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DETERMINATION OF PHOSPHORUS IN CANNABIS BY NEURON ACTIVATION ANALYSIS
=MEASUREMENT OF 32? CERENKOV RADIATION BY LIQUID

SCINTILLATION SPECTROMETER
by

Masaki SHINOGI and Itsuhiko MORI
Kobe Women's College of Pharmacy

The authors have already reported3' on the micro content elements in
Cannabis by using non-destructive neutron activation analysis established
by them to enable simultaneous analysis of many kinds of elements in a
plant tissue. However, phosphorous cannot be analyzed by the method re-
ported in the previous papera', because no y-ray irradiation occurs, al-
thcush 321’ is formed as the result of thermal neutron capture reaction of
phosphorous. In this paper, the results of investigation on the method of
quantitative determination of phosphorous, which is an important constitu-
tive element of a plant, by use of activation analysis. The measurement of
B-rays from 321’ was effected by applying Cerenkov radiation measurement by
using a liquid scintillation spectrometer.

32? is an element formed by the 31P(n,y) 32? reaction due to thermal
neutrons from a nuclear reactor, and has a half-life period of 14.3 days, so
that the quantitative determination of phosphorous becomes possible by using

the method reported in the previous paper3 after chemically separating phos-
phorous from the identical sample which has been subjected previously to
simultaneous analysis of nuclear species emitting y-rays.

As the result of recent imwstigations"' on many kinds of inorganmic ion
exchange agents, which are conveniently used in the separation of radioactive
elements, alumina was found to adsorb phosphorous selectively, the utilization

of such a result has also been investigated.

1. Reported in the 25th General Meeting of Japanese Pharmacy Society, Kimki
Department, in Kobe, November 1975,

2, Location: Motoyama-kitamachi, Higashinada-ku, Kobe

3. Masaki Shinogi; Yasuko Murai; Itsuhiko Mori, and Takayoki Takeuchi,
Journal ot Pharmacy, 94, 1550, (1974). ‘

4, F., Girardis R, Piletras E, Sabbioni, Journal Radicanal. Chemistry, 5, 141,
{1970).




Experimental
Samples and the preparation of standard samples:

The leaves and male flowers of Cannabis at its upper and middle parts
were treated by the same method as reported in the previous paper, and about
300 g of each sample were taken to weigh accurately, and were duplicatedly
sealed in rinsed polyethylene sheets.

To prepare standa:l samples, KH_PO, was weighed and dissolved into

water to get a solution of 2 mg/ml 131 pl:osphorous concentration, and further,
(NH 4) zso4 and KCl1 were respectively weighed and dissolved in water to get
solutions of 15 mg/ml in sulfur concentration and 5 mg/ml in chlorine concen-
tration. Each 10 pl of these standard solutions was put on a milli-pore
filter with diameter of 1.8 cm, and was dried and duplicatedly sealed in a
polyethylene bag to be used as a standard sample.

Neutron irradiation:

Each 2 pieces of samples together with standard samples were packed in
a capsule for irradiation use, and were irradiated for 1 hour in a pressurized
air transfer tube No.2 (thermal neutron flux 2.75 x 1013 neutron/cmz/sec,
fast neutron flux 6.0 x 10]'2 neutron/cmz/sec) in the Kyoto University Nuclear
Reactor Experimental Station.

Chema.al separation of phosphorous:

Samples and standard samples were cooled for 2 weeks after irradiation
to let short-life nuclear species decay, and then, were decomposed in a wet
manner with concentrated nitric acid and 70% perchloric acid in a Bethge
decomposition apparatuse'. The decomponsed liquids were evaporated on a water
bath to dryness, and the solids obtained were dissolved in 1M perchloric acid
to be passed through a polyethylene column (8 mm in internal diameter and 20
cm in length) filled with 3 g of aluminium oxide to make phosphr.rous be ad-
hered on alumina. Purther, after washing the column with 1M perchloric acid,
phosphorous was eluted with 1M hydrogen fluoride solution. The effluent was
partitioned into each 12 ml portion in a polyethylene vial.

