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DETERMINATION OF PHOSPHORUS IN CANNABIS BY NEUTRON ACTIVATION ANALYSIS 
-MEASUREMENT OF P CERSNKOV RADIATION BY LIQUID 

SCINTILLATION SPECTROMETER 

by 

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

The authors have already reported * 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 paper *, because no y-ray irradiation occurs, al-

32 thcu»,h P 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 

32 0-rays from P was effected by applying Cerenkov radiation measurement by 
using a liquid scintillation spectrometer. 

32 31 32 
P is an element formed by the P(n,y) P 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 paper * after chemically separating phos
phorous from the identical sample which has been subjected previously to 
simultaneous analysis of nuclear species emitting y-rays. 

4 As the result of recent investigations * on many kinds of inorganic 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 Shinogij Yasuko Murai; Itsuhiko Mori, and Takayoki Takeuchi, 
Journal ot Pharmacy, 94_, 1550, (1974). 
4. F. Girardi; R. Piletra; E. Sabbioni, Journal Radioanal. Chemistry, 5_, 141, 
(1970). 
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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 standaii samples, KH PO was weighed and dissolved into 
water to get a solution of 2 mg/ml in phosphorous concentration, and further, 
(NH ) SO and KC1 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 ul 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 
13 2 

air transfer tube No.2 (thermal neutron flux 2.75 x 10 neutron/cm /sec, 
12 2 

fast neutron flux 6.0 x 10 neutron/cm /sec) in the Kyoto University Nuclear 
Reactor Experimental Station. 

Chemical 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 apparatus '. The decomposed 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 phosphorous be ad
hered on alumina. Further, 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. 

32 Measurement of Cerenkov radiation of P: 
To the phosphorous eluate separated from the sample was added 4-methyl 

umbelliferron (200 mg/1) as a wave length shifter, and the Cerenkov radia-
32 tion of P was measured by means of a liquid scintillation spectrometer 

(GSL-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, £, 
289, (1970). 

6. P.O. Bethge, Anal. Chemistry, 28, 119, (1956). 
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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 
32 the decay corresponding to the half-life of P 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 phosphorous 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 
32 After 14 days after irradiation, P was chemically separated and 

Cerenkov radiation was measured. The decay curves measured are shown in Fig. 
1. 

32 All samples showed the half-life decay of P, 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. 
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Consideration 
Investigation in the chemical separation of phosphorous: 
In the separation of P, an inorganic ion-exchange was used, which is 

stronger against irradiation aid more 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-

4 nium phosphate, etc., but according to the papers reported by Girardi et al. 
acidic alumina (referred to hereafter as AAO) shows the best selectivity for 
phosphorous, so that alumina was used to examine the adsorptive ability of 
phosphorous. 

As the acid solutions, in which phosphorous is adsorbed on AAO, there 
are nitric acid and perchloric acid, but, as the latter has the greater ad
sorptive power *, and as nitric acid causes quenching in the measurement of 
Cerenkov radiation, perchloric acid was used to measure the adsorptive power 
for phosphorous in various acid concentrations. The results are shown in 
Pig. 2. 

As a result, no difference in adsorptive power was caused by the 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 
32 

of P was added to the decomposed solution as a tracer. Then, the adsorp
tive power for phosphorous in relation to the amount of AAO was studied. 
The results are shown in Fig. 3. 

The adsorption rate of AAO was 99.6% for 2.5 g and 99.8% for 3.0 q, 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. 

32 Investigation in Cerenkov radiation measuring conditions for P: 
The advantages of Cerenkov 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. 
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Also, its counting efficiency is difficultly influenced by high concen
tration solutions of salts other than the NO salt, chemical light extin
guishers, acids and alkalides, and therefore, the accuracy of measurement in-

32 creases when the amount of samples is. abundant. As the 8-ray energy of P 
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 

32 vial was added a definite amount of P 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 Fig. 5. 
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 

32 states were prepared, to which was added a known amount of P. 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. 
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(4) On the dry counting Method 
32 The dry counting method was studied, in which P 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 P. 

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 AAO. 

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 
32 

In the Cerenkov radiation measurement of P, the main ones of inter
fering nuclear species are, according to the report by Sabbioni et al., 
198K 60„ 134„ 192 T 191rt 88„ 136„ 122+124„ 46_ . 182_ Au, Co, Cs, Tr, Os, Rb, Re, Sb, Sc, and Ta. 
On the other hand, elements, which are adsorbed by AAO in an IN perchloric 
acid solution, are Ge, As, Nb, Mo, Sb, Ta, W, Os, Au, Fa, etc. As the 
nuclear 
122+124, 

198 191 182 nuclear species which are common to both series are Au, Os, Ta, and 
Sb, 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 elemoi.'-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 

