
O!lderstepoort J ou rnal of T" ete rinury Scil"lice and Animal 
lndustr!), T"olwne 10, .\"11111ber 2. dpril, Hl38. 

Printed in tlie l'nion of South Afri c::i h~- the 
Gon'rnment Printer. Pretoria. 

Quantita6ve Studies upon Porphyrin Excretion 
in Bovine Congenital Porphyrinuria (Pink 
Tooth) No. I. 

By ULAUDE HBllXUTOX an<l U . C. S. lWETS, Section of T oxi­
cological Ch emi ,;try: and l' .. J. J. FUCR IE , Sedion of Hygiene, 
Onderstepoort . 

TnE occu1-re11ce of eongeuital porphyrinuria in a bovi ne h er<l has 
been receu tly reported (Fomie 19%, Vinnie a rnl R i miugtou 19Ti) 
a ud a study made of the t_q)es of p orph yrin presen t in t he,;e case~ 
Himiugton ] 93(i and 1937 , Himington and R oets 1931) . 

Siuee the li tera tu re r eYeals little a('(', ur;i te informa t iou as tu the 
c1uautities of porphyrins excreted in congenital porphyrinuria, 
st udies of the::>e boYine cal:iel:i have been un<lertaken " ·i th a vie"· to 
ascertaining "·hether or not fluctuations occurred in the quantities 
of eoprn- and uroporphyrin eliminated 11·ith the urin e and foece ~ 
and if any l'Ol'relation " ·as to be ob~en·ed bet,Yeen sueh data as urine 
volurne a~d porph~rrin output. Kot only was it hoped that the re::>ulb 
would contribute materially to the eh1 cidation of the disease, cousi­
derell as a dera ngemeu t of enfloµ:enou s pigment metabolism, but we 
were also anxious to throw further light upon t he uneven distribu­
tion of porphyrin in the bonb of afferted animals . The case pre­
viously slaughtere<l for examination sho1Yell the bout> :st rncture, i.11 
transverse section, to he stained u nevenl.1· in rinµ: s of llarker and 
lighter colom (compare Fink a nrl Hoerbmger 1935). 

HISTORICAL. 

It must be stated at the outset that t he distindion usuallv dra1vn 
het11·ee11 congenital (inclu<ling the so-called ('hronir- cases) a~cl Hl'ute 
idiopathic porphy rinuria is hy 110 meau s a "·holly satisfactory oue . 
Thus, in the former ty pe , excretion of porph,vrin is generally 
r pg·anlell as heinp: pradicall,v eontinuous from birth (congenital) or 
sometime after (chronic) " ·hilst in the acute form of the clist>a~e 
porphyrin excretion is parox:'•smal. Sirnilarl)· the pigments of the 
con~·enital t ,vpe helong mainly to the I series (hut (' Olllpare Fisl'her 
and Hofmann 1907, Rimington 198(), 1937) ,vhil st those of ac'Jt e 
nornhvrinuria are nrenoncl era tely- seri es III rleriYati.Yes ('\Valrl en ­
:"triim 1935, ~[edens 198(), D ohiner 193G). Transition forms hehYeen 
the " ('hronic " and "acute " h ·Des of the <lisease a rp occasionalh· 
to be encountert>rl (van den Berp·h. Regniers anrl }fuller 1928. va~ 
den Berg and Grotepass 1937 and D obiner 193()). 
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l'rior to lL\11,; l -'isd1er' s iu,·esl igatioll of t h e ·· l'et ry .. ca::i t' <..llld 
iwlation of copro- and uropo 1vlt y ri11 , \H>rk e r ::; in thi s til'ld ,,·l' r e \\ont 
to r pfe r to tlw iuixturp of pigrnP11t s i11 urinP o r be!'Ps :1s .. h:1 e 111alo­
porphyrin ". The lllethods t h e.\· use<l fo r qua 11t it.1tiYe delPri11in:ition 
,,.Pre l·nidl' \,;t•e U:111od 1V:2J , Lhlut h e r J Vll, JV:22) aud u o ,-e r y g1 eut 
rdin 11 ce <«I II be pb ce1 l upo 11 t h ei r tigu r e.'i. ); eYl'rt h e ll' s .-; Uarro<l 
mentio11 s (' a Ses in '"hif'h pigrn e1it t'x< ·rdiou ,,·as intenniti en( ;1nd thus 
lik e llrnt of Ar/\t ;111d H;111 s m a 11 iL (l!J:2U) in whicl1 1he co lour o l the 
urinP Yarit·1l appre!'ia hl y at <liffPrPn1 periorls and this has a lso li Pe ll 
tbP L'XJl t•rie11n• of ot l1 e1· " ·orkPrs. Ei sdwr e s tirnah·' d th a t J' e(n· 
exnet e d a li01tl O·J g·rn. to!nl po rplt .1· r in p e r <la y . 

