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INAA, AAS and ICP-AES techniques are applied to the determination of trace 

Hf, K, La, Li, Lu, Mg, Mn, Na, Nb, Ni, Pb, Sb, Sc, Se, Sm, Sn, Sr, Ta, Th, Ti, U, V, 
W and Zn in the stalks of sugar cane plant after extracting juice, raw juice principal 
(mixed) juice, juice withdrawn from the successive stages of sugar industry, sirup, 
deposits from evaporators, molasse, A-? and B-sugar and in the soil samples (collected 
from the field supplying the factories by cane plants) taken from the immediate 
vicinity of the plant roots at surface, 30 and 60cm depth. The results obtained are in 
a good agreement of the safety baselines of using juice as beverage, molasse 
derivatives (honey, sweets,. . .) as diet for common people in the developed countries 
and in industry (methanol, ethanol, acetone & acetic acid,. . .) and sugar sweeting for 
many purposes (in beverages, desserts,. . .). Differences of trace elements concentrations 
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amounts of Ag, Al, As, Au, Ba, Br, Ca, Cd, Ce, CI, Co, Cr, Cs, Cu, Dy, Eu, Fe, Ga, 
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42 R. M. AWADALLAH ET AL. 

in soil samples may be reasoned to geochemical and biogeochemical fractionation 
while those in juice may be due to the changes in the environmental conditions, 
chemical composition and botanic structures. Variations in trace element contents in 
the products formed during the successive stages of sugar industry may be a result of 
evaporation, filtration processes, chemical treatments or corrosion of vessels, con- 
tainers or engines. Trace elements are very important where they are responsible for 
enzymatic and biochemical reactions, matabolism, health and diseases. 

KEY WORDS: Trace elements, sugar cane, neutron activation, atomic absorption 
spectrometry, inductively coupled plasma-atomic emission 
spectroscopy. 

I NTRO D U CTlO N 

The study of trace elements is of interest where trace element 
analysis is the key for recognising their vital important roles on life 
cycles, biochemical and enzymatic reactions in plants, animals, fishes 
and human beings as well as their roles in geochemistry, biogeo- 
chemistry, ore deposits and in the genetic relations between the 
different types of rocks. 

The present work is part of a comprehensive program planned to 
study the trace elements in soil, sediments, water, crops, plants, 
vegetables, fruits, cane sugar, milk, foods, coffee and tea and to 
monitor the trace element level to follow up the lack or deficiency of 
trace elements in soil, mud, water, crops and plants after the 
construction of Aswan High Dam, which may possibly inhibit or 
block growth and increase susceptibility to plant diseases and pests, 
which decrease crops production. 

Trace elements were determined by INAA in water,’-’ water and 
sediments,6 - lo coffee and tea,’’,’’ f ~ o d , ’ ~ , ~ ~  organic l 5  and 
biologicall62 l7  materials, aerosols,” rocks,19, 2o air,’l oil,” hair,z3 

’’ crops,26-28 atmosphere,” cane s ~ g a r , ~ ’ - ~ ~  human 
liver,34 opium and ~ a n a b i s , ~ ~  and in by AAS in chicken 
eggs,37 fruit juice,38 crude meat samples,39 some canned fruits and 
vegetables4’ and in pig faeces,41 and by ICP-AES in sea ~ a t e r , ~ ’  
near-shore marine sediments,43. 44 geological materials45 and in raw 
agricultural crops,46 
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TRACE ELEMENTS IN EGYPTIAN CANE SUGAR 43 

EXP ER I M ENTAL 

Samples collection 

Two raw juice samples, the stalks of sugar cane plant taken from the 
field (after extracting juice and before treatment), principal (mixed) 
juice, juice samples withdrawn during the successive stages of 
operation, sirup from evaporators, molasse and A- and B-sugar as 
well as in the soil samples taken from the immediate vicinity of the 
plant roots at surface, 30 and 60cm depth. The samples were 
collected in May 1980. The different operational stages of sugar 
industry can be summarised as follows: 

