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THE STUDY OF THE TRACE ELEMENT IN ORGANISMS BY 
NEUTRON ACTIVATION ANALYSIS. I. MULTIELEMENT INSTRUMENTAL 

NEUTRON ACTIVATION ANALYSIS OF CANNABIS 

Bowen cited in his >ook 3 many papers published up to 1965 on the rela
tionship between organisms and trace elements. On the other hand, from 
about 1970 onwards, attention has been given to the field called bioinorganic 
chemistry which deals with boundary territory between inorganic chemistry 
and biological chemistry. 

A large number of trace elements are generally expected to be present 
in organisms and about 60 trace elements including 16 bioelements (bioelements 
in plants) have been detected from plants and reported to date1*. This reminds 
one of the Noddack's "Guesetz der Allgegenwart der Elemente"5 which states 
that all the elements are present in all the rocks and minerals found on 
earth. In 1972, Morrison et al. 6 wrote that plants need traces of Fe, Cu, 
Zn, Mn, B, Na, Co, Mo and V while animals need Fe, I, Ca, Zn, Mn, Co, Mo, 
and Se and, in addition, F, B, Ba and Sr and also that many of such elements 
may exert harmful effects if present in excess. 

For analysis of such a large number of elements, activation analysis is 
the most suited and the only method available. In recent years, application 
of this method to biological samples has grown rapidly and numerous reports 
are known on activation analysis of plants. Takeo et al. 7 irradiated tea 
leaves with neutron, separated the irradiated leaves into five fractions by 
ultracentrifugation, determined Cu, Mn, Br, Na and K on each fraction and 
studied the complexes between Cu or Mn and protein. Trace elements Cu and 
Zn play an important role in plant growth and Souliotis8 determined them in 
8 plants including olive and maize. 

Fourcy et al. 9 reviewed studies of the inorganic components of plants 
by activation analysis while there is a report on determination of 15 elements 
such as Mn, K and Cu in plant tissues by non-destructive activation analysis 
with the use of a high-resolution Ge(Li) detector 1 0. Pappas et al. 1 1 analyzed 
Au and rare earth elements in opium originating from four countries in 1963 
and found that the content of these elements differs characteristically from 
region to region. On the other hand, Perkons et al. 1 2 and Rayudu et al. 1 3 

analyzed 30 kinds of opium sampled in 20 countries, determined 13 elements 
and estimated the place of origin from the relative amounts of these elements. 
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Recently, tto-Hsiung Yang et al. 1* determined 13 elements in 8 kinds of tobacco 
leaves originating from three countries and discussed the possibility of esti
mating the place of origin from the differences in mercury content. 

As described above, qualitative and quantitative analyses of trace ele
ments furnish interesting data to those concerned. He are conducting a series 
of studies on the content of trace elements in medicinal plants which are not 
only interesting from the standpoint of food chain (inorganic element cycle) 
but also important pharmacologically. In this paper, we have examined the 
optimal conditions Tor non-destructive neutron activation analysis of hemp or 
Cannabis which is a hallucinogen known as marijuana and which is posing a 
serious problem of abuse because of its relatively easy availability and 
report on some knowledge we thereby gained. 

Experimental 
In order to carry out simultaneous determination of a variety of trace 

elements on numerous samples, the non-destructive thermal neutron activation 
analysis which can determine all the detectable elements with one standard 
sample was applied in accordance with the moncstandard method 1 5' 1 8. 

Processing of data and qualitative and quantitative analyses were handled 
by an elec' **onic computer (OKITAC Model 5090H) and the results were analyzed 
by the method developed by Takeuchi et al. 1 5. 

Preparation of Samples and standard Samples 
Two whole Cannabis plants, 130 cm and 140 cm in total length, cultivated 

in Maizuru and sampled in September 1972 were each divided into five sections: 
upper leaves which are new leaves on the top, middle leaves which correspond 
to the upper portion of the remaining stem, lower leaves which correspond to 
the lower portion of the remaining stem, stem bark and root. The soil adhering 
to the root was also taken as reference sample. 

The leaves and root samples were cleansed ultrasonically in purified water 
for 30 seconds, jet-washed with distilled water, freeze-dried, ground to less 
than 80 mesh in an agate mortar and thoroughly mixed. The stem was cleansed 
anu dried likewise and cut into small pieces. The soil was dried in air and 
ground to less than 80 mesh in an agate mortar. Since each sample was stored 
in powder, the condition of drying at the time of weighing varied from sample 
to sample. Therefore, all the samples were freshly dried in a constant tem
perature electric oven at 45* for 45 hours, each sample was weighed accurately 
and heat-sealed into a well-cleansed polyethylene bag measuring 4 x 3 cm and 
the sealed sample was further sealed into another polyethylene bag measuring 
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6 x 4 cm. The irradiation samples weighed about 350 mg each (the root sample 
weighed 100 mg) and were prepared in duplicate for 1-minute and 5-minute 
irradiations. 

As standard samples of the monostandard method, Au was used for short 
half-life nuclides (half-life, 1 day or less) while Co was used for long half-
life nuclides (half-life, more than 1 day). These standard samples were pre
pared readily by cutting a disc, 1 cm in diameter, from a 0.1 mm thick foil 
of Al-Au alloy (0.1% by weight of Au) or Al-Co alloy (2.0% by weight of Co), 
products of Belgium Bureau Centrale de Mesures Nucleaires. The Au weighed 
about 24 pg while the Co weighed about 480 ug. 

Irradiation with Neutron 
The sample was placed in an irradiation capsule together with the stan

dard sample and irradiated for 1 minute, 5 minutes and 1 hour in No.l pneumatic 
tube (thermal neutron flux, 1.9 x 10 1 3 neutrons/cm2/sec) at the Nuclear Reactor 
Laboratory of Kyoto University. The 1-minute and 5-minute irradiation samples 
were grouped by series after measurement and subsequently used as samples for 
1-hour irradiation. 

