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179.3757 | 3587514 | 2391676 | 11.95838 | 11.95838 | 2152508 | 239.1676 | 373 | 1957
6.7326 | 1.34652 | 0.89768 | 044884 | 0.44884 | 807912 | 89768 | 14 | 1958
327012 | 6.54024 | 4.36016 | 2.18008 | 2.18008 | 39.24144 | 43.6016 | 68 | 1959
389520 | 7.79058 | 519372 | 259686 | 2.50686 | 4674348 | 51.9372 | 81 | 1960
307776 | 6.15552 | 4.10368 | 205184 | 2.05184 | 3693312 | 41.0368 | 64 | 1961
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18.7551 | 3.75102 | 2.50068 | 1.25034 | 1.25034 | 22.50612 | 250068 | 39 | 1962
37.0293 | 7.40586 | 4.93724 | 246862 | 246862 | 4443516 | 49.3724 | 77 | 1963
346248 | 692496 | 461664 | 230832 | 2.30832 | 4154976 | 461664 | 72 | 1964
341439 | 6.82878 | 455252 | 227626 | 2.27626 | 4097268 | 455252 | 71 | 1965
16.8315 | 3.3663 | 2.2442 11221 | 11221 | 201978 | 22.442 35 | 1966
63.9507 | 12.79194 | 852796 | 4.26398 | 4.26398 | 76.75164 | 852796 | 133 | 1967
208158 | 596316 | 3.97544 | 198772 | 1.98772 | 3577896 | 39.7544 | 62 | 1968
91371 | 182742 | 121828 | 6.0914 | 6.0914 | 109.6452 | 121.828 | 190 | 1969
56.7462 | 11.34924 | 7.56616 | 3.78308 | 3.78308 | 68.09544 | 756616 | 118 | 1970
31.2585 | 6.2517 | 4.1678 20839 | 20839 | 375102 | 41678 65| 1971
24045 | 4.809 3.206 1.603 1.603 28.854 32.06 50 | 1972
437619 | 8.75238 | 5.83492 | 291746 | 2.91746 | 52.51428 | 58.3492 | 91 | 1973
471282 | 9.42564 | 6.28376 | 3.14188 | 3.14188 | 56.55384 | 628376 | 98 | 1974
115416 | 2.30832 | 153888 | 0.76944 | 0.76944 | 13.84992 | 153888 | 24 | 1975
67.326 | 134652 | 8.9768 44884 | 44884 | 807912 | 89.768 | 140 | 1976
323 6.5 43 2.2 22 38.7 430 933 | Jud
75% 15% 10% 5% 5% 90% 3ok | Akl | cigas
)

57.50648 | 115013 | 7.66753 | 3.833765 | 3.833765 | 69.00777 | 76.6753 | 169 | 1956
85.06875 | 17.01375 | 11.3425 | 567125 | 567125 | 102.0825 | 113425 | 250 | 1957
40.15245 | 8.03049 | 5.35366 | 2.67683 | 2.67683 | 48.18294 | 535366 | 118 | 1958
90.51315 | 18.10263 | 12.06842 | 6.03421 | 6.03421 | 108.6158 | 120.6842 | 266 | 1959
35.3886 | 7.07772 | 4.71848 | 2.35924 | 2.35024 | 42.46632 | 47.1848 | 104 | 1960
7315913 | 14.63183 | 9.75455 | 4.877275 | 4.877275 | 87.79095 | 975455 | 215 | 1961
209442 | 598884 | 3.99256 | 1.99628 | 1.99628 | 3593304 | 39.9256 | 88 | 1962
32.32613 | 6.465225 | 4.31015 | 2.155075 | 2.155075 | 38.79135 | 43.1015 | 95 | 1963
93.9159 | 18.78318 | 1252212 | 6.26106 | 6.26106 | 112.6991 | 1252212 | 276 | 1964
49.68015 | 9.93603 | 6.62402 | 3.31201 | 3.31201 | 59.61618 | 66.2402 | 146 | 1965
3334695 | 6.66939 | 4.44626 | 2.22313 | 2.22313 | 40.01634 | 444626 | 98 | 1966
4389548 | 8.779095 | 585273 | 2.926365 | 2.926365 | 52.67457 | 585273 | 129 | 1967
40.49273 | 8.098545 | 5.39903 | 2.699515 | 2.699515 | 48.59127 | 53.9903 | 119 | 1968
62.27033 | 12.45407 | 8.30271 | 4.151355 | 4.151355 | 74.72439 | 83.0271 | 183 | 1969
18.37485 | 3.67497 | 244998 | 1.22499 | 122499 | 22.04982 | 24.4998 | 54 | 1970
3470805 | 6.94161 | 4.62774 | 2.31387 | 2.31387 | 41.64966 | 46.2774 | 102 | 1971
4321493 | 8.642985 | 576199 | 2.880995 | 2.880995 | 51.85791 | 57.6199 | 127 | 1972
46.61768 | 9.323535 | 6.21569 | 3.107845 | 3.107845 | 5594121 | 621569 | 137 | 1973
50.54813 | 11.90963 | 7.93975 | 3.969875 | 3.969875 | 71.45775 | 79.3975 | 175 | 1974
52.06208 | 1041242 | 6.94161 | 3.470805 | 3.470805 | 6247449 | 69.4161 | 153 | 1975
15.65265 | 3.13053 | 2.08702 | 1.04351 | 1.04351 | 18.78318 | 20.8702 | 46 | 1976
304719 | 7.89438 | 526292 | 263146 | 2.63146 | 47.36628 | 526292 | 116 | 1984
32.6664 | 653328 | 4.35552 | 217776 | 2.17776 | 39.10968 | 435552 | 96 | 1985
20.26365 | 585273 | 3.90182 | 1.95091 | 1.95091 | 35.11638 | 39.0182 | 86 | 1986
3845108 | 7.690215 | 5.12681 | 2.563405 | 2.563405 | 46.14129 | 51.2681 | 113 | 1987
24.84008 | 4.968015 | 3.31201 | 1.656005 | 1.656005 | 29.80809 | 33.1201 | 73 | 1988
4321493 | 8.642985 | 576199 | 2.880995 | 2.880995 | 51.85791 | 57.6199 | 127 | 1989
2552063 | 5104125 | 3.40275 | 1.701375 | 1.701375 | 30.62475 | 34.0275 | 75 | 1990
10.73595 | 3.94719 | 2.63146 | 1.31573 | 1.31573 | 23.68314 | 26.3146 | 58 | 1991
2552063 | 5104125 | 3.40275 | 1.701375 | 1.701375 | 30.62475 | 34.0275 | 75 | 1992
3845108 | 7.690215 | 512681 | 2.563405 | 2.563405 | 46.14129 | 51.2681 | 113 | 1993
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25.52063 | 5.104125 | 3.40275 1.701375 | 1.701375 | 30.62475 34.0275 75 1994
21.7776 | 4.35552 2.90368 1.45184 145184 | 26.13312 | 29.0368 64 1995
35.3886 | 7.07772 4.71848 2.35924 2.35924 42.46632 | 47.1848 104 1996
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78.68055 | 15.73611 | 10.49074 5.24537 5.24537 94.41666 | 104.9074 157 1956
100.7312 | 20.14623 | 13.43082 6.71541 6.71541 120.8774 | 134.3082 201 1957
43.0989 | 8.61978 5.74652 2.87326 2.87326 51.71868 57.4652 86 1958
175.9037 | 35.18073 | 23.45382 1172691 | 11.72691 | 211.0844 | 234.5382 351 1959

56.62995 | 11.32599 | 7.55066 3.77533 3.77533 67.95594 75.5066 113 1960
94.2162 | 18.84324 | 12.56216 6.28108 6.28108 113.0594 | 125.6216 188 1961

32.57475 | 6.51495 4.3433 2.17165 2.17165 39.0897 43.433 65 1962
33.0759 | 6.61518 4.41012 2.20506 2.20506 | 39.69108 | 44.1012 66 1963
114.7634 | 22.95267 | 15.30178 7.65089 7.65089 137.716 153.0178 229 1964

23.55405 | 4.71081 3.14054 1.57027 1.57027 28.26486 31.4054 47 1965
19.0437 | 3.80874 2.53916 1.26958 1.26958 22.85244 25.3916 38 1966

40.092 8.0184 5.3456 2.6728 2.6728 48.1104 53.456 80 1967

29.56785 | 5.91357 3.94238 1.97119 197119 | 3548142 | 39.4238 59 1968

36.58395 | 7.31679 4.87786 2.43893 2.43893 43.90074 | 48.7786 73 1969

32.57475 | 6.51495 4.3433 2.17165 2.17165 39.0897 43.433 65 1970
28.0644 | 5.61288 3.74192 1.87096 1.87096 33.67728 37.4192 56 1971
51.1173 | 10.22346 | 6.81564 3.40782 3.40782 61.34076 68.1564 102 1972

46.60695 | 9.32139 6.21426 3.10713 3.10713 | 55.92834 | 62.1426 93 1973
87.2001 | 17.44002 | 11.62668 5.81334 5.81334 104.6401 | 116.2668 174 1974
26.56095 | 5.31219 3.54146 1.77073 1.77073 31.87314 35.4146 53 1975

54.62535 | 10.92507 | 7.28338 3.64169 3.64169 65.55042 72.8338 109 1976
75.67365 | 15.13473 | 10.08982 5.04491 5.04491 | 90.80838 | 100.8982 151 1984
54.62535 | 10.92507 | 7.28338 3.64169 3.64169 | 65.55042 | 72.8338 109 1985

