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The Analysis of Trace Multielements

in the Prescriptions of Chinese
Herbs Using INAA and ENAA

Chien-Yi Chenl*, Yuan-Yaw Weiz,
Ding-Bang Lin’, -Wen-Kang Chen'

The elemental concentrations of two Chinese herbal prescriptive
medicines were analyzed using Instrumental Neutron Activation Analy-
sis (INAA) and Epithermal Neutron Activation Analysis (ENAA). For
the purpose of treating disease and maintaining good health, these
herbal medications have been commonly used to strengthen the
spleen and recoup the vital energy consumed by Taiwanese children.
The concentrations of Al, Cl, Co, Cr, Fe, K, Na Sc, and Zn were
determined by INAA, and As, Cd, Mn, and Sb were determined by
ENAA. The values of elements analyzed both by INAA and ENAA
were in excellent agreement with values reported in published data.
The ranges of elemental concentrations were found to vary from 10*
to 10° L g/g from one prescription to the other. The maximum daily
intakes (MDI) of toxic metals, As, and Cd were within acceptable
WHO/RDA limits.
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_ Introduction

In Chinese traditional herbal medicine; many
popular and secret formulas purported to
strengthen the spleen, benefit vital energy, regu-
late the stomach and eliminate -the evil of
dampness. These problems can be manifested as
diarrhea, poor appetite, and the feeling of op-
pression or heaviness in the chest. There are
numerous prescriptions in traditional Chinese
medical literature. In fact, crude herbs and secret
formulas have been the key source of health-care
in Asia and are still commonly depended on to-
‘day- by the population at Taiwan."” Certifications
of trace elemental concentrations in Chinese herbs
are still -.of primary interest to many laboratories
in medical science.

The role of Instrumental Neutron Activation
‘Aralysis (INAA) in the determination of trace

elements has steadily .increased in importance

‘tein-bond iodine, 7 £ oods, [8.9]

matrices with Minimum Detection Concentration
(MDCQC) better than 1 ug/g. However, ﬁvhen try-
ing to measure As and Cd at very low concen-
trations, INAA may not be the ideal choice.
Epithermal N‘eutron Activation Ari-,.alysi_s..
(ENAA) is performed by enclosing samples 1n
thermal neutron. filters such as cadmium or boron
and removing thermal neutrons from reactor
neutrons. ENAA has been applied to various
sample matrices including geological and biologi-
cal materials geological samples and biolqgical
material_s,[3‘4] blood,[s‘ﬁl infant formula, milk, pro-
geological safnple and
biological reference mdterldls[ 101 14 this study,

the ENAA technique is compared with the con-

‘ventional INAA technique in terms of ratio (R),

advantage factor (AP, MDC and the tlme scales
obtained from the analysis of Chinese herbal

prescriptions.

‘Materials and Methods

‘mainly because of its high sensitivity and mu1t1- ;

“element capablhty and because the method is free

‘of blank values from reagents if these are added

-after activation. However, one serious limitation
of IN-AA-. is that the more abundant matrix ele-
~ments -become strongly activated during irradiation
-and their intense activities obscure to the lower
concentrations of elements. In addition, long

counting times are needed in order to obtain

good precision. Such long waiting times preclude

thélc‘lctegtion Of'i*aliionﬁclid“es with half-lives'

shorter than or comparable to those of interfering

activities and generally reduce the ‘analytical use-

fulness of INAA.
In the elemcntdl dndIYSIS of raw herbs, z4N«1

33C1 and “Br produce the bulk of interfering ac-

tivities and consequently their half-lives determine

the speed of INAA. If short-lived isotopes are
atilized and transfer facilities are available, INAA
has always been an excellent method of deter-

mining these isotopes in a variety of biological

Sample preparatlon

| Two kinds of prescrlbed medlcmes were Sé-
lected for analysls. Seng-Ling-Bai- -Hu-Hsien
(SLBHH) and Syh-Jiun-Tzyy-Tang (SJTT), both of

which are mixed with various kinds of raw.ma-

terials comprised of Chinese herbs according to

traditional prescriptions developed in China."?