Gamma-ray Spectrometry 
Upon completion of irradiation, the samples were withdrawn from the cap

sule, taken out of the outer bag and directly submitted to counting of y-ray 
without performing any chemical separation. The samples which had been irra
diated for 1 minute or 5 minutes for measurement of short half-life nuclides 
were counted for 200 seconds after a decay of 3 minutes and further counted 
for 400 seconds after a decay of 30 minutes. The samples which h*d been 
irradiated for 1 hour for measurement of long half-life nuclides were counted 
for IK second after a decay of 3 days, for 4K seconds after a decay of 1 week, 
for 8K seconds after a decay of 2 weeks and further for 20K seconds after a 
decay of 1 month. The apparatuses used were a 4096 channel pulse height 
analyzer (manufactured by Nuclear Data) equipped with a 24.7 ml coaxial Ge(Li) 
detector (manufactured by ORTEC) and, for measurements after a decay of 1 
month, a 4096 channel pulse height analyzer (manufactured by Northern Scien
tific) equipped with a 42.7 ml coaxial Ge(Li) detector (manufactured by ORTEC). 
A polymethylmethacrylate plate, 1 cm in thickness, was used as a 6-ray ab
sorber. 

Typical gamma-ray spectra obtained are shown in Figs. 1-4. 
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Results 
The nuclides detected from the relationship between irradiation tine 

and cooling tine are shown in Table 1. 
For determination of any nuclide which emits two or more y-rays differ

ing in energy or which is detected twice or more at different times of 
measurement, the Y-ray energy which yields the smallest errors in measurement 
was adopted. A total of 41 elements detected, including 35 elements detected 
in Cannabis (leaves, stem bark and root), and their elemental concentrations 
are shown in Table 2. 

Discussion 
Optimal experimental conditions must be found for simultaneous determina

tion of a variety of trace elements on a large number of samples by non
destructive activation analysis and the above-mentioned experimental results 
were carefully examined to derive such optimal conditions. 

Preparation of Samples 
a) Cleansing of Samples 

No detailed reports are available on cleansing of samples in activation 
analysis. At any rate, perfect cleansing is extremely difficult to perform 
as there is always a possibility of some components eluting out in the course 
of excessive cleansing or of some contaminants causing errors in measurement 
as a result of insufficient cleansing. Hence, it is necessary to choose 
optimal conditions for each sample. This time, the ultrasonic cleansing 
method was investigated on a large number of plant samples for the purpose 
of removing dusts adhering to both sides of leaves. The leaves of brownish 
white kidney beans which had been cultivated by hydroponics for two weeks and 
then allowed to absorb 6 0Co from the root for two days were used as sample. 
The sample and 100 ml of purified water were placed in a beaker and sub
jected to ultrasonic cleansing for 30 seconds or 60-seconds: 5 ml of the water 
was sampled and measured for radioactivity by a well-type Nal(Tl) scintilla
tion counter. 

It was found that no 6 0 C o was eluted at all from the leaves in 30 second 
cleansing while 3-4% of 6 0Co was eluted in 60-second cleansing. Therefore, 
on the assumption that there is virtually no difference in strength of cell 
surface between Cannabis and kidney beans, ultrasonic cleansing for a duration 
of 30-seconds or so can be utilized in the present case. 
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When the surface of Cannabis leaves was coated with talc which had ad
sorbed 6 0Co, dried well and cleansed, the talc on the surface was found to 
have been removed nearly coapletely by jet-washing with distilled water after 
30 second ultrasonic cleansing. 

b) Drying 
In order to prevent loss by evaporation of specific elements (Hg, Br, 

As, Se, S), freeze-drying which is regarded most suited for drying of bio
logical sanples was applied. 

c) Grinding 
I t i s generally considered better to avoid grinding. Here, however, 

the quantity of sanple to be used was snai l and the sample was ground to l e s s 
than 80 mesh in an agate mortar and mixed thoroughly to minimize sampling 
errors . For prevention of external contamination, the s ieve used was made 
of a wooden frame and nylon screen and a pair of tweezers made of Chemifuron 
was used. 

d) Weight of Irradiat ion Sample 
The weight of irradiat ion sample varies with the irradiat ion condit ions. 

Under the present condit ions, the optimal weight was found to be about 350 mg 
for 1-minute irradiation in the case of leaves; t h i s weight can be reduced 
somewhat for 5-minute irradiat ion as the t o t a l induced radioact iv i ty becomes 
about four times that of 1-minute irradiat ion. The optimal weights of the 
stem and root samples were 300 mg and 100 mg respect ively for 5-minute i rra
d ia t ion . With the s o i l sample, the radioact iv i ty of 2 8 A 1 becomes strong in 
short-time irradiation when the weight i s 350 mg and a distance o f one meter 
had to be allowed for counting of radioactivity af ter a decay of 3 minutes. 
Therefore, i t i s bet ter to take 50 mg or l e s s of the sample i n t h i s instance. 
For long-time irr J iat ion , a weight of 350 mg or so was adequate for measure
ments af ter a decay of 1 week or 1 month. I t i s thus necessary t o vary the 
weight of sample depending upon the length of irradiat ion time. 

