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(Pink Tooth) No.2. 
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Section of Pharmacology and Toxicology , 0 nd erstepoort. 

THE first known living cases of bovine cong-enital porphyr inuria 
were described by Fourie (1936) from the clinical and pathological, 
and by Rimington (1936), Rimington and Fourie (1931), Himing-tou 
and Roets (1937) from t h e bio-chemical point of vie\L Himing-tou , 
Roets and Fourie (1938) presented certain details concerning the 
yuantitatiYe e:xnetiou o1 p o1·pllyJ iJ1 s in tiles:: l·ast)S, but at tha1 L nw 
the authors felt that th e data were incomplete and the 1·esults 
reported in this paper are intended to be supplemen tary to those 
previously presented. 

Fir;eher, quoted by Sch umm (1919) , found ·17 gm. to · 5 gm . 
of porphyrin pigments daily in the urine of Pehy \Yhen he made 
the determinations during different Juonths of the year (Kovember 
to February) . Schumm (1919) examined th e urine of P etry durin g 
th e summer arH1 during the winter au r1 fou nd m J re or l e;:s t he 
same amounts (cirea 0·4 g-m.) on both occasions. 

Beyond this very little seenu; to be known concerning the quanti­
tative excretoin of porphyrins in congenital p0l'phyrin1uia in man 
and animals . R ecently , h owever, a good deal of work is reported 
concerning the quantitative determinatior, of porphyrins iu th e case 
of normal humans ar; well as in eases of man an <1 an im als r;u fl'ering 
from various diseases , e .g. Dobriner (1937), Brug-sch (1938)-, 
Himiugton (1938), Grotepass (1938), Mertens (Hn7), and lloets 
( 19;~8). In these papers notahle advances are recon1ed <"on cern i ng 
the methods employed in order to determine quan t itatively the 
porphyrins excreted. 

In this paper t he au thors in tend to record result::-; concem i ng· 
the quantitatiYe porphyrin excretion during different times of t he 
y ear by b;win es suffer ing hom congeni tal porph .n ·iu uri a (1)iu], 

369 



l'OII.l'UYRIK EXCHETlOX IX BOVIX E COKGEXlT.\L P)llPITYRI:\ t;RlA. 

'rooth ), and at t he sam e time data are presented concerning the 
relative porphyrin excretion in boYin e congenital porphyrinu ria lll 

a completely normal boYiue and in avparentl.y* normal boYilles . 

D ETAILS o:r ExrERDl H iTS . 

The animab ''"ere m aintained in metabolism stables on a daily 
ration o·f. 5 pou11ds veld hay in the lllOl'Hin g- and 8 poun<h crush ecl 
maize with :2 p ounds of green food in the afternoon. The animals 
were \Y atererl twice daily ancl t he nmount of water l:ons umed was 
carefully measured . 

The am ount of faeces passed and the am oun t of urine excreted 
\\·ere carefully \Yeighed and m easm ·p(] Hery 24 hours . The animals 
were usually under observation ·f:or a JWl·iotl of 14 days, bul deter­
minations \\·ere not r ecorder] for the fi rst 24-48 hours of l he 
experimPnt , as t he animals " ·ere sonw t imes a little bit upset \Then 
they were confin ed to the metaholi sn 1 stables, resultin g in Rom e rnses 
in diarrhoea. During this 24-48 h our p eriod they were therefore 
allowed to settl e (lown to the co11 eli tions of \Ya tering, feeding, etc. 

Dail :v quani itati ve porphy1·iu clPterminahons of faeees aud 11rin t• 
were marle in t he case of the lotoll' ll pink tooth anim als 701 G. 7017 
(see Fourie, 190G) in the same \Yay as this was don e by :Rimiugton , 
Roets a n<l Fourie (1938) . 

On acroun t of the low level of Jlorph yrin excretion iu the normal 
anim;il WlR4 :~ n d in the apnarf'11i'l :Y uorJII <.ll ani Jil nls 7022, 7100 nnrl 
7356 n slig-htly modified method of dealing "·ith t he faeces and urine 
\Y as ma(le nse of . Before g-iving details of the meth od i n 11·hich t he 
faeces and urine were <lduall :v handl erl , it is perh aps ;just as \Yell 
to g-ive a brief history of these animals. 

No. G384 is a red h eifer enti rely unrelated to t he por p hy rin 
animal:;;, hut the bull 701 5 (see Fourie, 193()) \\·hich is lm cm n to 
transmit t he condition is heing· mated to her , in an attempt to 
]Worlnre f•nth er porphYrin c:nriers for the study of th e genetics of 
cong-enital p orphyrinuria . 

No. 7390 is a carrier, heing the rlaughter of a porph yrin cow . 

Xo . 70'22 is a daughter of B11ll 7015 anrl t hus possihl5· a <'arrirr­
she has, however already produced 2 calves from matings to her own 
father , hu t lwth l:alves are clinically normal. 

No. TV'iG is a heifer an rl one of the t"·o l'alves of 7022. 

The l ast thrre nnimals (7393, 7022. a11rl TVJG ) arE> tl1e rf'fu re 
listed as appar ently normal as one cer tainly and two possibly may 
he carrier:;; of t he receRsive ch ar ari er . 

*Apparently norm al is her e u sed fo r a nim als 11·h ich in somf' cases are 
ac-tua lly kn ow n to he carrier s of the anomal~' . and in other cases for nnimnls 
whi ch ma.v be ca rri er s, si nce they a r e da n gl1ters of t he bnll 7015 (see Fo11 rie, 
1937) wl1ich is lmo11·n to be a carrier of the r eces-,i,·c character. A paper 
concer ni ng the heredi tary nature of t l-1 e condition as a r ecessive d1aracter will 
be pu bl isht?d hy one of u s (Fourie) at a l ater elate. 
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I.n addition 1o t hl',;t• tlt t l'l' a 11illl<1i :-> 1 11 litis g-roup , :1 t llrl h<"t 
a nimal 11·as a dde tl , Yiz. ~ o. 7 -->~Jj. H e i:; a hull IYhi<"h is sh01Yi.u g 
1·e ,y lll <trk('d phot"seJt,; i l i%: ti iul' on ex posure lo t lit> Sllll. llt ,.; l e<" llt 
:tr e only ~ li.g-hil_,. tli s<·olou n·d if ;~t :dl :mel porphYrin e:xrn•tion in the 
fat><"es :IIHlm· in P is 0 11 a lo1Y lt>l't•l. Thi s ;\lll lllill , ltoi\ PI'PI'. I ta,; <1 

r e mote co nllnon ;tnc-e~ll·~- to bull lUI:> an d i.-; ;~I pres<>nt he in~: 
reg·;t rd ed as a \'l't'.)' s u~p i. c i.on l' hut :d ~l- l>i('a l <"a .-;t• of t·oug-eJJi.tal hoY.in e 
JHHphyrinuria. Confir m ation of t hi:; is being :tll<tit ed, l"'n d i ng t li t• 
r es ults of t·PJ l:t in hre<-•din g expPrint eJtf :'. alre<tdy t·PtlllltPII<·Pd. 

J[J.:Tl!OI J Ill .. ]h:.IL I:\l; 11'1'1.' 11 , .Hl :\ 1· .1:\D L<'. \ECICS ()]-' :'IO IL\1.~ 1, .-1:\ 11 

.\.1 '1 '.\H I·:Xn.Y .\OIL\1.\1. . \ .'\] .11.·\I. C' . ETC . 

{ .1' 1111' . 