Generally, 118g of SLBHH 18 prepdred by rmxmg
the following mgredlents 15g of Codonopsis Pi-
losulae, 15g of Dioscoreae, 15g of Dolichoris Al-

- bum, 15g of Coicis, 20g of Nclumbmls 10g of

Atrdctylodls Macrocephalae, IOg of Poriae Alba,
6g of Glycyrrhiazae Praeparata, 3g of Amomi, )

‘g of Platycodi, and 6g of Ziziphi Jujubae 35
grams of SITT contained: 10g of Codonopsis Pi-

of Atractylodis Macrocephalae, 10g

of Poria and 5g of Glycyrrhizae P-rdepar-dtd[m

Generally, these herbal ingredients are commonly

losulae, 10g o

used for treating young children in Taiwan.
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These ingredients, used together to strengthen the
‘spleen and enhance vital énergy, regulate the
stomach and eliminate the negative effects of
dampness, are imported from different regions of
China. However, toxic elements such as As and
Sb have often unlawftﬂlgr added and consequently
cause clinical diseases due to chronic metallic
poisoning. Five samples (1000g each) of each
herb, each were taken from various local phar-
maéeutical shops endorsed by medical doctors.
Samples for INAA analyéis ‘weighed between 150
and 200 mg and 300-350 mg ENAA analysis.
When purchased, all prescriptions were made up
‘dried materials in their original forms. For the
neutron activation analysis of these prescriptions,
the dried samples were packed into a double-
sealed 2X2 c¢m® polyethylene bag in the vertical
tube (VT) irradiation positions for long irradiation
~and pneumatic tube (PT) irradiation positions for

short irradiation of the Open Pool Reactor at

National Tsing Hua University (THOR) as listed -

at Table 1. An empty bag of identical type and
s1ize was taken for blank correctlon while sam-
ples were also 1rrad1ated with the standards used
for the quantitative analysis of elements in sam-
ples and cross checking therein. Lichen (IAEA
'—336) was chosen as the standard for determmmg
‘elemental concentrations. The; analysis was done -in

the 'same way as described above. The weights of

standards in this work were also about 150mg
and 350 mg, respectively. Each sample and' stan-
dard was prepared in triplet to minimize the sta-

tistical uncertainty. el

Irradiatio_ﬁ .f iltei‘s

The larger boron-polyethylene (BPE) flexible
shield cylinder container of /64 mm H X 44 mm
D with*3.2 mm wall thickness and smaller
cadmium cylinder container of 40 mm H X
25 mm D with. / mm wall -thickness filter were
used to screen ‘thermal neutrons® as”shown -at
Fig 1 (a,b) in this study. The boron shields were
made from a 32 mm thick BPE loaded with 30%
w/w natural boron (Flex/Boron, Reactor Experi-
ments, UK)!"! BPE cylinders were: made .to fit

into VT irradiation positions for long .irradiation.
Y -spectra analyzed

- For the neutron activation analysis-of ‘Chi-

nese herbs, all irradiations were: carried out in“the

"THOR 1 MW reactor in' two irradiation positions
'at-the-nentron-‘ f‘lux of 35X 10% n em™s! PTand

1X10% n cm?s?! VT positions using INAA[M]

‘Epithermal irradiations were performed using
polyethylene “sealed sleeve packed  BPE and Cd

containers in VT position. ‘The estimated. ep-
i -- 12 2 .1 .
ithermal neutron flux was 14X10"“'n ecm™s* in

the PT- and 11X 10" n. cms™” in the VT for

HE RN
- ¥ -
G

~Table 1 Optimum irra___,‘_diating (ti),.decay (tda) and counting (t¢) conditions -

- Nettron Irradiation -

. . :
B v . - ¥ "__r L
; ; ; -
N : . : peni
hS

shield o iy Méthoa Nuclide ot g = b L

None "~ PT® INAA 24NA, %A1, (], 92K, Smin 2 min S'min
G P ENAA  semp 0min  0min  5min