Stage 1: principal juice. Stage 2: diffusion juice (it is obtained on 
cutting the stalks of sugar cane plants into small pieces and heating 
the resultants to a relatively high temperature where sugar contents 
diffuse when dilute sugar solution passes through the mixture). Stage 
3: juice + Ca(OH),. Addition of Ca(OH), is to flocculate and coagu- 
late colloidal and suspended matter. Stage 4: juice + superphosphate 
+ SO, (addition of superphosphate is to form flocculent precipitates 
of Ca,(PO,),, CaSO,, CaSiO,, AlPO,, FePO, and Mg(OH),. 
Mg,(PO,), which entrain much of the very fine suspended matter 
and on settling, a clear juice is obtained, while the action of SO, on 
juice is considered to be bleaching the brown colour of juice due to 
the presence of aminoacids, pectines, waxes, proteins, resins, 
fats,. , , etc., it is also considered to be neutralising and viscosity 
reducing). Stage 5: clear juice (after filtration). Stage 6: turbid juice. 
Stage 7: sirup without SO2. Stage 8: sirup with S02(S02  for 
bleaching sirup for production of white sugar which is used for 
direct consumption). Stage 9: molasse. A(99.773- and B(99.3%)-sugar. 

Materials: Super pure HNO,, HF, HCl, HClO,, CH,COOH 
acids, As20, and Pb(AcO), (Merck, 99.9%) and thrice distilled 
water. 

Standards: Biological4’ [Bowen’s kale (OK), Orched leaves (OL) 
and Tomato Leaves (TOML)] and Geological [Coal Fly Ash (CFA), 
Stromboli (STR),’ and Granite (USGS - G,)I9] standards. 

Apparatus 

Gamma Spectrometer Nuclear Data ND-66(2 x 4096 channels), 
Ge(Li) Detector, 40 cm3, Resolution 3.8 Kev. 

Minicomputer; DEC, PDP 11 - 04, - 34, - 45. 
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44 R. M. AWADALLAH ETAL.  

Perkin-Elmer Double Beam Atomic Absorption Spectrophoto- 
meter Model-303 equipped with a Boling Air- Acetylene Burner. 

Inductively Coupled Plasma Atomic Emission Computerised 
Spectrometer. 

Teflon Crucibles, Electrical Furnace, Sand Bath, Infrared Lamp, 
Polyethylene Vials and Capsules, Micropipettes, Measuring Flasks 
and Polyethylene & Glass Beakers. 

Working procedure 

(A) Sample preparation for  INAA:  
(1) Juice and Molasse samples: One litre of juice or molasse samples 
was evaporated on a water bath down to the homogenous state. 2g 
of the dried samples were dissolved in supra- pure nitric acid in a 
teflon crucible and evaporated to dryness. The residue was placed 
into polyethylene vials which were then properly sealed using the 
technique reported by Brandstatter et 

(2) The plant, sugar, deposit and soil samples: The samples were 
dried in an electric furnace at 100°C for three hours. The samples 
after cooling, were powdered. 0.5-2g of the dried cana plant, sugar 
or deposit samples and 100mg of the representative coil (prepared by 
quartering method5') samples were inserted in small polyethylene 
vials and the vials were closed in a special method using a welding 
apparatus.49 

(B) Sample preparation for AAS: 
(1) Juice, Molasse and sugar samples: 4g of the homogenous dried 
samples of each of juice, molasse or sugar were dissolved in 40ml 
HNO, in teflon crucible. The crucible was covered with a watch 
glass and placed on a sand bath until complete destruction of the 
sample was reached whereby a clear solution was obtained then the 
solution was made up to 100ml using thrice distilled water. 

(2) Soil samples: One gram sample was brought into solution by 
dissolving it in lOml HNO, + lOml HCl in teflon crucible. The 
crucible was placed on a sand bath and heated near dryness. The 
residue was dissolved in 10ml HNO, + lOml HCl then heated to 
dryness. lOml of 2N HC1 were added to the residue and the crucible 
was heated for three minutes on a sand bath. The crucible was 
cooled, then the cover was rinsed, washed and transferred into the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



TRACE ELEMENTS IN EGYPTIAN CANE SUGAR 45 

original solution and then the solution was filtered. The filtrate was 
made 100ml using thrice distilled water. 

Standard solutions and calibration graphs 

1mg As,O,/ml was obtainable by dissolving l g  of As,O, in few 
drops of HF in a teflon crucible then the solution was transferred 
and made up to one litre using thrice distilled water. 1 mg Pb/ml was 
prepared by dissolving the appropriate amount of Pb (AcO), in few 
drops of AcOH, then the solution was diluted to one litre using 
thrice distilled water. The standard curves for As and Pb were 
constructed by representing the absorbance-concentration 
relationship. 

