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INTRODUCTION

Humans unlike other animals are the only beings capable
to modify their environment. The wish of chanaing their livinag
conditions originated the wide spread of industrial activities. The
chain resources with certain toxic inorganic trace elementsu).

Certainly food is the main transporting medium carrying
trace elements into the human body and other than food. modern
aaricultural practices including fertilizers., inseticides,
processing and packagina are co-responsible for the continuous
chanaging of the food character itself. This is the way toxic
elements are most usually introduced into food items(z). Monitoring
toxic elements levels became then a rule because of the adverse
impact of the toxic metals.

Because the diet is the main source of nutrients, it is
important to study the elemental concentration of the diet(s).

Durino the past vears some Brazilian food items as bread
and mﬂkm). ri{:e(m. and drinking water‘b), have been analyzed for
their elemental contents by nuclear methods.

In the last I vears. we concentrated our studies in the

development of radiochemical separation in order to determine



elements : As. Cr. Hg. Sb and 55(7).

These elements are commonly found in biological
materials. at the pom or subppom level. At these levels, problems
occur in accurately determining the concentrations of these
elements due to several reasons: losses during sample treatment,
contamination, reagent blank and interferences.

Several analytical procedures have been developed to
determine these elements by radiochemical neutron activation
analvysis (RNAA). RNAA offers the advantages of high sensitivity,
excelent selectivity and no reagent blank. Furthermore. the ability
to add carriers during the chemical dissolution and separation
enables a aquantitative recovery of both elements by minimizing
volatility losses and losses of microamounts into the Teflon
vessels used.

The aim of this work was to develop faster and more
reliable radiochemical methods than those previously utilizred, such
as distillation and preu:initation(m. For sample dissolution,
teflon bombs were emploved, using conventional and microwave ovens.
The main elements studied in this work were As, Cd, Cr, Cu, Hg, Mo,
Sh and Se and the separation technigues used were ion—exchange,
retention on inorganic exchangers, precipitation and solvent
extraction. Several authors have utilized similar technigues for

the analvsis of bioclogical materials with cood resu1t5(8-14).

Another radiochemical procedure adapted from ChattuS}.
was applied to determine Cu, Mo and Se elements in forage samples.
The aim of this study was to apply a method for determining Cu
content in foraoces used to feed a defined group of male calves and
the determination of Mo content in serum of these animals.

The develooed procedures were applied to the analysis of
the several biological reference materials. andin four human diet
samples: diet of the University Students, diet of Manaus region
{(North of the country) and two diets of Santa Catarina region
(South of the country)., and in forage samples used to feed male

calves.



EXPERIMENTAL

1. Diet Preparation

1.1. Student diet

About 50 meals ((Qunch and dinner) served at the central

restaurant in the campus of the University of S%o Faulo, used by
students and staff ., were collected. Foodstuff contents in these
meals follow Brazilian basic diets for medium income groups and are
composed by rice, beans, meat or derivates., areens and vegetables,
fruits. sweets. bread and mj.lk(M).

Food was ordinarily mixed for cooking preparation and were
separately weighed, placed in stainless steeltrays and dried in
ventilated oven at 600(3._. during 12 hours or until totally dried.

The foods were pulverized and homogenized in a knife mill and

conservated at 40[3.

1.2. Manaus and Santa Catarina diets

These diets were prepared from foods consumed and produced in
these respective regions. The Manaus and Santa Catarina 1 diets are
related to low-income groups, while Santa Catarina 2 is related to
higher income aroups.

The foods were obtained 1in the local supermarkets and fairs
and prepared according to costums of each region. Thereafter, the

preparation procedure of the diets was as previously described.

2. Irradiation and dissolution of the reference materials an
samples

About 200 mg of reference materials and samples were weighed
in clean auartz ampoules. A multielemental standard containing
elements As, Hg, Sb, Cu, Cd, Cr and Se was prepared by mixing

appropriate aliguots of solutions of these elements made from

spectroscopically pure reagents. Aliquots of the multielemental

solutions were pipetted into guartz ampoules.

Samples together with standards were irradiated in the IEA-R1
Research Reactor. for 8 hours. under a thermal neutron flux of 101"‘
3

e - "'1 y . N
n.cm . . After irradiation. samples and standards were processed



in the same wav.

-

3. Counting Systems
Gamma ray measurement of irradiated samples and standards was

carried out by using high resolution Ge Hiperpure detectors and
associated electronics.
Spectrum analvysis was performed by means of the Vispect2

software, developed by Dr. D. Piccot, from Saclay, France.