(~uuniit a ( iY e in Yes tig;1\ io n s u s i11g· reti 11 e1l rn e thod s of a u:dys is 
h ;1n• ll'1·p1ifl.1· bt'Pll <«Hl:lt-•d out 11po11 coprn-porplt y rin lJ I f''\CIT! ion 
i n l ead poi~o 11in g ( ~I edt• 11 s JV:{ j ) ill wltic lt !'aW it \Y:l s fnu11 d that 
1herP \\'<IS a r]p{i11it P te111l en cy for uri11:1rY porphu·i11 ;1 nd ur i11 t· Yolun1 p 
to r un ;i J><11allPl <0011rnl'. Il'rnn1 Dohi1H-'r ' s n·t·<·11t " ·ork ( l !):lia: l!J:llli ) 
ttp o11 porphnin <' .'\<Te l ion i11 Yarious p :tl lwl ogi1·al sl:i!Ps it is dilii1·11lt 
io t1, ll \d1t·(·. hn :1111· such l'l'!.!11l;nit Y 01·1·une1l. H1· st.111·.; th:it !h P 
<Liily C'opr.i - ;111d .t1r<>porph.Y,ri11 t'X.<-rt•tiou Y;1 r iP1i 1· o nsid P1-:1iil .1· hut 
<·ak11 la hng dail y aY01 ;1gps 01·0r :j io l (I <Li.1 · periodc; o f o lisP1 .. 1«il ion s , 
t he figur e . .; for th e>P p e riod-; ,,·p r p ('0 111pa rahk. 

~lETll OJJ S . 

'1'11 r an illlab were k ept in meb lw l i :sill i; tubles prov i d ed ,,. i lh a 
c h annel for collecting the urin e i n a glass r0ceptadt> and in ordt>r 
to minimise possibl e l·ontarnin;1tio11 ,,·jth faecal m;1teria l , a ssi .-; tanh 
\Y er<:' e 111plo,v1·d d ay and ni g h t. 11· \w .-;p du i_\· i! was to sho 1·el up 1 li e 
foeC'PS din•dly they ,,·e re pa :ssP 1l iiil o 1\·e iglwcl tins. Th e ;\lli1u;1ls 
were rnnint:1ined upon t lw 11 s1wl labo1atorY ration antl ,,·at e re d frolll 
a but.:kc•t t wir- c dail_\'. CnllPdinn ex t en<l e cl oYer :) to (; d:1y iw riOll s 
an<l eal' h d ai l y h atc h of nrnt Prial 11«1s ,,or ke1l up irnmPclintrl.1· . 

{ 'rinPs. - The Yolunie was 1u em;i.1re J anrl an ali<]l!Ot of FJ ll to 31l0 
c.c. (a('l'O rding io porph.1ori11 eonh•nt) ar· id ifiP< I \\·ith ac·Pli <· ;wid to a 
final l'l>llC'Plllrntion of .) p e r l'Pllf. :1 11d t]H• 111 i:dun· tht·n t''\t1-:1C'IPd 
,,·ith e t h er fo r 2-1: hours i11 a .Kutsd1er-St e u<lel contin u ou ' e:dradi o 11 
apparatu s . All et h e r-soluh le p o rphn·i11 ,,·as in this ,,·a1· r P111 0Ye<l 
an<l lrnnblr.-;onw e rnul s ions aYo id t-·d. Th P 1·t h e r p:-;\rnd 11-.1 s \\";1;;;he1l 
in <1 se pan1lor1· f unn el ,,·ith 'rnt e r 1·ontaining· polas, iurn af' e t:d e until 
t lw hulk of ihP :1(·e tir· al'id !t a d li1·e11 re 111 01·e<l. 'l'lw ''atn ,,·as hin g· .-; 
11sn:1lly co nt:1inP<l urobilin or n .-;i111ibr pi g 111 e 11 L ' l'h 0 toLil por­
pl1~-rin w:1 s 110\\. ha11-;fen0<l , I"' . .; l1 :1k i11g , \1·ith ,-l pe r l'<·nt. hnlrn­
f'hlorir· acid a1ul this solutio11 rn;1d P up to a 1·011YP 11i<-•nt ,·c.lu111 t•. , \11 