Sample preparation for ICP-AES 

Soil samples taken in 0.5g were dissolved in a mixture of HC1 and 
HC104, whereas molasse, juice, sirup and the different types of sugar 
samples solutions were prepared following the same technique 
applied for estimation of As and Pb by AAS method. 

Irradiation and measurement 

The samples were irradiated inside the reactor at 250 KW using 
neutron flux equals 7.5 x loi3 n.cm-2.secp1 (iron wire monitor was 
used for flux correction) in the case of long (ti=24-48 h, t, = 2-3 w 
and t, = 15-60 min) and medium radioactive nuclides (t i  = 3.5-6 h, t d  = 

12-40min, t,= 1&30min), 5 x 1012n.cm-2.sec-1 in the case of the 
short lived radioactive nuclides (slow pneumatic transfer rabbit system, 
ti  = 30 s-2 min, td = 2-3 min, t, = 10min) and 1.3 x lo1, n .  ern-,. secpl 
in the case of the short lived nuclides (fast pneumatic transfer and 
measure mini system, ti = 10-20 s, t ,  = 0-50 s, t ,  = 5.1, 81.6 or 255 s). 
The peak-to-background ratios may be derived from the semi-log 
plots of the spectra. Some of the results were corrected for overlapp- 
ing y-lines. 

RESULTS AND DISCUSSION 

The results of INAA, AAS and ICP-AEC measurements are given in 
Tables I-V. 
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TABLE I 
Trace element concentration in juice, molasses and sugar samples (Naga 

Hammady factories) using INAA. 

Juice 1 

6.3 
0.10 

752.1 
0.16 
0.12 

14.6 
40.5 

1.1 
317.3 

1.8 
4.3 
1.0 
0.05 
1.2 
0.15 

8.3 
1.2 

- 

- 

Juice 2 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

19.1 
0.08 

207.2 
0.10 
0.70 

20.4 
28.1 
2.3 

450.4 
2.0 
3.8 
2.1 
0.12 

11.0 
0.10 

12.1 
3.3 

82.7 

279.2 
0.13 

0.08 
0.73 

33.0 
35.4 
2.2 

611.7 
1.2 
3.8 
1.9 
0.16 

24.1 
0.11 

39.8 
10.2 
2.9 

339.1 

27.0 

379.1 
0.35 

1.1 
28.7 
135.7 

1.5 
870.2 

1.7 
4.9 
2.6 
0.19 

35.1 
0.76 

40.3 
16.8 
3.2 

0.11 

- 

43.9 
0.09 

639.5 
0.53 
1.5 

90.8 
46.3 

1.5 
889.3 

1.6 
1.8 
1.5 
0.23 

40.5 
0.31 

70.4 
25.9 

1.4 
447.4 

2.8 11.3 
0.10 0.07 

524.1 848.8 
0.50 0.91 
0.60 1.3 
8.6 18.1 

49.3’ 58.2 
2.1 1.2 
- 920.1 
1.3 2.8 
1 .0 0.78 
1.3 0.63 

0.09 0.24 
12.3 16.2 
0.12 0.08 

121.8 - 

20.3 32.9 
2.1 2.7 

432.9 710.6 

TABLE I (continued) 

Element Stage 6 Stage 7 

242.6 

252.6 
0.04 

0.13 
0.5 1 
7.9 

49.5 
2.9 

72.3 
1.5 
2.2 
1.9 
0.11 

49.5 
0.10 

104.8 
34.3 

1.6 
1223.5 

140.9 

162.8 
0.02 

0.38 
0.92 
8.6 

196.5 
0.90 

69.3 
2.1 
0.98 
0.87 
0.09 

0.04 
37.1 

~ 

16.8 

739.9 
- 

Stage 8 

3.5 
0.01 

328.8 
0.87 
0.44 
6.3 

107.5 
0.98 

51.9 
1.1 
1.6 
1 .0 
0.07 
5.0 
0.05 

40.8 
12.8 

264.2 

Molasse 

14.1 
0.10 

479.4 
0.90 
1.3 

28.4 
49.4 
2.2 

74.8 
2.9 
2.2 
1.1 
0.20 

14.6 
0.09 

18.4 
52.2 

1.3 
729.3 

A-sugar B-sugar 

4.1 3.8 

54.3 59.4 
0.82 0.93 
0.003 0.004 
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TRACE ELEMENTS IN EGYPTIAN CANE SUGAR 

TABLE I1 
Trace elements concentration in sugar cane 

plant samples (Naga Hammady). 