Irradiation Time 
As for short-time irradiat ion for measurements of short h a l f - l i f e 

nucl ides , a study was made on 1-minute and 5-minute i rradiat ions . 
The gamma-ray spectra presented i n Fig. 5 do not show differences in 

kind of elements detected between 1-minute irradiation and 5-minute irradia
t ion; however, a comparison of photopeak areas of short h a l f - l i f e nuclides in 
Table 3 indicates that **9Ca, 2 7Mg or 56Mn y ie lds a larger area af ter 5-minute 
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irradiation whereas 2 8 A 1 or 6 6Cu yields a larger area -fter 1-minute irradia
tion. This is likely due to the Coapton peak of Mn which is present in large 
quantities in the sample becoming larger in 5-ainute irradiation and reducing 
the peak area of the latter. It is further conceivable that short half-life 
trace nuclides of low energy may sometimes not be detected. 

Since the total induced radioactivity after 5-minute irradiation becomes 
larger than that after 1-minute irradiation, the short-time irradiation 
should optimally be carried out for 1 minute also from the standpoint of re
ducing the exposure dose of the experiments at work. 

Cooling Time 
For measurements of short half-life nuclides by short-time irradiation, 

it is recommended to make measurement immediately after completion of irra
diation and, whenever the total induced radioactivity is large, to make measure
ment immediately at a greater distance instead of waiting for some decay to 
occur. However, in the present experiment, a period of about 3 minutes was 
required between completion of irradiation and start of measurement for trans
port of the sample and exchange of the outer bag. 

It was expeted that, in measurements after a decay of 30 minutes, the 
decay of 2 8Al (T * 2.3 min) allows detection of peaks of other nuclides which 
have otherwise been masked by 2 8Al and, in addition, produces smaller errors. 
However, short half-life trace nuclides such as 5 1Ti (T * 5.8 min), 5 2 V (T = 
3.7 min) and 6 6Cu (T » 5.1 min) were found to have decayed too far to be 
detected. Therefore, in order to study the cooling time of short half-life 
nuclides whose half-life is less than 10 minutes, the decay of the induced 
radioactivity for short half-life nuclides relative to that of 2 8A1 after 
1-minute irradiation is shown in Fig. 6 with the average elemental composition 
of plants 1 9 as standard. 

It is apparent from Fig. 6 that 2 8Al decayed sufficiently in 30 minutes 
but other nuclides except **9Ca and 2 7Mg decayed likewise and this did not per
mit measurements. In 10 minutes or so, however, 2 8 A 1 decays to about 1/10 of 
the level after 3 minutes and loses some of its influence on other nuclides 
and this is expected to enable measurements of those nuclides which could not 
be measured after 3 minutes. The above-mentioned results indicate that 
measurements after 10 minutes instead of 30 minutes are suitable as preliminary 
measurements after 3 minuter. 
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In measurements of long h a l f - l i f e nuc l ides , the cooling t ines of 3 days 
and 1 week were studied for those nuclides whose h a l f - l i f e i s 2 days or l e s s . 

The gamma-ray spectra shown in Fig. 7 indicate that the background by 
the Compton peaks of 2l*Na and "*2K i s large a f ter 3 days due to the presence 
of large quant i t ies of Na and K in the sample of the S/tt rat io of 8 2 B r (T * 
35.5 hr) or 1 < > 0 La (T - 40.2 hr) to be measured here becomes small result ing 
in larger experimental errors. After 1 week, both 2**Na (T * 15.0 hr) and 
l*2K (T = 12.5 hr) decayed to such an extent that t h e i r e f f e c t s became i n 

s ign i f i cant and the experimental errors became smaller. Furthermore, i t 
becomes poss ib le to determine those nuclides which have not been detected 
after 3 minutes. Thus, measurements after a decay o f 1 week were found more 
e f f ec t ive in t h i s instance. 

With respect to nuclides whose h a l f - l i f e i s 2 days or more, the gamma-
ray spectra shown in Fig. 8 indicate that nuclides such as 8 2 B r , l l*°La and 
* 5 3 Sm s t i l l remain after 2 weeks. 

These nuclides emit a large quantity of gamma-ray thereby interfering 
with other nuclides and causing larger errors in measurement. In 1 month, 
however, 9 2 B r , l l f 0 L a and 1 5 3 S m decay and the ir interference disappears. 
Hence, i t i s be t ter t o make measurements af ter 1 month in t h i s case . 

A method for non-destructive, simultaneous determination of a large 
number of elements present in plants by act ivat ion analysis was established 
by careful examination of the above-mentioned experimental condit ions . 

Results of Determination 
The contents of elements detected i n l eaves , root and s o i l are shown in 

Fig. 9 in terms of the r o o t / s o i l rat io and the leaves /root r a t i o s . 

Any of the leaves /root rat ios i s greater than the r o o t / s o i l rat io for 
Ca, Mn, K, Ba, Mg, Rb and Zn; that i s , these elements migrate from root t o 
various parts of leaves and accumulate there more than they are absorbed from 
the s o i l by root . On the other hand, any of the l e a v e s / s o i l rat ios i s smaller 
than the r o o t / s o i l rat io for Sb, Co, Ce, Eu, Se, Au, Al and Fe, which ind i 
cates that these elements are absorbed by the root and accumulate there more 
than they migrate to various parts of leaves . 

Comparison of the elements detected with the afore-mentionod average e l e 
mental composition of p l a n t s 1 9 reveals the absence of any s ign i f i cant difference 
between the two; in part icular, a higher content of Hg in Cannabis may be 
accounted for by agricultural chemicals. 
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In the present study, the experiments were carried out for the purpose 
of establishing the experimental conditions whereby the number of samples 
used was small and no accurate information was obtained on the time of 
sampling, difference in sex and the like. Hence, no further consideration 
of the experimental results can be expected. Finally, of the bioelements 
in plants, the following were not detected this time: H, O, B, C, N, P, S 
and Mo. H and C cannot be detected by thermal neutron activation analysis. 
On the other hand, B, N and 0 present technical difficulties in measurement 
since the half lives of the nuclides produced are extremely short as follows: 
1 1B(n,y) 1 2B (T - 0.02 sec), 1 5N(n,Y) l sN (T - 7.14 sec) and 1 80(n,Y) 1 90 (T -
29.1 sec). 