50.115 10.023 6.682 3.341 3.341 60.138 66.82 100 1986

13.53105 | 2.70621 1.80414 0.90207 0.90207 16.23726 18.0414 27 1987
32.0736 | 6.41472 4.27648 2.13824 2.13824 38.48832 | 42.7648 64 1988
101.2323 | 20.24646 | 13.49764 6.74882 6.74882 121.4788 | 134.9764 202 1989
15.53565 | 3.10713 2.07142 1.03571 1.03571 18.64278 20.7142 31 1990
64.1472 | 12.82944 | 8.55296 4.27648 4.27648 76.97664 85.5296 128 1991
42.0966 | 8.41932 5.61288 2.80644 2.80644 50.51592 56.1288 84 1992
49.1127 | 9.82254 6.54836 3.27418 3.27418 58.93524 65.4836 98 1993
77.1771 | 15.43542 | 10.29028 5.14514 5.14514 92.61252 | 102.9028 154 1994
28.0644 | 5.61288 3.74192 1.87096 1.87096 | 33.67728 | 37.4192 56 1995
89.2047 | 17.84094 | 11.89396 5.94698 5.94698 107.0456 | 118.9396 178 1996

61.6 123 8.2 4.1 4.1 74.0 82.2 123.0 | Ju=alt
75% 15% 10% 5% 5% 90% 3l | plaobdl | /ash

87.33368 | 17.46674 | 11.64449 5.822245 | 5.822245 | 104.8004 | 116.4449 187 1957
28.0215 5.6043 3.7362 1.8681 1.8681 33.6258 37.362 60 1958

53.24085 | 10.64817 | 7.09878 3.54939 3.54939 63.88902 70.9878 114 1959
60.71325 | 12.14265 8.0951 4.04755 4.04755 72.8559 80.951 130 1960
78.4602 | 15.69204 | 10.46136 5.23068 5.23068 | 94.15224 | 104.6136 168 1961
92.00393 | 18.40079 | 12.26719 | 6.133595 | 6.133595 | 110.4047 | 122.6719 197 1962
60.71325 | 12.14265 8.0951 4.04755 4.04755 72.8559 80.951 130 1963
63.98243 | 12.79649 | 8.53099 4.265495 | 4.265495 | 76.77891 85.3099 137 1964
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67.71863 | 1354373 | 9.02915 | 4.514575 | 4.514575 | 81.26235 | 90.2915 145 1965
28.95555 | 5.79111 | 3.86074 1.93037 | 1.93037 | 34.74666 | 38.6074 62 1966
54.64193 | 10.92839 | 7.28559 | 3.642795 | 3.642795 | 65.57031 | 72.8559 117 1967
42.03225 | 8.40645 5.6043 2.80215 | 2.80215 50.4387 56.043 90 1968
70.52078 | 14.10416 | 9.40277 | 4.701385 | 4.701385 | 84.62493 | 94.0277 151 1969
29.42258 | 5.884515 | 3.92301 | 1.961505 | 1.961505 | 35.30709 | 39.2301 63 1970
43.43333 | 8.686665 | 5.79111 | 2.895555 | 2.895555 | 52.11999 | 57.9111 93 1971
28.0215 | 5.6043 3.7362 1.8681 1.8681 33.6258 37.362 60 1972
87.33368 | 17.46674 | 11.64449 | 5.822245 | 5.822245 | 104.8004 | 116.4449 | 187 1973
74.724 | 14.9448 9.9632 4.9816 4.9816 89.6688 99.632 160 1974
50.4387 | 10.08774 | 6.72516 3.36258 | 3.36258 | 60.52644 | 67.2516 108 1975
34.55985 | 6.91197 | 4.60798 2.30399 | 2.30399 | 41.47182 | 46.0798 74 1976
59.7792 | 11.95584 | 7.97056 3.98528 | 3.98528 | 71.73504 | 79.7056 128 1984
81.72938 | 16.34588 | 10.89725 | 5.448625 | 5.448625 | 98.07525 | 108.9725 | 175 1985
120.4925 | 24.09849 | 16.06566 | 8.03283 | 8.03283 | 144.5909 | 160.6566 | 258 1986
63.04838 | 12.60968 | 8.40645 | 4.203225 | 4.203225 | 75.65805 | 84.0645 135 1987
124.2287 | 24.84573 | 16.56382 | 8.28191 | 8.28191 | 149.0744 | 165.6382 | 266 1988
73.32293 | 14.66459 | 9.77639 | 4.888195 | 4.888195 | 87.98751 | 97.7639 157 1989
73.78995 | 14.75799 | 9.83866 491933 | 4.91933 | 88.54794 | 98.3866 158 1990
107.8828 | 2157656 | 14.38437 | 7.192185 | 7.192185 | 129.4593 | 143.8437 | 231 1991
95.2731 | 19.05462 | 12.70308 | 6.35154 | 6.35154 | 114.3277 | 127.0308 | 204 1992
81.72938 | 16.34588 | 10.89725 | 5.448625 | 5.448625 | 98.07525 | 108.9725 | 175 1993
110.2179 | 22.04358 | 14.69572 | 7.34786 | 7.34786 | 132.2615 | 146.9572 | 236 1994
55.10895 | 11.02179 | 7.34786 3.67393 | 3.67393 | 66.13074 | 73.4786 118 1995
71.45483 | 14.29097 | 9.52731 | 4.763655 | 4.763655 | 85.74579 | 95.2731 153 1996
120.0254 | 24.00509 | 16.00339 | 8.001695 | 8.001695 | 144.0305 | 160.0339 | 257 1997
88.73475 | 17.74695 | 11.8313 5.91565 | 5.91565 | 106.4817 | 118.313 190 1998
33.6258 | 6.72516 | 4.48344 224172 | 224172 | 40.35096 | 44.8344 72 1999
84.99855 | 16.99971 | 11.33314 | 5.66657 | 5.66657 | 101.9983 | 113.3314 | 182 2000
71.45483 | 14.29097 | 9.52731 | 4.763655 | 4.763655 | 85.74579 | 952731 153 2001
49.50465 | 9.90093 | 6.60062 3.30031 | 3.30031 | 59.40558 | 66.0062 106 2002
71.45483 | 14.29097 | 9.52731 | 4.763655 | 4.763655 | 85.74579 | 95.2731 153 2003
65.85053 | 13.17011 | 8.78007 | 4.390035 | 4.390035 | 79.02063 | 87.8007 141 2004
115.8222 | 23.16444 | 15.44296 | 7.72148 | 7.72148 | 138.9866 | 154.4296 | 248 2005
75.19103 | 15.03821 | 10.02547 | 5.012735 | 5.012735 | 90.22923 | 100.2547 | 161 2006
117.6903 | 23.53806 | 15.69204 | 7.84602 | 7.84602 | 141.2284 | 156.9204 | 252 2007
65.85053 | 13.17011 | 8.78007 | 4.390035 | 4.390035 | 79.02063 | 87.8007 141 2008
34.09283 | 6.818565 | 4.54571 | 2.272855 | 2.272855 | 40.91139 | 454571 73 2009
61.7 124 4.1 74.1 82.3 1322 | Jaall
9 Jalud) claaa/ £ ga ) 5 by JUaal) Jbluds ) S5 Jlaia) (2) gale

o,p:\.hul

1975 | 1962 | 1968 | 1971 | 1965 | 1960 | 1970 | 1985 | 1969 | 1957 | ;4,5
24 39 62 65 71 81 118 140 | 190 | 373 ala skl
g9l 8

1.0 1.1 1.3 1.5 1.8 2.3 35 53| 105 20| S,

952 | 904 | 762 | 66.6| 571 | 428 | 285| 143 | 19.0 47| "JL“;:
Qb b

1972 | 2002 | 1995 | 1989 | 1985 | 1998 | 1992 | 1991 | 1997 | 1988 aay
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60 106 118 157 175 190 204 231 258 266 ala jhaall
g9l 8
1.0 1.3 14 23 33 4.6 5.8 6.5 23 46 g
1SaN Jladal
97.8 78.3 69.5 43.5 304 21.7 17.4 15.2 4.3 2.8 S d Y
(]
1976 | 1984 1988 1987 1978 1989 | 1986 1977 | 1982 | 1975 —
AL [ gaas
39 58 70 75 96 103 113 116 137 153 ala haall
gl 8
1.0 1.1 1.3 1.5 2.1 2.4 4.3 5.7 8.5 17 g
1SEN Jladal
94.1 88.2 76.4 64.7 47.0 41.2 294 17.6 11.7 5.8 Sl d o
%o
i dasag
1970 | 1972 1967 1966 1968 1971 1965 1973 | 1974 | 1969 e
75 79 84 89 99 132 133 170 189 232 ala shaall
sl 3
1.0 1.2 14 1.6 1.8 2.2 2.8 3.6 5.5 11.0 g
1Sl Jlaial
90.9 81.8 72.7 63.6 54.5 454 36.3 27.3 18.2 9.0 S d %
1966 | 1971 1970 | 1965 1974 1963 1975 1973 | 1969 | 1964 saal)
38 47 49 51 64 84 115 156 173 191 ?L.;h.d\
gsa b
1.0 1.2 1.3 1.4 1.8 23 35 4.7 7 14 el
Sl Jlaial
92.8 85.7 78.6 71.4 57.7 42.8 28.5 21.4 14.3 7.1 S d %
211:::.:(3
1984 | 1981 1982 1986 1987 1985 1989 1988 | 1990 | 1983 sl
19 27 64 84 99 128 141 155 178 202 alﬂ)hﬁ-“
gsa il b
1.0 1.2 1.4 1.6 1.8 2.2 2.8 3.6 5.5 11.0 el
1SEN Jladal
90.9 81.8 72.7 63.6 54.5 454 36.3 273 18.2 9.0 S d

%
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1. Conclusion

In this study, the activity concentrations of the terrestrial
radionuclides **°Ra, ***Th, and “’K in the soil samples collected
from 11 sites along the coast between Tripoli and Zawiya,
northwest Libya, were measured using gamma-ray spectrometry
with a high-purity germanium detector. The results obtained
showed that the values of the radionuclides concentration for all
the selected sampling locations are found to be lower than the
world averages. In addition, the results in this study are
comparable to those determined in other Libyan regions and
other countries.

