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Sulphur Metabolism. 

III. The Effect of Flowers of Sulphur on the 
Growth of Young Rats fed an otherwise 
Well-balanced Ration. 

B~- .J . H. KELLER:JIA~::\ , Section of Biochemistry and ~utrition, 
Onderstepoort. 

Accolm J.XG to the \York of seYe1·al inYestigatm·~ the oral administra­
tion of flo,Yers of sulphur offers interesting possibilities of success 
in c:h ecking intestinal putrefact ion in c'hicks in confinement 
(Phillips, Carr and K enn ard, 1921) and worm infestation in sheep 
(Steyn , 1932) . :Mo nt gomery (1932) and Bmman (1932) also found 
that the i ngestion ot an a dequ ate amount of flowers o£ sulphur senecl 
as a good prophylactic in malaria. 

U nfor tunately the administration of ~ulphur c:nmwt be left in 
inexper ienced hands and tl1.e promi~euous feecling of sulphur shoulcl 
be warned against, in Yiew of t he fact that the closing of high leYeb 
of sulphur \Yas found to be definitely toxic. Ste:yn (UH1 l , for 
instance, observed t h at th e dosing of 46 gm . of flo\l·ers of sulphur 
" per week per sh eep over a peri od of thirty-five clays giYen in rlaily 
<loses o£ 10 gm. cause symptoms of poisoning and high mortality." 
La\l·son , Redfie lrl and B oyd (1 934), \\·ho exper imenterl \Yith rabbits 
a nd guinea pigs, found t hat by giYing doses of from 0·6 to 2·0 gm. 
of either colloidal or flowers of sulphur per kgm. of bod~· weight 
directly in to the stomach tb_rough a small stomach tube all the 
animals cliecl " ·ith iu t \l·enh·-folu hours. The stomach \l'alls \Yere 
necrotic, t he kiclneys inte n~ely eonge~ted and the liYers ,;light ly so. 
'l'he spleens s'ho\\·ecl little ch auge as did the hearts nu ll lungs . Lewis 
and L e,1·is (1927) observed that sulphur when added to the milk 
pm1·der-starch rliet of Shennan ancl }len· ill (1925) was clefini tely 
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toxic~ anr1 caused the death \Yi thin periods of from 3 to 21 days of 
fourteen ou t of hYent\·-two animals. " -'hose diet containerl it to the 
amount of 1 per cent ." \ Vi.th a few exceptions, the l~Yers of the rah 
which died shmTed a marked peripheral wnal necrosis. 

H o,YeYer the latter authors also observed that t'he feeding of 
1 per cent. ~f sulphur with the Osborne-Mendel low prot.ein diet 
was less toxic than " ·hen a dded to the same extent to the Sherman­
Merrill diet. This observation seems to show that the toxieity of 
sulphur can be controlled to a certain extent by the coJnpos\tion of 
fhe food giYen. If that is true, it " ·i ll be of great pracbeal Import­
ance in r egions '"h ere sulphur is administered as a prophylactic to 
disease in man and .animals. 

As " ·ill be pointed out later on in this artide both the Shennan­
~Ierrill ancl Osborne-:Mendel rliets are deficient in certain foorl 
essentials ''"hereas the mixed diets of man and animals, unrler normal 
conditions, usually cont ain enough of the Yarious essentia l con­
stit uents. It \Yas thought, th erefore, of interest to study the effect 
of elementar)· sulphur on the grO\dh of young animals giYen diets, 
which \Yere as complete as possible, from a nutritional standpoint . 

ExPERIMENTAL. 

