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THE STUDY OF THE TRACE ELEMENT IN ORGINISMS BY
NEUTRON ACTIVATION ANALYSIS. I. MULTIELEMENY INSTRUMENTAL
NEUTRON ACTIVATION ANALYSIS OF CANNABIS

Bowen cited in his ">ook3 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 biocelements (biocelements
in plants) have been detected from plants and reported to date". This reminds
one of the Noddack's "Guesetz der Allgjegenwart der Elemente”> which states
that all the elements are present in all the rocks and minerals found on
earth. In 1972, Morrison et al.® 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.” 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 Souliotis® determined them in
8 plants including olive and maize.

Fourcy et al.d 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) detectorl?, Pappas et a1 1l 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,12 and Rayudu et al,13
analyzed 30 kinds of cpium sampled in 20 countries, determined 13 elements

and estimated the place of origin from the relative amounts of these elements.




Recently, Mo-Hsiung Yang et al.!" 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. We 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 lor 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!5-18,

Processing of data and qualitative and quantitative analyses were handled
by an elec’ vonic computer (OKITAC Model 5090H) and the results were analyzed
by the method developed by Takeuchi et al.1s,

Preparation of Samples and Standard Samples

Two whole Cannabis plants, 130 cm and 140 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
and 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 Arying 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




6 x 4 cm. The irradiation samples weighed about 350 mg each (the root sample
weighed 100 mg) and were prepared in duplicate for l-minute and S-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 ug 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!3 neutrons/cm?/sec) at the Nuclear Reactor
Laboratory of Kyoto University. The l-minute and 5-minute irradiation samples
vere 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 had been
irradiated for 1 hour for measurement of long half-life nuclides were counted
for 1K 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 B-ray ab-
sorber.

Typical gamma-ray spectra obtained are shown in Figs. 1-4.




Results

The nuclides detected from the relationship between irradiation time
and cooling time 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 60Co 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 NaI(Tl) scintilla-
tion counter.

It was found that no 5%Co was eluted at all from the leaves in 30 second
cleansing while 3-4% of 60co 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.




When the surface of Cannabis leaves was coated with talc which had ad-
sorbed €0co, dried well and cleansed, the talc on the surface was found to
have been removed nearly completely 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 samples was applied.

c) Grinding

It is generally considered better to awoid grinding. Here, however,
the quantity of sample to be used was small and the sample was ground to less
than 80 mesh in an agate mortar and mixed thoroughly to miniwmize sampling
errors. For prevention of external contamination, the sieve used was made
of a wooden frame and nylon screen and a pair of tweezers made of Chemifuron
was used.

d) Weight of Irradiation Sample

The weight of irradiation sample varies with the irradiation conditions.
Under the present conditions, the optimal weight was found to be about 350 mg
for 1-minute irradiation in the case of leaves; this weight can be reduced
somewhat for 5-minute irradiation as the total induced radioactivity becomes
about four times that of l-minute irradiation. The optimal weights of the
stem and root samples were 300 mg and 100 mg respectively for S5-minute irra-
diation. With the soil sample, the radioactivity of 2851 becomes strong in
short-time irradiation when the weight is 350 mg and a distance of one meter
had to be allowed for counting of radioactivity after a decay of 3 minutes.
Therefore, it is better to take 50 mg or less of the sample in this instance.
For long-time irr 3liation, a weight of 350 mg or so was adequate for measure-
ments after a decay of 1 week or 1 month., It is thus necessary to vary the
weight of sample depending upon the length of irradiation time,

Irradiation Time

As for short-time irradiation for measurements of short half-life
nuclides, a study was made on l-minute and 5-minute irradiations.

The gamma-ray spectra presented in Fig. 5 do not show differences in
kind of elements detected between l-minute irradiation and 5-minute irradia-
tion; however, a comparison of photopeak areas of short half-life nuclides in
Table 3 indicates that “9ca, 27Mg or 56Mn yields a larger area after S5-minute
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irradiation whereas 29a1 or 66cu yields a larger area .fter l-minute irradia-
tion. This is likely due to the Compton peak of Mn which is present in large
quantities in the sample becoming larger in S5-minute irradiation and reducing
the peak area of the latter. It is further conceivable that short half-life
trace nuclides of low ensrgy may sometimes not be detected.