Moreover, for more conclusive assessment of the radiological
hazard due to gamma radiation emitted from the radionuclides
present in the soil of the studied areas, the following radiological
hazards parameters: absorbed gamma dose rate (D), total
annual effective dose (D), excess lifetime cancer risk (ELCR),
radium equivalent activity (Rae,), and the external hazard index
(Hex), were calculated for each soil sample. All the calculated
radiological parameters were below the international
recommended limit values. Therefore, no significant radiological
hazards are posed to the human population living in the
investigated areas. Hence, these areas are safe and can be used as
dwelling areas and sources of the building material without
giving any radiological hazard to the local population.

The data obtained in the present study as reference data for
monitoring any changes in the radioactive background level in
the studied area, caused by nuclear activities in the future. The
results may also be useful to establish soil radioactivity mapping
in Libya.
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Radiological Index
A 1
flfmli? Exter
Samp CHeCHY Excess Radium nal
. Absorbed e o .
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dose rate.  dose. . .
code Doy (nGyh™) D cancer risk activity Req d
out LAY f(x107) (Bgkg-1)  index.
(uSvy
1) Hex
Co1 20.53 25.18 8.81 41.84 0.113
C02 22.94 28.13 9.85 46.71 0.126
Co3 2242 27.50 9.63 45.83 0.124
Co4 24.11 29.57 10.04 49.48 0.134
CO05 18.94 23.23 8.13 39.14 0.106
Co06 20.73 2542 8.90 42.12 0.114
CO07 25.13 30.83 10.08 51.74 0.140
C08 24.83 30.45 10.07 50.64 0.137
C09 23.85 29.25 10.02 48.72 0.132
C10 22.88 28.06 9.82 46.80 0.126
Cl1 18.78 23.03 8.06 38.66 0.104
(0.104
18.78- (23.03-
Range (25 13) (30 $3) (8.06-10.08) (38.66-51.74) -
' ' 0.140)
Average 22.29 27.33 9.57 45.61 0.12
World
average
58 70 25 370 1
(UNSCE
AR 2008)
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used).
Radium equivalent activity and external hazard index H,,

The estimated radium equivalent activities (Ra,q) for the
collected samples are shown in the six column of Table 4. The
average value of Ra. in the present study was calculated as 45.61
Bgkg™', which is within the range of 38.66 and 51.74 Bqkg™. All
estimated values of Raeq are lower than the suggested limit value
of 370 Bgkg' as recommended by the Organization for
Economic Cooperation and Development (OECD 1979).
Therefore, soil from these regions is safe and can be used in
building of dwellings and sources of construction material
without giving any significant radiological threat to the
population.

The calculated values of external hazard index (Hey, for the
soil samples of the study area are given in the last columns of
Table 4. The obtained values of Hex were found to range
between 0.104 and 0.14 with an average value of 0.12. All results
were found less than the recommended limits 1 as reported in the
Radiation Protection 112 report given by the European
Commission (EC) (European Commission 1999). Since the
regions from which the soil samples were collected are safe and
can be used as dwelling areas and sources of the building
material without giving any radiological hazard to the local
population.

Table 4: Absorbed gamma dose rate, annual effective dose,
excess lifetime cancer risk, radium equivalent activity and the
external hazard Index.
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the ground surface (Doy, nGy h'l) originates from the terrestrial
radionuclides in soil were calculated using the Eq. (2). The
results of D, are presented in the second column of Table 4. It
can be observed that the calculated absorbed dose rate varied in a
range of 18.78-25.13 nGyh"' with an average value of 22.29
nGyh™'. This average value is lower than the world average
absorbed dose rate of 59 nGyh' as reported by UNSCEAR
(UNSCEAR, 2008).
Annual effective dose
The annual external effective dose (D.g) from outdoor terrestrial
gamma radiation received by the population living in the study
area was calculated by using the Eq. (3). The calculated values of
D.¢ were found lower than the world average annual effective
dose received from terrestrial gamma radiation of 70 uSv y™' as
reported by (UNSCEAR, 2008). They lie in the range of 23.03—
30.83 uSv y" with an average value of 27.33 pSvy™.
Excess life time cancer

The excess lifetime cancer risk (ELCR) of the soil in the
study area has been estimated using the formula (5) and
presented in the 4 column of Table 4. The calculated values of
ELCR lie in the range of 8.06x107-10.08x10”, with an average
value of 9.57x10°. This value is less than 24x10” which
corresponds to the world average limit of ELCR for outdoor
terrestrial gamma radiation. According to this result, the risk to
develop mortal cancer among the local population caused by
exposure to terrestrial radiations is about 95.7 out of a million
adults, which is lower than the prediction reported by UNSCEAR
which is 245 out of a million deaths due to cancer (if the
UNSCEAR total natural radiation dose of 0.07 mSv y' was
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Sana'a/Yemen

Coastline of the Gulf

of Agaba/ Saudi
Arabia

Failaka Island/Kuwait

Basrah/Iraq
Caceres/Spain
Lombardia/Italy

Greece

Southwestern/Nigeria

Tehran/ Iran

Istanbul/Turkey

Rechna

interfluvial/Pakistan
Punjab andHimachal

Pradesh/India

World average

11.42

14.7

58.44

46.00

72.00

25
54.50
38.80

27.70

50.6

56.74

32

22.48

9.69

19.38

49.00

48.00

91.10
43.40

32.50

62.3

87.42

45

641.08

333

321.76

650.00

617.00

355
286.50
555.10

388.00

662.2

143.04

412

(2012)

Al-Trabulsy et
al. (2011)

Jallad, K. N.
(2014)
Mohammed and
Ahmed (2017)
Bacza et al.
(1992)

Guidotti et al.
(2015)
Anagnostakis et
al. (1996)

Ajayi (2009)
Asgharizadeh et
al. (2013)
Belivermis et al.
(2010)
LaBrecque
(1994)

Singh et al.
(2005)
UNSCEAR
(2008)

Radiological hazards

Absorbed gamma dose rate
The terrestrial gamma dose rates in outdoor air at Im from
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World 32 45 412
average

(UNSCEAR

2008)

Table 3: Comparison of activity concentration (Average value) of
*?6Ra, *Th and *’K in soil samples with those reported for other
countries and different regions of Libya.

. Activity concentration
Region and

Bakg™
Country 526?{5 2)32Th T Reference
Tripoli/Libya 105 95 270  Shenber (1997)
o Tereesh et al.
Jabal Eghei/Libya 339 73 1224 (;gfgj cta
Valley Rwagh/Libya 121 202 73 Lommretal
y Bwaglitiby (2017)

Coastal regions
between Tripoliand  11.67 8.81 277.47 This study
Zawiya /Libya

Algeria 50 25 370 gggEAR
Ahmed, N.K.

Qena/Egypt 11.90 10.50 1636 and Mohamed
El-Arabi (2005)
Al-Hamarneh

Amman/Jordan 44.00 2090 241.6 and Awadallah
(2009)

Mount Lebanon/ El Samad et al.

Lebanon 40 24 206 (2018)

North of 482 41.7 939.1 Harbetal.
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could be due to the different composition of the soil in each
region, and to the types of the rock from which the soils originate
and also to the formation and geological processes that are
involved.

Table 2: Activity concentrations of *°Ra, **Th and *K
measured in the soil samples

Sampling Activity concentration (Bgkg™)
code “°Ra “°Th K
Co1 269.19 +
9.46 = 0.64 8.17 +0.47 4.74
C02 299.84 +
11.22 +0.69 8.70 £0.57 5.14
C03 278.00 +
12.66 £0.71 8.25+0.49 4.77
Co04 297.81 =
11.81 £0.73 10.33 +£0.61 5.07
C05 208.33 +
12.17 + 0.63 7.66 = 0.56 4.10
C06 272.95 +
10.57 £0.70 7.39+0.49 4.63
Co7 304.55 +
11.88 £0.77 11.50 £ 0.57 5.22
C08 316.92 +
13.08 £0.75 9.22+0.55 5.39
C09 300.46 +
12.65 £0.69 9.07 +£0.50 5.12
C10 288.21 +
11.40+£0.70 90.26 +0.48 4.91
Cl1 215.88 +
11.53 £0.62 7.37+0.41 4.25
Range (9.46-13.08) (7.37-11.50) (215.88-
316.92)
Average 11.67 8.81 277.47
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Eastern countries such as Egypt (Qena) (Ahmed and Mohamed
2005), Saudi Arabia (Coastline of the Gulf of Agqgaba) (Al-
Trabulsy et al. 2011) and Kuwait (Failaka Island) (Jallad 2014),
it is lower than that measured at Jabal Eghei (Libya) (Tereesh et
al. 2013), Valley Rwagh (Libya) (Elnimr et al. 2017), Algeria
(UNSCEAR 2002), Jordan (Amman) (Al-Hamarneh and
Awadallah 2009), Lebanon (Mount Lebanon) (El Samad et al.
2018), Yemen (North of Sana'a) (Harb et al. 2012), Iraq (Basrah)
(Mohammed and Ahmed 2017), Spain (Caceres) (Baeza et al.
1992), Italy (Lombardia) (Guidotti et al. 2015), Greece
Anagnostakis et al. 1996), Nigeria (Southwestern) (Ajayi 2009),
Iran (Tehran) (Asgharizadeh et al. 2013), Turkey (Istanbul)
(Belivermis et al. 2010), Pakistan (Rechna interfluvial)
(LaBrecque 1994), and India (Punjab and Himachal Pradesh)
(Singh et al. 2005). This behaviour is almost similar for #2Th,
except for Saudi Arabia and Kuwait the average activity
concentration of >*Th in this work is also higher than the values
reported in these two countries.