• \. l'l'lJI PSt'lll:dil·e s: lll!ldt· of ,-1IHJ t·.t ·. ol· u1ine 110111 e;t <" h :tnin t: tl 
11' :1 :-i collecL('{i ;~I tilt• end of e:H· h '! -~ lwu1· peri od. lt 11·a ,; s to1p d in 
t l1e il'e <"hPsl nnd Pl·ery 2-J. hours :111 <tliqno t of ;){)II ('.t· . of that <i:t.Y 
ll'a::; add ed to t. hnt l'oll t>dt•d on l11'eYi.o ti S d. ;~ y,; , until :11 lilt· eond ol' 
l'utll' tla1·s :!,I)()( J t·.t·. ol' uri nP 11·ns :tY<~il.:t hl e f<, l' t' \<lllli n:dion f ro nt 
PLil'il a n.illl :tl. 1\t·Pitl' :t<"id II';Js thl'n addPd liJl 1o :t t· l•lll 'l' lli ra li 11 11 
of ,-, pt·r CP II I. , :1nd th e :;olu ti.on extradcd in :t b i g- h1ilc·ht•J·-S t Putl:t1 
l'OHi iuuous eoxl radi.on :tppnratu,- l'or 2-± hou r::;. ' l' lw t:l hPre;tl so lu tion 
11·as tholl>Ugltl,\· 11·a s lt ed in ;1 se p:tr:l t ury l'mt11 el 11·i. tl , ll:i1t•r ,.,llll:tllllll,; 
pota ~sium :u·cl at e , in ordt•r to t t> mm·l' t he a<"t>l i1· ;tl'i ll :11111 :<II\. 
soluhl e Ul'lJJ:u\· pig·n1 e 11 ts . T he \\ah·r ll:tshi ng ~ "''1·e. hol'- <' l.l 'l ·. 
J e 11·;1~ heotl 11·itl; frt>s b et lll·t· lo ,;afq.(·u;Jrd <lg<til,"t an .\· P" "·"i hlt • 
po rplty ri n loss. .\n.\· por]dtyri ll ,-o ohtain P<l in Plltn solution " '' ' " 
then <tdr!ed lo tlw main t• l lt t•t· :'tdu tiun I'OJlta in i11g l'o ;·, .J,,Tin "'' 
t lwt the fin:tl. t:•l he t· wluti.on ust 1<1lly h;ul :1 n1l un1e of :lppn,xi.llliliPiy 
700 c .t·. l'ro lll thi s ,-u iuti ou the purphY1·ius 1\'f' IP lr;ln:'i'PJ 'It ·d l11 
:tcid wlution hy n•pealt• tll y ad ding to t lu• f'lllllt t•r 10 to F > t·.t·. of f'1 
pe r t·ent . I! Cl :llld ,-h:~ki.ng· lhoroup;h l .~· . ':'leg·a tiYP :Httlll l:'St'c li t'l' ' " 
ultT:t Yi nl e t l ig·ltl in rli1·;ile.; 11-l>t•:t t li P t·nd j.o in t h as hPen re;u·lt,•d . 
'l'hP en tit e :t('id s11l tilio ll <lh0111 :JII t·.l'. in n>ill lll P, 1\' ;J s l r:tn sl',•rn•d 
to <l ltl() L'.f'. ~t·p:n:tlc,rv ht n nl' l, ]Hli<lo"f'inm ;H·eo late :Hlde cl <~S l)(' fo n ·. 
t he porphyri11s <lg-ain ,; h nb•11 i11to l'lh('l'e:il solu tion 1111d i h e \\·ater 
11' <1 Sitill g.; l'l'f'PII 'I'd lo :t i !Oil' ll'JlP<iiPd '!' itt' porp iJ .I· I'ill ei J'rOJll t h ic; 
fi n :JI. so !11 ti.n n, \1-l ti l· lt 11·a s i1Jlp1·n :-; int:tl <·l .l :l(l t' .l'. in 1'1>111111<' \l':ts s h:tl;~• 11 
in to !"1 to]() l'.t·. ol' :-,per l'Ptd. H:Cl, :1nd lht• inll'n sit .'· of t hl' :):'1{) 
hand l'OIII [lillt 'd Sjlt'l' ii'OSI·opi <·:t!Jy 11· itl! ;l jJOI'JiiJ ,ITill sl:t11<l«nJ of kn0\\'11 
l' ;t]tl t' ill t il t• US<tilJ \\ ';)\'. 

Becau:;l: of t lu• sJn ;dl :111 111\llll ol' [H>I'Jlh .Yr iu pn• . .; l'nl 111 ll tt's t• 
anint:Jl s, t\1'( ' ol' i l1<•m (o 11 r j ,-1~11 t he ~ LbjH ' t'i(' d pnrplt ,1·rin ~ulft> l 't •t · 
anil t h t· olht' r l;:!s-J., ''Oil tple i <' l\ · II OI'IIt a l l 11'('1 '<' 11 sed for f, , rllt l', . 
lllYPs ti g :Jtio n t·oncf'r ll in g- tltP ]ll ' l'~t' i•t·t> of uroporphn·in , h · addi 11 g 
:tee t ic a<"id t·o . t hei ,. PI he r soluhle porph~Tin e~hade<l urine to a 
('OIJ<·Pntr:ttion of 5 p er <" eu t . :t !l(l filteri 11 !:!· lltl·mtg], :dt1111ina aL~ot p­
ti on <"ol umn s, lHtl no uroporphyrin coulcl b e (leted ed h.~· t•luting 11· ith 
<l il.u tf• alkal i. *'' 

·• Thi s nwtilod 11·a s deYis <•d :111d e111plo.n·d by o ne• o f us (Hm·ts) in J 11ne (1 9.18). 
Sincl' thi s a r licle 11·a s IITi tlcn 11 p in ~m·emiJer ( 193R) D ohrin l' r a11d H iloads 
( 1988) in tkpc n d en lh· 11 scd pral'ti cally t lw s::nne n1 Pth ocl to detcnnin 0 11r ina ry 
1·oproporphy ri11 ir: t il e 111·ine of man . 
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Faece.>. 

:) 0 g 111. of a rep resen (a ti ,.P sa nq,J e of f'leces from Pll.C' h ~11 1 i mal 
was collt•t·le<l daily in acetic :1ci<l. Th i..; 11·as l;epl in (he dark :1ncl 
:d'ler 4 lh::s (he com hi ned :!Oil gw. from each anim :1l II' aS (•:-: 1 n l('(-ed 
in th e 11sua l ,,·ny ,,·illt :u·cti<· ac id c11lll ether. 'l'he po rphyrin,,-;, ~ 
t r.w ..; l' erred (o -'i-:!0 l'. C. of ,-1 ll" '' ce nt. HCl (rll·pend iug- on t !Je 
porph yr in <·on(e n1) . This sol ution \'.:1,; ,; hakPJl 1·: il h l'lil n1·. d·onn h 
r emuYe soluh l(• pi g m e nts and t he copro-porphyrins detcnu iJL cd . 

Till· han dling and Sll. lllpling- or t il l' Llel'eS a n d u rinP \\' !')'(' ollit•! '­
\\'lSP car ri ed out a;, d esnibed h_v Himin g(on . Hoeb :llld l-'ou r it· 
(l !):lH) . 

He.,u lts (}{Jtru ued. 

1-' a <•t· t·s :1nd uriuP {Jo lll l h t> j,,-u pin k 1ool h :ll l iJli :Ji s IIJII :11HI 
71J18 IWI'C exa llliHed from <J f ll j:l7 1" ]9 / 11 / Ti a nd nga in f rom 
14 / 2 /38 Lo 24 / 2 / JS. Thnt hum t he Lh inl piu k tooth anilllal 101G 
11as t·xa 111 in ed fm m Sil:! f :l7 (o '.tl/l:! j:ll. 'llie res11lh art> J'Pt·o Jd t·d 
i 11 t:J hl.es I , :2 :1 11 rl 3. 

In l .'igs . I, 1I anrl 1Il t he daily tot al porph y rin , daily lotal 
copro-pnrph_n·in aucl 1- he dai]_,. tot:d l i i'O]Hlrphyr in , 1rlt li corJp,;i'" ' lli ­
lll g' :n·e rag·ps for th e three an im a l,; 71111 , I OlS a11d 'j()l(; nn· 
g-ravh icn ll .v presented . 

T lw I :1 11<1 I I_[ series i ;;o JIIC'r~ of t 'OJH•l JlOIJi h~-rill ,,-Pre oil'jl:Jratt>d 
an<l 'III<IIJii(a( iYP l_l- ii<•(Pilllin erl in ll!illl' ~; ! JIIjll t•,; or I(JJ7. 'j(JJS . :111d 
i11 l':ll't·es S::lll lplt•s of 1011 , lOIS, 111:2:2 ( app:ncn tl~- II OJ' III:tl , possi bl.l­
:t !'arri<'J ') a 11d 7!-J!)/ !sus p<·d <'d pi 11 k (oolh bu il l (' l':tl ill' - ~) II SII J_!.;' till' 
III Pilwtl ,l1·sn il )erl iJ_~- Himin g'(o!l , 1\oels :ln<l l-'ou1 ie ( l!J:lSJ .. \ po1 1io 11 
of llriu l' and of fueCl-•s t>xne (<·d duri.11g· a 24-ho ur per iotl 11·:H; L1keJ1 
fll r il ti_,; Jllll'JIO.-.;p , 

Anal ysing t h e fig- un•.-.; prPseJdPcl in 'L'ahlPti 1 , 2 :1ncl :J t here 
does no ( apJll':u· to he a ,·ousiste 11l LPiatiom;bip lll' l\\-l'l' ll (J,e 1i:lil_,. 
porph_,-,.ill PX I'rel ion :111<1 (otnl d a ily f aece,; or urillt' m1tput. 