32 chemically separating P. 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 
3 1P(n,y) 3 2P, 3 2S(n,p) 3 2P and 3 5Cl(n,o) 3 2P reactions will be formed by fast 

32 neutrons, to form the same nuclear species P. As it is impossible to 
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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 
42 

was shown due to the effect of K (T - 12.5 h) until 1 week after its radio
activity decayed, but fron 10 to 49 days, decay was observed to follow the 

32 32 
half-life of P. When the decay curves of P formed from phosphorous, 
sulfur and chlorine were extended, and from the counting rate just after 

32 irradiation, the P contributions from sulfur and chlorine to phosphorous 
were calculated. If 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:C1 * 1:0.71:0.29) according to the values in 

8. a bibliography 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 

32 
separation of P 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 
Mg. Therefore, the present method has a better detection sensitivity than 
that of conventional calorimetric methods. 

7. E. Sabbioni; L. Clerici; F. Girardif F. Campagnari, Journal Radioanal. 
Chemistry, 14, 159, (1973). 
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Determination of Phosphorus in Cannabis by Neutron Activation Analysis 
—Measurement of 3-P Crrenkov Radiation by Liquid 

Scintillation Spectrometer"— 

MASAKI SHINDT.I and ITSIHIXOMORI 

AVfcc Women's College of Pharmacy** 

(deceived Janu.iry 14, 1976) 

Thermal neutron activation analysis with measurement of " P Cerenkov radiation 
by liquid scintillation spectrometer "as used to determine phosphorus in cannabis. After 
irradiation of the sample, wet ashing « a , carried out with cone, nitric acid and 70% per
chloric ,-icid. The solution in 1 M perchloric acid transferred to an inorganic ion-exchange 
column containing acid aluminum oxide and phosphorus was quantitatively fluted with 
1M hydrorluorii acid. The - : 1 ' radioactivity of each fraction of the elu.ite was counted 
with Cerenkov radiation by a liquid scintillation spectrometer from i to 7 weeks after the 
irradiation. The activity curve decayed with ; ' T half-life. The isotope channel r.itio 
technique was applied for the quench correction. 

The value* for upper and middle lenvi s. and male flower of cannabis, in parts per 
million, were 0.").'>. 0.31, and 0.71. respectively, and a wood agreement was found with the 
values from Molybdenum Ulue method. The determination limit of phosphorus by 
this method was calculated to be 2."> y ID"" ?. 

The optimal experimental conditions for chemical separation of phosphorus and 
for measuring the M l ' (erenkov radiation were also examined. 
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: t " ft '•& •> -- it Ik 630 rnn •': «5 * '<X *• iW 'Z I ^ . 

10' 

2- 10' 

s*m 14 u»i_ »p mw/mL, *.-. f y 3 

W l-.J: 0, !) yft:fiV..:i, >ta<o£- .J:.fif:^l<». 
/L'-"'.'i;-*<ft*5hT:.r-; !;. tt:*J: "f t f lSjfr: ' .-

u - - 2 I - - 2 S 

hrray lime :rfay> 
49 

Fijc 1. Pecay Curve of Cercnkov Radiation after 
fhtmical Separation of fhosphorus 

(nnitron flin; lhrnn.^1 '.'.r,'> - W* n/em'/fc-r.; irradiation 
time; 1 hour) 

--: malt- tKnvrr - -_\—: upprr part lcavf« 
— - : miflilk part lt;t\,- - • " = pln«ph»iini» 

•/',-«« 

Lfc t « 
Male flower 

l'ppcr part lca\-t> 
Middle fart leaves 

Activation 
analysis 

0.71",, 
0.55.".; 
i).3i",; 

T w i t I. ( otui titrations of Phosphorus in Cannabis 

Camialiis Molybdenum 
blue method 

0.70»; 
0.58°i 
0.29%' 

6) P.O. Bcthjje. .hni'. ( hem.. 28. 11!) (t!»5»i> 
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Rftirmi-.*,:. ' i v t U S t i i n i L t l t D r,v--r, 2) ::«»fb*x, 3) r . |8(t-?y*'-/ , 4) 9 - / | i ! 
* 3 i t / . f £ i T . J V J , ' l " . , (.iranli f ^ W 1 9 . U y;;. JJL" t Jri UftWfeOfll-fRffe 7 -- i ^ (feUft AAO 

AAOi-uvA-ajjjiscfliWiftiL-ttt , B1l8i38«i*ilSV..?.o.r.. ««o^a:»«fg^.-5" .A^i '*» zb, 

- o f i * , a« i*B«i t t ; c l *«*• >;-n X ti ii i ^ £' A r, it - v . , - o -e, 1M a * * f l l £ (i.i» mgP/s. 

AAO).«ffl-|-5ril-Lfc. 
Ai-itR^Afftf:.woinB 4ri«AJ>*fL. -rofrMs;i - ' i K i '-r - v i u - t - i u f e AAO o j | c . 