4, Separation Procedures

PROCEDURE I

4.1. Determination of As, b and Se by using inorganic

£

exchanger TDO.

4.1.1. Radiochemical Separation

Irradiated samples and standards were transferred to teflon
bombs and 100 wug carriers of each element were added. After
addition of 4 ml of HND3, the teflon bombs were taken to a
conventional oven at 1300(3, for 15 to 20 hours. depending on the
reference material.

Dissolved samples were cooled and 10 drops of H and

20"’
distilled water were added.The solution was passed through a TbDO

column, previously treatedﬂ). The column was washed twice with 15
ml of 1M HNEI_{,. allowed to dry, and the TDO transferred to a plastic
. .. 76 73 122-124
counting vial for the measurement of As, Se and Sb on

gamma ray spectrometer.
The effluent of the column was adjusted to pH 1 with NH4DH and
Ha was extracted with 20 ml of 0.005M N:i(D!Z)C)2 in chloroform.The

agueous phase was discarded and the organic phase was measured for

207
197-203 Ha.

FPROCEDURE II

4.2. Determination of As. Hag. b and e by using anionic resin

o



4.2.1 Radiochemical Separation-
After addition of X ml HI"H.'J1 « 1 ml H2504 and carriers

solutione, teflon bombs were taken to a conventional oven at 130ﬁC,
for 1 to 4 hours. depending on the material analysed.

Dissolved samples were cooled and 3 ml of a 104 vurea
solution, S ml HCl1 and 0.2g N:-.\\I-le"i:l:S were added. Solutions were
slowly heated and a clear vellow colour was obtained. After
cooling, solutions were passed through the Dowex 2X8 anionic resin
column,previosly treated(7), to retain Hg and Sb on the column. The
column was washed with 20 ml 6M HCl1 and transferred to counting
vials.

Equal volume of HZD was added to the effluent of the resin,
and this solution was passed through a TDO column, that was washed
with 15 ml 3M HCl and transferred to a counting wvial for

bl
measurement of ?6545 and 4 Se.

FPROCEDURE __III

4.7, Determination of Cdy Cr., Cu and Se by  using inorganic
exchanger HMD and a solvent extraction system using
diethylditiocarbamates compounds.

4.3.1. Radiochemical Separation

Samples and standards were dissoclved in Parr acid digestion
bombs in microwave oven at 360 W for 2 min.,after addition of Cr,
Cu and Se carriers and 4 ml of HNCI3.

Two mililiters of HC:LE!4 and & drops of HF were added and the
solution was slowly evaporated to a final volume of about 0.5 ml
This solution was diluted with 15 ml 1M HNCI3 and passed through a

(7)

preconditioned HMD column .The columns were washed twice with 15

ml of 1M HNI:]1 each time and transferred to polyethylene counting

vials to determine Cr and Se.

The pH of the eluated fractions containing Cu and Cd was
adjusted to 1.5 with NH40H_. and 100 mg of ZIn holdback carrier was
added. Copper was extracted with 25 ml of 0.003M Bi(DDC)Bin
chiornfurm(7), and cadmium was extracted from the remained aagueous
solution with 25 ml of 0.005M of Zn(DDC)%J‘n chloroform.

4

The organic fraction containing Cu were counted immediately



after separation while that" the organic fractions cpntaining Cd
were allowed to stand for 24h to establish the equilibrium between

I:t
1S, 115

PROCEDURE IV

4.4, Determination of Cu, Mc and Se by precipitation in sulphide
medium

4.4.1. Irradiation and dissolution of the samples

About 200 mg of the sample was weighed in clean polyethylene
bags. A multielemental standard containing the elements Cu, Mo and
Se was pipetted into filter paper Whatman n. 40 (area about 1 cmz)

After dissolution samples and standards were evaporated until
almost dried. Drops of HCl and 40 ml of water were added and the pH
was adiusted to 2. Solutions were gently heated until 600(3 and then
6 ml of 2.5%4 thyoacetamide solution was added. Solutions were set
aside for about S0 minutes at room temperature and after this,
heated until reaching boiling point. These solutions were cooled
and precipitates were filtered through Whatman n. 41 filter paper,

dried and counted.
RESULTS
1. Chemical Yield
Table 1 shows the results of chemical yields obtained for four

developed procedures describe above.