al iquot us 11 a ll.1- ,) ro .c. \\'<IS then pla!' e d i11 a test tulip :111<1 dih1ted 
" ·ith 1Yat e r until the inte 11 sitY of ilte abl'or plion hand at i)!)O nwtdied 
that of a sb 11rla)'(l ~olution , sirnilarh ohserYed b.v lll ea 1is of a p ock e t 
sp ec \ l'OSf' OJ1t', a rnl f'Oll ta ill in g· ] Ill g. <· oproporp h »ri ll in ] ()() <'. (' . of 5 
p e r C' e n t. h>«lrochloric acid. \Yith pra c ti r P small di fferf'nl' es bPh,·pen 
test an<l ~ t-anrlanl sol ution s conld e asi l>· lw dPtederl hut ,,-e put the 
error of thr " ·h ol e <l eterm ina tio 11 o n t h e rn 11 serYatiYP <i<le :is ± 10 per 
f'P nt. Color im etr ic rnmparison of ihr af' i<l solution s ,,·oul<l h n 1·<· hPen 
pos<ihlP a n rl gaYe in l'her·k PXperi 111 e n ts nparly irlentiC'al 1es11H ~ . hnt 
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we prefen ed to base our determiuations upon a specific character 
:rnch as lhe intensity of an absorpti on hand rather tlurn 011 anything 
so un,.;pecific a::; colour. 

17 rnvorph_yrin 1Ya:> determ i 11 eel in 1 he eth er extraded Ul'ine by 
an a11alogou s pro!'es:; after co11Ye1sio11 into the more stable cOJJJJer 
complex. ln pL'eliminary e:qierimeuts an endeavout' \Yas made b 
purify a n<l eon ce ntrate the pigment by filtering it through ausorp ­
rio11 !'olun1rn; of a lumina allll then eluirnµ; with diluted alk ali bul 
this proeedure pro ·•ed both troublesome an<l tirne-consurning. 
Finally, direct determinati on:; \\ ere made as £ollow8: The et her­
extra cled urin e \m s trnnsfened to a 200 or 500 c .e. gr;uluatecl flnRk 
and rnad e up to the n ec k " ·ith a :j per ce n t . sodium hydroxide. t he 
eonlain er anrl spi1al of the Kutscher-Stendel appaiatu s being 1i11 1>ecl 
out with the sam e solution. 'l'he final renction of t he mixt ure \Y:l:-; 

alblinP nncl a eopiou::; llli!'ro cr.v::;tull ine precipitate :-;ep;m:itecl l t•avin g 
a d e<ll' yellow-bro\Til supernatant liquid. An aliquot of l 0 c·. c . ot 
thi s \ms ti:am;fened to a r)O C'.l' . tlask , two <hops of :-;;1turated aqu eons 
copper acetate solution ndd ed and the mixture rligestr <l on a wa r rn 
plate for five minutes usi ng a lightly fitting glass stopJlE' l' as a h a ng­
iu coJt <lensor to preYent loss of liquid hy eYnporalion. 'l'li e r eaelion 
mixture was tht>n filtered, a 5 c .<·. aliquot placed iu a snrnll test 
tube and the in ten sity of the oG9 · i) band of the mopo1phy riu eopper 
complex spedrmu compared \\·i th that Df a standard prepare<l from 
pure moporph:vrin and copper aceta te . A series of tubes 'm s kept 
containing dilution s of the sta ndard equinlent to 1, ] ·2, 1 ·4, ] ·G, 
l ·8 and 2 ·0 m gm . pigment per 100 c.c. an d the eonceni.rat ion in 
the unknown estimated tu the n earest tt>nth. Thus a u unknown 
stronger than the 1·6 but wea ker thnn the 1·8 sta nclanl was said to 
contain 1 · 7 mgm. per 100 c.c . Admittedly the error of rlett> r rnina­
t.ion is here ag·ain about ± 10 per cent. but the methocl was ra pid. 
Xo other m ethod is kno1Y11 permitting of the qunnti tatiw clt>ter­
min ation of uroporph ,\Tin in such complex mixtures with nny hi g her 
degree of accuracy . Separation from the accompan.1·i ng brO\\·n ;111<1 
yellow pigm entR of the m ·in e r equires :in elaborate if'C'!rnique and 
ineYitahly entails se rious losses . ·\Vh en determination is hasf'<l upon 
the inten sity of an alrnorption ba ncl, simuHaneous p1·esf'nce of other 
non-specific absorbing pigmf'nts ha s but n negligiblf' f':ffect. 