AAO <nJft,V. 2..'>K tOB!f.!W.6"„. :».I)K t W.X'.'a Oi7i?i?f-"C.̂  o .'c^ : AAO 3.0K &f£HWS 1 i iCLfc . 
- # , AAO i-B^JV3*,'.: 7 v*-fffir,3*vi*.:rt!C 1M 7 . ft ftJEfSK-'li'. ••':*'•. 12ml - i o 2 IHIJrVffi?**: 

iMt̂ fb"/-asE*'.-fr*x5f>, r^Mft^-ii'-^iiJiifi-J-oii.v.t-js. 
"P ©f -xU>37«3H*«#©*W 
* * u v ^ O W ^ l i t f r t i , f i rW^KK'- f . *Wfflt r> -i •* -r- 3ĤE "C #. -vs* ^ - * - (PPO ttk") 

if:-, NO, «m«f*>KjR!fli<olii;Si«. {b'ttfW/W. IK J ?7/i.*'Kii-Ca|-ft '%*t8;*5*ii;<<, L^A'.o 
t,Kft">tt.'5'-^i.-il?i;!iim,4£r'il:.«t'fl:*'>)ft!in-r>i. fci>\ * J P •"> / » « l ^ * ^ + ' - i i * , S a + " C - * I ^ ^ 3 7 * 
•&»*fS- t fawt#* ,ya»^**-+• - n.ara McV i *;,'.';;i..;:..•,. »SP o / * $ « £ , : : # « ; >-v*-u--v' , ••;». 

«) M X i t l B C O ^ T iffl'i)l!'-'-f-//n;# 1ml ;•,.:, 15ml *-CA;H?r-*ovW ,AC-5Efico "P £ 
i!fPt-C»ta^i-a!iiLfc. lig. 4 *<>, 11 ml *.;, i;>ml * t - ; i i LfM'-ttfi'-, fz.ot\ il^8*inafi4r 

12 ml i l t . 

Concentration of IICIO. <M> 
Fig. 2. Adsorption Capacity (of Phosphorus 

on Acid Aluminum Oxide from Various 
Molarity of HCIO, Media 

-•> 100; > i o 

Wright of acid aluminum oxide g) 
Fig. 3, The Relationship between Adsorption Per

centage and Weight of Acid Aluminum Oxide 
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Arid concentration t\t) 

Fijj. 5. The Influence of Various Molarities 
of UNO,, HF ami H t m , on Ccrcnkov 
Kailiation Counting; 

- —-:1ICIO, - C : HF - #--: HM\ 

" * » . * . ! ^ i ' ^ i - A - . . fiKB^oi'.-cii, ifi'S.y.Jfita-J- C i 
J?L i<lf»*0«'>*/T:-r. -r>^'-;- .1; •) 6fi(R:i* ., u >':* 
v XiRI5£^i-iJV --C A J .̂ c * .-. v + •//.Vi.'ilM,:.'; :, - j //•,•)£ 

3) ^ i > * > y © « I I E + ^ y « ) [ K , : . ! ; i . - r : i , 
rm>'-~Z> 7 i y t y / i ) t : - . . - M S ! . - *£ * . " , : i * ? ~ ? * >--*• v /^S;«>i -S- : t .<- - f i . ; i t * * . 

.^f r i -SA^Wii-c^ 'M-f tEf i i - -" : : ; .:::i!H*f£-:-. ^ t f f i ; - f t &-•!-;, J 6 f ? . ^ - : . i A > 4 . - O fiU'SMi 
•'.ii*^!i^o^l». ^ ; i i - - i i -V) ? ., v* v " •':-!!! iH-I" i Mil): Ittî -V-ft * l . , ' : . - f cb? . , ft *-o ttJB O &*f 

&(Wa«rfP". -iii-Ktott-^ "P *rr«n.t-:iRtU .;I*i*H:-V:t;.••'>, ; : OS^T I hanmi Katio t ^ B S ^ ^ n 
jjsj, Fig. tt ^MiCftS^fljA:. 

4) Dry Counting-iC-pl'T fb'/-fr#;-.W + oiH'•>;•.''. * ""> - > , v -f > / . ' ; .7 "> S'-»4r ^ * L - C , "P %• 
WO d a t f ?-£. ^ r O * r - S f i ^ y / f r , i ; ; A i p : ; K t i .lry lountina L1;." o i « t £,;.+ !_ ,';. 
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Fig. B. Channel* Katio Oncnch Correc
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*!> 
1 0 l ' 7 10 14 21 IH 

I)ecaj; tim* 'l.i» ' 
Fig. S. The Influence of Coexisting Sulfur ami 

Chlorine to the Determination of Phosphorus 
(nmtmn Sux; thermal *.;.*> I0"n,<' I » " / * T . ; tat «.» < 10" 
n/cm*/s«;..l hour irradiati'tft) 
—^—: miAII'- pari l.av. -. — ~ —: rMimplynr* 20f#g 
—.-5. - : sal.'nr !-*•' »« — ]~: chlnnik' ~>»rig 

->i;«:o »i' u # L AAO o j | t a - * - C H S t 
l;i-- 7 Ofc'i!K<fPr..*:. 

