9 150 25 Hot Hot 132 88
34 6.2 200 <5 Hot Hot 168 84
35 6.4 100 <5 Cold Hot 88 88
36 7.0 150 25 Cold Hot 132 88
37 6.2 200 <5 Cold Hot 180 90
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TABLE C
Zeolite - Decalso
Preliminary Treatment - Method B
Exp. : pH of ¢ & to :Vol.of:Adsorp-: R T
No. :Adsorp-: tube : soln.: tion :Elution: Found :covery:
o SUGE N TS : : : : : :
38 7.3 100 25  Hot Hot 6/ 64,
39 72 150 25 Hot Hot 102 68
4 HeR 200 25 Hot Hot 144 72
41 e 200 10 Hot Hot 144, 72
42 4.1 "Filtrate Hot Hot None Adsorption complete
from 41
43 LB 200 25 Hot Hot 156 78
L, AR 200 25 Hot Hot 144, )
45 4.0 200 10 Hot Hot 136 68
46 4.0 Filtrate Hot Hot None
from 45
47 B 200 2 Cold Hot 160 80
48 7.1 Filtrate Cold Hot None
from 47
49 7.0 200 2 Cold Hot 17z 86
50 7.0 200 2 Cold Hot 120 60 Elution rate too fast
53 750 200 2 Cold Hot 144 2 KCl not adjusted to pHR.0
52 oy 200 2 Cold Hot 154 75 -
53 450 200 2 Cold Hot 184 92
54, Lol 200 2 Cold Hot 174 87
55 Lol 200 2 Cold Hot 178 89
56 3.9 200 2 Cold Hot 188 94,
i 351 200 2 Cold Hot 188 9/
58 2.9 200 2 Cold Hot 176 88
59 3.9 200 2 Cold Hot 192 96
60 357 200 2 Cold Hot 184 92
61 3.8 200 2 Cold Hot 184 92
62 3.8 200 2 Cold Hot 184 92
3 ) 200 2 Cold Hot 192 96
64, B 200 2 Cold Hot 184 92
65 7.0 200 2 Cold Hot 184 92
66 7 41) 150 1.5 (Oold Hot 129 86
67 P 100 1.0 Cold Hot 8/, 8/,
68 750 200 2 Cold Hot N8 92
69 . 150 1.5 Cold Hot 132 88
70 o2 100 1.0 Gold Hot 8/ 84
A 7.0 200 2 Cold Hot 192 96
72 8.9 150 1.5 144, 96
73 3.5 100 A 90 90




TABLE D

Photelometer Readings of Standerds

Gamma of
thiamin/ml xylene : Low : High : Average

. .
. .

5.0 65 66 65.7
10.0 45 48.5 4L6.5
12.5 37 40.0 38.3
15.0 29.5 33.2 31.3
17.5 26.0 28.0 27.0
20.0 22.0 2441 234
25.0 16.0 18.9 17.4

TL3LE E

Progressive Percent Recovery of Thiamin

Experiment : Tube Number

Number : 1 o 2 3
38 64 68 72
41 72 - 78
A 72 68 -
47 80 - 86
50 60 72 77
53 92 87 89
56 94 94 88
59 96 92 92
62 92 96 92
65 92 86 84
68 92 88 84
71 96 96 90

3% Elution too fast
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TABLE F
Effect of Temperature of Adsorption
Experi- ¢ pH of ¥ ¢t Volume : Adsorp- : : ¥ : % Re-
ment : hdsorp- : thiamin : of : tion ¢+ Elution : thiamin:covery
number : tion : to tube :solution : : : found
: : : : x ¢ : :
32 6.3 100 25 Hot Hot 90 90
35 6.4 100 25 Cold” Hot 88 g8
33 6.9 150 25 Hot Hot 132 88
36 7.0 150 25 Cold Hot 132 88
34 6.2 200 25 Hot Hot 168 84
37 6.2 200 25 Cold Hot 180 90
x Hot - 900 - 950 ¢
# Cold- 22° - 259 ¢
Effect of pH of Adsorption
pH of Adsorption s 4.0 : 3.9 : 3.9 : 3.8 : 7.0 : 7.0 : 7.0
% Recovery $ 92 :$94 96 92 :92 :92 : 96
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Discussion

