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introduction and Purpose.

baking powders have no food value in themselves but are
substances which by chemical recections bring eabout, under cer-
tein conditions, the conparatively quick liberation of gas and
the consequent aeration of biscuit, bread, and ceke. o sub-
stance that comes within the domein of food inspection is the
subject of so rmuch controversy as baiking powder. Unless a
law forbids the use of a particular ingredient or class of in-
gredients, or in some manner regulates the labelling of the
pacliage, no baking powder of any ..irnd can be considered adulter-
ctec under the food law, unless it cean be proved to be injurious
to heelth, or unlecs it conteins inert end vseless mineral netter.

Yhe maxirum amount of leada permiiscible in a baiking powder
is 2u parts per wmillion, becscuse the lead salts eare injurious to
nealth, the intention ot the sutnor is to fiaa sciie accureate
electrolytic nethod for aetcrizining lead in baxirng powders.

This rmethod snould be o¢i couiicrecial use.

Literature .evicw.

Very little iiee been uone in tle cetcridunction c¢f lead in
beiking powders. The Buresu c¢i chewistry, .eshington, J.C.,
started this rrobler in 1915. Leed wes deteriined quantitative-
ly by grevimetriec method in c-mparetively simple sclutions and
the results were csaticfectory. In 1916, the zeferee on Baking
Powders of Buresu of Chemistry continued the stucy of the deter-

mination of leed in baizing powders. The sauiples consisted of




a synthetic baking powder rixed from ingredients in which the
lead contents had been previously deterimined. Each sauiple
weighed 10C grers and consisted of 56 gm. mono-calcium phosphsate,
25.5 grams of sodium bi-carbonate, and 185 grarms starch. The
leéd content of the bexing powder, ealculafed Iror. the deterrmina-
tions on the individuel ingreaients as rade by iur. Seeker and
ir, Chittick, was 7 parts per million, or 0.0C07 grems in each
1CO0 grem ssanple.

Tthe methodé used in the collaboration were the fkxner snd the

wWichmann r.ethods. The following results were obtained by differ-

ent colleborstors:

\ kExner i.ethod wichrann wmethod
Collaborator
and (Analyst) uge of Leed : Parts per wnge 0f Lead : Parts per
per 1C0 go : million per 100 go : million
2. B, Stallings 2.0 20 1.4 14
Sel 31 U8 8
(Jo 0. Clarke) : 006 6
Ced 4
ved ko)
C. B. liorey 0.0 0 0.0 C.0
(L. F. Hoyt) 0.0 0 0.0 0.0
T. J. Bryan 1.2 12 Ueb 5]
(J. I{- DaVieS) 104 14 l.O lU
R. E. Doolittle 1.8 18 V.4 4
(A, L. Burns) 1.0 1v 1.2 12
. Ro Iman veO 0 000 C
0.0 0

from an examinstion of the above teble it will be seen that
the results very greatly, not only es a wkole, but in duplicate
sarnples deteruined by the same analyst. ihe results with the
Exner rethod run about twice as high as those with the ¥Yichmann

method and about twice the actual lead content. The average of



the results with the ¥ichmann rethod agrees fairly well with the
sctual content of lead in the saple but due to wide variations
in individual results the avcrage cennct be considered of riuch
importance. The tire consumed varies greatly, that of kxner
r:ethod is from two to tiree times that of Yichmann riethod.

The following teble shows the inaccurate results which wecre
obtained in the ceterrminstion of leesd in bekins powders by Seeler-

Cleyton, ermington, &nd Lxner rethods:

Solutions conteined 4C0 mg. of lecd per liter.

lethod Leegd in rilligrams per liter of cclution
colution 4 b v
Seeker-vley;ton 448 320 284
704 1y2 194
Rermington 410 179 102
397 38 140
Exner 137 121 313
281 294

Solutions conteined 20 perts of leed per million.

llethod oolution a B u

Seeker-tlleyton 36 16 19
22 1¢ 10

Remington 22 9 5
20 4 7

Lxner 7 6 16
14 16

ihe remington modificetion nethod shows a much closer egree-
ment of results than the :teeker-Clayton. Jith this cethod the
lerger weight of serple taiken (1C0O grems) reduces the error in

weighing. 5till closer &agreewent is found in the results with

the rxner method.