Since the total induced radiocactivity after S-minute irradiation becomes
larger than that after l-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 28a1 (T = 2.3 min) allows detection of peaks of other nuclides which
have otherwise been masked by 28al and, in addition, produces smaller errors.
However, short half-life trace nuclides such as 5}Ti (T = 5.8 min), 52v (T =
3.7 min) and 66cy (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 28a) after
l-minute irradiation is shown in Fig. 6 with the average elemental composition
of plant519 as standard.

It is apparent from Fig. 6 that 28a1 decayed sufficiently in 30 minutes
but other nuclides except ¥9ca and 27Hg decayed likewise and this did not per-
mit measurements. In 10 minutes or so, however, 28a1 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 minutes.
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In measurements of long half-life nuclides, the cooling times of 3 days
and 1 week were studied for those nuclides whose half-life is 2 days or less.

The gamma-ray spectra shown in Pig. 7 indicate that the background by
the Compton peaks of 2452 and 2k is large after 3 days due to the presence
of large quantities of Na and K in the sample of the S/N ratio of 82pr (T =
35.5 hr) or 1*0La (T = 40.2 hr) to be measured here becomes small resulting
in larger experimental errors. After 1 week, both 2“Na (T = 15.0 hr) and
%2x (T = 12.5 hr) decayed to such an extent that their effects became in-
significant and the experimental errors became smaller. Furthermore, it
becomes possible to determine those nuclides which have not been detected
after 3 minutes. Thus, measurements after a decay of 1 week were found more
effective in this instance,

With respect to nuclides whose half-life is 2 days or more, the gamma-
ray spectra shown in Fig. 8 indicate that nuclides such as 923:, 14012 ana
153sp still 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, 923:, 140, ang 153sm decay and their interference disappears.
Hence, it is better to make measurements after 1 month in this case.

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

Results of Determination

The contents of elements detected in leaves, root and soil are shown in
Fig. 9 in terms of the root/soil ratio and the leaves/root ratios,
Any of the leaves/root ratios is greater than the root/soil ratio for
Ca, Mn, K, Ba, Mg, Rb and Zn; that is, these elements migrate from root to
various parts of leaves and accumulate there more than they are absorbed from
the soil by root. On the other hand, any of the leaves/soil ratios is smaller
than the root/soil ratio for Sb, Co, Ce, Eu, Se, Au, Al and Fe, which indi-
cates that these elements are absorbed by the root and accumulate there more
. than they migrate to various parts of leaves.
Comparison of the clements dctected with the afore-mentioned average cle-
mental composition of plantsl9 reveals the absence of any significant difference
between the two; in particular, a higher content of Hg in Cannabis may be

accounted for by agricultural chemicals.




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
samplirg, 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 O present technical difficulties in measurement
since the half lives of the nuclides produced are extremely short as follows:
lp(n,y)12B (T = 0.02 sec), }5N(n,y) 16N (T = 7.14 sec) and 1%0(n,y)1% (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: 36S(n,y)375 (T = 5.0 min) and 3I'S(n,y)ass (T = 87.9 days).
Of these, the gamma-ray energy of 375 or 3.102 MeV coincides with that of
“9ca (T = 8.8 min) or 3.084 MeV; moreover, 375 has a short half-life and,
even if separated chemically, it is measured with difficulty and hence un-
detectable. On the contrary, 355 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 32p produced by
the reaction 31P(n,y)azp (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: 92Mo(n,y)?3™Mo (T = 6.95 hr), 2®Mo(n,y)*°Mo (T = €9.7 hr) and
100mo(n,y) 191Mo (T = 14.6 min). Now, it should be possible to determine ?3WMo
and 101Mo by l-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 28a1 and 5Mn. More-
over, it should be possible to detect 29Mo by l-hour irradiation followed by
counting after a decay of 1 week but such was not possible this time due to
interference by y-ray from 32py and 1*01a, However, the determination would
be possible if é9Mo w.*h a long half-life were chemically separated after
l-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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Tams 1. “Nuclear Data for Elements Determined in Cannabis
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Tasx II.  Elemental Concentratioy iu Cannabis Bral in Maizuru (ppm)
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lrmdu!nm tine
Nutlide Nn\s, sergy -,
(Mel l minnlr b minutes