Albino rats of about three to four weeks old and of the London 
strain of t he \Yi star Institute stock were used in these experiments. 
In the first experiment (pr eliminary) three groups of five rats each 
\Yer e used. Each group of animals was housed in a big eage with 
a r aised screen bottom. 'I'he animals were feel acl l£bitwn ancl the 
total food consumption for each group r ecorded. 'I'he basal ration 
used in this experiment \Yas a modification of the Osborne-Mendel 
low protein diet gi-Yen in Table I. One group receiYed th e basal 
ration and the other two th e basal ration supplemented with 0 ·8 per 
cent. of :flowers of sulphur. The sulpur was .added at th e expense 
of t'he dextrinized star ch . The animals ''ere weighed once a week 
throughout the experimental period and on the last clay of the experi­
ment. Fresh distilled " ·ater \Yfi S at all times avaibble to the animals 
except to those of one of the sulphur groups ,,-hich received fresh 
orange juice ad libitum instead of " -ater. The orange juice \Yas 
substi t u ted for \Yater because it was thought that its basic elements 
might play a role in the detoxication of hydrogen sulphide. As a 
matter of fa ct t he .aut hor (1906) found that H "S is oxidized (detoxi­
cated) better in an alkaline than in an acid or neutral medium. If 
this is also true for the oxirlation of H 2S in living organisms, the 
observatiom of Say,Yell and Lane (1933) .and Sc'huck (1934) that the 
hydrogen ion concentration of the urine of men and women subjects 
can be decreased and the alkaline reserve of their bodies increased 
by taking 1,000 c.c. of orange jui ce daily might still prove itself of 
value in the detoxication of sulphur. The results are given in 
Table II . 
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'l'ABLE l. 
Composition of B asal R at ion s ·m P ercentage by l!"eig h t. 

Modi fied 
O:borne-Mendel 

D iet. 
Stock Diet. 

-----'------

)ferk's casein . .. . . . ... .. . ....... . ..... .. . . . . ... . 10 
Crude casein . . . .. .. ........... .. ............ . . . . ;) 

Moclifkd Steen bock sa lts 40* . . . . ... . . . . ....... . . . -! 5 
Dextrinized starch ..... . . .. ... ... .... . . . ... ... . . . 54 ·5 
Powdered sucnse .......... . .. .. . .. . . . . . .. .. . .. . . 5 
Mer k' s pre parecl I arcl .. .. . ......... . .. . . . ... . . . . . . 1!) 
Cod li ver-c-il .... .... .. .. . ....... .. .... ......... . :3 
Aga.r . ... .. ...... . . . . . .. . ... . .. . ..... ... .. .... . . 2 
BI'Cwer's yeast. .. . ............. . ....... .. . .. .. . . 
Yellow maizE meal . ..... . . ...... . . ..... . .... . .. . 

:! 5 
68 

Linseed oi l meal.. ..... . .... ... . ............ . ... . 6 
2\filk powder (Nestle's, S. Africa) .. .. . . ....... . . . . . -! 
Lucerne meal ... ... . .. ... . ......... . . . ....... . . . :~ 

Butter fat .. . ... ... . . .. . . . .. .. .. ... .. ....... . .. . !) 

Reef Jiv" r (dried a t 70° C.) ............. . ........ . . ) 

Bone ash .. . .................. . .. . . . . .. . . . . . . .. . 1 
Ca lcium carbonate ... .... .. ... ..... .. . .... . ... . . . 0 ·5 
Sodium chloride . .. .. . .... . ........ .. ....... .. .. . 0 ·5 

---------------- - --
*The MgS04 ·7H,O in Steenbock and Nelson Sal ts 40 (1923) was replaced b~· the same 

amount of magnesium carbonate. 

T:~HLE II. 

S1tmmary of Growt h and F ood Con su m zJt ion . 

Rat. 
Nc . Sex. D iet. 

-;----'--- --- - ----

I 

I I nitial 
I Weight . 

Final I 
W eight . I 

I 

Gain 
or 

Loss. 

1 

Gm . Gm. Gm. 
ll Fm:n: ale Basal ... . . . . . . . . . . . . . . 43 56 + 13 
12 . . . . . . . . . . . . . . . . 52 84 + 32 
13 ,. . . . . . . . .. . . . .. . . 45 72 -J- 72 

Tota l 
Food . 

Gm. 

I 
Gain per 
100 gm. 

I Food . 

G1n. 