-l -

the d(eposition of lead in beking powder by electrolysis
offers & means of shortening the deterrnination. ur. sryan has
subritted a modiification of the Corper method for electrolytiec
deterriination of lesd which he has found very satisfactory wken
applied to phosphate baking powcers. it was reccrurnended that
this 1.ethod be studied during 1916 and 1917.

A few experiments were reade by Lr. Patfen on both clesr
solutions containing known quantities of lesd, and upon solutions
of baking powders themselves. ln elear synthetiec solutions by
cepositing leed peroxide from nitrie acid solution upon the anode
no deposit was obtained from lower guantities than 24 parts per
million, with 24 parts per million in solution, 60% of total lead
wes derosited after 18 hours electrolysis with & U.bygo,=1.8 4.
From dilute phosphoriec ecid solution, containing 5C perts per ril-
lion of lezd, 95% of the total amount wes cepocited over night
with a U.Dloozv.z He

by adding diluée phosphoriec acid to baking powder a pasty
mixture was obteined, from which with verying currents lead was
not deposited. Upon addition of a small emount of nitric acid
which partly hyarolyzed the starch,s deposit was obteined. Yhis
was so crusted over with stareh and selts that it could not be
handled. \then baking powder wes completely neutrglized with
nitrie acid and the starch hydrolyzed until a clear solution wsas
obtained, no deposit was secured upon the &node with prolonged
electrolysis &na verying the current density.

Further suggestions were 1adae by Dr. ifiske. de states
thet the temperature of the solution during electrolysis should

not exceed 60°C, and the time of electrolysis should exceed 7



hours, 14 to 15 hours used preferebly. 10 eliminate starch,
ur, riske prefers the Catlin riethod, in wkich the beking powder
is ignited with & strong solution of regnesium nitrate and nitric

acid insteed of the hydrolysis with hydrochlorie acid.

nethods.

the gravimetric methods for determination of lead in beking
powders &re found in "Journal of Association of uffieial agricul-
turel Chenists", reb. 1Y17. ‘he unethods ere as follows:
l. bLeekur-tleyton iethod.
2; nemington wmodification of the deeker-Jlayton .etnod.,

de comxXner Liethod.

4. wichmann wethod.

Separetion of Lead from .etals Llectrolytically.

‘he preciritetion of lead zs dioxide upon anode affords a
good rethod by which to separste it from other metals.

The electrolytic separetion of lesd is ecsgily obtained from
the followirng retals: wpariuvm, wtrontium, Caleium, wegnesiunm,
the elkeli retels, peryllium, vednium, Chromium, ircn, Urenium,
Zirconium, zine, wmickel, and Cobalt. in this case the solution
should be niade strongly &cid, by adaing 20 c.c. of concentrated
nitric acid, sSpe gre 1l¢35 = 1.38, to 1u0 c.c. of solution, with
smperage of 1.5‘to 1.7; and v&ltage of 2.3C - 2.0, Chlorides
must be absenf. | |

veperation of Leed from copper.- this separation is msade

in the presence of free nitric scid.
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Separation of Lead from mercury.- vy electrolyzing & solu-
tion of these two retels in 2u, nitric acid solution the separa-
tion &y be obtained.

weparstion of Léad from sluminum.- the separstion may be
made by using 2Up nitrie acid solution,becsuse slurinum is not
precipiteted electrolytically from a nitric acid solution.

veparation of Lecd from Arsenic.- ihe electrolytic sepsarsa-
tion ot these two rietals is not known.

veparation of Leed from Antirony.- A purely electrolytic
cseparation is at precent not known. this separation may be ob-
teined so: Uissolve LeaC end Antimony in nitrie szcid (4 c.c.),
water 15 c.c., lu grans tertsric acid, sdd sulphuric acid (4 c.c.),
dilute to 20V c.c. tn filtering frem the lead sulpnate, which
neg cepereted, the filtrete will contsin &ll the Antimony. ‘Lhe
lead sulphate snoula be digested for & fow minutes with ammonis
water. Acd to the lead hyuroxide nitric @cid end electrolyze.