Forrr-'s .- 'l'he <Juantit>· of eoproporphyrin excreted per rectum 
was netermined as follo>vs: Th e entire faecal mass p assed Cluring 
24 hours was rnixf'd as intimately a s possible and after weighing· an 
a1iouot of ] 00 i.;·ms. 'ms suhjedecl to the u su al extract ion iechnique 
with ur,e ti r, uci<l and ether. The et]rnr-soluble porph:vrin wa s fina lly 
passed int.o 5 per cent. hydrochlol'i c acid, 1his solution shakp n with 
chloroform if necessary a nd the intensit>· of the 5!)0 ubRorpt ion bnncl 
match ed against the stanclanl as preYiously descrihed. Duplica t e 
dP-terminati ons i1pon hoth faeces and urin e yielderl co ns istent l'f'sults. 

R esults . 

A summary of the numerical r esult s is presented m tables and 
also graphically in th e diagram s Figs. 1 and 2 . 
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POH L'HYH J X J<XC llETlOX I ." IJOYIXE COXGEXIT .l f. POlIPHYlll."li lUA. 
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l'OllPHY JtIN EXCRETION I.'\ BOVINE CONGESITA I. POlll'lIYIUKUltlA. 

It i ~ clear from au examination of t hi ,; chtta that t he excretio u 
of porphyrin by any one animal varies greatly from day to day. 
A similar circumstance ha R been founcl in th e case of normal dogs 
by Dobiner (1937 c). 'l'he p eriod of tl iree consec utive clays utilisecl 
for the fir st obser.-ation (February lU-12) is clearly t oo short to 
allow of any cakulation of an average daily excretion. vVhen how­
ever the periods March 1-6 and June 16-20 a re compared it is sure 
that both bovine 7017 and 7018 excreted on the daily a vernge con­
siderably more porphyrin during the later p eriorl. That this waR 
not clue to any error in technique \Ta s proverl by rnakiug UJJ ne\\· 
sta nd ards and repeating the ob servations. 'v\-e can only s uggest t hat 
possibly seaso n or climate influenced the porphyrin excretion for 
it ma.\· be noiieerl that th e weath er rluring- 1'.ial"C'h " ·as sti ll lio t whilst 
June was r:ol<l \Yith temperatures \\·ell helo''" freezing poin t nt night. 
vVheth er or not this explana tion is corred ca n on ly be asC"ertained 
by an extended seri es of observations through ou t tl1e ye:u. 

In assessing the sig nifica nce of lhe rl ata presenterl, the follo'' ing 
points should be borne in min <l : -

l. Bot~1 yoproporphy1i n aud u roporph yrin are of en cl oge nous 
ong1n. 

2. Porphyrin excre tion takes place via the bile ancl u rine thus 
the r elative quantities appearing in the faeces anrl urin e 
will depend largely upon the ha lance of factors effecting; 
biliary and renal secretion. 

3. Uroporphyrin is also retained in the hod~· being absorbed 
by growing bony tissue. 

4. 'l'he exact generic relation between coproporphy rin and 
inoporph yrin is not kno\Yll. 'rhere is a possibility that 
uroporphyrin may ari~e in part from coproporphyrin in 
th e kidney. 

An exarninat ion of th e data does n ot re ,-eal an~' precise quanti­
tative relationship between the two types of porphyr in. In seeking 
correlations hebYeen uriue volu me anrl porp hyr i n excret ion , the 
period June 16-20 is the most sa t isfactory sin ce <luring this period 
very wid e fluetuations occurred both in urin e volume and faece;; 
weight. It \rnulcl appea r that:-

1. There is no rorrelation hehYeen eit her urina ry eopro- or 
uroporphyri n an d urine volu 1ne. In fact t he tendency is 
towanls a consta n cy of porphy rin output irrespective of 
the tobl quantity of liquid passed. Such behaviour is in 
opposition to that seen in l en d poiso ning where the quan­
titv of copropol'phyri n III Yoicler1 in the urine l'i :"Pti an<1 
falls with the urin e volume (Merte ns 1937) . 