AAO r>5,y.i.<iJn^iujr. AAO i c i S O B R t l * 

'), '' v i.- frti-f v fc A I- !i 3-0 g O AAO %-ffll. 

AAO n f t ; - £ ,tXim^m--ii-i,Z ckX >) dry 
countin" itii-mi >^£tt(SBSX'S% • 

','ttTKML ?; 4 4 © ^ t f t l ^ t t * * * » » t ^ / | 
~>f T/J-KAii, dry counting £ - « e * L *c|S!K £ 
( t - r ^ i - ' f r ^ - , ^«!C4rJt«t -CA5 i . i 3 l t K 
fi/1 54.8";, L,-5.,'£i..,f:. S J ^ A . i - B a ^ C f c J : 

S) tt»«W=ov.»T "P o f- x x x => 7 XM 
&fil H l • t , tt'A' £ ft 5 K U l i Sabbioni F,wOfR 
ftT> i : i i i , -r ""> £ ft t O i i '"Au, "Co, »"C», 
'"Jr. '•'Os. "Kb. '"He, I B+'«Sb, *«k. , w Ta t 
AC. -Tu 1M JSia*MB»t:- AAO KSMH- 5j£ 

*<tL-Cft Gc, As. Xb. .Mo, Sb, T.«, W, Os. Aii, p., ^ i A - A O , i ' i i b ; : i Ai4L -C i- 3 &* t fat. 
'"Au, '«Os, >«Ta,'" >"SI> //.^ i). -cii-ci! "P <D;ilSR*.-,iJL-C U.V n.os, O.IKI7F n.is fSv>itE«4r-'/ 
£ 5 . L*.L, fc'i^i-'I'-Tff-filitJ: " .I..H •» ; £ £ . * •> v i£ « f : ) , L < 'I-.',; <. S 0; i AAO f_»-f 5 R » * 
t Sb 4 - H > J 5 f i . . - i i o , •1-P -vft"/-/>^L, *• - i / x a - ' ^ i f f / i i l - a J e f t C t S ^ i A : * - > i t ^ . i 
O i l i - . * l 3 . %;:. MM It-KM*: AAo * -/;.,-;t!iL,';lt.'r/> A 9 - \ * Oc(l.i) «HiB"C r to**? r " * 

b 9-4-fri'j;o^.'/-3fir?^t'-?fi*fell.Sii^>-,/-. ;- r>i.:;*-i-j<,t';. ,,Kf«o«-rf:cj:5l;»»i**<a:i. 

L*.t, Kfi4r«tf-ff''C!H4tLfc««ft, "i'(«,y)"P «» ri-. ii'MtTi-*-> "C "S(»,p)"P fc'Jtf "CI,",*)" 
'f-n?to^>^';.'!4!i'rj;-a;'iL, !••*.« ^ i •-> fcMVfinitt^^-. 

i:. 
flJVUWit-C/iV'i'Afti'.'ffmL.'-O-C "K(r- I2.r. h) o g i f i - x i ) , -r^Klrffig'/.«a-f 5 I JiMl* 4 

•C-.i^V'SHt^^T.L-ct-s/r., l o i l / i - 0 4!» I! l t d 3-T o ' t ' -«»! -CMt1Lt i ' i . >; v, •<*•* , « * 1 
03-Ui. "P ^M«iflifilty;WL, K«4,ifti4^.i l-a ! fA.0!)yf-*i-fS-f*'J'fcJ:0 : **«»?)O "P i f ^ i r l t 

» L ^ : . i L ^ ' ^ M I i H r f t - f ^ i - r " * 1 1 ' ' " x(_*I-f2.-f * • • / [ ! f».»"„, *?„;,£,* l.0?„ (0|F-!f.-C#^ fc. L«. ' 
L. SlrtW i O K ^ ^ ' f ' ^ - i l ^ S v L ^ ^ r ^ i t t (P:S:U 1: 0.71: 0.2<>) fc**-f.h.jr, < * ^ , * | ! » C « 

•; vofWfl-jBiisj:, AAO ii^.'iiit. »P o»»tfBif«;iL. i^^-t-x w*-?%mLK.*>•!+%ttftRtl^ 

7) K. Sabbioni, I.. CIcrici, F. (.irnrili, I', ('ampasnari../. Kct<H;«n<tl. Chc.u,, 14. 159 (1973). 
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