2. Quality Control

The developed procedures were applied to biological reference

materials analvysis. The results are presented in Tables 2 to 5.

Z. Human Diet Analysis

Frocedures 1. II and III were applied to analysis of Students,
Manaus . Santa Catarina I and II diets. The results obtained for
the determination of As, Cd, Cu, Cr, Hg,. Sb and Se concentration in

these diets are presented in Table 6.



4. Forage Analysis
Table 7 shows the results of Cu, Mo and Se concentration in

forage samples by procedure IV.

DISCUSSION AND CONCLUSIONS

The results obtained using the radiochemical separation
schemes presented in this work (Tables 2 to 5) are, in general, in
good agreement with literature and reference concentration values.

The separation methods outline in this work present a good
alternative for the isolation and subsequent determination of As,
Cd, Cr, Cu, Hg, Sb and Se in foodstuffs and diets. The procedures
have proven to be fast and give good results. Although in some
cases the concentration values determined by these methods differ
from the certified ones. as the Cr case, they are within the error
indicated by the supplier of the reference material concerned.

The results obtained for determination of As, Ha and Se
concentration by oprocedures I and II (Table V) in PBrazilian diets
shown:

1. Good agreement between results for As, Hg and Se concentration
in Manaus diet.

2. For Santa Catarina 1 diet the results did not agree.

3., For Santa Catarina 2 diet the results aagreed for As and Se. but
not for Hg and Sb.

The results obtained by procedure I for Sb were, in all cases,
higher than those obtained by procedure II.

Comparing the results obtained for Cr and Se in PBrazilian
U9 (table @, it could

be seen that the results obtained for Se were in agreement with

diets with diets of different countries

other results, but the results for Cr were higher than those
cbtained in other countries. It could be that the diets were
contaminated during preparation step.

For the other elements, literature values of concentration in
diets were not found for comparison. However, Se content in
student diet. shows a very low concentration level.

The diets. supplied by Food and Experimental Nutrition

Department of USP. were prepared for other studies and purposes,



such as biocavaliability of elements In. Se and Cu. _

Once in Brazil there are no table information on major. minor
and trace element contents for diets of different regions, we
intend to obtain these data and to compare with data from other

countries.
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Table 1
_hemical vield rezults obtained for
exth prccedure, 1n %
Procedure
Element ——
[ 11 111 [y
As Ig+-1 939+-5 - -
Ha 37 +-1 IE+-3 - -
3k d2+-1 i 1@g@+-13 - -
Je - | 35¢=11] 93+-1 95+4-2
]
! i
v - l - 33+-2 | 954+-2
|
& - i' - 3544 -
|
or N | = 37+-4 -
]
i
12 . | - - 82+-6
} ] |

- not determined



Takle 2

Fezults of the determination of As. Hg. 5b and 5e in biciogical
wmaterials vusing TDO inorganic extchanger

PROCEDURE 1)

Feference This work | RsD Relative Literature
I erronr
paterial fugsg dry weight) (%) (%) valueg(186)

fle: @.435+-0.0219 141 3.1 .131+-0.045
Bowen's Kale Hg: @.192+-@.814 7.3 123 @.171+-0.027

Sh: 0.078+-0.017 21.8 132.9 @.069+-08.014

Se: @.127+-0.005 3.9 5.2 @.134+-0.02@

fe: 7.3+-0.7 | 3.6 8.9 6.7+-0.6
coeepod Ha i e -= == @.28+-9. @1
JAFA-MA-A-2 Sh e -- -~ -- @.07+-0.02

Ser  2.4+-0.2 % 8.3 2e.e | 3.a+-0.2

i

Ae: @.056+-0.004 7.4 19 1 @.047+-0G.006
Bowvine Liver Hg: nd ke -- @.d@4+-92 _a@aagz2
KBS -SARM-17772a 5p nd -- - @.e@2

ie: @.61+-0.05 ! 3.2 144 @.71+-0.07

I

As: 2.61+-@.12 I 4.8 2.4 Z.6+-0.1
Tigh-Flesh Hg: @.51+-0.05 9.3 2.5 G@.47+-0.02
TAEA-MA-a-1 Sk: 0.014+-9,002 14 .3 2.005+-0. 081