2 . Coproporphyrin a nr1 uroporphyrin :oeem to run a parallel 
conrse in the uri ne, the quantities of these pi gments 
rising and falling in sympathy. 

:1. The output of coproporphyrin in thP fneces is related to 
faeces weight. This does not in cli c,1 te any exogenous 
origin but is rather an expressi on of the circumsta n ce 
thnt more bi le pn sses in to the a limentarv tract and is 
voided when a large hulk of food rnate~·ial is passrng 
thro11gh. -
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4 The total quantity of poiphyriJL excrete<l daily is subj ect 
to wi<l e variation::; being L:hiefly infiuence tl by the nrngni­
lucle of the faeces component, but i ernains approxi mately 
<'. onstant when ihe daily aYerage over a fiye or six da:v 
period is considered. 'l'h e highest excretion recorded was 
1 ·27 gm. porphyrin during 2-! hom s. 

'">. Further wurk must be unclerta keu to ascertain \1·hether or 
n ot th 2re is n n_v seawna l r l1ytl1 m of poq>hyr111 exn eh on. 

IDENTIFICATION O:F THE PoriPHYRIK ExcrrnTED. 

From the urine of these cases uroporphyrin este r of 
was isolated and resol vecl iu to uroporphyri11 I (M. P . 
smaller quantities of uroporphyrin III (:JI.P. 260°). 
19:~G. ) 

M.P. 27ZJ-7° 
W2-:~ 0 ) and 
(Rirningtou 

In th e ca:-;e of rnproporphyrin fraction, t hi s h as recently been 
sepa ra te rl by Himington and Roets (rn:n ) into coproporphyrin I anrl 
coproporphyrin III. It wa R highly desirable , however, that the 
relative proportio1rn of these two isomers should be b101Yn ancl 
acconlingly ihe fo llowing experime11t 1Yas performed " ·it h this 
object in view: 

2 · 8 litres of freshly pa ssed urine ( boYiue 7017) 1rns acidifi ed by 
aeetic acid and extraded in a Kufach er-Steurlel apparatus with 
ether until no more porphyrin \Y3S remove<l by the solvent. The 
ether solution was then " ·orke<l up in the usual way and t h e total 
quantity of coproporphyrin measured hy comparison of the 5 per 
1' ent . acirl solution with the stanclanl r·optoporphyrin. 

Volume of solution 500 c .c. 

5 c.c. a liquot was diluted to 29 · 5 c.c . to match standard of 
1 mgm./100 r-.r. th erefore 29·!) rngrn . porphyrin in all. 

The pigm ent was transferrecl to e th er , este rified a n<l the total 
ester obtained by evaporating the chloroform solu tio n to dryness. 
On stirring 1vith rnlcl methyl alcohol , a portion di ssolved . This was 
coproporphyrin III nncl its quantity \Ya s a;;l'el'iained by matching 
against the sta n<lard. The qu antity of coproporphyr in 1 remaining 
was s imilarly determined. 

Coproporphyrin III 
I 

l·OG 
29· ll 

rngm . 

rngm . 

In order to be sure tha t ~o . I se ri e;:; isomer accompan ied t h e 
III, th e methyl alcoholic solution of the latter was evaporated to 
dryn ess anrl ag'ai n treated with cold methyl alcohol when it dis­
solved rornpletel:v. The ~I.P. of t he crysta lline material was 
120-1 30°. The purified coproporphyrin I fraction had M.P. 245-7°. 
From the above fig·ures it iR seen that in the u rin e of this animal the 

ratio 
coproporphyrin I 
coproporph yri n III° 

27·6 
1 · 
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Similar experiments are in progre.-;s 
t h e remaining \'ases and abo the ratio 

to determi 11 e the ratio in 
exhibited by t h e faeces 

· porphyrins. 

Repeated recr~·,,tallization of a coproporphyri n 
isolated from faeces had )'I.P. 260°. 
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APPEKDIX. 

Bov1KE ~o. 7017 . 
~-----·---

] )a te . 

Faeces. 

\ \'e igh t 
I\.~m . 

Co prop. 
rng1n . 

___ L:_i.·_in_e_. -----/ Total 

\'olum e Coprop. l"rop. · porphyri n 
litres. mgm. mgm . : gm. 

---- - ------

F e brnarv-
10 ... '. .. .... . . . 
11 ............ . 
12 . ......... . 