47 

Element Plant 1 Plant 2 Mean 

595.7 
17.3 
0.14 
3.6 

790.9 
0.25 

43.8 
66.7 

278.1 
0.26 

32.9 
7.4 
0.87 
5.5 

182.3 
28.1 
3.8 
5.2 

115.6 
11.8 

617.2 
21.4 

0.17 
4.8 

817.3 
0.33 

36.2 
53.1 

256.2 
0.33 

43.1 
6.1 
0.19 
3.3 

193.6 
21.7 
2.9 
3.6 

114.8 
14.5 

606.5 
19.4 
0.16 
4.2 

804.1 
0.29 

40.0 
60.2 

261.2 
0.30 

38.0 
6.8 
0.53 
4.4 

188.0 
24.9 

3.4 
4.4 

115.2 
13.2 

The results show that Al, Br, Ca, C1, Fe, K, Mg and Na are 
enriched in the soil as well as in the plant while Au, Lu and U are 
less enriched in plant and in soil but Co, Cr, La and V are less 
concentrated in plant than in soil. Br, C1, Co, Cr, Fe, K and V 
increase in the different stages of sugar industry up to stage 6 (and in 
molasse) then they decrease and reach minimum in B-sugar, how- 
ever, A-sugar contains nothing. Crude juice contains nothing of As, 
Pb, Sb and V as well as A(Q.3ppbPb)- and B(0.7ppbPb)-sugar. In 
addition, A- and B-sugars are free from Au, Co, Cr, Eu, K, La, Pb, 
Sm and V. Appearance of As, Pb, Sb and V in the processing stages 
of sugar industry may be due to corrosion effects of vessels, 
containers and machine tools or occasionally to addition of chem- 
icals. Absence of As, Cd, Cr, Pb, Sb and V from sugars renders the 
supply of sugar to be safe. The presence of Ca, Fe, Cu, Mn, Zn and 
Co in the analysed plants, crude juice, sirup and molasse have 
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48 R. M. AWADALLAH ETAL.  

TABLE I11 
Trace elements concentration in soil samples (Naga Hammady section) 

Y m p l e  n:s: Sample 1 Sample 2 

Surface 30cm 60cm Surface 30cm 60cm Mean 

8.5 10.2 8.5 13.0 10.5 11.7 10.4 
Au (PPb) 9.3 10.2 9.6 7.3 7.3 7.7 8.6 
Ba (PPm) 642.0 - 407.6 - 647.1 794.0 622.7 
Br (PPm) 32.6 30.1 39.7 31.6 34.0 32.9 33.5 
Ca % 5.1 5.4 5.1 4.8 4.9 4.9 5.0 
Ce (PPm) 98.2 106.7 100.3 116.1 123.6 117.0 110.3 
c1 % 0.13 0.11 0.14 0.14 0.12 0.17 0.13 
c o  ( P P 4  38.3 45.6 42.6 46.0 45.6 43.3 43.5 
Cr ( P P 4  242.0 264.2 251.0 228.3 226.9 221.4 239.0 
c s  ( P P 4  2.0 2.0 2.2 1.6 1.5 1.8 1.9 

1.5 DY ( P P 4  1.7 1.2 - 

Eu (PPm) 2.7 3.1 3.1 3.1 3.4 3.3 3.1 
Fe % 10.1 11.0 10.7 10.8 11.2 11.0 10.8 
Hf (PPm) 9.0 8.5 8.5 8.1 8.2 8.4 8.5 
K %  1.8 1.2 1.5 1.4 1.3 1.1 1.4 
La (PPm) 32.2 35.8 34.5 36.6 40.0 39.1 36.4 
Lu (PPW 219.4 315.7 306.0 390.0 401.1 361.1 332.2 
Mg % 2.6 3.0 2.6 3.0 2.7 2.7 2.8 
Mn % 0.12 0.20 0.13 0.21 0.18 0.20 0.17 
Na % 1.0 2.0 1.9 1.4 1.5 1.4 1.7 
Ni (PPm) 10.0 14.9 11.8 19.8 20.0 17.9 15.7 
Sb (PPm) 8.4 9.7 10.1 11.8 12.8 12.8 10.9 
sc (PPm) 30.4 33.3 32.0 34.0 36.0 34.6 33.4 
Sm (PPm) 10.8 12.4 11.8 12.4 13.6 13.0 12.3 
Ta (PPm) 7.6 8.0 8.0 8.3 9.0 8.5 8.2 
Th ( P P 4  4.9 5.7 6.2 6.6 6.2 6.8 6.1 
Ti (PPm) 487.4 529.7 642.7 565.0 - 661.3 577.2 
u (PPb) 32.2 31.7 30.1 28.8 30.1 33.2 31.0 
v (PPm) 200.0 224.7 188.4 260.7 210.0 241.3 220.8 
Zn ( P P 4  65.9 78.1 64.1 66.2 73.3 77.3 70.8 