The average activity concentration of “’K obtained in the
present work is higher than the average values of **K measured at
Tripoli and Valley Rwagh in Libya, Lebanon (Mount Lebanon)
and Yemen (North of Sana'a) and lower than that measured at
Jabal Eghei in Libya, Algeria, Egypt (Qena), Saudi Arabia
(Coastline of the Gulf of Agaba) and Kuwait (Failaka Island),
Jordan (Amman), Iraq (Basrah), Spain (Caceres), Italy
(Lombardia), Greece, Nigeria (Southwestern), Iran (Tehran),
Istanbul (Turkey), Pakistan (Rechna interfluvial), and India
(Punjab and Himachal Pradesh). The variation among the activity
concentrations of the radionuclides in soils of different countries

The Fourteenth issue of June 2019 “ Journal of Faculties of Education



\natuml radioactivity of surface Soil samples in coastal regions between Tripoli and Zawiya ,

been measured by using the gamma spectrometry. The measured
activity concentrations of 22°Ra, #?Th and K, with their range
and their average value, are shown in Table 2. As can be seen
from Table 2, the measured activity concentration of **’Ra
ranged from 9.46 to 13.08 Bqkg™ with an average value of 11.67
Bgkg'. The highest value of the activity concentration of **°Ra
radionuclide has been reported in the soil sample collected from
location C08, whereas the lowest value is found at location CO1.
For **Th, the range of measured activity concentration varies
from 7.37 to 11.50 Bqkg™" with an average value of 8.81 Bqkg™.
The lowest value was measured in location C11 while the highest
value is found at the location CO7. The average value of the
activity concentrations of YK is 277.47 Bgkg™ in a range of
215.88-316.92 Bgkg'. The lowest value was found in location
CO08 and the highest value was observed in location C11. The
differences in the activity concentrations of natural radionuclides
in the different soil samples may be due to the different
composition of the soil in each region, and to the types of the
rock from which the soils originate and also to the formation and
geological processes that are involved. The results revealed also
that the measured activity concentration of *’K is significantly
higher than the measured activity concentration values of both
*2Ra and **Th in all the soil samples. This indicates that *’K is a
most abundant terrestrial radionuclide than the other
radionuclides in the investigated soils.

It can be observed from Table 3 that average activity
concentration of “’Ra measured in the present study is quite
close and comparable to those measured in Libya’s Tripoli region
(Shenber 1997), as well in some Arab countries and Middle
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ELCR = Dgsf .LE.RF 4)

where LE is the average life expectancy (approximately 70 years)
and RF (Sv™') is the risk factor, which reflects the fatal cancer
risk per sievert (Taskin et al. 2009 ). For stochastic effects, RF is
determined by the ICRP (1990) at 0.05 for the public (ICRP,
1990).
Radium equivalent activity ( Ra.,) and external hazard index
Hex

In order to assess if soil which could be used as dwelling
areas and sources of building material without giving any
significant, the two hazard index: radium equivalent (Ra,)
activity in Bqkg™' and external hazard index (H.y) were calculated
at all sampling locations. The Ra., is defined as a weighted sum
of the specific activities of **°Ra, **Th and *K on the base
assumption that 370 Bq.Kg™ of **°Ra, 259 Bq.Kg"' of ***Th and
4810 Bq.Kg" of *K produce the same gamma-ray dose rate. Ra,,
is calculated through the following relation as defined by Beretka
and Methew (Beretka and Mathew 1985):

Racqy = Apq + 1.43. Arp + 0.077. Ay, (5)

Where Ar., A, and Ak are the activity concentrations (Bq.Kg'l)
of *°Ra, **Th and *’K respectively.
The external hazard index (H,) was calculated using the
following the equation (Beretka and Mathew 1985):

A A A
Hop =22+t 4 K < (6)
370 259 4810

Results and discussion
Activity concentration results
The activity concentrations of terrestrial radionuclides

*Ra, ’Th and *K in investigated surface soil samples have
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Where Ac is the activity concentration of the radionuclide in the
sample, C, 1s the net count rate under the corresponding peak, P,
1s the absolute transition probability of the specific gamma ray,
M is the mass of the sample (kg) and ¢ is the detector efficiency
at specific gamma ray energy.
Radiological hazards
Absorbed gamma dose rate and annual effective dose

The absorbed gamma dose rate in outdoor air at 1 m above
the ground (Do in nGy h™") and corresponding annual effective
dose D.ir(mSv y'') were estimated by using the activity
concentrations (Bq kg™) of ***Ra, ?**Th and *’K, and according to
the following equations (UNSCEAR 2008):

D,,:(nGy .h™1) =0.462.4z, + 0.604. A7), +

0.0417. Ag (2)

Derr(Sv.y™") = D(nGy h™') x 8760 (hy~') x 0.2 x

0.7 (SvGy™) (3)

Where Ar., A, and Ak are the activity concentrations in the soil
samples (Bq kg™) of **°Ra, **Th and *’K, respectively. 8760 is
the annual exposure time, 0.7 is the conversion factor from the
absorbed dose in air to the effective dose for adults) (UNSCEAR
2008) and 0.2 is the outdoor occupancy factor.
Excess life time cancer

The excess lifetime cancer risk (ELCR) is the probability of
development of mortal cancer over a lifetime of an average adult
individual caused by exposure to ionizing radiation. For outdoor
exposure, ELCR can be calculated from outdoors annual
effective dose D¢ using the following equation (Taskin et al.
2009 ):
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sample was weighed, packed in 350 ml standard plastic Marinelli
beakers, sealed, and stored for 1 month to ensure the
establishment of secular equilibrium between **°Ra, *°Th and
their short-lived progenies. The preparation of samples and
radioactivity measurements were made in Tajoura Nuclear
Research Centre (TNRC), Libya.

Calculation of activity concentration and estimation of
radiological hazards

Activity concentration

In this study, High Purity Germanium detector (HPGe)
mounted on 40 liter liquid Nitrogen Dewar is used to detect and
measure the natural elements in the earth crust. This detector is
connected to Gor Tec ACE multichannel analyzer (MCA) with
efficiency of 30%. The ACE is made up of a model 916 card; it
monitors the presets, lifetime, real time and other functions. It
has an energy resolution of 1.8 keV for the 1332.5 keV gamma-
ray transition of ®’Co. The shielding required around the detector
or around the whole Dewar is Lead shield contained two inner
concentric cylinders copper and cadmium to reduce the
background level of the system.

The concentration of natural radionuclide was calculated by
the application of Eq. (1), 1460 keV was used to determine *’K
and the series of % daughters, respectively. The gamma ray
lines of 295.1 — 351.7 keV (Pb-214) and 609.3 - 1120.3 -1764.5
(Bi-214) were used to determine *****. The gamma-ray lines of
238.63 (Pb-214), 338.4 - 911.19 - 968.9 keV (AC-228) and
583.19 keV (T1-208) were used to determine >*>Th.

Ac(Bq.kg™1) = = (1)

Py Mg
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Figl: Map of the sampling locations.

Sampling and sample preparation

At each selected site an area of 40x40 m was marked and
three soil samples were randomly taken and thoroughly mixed
together and homogenized to ensure a representative sample of
the sampling site. After clearing the ground of selected sampling
area from organic material, vegetation, roots, pebbles and stones,
1.5 kg of soils were collected from a depth of about 5-10 cm
since topsoil and filled into labeled plastic bags and then
transferred safely to the laboratory. The collected samples were
ground into a fine powder and sieved through 2 mm mesh to
ensure a homogenized uniform size. The samples were then dried
in an oven at a temperature slightly above 100 °C to ensure that
the moisture content was completely removed. Then each dried
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(the capital of Libya) and Zawiya district. These two cities have a
shoreline bordering the Mediterranean Sea, and they are the most
populated areas in western Libya. Zawiya district is located on
the northwestern side of Tripoli. The investigated region extends
along the shore of the Mediterranean Sea at a few kilometres (1-2
km) from the water, between the latitudes 32°46'02.32"N and
32°5036.39"N  and the longitudes 12°41'55.43"E and
13°04"21.54"E and along the coastal highway which links the
capital Tripoli with Zawiya district. The land use of these regions
1s mainly residential and agricultural.

In the present investigation, the soil samples were collected
from 11 sites along the coastal highway between Tripoli Zawiya
and along a distance of about 40 km. The sampling sites were at
a distance 1-3 km from each other. The sampling sites locations
in the study area are shown in Fig. 1. Table 1 shows the
geographical coordinates (longitude and latitude) of sampling
sites. The longitude and latitude of sampling locations were
obtained by using the Global Positioning System (GPS).

Table 1: Geographical positions of soil sample locations.

Sample Latitude Longitude
location code

Co1 32°46'02.32"N 12°41'55.43"E
C02 32°46'54.12"N 12°45"7.45"E
C03 32°4722.24"N 12°46'52.03"E
Co4 32°47'47.40"N 12°5029.26"E
C05 32°47'48.92"N 12°51'54.22"E
C06 32°4822.97"N 12°54'42.77"E
C07 32°48'49.64"N 12°55'58.91"E
C08 32°4926.69"N 12°58'59.52"E
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for ascertaining of any changes in radiation levels with time as a
result of the nuclear industries and other human activities. The
measurements of radionuclide concentration in soil and
assessment of radiological hazard from soil samples have been
made by many researchers throughout the world (Baeza et al.
1992; Anagnostakis et al. 1996; Ahmed and Mohamed 2005;
Singh et al. 2005; Ajayi 2009; Al-Hamarneh and Awadallah
2009; Belivermis et al. 2010; Jabbar 2010; Al-Trabulsy et al.
2011; Harb et al. 2012; Asgharizadeh et al. 2013; Jallad 2014;
Guidotti et al. 2015; Mohammed and Ahmed 2017; El Samad
2018). In Libya, many studies related to determination of
distributions of the terrestrial radionuclides and their
concentrations in soil and rocks were performed (Shenber 1997;
Tereesh et al. 2013; Elnimr et al. 2017).

However, according to thorough literature review, a
comprehensive study related to measurement of activity
concentrations of the terrestrial radionuclides and assessment of
associated radiological hazards in soil samples collected from
areas along the coast between Tripoli and Zawiya in northwest
Libya has not yet been performed. Hence, the main objective of

this study is to determine the activity concentrations of **°%*

*2Th and *K radionuclides in 11 soil samples collected from the
coastal region between Tripoli and Zawiya around the northwest
Libya and to evaluate the absorbed gamma dose rate, annual
effective dose, excess lifetime cancer risk, radium equivalent
activity and the external hazard index.