#al 1.779 s/ 10 7770
By 1.049 19 172
LW 3.084 2370 3220
Lia ot 1014 1461 1740

M 0. 84/ 3540 5540
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The Study of the Trace Element in Organisms by Neutron Activation Analysis. I
Muitielement Instrumental Neutron Activation Analysis of €annabis

Masaks Suixact, Yasuko Mural, Itsvmiko Mori®™® and Taxavuekt Takeocur®™®
Kobe Women's Coll:ge of Pharmacy and Rescarch Reactor Institiete, Kyoto University™

{Received April 17, 1974)

Examinations were msle on optimal experimental comlitions for instrumental deter-
mination of variows eleinents in cannabis by ncutron activation amalysis, without any
radinchemical separation, and the-folloving conditions were found to be vsetnl,  Jrradia-
tion samples to be used arc abmut 300 mgz of the lraves or stem bark, and abovt 101 mg
of the root.  Tor soit sample, abont 50 my is waed for the dotermination of short half-life
nuclides and about 300 myz for long hatf-life nuclides,  For short half-life nuclides, the
samnples ace trrastiiated for 1 min, activity is measured for 200 sec after a decay of 3 min,
and for 400 scc after a decay of {0 min.  For long halt-dife nuclides. the samples are irradi-
aterl tor 60 min and the activities are measured for 3 Ksec atter 1 week and for 10K sce
after 1 month,  Use of supersonic waves is alwo canvenient for cleansing of the sampies.

Thirty fiv - kiuds of intevesting elements were deiermined by this method from cannabi<
cndivated in Maizum area,

AP EBMUE AL ST LT, Bowen (225
1050 GGG, MALEE e TR
AASHTL S

—fO kbR B OBRECES T 22PN E R, BT -APRhAsRB IR, 15 2Hh
T BILFIR, 16 vhnE (FISHCI I E T e NI BRI XD THh Y T oz 2, BT
ETBTNRCOLE - Piyhuriz, TARTCOREN AT 5005 Noddack o "™ 2 Mig3e 5.
29, 1992 fFz Morrison 5% (2, B4 Lscixlim Fe, Cu, Zn, Mn, B, Na, Co, Mo £:20° V f,'.gg-c‘,?_,
b, Wk Fe, 1,Ca, 7n, Mo, Co, Mo k21X Se oixadn VL, I Ba :b.lU( St LT H
VEA, LA LELDRKRLTIL Ln i D LA it b 2 68 L0 T T

B NI S VEa WS R TR A A t‘l!}-}ﬂ'.ﬂ'i}ib-ﬁvan,f;)ﬂ}:-“th') "lE—-O»T:&'T.‘;b 3. A,
DERERMADIEHR IR L, — SO oL CRAMME S hT w5, W26 1, (N
M TRANE, GOCHRES L D b arriibl P BN Tho RHZ26T Co, Mn, Pr, Na, K 27251, Cu k
XU Ma g w42 ko enmplex 20U CM LT 25 h, Sovlintis? 12, Ktk Ric Ml a4 s 8%
FCu,Znd, #9=, L5 l,7> LAY S Mo KMGEL LTV D

SN T A L COHL LTl ;} LTuwh, —H,
=R ASL LR (bioinorganic chemistey) & 2 R DTS

,“.'\'c

1) AARTLNS L'Vwﬁ 23 Mnn Sk, WM, 1973 4R 11 ],

2) Yocation: a) Moloyama-kitamachi, Higashinada-ku, Kobe; b Kumalori-cho, Srnnan-gun, Osaka.

3) H.].M. Bowen, "Trace Flements in Biochemistey,” Academic Press, London and New Yock, 1068,

&) FIMWFaR, “HHYSEAANELE RO I S YT A AR BRSNS, o, 1970

5) W.U, Naddack, Angeie, Chen., 47, 637 (19034); idem, ibid,, 49, 835 (1016).

6) G.H, Morrivon, NAL Potter, Abstracts of Papers, IUDPAC
fstry, Kyoto, April, 1072, p. 441,

T 1. Taken, bi. Shibuya, Radiofsofopes, 20, 25 (1971).

8) A.G. Souliotis, Analyst, 94, 359 (1069).