Separation of Leegd from lin.- the gravimetric sepersation
of the two ietels is prefcreble.

wead mey be obteined as netal on cethiode by electrolyzing
solutions of double oxaslates, the acetate, the oxide in sodium
hydroxiae, or the phosphate dissolved in the latter reagent or
in phosphorie acid of 1.7 Spe ETe while the retal seperetes
well irom either of those solutions, difficulty is experienced
in drying the deposit, the mo%t metel glmost invariably suffers
& pertial oxidation, thus rendering the results high. it may
be dried in atmosphere of hydrogen, but this is eippensive and
tedious.

rhosphorie acid, mercury, arsenic, vhlorides, and Mengeanese

interfere with the deposition of lecd electrolytically, these






metals should be removed gravimetrically betore electrolyzing

lesd solution.

viasses of baking rowder.

baking powders are divided naturally into three main
cls:ses, with reference to the ecid principle.
1. rartrate powders, wherein the acid principle is bitartrate
of potassium or terteric acid, typified by the following reactions.
(a) KHC4H,0, & MaHCOz = KMeC4H,0q + COp + HpO
(b) H,C,H,0, + 2MRECOz = HapC4H,05.2Ho0 + 200,

In tartrate powders available éarbon dioxide is about 12.6%.
2 Phosphosphete powders, in which caleium acid phosphate ié
tﬂe acid principle:

CaH, (PQ4)2 + 21aHCOz = CalPO; + HBgHPO, + 2C0p + REH,0

This baking powder contains about 13% available carbon
dioxide.
e Alﬁm powders, wherein the acidity is due wholly or in part
té sulphate of aluminum as it occurs in potaesh or ammonia alum,
or in the double sulphate of aluminum and sodium.

The reaction should be as follows:

KoAlp(804)4 + 6MECOz = 2A1(CH)z + 3HepS0, + KpSO4 + 6COp

Available carbon dioxide is about 8%.

Baturally many beking powders of comélex composition are

met with, embodying various mixtures of the above classes.






Composition of Verious Beking Powders.,

Pollowing sgre analyses of typical baekin, powders of the

above classes:

Cream of Tartar Baking Powder:

Total cerbon dioxide, COg 13.21
Sodium oxide, nazo 13;28
) Potassium oxide, KpO 14;93
Calcium oxide, Ca0 0;18
Tartarioc scid, C4H405 41;60
Sulphuric acid, SOz 0:42
Starch 7;42
Water of combination and |
association by difference 8.98
100. 00

Phosphate Baking Powder:

Total carbon dioxide, coz 13.47
Sodium oxide, Iep0 12;66
Potassium oxide, K50 0;51
Caloium oxide, Cal 10:27
Phosphoric acid, PpOg 21;83
Starch 26;41

Water of combination and
assocliation by di fference 15,06

10000



Alum Beking Powder:

Total carbon dioxide, COp 9,45
Sodium oxide, I o0 9;52
Alunimum oxide, Al,0g 3,73
Ammonia, N0 1;07
Sulphuric seid, S0z 10;71
Starch 43;25
Water of combination and '
association by di fference 22,27
100:00

Mixed Powders:

Total carbon dioxide, COop 10.68

Sodium oxide, Rep0 14;04
Calecium oxide, Ca0 1:29
Aluminum oxide, AlpOgz 4;59
Ammonia, IOz l.lls
Phosphoric acid, Py05 3;38
Sulphurie acid, S0z 11;57
Starch 42;95

Water of combination and
association by difference 10.39

100,00



A Comparative Study of Some Different Lethods,

The necessary apperatus is shown on next pege and con-

sists of a storage battery, the potentiasl of the current

at the battery is 6.4 volts. For meessurin: the current

& voltmeter and ammeter, graduated to 0.1 volts &nd 0.1

smperes respectively, is used. The resistance box is used

for varying the current, A deposition bath consists of

platimum dish which at the same time is anode, the cathode

consists of pletinum electrode. The electrode is supported

in the proper position by ringstend and clamps,.

inum dish is sup.orted by ringstand so that it may be heated

The plat-

by & Bunsen burner. Connections are wade to the platinum

dish, electrode, resistance box, end ammeter, as shown in

the accompanying diagram. The terpersture durin:g elec-

trolysis wes 50-60°C,
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Storase vaettery of three cells,
end 6.4 volts.

Resistance box.

Platinun dish for anode.

4, Platinmun electrode for csathode.

5.

6.

c

cepscity = &

Ringstand with astestus #n7 copper tris.gle.

Zurnsen burner,

Anrieter and vol tmeter.

€. Wire connections,

.1'

4.2’
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Deposition of Lead in MNitric Acid Solution.