In l ill' I':ISP of :111i;nal I illi . i11 ,,-ltil'h litP p;r<>at<• ,; l porph_ni11 
t•x n l' lion i s r PeO I ded t hPI'C 11·a,;, a fte r an initial risP in porphyrin 
•· x!'n·tion, a ,;lecldy dP~:lin e for Lhe hn;l fe1Y d:1 ys aH<'r t he ::wi mal 
,,-a, plal'torl i 11 1hP JII Pi:l.holism st:1hle (aclmitt <>dly und<•r r·ompl t>le h · 
1liff('J'PIII <'n1·ironn1ental condition s than the animals wer e used to) . 
Tiwn•aft<'l' :111d nnti I thP compll'i'ioJ J of the ten day p e1iod the 
po1p h_\T in t' .\ <;reliou ,; leadil.y i n<·n•:J sed , thi s bPi ng nl ::ti1il y du e to :1 11 

inc J·l' aoil' i11 lht> <·oprO-JioJ·ph _n ·in , as !he uJ·oporp h~· r ill ihll ·ill :lt ed 
irn)_t;· uLnl y cluriJ Jg 1h:d. li n1e . Thi ,; ex ami n:1 !ion O<'l'lll'l'<'<l rl llriJ J_!..(· lh <· 
P::n· l\ · S llll lllll'l'. 

\VIJ<'II l hl' :l lli lll:l l 11· a~ ag- :1i11 t!.' "'" ' i11 ed fo1 · (e u 1lays dlll 'i!l g· t he 
late Sllll ll ll e r, t he re 11·as agai 11 :1 11 i11ili:tl porp hy 1·iu d l' l·rcasf' . but 
t.hi,.; !illJP more regularly progres,.; i ll· tha n t lte j1re1·iou;; ti lll t' , i11 
;;pit<· of : 1 ~om e 11- lw t 111:11·kprl inne:I ' P in th P u1oporpuyri11 at l il!les. 
Suhsetpl<' ll l ly , h_o\\'PI'er. tlw pn!· [,h\ rin Buduat io11 ,,.;\:-; n( h e r 
i rr pg·ular. 

In l ite oth e r (11·o an im als (71JIR :1 11 d 7010) the porph y ri n t•xr.:re­
( io 11 Hul'i uaterl \r idely awl irregu larl y hom da~- to clay. 

372 



~
 

0'
>

 

D
at

e.
 

9-
10

/
11

/3
7 

..
..

..
 . 

L0
-

11
/
11
/
~
7
 .

..
..

. 
. 

11
-

12
/
11
/
~
7
 .
..

..
. 

. 
12

-
13

/
11

/!
H

 ..
 . 

~ 
13

-1
4/

ll
/:

n 
..

..
..

 . 
~
 

14
-

15
/

11
/3

7 
..

..
..

 . 
~·

:l 
1:

>-
16

/
11

 /
37

 .
..

..
. .

 
16

-1
7/

11
/3

7 
..

..
..

 . 
17

-
18

/
11

/3
7 
..

..
..

 . 
18

-
19

/
11

/3
7 
..

..
..

 . 

-
-
-

W
ei

g
h

t 
in

 
gr

n.
 

7
,4

l0
 

8,
75

0 
6,

76
0 

7,
26

0 
fi.

8
!0

 
7,

0
10

 
6,

09
0 

7,
36

0 
6,

3
10

 
6 ,

44
0

 

J<
'.-\

E
('

R
S

. 

I 
(
\l

i'
IW

P
O

R
J'

ll
 Y

 l
\l

:S
. 

-
-

-
-
-
-
-
-

I I 

}l
g

. 
p

er
 

10
0 

g
m

. 

S
·d

 
!l

·6
 

7
·2

 
fi

·6
8S

 
8

·
12

(; 
8

·7
ii

 
12

·0
 

II
·:)

 
14

·2
5

 
15

·0
 

T
o

t:
d 

in
 g

m
. 

0
·5

9:
ld

 
O

·S
40

0 
0

·4
8

6
7

 
0

·4
12

9 
0·

55
3!

3 
0

·6
1 :

34
 

0
·7

3
0

8
 

0
·8

46
4 

0
·8

!l
72

 
0

·9
6

6
0

 

Av~
;I~

A(:
E.

..
. 

7,
02

0 
[
~~
~ ·

-
ll

·6
94

4 

14
-

l:
)j

 
2/

38
 .
..

.
..

 . 
:)

,4
40

 
:1

0·
0 

I 
·6

il:
l0

 
15

-
1.6

/ 
2
j
:~

8 
..

. 
. 

6.
8:

W
 

:lO
·O

 
I 

·:
l6

40
 

16
-

17
/ 

2
/3

8 
..

..
..

 . 
8,

07
0 

17
·1

5 
I 

·4
12

:1
. 

1.7
-

18
/ 

2
/!

18
 .
..

..
. 

. 
6,

67
0 

IS
·O

 
1

·2
00

6 
18

-
19

/ 
:l

j:
l8

 .
..

..
. .

 
7,

ii
:W

 
i 

14
·0

 
I ·

O
:i:

l8
 

19
-

20
/ 

2
/ :

18
 .
..

..
. 

. 
8,

98
0 

16
·0

 
1.·

4:
36

8 
20

-
2

1/
 

:l
/3

8 
..

..
..

 . 
11

,:>
20

 
14

·0
 

I ·
61

28
 

2
1-

22
/ 

2
/
~
8
 ..

..
..

 . 
9,

07
0 

12
·0

 
I ·

0
8

8
4

 
22

-2
3/

 
2

/3
8

 ..
..

..
 . 

8.
47

0 
13

·7
:1

 
1

·1
6

4
6

 
2:

{-
24

/ 
2

j:
l8

 ..
.

..
. .

 
!l

,2
:l

0 
16

·2
5

 
1

·4
98

:1 
-

· 
-
-
-

A
n

:u
A

<
:E

 .
..

. 
8,

17
8 

17
 ·

l:i
 

l 
·3

J6
:l

 
-
~
 
-
-
-
-
-

'1
':

\l
ii

.E
 
1.

 

(H
o>

iu
e 

70
17

 .)
 

l'
R

IN
E

. 

I 
C

'O
P

I{
()

l'
O

R
l'

ll
Y

H
il

\.
 

\'
o

lu
m

c 

1. 

Il
l 

c.
r.

 

:2
,8

60
 

:~
.f
i8
0 

4.
82

fi
 

2,
1 9

0
 

1,
!)

70
 

:p
or

. 
i\

,l
!lO

 
4,

li>
O

 
5,

!l
60

 
4,

1)
()

0 

;{
,8

!l!
l 

1,
44

:) 
6,

:)
60

 
2,

!3
10

 
4,

40
0 

4
.8

:1
0 

:1,
29

0 
2,

68
0 

- 2,
60

0 
:2

,;)
70

 

\l
g

. 
l'C

'I'
 

10
0

 c
c:.

 

=~
. 

t
i\ 

I ·
92

ii
 

·7
:{

:{
 

:l
·1

67
 

4
·S

7f
i 

4
·5

 
I.

 ;{
:J:

l 
2

. 7
ii 

I·
 7:

> 
2·

:1
:3

!1
. 

2 
·.

)6
:! 

T
o

ta
l 

in
 g

m
. 

0·
09

:1
 

0·
06

8!
) 

0·
0:

1:
34

 
0

·0
4

7
:) 

0·
0!

!6
0 

0
·1

66
7 

0·
06

!)
2 

0
·1

14
1 

0
· 

10
4:

1 
0

·1
0

6
4

 
-
-
-
-

0·
0!

11
5 

--
-

:) 
. ;

) 
0

·1
17

!)
:i 

2
·:

! 
0

· 
14

4:
! 

6
·0

 
I 

0 
· 1

:1
S(

i 
:l

·S
 

I 
0

· 
1:

!:1
2 

2·
8 

I 
0

·1
35

2 
:)

·4
 

0
·

17
77

 
:) 

. 2
:) 

0
· 1

40
7 

-
-

+.
 :) 

0
·

11
70

 
5

·5
 

0
·

14
14

 

I I i 

I'
R

u
l'

O
H

I'
H

Y
ll

ll
<

. 