S is small in both abundance and activation cross section and, although 
the induced radioactivity is extremely small, S undergoes the following nu
clear reactions: 3 6S(n,y) 3 7S (T - 5.0 min) and 3 l ,S(n,Y) 3 5S (T - 87.9 days). 
Of these, the gamma-ray energy of 3 7 S or 3.102 MeV coincides with that of 
"*9Ca (T - 8.8 min) or 3.084 MeV; moreover, 3 7 S has a short half-life and, 
even if separated chemically, it is measured with difficulty and hence un
detectable. On the contrary, 3 5 S does not emit Y-ray but has a long half-
life and it can be determined by chemical separation followed by measurement 
of B-ray. 

Likewise, P can be determined by measuring B-ray from 3 2 P produced by 
the reaction 3 1P(n,y) 3 2P (T • 14 days), but this requires chemical separation. 

On the other hand, Mo undergoes the following reactions and each emits 
a lot of Y-ray: 9 2Mo(n,Y) 9 3 mMo (T » 6.95 hr), 9 8Mo(n,Y) 9 9Mo (T = 69.7 hr) and 
l 0 0Mo(n,Y) 1 0 1Mo (T - 14.6 min). Now, it should be possible to determine 9 3 m M o 
and 1 0 1 M o by 1-minute irradiation followed by counting after a decay of 3 
minutes or 30 minutes but such determinations are impossible in actuality on 
account of a large interference by the Compton peaks of 2 8 A l and 5 6Mn. More
over, it should be possible to detect 9 9Mo by 1-hour irradiation followed by 
counting after a decay of 1 week but such was not possible this time due to 
interference by y-xay from 3 2Br and 1 < f 0La. However, the determination would 
be possible if 9 9 M o *.-± a long half-life were chemically separated after 
1-hour irradiation and its y-ray of 740 keV measured. 

In consequence, S, P and Mo which are important bioelements of plants 
and which could not be detected this time can be determined by activation 
analysis with simultaneous use of chemical separation and a method for analysis 
of these elements will be studied in the future. 
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Hg 0.093 0.14 0.30 0.055 ... 
t — — — — 5.3 
l a 0.11 0.14 2 .4 0 20 0.24 •> 
Ir 0.000032 0.00012 0.000066 0.00027 ... -._ 
K 20000 17000 19000 27000 woo 14000 
U 0.61 1.5 1.7 0.12 3 .9 14 
La — — — — — 0.47 
Mg 5000 4100 10000 2200 6:.oo 23000 
Ma 110 120 150 54 100 140 
Ha 46 M 88 210 940 6500 
TV — — ~* k 430 — — 
Rb 4.4 5 .6 3 .7 5.5 8 .3 45 
Ra — — •> 1.3 -- — 
Sb 0 035 0.055 o.io 0.61 1.4 0.50 
Sc 0.012 0.017 0.18 0.016 1.4 8 .3 
Sm 0.54 0.16 0.18 -- 6.1 
T» -- — — — .... 0.28 
Tb 0.0067 0.013 •> • i a) 0.91 
Th — — — — — 5.0 
Ti — — — _ 580 4500 
V ... — — -- K.7 61 
Vb — — — — ... 0.41 

r» 38 40 33 41 84 4700 

•> •>)? oualiuiiv* 

IAIII r III. Cunijuiiji.n ol I'lmtoprak Au.i ol Short lUK-liveJ Nurliilin in Middle Leave 
ol Cinn.ilni by Ifr.uliuUel lor I Miiiiitr add 5 Minute* 

Unit in couiits/inmutr/i.'iam 

Nuilnlc 

»M 
•Hii 
»C,i 
"Mi! 
"Mil 

y-kay *»< f«y 
Irradiation tune 

IMrVj 1 minulR i intnutf* 

1.779 8/10 17 fO 
1.0J9 190 172 
3.084 2370 •&12» 
1,014 1400 1740 
0 .84/ 3510 5540 
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The Study of the Trace Element in Organisms by Neutron Activation Analysis. I. 
Multielement Instrumental Neutron Activation Analysis of Cannabis 

MASAHI SHINOGI, YASHKO Mi'RAi, ITSPHIKO MORI*"' and TAKAVIM TAKEL-CKI*^ 

Kntf Women's College of Phaimacy"-^ and Resenrrh Reactor Institute, Kyoto Vnirersity**) 

(Received April 17, 1074) 

Examinations were made on optimal experimental condition* for instrumental deter
mination of various elements in cannabis by neutron activation analysis, without any 
radiochemical separation, and thi-following conditions were found to be useful. Irradia
tion samples to be used arc about ,1(1(1 mp; of the leaves or stem bark, and alnwt 100 mg 
of the root. For soil sample, about .10 n j ; is u-cd for the determination of short half-life 
nuclides and about 300 in;? for Ion;; half-life nuclides. For short half life nuclides, the 
samples ore irradiated for 1 min, activity is measured for 200 sec after a decay of 3 min, 
and for 400 sec after a decay of 10 min. For Ions half life nm lides. the sample-* are irradi
ated for 60 min and the activities are measured f»r I K sec after 1 week and for 10 K sec 
after 1 month. Use of sKpersnriir waves is al-<> convenient for rlransiii£ of the saniplr-.. 
Thirty fn ki.al.. of inten- tin;; i -lerni-m- were determined by this method from cannabis 
cintivatcd in Mai/urn area. 