-- Nd.ne o - VT | INAA 4680 SICr, 59Fe, ‘-"”Co t“"Zn :24 h __ 3'0-4-"5 d o 20 ﬁ’lin 3
 BPE Sheet 'de" ENAA mAb m(jd qub - 2:4 h 12 a 20 AR

' *“Neutron-:ﬂux 3.5X 102 .n ¢m-2g-! -
"Epithermal neutron flux 1.4 X 10! n ¢cm-2¢-}
“Neutron flux 1X10'2. cm-2g-1

“Epithermaf néﬁfrph flux 1.1X10!n cm-2g-! =
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~*"(a) Cadmium filter container

Fig. 1 (a) Cadmium filter container;

. ENAA. Irradiation schemes were developed: short
" irradiations (t; = 3, 10min) in ‘the PT- and long
“irradiations (t; = 24 h) in the VT. All of the ir-

radiation ‘procedures are shown in Table 1. The

10 mg Ni metals have been counted to correct

--for the neutron fluctuati(m during irradiation and
- published everywhere “% The 7 -ray spectra were

calculated using th-eé_.-.,eallbrated HPGe detector

- with 15% relative -efficiency with 2.5 keV
.(FWHM) resolutlon at 1333.2 keV of “Co. 71 ray

* spectra were andlyzed by Micro SAMPO9O

software with personal computer connecting to a

System-100 multichannel analyzer (MCA) board

for spectral acquiSition eel Statistical errors in each
of these values d1d not exceed 15% and dead

times were Kept below 10%. The element contents

_411(_1 h-_MDC,S were. determined. by means Of--'Currle '

citation at 95% confidence level in experimental
conditions!'® Irradiating, decaying and counting

times were optimized after a series of experi-

mental test measurements for all irradiation

Shielding material

(Boron Polyethylene
_“._”ilmm
;=
0 | | |
. _ sample
/ PE
B S0 mn .
M- T i 1 mm
| »lle ’_f
<4+—p
42
¢ >

(b) Boron Polyethylene filter container.

(b) Boron Polyethylene filter container.

techniques.

Ratio and advantage factor

To evaluate the usefulness of ENAA relatlve

to INAA for irradiation times of the short and

long irradiations, lichen was analyzed. The MDCs

of the analysis of lichen by INAA and ENAA
varied from 10 to 140 u g/g. These experimen-
tal pararueters can be considered i‘e-asonable for
rapld 1nstrumentdl determmauon of radlonuchdes

with half-lives ranglng from a few mmutes up 0

several years. For concentratlons of As, Cd and

Sb, the container gave the best and Iowest MDC
BPE contdmers were useful in determmmg As,
Cd and Sb levels down to 9 20 and 5 ng/g, re-
spectively, 1n this study. The most 1mportant re-

quirement for a given element to be determmed

with high sensitivity by ENAA . is the ratio of I

resonance integral to thermal neutron cross-section

(RI /s0). These values are given in Table .2 for

the radionuclides used in the analysis. The values

L ENE R e A

-
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for .the element contents zi_nd", the optimum irra-
diating (t;), decaying (t4) and counting (t.) condi-

tions ‘are listed in Table 1. In a BPE container,

these decay times are determined essentially by

the level of sample activity that can be measured

with the decay period up to 1-2 days. However,

the mechanical integrity of - these containers was

not that great and they started to chip off on

repeated: use.