Element \, 
A1 % 

- - - 

R.E.% 

10 .3  
1 6.6 
f 12.2 
f11.1 
f 8.7 
- + 2.8 
f2.3 

8.1 
- + 7.5 
f 6.9 
f 12.1 
f 4.6 * 4.3 
f 7.2 
f 6.4 
+ 5.5 * 10.0 
f 7.9 * 9.7 
f 4.6 * 7.4 
f 6.3 
kO.8 
fO.8 
1 3.6 
f 5.8 

k11.3 
+ 2.3 
f 8.6 
f 5.9 

shown to be nutritionally essential elements for life of higher forms 
of animals, plants and human beings.51 Also, the interaction between 
the elements Cu; Zn-Fe; Mn- Fe; As- Se; Mn- La' present in the 
investigated samples may reflect the important role of the dietary 
balance among these trace elements in growth of plants, in nutrition 
and in health and disease. The taste, colour and smell of some plants 
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TABLE V 
Results of analysis of soil samples using ICP method and AAS for As&Pb 

(Nagga Hammady district) 

Sample no. 
and denth Sample 1 Sample 2 

\ 
Element \ Surface 30cm 60cm Surface 30cm 60cm 

0.14 0.18 
10.47 12.04 
0.075 0.054 
4 5 
3.86 4.22 
0.15 0.18 
0.0082 0.0093 
0.0035 0.0042 
0.0135 0.0154 
0.0056 0.0061 
7.11 8.18 

1.12 1.06 
11 10 

41 45 
12 5 
2.37 2.66 
0.125 0.149 
1.462 1.507 

17 17 
0.0061 0.0073 
0.169 0.160 
5.4 7.5 

0.4 0.0 
0.0407 0.0439 
1.679 1.956 

25 29 

246 243 
66 71 
43.5 42.0 
45.0 43.9 

0.18 0.20 0.23 
11.69 12.88 13.11 
0.081 0.096 0.112 
5 5 5 
4.06 3.70 3.65 
0.18 0.18 0.19 
0.0093 0.0100 0.0108 
0.0040 0.0039 0.0042 
0.0160 0.0143 0.0156 
0.0064 0.0065 0.0067 
8.04 8.15 8.54 

10 12 12 
1.07 1.08 0.99 

45 48 50 
6 4 8 
2.60 2.74 2.66 

0.143 0.182 0.173 
1.580 1.351 1.402 

20 22 22 
0.0071 0.0073 0.0081 
0.162 0.175 0.170 
7.6 7.1 7.9 

0.0 0.0 0.0 
0.0438 0.05414 0.407 
1.939 1.742 1.822 

28 24 30 

286 260 275 
73 65 77 
44.2 73.0 70.5 
46.0 45.0 44.0 

0.18 
12.09 
0.87 
4 
3.23 
0.17 
0.0098 
0.0036 
0.0122 
0.0058 
7.52 

0.89 

0.0 
2.44 
0.149 
1.208 

21 
0.0068 
0.147 
5.7 

0.0 
0.0378 
1.599 

12 

45 

27 

249 
63 
71.2 
48.0 

may be attributed to the presence of some trace elements such as La, 
Mn, . . .” In addition, the physiological effects of elements such as 
Zn, Cu, Fe, Co, Ni, Mn, Se ,... are r e p ~ r t e d . ~ ~ . ~ ~  The presence of 
chromium in trace amounts (ppb) in crude juice, treated juice and 
molasse is conformable with the recent findings of Cr3+ as an 
essential element for mamalian sugar metabolism. 
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Based on the analysis of raw juice, treated juice, molasse and 
sugar, one can distinguish four types of group elements. 
1-Al, Ca, K, Mg, Mn, and Na have no distinct trend through the 

course of sugar production. 
2-La and Sc increase significantly during the different stages of 

sugar production. 
3-Au and V show of significant decrease in the successive stages of 

sugar industry. 
G B r ,  C1, Co, Cr, Na and Sm show one or more distinct maxima, 

characterising the relations between the elements determined. 