?l-:«ria«SA'Jt^ra^i---oi.-r, no»,-n >.x~•"•:-"«" r- i%5 ^. ;t-c-o^<^fs*4ris^Lrv-s. -J,. 
1070 Wi. i . f - . , te*ft?!:>\.nit^^!Q.KimhL-:±tt!..Ktt-t (bioinorpanic chemistry) £ i.rfiiZft?f 

&-rz-r*-ce>tiK - ww-'Uf -r-<-coyc^f>-{in:-(-6i:i-5 xoddack o "m-VTar" *mtzt-#%-
4 f c , Wntf-K Morrison t," it, Gilft'Mfc-fMl'" Fe, C.i, Zn, Mr,, B , Xa, Co, Mo fs£ tf V f-RIBXfr 

>). U f t t t t r - f * Fe, I, C.i, Zn, Mn, Co, Mo Jb-J:r>" He (OliA-lr. V, II, Ua isXVSr £ .£•&?£> Z I: *P/N"C 

v>Srt'>, Lt>>L2'<<nxZil-l&Tm kir.fffctZtlrJ'rMW&'j-A.lk i,ttV.Xl*'z>. 
zvXltcZVr.nx-.T&ntrrl-ZW*, MHtM'i''>'>hH,2i\.t-:-JjUiXkt>, «tt-o-l-GT-*5. tf'r, * K 

*n>ft-TrH9JiS. /tBJfi'6»lS.i-Jt 9 '•>ftf^-k->'A^hxh^7i\^\'-^^X Cii, Mn, fir, Na, K 4 r £ K L - C u J i 

I t * Mn <r>j> v x t ^ i o complex i ro i . -c tWJLf i - n, Soidioti,') « , 4Yi-f̂ feU(-TTtiS--*xfWI<"-:-̂ *f»Bjc 

)) n^.»^&^«i'rT!«2:ir"!tsJ>-c«ft, *«!!, io7.i *p it /). 
2) l ocat ion: a) Mntovitiaa-hilamaehi, Nif.ukinadti-kii, Kohc; h) Kmnalcri-cho, 5<-uuan-gim, Osaka. 
3) H.J.M. Uowen, "Trace Fl.mcnts in fiiochcmi-.fry," Academic t'rr-ss, London and New V.irk, I9M. 

4) wifiimr,u, •mmi,m,?><'\\\ s ura-.itv," wMkt-mnk. **.- 1073. 
5) W.f. Noddaek, /!•;#•-<•. <7,r»i., 47, fi.17 (l!M4); idnn, ibid., 49, H.l.'i (IIMfi). 
ft) O.H. Morrison, N'.M. Toiler, Abstracts of Papers, IL'I'AC, International Congress on Analytical Chem

istry, Kyoto, April, 1072, p. 441. 
7) T. Tnkeo, M. Shibuy.i, XaJiots'lopes, JO, 2.*> (l!>71). 
fl) A C Souliotis, Analyst, 91, •I™ (IM69). 
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fc*. —35. Pappa. fc»> l i 1963 4Ftc4 *fiS<D7--.ycoi>-c. Au £#±SH£,i[?*r5>irfL. w*ib<Oft*a 
« « « « f t : f f i » a ' ¥ . t t « 9 « I f t : « a o * 5 C i 5 r a g L . Perkons") fcitr Rayndu ?,"> t i , 20 T ftii» P ,&« 

Mo-Hsrang Yang f>»> & 3 ? H » a f f l O * ' s =•*&*»?> 13 S S s ^ B L , *<0#Jafyfift©«K£««?>FtiteJt5E 

M (*»*»•*-f *A-) wic*,***sia«re. L*. <,SS¥«JK*,Esr*5a8ratfi«i4>oait7caia*a^M 

fc*l. f - * t t « * * J : f f S t t . Sfttttt^ifJIII* (OKITAC 509OH S!) t a i l L , iitri"boAJ£«1' i" i 9 » 
fitfc. 

tmtlXVUVUnomi « « « , 1 9 7 2 * 9 fltef8JRLA:f!»E*«::'J:ft 130cm t 140cm 0 2 * * . 
J U b 3 o R 3 f a » i > - K f f l t L , a o o f c o J - . S * * * * ! ? . T;T.fcTS5S1S £ L, 5 *>;;_£©** Jt tf£<7> 5 Ett 

o 

1000 
Channel /lomfirr 

Fig. 1. Typical Gamma-ray Spectra of Vpper Leaves of Cannabis irradiatal 
for 1 Minute and counted for 3 Minutes after a Pcray of 3 Minutes 

(SESC;'ingle nc«pe peak DESC; Ambit neap* peak) 

9) A. Fourey, M. Ncnburgcr, Pull. Soc. Chim. France, 11, 4681 (17)68). 
10) W.A. HaUer, L.A. Raneitclli, T.A. Cooper, / . Agr. Food Chim., 16, 103(1 (1968). 
11) A.C. Pappai, J.Aktcd, G. Lundc, Raiiochtmica Acta, 1, 109 (1903). 
12) A.K. Perkons, R.E. Jcrvis, Pioc. 1st National Symposium on Law Enforcement Science and Tech

nology. Chicago, March, 1967, p. 257. 
13) G.V.S. Hay win, B. Tiefenbacb, R. K. Jer«is, Tran.<t, 14th Annual Meeting of the ANR/CNA, Toronto, 