Material and method

Description of study area

The study area is in the region situated between Tripoli
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component of the natural radiations comes mainly from long-
lived primordial radionuclides and their daughter nuclides, which
are present on earth’s crust since the creation of the earth. The
most important primordial radionuclides present in the soil are
the radionuclides with half-lives comparable to the age of earth,
mainly Uranium-238 (t;, =4.47 x 10° y), Thorium-232 (t;, = 1.4
x 10’ y) and Potassium-40 (t;, = 1.25x 10’ y) and their decay
series nuclides.

The terrestrial radiations find their way from environment into
human body through two main pathways; external and internal
exposure. External exposure occurs when the body is exposed to
gamma rays emitted by terrestrial radionuclides outside the body.
While, the internal exposure occurs when the primordial
radionuclides or their decay products are incorporated into the
body. A major portion of the internal exposure from natural
sources 1s formed by the inhalation exposure to inert radioactive
gas and its progeny. This gas is produced from the disintegration
of U and **Th in the soil; it percolates through the soil, and
diffuses into the air we breathe. The average effective dose from
radon radiation is approximately 1.3 mSv y"' (UNSCEAR 2000;
UNSCEAR 2008).

The determination of natural radioactivity concentration in the
environment, especially soil is of particular importance for
assessing gamma radiation dose and terrestrial gamma dose rate,
which plays a vital rule for the health risk estimation due to the
terrestrial external radiation exposure and internal exposure from
inhalation and ingestion. Also, it is necessary to measure and
monitor the activity levels of radionuclides in the soil to establish
baseline map and database on environmental radioactivity levels
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Introduction:

The exposure of human populations to ionizing radiation
arises from natural and man-made sources. According to the
United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), the average annual dose received by the
human population from ionizing radiation emitted from natural
and artificial radiation is 2.8mSv of which 2.4 mSv y™' is due to
the natural radiations and 0.4 mSv y' is due to exposure to
artificial radiations (UNSCEAR 2000; UNSCEAR 2008). The
natural radiation arises from two main sources, cosmogenic
(cosmic radiation or cosmic rays) and terrestrial radionuclides.
The natural radiation (also called natural background radiation)
arises from two main sources, cosmogenic (cosmic radiation or
cosmic rays) and terrestrial radionuclides. Cosmogenic
radionuclides are produced from the reaction of high-energy
cosmic rays (emitted by the stellar sources) with the nuclei of
atoms in the atmosphere. The average annual dose received by
people from these radiations is 0.39 mSv y™', which varies with
altitude and latitude.

The terrestrial radionuclides are the long-lived primordial
radionuclides and their daughter nuclides, which are present on
earth’s crust since the creation of the earth. The soil is the most
important source of the terrestrial

radionuclides, whose radiation level varies from place to place
and it is related to the geological structure and composition of the
soils. The presence of terrestrial radionuclides in soil originates
from the disintegrating of rocks through the processes of erosion
and deposition, and they are carried to the soil by rain and flows
and become an integral component of the soil. The terrestrial
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Abstract:

The activity concentrations of the natural radionuclides **°Ra,
*2Th, and K were measured using a high-purity germanium
detector in surface soil samples collected from the regions along
the coast between Tripoli and Zawiya, The radiological hazard
indices like the outdoor absorbed gamma dose rate and their
corresponding annual effective dose and excess lifetime cancer
risk, radium equivalent activity and external hazard index were
also calculated to assess the radiological impacts caused by the
terrestrial radionuclides on the population working and living in
the selected regions. The levels of natural radioactivity and
radiation hazard parameters were compared with the international
recommended values. All obtained results were found to be
below the international recommended limit. This indicates that
the soils considered were safe and can be used in the building of
dwellings and sources of construction material without giving
any radiological hazard to the local population.

Keywords: Natural radioactive nuclides; soil; activity
concentration; absorbed gamma dose rate; annual effective dose
and excess lifetime cancer risk
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test of Perron (1989). The results obtained from the LM unit root
test with one structural break indicate a rejection of the unit root
null hypothesis for 4 out of 7 variables. These results confirmed
the claim of Perron (1989) that the observed unit root behavior
by traditional unit root tests may have resulted from failure to
account for a structural break in the data.

Lee and Strazicich (2003) concluded that in many economic
time series, allowing for only one structural break may be too
restrictive. Thereby, applying the LM unit root test with one
structural break is insufficient, since significant structural breaks
are very likely to have occurred in the Libyan economy time
series. Thus, LM unit root test with two-structural breaks was
used to determine the most significant structural breaks in the
data. the LM unit root test with two-structural breaks indicates
that there is no additional evidence against the null hypothesis of
unit root compared to the result of LM unit root test with one-
structural break, except p” .
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official exchange rate in 1999; the lifting of sanctions imposed
by UN in 2003; and the unification of the exchange rate in 2002.

Table 4: results of two-Break minimum LM unit root test,
model C: breaks in intercept and slope

Variable T-statistic ~ Tpq Tg, k Result
Narrow money supply (M%) -4.5024 1988 2003 O Unit Root
Real income (Y) -4.9039 1988 2001 3  Unit Root
Domestic price level (P) -6.0393* 1987 1999 3  Stationary
Exchange rate (EX) -6.1139* 1999 2002 0 Stationary
Imported inflation (p/) -5.7927* 1987 1995 3  Stationary
Expected inflation (e) -6.5385" 1989 1999 4  Stationary
Output gap (g) -7.8602* 1987 2004 1 Stationary

Note: (1) The asterisk* denotes statistically significant at 5-percent. (2) The critical
values at the five percent significance level are as follows forP,pf is A= (0.2, 0.6) = -5.74.
for EX is A=(0.6,0.8)=-5.73, foreis A= ( 0.4, 0.6 )= - 5.67,and for gis A=(0.2,0,8 )=
-5.71 .

IX. Discussion and Conclusions

To test for the stationarity of the Libyan time series data, the
ADF and PP tests were conducted for 7 time series. The
regression results for ADF and PP tests with an intercept term
and a liner trend indicates that the traditional unit root tests were
able to reject 1 out of the 7 series, representing about 14 percent
of the variables considered. Following the traditional unit root
tests, the LM unit root test with one structural break was used to
affirm the order of integration. The interesting features of the LM
unit root test are that the break point is determined endogenously
from the data; it does not exhibit spurious rejections in the finite
sample when break occurs under the null hypothesis; and critical
values of the test corresponds to the exogenous structural break
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VIII. Empirical results of the LM unit root test with
two endogenous structural breaks.

The two-break minimum LM unit root test is applied to
Libyan data to analyze whether the time series is stationary or
non-stationary, as well as to determine the major structural
breaks. The regression results for the two-break LM unit root test
are reported in Table 4. The LM unit root test with two-structural
breaks indicates that there is no additional evidence against the
null hypothesis of unit root compared to the result of LM unit
root test with one-structural break, except p/. Results of the
endogenous two-break LM unit root test for model C (two
changes in the level and trend) show that the variable imported
inflation( p/) is trend stationary when the structural break is
considered under both the null and alterative hypotheses at un-
known time in trend function.

Overall, the two-break points in the level and trend for time
series are significant for 5 time series. However, for the reminder
of the time series the two breakpoints are not statistically
significant in the first and/or in second break. These being
narrow money supply (M%), and real income (Y). Regarding the
stationary series the break dates were consistent with increasing
oil prices during the period of the early 1980s ; collapse of oil
prices during the mid 1980s until 1990s ;the economic reforms in
the early 1990s and the beginning of this century in which the
restrictions upon the private sector were alleviated; the United
Nation sanctions in the early 1990s; the depreciation of the
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apparently indicates that the following three variables: i.e.,M5,Y,
and p’ are non-stationary.

In general, the results of the LM unit root test with one-
structural break indicate that there is additional evidence against
the null hypothesis of unit root compared to the results of
traditional unit root tests, namely ADF and PP unit root tests. In
other words, while the traditional ADF and PP unit root tests
suggest that P, EX , and e are non-stationary, results from the
LM unit root test with one-structural break suggest that these
time series are trend stationary when the structural break is
considered under both the null and alterative hypotheses at un-
known time in trend function. However, we have to perform an
endogenous two-break Lagrange multiplier unit root test that
allows for breaks under both the null and alternative hypotheses.
Thereby, rejection of the null unambiguously implies trend
stationary.

Table 3: Results of one-break minimum LM unit root test,
model C: break in intercept and slope

Variable t-statistic Ty K Result
Narrow money supply (M) -3.3958 2004 O Unit Root
Real income (Y) -3.8093 1995 3 Unit Root
Domestic price level (P) -5.6217* 1999 3 Stationary
Exchange rate (EX) -7.7313* 2000 4  Stationary
Imported inflation (p”) -3.7753 2001 1 Unit Root
Expected inflation (e) -4.8022* 1998 4  Stationary
Output gap (g) -5.4798* 1986 0  Stationary

Note: (1) The asterisks * denotes statistically significant at 5-percentlevel. (2)The
critical values at the five percent significance level are as follows for P, eis A= ( 0.4)= -
4.50,for EXis A=(0.3)=-4.45,and for gis A= (0.2 ) =-4.47.
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VII. Empirical results of the LM unit root test with
one structural break.

The LM unit root test with one-structural break is applied to
Libyan data to analyze whether the time series is stationary or
non-stationary. The regression results for the LM unit root test
with one-structural break are presented in Table 3. One model is
considered here; Model (C), which allows for two changes in the
level and trend. All variables of interest are in log form, with
exception of exchange rate. Due to the small sample size, a
maximum of 4 lags was specified in GAUSS.