¢ International Congress on Analytical Chem-




o 12 1551

Fearcy 6% i, RIERHIZ X 20NHORREZOWRBICOLCOLMAL T LHTED, TL-HIMED Ge
@) RHUBLEALANBMUUEIRC LS M, K, Ca 72 15 RRLH200HELLTRL 2L b
B3, —7, Pappas 5V i3 1963 Fic 4 ¥RDT7 ~ iz DT, Au L BLTTLEIHL, ZheoOdHR
DEBMERI VRO NROD B L L RBEFL, Perkons'™ 227 Rayudu 5 2, 20 r B SRR
LEIHDT -~ AL, BIRYERLT, ThThOTROHRBIZX VEBEYETL T35, RATR
Mo-Hsiung Yang &' 223 Y[ 8 SRO 2226 3 AHRLTRL, TOXRALHTROMN6RLEE
OVERETRL 5.

' TOXSRERMBEROERBIVERERIIMAOI RS 5 F~ 2 LRELTV-3. BHLIR. fPHE
R (RRERT424) M bREDZABC, LI ARTFOCILRCHSRMANYDOBRUTLRAHARYT
S L, BAaRALTWAR, AGMTRT7 77 LTHMOATHILNEMAT, TOATHIRANBLTD
B0, RANBE L o TOAAEOFRAGETHAHES T2 G 2O RABAORVLANLEML,
FouRsBroTus 5.

SBORHKSLTSRMONEXRCABLAT S 10,2, I DORRARCREZhE TN TOLRYRE
BTS00l B, €723 /4= FIEY 2 XA T0IMNBEF ML RIELICA L 2.
i, - 2ANBICEE, BRATFIHIP (OKITACSOMH RY) 2BML, KHLOHE™ icX 9

.
BHSIUCHIRHOMN M2, 197249 it L NAMEXRKNE 130cm & 140em 0 2 X%,
RLBOBGEB T2 LEBEL, BOOLOLETHRN, TLLTEMEL, 2628085 2UCEBO 5 BN
lo’g 2
t o
: 23 23 2
10'}- =2 3 - i‘s = '
- o n- L - “J -
2 Z:] 288 Tz 7% sgn 2 T
=4 TPl ZE-s= x5 s 2o e 2
32 \.‘ fer= |1 l it 2 :f}‘}’
. 1l ' f”«AHt TR
) a
AW |
10? {43
200 1000 1500 2000 -
‘ Channel aeamher

Fig. 1. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irradiated
for 1 Minute and counted for 3 Minutes after a Decay of 3 Minotcs
(SESC; *ingle excape prak DESC; double escape peak)

9) A. Fourcy, M. Neuhurger, Bull. Soc. Chim, France, 11, 4651 (1068),

10) 'W.A, Huller, L.A. Rancitclli, T.A. Cooper, J. Agr. Food Chem., 16, 1036 (1968).
= 11) AC. Pappas, ]J.Alsted, G, Lunde, Radiockemica Acta, 1, 109 (1963).

12) AK. Perkons, R.E. Jervis, Proc. 1st National Sympositm on Law Enforcement Science and Tech-

nology, Chicago, March, 1967, p. 257.

« 13) G.V.S. Rayudn, B. Tiefcnbach, R. 1. Jervis, Tran.s, 14th Annual Mecting of the ANS/CNA, Toronto,
' June, 10688, p. A1,

14) M.-H. Yang, S.-F. Lai, S.-J. Ych, Radivisolopes, 22, 118 (19739).

15) Y. Takeuchi, T. Hayashi, Annu. Rep. Res. Reactor Ins, Kyolo Univ., 3, 0 (1970).

16) T. Takenchi, T. Hayathi, Y, Kusaka, Annw, Rcp. Ris. Reactrr Ins, Kyoto Univ., 4, 63 {1971).

17) T. Takeuchi, T. Hayashi, Annw. Rep. Res. Reactor [ns, Kyolo Uniy., 8, 49 (1072).

18) ¥. Takeuchi, M. Shinngi, An:m. Rep. Res. Reaclor Fus. Kyolo Unfy., 6, 68 (1973).
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KERZL?, %2, MLl ibRor-BARELE.

T LU AN, BRKZ X5 30 BRMoOBTRRE MUKTANAD LR, Bkt 279
URAETE 4, Y HUTFHRL, XROLE RRFNSRD, KSR, AXINAN. tuRER +
79MAKTE 4, L HTERBLYE:. SRBYBAZLTERLISVW 2O TRRT I3NACELTRED
RBAL2RA-ETRRLOT, BHLDTLRACTARBERIICL Y 45° THRBERLE. T O6N
L, 2<{#DILL 4XIMmoOoF =Ly RIEHL, 6L 6xXdcm OX V2 s L vy RTIRENAL
. BAIRAFHLE 350mg (B2 100mg) 2 LA2HTONELT I RIS SRYORKE L.