Results _

The enhancement of a radionuclide is nor-

mally expressed as the advantage factor (AF),

which is the ratio’of the cadmium and boron

ratios (Rcd, Rppe) Na/(Rcai Repe)x, where (Reg)na,
(1‘~'€Bp;5)ml and (RCd)X, (Rppe)x denote the interfer-
ng nuclide ( Nd) and the nuclide of interest (X),
I‘E:SpeCIIVEIY.[3416 ) The mamlmterfermg elements
are Na, Cl and Br in Chinese herbs; therefore,
we chose Na, activated to “Na, as the'_Standard

interfering isotope. The theoretical and experi-

mental AF s have been reported for elements of

interest in geologlcal samples, ores, and bloods
Wthh show enhancement of mdny trace elements
irradiated under boron dnd cadmium filters>* It
can be observed that the Rgpr are much better
than Rcq, because the cut-off energy of boron
for neutrons 1s higher than_ that of cadmium. The
AF s of As, Cd, Mn and Sb ranged from 0.027
to 03 times higher than those of the interfering
'_nuclides'in ENAA as_compared to INAA, re-

. ' - - i . ?
spectively. AF s were in agreement with the ref-

erence values as shown in Tdble 21 Thus ENAA'
proved sultdble for the dﬂdlYSlS of As Cd, Mn

“and Sb in Chmese herbs
- Discussion

Cadmium a.nd;_fB.P-E::..f-ilter-,;f:z;

Cadmium filters have disadvantageous in as

far as samples must be ‘encased in polyethylene
bags or boxes; furthermore, samples emerging from
the reactor are highly radioactive and must. be

handled in a hot cell for safety reasons. To

~eliminate this problem, BPE flexible shield

cylinder containers have been chosen for the
Z[onger durations of irradiation. BPE containers
were found to be superior in that a decay of up
to 15d permits safe handling of the BPE shields,

- allowing the samples to be counted without fur-

_l:her treatment.

The 32mm thick BPE shield container was

found to be able to conveniently accommodate

- the samples, blank and standard. Cd was an ef-

fective shield for the analysis of elements with
a4 resonance peak energy of’z(n 7 ) reaction lower
than 2 eV, The resonance peak energy of the
reaction of Mn( xy - Mn 1s 412 eV, Thus
the boron compounds were better than Cd in this
particular case. From Table 2, the R and AF of
the elements we studied using BPE container as
a shield were slightly Iower than those when ‘we
used Cd as a shield. o B

Interference

Arsenic is a volatile element when its tem-

perature exceeds 500 C and may loss at this

temperature.”’ Our results indicate no significant

loss during the 24h of*irradiation using double-

sealed samples at an epithérm'~al- neutron flux of

10" nem™s”. As the polyethylene bags used for

packing may have their own elements, all of the
piolyethylene_bags' and containers were soaked in
1:1 HNOs for 3 days and washed with: -deioﬁ'fiz_ed
water. The empty bags of identical type and size

were taken as blank correction and analyzed as

mentioned dbove in the same - conditions.-

The ENAA procedures- were dpphed to the

" determination of As, Cd,Mn and Sb in'a variety
“of prescriptions piirchased from local pharmaceu-
" tical shops in Taiwan. These results are displayed

in Table 3. The pri"me soorCes of systematic error
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Table 2 Ratio (R) and Advantage Factor (AF) of Cadmium and Boron Polyethylene containers _&
¥ -Ray Cadmium Boron Polyethylene Sheet

Element Nuclear reaetion  energy Rl/o R  AFne Rupi | AEB;JI., |
, . I (keV) ._ ‘ ) | - ; ::,_:.; £
Na Na (n.y ) *Na 1368 .6 0.57 41 .6 0.16 612 0.3
Al PAl(ny) Al 1779.0  1.05 237 - 0.27 N.A  NA
a Clmy)ta 16427 049 72 014 NA NA
Ma  SMn(ny)*Mn  846.8 .04 21 .5 030  N.A. N.A.

