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A SIMPLE PORTABLE APPARATUS FOR THE
SEMI-QUANTITATIVE DETERMINATION
OF THE COPROPORPHYRIN CONTENT
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A simple portable instrument for rapid semi-quantitative determina-
tion of coproporphyrin excretion in urine is described. The instrument
is suitable for use by the industrial physician in screening an industrial
population exposed to lead.

The method is essentially the comparison of the fluorescence colour
of the porphyrin content as developed in ether and glacial acetic acid
with that of a scries of paperstrip of graded degree of fluorescence.

Technique and reliability are discussed.

Introduction

Recently the increased excretion of coproporphyrin III in urine has
come to be considered one of the earliest symptoms both of increased
lead absorption and actual lead intoxication.

An increase in coproporphyrin excretion should never be considered
in isolation, but in close relationship with the clinical symptoms that
may arise with increased lead intake. In doubtful cases fluctuations in
coproporphyrin excretion should be taken into account, and repetition
of the examination is advisable. When there is a copious excretion, the
diagnosis of increased lead absorption or of lead intoxication may only
be made when the clinical symptoms are present or when the lead content
in blood and urine is also above normal. Support for such diagnoses may
often be found in further haematological examination (fall in haemo-
globin content, pronounced polychromatism and increased basophilic
punctation of the erythrocytes).

* Part of this paper has already been published in Dutch and in German, the
latter in the Transactions of the First European Congress on Clinical Chemistry,
Amsterdam, September 23-28, 1954,
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The industrial physician can, however, utilize the determination of
coproporphyrin excretion in order to get an insight into the extent of
possible increase of lead intake in various departments of the factory.
But to do this he must be provided with a simple rapid method, suitable
for being used on the spot. :

It is clear from the literature that in cases of lead poisoning, the
increased porphyrin excretion is mainly due to coproporphyrin IIL,
which is soluble in ether, usually accompanied by varying quantities of
coproporphyrin I. One must commence with a method for isolating the
porphyrins soluble in ether from the urine samples of persons suspected
of an increased lead absorption. There are several known methods, among
which are those of Hymans v. d. Bergh (1), Gorter en de Graaff (2),
Ten Berg (3), Weidner (4), Brugsch (5) and Maloof (6). They are all
based on bringing the coproporphyrins into solution in ether and eva-
luating their red fluorescence in ultra-violet light, followed by either
the spectroscopic determination of coproporphyrin or the comparison
with standard solutions or glasses. Our method is the same in principle,
except that we have attemped to determine the amount of copropor-
phyrin excretion semiquantitively, so that the industrial physician may
obtain an idea as to the degree of abnormal excretion.

Methods and Results

Determination principle

Samples of urine treated with a mixture of glacial acetic acid are examined under
ultra-violet light and their fluorescence compared with that of a series of paper strips
of graded fluorescence.

Construction of the apparatus

In view of the necessity of maintaining the same illumination conditions at the
fluorescent surfaces, the ultra-violet light source (Philips analysis lamp H. P. W. 125
W.) was built in at a fixed location in the apparatus. About 25 cm below the lamp
there is a table with two similar orifices. In one of them the test-tube can be inserted
and retained at any desired height by a spring clamp under the table. Under the
other there is a rotating disc carrying strips of fluorescent paper of varying grades,
so that the rotation of the disc brings each grade of paper successively under the
orifices.

This set-up facilitates the comparison of the urine sample and the standard
fluorescent strips under standard conditions. The position of the rotating disc may be
read off through a third smaller orifice in the table. A Philips 58205 CH/03 choke
operating at 220 V is housed in the base of the apparatus. To enable the simultancous
testing of a number of urine samples before measurement proper, three test-tube
clips are fitted into the backplate of the apparatus. In the cover there are six
test-tube clips and a bottle of extraction reagent solution Pipettes of 10 cc and 2 cc
capacity complete the equipment (fig. 1 and 2).

Choice of scale

When calibrating the scale, care was taken that the scale covered the following
three regions of coproporphyrin concentrations: that in which the excretions of copro-
porphyrin could be considered as normal, that in which there is doubt as to the
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cxistence of too high an absorption of lead, and that in which there is no doubt of it.
A preliminary survey was, therefore, made of the coproporphyrin content in urine
specimens from a large number of normal persons. Values of more than 200 y/L were
not found. '

At the same time, there appeared to be no quotations of normal values higher than
200 /L. (BruGscH (7), SunpERMAN and BORRNER (8), Ten Berc (9) quote values not
ligher than 100y/L). In practice it has been found in the lead-using branches of
industry that values higher than 200 y/L are regarded with suspicion.,
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Fig. 1

The scale was accordingly adjusted, so that the zone in which the industrial phy-
sician should suspect a high lead absorption and continue to check up on the worker,
corresponded te coproporphyrin excretion between 200 9/L. and 400 /L. Values below
this zone are considered non-pathological. Values above this zone are generally taken
to indicate that there has been an increased lead absorption. The 400 y/L borderline
was taken from expericnce and is supported by reports in the literature (10).