June, 11M8, p. »!. 
14) M.-H. Yang, S.-F. Lai, S.-J. Ych, Radioisotope!, M, 118 (1«73). 
1^ T. Takeuchi, T. Hayashi, Annu. Rep. Res, Rcart.ir Ins. Kyoto Vtiiv., 3, 9 (1970). 
16) T. Takenchl, T. Haya<hi, Y. Kusaka, Annu. Rep. R, s. Reacts Int. Kyoto Univ., 4, 63 (1971). 
17) T. Takcnchi, T. Hayashi, Annu. Rep. Res. Reactor Ins. Kyoto Univ., 5, 49 (1972). 
18) T. Takeuchi, M. ShiiK.gi, Annu. Rep. Rrs. Reactor Ins. Kyoto Univ., 6,08 (1973), 

* 
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Kii'A-CfO *-j*^ttTu-fWL. i<S2f tLfc . «(iMfJH-ttf». fcflktt. «B*-<flA^. ± » i * f t » . * 

ttBa-.tKII-S-Cti'Cl'W-r-, *?>fc*-C£K«4r«5lEi3ffi»aK;JL»> 45* T 4 5 UWUftLfc . ( O f t 
ffL. Jt<tti»Lfc 4 x 3 e m o . - K ! l * * - i / y S c B f i ! l „ S hK 6 x 4 c m n» 9 * *• u y « T ? 2 » C » A L 
fc. JBttXftK*) 350ing ( « l t 100mg) t L$ 2 M-fitfULX 1 fcisJtrjf 5 #Rl#»»>»X»fc L*:. 

«/»*/^-F&o«!4itt*»& u , a»«ta« (r«w«:» H«rt) CK AU, imfctsa (**»*: 1 
Btt>.) Kit Co t m i . t . itl?hmU<r>m*ft. AI-0.1% (W/W) AU £ £ , fcjtr/ Al-2.0% (W/W) CO £ * 
7 # - f * (JfS 0.1 mm, Belgium Burean Central de Mcsures Nucleases ftB) fc-flE I n <T> PI IB C tt !> *» 
tesmtfc. AU #>RB«rj 2»fis, Co oa*i*rj 48oMr; -c*,*:. 
No. 1 ( » 4 > t t ? « 1.9x10" neutron/em'/sec) K « s i . t , 1 fl-, S » , * J6 V 1 IMWUft * ft fc , fc. ft*. 

165" 1000 
Channel number 

1S00 2000 

Fig. 2. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irradiated 
for 1 Minute and counted for 400 Seconds after a Decay of 30 Minute* 

(SFsC; tingle escape peak DESC; double ncape peak) 

T0f5 200 300 400 500 600 ' ?00 800 900 ' i000 
Channel number 

Fig. 3. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irradiated 
lor 60 Minutes and counted for 4K Second; af'cr a Decay of 7.7 Days 

(PrSC; d.jutlr recipe prak) 
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10* 

10' 

t_> 

fL 5SS 
' : w-i ' : w-i -* • r-x^r i ~» . — i ' 

\$fr'-V \ ' J ^ 7 ™ ' • » ' — • 

V-.H— " *1- s X v — • — %,-> A • i • ' h. O ' 

\L'7 - > . ' • : a 
10* 

10* 

1000 1500 2000 
Channel number 

Fig. 4. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irraniatcd 
for 60 Minutes and counted (nr 20K Seconds after a Decay of 32.8 Days 

•»f>ifrftfc-fKfi»r»s»>»l5E*fr4.,fc. fi»*«ttMffiofc»i- l£*tJtut5*m»fl.fcKftuiEtlfH 
7 « . 3ft»iC20O8>, S&K: 30 £{$;:: 40Ofl>»5SLfc. fiif?<b»SffiSIffiOfc»?)Cl»J|13!?J8ttfcKfilt, S 
B.«K: IK?>, i araaiK *KV>, 2 SIBI«K BK », f t , c i»n&;£»* 20K ti>iiri52 tfc. «m L t E I S » 
•1,24.7 ml O H U S Ge(Li) fcffiB (ORTEC ttM)*JifiS Ltr. 40% *- - v * /t-Kflfrffi» (Nuclear Data ?h»), 
* l t f 1 »fl«0»SlC»X42.7 ml ©R)8ffi Ge(Li) ftffi» (ORTEC fcW) * J5«S Lfc 4006 * + v * /u KB 
# « » (Northern Sci^ifielltJ) t a f l l t , l l B a W R i t t , f?? l e m o r ? V /HKiJBl.fc. 

It fcjlfc > - • * - * * "•OftSSIftritF.i*. Fig. 1—4 l£S5-f. 

» ft 

I H » W M i » « W M © K « i ' ? . . ttW*#lfc«a©IS** Table I fcTJS-f. 
H-5EJR-C, 2*t l tO**/H'-<oRflc5y«%ttHJt5*o, *UOf»fc5»5E»»l=. 2 EIU_tttlii#iifc 

tmofi«C»t, * h « i £ a a £ © « % * 3 w y « ~ * * * - * S / n L f c . «±olSK, *lfl[ W. SS, fl> 
Jt DftWSJlfc 35 X***fr£&WJc3R 41 * * £ * « 5 a f i f f i f c Tabic II fcSrf • 

Measurement 

TAILS I. Nuclear Data for Elements Determined in Cannabis 

Irradiation 
time 

Decay time Count Radioisotope ,t „ ,., 
interval mevnttT M a , , - 1 , f e 

Best y-ray 
energy turd. 