/A /S~ FEOMMARME LT, HEOSMHE (FHM 1 BUA) iz Ay, BH0E8 (FRDX L
BUHE) k62 Co % flv 2. Th FhifftoMmr, AL0.LY, (wiw) Au 58, BRTX Al-2.0% (w/w) Co &8
7244 (X 0.1 mm, Belgium Burean Central de Mesures Nucleaires #t81) ¢ fI€ tem O AL IO
ERALE. An OLRIZE 21 pg, Co DRRIZH 480z TH 2.

PRFAY REYEORORPRRLE: LEfA A 7 25D, REBXTRTFPRNE 0ERR2T
No.1 (BpftF R 1.9x 10" neutronfcm¥sec) 1855LC, 15, 58, 2 U IBIEM & i L1 XK,
1N SAFMMLERRLETES, S0 —~Xin2 AT IHBANORKE LE.

10’5 .
| & TS :
- 2 EY =
"IN | P 312
.2 T 25c <2 219 ]
g RN :H PR T
S 10} | 5 527 ¢
. 1 BIE ‘
1} !
i M a
| ' ! L . - . ] 1 | Ll L] . !
560 1000 1500 7000

Charnel number

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 Minutes
(SESC; single escape peak DESC; "’""&" escape peak)

10%
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Fig. 3. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irradiated
for £0 Minutes and counted for 4K Seconds after a Decay of 7.7 Days
(DESC; double escape prak)




. L . . L1
500 1000 1500 2000
) Channel number
Fig. 4. Typical Gamma-ray Spectra of Upper Leaves of Cannabis irraniated
for 60 Minutes and counted for 20K Seconds after 2 Decay of 32.8 Days

TRASZ2FQA )~ RUHRTH, RELA7CA20L OB IARLIROBLT, X0t 2 £ {E2D
BANLHERLTEORY ROBEY T -1, ERSEATTOLDIZ 1 B XU 5 RN LARSZKHHR
Tk, 38MR 2005, X6 0L J00BMBELL:. RBOKGTT oLz 1 MR L e K2, 3
BfiC IK P, ) AMKK KD, 2 BMKC 8K B, 6101 AA%R 20K B2 Le. 8 L RED
12,24.7 ml O B8R Ge(Li) DB (ORTEC H 8D 2 1M L= 4096 - » 2 A L2755 #1283 (Nuclear Data 2t$9),
NIV ABROETICZIN42.7 ml OFAR Ge(Li) MM (ORTEC %) L HRBLA- 4006+, v 4 2 BB
AR (Northern Sci~ ¢ifictt$3) ZRAL, SBRARITELT, PE 1em D7 7 9 Al AL,

BRI YyRAAR<7 wORBNEFH%Y, Fig. 1—4 25,

. T |
BT BNBMONE 2 5, BRIl S EMOMEY Table T KR
F-XRC, 24U L0221 ¥—DORD y BREBHTE 40, SLURLEIMEMZ 2 AL LRY Zhi

HEoRAKE, ThEhTRANEORL ISy B= 24 ¥ -LRALE. DEOKR, AR (B %, 8
AR BRL B IRLBULEHAR 41 TRETOTRML Table 1T L7337

Tamsz J. Nuclear Data for Elements Determined in Cannabis

. - : Best y-ra
Measurement l’na"i!:::hn Decay time i::’;::' R:‘de:v:;::?e Half-life cne&{ ‘1;;:);
| 1.0 min 3.0 1in 3.0 min "l 2.3Im 1.779,
5 3':'%3 . "B, 82.9m 0.166
. ®Ca 8.80m 3.084
. . #Cl 37.3m 1.643, 2.168
. Cy 5.1m 1.030
) 195Dy 139m . 0.0%5
v 1] 51.2m 1.203, 2.111
. Mgz 9.45m " 1.014
‘ ’ $\n 2.58h 0.817, 1,811
uTj 5, 80m 0,320
hy 3.76m 1.434
-