\!
g

. 
p

er
 

10
0

 P
.P

. 

2·
6G

7 
1.

·8
67

 
I ·

 3:
~:

3 
:l

· 
13

!3
 

2
·6

6
7

 
2

·4
 

1
·6

67
 

1
·8

 
2

·0
 

2
·2

3
3

 

2 
·0

77
 

-
-
-
-

U
·O

 
3 

·7
:)

 
;)

·t
fi

 
4·

!)
 

3
·2

 
4

·:)
 

4
·i)

 

4
·0

 
4

·2
 

-
~
 

4
·7

7 

T
o

ta
l 

in
 g

m
. 

0·
07

6:
1.

 
0

·0
66

S
 

0
·0

6
4

3
 

0
·0

4
6

7
 

O
·O

n2
:>

 
0

·0
8

8
9

 
0·

08
6:

>
 

0
·0

77
:)

 
0

· 1
19

2 
0

·1
0

3
4

 

0
·0

7
82

 

0
·1

3
01

 
ll

·2
4

6
0

 
0 

·I
 2

1:
! 

0
·1

!18
0

 
ll
· 

li
\4

6 
0

·1
4

8
1

 
0

·1
2

0
6

 

0
·1

04
0 

0
·1

07
9 

. :
!.

40
9 

I 
4

·:
H

 7 
0

· 
1:

3:
!1

 
-
-
-
1

-
0

·1
47

8 

-
~
-
-
-
-

-

T
o

ta
l 

C
op

ro
po

,·­
ph

y
ri

n 
in

 
g

m
. 

-
.
-
-
-
~
 

O
·G

S5
8 

0·
90

8!
) 

0
·5

2
2

1 
0

·4
6

0
4

 
0·

64
!J

:l
 

0
·7

7
9

8
 

0
·8

0
0

0
 

0·
!)

60
5 

1·
00

31
) 

I ·
07

24
 

0
. 7

84
:1

 

I 
· 7

11
 :i

 
I 

·:
iO

S:
{ 

I ·
il5

0!
J 

1
· !

{2
:38

 
I·

 1
88

0 
1·

6
14

5 
1

·7
fi;

{i
) 

-
I

· 2
8

16
 

1.
·6

:3
97

 

'l'
ot

:t
l 

(
'1

'0
· 
+

 
C

o
pr

op
ol

'­
p

h
y

ri
n

 
in

 
g

m
. 

0
·7

6
2

1 
0

·9
7

5
7

 
0

·5
8

6
4

 
0

·5
07

1 
0

·7
0

18
 

0
·8

6
8

7
 

0 
·8

8
6t

) 
1

· 0
:3

80
 

l·
 1

24
7 

J 
·1

75
8 

-
-
-

0
·8

62
7 

I ·
8

4
16

 
1·

7i
i4

3 
I ·

67
22

 
1 

·:)
2

18
 

I ·
:3

42
6 

I 
·7

62
6 

I 
·8

7
4

1 
-

1·
:1

8:
'>

6 
1

·7
47

6 

I 

W
at

e
r 

[n
ta

ke
 

Il
l 

L
itr

i"
R

. 

II
 · 

:i 
16

·:
) 

!!
).

;)
 

I+
. !

i 
U

i·
:)

 
1

7
. 7

:) 
16

·0
 

:!
0

·0
 

20
·0

 
2·

7!
) 

1 :3
 .

,; 

16
 

l(
i.

 8
 

6
·0

 
14

·(
i 

4
·4

 
14

·4
 

1+
·4

 
12

·z
 

8
·0

 
!l

·O
 

-
-
-
-
-
-
-
1

 
-
-
-
-
-
-

I 
·t

iO
SO

 
1

· G
:if

i8
 

11
·5

8 

-;
; 6 <1
 

;;;
 

-<
 

, .. ;..
. 

'/
. ::
 

,...,
 

~
 

'f:
 

~
 

'~
 

'-
' ri.
 



lh
te

. 

9-
10

/1
1/

37
 .
..

..
. 

. 
l0

-1
1/

ll
 /

37
 .
..

..
. .

 
ll

-
12

/1
1/

37
 .
..

.
..

 . 
12

-
13

/1
1/

37
 .
..

..
. .

 
. 

13
-

14
/1

1
/3

7 
..

..
.

. .
 

~
 

14
-1

5/
11

/3
7 
..

..
.

. .
 

..
, 

15
-

16
/l

l/
37

 .
..

..
. 

. 
16

-1
7/

11
/3

7 
..

..
..

 . 
17

-1
8/

11
/3

7 
..

..
..

 . 
18

-1
9/

11
/3

7 
..

..
..

 . 

A
V

E
R

A
G

E
 .
.
.

. 

14
-

1 •3
/ 

:l/
38

 .
..

.
..

 . 
1:

'\-
16

/ 
2/

38
 .
..

.
..

 . 
16

-
17

1 
2/

38
 .
..

..
. 

. 
17

-1
8/

 
:l/

38
 ..

 
18

-
19

/ 
:l/

38
 .
..

.
..

 . 
19

-2
0/

 
2/

38
 .
..

..
. 

. 
:l0

-2
1

/ 
2/

38
 ..

..
..

 . 
21

-:
!2

/ 
2/

38
 ..

..
..

 . 
22

-2
3/

 
2/

38
 .
..

..
 . 

23
-2

4/
 

2/
38

 .
..

..
 . 

A
V

E
R

A
G

J<
:: 
..

 

\\
'e

ig
h

t 
in

 
g

m
. 

·
-
-
-

8,
81

0 
10

,3
10

 
8,

71
0 

8,
61

0 
8,

51
0 

7,
89

0 
5,

74
0 

6,
31

0 
:),

2
10

 
6,

36
0 

7.
M

6 

5,
38

0 
7,

85
0 

6,
30

0 
5,

79
0 

8,
77

5 
7,

97
0 

9,
98

0 
8,

10
0 

9,
67

0 
9,

20
0 

7,
90

2 

' I I 

F
A

E
C

E
S.

 

C
O

l'
R

O
L

'O
H

P
H

Y
R

T
:K

. 

:V
[g

. 
p

er
 

10
0 

g
m

. 

3
·5

7 
:3

.8
 

1·
95

 
L

 ·5
52

 
1

·8
 

3
·2

 
:3

·0
 

4·
06

3 
3·

12
5 

8
·5

 

:J 
·4

46
 

15
·0

 
1

0
·0

 
II

 ·0
 

12
·0

 
9

·5
 

8
·0

 
8

·0
 

9
·5

 
7·

fi
 

7
·0

 

9
·7

5 

I I I I 

T
o

ta
l 

in
 g

m
. 

- 0·
31

79
 

0·
39

18
 

0·
16

98
 

0·
13

36
 

0·
 1

53
2 

0
·2

52
5 

() 
·1

72
2 

0·
25

64
 

0
·1

94
3 

0·
54

06
 

0·
2f

J8
2 

0·
80

70
 

0·
78

50
 

0·
69

30
 

0·
69

48
 

0·
83

36
 

0·
65

76
 

0·
79

84
 

0·
76

96
 

0
·7

25
3 

0·
64

+
0 

0·
74

08
 

-
-
-
-
-
-

'l'
A

H
L

E
 

:.!
. 

(J
\o

,·i
n

r 
70

18
.)

 

V
ol

um
e 

in
 

c.
c.

 

2,
64

0 
5,

27
0 

4'
73

0 
4,

00
0 

3,
23

5 
3,

90
0 

5,
40

0 
7,

16
0 

9,
11

0 
8.

93
0 

.5
,4

38
 

16
,9

60
 

14
,3

80
 

8,
30

0 
z,

92
0 

6,
58

0 
6,

66
0 

7,
:H

O
 

9,
27

2 
-

-
-
-
-
-
-

I 

Ll
l{

IN
E

. 

C
o

v
R

O
P

O
R

l'
H

Y
n

rN
 

)
[g

. 
P

e•
 

10
0 

cc
. 

0·
"1

 
0

·[
 

(
H

 

0·
4 

0.
 4 

O
·i

 
I .