~~ : ., I .. .. .. . . . . . . . . . . .. ~~ I ~~ =t ~~ I I 

----- -- ---Mt;~~~~-- -. -- -4861- --;os-J--::c.--;22 - 2o2-- 85 

.
16 

1 
)Iale I Basal + 0 ·8 per cent. S. 50 47 - :3 

17 " - 44 54 + 10 
18 . . _ 41 43 + 2 I 
19 " I - 46 57 1-Lll - --
20 , - I 36 57 -j- :2J - I -

--~---~--){;:~~~~~~~ 1- 4:~ 4'1-5161-+ s2
1

-2tti- ~-
- 21 F emal-;1 Ras-;J+ os;r ce~-:-& ~~s-l--7s-l+ :30 - - - -- - ---

plus omngc juice ad lih. I 
22 40 54 + 14 
23 " - I 40 35 5 I 

~~ :: = I !~ I ~! I t b I = = 
---.-------~~---.. -. ~-- -. -- ~---!38"1-53 ~02i-2t2¥-i-~ 

*The food value of orange juice was not taken into consideration. 
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In Yie'Y of tl1 e fact that the group~ \Yere t oo small and, because 
the foo!l COJ lsumption of ea ch animal 11as not m eas1uecl se11aratPly, 
no stati stical analYsis c·an be made of the 1·esult s . Ho,YeY er , t h e 
r esults seem to sh o;,. that the incorporation of 0· 8 per cent. of sulphur 
in t'he basalr:1tion reta rded the rat e of growth, an1l thn t t h e adminis­
tration of orange juice ha rl , un1l Pr th e exper imPn tal (·mHli t ion s, no 
b eneficial efiP!;t on tlw r ate of g 1mdh of th e se!·O JHl ,;u lplnn· group. 
01·er a period of GO !l:t_,·s th P :H!' J':Ige g·aiu in 11·e ig·ht , the tota l foo !l 
co nsun1 erl :tnll t he ga in p er LOO gm . food 11 e1·e 22 ·2, S·2 and 9·2; 
2G2, 22G anll 222, an!l 8· 5, ;! ·6 :1nd 4 · 1 gnt. for fh e l1a sal , crulphur 
f! n1l sulph111· plu s orangP j u ice g mups resp ed iYP]_, .. 

], , a seconcl <•xperim ent t hP pft ect of !liHereni l'Oil !'PU(r:d ion s of 
H o 11· e r ~ of sulphut· \\'<b ~tu di e ll lilt tbP g rO\dlt of )' O\In g r:d s h-•1l a 
h:1 sal ration , \Yhich in the li g ht of pre,; Pnt knowledge , is complet!-' in 
:tll re s pects for thi ::; sp e1·ies of anim al. The d iet ,,·a s a sli ght modi fic a­
t ion of the stock Tation (K e llermann , HJ:3.f) u sed in th is lahondor~- . 
It:> compositi on i s gin•n in 'l'ahl P I. The sulplnn· r:tiions h:Hl the 
same COlllpO:s ition <h the UU .'i: ll e.xc:e1Jt t hat ,-;nlpbur \\;IS 11 SP!l i n i'he 
pla ce of like amou nts of y ellm1· maize meal in the 1liets . Th e p a ire!l­
feecl in g- method of )Iitchell nncl B ea dles (J 9:'30 ) \\·a s Pmployerl , a ud 
all pair-mate:; \H'l'e mah·hecl fo r litte1· ancl sPx. 'J'herP \l·ere :; ix pairs 
t o eaelt gro up. The i nttial and final ,,·eight s of the ra ts 11·ere ihe 
aYerag-P of 11·eighi ng s take11 on t hree r·onse!'utiYe clay s. Durin g t he 
1·es t of th e expe1·im e ntnl peri od thP_I. \Y e J·p '" eig·h ecl ouce :1 \Y ePk . FrPsh 
di stillP!l ll'::t!Pr \I':I H g iYe n in a ddi tion to the r:di on. 'l'lw :lnilllals \\ Pre 
f ed a c~·onl iJ Jg· . to th e m ethorl of )Iitehell (19:\:l) . Th e r·p,; ults :1re g- tYeu 
j n 'l'ahle Ill. 