¢

l T
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2 1.0 min 30 min 400 sec ¥Ra 82 9m 0. 166
5 3:&“ nCy 37.3m 1.643, 2.168
- my 25.0m 0.443
. mealy 51.2m 1.293, 2.1t
aR 12.5h 1.523
¥Mg ° 9.45m 1.014
s)\Mn 2.58h 0.847, 1.811
i ™Na 15.0h 1.369
3. 60 min 1 week 4 Ksee ™A 2..0d 0.412
e 35.5h 0.777, 1.317
mmCg 43.0d 0.485
MiCe 33.0d 0.145
g 74.2d 0.317, 0.468
‘ wlg 40.2h 0.487, 1.59%
“Na 15.0h - 1.369
“se s.2d 0.889, 1.121
. wISm £7.0n 0.103
®RDb 18.74 1.079
4. 60 min 1 month 20 K sec NomAg 253d 0.638
¥Da 12.04 0.496
LT 33.04 - 0.145
®Co 5.2y 1173, 1,333
nce Z7.84 0.320
NCy 2.05y 0.796
MEg 12.7y 0.344, 1.208
MfEe 45.0d 1.099, 1.292
1Gd 2124 0.097
LU 42.54 0.482
™y 46.9d 0,279
. T 74.2d 0.317, 0.468
Wig 6.74d 0.203
®RhL 18.7d 1.079
. msh 60.44d 0.6M3, 1.691
‘ . asc 83.9d 0.880, 1,121
wira 1154 1,139
4 wTh 72.14 0.579
Th 27.0d 0.312
19yD 32.04 0.1°8
"7y 2454 1.115

Tance I1.  Elemental Concentration in Cannabis Bred in Maizuru (ppm)

== s esnsaom e o

e S sE s~ TLTTITTTILT TEamoii Sms omecsesgeserge

Leaves
Stem bark Root Soil
Upper Middle Lower
Ag -— -— 0.12 —_ - _—
. Al 130 140 170 68 8300 41000
, Au 0.0020 0.0023 0.0051 0.0014 9.10 0.69
Ba 46 70 92 920 100 160
. . .. Br 2.0 2.9 2.7 1.1 2.8 3.2
Ca 21000 21000 51000 9700 5700 7800
Cd - - . 510 2.2 - -
Ce 0.87 1.9 1.1 0.13 7.5 3
Cl1 1500 1800 1800 28 . 30 -
Co 0.11 on - 0.099 0,32 1.9 6.1
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Cr - -— — - — 80
Cs ® 0.011 0.013 — 0.26 3.0
Cu 6.0 ) 13 . 300 — —_ —
. Dy . - —_ - - 0.39 —
Ea 0.0082 0.016 0.015 - 0.12 0.9
* Fe 130 220 210 53 2900 26M0
G4 - - - - 19 140
- Ht - - - - — 3.4
. 0.093 0.14 0.30 0.055 - -
1 - - —_ - 5.3 —
In on 0.14 2.4 0.20 0.24 o
Ir 0.000032 0.00012 0. 000066 0. 00027 — —
K 20000 17000 19000 22000 9600 1400
la 0.61 1.5 LT 0.12 3.9 R U
La — _— —_ — - 0.47
‘Mg 5000 4100 10000 2200 6500 23000
Mn 110 120 150 54 100 140
Na 46 68 88 210 10 6500
Pr — — - 130 - —
Rb 4.4 5.6 3.7 5.5 8.3 45
Ra — — ® . 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
Ta — - — — — 0.28
T 0.0067 0.013 @ @ ® 0.91
Th - - - —_ - 5.0
Ti - - —_ _ 580 4500
v - - — - 8.7 61
Yb - - - — - 0.41
. In ' 38 40 33 ] 84 4700
0) ouly qualitative
. : ’ .