 C
 

0.
 ( 

0.
 i 

0.
 E

 14
 

29
 

76
 

:2
!) 7.1
 

,71
 

86
 

14
 

4:
1 

0
·6

 4:
l 

94
 

57
 

fi7
 

0·
24

i)
 

0·
27

4 
0·

68
 

1·
1 1

4 
0·

85
7 

0·
85

7 
0·

74
:J

 

0
·6

78
 

-
-
-

-

I .I I 
.I

 I -, 

T
o

ta
l 

in
 g

m
. 

0
·0

18
9 

0
·0

26
4 

0·
02

03
 

0 
· O

J!J
O 

0
·0

13
0 

0
·0

:3
0

1 
0·

05
36

 
0·

04
9

1 
0·

06
:'i

0 
0

·0
57

4 

0
-0

:1
53

 

0·
05

01
 

0
·0

55
9 

0·
06

11
 

0
·0

4
16

 
0·

03
94

 
0·

05
64

 
0·

07
7

1 
0

·0
56

4 
0·

05
71

 
0

·0
:)4

3 

0·
05

49
 

0·
05

49
 

--

I I I 

-
=

=
=

=
=

;
=

=
=

=
-
-
-
-
·
 

l~
.R

OP
Ol

tl
>H

.Y
 R

,l
N

 -
-

::'I
Ig

. 
p

er
 
I 

To
t<
~ 
I 

10
0 

c.
c.

 
I 

in
 g

rn
. 

'f
u

t<
tl 

C
op

ro
Do

 

' 
. 

in
 g

rn
. 

. 
-
-
-

-

I ·
14

:l 
0·

0:
3:

>.
8 

0·
33

68
 

0·
91

4 
0·

04
82

 
0·

41
8:

l 
I ·

 .l
4:

l 
O

·O
ii4

1 
0

·1
90

1 
1·

14
:l

 
0·

04
ii

7 
0·

15
26

 
1·

28
6 

0
·0

41
6 

0·
16

6:
l 

I·
 1

4:l
 

0·
04

74
 

0·
28

26
 

1·
14

3 
0·

06
17

 
O

·:l
2f

J8
 

1·
14

:3
 

O
·O

S
IS

 
0·

 3
05

:) 
0·

91
4 

0
·0

8:
3:

~ 
0·

2i
i!

l3
 

0
·9

1+
 

0·
08

16
 

0·
59

80
 

I 
·0

89
 

0
. 0

;)7
8 

0·
 ;,!

g;
Ji

) 

-
-
-
-
-

0·
68

6 
0·

05
79

 
0·

8f
i7

1 
0·

93
7 

0·
09

41
 

0·
84

09
 

0
·9

14
 

0·
06

5:
1 

0
·7

M
J 

0·
35

3 
O

·O
fJ

99
 

0
· 7

36
4 

0·
68

6 
0·

09
86

 
0

·8
73

0 
0·

91
4 

0·
07

ii
9 

0
·7

1 4
0 

1 
·1

4:
1 

0·
07

\J
I 

0
. 8

75
;) 

I 
·1

43
 

0
·0

7;
3:

1 
0

·8
25

!)
 

1·
32

 
0·

08
79

 
0·

78
24

 
0·

87
5 

0·
06

:1
0 

0·
6!

l8
:l 

0
· 8

97
 

0·
07

/i(
) 

0
·7

%
7

 

' 
' 

--
--

" 

I 

:r
o

ta
l 

U
ro

-
+

 
p

n
y

rm
 

jn
 

g
m

. 

0·
36

96
 

0·
46

64
 

0
·2

44
2 

0·
19

83
 

0·
20

78
 

0
· 3

30
0 

0·
28

75
 

0·
:3

87
:1

 
0·

34
26

 
0·

67
96

 

0
· 3

51
:3 

O
·!l

15
0 

0·
93

i'i
0 

0·
81

9:
3 

0·
79

63
 

0·
!)

71
6 

0·
78

99
 

0·
95

4(
) 

0
·9

0
11

 
0·

87
03

 
0·

76
03

 

0.
 8

71
3 

" 

I I I i I I I 

W
<t

te
r 

ln
ta

k
 

L
it

ro
s.

 

-

li
i·

75
 

17
·0

 
1

5
·0

 
17

·7
5 

21
·7

5 
20

·7
5 

16
·2

5 
19

·7
5 

18
·5

 
!l·

O
 

17
 ·1

i)
 

:1
6·

0 
:2

:2
·0

 
16

·8
 

18
·0

 
17

·1
1 

19
·!

) 

"t
! ~ "t
! ~
 

>-:
 
~
 

H
 z M
 

Y.
 

0 ~
 m
 

:::: 0 
" 

'/
, 

H
 ~
 

l;:
i 

0 <
 

H
 ~ ("
) 

0 ~
 "' M !7
, 

H
 1-3

 
:-.

 
t<

 
,.,

; 
0 ~
 

"t
! ~
 

>-1
 
~
 

H
 

)~
 

c.
 

i::
:j 

H
 >
 



I<
'A

E
C

E
N

. 

C
O

I'
lW

l'
O

R
l'

H
Y

R
ll

<.
 

V
at

e.
 

W
ei

gh
t 

in
 g

m
. 

I 
M

g
. 

po
r 

I 

T
o

t"
 I 

10
0 

g
m

. 
in

 g
m

. 

• 
8-

9/
12

/3
7 

..
..

..
 . 

~
 

9-
10

/1
2/

37
 .
..

.
..

 . 
O

• 
10

-
11

/1
2

/3
7 
..

.
..

. 
. 

11
-1

2/
12

/3
7 
..

..
..

 . 

7,
86

0 
I 

· ;i
6:

1 

I 
0

·1
2

:W
 

6,
91

0 
3

·8
 

0
·2

6
:!

6
 

6,
80

0 
I 

3
. 7

;i 
0

·:
!5

5
0

 
7,

46
0 

:!
·6

 
0·

:?
68

6 
12

-1
3/

12
/ 3

7 
..

..
. 

. 
6,

74
0 

2
·(i

 
0

·1
7:3

:! 
13

-
14

/1
2/

:1
7 
..

..
..

 . 
7,

4 1
0 

3
·0

 
0

. 2
22

:3 
14

-1
fl/

12
/3

7 
..

..
..

 . 
10

,1
60

 
2

·7
 

0·
27

43
 

16
-

17
/1

2/
37

 .
..

..
. 

. 
6,

26
0 

3
·3

 
0·

20
66

 
17

-
18

/1
2/

37
 .
..

..
. .

 
6,

26
0 

:1
· 2

 
O

·:W
O

O
 

18
-1

9/
12

/3
7 

..
..

..
 . 

8,
6

10
 

3
·~
 

0·
:!

92
7 

19
-2

0/
12

/3
7 

..
..

..
 . 

11
,2

60
 

2
·:1

:U
i 

0
·2

61
8 

20
-2

1
/1

2/
37

 .
..

..
. 

. 
6,

94
0 

:3
·1

4 
0·

:!
18

6 
2

1-
2

2/
12

/3
7 

..
..

..
 . 

8,
94

0 
I.

.!
);

) 
0 

·1
74

3 
22

-2
3/

12
/3

7 
..

.
..

. 
. 

9.
:~
60
 

I. 
·0

6 
0·

09
92

 

A
v
~

;n
.A
u

.IL
 .

. 
7,

92
6 

2
·8

13
 

0
·2

16
7 

T
A

B
L

E
 
3.

 

(J
lo

Y
in

P 
70

1G
.)

 

\'
o

ln
m

e 
in

 
c.

c.
 

~
.
5
0
0
 

3,
60

0 
4,

62
0 

4,
32

0 
0,

88
0 

:1
,3

40
 

4,
40

0 
:3,

18
0 

~
.!
J6

0 
6.

38
0 

4,
0:

3i
i 

;),
20

0 
~

.o
o
o
 

:{
.6

60
 

~
.1

.9
1 

I I -

l'
R

1N
E

. 

C
o

PJ
W

l'O
R

PH
Y

RL
:-1

. 

\l
.g

. 
P

er
 

10
0 

rr
. 

0·
76

7 
0

·6
86

 
0·

5;
)7

 
0·

89
3 

0
·5

13
 

0
·5

14
 

o
-:
~
z
 

O
·ii

7
1 

0
·3

74
 

0
·3

14
 

0·
42

 
0·

33
4 

o-
:rl

 
0·

 2
:38

 

0·
48

8 

I 

T
ut

:t
1 

in
 g

m
. 

O
·O

Jl
l:

! 
0·

02
47

 
0

·0
25

7 
0

·0
38

6 
0

· 0
:1

0•
) 

0·
01

7:
! 

