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ABSTRACT 

Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) technique was used to determine the concentrations of tita-
nium (Ti), vanadium (V), Chromium (Cr), Manganese (Mn), iron (Fe), zinc (Zn), arsenic (As), zirconium (Zr), cad-
mium (Cd) and hafnium (Hf) in black sands samples. 18 black sands samples were collected from the Mediterranean 
coast-Abu Khashabou Rosetta area, Egypt. Alkaline fusion procedure using mixture of Li-meta borate and tetra borate 
was used for the digestion of black sands samples. The average concentrations of Ti, V, Cr, Mn, Fe, Zn, As, Zr, Cd and 
Hf were 435.06 ppm, 322.32 ppm, 2515.03 ppm, 596.45 ppm, 185894 ppm, 249.95 ppm,309.32 ppm, 1077.26 ppm, 
33.56 ppm and 3520.32 ppm, respectively. The procedure was tested with Basalt Hawaiian Volcanic Observatory 
(BHVO-2) standard reference material. 
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1. Introduction 

The Egyptian black sands [1-3] are the end products of 
the disintegrated materials from the igneous and meta- 
morphic rocks. The Egyptian black sand deposits com- 
prise huge reserves of the six common economic mine- 
rals [4-6] that include ilmenite (Fe2+TiO3), magnetite 
(Fe2

3+Fe2+O4), garnet (X3Y2Si3O12 where X-Mg, Fe, Ca 
and Y-Al, Fe, Cr), zircon (ZrSiO4), rutile (TiO2) and 
monazite (Ce, La, Nd, Th) PO4. The Rosetta black sands 
have been the subject of many articles [7,8] and disser- 
tations, as well as technical reports by private firms. 
Many of these studies and reports dealt with the minera- 
logy of these black sands and discussion of their econo- 
mics. In this work, we discuss the elemental composition 
of these black sands that collected from Abu Khashaba 
Beach Area. 

The elements selected are chosen for their importance 
for the probability of their environmental impact in case 
of their presence with higher concentrations than the 
normal levels. These environmental impacts may be due 
to their toxicity [9,10] and other harmful effects associa- 
ted with their higher concentrations.  

For determination of the concentration of the elemen- 
tal composition of the black sands samples various analy- 
tical techniques can be used such as atomic absorption 
spectrometry [11,12], graphite furnace atomic absorption  

spectrometry [13,14], inductively coupled plasma atomic 
emission spectrometry [15,16], inductively coupled plasma- 
mass spectrometry [17,18], and laser ablation—induc- 
tively coupled plasma-mass spectrometry [19,20]. In this 
study ICP-MS technique is selected to be used for deter-
mining the concentration of elemental composition of 
black sands samples for its high efficiency of the detec-
tion of the trace elements. 

2. Experimental Conditions 

Samples 

Samples are collected from Abu Khashaba beach area, 
Rosetta branch (Figure 1). This location extends parallel 
to the Mediterranean coast. It is an open area occupied 
mainly by sabkha. There is no human activity because it 
is considered a military zone. It is nearly flat and very 
gently dipping (nearly horizontal) to north. 

Six sampling profiles (Figure 2) denoted by symbols 
A1, A2 to A6 from east to west) spaced in-between by 
about 600 m and extending into the land from the beach 
line for about 50 m or less. Along each profile, three 
black sand samples are collected, the first sample from the 
surface at the beach line (denoted by A1, A2, , and 
A6, the second sample from the end of the tidal area (the 
wet area by the high tide) at a depth of about 50 cm (de-
noted by A1’, A2’, , and A6’), and the third sample 
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Figure 1. Location map of the studied area. 
 

 

Figure 2. Map of the study area. 
 

was taken from the dry area at a depth of about 1 m (de-
noted by A1”, A2”, , and A6”). 

3. Sample Preparation 

The samples were dried in an oven at 115˚C, mecha- 
nically crushed, and sieved through a 200 mesh sieve. All 
samples are treated by the process of an open-vessel acid 
digestion. The sequential steps of the alkaline fusion pro- 
cedure for digestion of black sand samples are summa- 

rized in Scheme 1. 