CAs | TAs(ny)As 5592 14.65 N.A. 0 N.A 629 0.041

B MBrny)®Br 5544 1667  N.A 0 NA 4 .84 0.036
Cd Hed (n,y)'BCd T 336.6 10.0 N.A. N.A 2 8] 0,027

Csb "‘Z‘Sb(ny)””Sb 5641 N.A. N.A. N.A. 3.63 1 0,031

4 Not avallable

Table 3' Elemental concentrations in prescriptions of SLBHH and SJITT as well as Maximum Dally lntake by

Talwanese Children

SLBHH | SITT

Element - <% - ~ RDA®  PTI°

ol v - .- Concentration MDTI" - Concentration MDI* |

Kmggy - - 12.12hH¢ 18 .2 | 1282 192 :

Ci{mg/e) 10412) 0 156 0 1.42(58) 2.13 - "

Al(mg/g) - 0.82(l3) | ' 1.23 | 1 07(82) 161 | -

Na(pg/g) 417 (90) 626 562 (61) 843 - - -

Fe(ug/g) 370 (100) 555 254 (53) 381 15000 -

Mn(pg/g) 63 (24) | 95 52 (17) 78 2000 -

Zn(ng/g) 17 .5(32) 26 22 .5(64) 34 '15000 :

Cr{pg/g) 7 .3(59) 11 - 1.04(16) - 1.56 - 50 -
As(ug/g) 0.57(49) 0.86 ~0.20(14) 030 - 30 ,
Co(ng/g) 303 (57) 455 - 341 (44) s : .
Scge)  69(71) 104 s 89 - - ;
Cdlng/g) 20 .7(38) 3] . 95 (13) 143 - 15000
Shing/g) 14(10) 21 NDS  ND. - ..

*Maximum daily intakes by children with a dose of 1.5 g/day.

"US Recommended Dietary Allowances (10th ed.) for adults.

© Provisional tolerable intakes (WHO/FAO) for 15 kg body weight children.

4 Here and elsewhere in this paper, the number in the parentheses indicates the uncertainty of the last d1g1ts of the
mentioned values, that i1s 12.1(21)=12.1£0.21.

*Not detected in this work.
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rose 1n this table mainly from counting . geome-

tries. These were mmnmzed through experimental

“--df:Slgn by ensurrng identical conditions for both

standard and samples. -

Y spectra analyzed

In the long irradiations of 24h followed by

1-2d decay, the elements could be de'termined

rapidly with redsondble sensitively by BPE con-

tainer. The AF Was utilized to rapidly determine
PBE cover. Initial results usrng INAA proved to
-be unsuccessful prilmarily' due to the interfering
“Na and *Br v -'rays,--re_sulti-ng in high back-
grounds from these strong peaks.[24] The main
peak of As at 5592 keV is usually made diffi-
cult by-.-.r.rthe"“.strong interferénee from 5544 keV
“Br as well as by Cbmbton scattering from
1368.6 keV **Na as shown a Fig 2. Both 1sotopes

have comparable. RI /s ratios and half-lives. The

354-559 twin peaks were sufficiently resolved in
epithermal activation. by the SAMPO90 software
In thrs study After 1.5d decay, the 2.54h 846.8
keV *Mn could not be measured W1th BPE

e SGMn, 76 As,

cover. 3362 keV photon

contmuum cannot be 1deally used in BPE COVETS;

sitting. on Compton

hence, the precision of Cd is lower. Ldndsberger

demonstrated that a combined use of ENAA and

Compton suppression system optimized the de-

termination of cadmium.””” In the long irradia-
tions of 24 h, lichen was analyzed after 7 and
30d of irr'adizlition in the THOR facility, respec-
tively., qu epithermal activation, thefearliest_ time
of the ')"-spe___etra obtained of the samples eeuld
'be:_ about 3-4 times thalnf a 'resultl' of the reduction
in the *Na, *CI and ®Br background activity. In
general, MDCs . are obtained with thermal dCthd-

tion particularly for median-lived rddrenuchdes &,

- me nd 115Cd For ‘the measure-

ment of As ENAA is a preferred method as its

RI /sy value is high, also because its half-life 1is

comparable to that of *Na. However, ENAA,

- with *-_long__;"Waiting times up .to 10d, is undesir-

able. One of the basic findings of this study was

that As, Cd, Mn and Sb can be found rdpldly

with reasonable sensmvrty by ENAA.