Measurement of Cerenkov radiation of 32P:

To the phosphorous eluate separated from the sample was added 4-methyl
umbelliferron (200 mg/l) as a wave length shifter, and the Cerenkov radia-
tion of 32? was measured by means of a liquid scintillation spectrometer
(GS1~263 type, made by Fujitsu Co., Ltd.). The measured values were corrected

by use of a quenching correction curve,

5. E. sabbioni; R. Pietra; F. Girardi, Journal Radioanal. Chemistry, 4,
289, (1970).

6. P.O. Bethge, Anal. Chemistry, 28, 119, (1956).




On the other hand, each one of the middle part leaves and standard sam-
Ples were put in a polyethylene vial as they are contained in the inner bag
after peeling off the polyethylene outer bag to carry out measurement by the
dry counting method.

Further, measurement was continued for 49 days after irradiation, and
the decay corresponding to the half-life of 32? was confirmed.

Quantitative determination of phosphorous by the molybdenum blue method:

To compare with the results of activation analysis, the generally well
known quantitative determination method of phosphorous, i.e. the molybdenum
blue method, was applied to the phosplorous determination in Cannabis.

About 200 mg of the sample was heated in an electric furnace at 450°C
to convert into dry ash, and a small amount of concentrated hydrochloric
acid and water was added to the ash. The ash solution was then evaporated
on a water bath to dryness. The dried product was added with 2 ml of 1:3
hydrochloric acid and 10 ml of water, and the mixture was heated on a water
bath and then was filtered. The residue was washed well, and put into a
100 ml measuring flask together with the filtrate, and further added with
water up to 100 ml. Two milli-litre of this diluted solution was taken in
a 25 ml measuring flask, and after adding 2 ml of ammonium molybdate solution,
2 ml of 0.5% hydroquinone solution, and 2 ml of 10% sodium sulfite solution,
water was further added up to 25 ml. After 30 minutes, absorptivity was
measured at the wave length of 650 nm.

Results

After 14 days after irradiation, 32? was chemically separated and
Cerenkov radiation was measured. The decay curves measured are shown in Fig.
1.

All samples showed the half-life decay of 32?, and after observing the
radioactivity just after irradiation, the phosphorous content in each sample
was obtained by the comparison method with standard samples. The results
are shown in Table 1 in comparison to those of the molybdenum blue method.

From the above-described results, the phosphorous content is in the
order as middle plant leaves < upper part leaves < male flowers. The result
showed the importance of phosphorous as a constitutional element just as
pointed out hitherto.




Consideration

Investigation in the chemical separation of phosphorous:

In the separation of 32?. an inorganic ion-exchange was used, which is
stronger against irradiation animore heat-resistant than the ion-exchange
resins hitherto utilized. As adsorbents for phosphorous, there are such
materials as (1) alumina, (2) tin dioxide, (3) manganese dioxide, (4) zirco-
nium phosphate, etc., but according to the papers reported by Girardi et al.",
acidic alumina (referred to hereafter as AAD) shows the best selectivity for
phosphorcus, so that alumina was used to examine the adsorptive ability of
phosphorous.

As the acid solutions, in which phosphorous is adsorbed on ARO, there
are nitric acid and perchloric acid, but, as the latter has the greater ad-
sorptive powers', and as nitric acid causes quenching in the measurement of
Cerenkov radiation, pexchloric acid was used to measure the adsorptive power
for phosphorous in various acid concentrations. The results are tshown in
Fig. 2.

As a result, no difference in adsorptive power was caused by *he change
of perchloric acid concentration, so that 1M perchloric acid (1.16 mgP/g. AAO)
was adopted for use.

Next, 300 mg of a cannabis leaf was wet decomposed, and a definite amount
of 32? was added to the decomposed solution as a tracer. Then, the adsorp-
tive power for phosphorous in relation to the amount of AARO was studied.

The results are shown in Fig. 3.

The adsorption rate of ARO was 99.6% for 2.5 g and 99.8% for 3.0 g, so
that 3.0 g AAO was adopted to use.

On the other hand, 1M hydrofluoric acid was used to elute the phosphorous
adsorbed on AAO, and the elutability was found to be 98.8%, when elution was
effected twice on 12 ml.