The results of the LM unit root test with one-structural
break show a rejection of unit root null hypothesis for 4 out the 7
series. These are P, EX ,e, and g. On the contrary, the rest of
variables are revealed to be non-stationary series. That is,
applying the LM unit root test with one-structural break
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Table 2: Traditional Unit Root Tests for Stationarity
(Includes an Intercept and a Linear Trend)

Variables 1(0) 1(1) 1(0) 1(1) Decision
ADF Test ADF Test PP Test PP Test
Statistics ~ Statistics ~ Statistics ~ Statistics
Money supply (M%) -0.286395 -6.368664 - - I1(1)
[0] [0] 0.286395 6.329874
Real income (Y) -2.727454  -6.664560 .- - 1(l)
[0] [0] 2.729671 6.648633
Domestic price level -1.611620  -5.490258 - - 1(1)
(P) [0] [0] 1.598359 5.490512
Exchange rate (EX) -1.704518  -4.249853 - - 1(1)
[0] [0] 1.836334 4.231622
Imported inflation -2.976146 -6.815383 - - 1(l)
2D [0] [0] 2.809607 10.85428
Expected inflation (e) -1.995309 -5.988912 - - I1(1)
[0] [0] 2.002951 6.027707
Output gap (g) -4.129314 - 1(0)
[1] 4.410725
() All variables in the Table are in log form, with the exception of exchange rate.

(2) Critical value of 1(0) at the 5 percent level is -3.536601, whereas critical
value of /(1) at the 5 percent level is -3.540328.The critical values are obtained
directly from the empirical results generated by Eviews 5 package. (3) Figures
in square brackets besides each ADF test represent optimum lags, selected
automatically using Schwarz Bayesian Criterion (SBC). (4) The ADF and PP
tests are based on the null hypothesis of unit roots.

Figure 1: Plots of the Time Series
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(EX), expected inflation (e), and imported inflation(p/), is
rejected and this implies that these variables are stationary in first
differences.

Overall, the stationary test results of time series variables
using traditional unit root tests show that only output gap (g) is
found to be to reject the null hypothesis of no stationary at level
and this implies that the time series variable is relatively stable
and integrated of order zero. While rest of time series variables
accept the null hypothesis of no stationary at levels and are
differenced once to make them stationary. This implies that the
rest of variables data are not stable at levels but stable at first
difference, i.e. integrated of order one.

Generally speaking, results from the ADF and PP model are
able to reject only 1 out of the 7, representing almost 14 percent
of the variables of interest. These results may be biased towards
the non-rejection of the unit root test, and the observed unit root
behavior, as Perron (1989) suggested, resulting from failure to
account for a structural break in the data. Perron (1989) argues
that the traditional unit root hypothesis tests may not be reliable
in the presence of structural breaks. Hence ignoring structural
break(s) in the trend function leads to considerable power
reduction of traditional unit root tests. Thereby, applying
traditional unit root tests in the absence of structural changes is
insufficient, since significant structural breaks are very likely to
have occurred in the Libyan economy time series. Thus, we will
perform the LM unit root tests with one and two structural
break(s) to affirm the order of integration.
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trend can be justified in that most of times series considered here
have a trend. The graphs of the times series of interest are
revealed in Figure 1.The Schwarz Bayesian Criterion (SBC) and
Newey-West Bandwidth are utilized to select the optimum lags
in ADF and PP respectively. The null hypothesis of a unit root is
rejected if the value of the ADF test statistic and /or PP test
statistic 1s greater than the critical value. The findings in Table 1
show that both the ADF and PP tests reject only the null
hypothesis of a unit root for output gap (g).This can be seen by
comparing the observed values (in absolute terms) of both the
ADF and PP test statistics with the critical values (also in
absolute terms) of the test statistics at the 5% level of
significance.

More specifically, the ADF and PP statistics for level series
of output gap (g) exceeded their critical value at 5% level of
significance and this implies that this variable is stationary in
level. On the other hand, ADF and PP statistics for levels series
of the rest of variables did not exceed their critical values at 5%
level of significance and this implies that the rest of variables are
not stationary in levels. Therefore, testing the rest of variables in
their first differences is performed. The ADF and PP tests
statistics for first differences of the rest of variables namely
narrow money supply (M%), real income (Y), domestic price
level (P), exchange rate (EX), expected inflation (e), and
imported inflation (p/), exceeded their corresponding critical
values at 5 percent. As a consequence, the null hypothesis of the
existing of a unit root in the first differences of money supply
(M%), real income (Y), domestic price level (P), exchange rate
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Where A denotes the first difference, u is an intercept, u is an
error tern with zero mean and constant variance, and t is the time
trend variable

The third model will be used to obtain the LM unit root
tests with one and two structural breaks by the following
regression:

A Ve = 8AAZt + ®S£—1 + ?:1 Yi Asiﬁ—1 + U
9

Where S;_; =y, - \|/;C -ZtSA, t=2,........ , T; & are coefficients
in the regression of A y, on AZ;; The lagged augmented
termsAS;_, are included into the model to remove the serial
correlation problem; \Il;c 1s given by y, - Z; 8 and y; and
Z, denote the first observations of y, and Z;respectively. Z;is a
vector of exogenous variables. In the case of one structural break
unit root test, Z,= [1, t,D;;,DT;¢;] while in the case of two
structural breaks unit root test, Z, = [1, t,Dy4 ,D,; , DTy , DTy ],
where D), =1 , DTj;=t - Tg; fort = Tg; + 1, j= 1,2 and zero

otherwise.Tg;is the time period of the structural break(s) andd =
(519 52 963)'

VI. Empirical Results for Traditional Unit Root
Tests

The regression results of the ADF and PP unit root tests
applied to Libyan data used in this study, with an intercept term
and a linear trend, are revealed in Table 2. The inclusion of the
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The theoretical frameworks of models have its foundation in
the contributions of Dickey and Fuller (1979, 1981), Phillips and
Perron (1988), and more recently and importantly Lee and
Strazicich (2001, 2003).

To analyze whether the variables used in this study are
stationary or non-stationary, as well as to determine the main
structural breaks in Libyan time series, three models will be used.
The first model is estimated by the following regression:

Ay, = p+ Bt

n
X yr1+ z §; Ay + € (7)

=1

Where A denotes the first difference operator, y is a time series, t
is a linear time trend,u 1s a constant,n is the number of lags
which are included in the model to ensure that the error termé€; is
serially uncorrelated, hence obtaining an unbiased estimate of
(i.e. €; is white noise with zero mean and constant variance).

The second model will be used to test the unit root
hypothesis PP used the following specification:

Ay, = u+pyi_q
+ u, (8)
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variables have a unit root, and to identify the major structural

breaks in the data for the Libyan economy.

5.1 Data Sources

Due to data limitations, the period of analysis will be from

1980 to 2011. The relevant data was obtained from different local
and international sources such as:

1.

Central Bank of Libya (CBL), Economic Bulletin: http:
//www.cbl.gov.ly/en/.

. National Authority for Information and Documentation:

http: //'www.gia.gov.ly/.

. International Financial Statistic, IFS, International

Monetary Fund.

. World Development Indicators (WDI), World Bank.

The data from these different sources for the entire time

series from 1980 until 2011, except few of them, is only

available in the form of annual data. Consequently, this study

has chosen annual data instead of quarterly data. Like many

other developing countries, some of data is either not

available or may be available but not always in the form of a

consistent time series.

5.2 Specification of the Models
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Table 1: Unit Root Tests with the Nelson and Plosser’s data-

set (1982)

Empirical Studies by: Type of Model Unit  Stationary
Root
Nelson and Plosser ADF test with no break 13 1
(1982)
Perron (1989)** Exogenous with one 3 11
break

Zivot and Andrews Endogenous with one 10 3
(1992)* break
Lumsdaine and Papell Endogenous with two 8 5
(1997)* breaks
Lee and Strazicich Endogenous with two 10 4
(2003)** breaks

* Assume no break (s) under the null hypothesis unit root.
** Assume break (s) under both the null and alternative hypothesis.

V. Basic Research Methodology

In order to achieve the research objective, two statistical
estimation techniques will be used in this study. First, EVIEWS 5
package will be used to investigate the null hypothesis that main
macroeconomic variables have a unit root, against that they do
not, in the level of variables as well as in their first differences.

Second, The GAUUS programming codes will be also used
to compute LM unit root test with one and two structural break(s)
in order to examine the hypothesis that Libyan macroeconomic
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structural breaks unit root test, Z; = [1, t,D1¢ ,Do¢ , DTy , DTt ],
where D, =1 , DTj;=t - Tg; fort =2 Tg; + 1, j= 1,2 and zero

otherwise.Tg;is the time period of the structural break(s) andd =

(61, 85,03). The LM unit root tests statistic is given by 1 = t-
statistic for testing the null hypothesis of a unit root ( @ = 0). The
location of the structural break(s) (Tg;)is determined by selecting
all plausible break point(s) for the minimumstatistic as follow:

Inf 1 (A7) = Infy T (1) , where A = 2 (6)

Lee and Strazicich (2003) also applied their two-break
minimum LM unit root test to Nelson and Plosser’s (1982) data
and compared it with the two-break Lumsdaine and Papell test.
They found stronger rejections of the null using the Lumsdaine
and Papell test than the LM test. At the five percent significance
level, they rejected the null for six series with the Lumsdaine and
Papell test and four series with the LM test. Only the unit root
null of industrial production and the unemployment rate are
rejected by both the Lumsdaine and Papell and LM tests.
Furthermore, Lee and Strazicich pointed out that the null was
rejected at the five percent significance level for real GNP,
nominal GNP, per-capita real GNP and employment using the
Lumsdaine and Papell test, but the null for these variables was
only rejected at the higher significance level with the LM test.
Results from different methods of the unit root tests using the
Nelson and Plosser’s data-set are summarized below in Table (1).
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test suggested by Lee and Strazicich has at least five advantages.
First, the structural break(s) is allowed under the null and the
alternative hypothesis. Second, avoid the problem associated
with the previous tests of bias and spurious rejections .Third, the
procedure of minimum Lagrange Multiplier (LM) unit root test
corresponds to Perron’s exogenous structural break with change
in the level and the trend. Fourth, the minimum LM unit root test
determines the break points endogenously from data. Fifth, it
enables accurate break point estimation.