0·
01

41
 

0·
01

8:
! 

0·
01

86
 

0·
02

00
 

0·
01

69
 

0·
01

74
 

0
·0

1:
!2

 
0·

00
87

 

0·
0:

.!0
2 ...

 

I I 

l'.
ttO

P
O

H
l'H

 Y
R

I l
'.

 

\J
.g

. 
IH

'I
' 

.10
0 

c.
c.

 

I. 
·4

67
 

1·
14

3 
I 

·0
!)

3 
1·

14
:1

 
0

·8
 

1·
02

9 
0

·9
7

1 
1·

6 
I. 
·0

16
 

- 0
·9

14
 

0
·8

24
 

0·
91

4 
0

·8
m

 

I 
·0

59
 

,. 

T
o

ta
 I 

in
 <

!m
. 

0
·0

36
7 

0
. 0

41
1 

0
·0

50
5 

0·
04

94
 

0
·0

4 7
0 

" 
'
~
 
•
•
 v

 

0·
03

44
 

0·
04

27
 

0
·0

50
9 

0
·0

;)0
4 

-
0

·0
36

9 
0·

04
28

 
0·

03
66

 
0·

0
3

1~
 

0·
04

24
 

-
~
-

T
ot

;t
l 

C
o

p
ro

p
o

r­
p

h,
vr

in
 

in
 

g
m

. 

0
·1

4:
!1

 
0·

28
73

 
0·

28
07

 
0·

30
72

 
0·

20
54

 

v
·
~
o
o
'
±
 

0
·2

24
8 

0·
:!

18
6 

0
·3

12
7 

0·
27

87
 

0
·2

36
0 

0·
18

75
 

0 
·l

07
!l

 

0
·2

65
5 

. 
. 

T
o

ta
l 

l'
ro

-
+

 
C

op
ro

p
o

r­
p

h
y

ri
n

 
in

 g
1n

. 

0 
·1

78
8 

0·
32

84
 

0
·3

31
2 

0·
35

66
 

0
·2

52
4 

v
· .

. >.
J
l
l
 

0
·2

7:
37

 
0·

26
90

 
-

0
·3

1:
36

 
0

·2
78

8 
0·

22
41

 
0

· 1
:1

93
 

0·
28

88
 

I I .I 

\\
'<

tt
!'l

' 
In

tn
k(

• 
in

 
L

it
i'0

S.
 

14
·2

5 
17

·7
5 

16
·0

 
9

·9
 

1
0
'
~

;)
 

- 24
 

21
·2

 
19

·(
) 

12
·0

 
:lO

·!
i 

18
·2

 

1 6
· 1

2 

"=
 

":
 

0 ,-. ~ ('
j ; (;
') 

1
fl

 

;:;
 

0 tr:
 

-:
 

1
fl

 



C.
:>

 
_,

 
0 

i ~ c c ·;:
 ,.. .c
 e- 0 .. 

1
·0

 

0
·9

 

0
· 

0
·7

 

0
·6

 

0
·5

 

I'
 IC

. 
I 

ll
m

· i
 '"

 · 
~ (

 11
7.

 

-
-
-
-
-
T

o
t
a
l
 C

o 
p

ro
.

+
 U

ro
. P

 .o
o

o
o

o
o

o
o

o
o

oo
A

v
e

ra
g

e
 T

o
ta

l C
o

p
ro

. r
 

U
ro

. 
P

. 

-T
o

ta
l 

C
o

p
ra

. P
. 

..
.•

..
•.

..
..

..
. 

T
o

ta
l 

U
ro

. 
P

. 

.
.
.
.
.
.
 7

 
..

..
..

 w
~
· 

... A
v

e
ra

g
e

T
o

ta
l C

o
p

ra
. 

P
. 

-
-
-
-
-
-
-
-

A
v
e

ra
g

e
 T

o
ta

l 
U

ro
. 

P
 . 

1 .
. ;

-•
• ~-

--
---

i··
···

·· 
~-

..
..

! 
"
--

-o
 

b
-
-
..

.l
r
-
-
6

 

I 6
..

..
-

-o
 

0
·1

 
.-::

:::
::i

-:-
:,-;"

",~.
7.;.

.:::
.:..

.·:.:
· .. :..';

...
, ..

.... 
~ .

... :
::.

:.:
:.7

.!'T
•·-.-

:~
 . ...-;

.;:.
:·

 .. :.:
:..:

-~: _
_

 -
_·

-:__·
~

-~
-·~

·-:
.._··

~--
:-:-

;-,
:-:

,-:
,;

-:
--
-
-

~..
...

-...
....

. .,
..

;:
:-

:-: 
.-

:.
-:

-:
-
-
-
-

:n
.T

.-
r ..

..
 ...o

::.
::

:.·
.:.

·u
: .

.. _
..

._
 ..

.. C
 ..

 :..":
:·:

.:·
!.:

-:.
-:-

.::
.::

 

o
~
-
-
.
-
-
-
.
-
-
-
-
,
-
-
-
.
-
-
-
,
-
-
-
-
.
-
-
-
.
-
-
-
.
-
-
-
-
.
-
-
-
,
-
-
-
-
-
-
-
-
.
-
-
-
.
-
-
-
-
,
-
-
-
.
-
-
-
.
-
-
-
-
.
-
-
-
.
-
-
-
-
.
-
-
-
.
-
-
-
,
-
-
-
4
 

2 
3 

0
•6

 

• 
0

•4
 

E
 

4 
5 

6 

D
ay

s.
 

9
-

1
9/

4
/

1
93

7
. 

7 
8 

9 
10

 
2 

3 

I<'
 u

:.
 

I I
 I

. 
ll0

1 
i '
"'

 7
(1

1 (
i. 

-
-
-

T
o

ta
iC

o
p

ro
.+

U
ro

.P
. 

••
•o

oo
o•

•o
oo

oo
A

v
er

a1
e 

T
ot

al
 P

. 

-
-
-

T
o

ta
l 

C
o

p
ro

. P
, 

...
...

..
...

.
..

..
.. 

A
ve

ra
ge

T
o

ta
l C

o
p

ro
. P

. 

..
 . 

..
• .

 .
..

..
. ,

 
T

ot
a

l 
U

ro
. 

P 
. 

-
-
-
-

-
-

-
A

ve
ra

g
e 

T
o

ta
l U

ro
. 

P
 . 

4 
5 

6 

D
ay

s.
 

1
4-

2
4

/2
f

1
93

6
. 

7 
8 

9 
1

0
 

l ··
·t"'

"'·:·
:f"

''"
""'

""'e
:ol:

:c.:
::·:+

:::::
.::::
r··

···:
:::h

-,:·
.~:'l

:::·:
:::::

:·r·
-···

····•
::~:"

::C:
'E::

:=:.
!:::

":::
:::r

::·_"
"'=

''''"
 

t 
1 

-
-J

 
L

 
1 

._
 

i 
~ 

o·
2 

1 
L

 -
-

-
~
 

-
-
-

"i
l-

-
-
-

...
.! 

0 
¢

,_
 _

_
_

 _
 

.. 
-
-
-

...J
 

b
.
.
-
-
-

0
·1

 

.-.
 :-.

-. :
-. :

.-:
:-.

 :-
.::

,..
 ......

.....
.....

....
....

.....
... ..

..;·
.::.

:.:.
: :.

:·:.
::..

·.::
.:.:

;...
... .

.....
.....

.....
...

....
....

.... 
,"

"'
""

.,...
.,.,.

.,. ..
.....

. !:"
.-:

.-:
.-:

.-:
. -:-

. :-
.:-

.:·"
""·

"""·
""' 

,...
.,.,

.,.,
.. .

-.~
r:

.::
.:

.:.
·.:

;_
·.:

. :.
: .:

 .. : .
;.·.

; ..
....

....
....

...
....

....
....

....
....

 -
-

-
-

-
-
-

-.
-..

.-.
.-.

,.,
 ..

...
...

...
.... :

 ...
...

....
....

....
...

.. ~
 ...

... 
:-.

:"
'.-

:'·
•·

•·
..-

• .,
.. ..

....
 "";

;.
 :-.

 :-.
:-.

 ~-
::

. 

10
 

" 
12

 
1

3
 

D
ay

s.
 

-:
 

~
 

:;,
 

·...
; ~
 

i- ,.., '/
. 

'/
, _., ""' '/. ~ <:?
 ;;, ~
 

'/
. ,... ,....
; "" - '/
. - .... -<
 

:..
 