It will l1 e SPell that on i he '' h olP th e l'onhol 1·ats g ain e1l h ig lt l _,. 
::; ig·nifie:wtly lllOJ'e in weigh t than tho,.;e Tece iYing- th e s ulp'b11r supple­
Jn Pnt. The JttJmher of 11·eek,.; , hOII 't'Yel'. chuin g- ,,·!J ic·h t he cont r ol rah 
gain ed mm·e i u \l' eig- h t fhan thP i r mat es is 1·ea so 11 nld _,. u e:1r 50 pe1 
·r·pnt. aml t herefo re, incliea tP:-; no such clifferPuce :1 s r PHedP cl h .\· t h e 
gnins in ,,·e igh t for t h P entin• periocl. .Fnrtlwnnorl' , tlw Yar ious tre~, t­
m en t s sho"· no sig-nifil'<lllt d ifl'er e n!' e :uuong-st th Pm seh-Ps. 

It is abo of inte1·est to note t'ha t 011 th e 11·hole th P r ats in i hi s 
ex periment, inchuling those t h at Jece iYe!l 1·ations c•oJdaiH ing- acl1l ecl 
s ulphur , m:ul e a,; g-oocl g a in s a ~ t ho ,.;p ohta i11erl by CheetJJnan a nd 
Dnlning (1U:23) for the a lbino rat uncl er JJormal COJHliti ons . As a 
mntter of f:1d eYeu th e 11 male a nd ]:i ±em a lP ra ts f erl ih P l 1a~ a l 
ration in \Yhich \Ya s incorpma t e1l e l em e nta l' ~· sulp'hur in su!'h hi g-h 
r·o ncenh·ation s a s :2·0 , 2·5 , :1-0 ancl 8 · '1 per l' ent. real'h Pcl at .approxi ­
Jll:lt e l~ · S:! da_1 s of :1ge a1·er :~g· e \\ Pig·hts of 20(i· 5 g·m . a ncl J-J.S ·2 g- Ill . , 
n•t>pel·tiYel_v , whi1·h 11' e1·e G0-8 g-m . :mel 11·2 g-m . ahoYe the n 'SJIP!·ti n• 
JLonna l 11·e ig-h ts g-i1· en hi' U rP en n1an ancl Dnhring·. 

Drs cT sswx. 

L e w is :uul L e1Y is (1927) acha nce cl the the on tha t t lw l essen Pel 
toxicit~ · of sulphur on tht' Osborne-)[endel die t a~ 1·omparPd " ·ith 
th8 Shennm1-Merrill ration mig-ht. be explai ned b.\' it s hig·h <' r fa t a n d 
Jlrotei n contents . H o,,·eYer , it .-dwulrl h e vointecl ou t flta t, a s a 
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J. H. KELLERMANN. 

whole, the U,;bmne-:Mendel diet is better balanced than th~ Sherm~n­
:Merrill one. Not only are its protein and salts a bout hnce as h1gh 
as those of the latter <liet but it is also ric'h in both vitamins A and D. 
The U ·bom e-)Iendel diet, on the oth er h and, is tl ecille<lly l ower in 
the vitamin B <:omplex than the Shennan-:Jierrill diet, conseque11tl~·, 
in t'his parti<:ular case vitamin B can be ruled ou t a,; an ag-ent lll 

t h e detoxifi cation of sulphur. Furthermore, it is very improbable 
t hat t he fat in the Osborne-:M:en<lel diet played any appreciable role 
iu the detoxification of the sulphur in vie" · of the fad that it <:oul(l 
not he concluded from previous r esults (K ell ermann, 1 9~15 ) that lard 
had an inhibitor.v effect on the absorption of sulphur. If, as sug­
gested by Lewi s aml L ewi,;, t he fa t formerl a coati ng- around tl1e 
particle,; of ,;ulphur and thus made m ore diffi<·ult t he int imate contact 
of the snlphur " ·ith t he intestinal mucosa o1· the action of b acteria, 
one \Youltl haxe expected a lo,Yer concentration of 'hy <hogen sulphide 
in t he cligestiYe tract aml consequently a lower absorption of sulphur. 

There remains one more point of tlifference in th e composition of 
the Osborne-.Men<lel an<l S herman-Merrill diets that deserves to b e 
pointed out , namel:r, their contents in easily aYailable " food 
sulphur " . In Yie" · of t'he fa ct th at t he compositi on of the O,;borne­
Mendel salt Jni.xture (191 :j) conforms closely to that of milk salts as 
such , it is eYi<lent that t he sul11hur conten t of the Osborne-Mendel 
basa l <liet must h ave bePn at least four times as high as fh at of tbP 
Sherman-)Ierrill one. F u r thermore, it '"ill be r emembered that t he 
inferen(' e was tlrawn in a previous publi <:a.tion (Kellermann, 1936) 
that th P presence of easily available " food sulphur " in a ration 
mig'ht. Pxert a <lepressing effed upon the tox icity of elementar,,­
sulphur , and it is possible t hat the gTeater content of" food sulphur " 
of the Oshorne-~Iendel diet .aceounte<l partly for the gTeater anti­
toxic effect of sulphur poisoning. 