4. Reagents  

Multi elements standard solution of the studied elements 
was prepared of analytical grade level. All solvents and 
chemicals were of high purity analytical grade. Ultra 
pure double deionized water (18 Ω ohm-cm) was used to 
dilute black sands samples and in the preparations of 
tudied elements and reagents. s 
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 0.1 g sample + 0.7 g mixture of Li meta borate 

 0.2 and tetra borate in Pt crucible 

Heat in a muffle furnace at 1050˚C for 20 min. 

Add 2 mL HF acid + 2 mL Perchloric acid + double deionized water 

Stirring for 15 min. until complete dissolution 

Evaporate to dryness  

Dilute the sample by double deionized water  

Analysis by ICP-MS 
 

Scheme 1. Alkaline fusion procedure for digestion of black sand samples. 
 
5. Instrumentation 

The high resolution inductively coupled plasma-mass 
spectrometry (JMS-PLASMAX2) technique is used for 
the elemental analysis of the collected black sands sam-
ples, where the experimental conditions are shown in 
Table 1. 
 
Table 1. the experimental conditions for the high resolution 
inductively coupled plasma-mass spectrometry (JMS- 
PLASMAX2). 

ICP-MS parameters 

Forward RF power 1300 watt 

Reflected RF power <2 watt 

Cooling gas flow rate 14 L/min 

Auxillary gas flow rate 0.3 L/min 

Nebulizer gas flow rate 0.77 L/min 

Accelerating voltage 6 KV 

Optimization 
Maximum ion intensity of 1 ppb of 

89Y+ 

Sampler cone Copper with 1.1 mm orifice 

Skimmer cone Copper with 0.9 mm orifice 

6. Results and Discussion 

The validity of this method is confirmed by Basalt Ha-
waiian Volcanic Observatory (BHVO-2) as certified ref-
erence material. From Table 2 it is found that the ob-
tained results and the certified reference values are close. 
Also the accuracy of each studied element is calculated. 

 
Table 2. Elements concentration (ppm) of BHVO-2 by ICP- 
MS. 

Element Measured value Certified value Accuracy (%)

Ti 15853 ± 120 16300 ± 200 2.74 

V 328 ± 4 317 ± 11 3.47 

Cr 265 ± 3 280 ± 19 5.36 

Mn 1364 ± 21 1290 ± 40 5.74 

Fe 82852 ± 71 80630 ± 1400 2.76 

Zn 97 ± 0.20 103 ± 6 5.82 

As 1.4 ± 0.01 - - 

Zr 182 ± 1.40 172 ± 11 5.81 

Cd 0.3 ± 0.01 - - 

Hf 3.9 ± 0.10 4.1 ± 0.3 4.88 
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Elemental analyses for 18 sediment samples were per- 
formed by using inductively coupled Plasma-mass spe- 
ctrometer. Table 3 shows the elements concentrations for 
the analyzed black sand samples which collected from 
the Abu Khashabou beach area. 

Ti ranges in concentration between 327.44 ppm and 
538.05 ppm, with an average of 435.06 ppm in the col-
lected sediment samples. V shows a general decrease in 
concentration from the sediment samples collected from 
the shore line backward into the land area behind, rang-
ing between a minimum concentration of 268.74 ppm 
and a maximum concentration of 391.94 ppm, with an 
average of 322.32 ppm. A general decrease in Cr con-
centration through the collected sediment samples is no-
ticed from the shore line backward into the land area 
behind varying from 2178.19 ppm to 2902.71 ppm, with 
an average of 2515.95 ppm. Like Cr and V, Mn con- 
centration shows a general decrease from the sediment 
samples collected from the shore line backward to the 
samples collected from the land area behind, ranging bet- 
ween 501.23 ppm as a minimum amount of concentration 
and 610.80 ppm as a maximum amount of concentration, 
with an average of 596.45 ppm. Fe shows higher concen-