Therefore, the recovery percentage in chemical separation of phosphorous,
by taking adsorption rate and elutability into consideration, became 98.6%.

As standard samples were also chemically treated in the same manner, errors
in the recovery percentage could be neglected.

Investigation in Cerenkov radiation measuring conditions for 32?:

The advantages of Cerankov radiation measurement reside in that it re-
quires no organic solvent, and that it can be applied to the sample water
solutions as they are, and further, that its cost is low because no scintil-

lator (PPO, etc.) is necessary.




Also, its counting efficiency is difficultly influenced by high concen-
tration solutions of salts other than the llo2 salt, chemical light extin-
guishers, acids and alkalides, and therefore, the accuracy of measurement in-
creases when the amount of samples is abundant. As the B-ray energv of 32?
is higher than the critical energy 0.263 MeV required for irradiating Cerenkov
radiation in an aqueous solution, the measurement conditions for Cerenkov
radiation by using a liquid scintillation spectrometer was investigated.

(1) On the amount of solutions measured

In vials for measuring use, 1 ml to 15 ml of water was put, and in each
vial was added a definite amount of 32? to measure counting rate. As shown
in Fig. 4, almost no difference was found when the liquid volume changed
from 11 ml to 15 ml, the liquid volume in measurement was determined as 12 ml.

(2) On the effect of acids

As to the nitric acid, perchloric acid, and hydrofluoric acid, their

effects on the counting rate in various concentrations of respective acids

were measured.

The results are shown in Pig. S.

In the cases of perchloric acid and hydrofluoric acid, almost no effect
of the acid concentration to the counting rate was observed, but in the case
of nitric acid, marked decrease in counting rate was shown, when the concen-
tration had increased. From this fact, it can be conjectured that nitric
acid can become a cause for large quenching in the measurement of Cerenkov
radiation.

(3) Correction for quenching

In Cerenkov radiation measurement, the most significant problem is, be-
side the quenching due to nitric acid, the liability to the effect of colour
quenching.

It is dif :icult to make the sample perfectly colourless by wet decompo-
sition, and in many cases, a little yellow colour remains, and moreover, the
colour depth is not constant. Therefore, a correction curve for correcting
such quenching was prepared. That is, sample decomposition liquids in various
states were prepared, to which was added a known amount of 329. Then, the
counting efficiency was measured. The result was plotted in relation to the
channel ratio in the same case to obtain the correction curve as> shown in
Fig., 6.

This curve was used in correcting the quenching of measured valves,




(4) On the dry counting method
The dry counting method was studied, in which 32P was adsorbed on AAO
and put as it was into a polyethylene vial, taking the loss in chemical

separation and the effect of colour quenching into consideration.

The amount of AAO was varied in measurements against the definite amount
of 32?.

As the amount of AAO increased, the self absorption by AAO showed a
greater effect, and the counting rate reduced. To separate phosphorous from
the sample, 3.0 g of AAO was used in the measurement., so that the determina-
tion by use of the dry counting method was difficult in this method, becasue
the counting rate was very bad and the counting rate changes with the amount
of ARO.

Further, comparison of the results by use of the dry counting method
for quantitative determination in which the powder of cannabis leaves after
neutron irradiation as it was, was put in a polyethylene vial, with the
results after effecting chemical separation showed that the former amounted
only 54.8% of the latter. This can be considered obviously due to the self
absorption and directional properties of the sample.

(5) On the interfering nuclear species

In the Cerenkov radiation measurement of 32?, the main ones of inter-

fering nuclear species are, according to the report by Sabbioni et al.,
198Au’ GOCO, 13405, lngr, 19105' 86Rb' 1363e, 122+124Sb, 465c’ and 182Ta.
On the other hand, elements, which are adsorbed by ARO in an 1M perchloric

acid solution, are Ge, As, Nb, Mo, Sb, Ta, W, Os, Au, Fa, etc. As the
198 1910s 182

nuclear species which are common to both series are Au, ’ Ta, and
122‘."lMSl:a, which respectively give 1.45, 0.05, 0.037, and 0.15 fold counting
32

rates against the counting rate of ~P. However, above-described 4 elem:zi.'s
are markedly small in the existence ratio in a plant body, and moreover, the
adsorbability to AAO is low in them except Sb, so that they can be considered
not to interfere in the case when Cerenkov radiation is measured after
chemically separating 32?. Furthermore, after the irradiated sample had been
passed through the AAO column, the column was subjected to y-ray spectrometry
by means of a Ge(Li) detector, but no prominent peak was detected, From this
fact also, the effect of the coexistence of interfering nuclear species can
be considered not to be large.