In the case of soil samples, one can also distinguish four types of 
relations between the elements determined: 
1-Al, Hf, K and Th have relatively high concentrations on the 

surface. 
2-Concentrations of Au, Br, Ce, Eu, Fe, Mg, Na, La, Lu, Ta, Ti, Sc 

and Zn increase with the depth. The decrease of the con- 
centration of these elements on the surface of the soil may be due 
to the preferential and selective uptake and assimilation of these 
elements by plants. 

3-C1, Cs and Ca show no distinct change at different depths. 
G L u ,  Mn, Sc, Sm, V and U have irregular distribution without 

showing a distinct trend in the soil. Variations of trace element 
concentrations in soil samples may be due to geochemical and 
biogeochemical fractionation of soil while those in crude juice 
and in the stallks of sugar cane plants may be due to environ- 
mental changes, variations in botanic forms and structures, and 
in chemical cornposition of plant. 

CONCLUSION 

There is a marked effect of trace elements present in soil on the 
composition of crude juice as well as treated juice, molasse, deposit 
and sugar as a result of evaporation, filtration processes, and 
chemical treatments. In addition, corrosion of vessels containing 
juice, sirup and molasse has a more or less significant effect. 
However, trace elements present in crude juice, molasse and sugar 
are below hazardous or toxic levels. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



52 R. M. AWADALLAH ET AL. 

References 

1. V. Valkovic, Trace Element rinalysis, T. W. Bonner, Nuchear Laboratories, Rice 

2. H. A. V. D. Sloot and J. B. Luten, Netherlands (1976). 
3. H. A. V. D. Sloot, ECN-1, Netherlands (1976). 
4. J. Wijkstra and H. A. V. D, Sloot, ECN-78-110, Netherlands (1978). 
5. G. D. Wals, H. A. V. 9. Sloot and R. Massee, ECN-80-008, Netherlands (1980). 
6. M. K. Sherif, R. M. Awadallah and F. Grass, Bull. Fac. Sci. Assiut Uniu. 7(1), 379 

7. M. K. Sherif, R. M. Awadallah and F. Grass, J .  Radioanal. Chem. 60(1), 267 

8. M. K. Sherif, R. M. Awadallah and F. Grass, J .  Chem. Erde 40, 178 (1981). 
9. R. M. Awadallah, J .  Indian Chem. SOC. In the course of publication (1982). 

10. R. M. Awadallah, Asw. Sci. Techn. Bull., 5, 77-92 (1984). 
11. K. R. Shah, R. H. Filby and A. I. Davis, Int. J .  Enuiron. Chem. 1, 63 (1971). 
12. R. E. Jervis, D. Debrun, W. Lepage and B. Tiefenbac, Uniu. Toronto (1970). 
13. J. T. Tanner and Friedman, U S .  Food and Drug administration, Division of 

14. F. J. Diehl and R. Schelenz, Lebensen-Wiss. Technol. 8, 154 (1975). 
15. D. Hoede, R. Massee and H. A. Das, Radiochem. Radioanal. Lett. 23, 379 (1975). 
16. H. A. V. D. Sloot, G. D. Wals, C. A. Weers and H. A. Das, ECN-79-096, 

17. D. Hoede, H. A. V. D. Sloot, ECN-79-095, Netherlands (1979). 
18. F. Grass and G. P. Westphal, Nucl. Instr. Methods 140, 97 (1977). 
19. F. J. Flanagan, Geochim, Cosmochim. Acta 37, 1189 (1973). 
20. H. A. V. D. Sloot and J. Zonderhuis, ECN-79-094, Netherlands (1979). 
21. J. V. Gilfrich, P. G. Buckhalter and L. S. Birks, Anal. Chem. 45, 2002 (1973). 
22. V. P. Guinn, D. E. Bryan and H. R. Lukens, Nucl. Technique in Environmental 

23. V. Valkovic, Comptemp. Phys. 14, 439 (1973). 
24. W. Niedermeir, J. H. Griggs and R. S. Johnson, Appl. Spectr. 25, 53 (1971). 
25. J. Schumacher, W. Marie-Borst and H. Hauser, J .  Radioanal. Chem. 37, 503 

(1977). 
26. M. K. Sherif, R. M. Awadallah and A. E. Mohamed, Bull. Fac. Sci. Assiut Uniu. 