Lee and Strazicich (2001, 2003) proposed LM unit root tests
with one and two structural breaks. They considered two models
of structural change. “Model A” is known as the “crash” model,
and allows for a change in intercept, as well as ‘Model C” allows
for a shift in intercept and change in trend slope. In this study, we
consider Model (C) for one and two breaks tests, because it
performs better than Model (A) (Sen, 2003; Tang, 2008).The
following regression can be used to obtain the LM unit root tests
with one and two structural breaks.

Ay =8 AZ,+@BSe_1+ XK yi A4Sy +up  (5)

Where S;_; =y, - \|/;C -ZtSA, t=2,........ , T; & are coefficients
in the regression of A y, on AZ;; The lagged augmented
termsAS;_, are included into the model to remove the serial
correlation problem; \y; is given by y; - Z; §; and y; and
Z, denote the first observations of y, and Z;respectively. Z;is a

vector of exogenous variables. In the case of one structural break
unit root test, Z,= [1, t,D;;,DT;¢;] while in the case of two
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percent significance level, the three series found by Zivot and
Andrews plus employment and capita real GNP.

4.3 Lagrange Multiplier Unit Root Tests

Extensions of the seminal work of Perron (1989) have been
made by Perron and Vogelsang (1992), and Zivot and Andrews
(1992), through accounting for one endogenous structural break,
and by Lumsdaine and Papell (1997), through accounting for two
structural breaks .This literature assumes no break(s) is allowed
under the null hypothesis and derive their critical values in view
of that, except Perron’s (1989) exogenous break unit root test
which allowed for a break under both the null and alternative
hypothesis. However, Nunes, Newbold, and Kuan, 1997; and Lee
and Strazicich 2003; indicated that the above unit root tests,
based on the ADF test, suffer from spurious rejection in finite
samples when a break is present under the null hypothesis.

Lee and Strazicich (2003) continued in this direction and
stated that that the rejections of the null hypothesis in the above
endogenous unit root tests does not necessarily imply rejection of
a unit root hypothesis per se, but may imply rejection of a unit
root without breaks. Similarly, the alternative does not
necessarily imply trend stationary with breaks, but may indicate a
unit root with breaks.

Lee and Strazicich (2003) expanded the LM test procedure
of Schmidt and Phillips (1992) and provided a remedy to the
limitations noted in the above tests, assuming a break (s) under
the null and alternative hypothesis. Applying the LM unit root
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dummy variable for each possible break date. The break date is
selected where the t-statistic from the ADF test of unit root is at a
minimum. Consequently a break date will be chosen where the
evidence is least favorable for the unit root null. The critical
values in Zivot and Andrews (1992) are different to the critical
values in Perron (1989). The difference i1s due to that the
selecting of the time of the break is treated as the outcome of an
estimation procedure, rather than predetermined exogenously.

Zivot and Andrews (1992) re-examine results of Perron
(1989) by using data of Nelson and Plosser (1982).They reversed
the conclusion of Perron by rejecting the unit root at the five
percent significance level for only 3 of 13 series. Thereby, they
provided evidence that confirmed findings of Nelson and Plosser,
in the sense that the results are mostly in favor of the integrated
model. In accordance to Zivot and Andrews this difference is
attributed to two reasons. First, the break year defining dummy
variables are estimated endogenous instead of being fixed at
particular time, such as the Great Crash in 1929 and the oil price
shocks in 1973. Second, Zivot and Andrews did not impose a
structural break under their null hypothesis.

Unlike, Zivot and Andrews (1992) who re-examined the
Nelson and Plosser data for a single endogenous break,
Lumsdaine and Papell (1997) re-examined the Nelson and
Plosser data for two endogenous breaks. They found more
evidence against unit roots than Zivot and Andrews but less than
Perron (1989).More specifically, using finite-sample critical
values, they rejected the unit root null for five series at the five
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fluctuations are indeed stationary around a deterministic trend
function. According to Perron the only exogenous shocks which
have had persistent effects are the Great Crash in 1929 and the oil
price shock in 1973.

In accordance to Perron (1989) failure to allow for an
existing break leads to a bias that reduces the ability to reject a
false unit root null hypothesis. In order to overcome this
problem, Perron (1989) used a modified Dickey-Fuller (DF) unit
root test that included dummy variables to account for one
known, or exogenous structural break. The break point of the
trend function is fixed (exogenous) and chosen independently of
the data. Using data of Nelson and Plosser (1982), Perron chose
the stock market crash of 1929 as a break point that permanently
changed the level of series. He found that his result is somewhat
different from their result. Perron reversed their conclusion by
rejecting the unit root for 11 out of 14 American macroeconomic
variables. The results confirmed the view that where there is a
structural break, the ADF tests are biased towards the non-
rejection of the unit root.

Perron’s known assumption of the break date i.e., the timing
of break points is known a priori, was criticized because of its
tendency to favor the alternative hypothesis. Therefore,
subsequent literature, most notably, Zivot and Andrews (1992),
Perron and Vogelsang (1992), have incorporated an endogenous
single break time into the model specification. More specifically,
Zivot and Andrews (1992) developed a unit root testing
procedure which utilizes the full sample and uses a different
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Where A denotes the first difference, p is an intercept, u is an
error tern with zero mean and constant variance, and t is the time
trend variable. The null hypothesis of the PP test is p = 0 (non-
stationary series) against the alternative hypothesis of p < 0
(stationary series). Rejection of the null hypothesis implies that
the time series y; is stationary. On the other hand, non-rejection
of the null hypothesis signifies the time series is non-stationary.

4.2 Unit Root Tests in the Presence of Structural
Break

The traditional view held that current shocks only have a
temporary effect and that the long-run movement in the series is
unaltered by such shocks. Nelson and Plosser (1982) challenged
this view and argued, using statistical techniques developed by
Dickey and Fuller, that the current shocks in the United States
have permanent effects on the long-run level of most
macroeconomic variables by using long historical time series.
The time series included money stock, velocity, Bond yield,
common stock prices, real wages, wages, consumer price, GNP
deflator, unemployment rate, employment, industrial production,
real per capital GNP, nominal GNP, and real GNP. Nelson and
Plosser could not reject the hypothesis that these series are non-
stationary stochastic processes with no tendency to return to a
trend .More specifically, they found evidence in favor of the unit
root hypothesis (non-stationary) for 13 out of 14 macroeconomic
aggregate. The results of Nelson and Plosser were challenged by
Perron (1989), who argued that most macroeconomic time series
are not characterized by the presence of a unit root and
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Ay: =

n
XYq + z Si Ay

=1

+ €& (3)

Where A denotes the first difference operator, y is a time series, t
is a linear time trend,u 1s a constant,n is the number of lags
which are included in the model to ensure that the error term€, is
serially uncorrelated, hence obtaining an unbiased estimate of «
(i.e. €; 1s white noise with zero mean and constant variance). The
null hypothesis of the ADF test is « = 0 (non-stationary series)
against the alternative hypothesis of o< 0 (stationary series),
where « =p - 1. Non-rejection of the null hypothesis implies that
the time series y; is non-stationary, and in this case the usual t-
statistic can not be used, hence the ADF statistic is used. On the
other hand, rejection of the null hypothesis signifies the time
series is stationary.

The PP statistic is just modifications of the ADF statistic,
which takes into account the less restrictive nature of the error
process. Therefore, the ADF test corrects the serial correlation by
including lagged differenced terms, while the PP test corrects the
t-statistic of the coefficient p from the AR (1) model to account
for the serial correlation in error terms (Elboiashi, 2011). The
general form of PP test is estimated by the following regression:

Ay,
= U+ PpYe_q
T U (4)
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a unit root namely conventional unit root test, which does not
take into account structural breaks, unit root test that takes into
account one structural break, and unit root testing that takes into
account multiple structural breaks. These tests are briefly
discussed below.

4.1 Traditional Unit Root Tests

The most popular and widely used tests in empirical
economic studies to examine the stationarity of a time series, in
absence of a structural break, are the Augmented Dickey-Fuller
(ADF) test (Dickey and Fuller, 1979, 1981), and Phillips and
Perron (PP) test (1988). These tests are used to investigate the
null hypothesis that all the variables have a unit roots, against
that they do not, in the level of variables as well as in their first
differences. The ADF test has three possible types of models,
based on the following regression forms:

With constant

n
Ay = g+ <yp_q +z5iAyt—1+Et (1)

=1

With constant and trend

n
Ay = p+ fr+Xy_q + Z5iAYt—1+Et (2)

=1

Without constant and trend
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stationary), then it is said to be integrated of order zero, denoted
by y.~1(0) (Ali, 2011).

I1. Research Problem

During the last four decades, the Libyan economy has
faced several severe business cycles, marked by periods of
expansion and periods of recession. These business cycles
resulted into structural changes in most of the economic
variables, which are attributed to several events. These events
include the oil boom and oil post boom periods, and other
important events which took place during the 1980s and 1990s
such as the embargo and sanctions imposed by the United States
and United Nations. Thereby, it is necessary, before starting to
perform any empirical estimation of Libyan models, to analyze
the time series data as to whether they are integrated of order 1(0)
or [ (1), and not integrated of 1(2).

II1. Research Objective

This research has a very limited objective, 1e. to
investigate Libyan economic time series during the period from
1980 to 2011. The aim is to empirically identify whether the time
series used in this study is stationary or non-stationary, as well as
to determine the major structural breaks of Libyan data.

IV. Literature Review

The stationarity properties of a time series are scrutinized
by carrying out the unit root test to avoid spurious or nonsense
regressions. There are a number of tests available for conducting
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I. Introduction

Any regression result with non-stationary time series
provides spurious relationships between variables and therefore,
provides misleading implication of the relationship. On the other
hand, the presence of a deterministic trend indicates that the
series has no unit root process and it is a required condition to
provide valid economic implication of the empirical results
generated from statistical estimation techniques (Elbeydi, and
Hamuda, 2011;Akhtaruzzaman, 2005; Tehranchian, and
Behravesh,2011). Thereby, it is necessary, before starting to
perform any empirical estimations of the model, to analyze the
time series data as to whether they are stationary or non-
stationary.