However, when the sample was irradiated in a nuclear reactor, other than
31P(n,y)32P, 32s(n,p)szP and 35C1(n,u)32P reactions will be formed by fast

neiutrons, to form the same nuclear species 32?. As it is impossible to




prevent these interfering reactions, it was experimentally investigated that
in what ratio the formation would occur, and the decay curve shown in Fig. 8
could be obtained.

The standard samples were put into polyethylene vials as they are con-
tained in milli-pore filters, and after irradiation, measurement for them was
repeated after 1 to 49 days.

As a potassium salt was used as a standard sample, a high counting rate
was shown due to the effect of 42! (T = 12.5 h) until 1 week after its radio-
activity decayed, but fron 10 to 49 days, decay was observed to follow the
half-life of >2P. When the decay curves of 2p formed from phosphorous,
sulfur and chlorine were extended, and from the counting rate just after
irradiation, the 329 contributions from sulfur and chlorine to phosphorous
were calculated. 1If all elements were assumed to exist in the same amount,
the contribution of sulfur to phosphorous was 6.8% and that of chlorine to
phosphorous was 1.9%. However, when the amount of existence of these 3
elements in a plant body (P:S:Cl = 1:0.71:0.29) according to the values in
a bibliographya' was taken into consideration, the error based on sulphur
and chlorine becomes about 5%, and can be included in the error range of
usual activation analyses.

Conclusion

The activation analysis utilizing Cerenkov radiation measurement in
analyzing phosphorous in living tissue samples can be sufficiently used.

In the chemical separation of phosphorous, the use of AAO makes the
separation of 32P simple and convenient, and also effective in removing in~-
terfering nuclear species in the Cerenkov radiation measurement.

When the limit of detection of the counting rate is so assumed that it
reaches to the two folds of that of the background, the detection limit in
this method will be determined as 0.4 ppm for the 300 mg sample, as it
reaches to 0.13 ug when treatment and measurement of the sample were effected
after 40 days of irradiation. However, when treatment is effected until 1
week after irradiation, the detection limit can be avoided until up to 0.026
ug. Therefore, the present method has a better detection sensitivity than
that of conventional calorimetric methods.

7. E. Sabbioni; L. Clerici; F., Girardi; F. Campagnari, Journal Radioanal.
Chemistry, 14, 159, (1973),
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Determination of Phosphorus in Cannabis by Neutron Activation Analysis
—Measurement of **P Cerenkov Radiation by Liquid
Scintillation Spectrometer' -

Mazakt Suinoat and Itsvhizo Mori

Kobe Women's College of Phavmacy®
N (Received January 14, 1976)

Thermal neutron activation analysis with measurement of 221 Cerenkov radiation
by liquid scimillation spectrometer was used to determine phosphorus in cannabis.  After
irradiation of the sample, wet ashing wa- carried out with conc. nitric acid and 709, per-
chloric zcid.  The solution in 1 s perchloric acid transferred to an inorganic jon-exchange
column contuining acid aluminum oxide and phosphorus was quantitatively eluted with
I a hudrettuoric acid,. The #21 radivactivity of cach fraction ot the cluate was counted
with Cerenkov radiation by a liquid scintillation spectrometer from 2 to 7 weeks after the
irradiation.  The activity curve decaved with 20 hali-life.  The isotope channel ratio
technique was applicd for the quench correction,

The values for upper and nriddle leaves, and male flower of cannabis, in parts per
million. were 0.55, 0.31, and 0,71, respectivelv. and a good agreement was found with the
values from Molybdenum Blue method,  The sdefermination limit of phosphorus by
this method was calcalated to bhe 2.5 7 10-* g, .

The optimal experimental conditions for chemical separation of phosphorus and
for measuring the *F Cerenkov radiation were also examined.
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