P . . J . :J . . FOC"Rl E A:\D C . G. S. ROETS . 

l'n: . I f. - B oY ine 701 . 

---Total Copro . + Uro. P . - u •o••og••,.Averare Total Copro. + Uro . P . 

-- - --Tota l Copro. P . 
1• 8 

• • • . • • , • · ~··Aver ac e To tal Copro . P . 

. . - - -- - - - Averare Total Uro . P . 

\· 1 

1·8 

1 ·6 

1· 4 

1· 3 

,., 

e 
" 1 ·0 

r· 
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0·6 
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0·4 

0·3 

0 •2 

0· 1 

. . . Tot•l U ro. P . 

-:···· ····: ........ . 
................. ____ r..~·'"'·'"'·-- - - - -- -r:·:... · .. :.- .:..;.-~ ... ..... -.. ..... .... - . ..i. - - - - - - - -
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9 - 19/ lt / 19 37 . 
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_ ... ...!. ...................... - ····-
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:-:.":.":.7".;_ _- _;_ ___ j_ _ ___ ::..·;::;._..::...--:---- - - - --- - - -----

Days. 
14-24/2 / 1938 , 
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PORPHYRIN EXCRETIOK IN llOVINE CONGENITAL PORPHYRINt:lUA. 

'f.I HLE 4. 

Ratio Copro I : Copr·o ill. 

No. 

I 
Tota l 

I 
Copro. l 

I 
Co pro. Ratio 

of l)ll,tf". )[,tteria l. Co pro. III of Copro. 
Animal. in mg . in mg. in mg . 1 : III. 

I _L_ .. 

I 
45 ·0 I 2 ·25 I : 0·05 7017 18- 19/ ll / 37. Crine ... . .. . . 52 ·5 

I 7018 18- 19/ ll / 37 . Crine ... ..... 18· 75 15·0 2·52 1 : 0·167 
7017 23- 24/ 2/ 38. Faeces . . .... . 41·0 37· 5 1·68 I : 0·04 
7018 23- 24/ 2/ 38. 1 F~~,eces . .... .. 22·5 I 20·0 0 ·765 I : 0·038 
7022 

I 
24- 25/ 6/ 38 . Faeces .. ..... - I 0·105 0·065 1 : 0·619 

7597 24- 2:; I 6 / ::!8. Faccc~ ....... - 0·238 0·::!0 1 : 1 ·261 
I 

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

It is perhaps wort lty of note t hat both t he animals 7017 aud 
7018, which were alw·ay:; under obsen·ation at t he same time, 
excreted porphyrin at a m uch higlu•r lf'n•l when exa mined du ring 
the late s ummer than wa::; the case during t he early :;um~ner. H 
is not considered likely that photosens iti ;~,a tion may haYe l1eeu th e 
~a use of this, as t h e anim al s \Yerf' only exposecl for· a very Rhort 
time to the sun, when the:v \\eJ e driYen hom on<· ;;tabl e to the 
other. That 1he change in the season may have been a facto r . 
cannot be definitely stated. H owever, it seems probable t ha t seasonal 
variation was responsible for the in erea ~e <1 porphyrin excr etion 
during tlH· late SUllllll er, sin ('e a change in foocl wa;; certainly not 
a factor, a<:> th e t wo animab und er <'Onclit-ion~ of stabling ,,·er e gi,·en 
the sam e food ou both oceao;ions. 

This higher leYel of porphy rin excretion in an imal 1017 during 
the late summer \Yas not so mw·h due to a grealer urine volume as 
to a greater porphyrin concentr at-ion , whereas in the f·ase of 7018, 
the concentratio11 of pOI'ph,n·in in t he urine was more or less the same 
during early spring, hu t as t he total volu1n e of uritw ''"as markedly 
increased (average daily output. early ,;p ring- = 5,438 c .f' .. aYeragf' 
daily output late summer = 9,272 c .c .) the higher uro-porphyrin 
excretion \l· a~; defini tely due to this gTea ter total u rine outpu t. 
However, in t he case of the faecetl of hot b animals t he 
concentration was definitely higher during late summ er than 
during the early spring, whi ls t· the faeces weigh t rem ait1 ed 
at more or less the same level on both oc: asions. In order 
to eliminate th e possibility that an experiment a l error may 
have been responsible for the hig·her values obtained during the late 
summer, new ::>tandarcl s ,,.f'rP Jlla(lP up an(l fletenninutions were macle 
in duplicate, IYhen i t was found that t he results corresponded in 
both instances . vVhether this seasonal variation in the porphyrin 
excretion can satisfactorily expla in the uneven dist r ibution of the 
porphyrins in bones o£ affected animals as described by Fourie (1936) , 
is a poin t '"hich c:annot at the m oment be definitelv settled from 
the availabl e in formation. ' 
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ln 1wrkiug- uut !Itt> ratio u£ tulf'tl to cO}Hu-lu uru-p o rphy riu 
excreted from the clnil.~· aYer ages (~ee T able 0) durin g the period,; 
of 10 to 14 days th e figures obtained are strikiugly consta n t Yiz . 
app roximately 10:0:1 for the th re<' :1nimah; iO l G, 7017 anrl 7018. 
Ther e is howe,·er :1 d PYiatiun from the constant in thP t·a se of 
animal 7018, during t ire p eriocl !:j / 1 J I ;JS to' 10 I 11 I :iS, 1Yl1 en the 
rat io is npproxintatl'ly l(J : S: 2 . Thi s dt•,·iation is due to the Pxcep l ­
iouall,y l a rg-e n>lullw of urin e 11·hich I'"<I :S PxcretNl hy this :titinwl 
at that time as comprned 11·ith t lw Yolumc of urinr excr eted hy 
thi ~ an im:tl ;.;ubse(juently. :tnd as c:omparrcl 11·it h thf' ~tmonnts 
e xc ret ('(l hy th e ot her t wo animals . 

1 ' AJI LE G. 

Da ih­
.-\ \·cnigu 
of T ota l 

P or­
ph_nin 
in gm. 

l )a ily 
1 

D ai ly 
:\ \ "Crag(• 

H ATJ O OF-

:"lo. of 
Animal. 

I> a t0. 

I :\ vcra..gf' 
T ot a l 

C'opi'Opor­
phyrin 
in g m. 

T ota l 
l i I'O]lOI'· 

phyrin 
in gm . 

T otal. Coprn . L'ro . 

- - - ---

7017 14- 24/ 2j:38 . I· 6:>.58 I · :>080 ()· 1478 10 0 · I O·!J 
7017 9- 19/ 11 37. 0·8627 0·7841 0·0782 10 9· I 0 ·9 
7018 14- 24/ 2/ 38. 0· 871 3 0· 79.57 0·07r>6 10 9· I 0 ·8 
7018 !J- 19/ 1 1/ 38. 
70 I 6 8- 2:! ,II 2/ :37. 

0· :l:3 1:l 0· :!93:) 0. 0.578 10 8 ·4 1 ·6 
I) ~888 0· :!6.'):) 0·04:!4 10 g. ·) J ·46 

Tlte al·t·ragl' CO[HO]JOl'lJhyrin c·o iH't'Itlration in tht> urin e of the 
normal aui 1n :tl ():~84 , 11·hir·h j,; not in :Ill ,\' " ·a_v 1·elatc•d to the t·oug-Pnibl 
porphyri nuric animals , oYer a p eriod of 8 d ays is ·Oi)(j mg. per 
:2 ,000 c .c. o f Ul'in e. Thi s is a little hi g·ht> r t han the conc-e n tration in 
normal h um an urine as l1etermined h.)· Urotep :b<S (l~.J:lS), ll'h o fou nd 
the cou c:entr:ttion to be ·0:2 mg. per .l.OOO e .t·. in 10.000 litres of 
urin e . In man thr total aYerage daily coproporpil.'Tin e:x('J'etion 
oYer 9-day per iods is 30li to :)76 mino-gT;tm s (D obrin Pr . 1937 ). 