10* - SR T
N T
: 1 A |
=  40°- \ |
"7
iy _
JE T -"/. b\_.—-""'\..- s
l o
AV IPN i W
) ; :
g1 101 /
= i 7 Y 4 s\
X il { PR \. i STN AN 7\
jr' i ¥ : 'L;
F i s :
I : j — T Tt 7/ T - ] ;
547 559 - 570 1360 1370 1380
ENERGY (keV)

£t

Gamma-ray spectra for Seng-Ling-Bai-Hu-Hsien (SLBHH) (a) without and =

(b) with BPE filter container for long time. irradiation Sample volume (a)
160 mg and (b) 450 mg; lrradratlen time (a) 24 hour and (b) 24 hour, cooling =~
- time (a) 1.5 days and (b) 5 days counting time (a) 20 min and (b) 20 min.
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Assessment of elements of Chmese pre-
SCI‘lpthllS on health effects |

' The existence of 13 trace elements, Al, As,
Cd, Cl, Co, Cr, Fe, K, Mn, Na, Sb, Sc, and Zn
in the investigated Chinese herbs indicates their
value and importance to the Taiwanese. Elemen-
~tal concentrations of these prescriptions are 1n
excellent agreement with values reported in pub-

lished data elsewhere.m'24] It is interesting to es-

timate the maximum daily intakes MDI) of these

trace elements 1n _these"_.~preseriptions._'Table 3
 summarizes the measured average intake for 13
selected elements per day and person, based on
.the fact that the average body weight of a 3-
year-old child is 15kg. In- our analysis of SLB-
- HH, a popular Chinese medicine for young chil-
~_dren, Fe can. be observed to have an -MDI 555
1g/g lower than the values of US Recommended
- Dietary Allowances. As-and Sb are inherently

~toxic. and may be originate from cultivation farm

environment or imported from China. The MDI
 of As is 0.86 rg/g in SLBHH and 030 ug/g
~in- SJTT “as shown in Table 3. These values are
also lower than the US Recommended Dietary
~Allowances (10th ed.) for adults/”” Even if a

~.child takes the maximum dose, s/he would in-

-.gestion. daily 0.86 ug/g of As, 31 ng/g Cd
measured by SLBHH and 030 g/g of As and
143 ng/g Cd measured SJTT, amounts that still

~ fall. within the provisional tolerable intakes
(WHO/FAOQ) for 15 kg body weight children
recommend by FAOQ/WHO ! The carcinogenic

. effects’ of - inorganic arsenic: compounds in human .

beings are well known. In other words, it is quite

safe to consume these prescriptions. In fact, all

trace elements may be toxic if consumed in large

_-enough quantities for*_-'l'ong.;;enoilgh.- periods of

" time..Such data may be useful in assessing the

 accumulation -of toxic. elements and their effects

on the human organism. =~

- 2..0u M: Chmese-Enghsh Mdlllldl of Common

Conclusion

‘For the proposes of strengthening the spleen
and improving vital energy, regulating the stom-

ach and eliminatipg the negative ef_fects of

" dampness, two prescriptions of Chinese: herbs,

Seng-Ling-Bai-Hu-Hsien (SLBHH) and Syh-Jiun-
Tzyy-Tang (SJTT) are frequently -consumed by

Taiwanese children. The concentrations of Al, _As,

- Cd, Cl, Co, Cr, Fe, K, Mn, Na, Sb, Sc, and Zn

trace elements have been found to range from
10* to 10° wg/g in these herbal prescir_iptions.
The reliability of the determinations achieved by
ENAA using BPE and Cd filter is comparable
with that of INAA, so the MDCs of elements
that can be evaluated. ENAA may be more ad-
vantageous than INAA in that it reduces inter-

=-'fering'__ac_tivity by about 3 - 4 times. It can be
utilized for the rapid determination of As, Cd,

‘Mn: and Sb trace elements in the prescriptions we

studied accurately and reliably. Although the
medications contain the toxic elements, As and
Cd, it is still quite safe for Taiwanese children to

consume these two medicines.
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