SRORMICHOV TARBIORBERL PRARMEINZL D ETRT 50BN TR ALY
THY, BEORBRERLSG, BLAVKREFYRIIL, 21, TREREHSLTEHKLE.
nEmsoNts
s. MARABISOVT HMEAHE KT SRARMCEOL, BRI, LAL, BRI ZIRGD
B, RDTREXAB[ONENELIBLAD D, EARRMUENCIBMTC LS. LT ERARKE
NTRAEVHIS—BERLESILEND D, 4FIBULBBRFICOLT, TOROARMIHNLL
S4B ETHNTHUARRB LB L. BRFIOKINEIZX ) 28R L, 2612 AM*Cox NG
RS2 RO Y vHOKLRL, €~ —THi%K 100m 2306k A, 30 §135 100 60 BRIONS
HRADZ TRV, SORDAL Sml EHLTHIZR Nal (T v v s v=2 o BT EO BN % BIE
L.
T MEOKED S, 30 BIEORD TRIEDD “Co DXL » 22 { ALRY, 60 BIITI2 3—4% ORI
e bl LI TZORE, AREA Y U LEOMMICMULMOMTENMREL LRV bDE ThiY, 309
SARoMNRRPHITIATE S, ,
. TR, AMOROKIR *Co L RPARRIF A7 0D, L WMERTRIDL i/ - 1ERTIX, 30 BAY
ORRRANR, BAKCX ORYPADF S LTINS A 22 EA BRI H T LA LA,
b BREOLT  HEXLR (Hg, Br, As, Se, S) OHRBAXRLY C bt sA oGR8V L 3h
T IMARML v 1. :
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€ BREOVT —BERRIIIISLAACEVWHOAIERBTIRRORN VIO T, v TV
SAEVAIL TR, IARGTIHNTA 2 oMASMLH, W 25 YL UTFRBARLE. 8, AR5
L CABTKY 217 Mo /B3 CvE, HY I 70 YRBOLOYRWE. .

4 BHREORBRIEOVWT RUXNODGRICOWCTIRAMHASEK X YR, 9RO OLET
LATAORL Gl @2 L WA | FESHOBS, § 350mg THYTH » k2. S HRANCR2ER
RUREN 1 FRMI OGS EX2C k30T, BHERRRSIRLETL AL, £ ARW T2, 8+ 0ng,
100mg 2 BYTH 5. LXBHZ 350 mg CRRERIMHORNS Al OEREHIR k30T, ISR
'Jmicm\tmﬁﬂ?ﬂt 1m @S RIEL B ol LENHTZOBRE 50mg HITR LA 1 Ry, I

, RGRIREOBG, | Ak L1 rﬂ&'f)!it‘lz 350 mg OB/ FHTD - W, lﬂm
RELI afdﬁlﬁ‘kiibliﬁ 33, . .

EHREONE ,
ﬁﬁﬁﬁiﬂﬁﬂf)tboﬁﬁlﬂﬂﬂco’. IR S FCRBEIZ ..

3
2 g
g3 = 3 —
3 psl nsla -~ - %a 2= @
—_ o H o R
L 1 74-; "3 (33 iy 4
] A ._A/i_\.u % as
@ nwtl- -_ Il - . © <
LB R AN i )
2 o
5 }’\‘\—'.__,h_"'_ IR -t _, -yl
St 3 "-l ) . iy s b B
,n')—- o 1 u
ﬂ"\..’lk.».'.- :

) L . - ' t i : X : .
100200 300 40 500 600 700 ol Sy 1060 110200 1300 1000 1500 1600 50 1400 1908 2900
Channc} number .

Fig. 5. GCamma-ray Spectsa of Middle Leaves of Cannabis irradiated for 1 Minute-
and 5 Minutes, and countcd for 3 Minuates after 3 Decay of 3 Minutes
{SESC; single escape peak DESC; double escape peak)
irradiation time
A: $min
B: 1 min

Taste I11,  Comparison of Paotopeak Area of Short Half-lived Nuclides in Middle lnvu-
_of Cannabis by Irradiated for § Minute and 5 Minutes
Unit in counts/minote/gram
I . '. i .
Nuclide 7-Ray encrgy | Jradiation time
MeV) 1 minuts § migutes
"Al 1.779 8710 770
#Cu 1.039 190 172
‘fCa 3,084 2370 3220
¥Mg 1.014 1460 1740

“Mn 0,847 B0 540
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Fig.3 A2 padnhs, RILSKhI- X R DWW
T2, 1 4BXUS GRGTHRAIIDHAKDS,
EHeERO Y~ 7 ERDORKTIZ, Table HIIZR
‘X Sic *Ca, Mz, “Mn (X 55 E18), AL *Cu 1
121 FRNOGHERI AR (2 S.

chiz, REPEESRHFETI Mo D7)
=S HRMYTIIARSEY. KBOY—- 2 HIRY 10
MRPINVHEDEELLA, ¥, =XA¥-0DFEL
il Tol-i A, ERCEIRS RAR TS XY BN

T, 2GS AR T 1 BRI LY
A2 NH0T, THEBCKTINARORINRY
MU Db L GSPRIEARNL, 1 32 H4TH5.