Tlw :fig-nres obt ained £01· the normal animal G:lS-1- oYer an 8-day 
period are : (o) tot:d dail~- a \·erag-e c-oproporphyrin orreted in thP 
urine- ·Oi)li 111g. pe r :2.000 c: .c. a nd (b) the total d a ily avernge copro­
porplt~Ti n <•xneled in illl' fneces- ·O!)(i mg . ]le i l OU m g-. ·wh en t.ht' 
exc reted porph,\·rin of thP appan>ntly nonnal ;t nilll: ti s \o~ . 70:!:2 and 
73U;l (holh being rPlated to crmgenital porphyrinuria a nimal. ) is 
('Ompared 11·ith th :tt of the normal. an imal ();3S4 (::Jee Table G) it ll'il l 
be seen that t he t·ont't'nt ra tions of coproporph y rin hoth in urin<' and 
fae<"cs a re l) ]ig-h t]_,. high e r Yiz.: -

70:2:!- urin r, ·Olio lll g'. per :! ,000 c.c·. 
fa eces, · 11 mg. p er ] 00 g-m. 

and 7393- tlrine, 
faeces, 

·OG9 m g . per 2,000 c .c. 
· 105 mp: . per l 00 g-m. 
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l:'ORPI-n:IUK EXCRETIOS IS BOVIKE CONGENITAL PORl:'HYHDTIO.\. 

TABLE 6. 

Showing concentwf:i(111 of coprozJo tphyrt:n ill fa eces and u r·ine of one 
normal animal (6384), of three afJf)(u-ently normal aru:mals 

(7022, 7!i56, 739:3) and of one S?.t spect ed case of P1nk T ooth (7597). 

I 

1- FAECI EC'~- 1----C-L--R-I:N-'l_; ___ l _ "_·'atcl· 

opropor- opropor- n 
Weight phvrin I \'olume phyrin I Intake 
111 gm. I n1g. pet in c.c. mg. 111 in 

100 gm. 2.000 c.e. Litrcs. 

No. of Animal. Date. 

7022 ........... 16-20/ 6/ 38 40,880 0·102 7,790 O·OiiS 3;)·8 
:20- :25/ 6/ 38 33,:200 0·116 7,790 0-072 37·6 

Da,ily Average ... 16- 25/ 6/ 38 8,:231 0·110 1,731 0·066 8·:2 
7597 .. . ..... 16- 20/ 6/ 38 

I 

:l6,140 0·144 1L57fi 0·147 33 · 4 
:20- 25/ 6/ 38 41,420 0·15 16,770 0·08 47·:2 

Daily A,·m·agc ... 16- 25/ 6/ 38 7,537 0·147 3,149 0·11 8·96 
6384 ...... . .. 11- Ui/ 7 j :{8 

I 

26,430 0·053 5.330 0·06 :2.1·6 
15- 19/ 7/ 38 19,050 0·058 13;615 0·051 29·4 

Daily Average ... ll- 19/ 7 / 38 ;),685 0·056 2,368 0·056 6·4 
7393 ......... . . ll- 15/ 7 / 38 

I 
:28,230 0·111 7,32:2 0·053 24·6 

15- 19/ 7/ 38 :26,300 0·098 11 ,.300 0·083 43·0 
l)a,ily A ,-erap:e ... 11- 19/ 7/ 38 I 6,059 0 · 10ii :2,353 0·068 8·5 
7356 .... 13- 19/ 7/ 38 18,640 O·Oii8 10.6:20 0·073 40·0 
Daily Average .. . 3,107 0·0;)8 1.770 o-on 6·7 

-- --

Whether these Yalues also fall withiu the limits ot nonnality 
lS not known at the Jnmnent. 

Animals 7022, 7:19;i , 7356 and 6384 were originally included in 
these experiments as a g roup of normal controls hut \Yhen the 
porphyrin Yalues of three of them \Yere found to he higher than the 
completely nomwl anintal 6384 \\·hif·h i.s not in any 'nty related 
to porph:yrinuric animals , we began to floubt if their porphyrin 
values can be regarded as normaL This is most unfortuuate as \YP 
now have values for only -one normal animal (G384). lloweYer, "·<· 
hope soon to haYe results of at least 8 normal animals, which will 
Le examined at different times of the year and it i~:> only when these 
figures are available that we shall be in a position to state wha t 
the quantitative porphyrin excretion in the nonnal hoYine i.s. 

Animal 7356 (known carrier ) \Ht s also examined but as this 
animal had rather a profuse diarrhoea at t.he time of the examination, 
it is not used for purposes of comparison, as the digestive di sturbance 
may possibly influence the values obtained . 

In the case of the suspected porph:vrinurie bull 7597 showing­
marl\ed and continuous photosensitization t he porphyrin excretion 
in faeces and urine is at a higher leYel than in the normal anim al 
6384 but very much lf'ss than in the undoubted pink tooth cases. 
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The ratio uf cop ruporph)Tin L tu \'UJJl'UJ!Ol']Jh.nin J ll (::;ee '.!'able 
-±) in faecc ;:; and Ul'llH' Yane;:; from ;mimal to anin1al. J n m a n 
Urotepass (Hl38) puts the aYerage ratio of the I t o tl1e JIJ .~erie ;; i n 
normal human urin e " ~ 96:81. 

Caltulat.ing the coprupuqJhy rin IJ J conc·entrati.on in the ur i ues 
of 7017 and 70Jt-\ e:-;npted during th t> l 81h to t h e 19th \'oYemlwr , 
1937, " ·hen the exami na tion 1\'3 ::; ina<le it amounit; to 0 ·Il l mg. p er 
100 c:. <~. and 0·092 mg. per 100 <·.<· respt>diYel _,-. This i~ muc: h higher 
tha n Uw tlaily <JYPrngP total ('Opmporplt~-rin con<·Pntndion of 0·003 
mg . JH~ r lOU c .l· . in the tuin e of 1 he normal anim <Jl (j;!S4 (,.;<· e Table 
G). Thi s ~u gge~h th;d 1hP <Jflede<l anin1ab exc·re1<' in c rt-a sed amounts 
of both <·opru J ;~nd l·up ro Il l , 1nl1 unf'm·t unately 1\'E' h;n·e 11 01 b een 
<tbl e to e::; tablish thi s <h·flni1l'l·\ ;1 ,.; up to n o 11· it 11·a s nol posc;iblr lo 
d e te rmin e th e presen<·P of iltt>se piglll e n b in f:wces and urine of a 
snffl c i<-~ nt n1unbP r of ll<>l'lllal hu1· ine~ 11·h e n thP ::;anw ;lllimals are 
r xaminrd ;J( cliilPrPn1 p t•riod ,.; d uring· 1ltP YP;11·. 

::)t;~ I .\!Al1Y. 

1 . In <llldilion to 1hl· d;~l[_,. Hur-tu alio11 in l ite <lllloiiJl( of por­
ph\Tl!t e :-;creted , porphyrin '·as fu u11d to 1-e ex n rted ;I t a ltig-lte r 
leYel in t11·o aftt-••·1 ed anillla l,.; <l u r.ing 1 he latt> ;;u Jumel· t ha11 1luring 
the early ~]Jring-. Thi,.; "'''"found to lw chtP t o ;1 gTP<Itrr porph _1·1· in 
l'OJlCPn(r;ltion i n (he f~IPl'e .-; :111d lllili P (han (o ~I ll iDl'l'E'<!Secl <\lll0111Jt 

u[ fae1·e,; or uriJJ(~ . 

'2. \Yhc•n quallti1a1 i,·e porph.1·r1n dt'tennina tion " 11·er e lll ade <J\'PJ' 
<L p eriod of 10-14 day ,.; an<l t l1 r (bi ly a,·p rage~ t·al c ulatr d , i! 11·;h 
found !hat !he nl1iu of' uro- pin.' l'll)Hoporph,,·rin to coprupo rph ,l·rin 1o 
uruporvhyrin '1\-a ,; approximately cuu~.t.m t e :-,: cept in o n e cas<e, whPre 
during one pPriod alnlfJl'Jll<lll.'· Lng·e 8 1ll0un t-; of urine 11ere t':\l'J<' f<'<l. 

:!_ Tlw ra t io of 1'opmpu1·ph_\ r in I to copropo rphyrin Jl I Y<lriP~ 
fro m ;~niJn;J] . t o aninL1l in hot lt th e h!ecp-; allll the uri11 c of 111·o 
:1ffc-ctl'd allinwl-; (1011 ;lll<l I Ol R). ont· ,.; u ~ pil'i ous C<lSE' of t }w di,.;p;J::;e 
(/;-Jl.:JI) and one app;HPidl.l· n orm;~! a11i 111al (10'2:!) " · 11 il'il is h o11·p ,., .: 
rp];l(ptf lo t'O! Ig t-•ni1al poqlh\ J'in uri;~ c· a srs. 
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