(McV) 

1.0 min 
and 

S.Omin 

3.0min 3.0 min "Al 
"»Ba 
»Ca 
"CI 
••Cu 
Hspy 
"•"•In 
"M S 

"Mn 
"Ti 
»»V 

2.31m 
82.9m 
8.80m 

37.3m 
5. ir,m 

139m 
51.2m 
9.45m 
2.58h 
S.80m 
3.76m 

1.779, 
0.166 
3.nai 
1.M3, 
1.039 
0.0D5 
1.293, 
1.014 
0.817, 
0.320 
1.431 

2.168 

2.111 

1.8U 

r 
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1.0 min 
and 

5.0 min 

30 min 400 sec 

3. 60 min I week 4 Kstc 

4. 60 min I month 20 K sec 

Vol. 94 (1974) 

»»n* 82 9m 0.166 
»a 37.3m 1.6*5, 2.16« 
IMJ 25.0m 0.443 
m . i D 54.2m 1.293, 2.111 
»K 12.5 h 1.525 
"Mg • 9.45m 1.014 
"Jin 2.58h 0.847, 1.811 
*N» 15. Oh 1.369 
•"A» 2 . . 0 4 0.412 
"Br 35.5 h 0.777, 1.317 
»"">Cd 43. Od 0.485 
>"C« 33. Od 0.145 
»"Ir 74.2d 0.317, 0.468 
• M L* 40.2 h 0.487. 1.596 
"Na 15. Oh 1.369 
•Sc 83. ?d 0.889, 1.121 
»"Sm 47. Oh 0.103 
»Rb 18.7d 1.079 
llom^jr 253d 0.638 
•»Ba 12. Od 0.496 
»«Ce 33. Od 0.145 
"Co 5.26y 1.173, 1.333 
"Cr 27.8d 0.320 
««Cs 2.05y 0.796 
»»Eo 12.7 y 0.344, 1.408 
"Fe 45. Od 1.099, 1.292 
»«Gd 242 d 0.097 
'••HI 42.5 d 0.482 
•"Hg 46.9 d 0.279 
•"Ir 74.2d 0.317, 0.468 
»'Lo 6.74d 0.209 
"Rh 18.7 d 1.079 
«"Sb 60.4 d 0.603, 1.691 
Se 83.9 d 0.889, 1.121 
Mr|> a USd 1.139 
"»Tb 72.14 0.o'.9 
r » T b 27. Od 0.312 
"»Yb 32. Od o.ios 
•»ZIT 245 d 1.115 

TABU II. Elemental Concentration in Cannabis Bred in Maizitru (ppm) 

Upper 

Leaves 

Middle Lower 
Stem bark Root Soil 

Ag 
Al 
Au 
Ba 
Br 
Ca 
Cd 
Ce 
CI 
Co 

130 
0.0020 
46 
2.0 
21000 

0.87 
1500 
0.11 

140 
0.0023 
70 
2.9 
21000 

1.9 
1800 
0.11 

0.12 
170 
0.0051 
92 
2.7 
51000 
S10 
1.1 
1800 
0.099 

68 
0.0014 
90 
1.1 
9700 
2.2 
0.13 
2800 
0.32 

5300 41000 
0.10 0.69 
100 1C0 
2.8 3.2 
5700 7*00 

7.5 23 
230 __ 
1.9 6.1 
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Cr — — — — — 80 
Ci •) 0.011 0.013 — 0.26 3.0 
Co 6.0 13 300 — — — 
i>r — — — — 0.39 — 
Eo 0.0082 0.016 0.015 — 0.12 0.49 
Fe 130 220 210 53 2900 26000 
Gd — — — — 19 140 
HI — — — — — 3.4 
H« 0.093 0.14 0.30 0.055 — — 
1 — — — — 5.3 — 
To 0.11 0.14 2.4 0.20 0.24 •) 
Ir 0.000032 0.00012 0.000066 0.00027 — — 
K 20000 17000 19000 25000 9600 14000 
La 0.61 1.5 1.7 0.12 3.9 14 
La — — — — — 0.47 
Mg 5000 4100 10000 2200 6r>oo 2301)0 
Mn 110 120 150 54 100 140 
N» 46 68 88 210 940 6500 
Tr — — — » 430 — — 
Rb 4.4 5.6 3.7 5.5 8.3 45 
Ro — — •) 1.3 — — 
Sb 0.035 0.055 0.10 0.61 1.4 0.50 
Sc 0.012 0.017 0.18 0.016 1.4 8.3 
Sm 0.54 0.16 0.18 — — 6.1 
T» — — — — — 0.28 
Tb 0.0067 0.013 •> «) ») 0.91 
Th — — — — — 5.0 
Ti — — — — 580 4500 
V — — — — 8.7 61 
Yb — — — — — 0.41 
Zn 38 40 33 41 84 4700 

a ) o»ly qualitative 

« IR 

KflftUOfttt 

*9*»fc+BttT-«attftft8:fc#!*Lfc. KfU**W3iCJt 9 ZjBfifjjyftL, S P>G2 tllllj'"Co *«*,*, 
IMS***: HA-f yyvan*4:«ff lU tf-*-ef»ft|* 100ml £&W&AJi, .io VMKX& 60 ft-Motf 
-*l*ft»*ffftv-, £««»»«* 5«»if««j(L-C^Pf! Nai(Ti) vvf-f-y . v$ffl0-c*<>*tM?*il« 
Lfc. 
' UJbo*S*»«<?>. so^lBjwftO-cniS^owCoo^HKti^^-^A^n-f, «o»Un-c»t 3-4% o#IKa:* 

• ij#i*:. U » M t ; o | d , A**^vyxaioP4c«%*lrIi<oi!^^4 :,T^»^l*i^i'«:l.ioi:-fillf, 30f4-

•©«#*«**». Rii(3*K J: !>*#«&•* 4 ' h tam r> ? * run k A, k'M-h '., z t. Mm Lfc. 
*. « » C 3 V r »S5£5J!(Mg,Br,AsSe,5) «»«Iffi«*«rHf<-fc*i'fc«:««OftiSC«a4,llV.i 3#l 
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«2£*".«^< ,-*fcA, i<KOtSH«x->y^»?l»4rfflv., 80 > y *»UTK4&*Lfc. ft*. ASIMb 