Se: 1.18+-¢.@93 7.6 206 § . 7+-0.2

Az: @.@7z+-0.0@08 | 11.1 12.2 @.038+-0.032
Y1424 Human Ha: -- -- - - @.80408+-0.6014
Ciet Sh: 0.016+4-0.004 z5. @ 33.3 2.012+-0.@08
TAEA-H-0 Se: @.09%94+-0.0819 2@.2 14 .5 @.11+-0.01

As: @.372+-9.020 2.9 9.3 2.41+-0.@5
Rice Flaour Ha:i2 0Qe7+-2_03GQ32 4.5 14.7 @ . doeR+-0 _0GRQ7
HET-SAM-1568 Sk: @.@16+-0.@6@2 | 12.5 26.0 @.2127+4-0.6007

Se: Q.32+-0.09 g 28.1 | 2e.@ @.40+-0.10
-- - not determined

n.d. . not detected
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Table 3

Fmesuits of the determination of As. Hg., Sb and Se in biclogical
reference material veing T00 inorganic exchanger and
Dowex 2-X8 anionic resin
“PROCEDURE 112
Reference This work RSD Relative Literature
error
naterijal fug/a dry weight) (%) A values(16)
As: @.128+-2.0614 1.9 2.3 @.131+-2.@45
Bowen' & Kale Hg: @.136+-8.822 16 .2 2@.5 @.171+-0.@27
Sbh: @.0868+-8.006 2.8 @.7 @.0669+-0.0214
Se: @.12+-06.@2 16.7 19.4 @.134+-9.@2¢@
Qe @.49+-28.@7 14.3 19.5 @.41+-0.8°%
Fice Flour Hg: @.8@83+-0._001 12.5 32,3 @.e@0pQa+-0G._0Qa7
fES -5AM-1587 k. @.@@7+-0.0602 ! 42 .13 7.9 ! @.0e87¢
Se: 2.35+-0_021 ! 2.9 12.5 i @.40+-0.10
1
Ast 3.47+-2.54 | 17.0 Z.3 3.10+-0. 28
Jitrus Leaves Hy: @.8234+-0_004 E 4.8 S.@ @.88+-0.@2
¥XES-5AM-2572 Sb: @.@36+-0.006 ; 16.7 | 10.@ @.a4
1




Tabkle 4

Fezuolts vor T4, Cr. Iu and Se determination in reference
W 1= by uvusing inorgjanic exchangser HHWD

CFROCEDURE 1112

Feference This work | RSD | Relative i Literature
1 error
waterial ‘ug/sq dry weight) (%) { %) valueg €162
Sus 3.04-8.5 ()| 5.8 6.3 | 3.6+4-0.2
fuszel Tigsve td: @.24+-Q_8@82 <4) T2 @ @.24+-0 .82
(TAEA-MB-M-2) Se: 1.64+-0.88 (4) 4.8 1.2 1 . 66+-0.04
Or: {.2+-@.2 (4)]| 16.7 5@.0 8.20+-0.08
Cut 1574-5 (sl a.s @.6 15Q+-7
Jovine Liver cd: @.45+-0.62 (S)| 5.5 2.3 0.44+-0.086
LiRi-cam-157740| se:r @.g@+-@.@3 ¢(s5)| 2.3 12 .7 B.71+-0.07
G - i - - -
| |
Sut 2.7+-@.2 (&)1 5.8 7.5 4.0+-0.1
Fizh Flesg} Td: 0.0674-0.0@4¢4)] 5.3 1.5 @.066+-0.004
JAEA-MA-4-2) e 1.4+-8.2 (62| 18.6 | 17.8 1.74-0.3
v 1.8+-0.3 (5}! 16.7 | 28.5 1. 24-0.1
Sul 16.3+-2.23 (&)1 141 1.2 16.5+4-1.0
trus Leaves Cd: @.036+-0.082(5) 5.6 2@ B.02+-2.@1
e -cam-15723| se: 2. 036+-0.806(4)> | 167 - @.025
Oy 1.04-0.2 5)| z2a.6 | zs.¢o @.3+-0.2
tus 2.74-0.2 i4) 7.4 3.8 2.64-0.12
Tatal Dist cd: 0.229%9+-@.@02¢4)| 17.2 | 2.8 3.028+-0.004
wfs-spm-rs98| se: @.26+-0.@3 (4> 11.% 6.1 | a.z45+-0.0@5
£ p G.5+-0.2 (43| 4@.0 | - | -

- numner of determinations
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Takle S