trations in the samples collected from the shore line area 
with a general decrease backward into the land area be-
hind, ranging between 154,306 ppm and 218,425 ppm, 
with an average of 185,894 ppm. Zn ranges from 211.48 
ppm to 298.50 ppm; with an average of 249.95 ppm 
through the collected sediment samples; with higher 
concentrations recorded in the samples collected from the 
shore line than those of the samples collected from the 
land. As shows an irregular pattern where it varies in 
concentration from 271.65 ppm to 352.65 ppm; with an 
average of 309.32 ppm through the collected sediment 
samples. Zr shows a general decrease in concentration 
from the shore line backward the land area behind 
through the collected sediment samples, ranging between 
926.27ppm and 1616.77 ppm; with an average of 
1077.26 ppm. Cd shows a nearly regular distribution 
with a general decrease in content from the sediment 
samples collected from the shore line backward through 
the samples collected from the land area behind. It ranges 
between 28.21ppm and 39.99 ppm; with an average of 
33.56 ppm. The higher concentrations of Hf are recorded 
in the sediment samples collected from the shore line 
area; it ranges between 3081.69 ppm and 4599.19 ppm;  

 
Table 3. Elements concentrations (ppm) of the black sand samples collected from Abu Khashaba beach area by ICP-MS. 

Samples Ti V Cr Mn Fe Zn As Zr Cd Hf 

A1 432.79 338.93 2811.27 610.80 193,925 298.50 363.55 1185.45 36.97 4599.19

A1’ 428.21 315.15 2645.37 595.96 154,780 246.64 352.65 1043.32 34.35 3204.15

A1” 327.44 271.71 2313.83 590.15 154,306 217.37 268.32 1011.89 31.97 3081.69

A2 538.05 391.94 2902.71 608.36 213,144 285.51 315.86 1616.77 32.81 3787.10

A2’ 492.98 336.29 2746.01 599.63 181,344 251.49 306.54 1039.15 32.17 3532.59

A2” 431.06 280.69 2204.97 501.23 157,023 214.42 271.65 1039.03 28.21 3106.76

A3 446.78 333.65 2618.75 609.10 197,909 224.38 279.06 1069.50 34.45 3839.15

A3’ 431.92 289.67 2598.66 606.50 194,953 220.91 274.98 1041.13 31.27 3363.69

A3” 429.33 268.74 2178.19 605.92 159,740 211.48 249.53 1042.12 30.28 3084.22

A4 447.66 337.76 2629.37 610.80 179,825 294.41 325.35 1086.19 39.10 3470.52

A4’ 432.80 312.40 2624.74 610.57 171,800 263.00 308.23 1084.10 36.16 3372.94

A4” 432.36 312.17 2191.37 609.96 163,711 224.50 283.65 1043.24 30.15 3129.01

A5 432.8 356.33 2606.37 610.80 252,600 287.00 346.16 1043.35 33.42 3898.54

A5’ 414.37 338.92 2577.70 595.29 218,425 265.87 315.37 926.27 31.09 3823.41

A5” 384.04 313.13 2126.87 541.54 110,978 216.75 299.06 908.84 29.43 3629.08

A6 445.96 360.63 2666.20 610.80 193,000 283.92 352.37 1086.19 39.99 3804.61

A6’ 432.80 338.87 2616.37 609.96 187,935 246.86 334.32 1084.10 36.23 3604.72

A6” 432.35 304.83 2211.72 608.81 180,704 246.00 321.17 1040.06 35.98 3214.32

Average 435.06 322.32 2515.03 596.45 185,894 249.95 309.32 1077.26 33.56 3530.32
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with an average of 3530.32 ppm. 

7. Conclusion 

Alkaline fusion method of black sand samples is a suit-
able method for the digestion of the samples due to 
eliminate of the matrix. ICP-MS is a good technique for 
its high efficiency of the detection of the trace elements. 
The concentration of the selected elements generally are 
decreased from the shore line backward the land area. 
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