7(2), 341 (1978). 
27. M. K. Sherif, R. M. Awadallah and A. E. Mohamed, J .  Radioanal. Chem. 53(1-2), 

145 (1979). 
28. M. K. Sherif, R. M. Awadallah and A. H. Amrallah, J .  Radioanal. Chem. 57(1), 53 

(1980). 
29. F. Grass and R. Niesner, Nucl. Instr. Methods 151, 589 (1978). 
30. R. M. Awadallah, M. K. Sherif, A. E. Mohamed and F. Grass, J .  Radioanal. 

31. R. M. Awadallah, M. K. Sherif, A. E. Mohamed and F. Grass, Int. J. Appl. 

32. R. M. Awadallah, M. K. Sherif, A E. Mohamed and F. Grass, 1. Analytica 

Univ., Houston, Texas (1975). 

(1978). 

(1980). 

Chemistry and Physics, Washington, DC 20204 (1976). 

Netherlands (1979). 

Pollution, IAEA, 347 (1971). 

Chem. in press (1983). 

Radiation and Isotopes, in the course of Publication (1983). 

Chimica Acta, in the Course of Publication (1983). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



TRACE ELEMENTS IN EGYPTIAN CANE SUGAR 

33. R. M. Awadallah, M. K. Sherif, A. E. Mohamed and F. Grass, J .  Chem. SOC., in 

34. P. Lievens, J. Versieck, R. Cornlis and J. Host&, J .  Radioanal. Chem. 37, 483 

35. G. Henke, J .  Radioanal. Chem. 39, 69 (1977). 
36. C.  C.  Dantas, Radiochem. Acta 22(4), 192 1975). 

38. J. T. H. Roos and W. J. Price, J .  Sci. Fd. Agric. 21, 51 (1970). 
39. D. C. Kirkpatrick and D. E. Coffin, J. Sci. Fd. Agric. 26, 43 (1975). 
40. B. Thomas, J. A. Rougham and E. D. Watters, J .  Sci. Fd. Agric. 24, 447 (1973). 
41. E. P. Hilliard and J. D. Smith, Analyst 104, 313 (1979). 
42. S. S. Berman, J. W. Melaren and S. N. Willie, Anal. Chem. 52, 488 (1980). 
43. D. W. Hausder and L. T. Taylor, Anal. Chem. 53, 1223 (1981). 
44. J. W. McLaren, S. S. Berman, J. V. Boyko and D. S. Russel, Anal. Chem. 53, 1802 

45. J. G. Crock, F. E. Lichte, Anal. Chem. 54, 1329 (1982). 
46. R. W. Kuennen, K. A. Wolrik, F. L. Fricke and J. A. Carsiso, Anal. Chem. 54, 

47. R. Becker, A. Veglia and E. R. Schmid, J. Radiochem. Radioanal. Lett. 19, 5-6, 

48. E. A. Taskaev and Apostolov, J. Radioanal. Chem. 68, 285 (1982). 
49. 0. Branstatter, F. Girsig, F. Grass and R. Flenk, Nucl. Instr. and Meth. 104, 45 

50. R. M. Awadallah, MSc.  Thesis, Assiut Univ. (1971). 
51. E. J. Underwood, Trace Elements in Human and Animal Nutrition, Academic 

52. M. A. Bokuchava and N. I. Shobeleva, Adva. Food Res. (1969). 
53. G. W. Monier-Williams, Trace Elements in Foods’; (John Wiley & Sons, New 

54. H. J. M. Bowen, J. M. R. Leinhan and S. J. Thompson, Advances in Activation 

53 

the course of publication (1983). 

(1977). 

37. D. C. Kirkpatrick and D. E. Coffin, J.-Sc. il Fd. Agric. 26, 99 (1975). 

(1981). 

2146 (1982). 

343 (1974). 

(1972). 

Press, New York (1956). 

York 1950). 

Analysis, Vol. 1, Academic Press (London, 101 1969). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1