Adsorption and Elution

It is apparent that the success of either the fluorometric or
colorimetric method depends to a great extent upon the efficiency of
the adsorption and elution process which precedes the actusl determina-
tion of thiamin chloride. Therefore, when early in this study per-
centage recovery of pure thiamin was consistently low, an attempt was
made to discover how the results might be improved. The factors of
pH, time, temperature and volume of solution were varied one by one
without eny consistent success. A4 study of the data, however, reveals
one seemingly significant fact. It will be noted (Table E) that the
percentage recovery figures for any zeolite bed become progressively
higher as it is used, almost irrespective of the other conditions in-
volved. This would seem to indicate that the preliminary treatment of
the zeolite does not leave it in a condition most suitable for complete
recovery of thiamin. It is my opinion that with either method of pre-
liminary treatment, the excess alkali (sodium) is not completely removed.
If this were true the alkali concentrated at the particle surface might
destroy some of the thiamin adsorbed and thus account for the low re-
covery. It might also account for the progressively higher results from
any single zeolite bed since one might expect the excess alkali to even-
tually be washed away by repeated use of the tube.

With that belief in mind, selection of data from zeolite beds
which were in the same condition makes it possible to show the influence

of some of the other factors involved. The temperature of adsorption
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used by other workers varied between room temperature (22° - 25° C) and
steam temperature (90° - 95° C). Both of these extremes were tried. No
evidence of any difference could be found (Table F). Cold adsorption
was finally adopted because of the theoretical considerations involved.

Many zttempts were made to find what difference if any the pH of
the zeolite bed &nd of the thiamin solution might meke. Alkaline con-
ditions were excluded because of the instability of thiamin in alkalies,
Table G shows that other conditions being kept the same, adsorption is
equally efficient &t pH 4.0 or pH 7.0.

Flution was judged complete when the addition of more potassium
chloride to the adsorption tube showed no evidence of thiamin., Twenty
ml of potassium chloride was found to completely elute up to 250 gamma

of thiemin in a period of 5 minutes.

Fluorometric Method.
Thiamin or its hydrochloride upon treatment with potassium ferro-
cyanide in the presence of an alkali ylelds thiochrome, a compound which

gives a sky - blue fluorescence in ultra violet light.

N=C - N, H
1 H® -8 N=C=-N=C-5
HyC - C C-C-N_ | K3Fe(C)e ( /[ 5 | |
il B 1% =C- CoHOH ——— HC-C C=-C-N C
N —CH e NaOH TR I S vl
% CH, N-C éHB

H

Thiamin Thiochrome



The fluorescence of the thiochrome is best read in a fluorometer, an
instrument using ultra violet light at 3685 R which is changed by thio-
chrome to the visible range between 4300 R and 5000 g. The fluorescent
light is measured &t right angles to the incident 1lizht by means of a
photocell, galvanometer arrangement. Such an instrument was not avail-
able so an attempt was made to compare the sample with standards vis-
ually. It was found that isobutanol will not quantitatively extract
one gamma of thiochrome per ml. The fluorescence from that amount of
thiochrome is too slight to rezd accurately by eye so the method was

abandoned in favor of the colorimetric method.

Colorimetric method.
Thiamin hydrochloride reacts with the diazo compound of p-amino-
acetophenone to form a red, stable, water-insoluble, xylene soluble

compound heaving a maximum absorption at 520 millimicrons.
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The reagent does react with some other compounds to yield colored sub-
stunces but none of them are extractable by xylene.

The use of the photelometer mekes it unnecessary to prepare a
fresh standard with esch determination, but necessitates working with
small samples because of the intensity of the color developed. For that
reason special cere must be taken to avoid excess alkali (pH 7.5 to 8.5
required for reaction) when adding sodium hydroxide to the rezction mix-
ture and also to insure complete extraction of the thiamin compound by
thorough mixing with xylene. When these precautions are observed the

method is very satisfactory.
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Conclusions

1. Ldsorption and elution take place best on Decalso which has

been given extended acid treatment.

2. The Fluorometric method of analysis is rapid and accurate

but requires a fluorometer for accurate reading of results.

3. The colorimetric method of analysis is complex and reguires
more time than the above but is accurate and applicable to research

problems.
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