Tezults af the determinaticon of Cfu. Mo and Ze 1n bia!gqi;al
reference muterizle vueipg precisitation with thyvoacetamide
CPROCEDURE TW)
Feference This workt RED Relative Literature
i error
meterizl fvgsg dry weight) (4D (%) values (162
Cu: 4.2+-2.4 9.% 2.4 4. 1+-@8.3
Rice Flour Mo | . 6+=0.2 12.9 @ 1.6+-0_1
XIES-CAM-QL)Y] Se! @.13+-0.85 } 38.5 -- p.a7
ST 9.6+-1.2 [ 12.5 @.5 J.65+-0.38
Aye Lrass ho: @.85+-0.12 14 .1 1.2 @.84+-9.0¢
ECR-CAM-181) Se: @.24+-0.0Q7 z9.2 | -- @.028+-0.004
Cu == == e 31.9+-0.4
Fig Widnevw Meos 3.3+-0.4 ] 12.1 -- --
CECE-CAM-18&) Se: 10.4+-0.4 i 3.8 1.0 f 1@.3+-0.5

¢ - nezan ot 4 determinations



Sesuitzs of the determination of trace elements in diets

5y different radiochemical procedures

"rocedure I ! Procedure I Procedure 111
Diet This work® | RSD This work® RSD Thic workX RSD
‘na. 3 dry weight) %) {ng/q9 dry weight) ] (ug/qg dry weight) (¥
Ae: 42.4+-0.9 2.1 | As: - - Cd: ¢ @.e3@ -
Tltudents Hag: 19+-3 15.8 Hg: - - cr: @.49+-0 .06 12.2
Sb: 10.6+-0.2 1.3 | sb: - - Cui 3.3+4-0.2 6.1
Te T2+-5 |63 | se: - - | se: @.07+-0.01 14 .3
Ne: 37.2+4-0.5 1.2 | As: 24+-2 5.9 | ¢cd: ¢ e.@e73 -
Tanavs Hag ! 27+-3 18.2 Hg: 35 +-5 5.9 or: 2.97+-0 .05 5.2
3k T.d+-d.d 1.4 | Sb: 2.3+-06.4 17.4 | cu: 2.42+-2.02 | 0.3
Sz 210+4-16 | 7.6 | se: 228+4-13 ! .7 | se: e.aaa+—a.e1a! 8.7
4s:  138+-5 [ 3.5 | Ae: 282+4-27 a.9 | od: @.0z1+-¢.@ed| 19.0
anta H3 {34-3 i 15.8 | Hg: 6.3+-0.5 7.2 Vgr: e.35+-0.24 | 114
stzrina § | Sb: 9.0+-2.5 I 5.6 | gb: 3.2+-0.2 3.1 | Cur 1.37+-0.@5 2.7
a0 1414-13 ; 13.5 1 Se: 151+4-13 i 3.6 | Se: @.147+-0.011| 7.5
Gy ISR+-17 b oe. e | aer 273+-11 | 3.3 | fd: 0.0244-2.005] Z0.3
Ti-tz P 3i4-2 L 12,6 | He: T.2+-2.2 | 4.2 1 tr: @.62+-%.01 1.%
Tatzrins 3 | Ini 1@ Te-2.3 boaa | oze:r zlte-g.3 Potg.1 | cus 2.1+-0.1 | 4.3
fe: 2afe-12 o os.e | se: 2ate-11 | 5.5 | Se: @.246+-2.21@] 4.1

¥ ! l




fesgults obtained for Cu in forage
J3ing precipitation with thyocacetamide

Table 7

sanplecs

by

Jample This work RSD
collected -
in (ug/ /g3 dry weight) (4D
Tarch- 313 d.9+-8.4 4.3
RET1T1S89 te.@6+-8.7 &.7
!
June, 39 S.55+-0.07 | 1.2
|
{
August, 39 S.3+-2 E 36 .0
i
|
September 843 5.7+-0.2 | 3.8
|
|




able 2

Cumsarison of Cr and Se concentrations in
freeze~dried d41&8ts consumed in Brazil
znd octher countries¢i7i

Element cr (ugsg) 3e (ug/q)
frazil¥ @.35 - @.97 @.@87 ~ @. 25
UsA .87 +- 8.8 @.26 +- 0.81
Horway g.13 - @8.@9 @.13 +- @.a7
aErmany @.844 d.0e42
Turkey ¢.13 +- @.25 g.11 +- @.04
* - Fange of recsults of diets analyzed

in this work
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