From a perusal of th e 1·esults g iven in 'l'ables II an<l Ill, it is 
eYitlent that, on the basis of ever )' 100 gm . of foo<l consumerl, fh e 
rats on t he modified Osborne-~Ien<l el rli et gained over 50 per cent. 
more in " ·eig-ht than tho.qe on the same diet supplemented with 0· 8 
per cent. sulphm· ; "·hereas in no ease 11·ere suc'h gTeat differences 
obserYed in the grO\dh of pair-mates fed the mod ified stork ration 
with and " ·ithout sulphur . As a matter of fact, in only a fe,Y 
instances did th e control rats gain as much as 12 to 10 per rent . 
OYer t'heir .. sulphur " mates on th e same amoun t of food , and in 
28·8 per cen t . of t he total number of pairs, t he sulphur-fe<l a11imab 
ga ine<l eYen more than th eir eo11trol mates . Furth ermore, it should 
he born e iu mind that the sulphur-eontn ining rations 'had a lo,Yer 
energy YahtP than th e basal di et , an<l the rats iu th e sulphur groups 
"·pre , therefore, ]l11 t at a <lisadvantage to those in fhe basal groups 
in so far as g-rowth " ·as concernerl . 

In the 0·70 and 1· 0 per eent. . snl1Jlnu gToups, in eontrast to 
those that receiYed 0·8 per ceut. sulphur with the Osborne-Mendel 
<liet, there \Ya s practieall)· no difference in t he aYerage gains mad e 
by t h e ('ontrol and " sulphu r " grOU]JS. Tt is evident, therefore, that 
th e stor k ration ha~ mu ch more antito.xi<: effeet to sulphur poisoning 
than the Osborne-)Iellclt>l rliet. The latte1· fliet, as modified in thi s 
·t>xper iment , meets , as far as is knO\Yll , all the essential r equirements 
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for gTo11·t h except t h _at it i s l ow in protein a nd cy~tine contPn ls . It 
\Yo uld f;eem t h at i t s l o11· c \·sti ne con ten t coul<l b e ruled out a,; a C<lUSe 
of t h e h igh toxic ity of s t~lph ur , i n Yie 11 of t'he fa ct t hat L e1Yis and 
L e 11·is (1927) £o u n1l tlw t t h e toxic i ty o f sulphu r, 11·h e n i n co r pora t ed 
i n t he cystin e defi c ie n t di et of Osb orne nn cl ~\ le n cl e l , 11·a ,; no t nfte d ecl 
by the add ition of a mo unt ,; of <· .~·~ t in e ad c<1ua t e to produce g oo <l 
g rowth . Ho,,·ey e r , thi ,; d iet is nl,;o lo11· in en s i l~· a Yailabl<' "foocl 
s ulphur " for the r ea,;o n t lia t tl1 P Ushome-~leJHl P l sa lt mixt ur e 11 a s 
r e place<l b Y t he ,;mne anw u nt of S tePtd>od;: and ::\'eb on salts JO (18:2:)) , 
m orlified ;;li g h t ly ;so a~ to cont ain no ~ ulphu r . l <' u ri:lwrlllOJ P, i t 11·a s 
found h.1· t lw aut hor ( 1!):):-) ) t"hnt th e a b,;orpti o n of ~ ulp h ur inn r at ion 
co nt a inin g JU pe r cent. of <·n,;ein <lll ll :2 p e r l' en t . of hre 11·er ·,; y e<1,;t , 
a :; t he o n} y sollJTe;; of foo<l s ulphur , 11·ns r.n t h e r loll' 11·ith :1 suh;;e­
qu Pn tl.\· 'b,iglt a h ,;orptio n of elem e tl h tr.\· ,;ulphur ntHl i t Jn ig h t l>e , 
th eref or e , t h a t t he hi g h toxici t.1· of ~ ulp b u r 1rh en fe d 11 ith th e 
() ;;h om e-Me n del <liet ;t,; com par e<l 11·it h ih l o1Y d Pleterions d ted in 
fh e ~to('k ration , 11·a ,; pa r t l.1· (hlP to t he lo11· protein an d · 'food 
s ulphu r " co n tent s of t he former· <1 iet. 