Prepare & lesd nitrate solution containing 0.2 gm. and

0.01 gm. of lead per liter, lessure 50 c.c. of each solution,

add 10 c.c. concentrated nitrlo acid sp., gr. 1 34 and elec-
trolyze for three hours with CDy oo™ 1 5 and & voltage of sbout
4,2. The temperature of the bath should be from 50-60°C.
Uﬂon completion of the electrolysis the solution is siphoned

out with constant acding of distilled water. The platinum

dish is washed &nd dried for two hours in oven at a temperature
from 200-210°C., The lesd is weighed as lead peroxide and
multiplied by fasctor 0.8661 to obtain the weight of lead.

Results:
Wt. of leed found

Wte 0of lead in solution
0001 gme.

0.01 8.
0.0056 gm. 0.005 gnm.,
This exper1ment proves that agll lead can be deposited as

PbO; during 3 hours at 50-60°C and with 1.5 amperes.

Deposition of Leed in Hydrolyzed Stareh Solutions.

A 10 gram sample of starch is weighed out, 20 c.c, of
concentrated nitrie acid and 40 c.c. of water are added, the
solution is heated until the sterch is hydrolyzed; it is fil-

tered and lead nitrate solution added in different amount.

The solution is made up to 100 c,c. The experiment is run

for 3 hours with 1.5 amperes and 4.2 volts at temperasture from

50-60°C. The lead is deposited as peroxide on anode.
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The following results were obtained:
Grexs of lead found,

Grams of lead added Parts per

to 10 gm. starch solution. million.
0,001 10 0.0
0,002 20 0.0
0,005 60 0.0
0,01 100 0s0
0,02 200 0.0
0404 400 0,0
0.,08 800 0.0
0.10 1000 0.0

The experiment was further carried out by adding to 0,56 gm.
of hydrolyzed stareh solutiom 0.008 gm., 0.004 gm,, 0,001 gm,,
0.0005 gm., and 0,0001 gm. of lead as lead nitrate, the solu-

tion was made up to 100 c.c. and electrolyzed as in the pre-

ceding experiment.

Results:

Grams of starch Grams of lead Grars of lead found
in solution. added., after 3 hours,

0.6 0.008 0.0011

00’5 00004 00’0003

0¢b 0,001 0.,0001

0+6 0.0005 0.0

0.5 0.0C01 0.0

The abo;e two tables show'that hydrolyzed stérch inter-
feres with the deposition of lesd &s peroxide on anode; if
the amount of it in the solution is high, as in this case
10 gm. of starch in 100 c.c. of solution, no deposit of lesad

peroxide is obtained, although the solution mey have 1000

parts of lead per million. Smaller amounts of hydrolyzed

starch retard the complete deposition, but some lead peroxide

can be obtained on the anode.
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Deposition of Lead in Sucrose Solution.

The experiment was repeated with sucrose solutions,
Five graus of sucrose zre dissolved in distilled water, 0,001 gn.,

0.0025 gm., 0,02 gm., and 0.08 gm, of lead added as lead nitrate,
20 o.c. of oonaentrated nltric acid gdded, the solution is made

up to 100 ¢c.cs and electrolyzed for 3 hours with 1,56 amperes and

4,2 volts. The temperature of the bath is 50=60°C. The wash-

ing, drying, and weighing of lead peroxide were done a&s in the

preceding experiments.
results:

Grams of sucrose Grams of lead Grams of Pb found.

in solution. added.
5 0.001 0.0
b 0.00256 0.0
5 0,020 0.0
5 00’080 0.0

The following data were obtained by electrolyzing lead

nitrate in 1% sucrose solution.

Grams of leed. Grams of lead

Grams of sucrose
found,

in 100 c.c. solution.