Preparation of the fluorescent paper-strips

The paper used was thin typewriter copy-paper of pure bleached cellulose, weighing
35 g./m?, exhibiting no fluorescence in ultra-violet light. The strips were treated
for 15 minutes in a bath of 160 mg/L solution of »Uvitex R. P« (11). Superfluous
solution was absorbed by blotting with filter paper and drying at 105° in an oven,
hanging freely in clips. At this stage the sheets exhibited a light blue fluorescence
in_ultra-violet light. The sheets were then placed for varying periods of time in
colouration baths of hydrochloride of tetra-ethyl-diamin-ortho-carboxyphenyl-xan-
thyllium (-ion) (Rhodamin B). They were once more blotted off and dried in the
oven. The basic solution contained 2 g. Rhodamin per litre and was diluted according
to the desired scale. Depending on the concentration of the solution and the length
of time in the bath, fluorescence from blue to orange-red is exhibited in ultra-violet
light.
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Calibration of the paper strips

The positioning of the paperstrip in the fluorescence scale is determined by means
of coproporphyrin-free urine to which known quantities of coproporphyrin III* have
been added. - 5 g

A known weight of pure coproporphyrin is first dissolved in 3% HCI, and varying
quantities of this solution are added "io samples of 10 cc of urine samples. The
porphyrin urine mixtures are then neutralized with a saturated solution of sodium
acetate until Congo paper is on the point of turning from blue to red. Each 10 cc
quantity of urine is then shaken up with ether and glacial acetic acid, as in the
instructions for use, and the tube placed in the apparatus. :

The fluorescence colours of the treated paperstrips are compared with those of the
cther layers in the test-tubes, and should correspond with them. Strait’s method (13)
may thén be utilised as a quantitative check on the amount of coproporphyrin,
fluorescence being determined in a fluorometer,! using the three R-filters as for the
measurement of red fluorescence. We have produced 8 paperstrips by the above
procedure, corresponding with 8 graduations in a fluorescence scale as follows:

Degree of fluorescence Concentration in j/L of coproporphyrin
i 0 — 50
2 50 — 100
3 100 — 200
4 200 — 400
5 400 — 800
6 800 — 1600
7 1600 — 3000
8 3000 — 5000

The determination of porphyrin in urine: techniqie

a) Taking the sample

Coproporphyrin is easily changed by light. For the collection of 24-hour samples
it is therefore advisable to use dark coloured bottles and to add a little thymol.
In practice, hovewer, the collection of 24-hour sample is often fraught with difficulty.
In screening an idustrial population, we therefore prefer to utilise samples of fresh
urine and directly determine the degree of fluorescence. This_implies that one occa-
sionally has to do measurements with low-density samples. When the value found
falls in the »suspicious« zone, one can either measure a second sample taken later in
the day, or determine the creatine content in the low-density sample (14).

One may also convert the concentration to a density of 1.024, as suggested by
Levine and Fasy (15).

b) Determination of the degree of fluorescence

10 cc of fresh urine is transferred by a pipette to a nonfluorescent test-tube. To
this is added 2 cc of an extraction solution consisting of 90% peroxide-free ether and
10% glacial acetic acid. The tube is closed with a rubber stopper and shaken vigor-
ously 3 times. A foamy layer of cther is formed on the surface of the urine, in which
the coproporphyrin is now contained. After carefully extracting the stopper, the tube
is lowered into the appropriate orifice in the table of the instrument far enough to
ensure that the urine layer is no longer visible, since the urine itself may fluoresce
and so disturb the observation of the fluorescence colour of the ether layer. The

* We express our thanks to Dr. Martin Strerr, Org. Chem. Institut der Techni-
schen Hochschule at Miinchen, for supplying us with a small amount of pure copro-
porphyrin 1L

© Manufactured by Kipp Ltd.. Delft. Netherlands.