March-

~) ·90 
8 ·70 
9 00 

54i5 ·O 
870·0 
67;"i ·O 

2·!!3 
2 89 
3 38 

3:3 ·2 
62·6 
+9 · l 

64 .;5 
74·:2 

l:28 ·fl 

0·6427 
J ·OOG8 
8 85:30 

1. ....... . .. . . 6·20 4 18·6 :2·82 74·1 6+·0 0 35fi7 
2 . . .. . . .. .. ... 10·90 6:26·9 :2·10 57·8 .i9·8 O·HH 
3 .. . . . . . . . . . . . 11 . 60 664 l :3 . 71 71 !) (i-t 0 0. 8000 
4. . .. . . . . .. . . . 10 10 630 · 3 :3 · 7:3 fl.) 3 67 ·I 0 · 7687 
5 ... .. ... . .... 12·.50 551 4 4 .)0 64·7 87·7 0·70:38 
6 ....... . . .. .. 9.:.;o 627·8 2·7fl 6fl·.J 66·:! 0·7544 

:Vfoan.. ... ... 687· ;) ().'i·7 68· 1 0·721:3 
------ -------!---------- - ----------·-- ---
June- I 

16..... .... .. .. 6·90 
17 9 2 I 
1 ~ :: :: :: :: : :: : : ~·~ I 
20.. . . . .. . . .. .. 4 ·7 

Mean . . .... .. .. . . . 

690 0 
1,012 ·O 

884 0 
627 ·O 
.564 ·O 
755 ·4 

:.; 77 
:-l -:2 8 
:) 30 
2 ·~Iii 
7·20 

90·4 
91 8 
8+·8 
70·8 
70 1 
81 ·fi 

1:\0· () 
l66. 2 
155 ·;) 
118 ·O 
131·0 
144 ·3 

0 9310 
1 2701J 
l ·U4:3 
0 · 8L"i8 
0 · 7(j5 I 
0·9812 

------------------------------

Date. 

F cbruary-
10 . . .... . 
11 .... ... . . . .. . 
12 ......... . .. . 

BoYIKE 5o. 1018. 

Faeces. Lrinc. I 
-------- ----------- Total. 

Weight I Coprop. I \'olume I Lrop. Coprop. 1 porphynn 
K g 1n. I 1ngm. I litres . 1ng1u. 1ngnl. I gm. 

12·40 
12-!)0 
11 . ;)O 

47 7 ·0 
537·0 
409 0 

3·17 
2·05 
1·88 

;)(j ·3 
39·7 
20·9 

74 ·3 I 0·6078 
146·5 0·7232 

7:-l·3 I 0· ;'i034 

1\farch-
,----1--- -- 1 _____ 

1 . ..... .. 
2 .. .. . -· .. . .. . 
:.; .. ...... . 
4 .. .. . . .. . .. . . 
5 . . ... . . . 
6 ..... . . .. " .. I 

}[ean . .... .. . . . . . 

June-
16 . .. . . . . . .. . . 
17 ..... . .. 
18 .. . ........ . . 
19 . . 
20 ... . .... . .. . . 

Mean . .... ... .. . . . 

13·90 
10·50 
13 ·10 
13·00 
10 'ii 
8·7 

12·95 
13 10 
12·00 
9 :W 
7· 10 

1 

I 
I 

I 

469·2 
420·0 
467·9 
43 ,5 ·2 
52ii ·O 
398·7 
452·7 

841 ·8 
786 0 
660·0 
510·6 
390 5 
637 ·8 

2 ·I :2 
·44 

2·:14 
3 · l9 
6·90 
4·90 

4·00 
3·!l5 
3·:29 
2·2fi 
4·95 

23 6 
:23 ·O 
:21 ·I 
23·4 
50 6 
17·:! 
:26·i\ 

96·0 
54·1 
56·4 
35·9 
41·1 
;;5.7 

* Possi bly some loss by overflowing. 
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48 · l 0·5409 
46 · l I 0-4891 
48·4 I 0·5374 
45 ·7 0·0043 
42· l I 0·6177 
71 ·9 

I 
0·4-878 

:"50 ·4 0 ·5:29:i 
1---

] ;i9 ·4 1·097:2 
1:21 7 0 ·9618 
1:26 ·9 0·8433 

77 ·0* 0·6235 
84·0* 0 5156 

113· 8 0·8083 