1 " 0,0005 040
i " 0,0010 0.0
1" 0+,0035 0,0

The @bove two tebles prove that sucrose, like invert

sugar (hydrolyzed sterch), interferes with the deposition of

lecds MNo deposit is obtained in 6%

<

sucrose solution, although

the cuantity of lead is 800 parts per nillion. 1In 1% sucrose

solution a slizht deposit is obtained wien the content of lesd

is 250 parts per nmillion.
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Incinerstion of Baking Powder to A4shes,

Weigh out 100 grams of bekin. powder into a cacsserole,
add 50 c.c. concentrated nitrie acid and 20 c.c. concentreted
sulphuric aeid, heat in hood on small flame to évoid spattering;
heat until dry, place in & furnece at 600°C and heat to light
redness, The leed will be in tre form of sulphete. Leach
the ash in hot satursted ammonium scetate solution (several
leachings are necessary), filter, neutralie filtreste with am-
monia, &nd pess hydrogen sulphide until sesturation, allow to
settle, filter snd dissolve the yrecipitate in hot 20% nitrie
ecide Electrolyze the solution in weighed platinum dish, using
platinum dish es anode &nd electrode &s ceathode, The tempera-~
ture of beth is kept from 50-60°C. The current is run for §
hours with smpcrage of 1.5.

After electrolysis,‘rémove the liguid with & siphon tube
in the usual rianner. Dry and weigh.

With this wethod no deposit was securec¢ upon the anode,
The quantity of ash is lerge and bulky, and practicelly impos-
sible to extract the lead sulphate with ammonium scetzte. This
method seews to Jive very low results, sometimes no deposit was

detected.

kodificetion of the Corper Method,

The depositing electrode, anode, is made of a piece of
platinum foil (2 inches in diasmeter) welded to & platinum wire
about 6 inches long, the cethode is made of platinum wire wound
into & spirsal. The beeker used for electrolysis is a 400 c.c.

Jena begker with lip.



In use the two electrcdes are brought close together (the
anode sbove the spiral cathode 1 cm. apart) and within 2 cm,
from the bottom of the beuker. Siphon tube is essential for
removing the ligquid efter eledtrolysis is complete and consists
of a bent glass tube. The aprarstus is arrarged &s on disgram
on peage 1l.

A loo.gram sarple of baking powder is wei hed out into a
400C c.c. beeker and 55 c.c. of concentreted nitric acid carefully
Laaed the beexer ic heated in the weter peth until the sterch
is hydrolyzed. The solution is diluted to 350 c.c. end elec-
trolyzed for 6 hours with amperece of about 1.5 CDlOO and volt-
age 6.4. 1he tempereture oi the bath is kepf from 50-60°C,
The piatinum electrode, anode, is removed, washed in distilied
weter, dried in oven at 200°C, and wei;hed «s lead peroxide.

ko cdeposit wes secured upon the anode with six hour elec-
trolysis. The experiment wes repeated by adcding to the hydro-
lyzed beking powder solution different cquantities of leead

nitrate, but 211 the recults were neggtlve.

Data:
Grams of ueking powder Grams of rb Gramws of lesad
in solution. added. found.
100 LS o 0.001 v.0
" " 0.006 0.0
" " 0¢l00 0.0
0.0

" " 0.200



odification of thne Wichmann liethod.

100 grams of bgking powder are weighed out into & 1.2 liter
beaker and 80 c.c. 0of hydrochloric acid (50 c.c. concen.'+ 30
water) added in small portions with constant stirring to avoid
frothing. the mixture of acld end beking powder is Leated until
the starch is hydrolyzed and the solution is quite limpid. After
cooling, 200 c.c. 507 smmonium citrate solution esre sdded. The
solution is kert cola while a slight excess of ammonia is clowly
end carefully added. Lf a precipitete forms, sufficient ammonium
citrate is added to dissolve it. 15 c.c. 0f 1U% mercuriec
ckloride are added and tuhie solution diluted to about 10C0 c.c,
The solution is saturated with hydrogen sulphide &nd set aside.
The precipitate settles repialy &nd cen be reaaily filtered.,
There is no need of stancing over night es the heavy mercuric
sulphide will cerry down the lead sulphide. If the solution
stands over night a precipitate of calcium‘citrate is apt to form,

The filter paper and sulphides ere placed in a small cas-
serole. 10 c.c. of concentrsted nitric geid end 2 e.c, of
concentrated sulﬁhuric acid ere added. The nitric =cid is
evaporzted and the sulphuric acid slowly fumed off. The
casserole is heasted on & wire gauze to a light redness. The
rercury salts will veporize end any ferric sulphate present
will be broken up to the oxide. after cooling, add sbout
20 6.c. of saturseted ammonium acetate solution, heet on water
bath and filter by decentation, rcpeat tihis three times. Tash
the filtrete with hot water. The filtrate is made neutral or

slightly alkeline with ammonia snd warmed, hydrogen sulphide



is passed till precipitetion is complete, the precipitate is
allowed to settle &nd ic then filtered.