BHBMEONIE 10}

F3FAMLL X 2HGOBMOMER, PR TR
PR HITELT L5 ONRLE, DEBBAHEL
EXINSIZ{FOX 0, MEBHOBLTALY B 10
v LOLSERZRANIRTR, ANORRLITN '
ROLPILXOND, JEETEHIPLTLA.

1073

Relative activity

30 3EDOFUEIZ BN\ (T=:2.34) 2MEEIL, =0 " 20 3 5
o { AT ftoB oy 25 RIKCce, 2 Decay time (minj
HRERAZLG P2 DV EFIBLAL, ¥-308 Fig. 6. Induced Radioactivity and Decay Ag-
DE ML BTi (T=5.8 ), W (T=37 5), *Ca ainst #Alin Short Half-lived Nuclides in Plants

(T=515) 0X 3 2BRBMTTMIALTHD hy ¥ Misute Iradiat 'on

BB T ote. LIohis TN 10 BUNOITLSEROR M N T 50z, Ko FOX
FAAB™ AWML LT, 1 HEMHC R 26 OHO Al 8T 3L HHER It oRROBARY
Fi". 6 iRl

ORI D, PANIR 30 FHEIIZHFRELTL 5 #Ca, Mg UAOBM LML TR IR TRZL, L
DL 10 FERETIZ A2 3 5087 110 KIEL, BOBMANEBL e, TW30T, 35HEN
BT - e oBEOMES BT 5. BEOKR, 30582 0 & 10 FHcMET 5T 3 HikOFR
HEEELTAYNTH 5.

RMSEROTTIZ 0T, 1M 2 LAOEM ORIV T, 3 B V BMoRHY ik .
Fig.7 Dy RAX2 badrts, 3 HRTIRRFPO Na ¢ K ofnigi 1o, "Na B YKDavy Sy
E=I22543,2739 v FAlEl, & STHMET~E YBr(T=355 8507, "La (T=40.2 M) o SN
KavpI{ROWIUENKEL D, 1BMETIR "Na (T=15.083R1) + BK (T=125 850) 238 =R
LTHD), ChooBHic MRS, BEAZL/ME< D, 623 PIRTRINTE K LEREOE
BEIREL D, LEpio T oz, 1 BUOREOHIHHTH .

L 2 QU LOBKIC 24 Tix, Fig. 8 IKET 7 RAX 2} 450, THMBTE, *2E ¥DBr, "la,
wsm  EOBEEN R, T 5.

TCReOERIEBL D y RENIT SOTHOBM~OPBNE L), EOLBALLALL T5. 14 HRT
42, LT "DBr, La, MSm RML, TheRXAENE LS. LEd, TZ OBV ¥ JHIZME
BEFIE S 42 P, ) i

UENSREGFORKLY, KHBZEIRBBHOBARLBMLAYIZL b, JWMNZHNTICES
FUA BRI TEL, - ‘

———— —— e e

19) Y. Miyake, ""Elcment of Geochemistiry,” Maruzen, Tokyo, 1965,
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Fig.7. Gamna-ray Spectra of Middle Leaves of Cannabis irradiated for 60

Minitcs and counted after a Decay of 3 Days and 7 Days
{DESC; double escape geak)

decay tine
A: 3days
B: 7days
¥
oy
I
At
104 ".‘ '2,3
B I B .
LoE 2T 2 3 U3 cw e
2 z: | ez 3 58 uw =
107 " |2, b =z eifaf, o :os
2 shallf T e peng)
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3 "";.H-.,.‘fl by ] [
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~ Channel number .
Fig. 8. Gamma-ray Spectra of Middle Leaves of Cannabis irtadiated for 60
Minutes and counted for 10X Scconds aftcs a Decay of 2 Weeks
ERAMRCONT

RoHity, MBI LOTRTCizinT, MHBRLTRCOVT, 20RO LICHTIROAZE,.
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DXk &L T, Sb,Co, Ce, Eu, Sc, Au, Al,Fe i) 10 F
D, ChODKRL, BcitX {BUShERZRE !
DROBT~OBEREL DIV LR LTS,

hes, RHIZRIBLRICONT, WE™ oMy
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