Fig. 2

Apparatus for determination of coproporphyrin
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ether layer is then subjected to ultra-violet radiation for a period of not less than
10 minutes. The fluorescence colour of the ether layer is then compared with thosc
of the 8 degrees of the scale by rotating the disc so that each in turn is next to the
tube. The selection of the corresponding degree of the scale needs very little expe-
rience. When the colour of the ether layer falls between two degrees, for instance
> 2 and < 3, there is no difficulty in reading. Determination should preferably be
carried out in a darkened room or with diffused light. The industrial physician will
evaluate the results as follows: the values of coproporphyrin lower than degree 4 on
the scale will be considered non-pathological; degree 4 (or > 3 and < 5) will require
regular checking of the employee concerned. The »zone of suspicion« is therefore
about 200400 y coproporphyrin per litre. Degree 5 or above indicates a high lead
intake, and renders it advisable to determine the lead content in a 24-hour urine
specimen and in blood.

Reliability of the observed values

a) Relation between the scale readings and the quantitative determination
of coproporphyrin content.

Both scale readings and quantitative determinations were carried out
the same day, on the same urine specimens from 80 persons selected at
random. Fig. 3 15 a graphic representation of the relationship between
the values obtained by the two methods. The scale readings are plotted
horizontally (X) against the logarithms of the quantitively determined
porphyrin content (Y, vertically).
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Fig. .3

The calculation of the correlation coefficient (BRavais-Pearson meth-
od) shows a highly significant linear relationship;
r = 0.948 while Y (log content) = 1.28 + 0.28 X. .

The convertibility of scale reading accurately to porphyrin content is
practically unimportant. Table I may readily be derived from fig. 3 on
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the basis of the assumption that the observed porphyrin content of 400 y/
litre indicates a high lead absorption and that values between 200 y/
litre and 400 7/litre are to be considered dubious.

Table 1

Scale-reading

4, 41/ | 5'/2 and

21 /s 4

D=5 and 5 more total
Porphyrin 401 and > 0 6 30 36
content in 201—400 0 8 0 8
urine according < 200 34 2 0 36
to analysis, in /L

Total 34 16 30 80

Thus the check on 80 persons establishes that for all scale readings
helow 4 (421/2%) the porphyrin content was in fact < 200 y/litre (1 case
was exactly 200 y/litre), and that for all readings above 5 (371/2%/9) the
content was in fact > 400 y/litre.

Only the readings 4 and 5 and observations between them (20°%0) fail
to provide an unequivocal verdict.

When the subjects examined may be considered a representative
sample of the population examined, it is reasonable to expect clear deci-
sions regarding 80% of the tests and doubtful ones in only 20%; this
latter group however tends to a high content, so one may consider it
dubious. ‘

b) Reproducibility of the results

Scale readings of 29 persons were taken successively by 4 observers
working completely independent of each other in the same consecutive
order of test persons and under the same conditions: no significant
differences in the results could be detected. Two of the observes were
skilled and two unskilled.
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Table 2
Comparison of the readings by 4 observers
-« | B 0%?}}2 f)eliix:‘l,geis Differences between the observers
‘é ; g [ % o ‘4 = T RTINS = I
a | 1| 2 | 3 | 4 |1—2]1-8 1—4|2-3 24 3—4
1 /2 1 /2 s | =& s 0! 0| + 1/2‘ + 1/ 0
2 14 | 2 11/2 132 | + 1Y 0 0| +12 +1 0
3 1Y | 2 1Me | 1 == 0| ==t 4| + 1|+ Yz
4 /s Y2 | 0 0 0| —12! —1Ysof + 12 + 12| 0
o 5 1, | 1 Y |1 +1/2 0| +Y2| +1e 0 — Y
24 6 3 3 3 3 0 0 0 0 0| 0
| 7 2t/ | 8 2 A/s | + 12| —1 0 + 1| +%s| ="
"l' 8 3 3 2t/ | 3 0| —2! 0| + 12 0| — Y2
@ 9 | 8Y: | 4 4 812 | + 2| +12 0 0| 4+ + 12
10 /s /s 1/2 1/s 0 0 0 0 0| 0
11 11/2 2 11/2 112 | +1/2 0 0| + 12| + 12| 0
12 1 0 /2 1 — 1| =1 0| —12 —1 ] e
13 0 1 0 2 | + 1 0| +e| + 11 +12i— 1
14 1/> 1/2 /s /s 0 0 0 0 0] 0
15 1 1 /s 1 0| —1- 04 F=Ys 0!l — 12
31 11/2 2 11/2 11/2 + 1/2 0 0| +12| + 12| 0
35 6 5% | 5 6 — 12 — 1 0| +12) —1Y2| — 1
38 3 3 21/2 21/s 0 w=lfs —=Ye =Yl Yoy 0
39 2 2 2 11/2 0 0| —1/ 0! + 12+ 12
42 22 | 3 2 /s | +1/e 1/s 0| + 1| +1e—1/
v 44 5 5 412 | 5 0| —12 0] +12 0 — 12
| 45 /s /s 1/ 1/3 0 0| 0 0 0 0
= 32 4 als | 41z | 4 + 12| +1/2 0 0| +1|+ 1
| 33 61/2 5 51/2 7 — 12 — 1| + 1o —Ya| — 2 | =112
® 34 21/ | 8 /e | 22 | +1/2 0| 0| +12| +1/2 1 0
36 5 5 4 5 0| -— 1] 0| = 1 0| — 1
37 21/2 3 * 215 M 1 /e 0 | 0| +1| +1 0
40 | 5 5 5 | Bis 0 0l +%| 0f—1s—2
43 512 | 542 | B2 | 5l/» 0 0 | 0 0 0 ‘ 0
Total: n = 29 + 4 ‘—6 l 0 |+10 !+4 ‘1—6
+ or — =l 0.14— 0.201 0 I+ 0.34/+ 0.14“—— 0.20
Observers 2 - 18 ‘\ 2 k 4 18 ‘ 15 ‘y 4
Numbers 0 13 | 16 21 9 10 13
1=D A ~ 4 2 | 4 | 12
2:==Dj U ! -
= 1]‘ Total 29 | 29 | 29 ‘ 29 \ 20 | 29
Significance* * * ] s x| e
* According to the signtest — = not significant
* = 5% level of significance
#% = 10/y level of significance
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Table 2 summarises the results and indicates a close agreement between the
readings of the four observers. In fact, the unskilled observers occasionnally differed
from the skilled observers, but to such a slight degree that the variation is negli-
geable. Observers should, of course, have a good colour perception for red-blue,