Dissolve the precipitate in 20% nitric acid solution
(10 c.c. concen. HiOyx 4 50 c.ce. water) and~ﬁ§é§§i§§; for 4
hours with smpersge oI 1.5 CDlao and 4.2 volts. "he tenpera-
ture should be 50-60°C, . Siphon out tﬂe solution properly.

Dry in oven at 220°C for 2 hours, weigsh as lead peroxide and

multiply the wei_ht by tf.ctor v.8661 to obtain the weight of

lead.
Data:

Beking fowders Grems of Pb per Parts per
1C0 gumse of teking Million.
powdier, '

Cream of Tartrate 0.0C0b6 5

Phosphate v.0012 12

Alum 0.0010 10

liized powders 0.0009 9

0.0008 8

The «eferee on Baking Poﬁder sent six samples of baking
powder for collaborative work:

woe 1702, lionocaleium Phosphate Beking Powder.

Nb: 1712, Sodium Aluminum Sulphate Baking Fowder.

o, 1722, Sodium Aluminum Sulprate and llonocalecium
: Phosphate Baking Fowder.

No. 1711, ©Sodium Alunminum Sulphate Baking Powder,

No. 1721, Combination Fhosppate and Sodium Aluminum
Baking Fowder.

No. 1701, Monocalcium Phosphate Baeking Powder,



The leau was determined by Wichmann llodified liethod and

the following results were obtained:

paking Powder. Gms. of Pb per 1CO g. Perts per

lios 1702 0.0048 48
' 00057 57
00065 55

oe 1712 0.0081 81
' 0s0080 80
o, 1722 0,0084 84
llos 1711 C.0 0
No, 1721 0.0 v
0.'0 0

o, 1701 0.0 0

@eneral Discussion.

The deposition of lecd in baking powder by electrolysis
makes the determination shorter and more accurate, The pre-
eipitation of lead as dioxide upon canode affords an excellent
izethod by wihich to separate it irom the other retels. Only
three retels ere deposited on the anode: 1lead, mancanese and
thallium; but strong nitric acid solution prevents the deposi-
tion of the last two. Starch and sugars interfere with the
deposition of lead. The author's intention is to remove sterch
gravimetrically and deposit the leuu &s peroxide upon the sanode.
He selected Vichmann's Lethod and modified it by reprecipitating
the lead acetete with hydrogen sulphide, dissolving PbS in 2(p

nitric acid and electrolyzing the solution.
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the deposition of lead as metal is not desirable, the

drying is impocssible due to repid oxidation of lead by oxygen,

the results will be usuelly higher. Lead as netal does not

adhecre firmly to the electrode.  The deposit is spongy &nd

may eesily be washew awaye. there mey be cerried uvon the

cathode other metals if they &re present.

The method is not very accurate. The complete removel

of arsenic, tin, and zine is not possible. the experiment

cannot be accomplished in one day. The method is not acourate

for commercial use.

Summary.

ihe gravimetric determination of lecd in baking powders
is very unsatisfectory; the results vary greatly, not only as
a whole but in duplicate ceterminations.

The iemington modification method shows much closer check-
ing than the Seeker-Clayton. The Ixner rmethod is very tedious
and long and gives great veriation in duplicete sauples by the

same analyst. The everege of the results with ichmann method

egrees fairly well with actual content of lead in the sanple,
but due to wide variations in individusl results the average
cannot be considerec¢ of much importance.
The Bryan modification of the Corper method has been
found very satisfactory vhen applied to phosphate baking powders.
A few experiments were made by Dr. Patten upon determina-

tion of lead in baking powders electrolytically, but the results

were unsatisfactory.



The deposition of lead as dioxide upon anode affords a
good riethod by which to separate it from other metals.,

The deposition of lead as retal is not desirable, the
results will be usually hisher due to repid oxidetion of lead
in drying.

Sterches &nd svgars interfere with the derosition of lead
upon the &anode and should be removed gravimetrically.

The two methods, "lIncineration of pexin. rowder"™ and
"i.odification of tne Corper uethou", are undesirable.
lecd wzs detected by tlese iL.ethods.

The author's modificetion of the 7ichmann nethod gives

the resulte of curlicete saunles fairly setisfectory.
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