'. Btf*t«©M*UO^T R«K«032at^<--Cti#SW*fi=»cx 0»ft«*'-. <H»«WWM>ifc-C 
X H S f t O A l -i&Jtt*rt%2* L f c . * « 8 « i 1 # & « © « & . *J 350 mg - c a S l ? * , fed's S JHUttM*£&ft : 

!Mifc/r.l#IMU»>fi4fc*t<fc5©-c. RWfflfiit^^MU-c4A<. S. fiKft-Ctt. *•% soon* 
100 mg tfHS-C*,fc. ± K « « 350 mg -mfiB*iajJHM©»# "Al oauMrJrttttfSl < ft * ©"C. 3 4>Sfc 

©W£cM»Tfflj£IEJB* lmnSftttH»£fce>fra«ofc. Lfc*: , t :o»f t 50mgUftcL*:JFja'>fUs&. 
* . £B$BW|}<0»<h 1 SBJ&iiitM *-/J&<0»J£-Cli 350ms eftOfi«>BSXibofefe«>, MN>HR*> 

MMMOIMt 

<5 s^ !ii 

• I J 

>'^- J 4.1 II f i' 

_ , t , • i | , * ; ; J I ' ! i f 

1W ZOO 300 400 50v 600 70J til) My 1061) 1100 UlHi I3M MM ISO* 1609 1700 IM» I N * W » 

Channel number 
Fig. 5. Gamma-ray Spectra of Middle Leaves of Cannabis irradiated for 1 Minute-

and i Minutes, and counted for 3 Minute* after a Decay o l 3 Minutes 
ISESC; «Mr csrapr peak l'FSt, double ctupr peak) 

Irradiation limf 
A:tmia 
>: 1 min 

TABLE 111. Comparison of Ftiotopeak Area of Short Half-lived Nuclides in Middle Leaves' 
of Cannabis by Irradiated (or 1 Minutr and 5 Minutes 

Vnit in counts/rainnte/gram 

Nuclide y-Ray energy irradiation t ime 
(MrV) 1 minute & minutes 

1.779 8710 7770 
1.039 190 172 
3.084 2370 3220 
1.011 1460 1740 
0.847 35M> SS40 

«A1 
"CM 
"Ca 
«*Mg 
-Ma 



No. 12 1557 

Fig.5 © A - * * YKfrh. fcliiSHfcJcJRKOlv 

fi?i*fc!l<0 f - ?E5IOifc|(tTU. Tabic HI »:i7R 
-f Jt ? C -Ca, "Mg, MMn ( i 5 # MM. **AI, " C . 
It 1 yJKW^^jl'onaii** < ft*. 

**:. ^ 4 « w i e t i 5 »JH8Ku i »m»x o 

S»SK!B£}:iJt 5$a£«>&a©iS3£tt. SMttlTtt 
fcfifeKSUSfcfrfx50**fl<, ±*j«tl»lffii'>iSv. 
i # i t i « K i f } o j t 9. W«feB4:«Ltft/x5^'> 

30 #£©insEii » u ( r = 2 . 3 # ) a-.fcaL. cio 

Ogi>l< "Ti(T~5.8 #) , "V(T=3.7 #) , «Cu 
(T-5.1 ft) ox 5 ;*&a£«i i* -CK«HLt#»> 

yta«"> is«Pi L-C. i #sa#!5»c*tf sfctfffctse© »AI Kfl*a&r£it#*E*.tuc*©M«©Rfli* 
Jig. 6 KJpLfc. 

'coHJ: 9, "Aiii3o»ftirit+»*«Lti-»ia -. »ca,»'Mg M<o&$H>8inLXti>}m%x-Stt\.*. V 
*>L lOfl-eK-Cu: »AI U 3 #{*©*) i/io icMat. tea**M^ot;SH'J>fc<ix-,-r;i.>s©-e. 3 » « K W 
S-e#/xi>^fcte<DKao»«*'-««|x*5. a.fc©ts*, 30» ĵt»> i io»Kcw«t535r*'»3»*o:j« 

«!***S«©i)S5£Kfci.-C. -T*«Stf2B«rt©fc$©##i%l!8tcoi*i:, 3B£ I jgHofcWfcfrfc.,*:. 
Fig. 7 © ? « * - < * hA*t*b. 3 0«X-«K«+<!>Na Jf ,K©.ftd;|H,fc*, MNa t*XX*aK f>* v7 Y V 

X-PK.X&'ZvfJ'99*Vtm<, Z CX-mfc-t^S MI3r (r-35,5 BJRH), >«U (7-40.2 *H) © 5/tf 
it*''J»5<4 9»2K»£*' .*#</x5. liBliiia-CU "Ka(r~1S.0l$|BD * «K(f=12.5 l$|BJ) KftCjIg 
L-c*>-9. cn?>oe«Kj:5i;fi*ft<, «tl£»2t'J>3 <*:*. 3&t£3 Btret&lij-cfrfca'ofctSSise 
flwctfe*. LM-vXctwiM, i mn<om^.oM'^^xh->tc. 

*«W»>2 DW±<0K«C'3V»t»S, Fig.8 icrr.-fyH*-* * • *«»&, 2»8Kt-e%, tti MBr,'*L^ 
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Fig. 7. Gamnm-ray Spectra of Middle Leaves of Cannabis irradiated lor 60> 
Minitcs and counted after a Decay of 3. Days and 7 Days 
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Fig. 8. Gamma-ray Spectra of Middle Leaves of Cannabis irradiated for 60 

Minutes and counted for 10K Seconds after a Decay of 2 Weeks 
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