Acknowledgement is made of the valuable assistance rendered by B. Jekel, chemical
technician, and H. de Jonge, statistician of the Institute,

References

1. Hijmans Bergh, v. d.: according to Noyons, E. C.: »Chemic en klinicks (Clinical

chemistry), part II, p. 98 (1951), Van Holkema en Warendorf, Amsterdam.

- Gorter en de Graaf]: »Klinische Diagnostik« (Clinical chemistry), part I, p. 287,

Stenfert Kroese, Leiden (1947).

3. Ten Berg, J. A. G.: »Onderzoek naar verschijnselen van loodvergiftiging als ge-
volg van loodhoudend drinkwater« (Lead mtoxication caused by lead containing
watersupply), Thesis, Utrecht 1941.

4. Weidner, H.: Porphyrinbestimmung in Harn mit Hilfe von Auer-Fluoreszenz
Folien (Determination of porphyrin content of urine with Auer-Fluorescences
leaves). Lichttechnische Abteilung Auergesellschaft Berlin. Reclamefolder van de
Auergesellschaft A. G. (Publication of the Auergesellschaft A. G.) Berlin N 65.

5. Brugsch, J.: »Porphyrine«, p. 129, J. A. Barth Verlag, Leipzig (1952).

6. Maloof. C. Clarence: Arch. Ind. Hyg. and Occupational Medicine, (1950) p. 296.

7

8

N

. Brugsch, ].: »Porphyrine« p. 10 (1952).
. Sundermann c¢n Boerner: »Normal values in clinical medicinex, p- 133, 'W. B.
Saunders Comp., Philadelphia. London (1949).
9. Ten Berg: Thesis, Utrecht. 1941.
10. Pinto, S. Sherman c. s., Coproporphyrinuria. Arch. Ind. Hyg. and Occup. Med. 6,
(1952), 496.
11. From C. I. B. A. Ltd. Arnhem.
12. Strait, L. A. c. s.: Applied Physiology, 4, (1952) 710.
13. King, E. I.: Micro-analysis in Medical Biochemistry, p. 92 (1947).
14. Levine. L. and Baby. ]. P.: Journ. of Industrial Hyg. 27 (1945) 217.

Sadriaj

JEDNOSTAVNI PRIJENOSNI APARAT
ZA POLUKVANTITATIVNO ODREDIVAN]JE
KOPROPORFIRINA U URINU

Opisan je jednostavni prijenosni instrumet za brzo polukvantitativno odredivanje
izlutivanja koproporfirina u urinu. Instrument je prikladan za potrebe tvornic¢kih
lijeénika pri brzom provjeravanju ekspozicije olovu.

Opisana metoda temelji se na usporedivanju fluoroscencije, koju razvija porfirin
u eteru i ledenoj octenoj kiselini s nizom standardnih papirita, koji su tako priprav-
ljeni, da fluoresciraju odredenim intenzitetom.

Autor prikazuje tehnitki postupak i pouzdanost metode,

Odjel za industrijsku medicinu, Primljenc 15. XI. 1956.
Holandski institut za preventivnu medicinu.
Leyden