Sr~L\1.\RY . 

l. Expe ri meJil .-i a r e cle:-:c ribed in 11·hich 11·er e stu (li etl th e effec t 
of fio,Y e r ,; of su l p hur 011 the gTmd h of .\·ou n g w h it e 1ah mai nt ai u e<l 
on t wo typ es of ha sal d iets, on e a mo(lific.ati on of th e lo11· pro te in 
d iet of Usborn e a nd J I P11cl el a n<l t'he ot h er <t r at io n con tp le tP in :dl 
r es pec ts fro n1 a Jlu t r .it ional ;; ta iHlpoi n t f or thi s ~ pec i e.-; of a 11i nt:d. 

2. Sulphur, 11 he n :l Ll <le<l to th e a m ount of O·B v e r cen t . to th e 
l o 11· prot ei n di et 11·hi c h , ,·a s abo lo11· in cys tin<" a n(l " food l' u lp lnlr ' ', 
<·au se(l .a m:trked r e ta n btion of t h e rat e of gT011·t h hu t no < l e ~tt'h s 
<lur ing nn e x peri n1 e n tal peri o<l of GO d a .1·s . 

3. 'l'h e toxicit.1· of ::; ul p h m· 11 h e n a <l d e rl to a well balanced ra t ion 
in con cen tration s Yar .)· i ng hom 0·1 to :l ·o 11er ce n L 11·a s , <·omparn­
t iv ely ,.; pea k in g , rath er ]o ,,·. A compa riso n of th P r a te of gro 11·th 
of .1·oung ra t s by t he ]Ja irecl - fee cl i n g m e t hod of ~l itc'h e ll a u rl H ea (lle" 
s ho11·e (l t ha t th e numl>e r of 11·ee k ~ d m ing 11·h i c h th e con t rol rats 
g a iu ecl m ore i n w eigh t t han t'lteir Litter m ate.-; on th e su lphur ra tion s , 
i s rea so 1Jable n ea r .j Q per ce n t., 11·hic h indica t e;; that 1he d ifferent 
t rea tme n ts show no sig n ifican t diller e ncP a lllO llgst th em sel Yes . 

.f . T h e solution of t h e prob le m <b to 11'lt1· ce r t a i11 1·a tion,; shm1· 
g rPate r au t it oxic e ffect to ~ ul]JIJur v oi;;onin.g t h:w othe r,; slw u lcl 
J> rohau ly b e looked f or in t h e cli fl(' re nu ' iu t hei1· prot ei n a n d · ' f ood 
s ulphu1· " co n te n ts . T lte r es ul ts t o d at e seP JJI t o ~·It o\\· t.lwt ratio ns, 
com ple te in a ll 1·es peds f01· g rowt h ll'it h opt inlllm pr ot Pi n <t nd e:b il1· 
axai l able " food sulp h ur " conte 1d s, p os:;e::;s gre<d e r <t llt ito:\i <· eJfp(:t 
to s ulpJlll r IJO isonin g t ha n ra tion s that a re ]Oil. i n the~e l"Oll s t it u ents . 

·J . La rg(-~ .amo u nt::; o f flo11P1·s of sulphur <·.a n hP giY<'Il t o :1n illlal s 
(r a t s) , ,·i t'hou t m arked d Pl et er iou s co ifech on t hPir r at e of "TOid h "·h en 
0 1_1t imu m amoun t s f_o r gTo1dh of a IH~ll-bula nced Tati (~ll (l'tock) is 
g JVe n at. t h e sam e tune . 
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The author rlesires to aclmowleuge hi:; iudebteclness to .Ji r. A . :P. 
Malan, :M .Sc., of this Insti tu te, who made a sta t istical a nalysis of 
-the results. 
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