Stationary data refers to the condition in which the means,
variances and of these variables remain the same over the length
of the series; that is, they are time invariant. Variables whose
means and variances change over time are known as non-

stationary or unit root variables (Glynn, Perera, and Verma,
2007).

A non-stationary time series can be transferred into a
stationary time series by differencing. Accordingly, if the time y,
has to be differenced one time to make it stationary, then y; is
said to be integrated of order 1, denoted by y;~7 (1). Similarly, if
¥ has to be differenced d times, then the time series y; is said to
be integrated of order d, denoted by y;~I (d). However, if the
time series y; does not require any differencing (i.e. it is
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Examining the Stationarity of Main Economic

Variables in the Libyan Economy
Dr. Aboagila Otman Ahmed Alkoum
Department of Economics, Faculty of Economics,
Zawiyah University, Libya.

Abstract: This research tests the stationarity of main economic
variables using historical time series data, as well as to determine
the significant structural breaks in Libyan economic data during
the period from 1980-2011. The time series includes money
supply, real income, domestic price level, exchange rate,
imported inflation, expected inflation, and output gap. The results
of the LM unit root test with two structural breaks showed that
there is additional evidence against the null hypothesis of unit
root compared to the results of traditional unit root tests. More
specifically, results of the endogenous two-break LM unit root
test indicated that domestic price level, exchange rate, imported
inflation, and expected inflation are trend stationary when the
structural break is considered under both the null and alterative
hypotheses at un-known time in trend function. On the contrary,
applying the LM unit root test with two structural breaks
apparently indicated that the following two variables: i.e. money
supply and real income are non-stationary during the period of
study.

Keywords: ADF test, PP test, LM unit root test with one-
structural break, and LM unit root test with two-structural breaks.
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B = {G;:i €1,} such that X = (X — A) U (Use, G;) € SOX).
Hence A € U;¢;, G; and A is § — compact sub set of X.
Theorem 3.6

Let A& B be sub set of a topological space (X, 7). If A4 is
S — compact with
respect to X and B is S — closed set in(X,7), then ANB is
S — compact with respect to X.
Proof

Suppose that {U;:i € I} be an semi-open cover of A N B, and
since B € SC(X)
then (X — B) € SO(X), (X —B)U {U;:i € I} c SO(X) which is
cover of A. And since A is S — compact w.r.t. X, then there exist
a finite sub cover {U;:i € I}
such that A c {U;:i € I,} U (X — B).
Then AnNBc{U;:i€el,}u(X—B)NnBcU{U;:i €l,}.Thus
ANBis
S — compact with respect to X.
Theorem 3.7

Every S — open subset of X 1s S — compact iff it is S —
compact with respect to X.
Proof

Let A be S — compact, and let {U;:i € [} be an S — open
cover of A. Since A is S — compact then A ¢ U{U;:i € I}, and
hence there exact a finite subset sub cover {V;:i € I} such that
Ac U{Vi:iel}. Hence A is S—compact relative toX.
Conversely, let {W;:i € I} be S — open cover of A, since A is
S — compact set relative toX. Thus A € U{W;:i € I} and hence
there exist a finite sub cover
{B;:i € I} such that A ¢ U{B;:i € I}. Then A is S — compact.
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Example 3.3 [13]
1- R is not compact. In fact, the cover of R by the open sets
(—n,n), forn € V', can have not finite sub cover.
Theorem 3.2 [13]

The continuous image of a compact space is compact.
Theorem 3.3

The continuous image of a S — compact space is S —
compact.
Proof

Suppose that (X, t) be a S — compact space and f: (X, 1) =
(Y,u) is a continuous function. Let {V;:i € I} be a semi open
cover of f(A) such that
flA)cY,AcX&Ac f(f(A) cf(UV:iel})c
U (Vi e Id.
Since f is continuous, then {f ~1(V;):i € I} € SO(X), since X is
S — compact and {f~*(V;):i € I} is an S — open cover of X,
then there exist a finite sub set I, of [Isuch that A C
U{f (V)i € I}, = f(A) c U{ffH (V)i €L} ©
U{V;:i € 1,}.
Thus f(Y,u) is S — compact.
Theorem 3.4 [13]

Every closed sub set of a compact is compact.
Theorem 3.5

A Semi — closed sub set of a S — compact space (X, 1) is
S — compact.
Proof

Let A€SC(X), then X —A€S0(X). Let {G;:i€l}c
SO(X) be a semi-open cover of A, since X is S — compact then
there exist a finite sub cover
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then there exist an open cover <A which has no finite sub cover
that is for A,we have X = Uj-;A; which is equivalent
toN-, A # @ for any finite sub collection{4;, 4,, ..., A, } from
A.
Definition 3.7 [13]
1- A space X is H — closed iff every open filter has a cluster
point.
2- A space X is H — closed iff every open cover has a finite sub
collection whose closures cover (i.e. a finite dense sub system). If
an open filter dose not have a cluster point, the complement of
closures of its elements from an open cover with no finite dense
sub system.
3- An H — closed space is compact iff it is regular.
Definition 3.8
1- A space X is H — semiclosed iff every open semi-filter has a
cluster point.
2- An H — semi — closed space is S — compact iff it is regular.
Definition 3.9

A space (X, 7)is said to be simply compact (¥ — compact)
if every simply open cover of X has a finite sub cover.
Example 3.2

Let X ={a,b,c,d}, T= {X, @,{a},{b},{a, b}, {b,c, d}},

T={X,0,{a},{c,d}.{a,c,d},{b,c,d}},
SO(X) =
{X,0,{a},{b},{a, b}, {b,c},{b,d},{a,b,c} {ab,d},{b,c d}},

M _ (X,0,{a},{b},{c}, {d},{a, b}, {a, c},{a, d},{b,c},
STOW) = {{b, d}, {c,d},{a, b, c}, {a, b, d}, {a,c,d}, (b, c, d}}
Then we have X 1s semi-compact.
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Definition 3.6
A topological space (X,t)is called semi-compact (S —
compact) if every semi-open cover of X has a finite sub cover.

Remark 3.1

Every S-compact is compact.
Example 3.1

A discrete space is S — compact < it is finite. That is an

infinite discrete space is not S — compact, since {{x}: xX€eEX } is
semi-open cover with no finite sub cover.
Theorem 3.1

The following are equivalent
1-X isa S — compact.
11- Every semi-filter has a cluster point.
Proof

1— 11 Since X is a § — compact then there exist S — open
cover has a finite sub cover. Let F be any filter on X and A be
aclosed collectionsuch that Nceq C = @ then we get Ugeq C¢ =
X 50 {C€}ce4 is an open cover to the space X but {C¢}.c4 has
no finite sub cover since ¢4, Cy, ..., ¢, € A with
X=c¢%UcfU..Uc,t then NL,C; =@.A contradiction.
Then every closed collection has a non-empty intersection where
C, € F foralli=1,2,..,n and so ﬂ’lef € F, there for {E: C e
F } has a finite intersection property so every semi filter has a
cluster point.

11— 1 since every semi filter has a cluster point then {f: F e
iF} is a closed collection and if fi, f,, ..., f, € F then F; € FVi =
1,2, .., and soN™, F; # @, suppose that X is not S — compact
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3- Semi-filter and semi-Compactness

In This section we shall state (special) types of compact a
spaces, semi-filter and their properties.
Definition 3.1 [3]

Let K = (U, R) be a general knowledge base,R is any binary
relation on U, then we can define two new approximations
namely, semi-lower and semi-upper approximation as follows
S(X)=XNR (E(X)) , SX)=XUR (E(X)) .

Definition 3.2 [8]

Let A = {G;}be a class of subset of X such that A c
U; G; for some A c X. Really that A is then called a cover of 4,
and an open cover if each G; is open. Furthermore, if a finite
subclass of A is also a cover of A i.e. if 3 G4, Gy, .., Gy € A
such that Ac G, U Gj, U ...UG;,, then A 1s said to be
reducible to a finite cover, or contains a finite sub cover.
Definition 3.3 [8]

A subset A of a topological space X is compact if every open
cover of A is reducible to a finite cover. In other words, if A is
compact and A c U; G;, where the G; are open sets, then one can
select a finite number of the open sets, say
Gi1,Giz) ooy Gy, s0that AC Gj; U Gip U ..U Gpy.

Definition 3.4 [12]

A sub set A of a topological space (X, T) is called regular open
set if
A= int(cl(A)).

Definition 3.5 [2]

A topological space (X,7) is called compact space if every

open cover of X has a finite sub cover.
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Example 2.2

Let X ={a,b,c,d,e}, Y ={u,v,z,w, k},
t=1{X,0,{a},{a, b} {a c d}{ab,c d}}&
uw={Y,0{u} {uv}{wvz}{uzw}{uvk}}
Let f:(X,t) — (Y,u) defined by f(a)=u, f(b)=v,
fl@)=w,f@d) =k,
fle)=z&

X,0,{a},{a,b},{a,c},{a,d} {a,e} {a, b,c}
SO0(X) =<{a,b,d},{a,b,e},{a,c,d}, ,{a,ce}{ade},;. We
{a,b,c,d},{a,b,c,e},{a,b,d,e},{a,c,d, e}

have f is s — continuous but not continuous, since there
exist{u, v,z, w} € u such that f *({u,v,z,w}) = {a,b,c,e} & 7.
Example 2.3

Let X ={a,b,c,d}, Y={uv,zw} 7= {X, @,{a},{b, c}},
and
U= {Y, @, {u}, {v} {u,v}{v,z W}}. Let f:(X,7)— (Y,w)
defined by f(a) =u, f(b)=w, f(c)=2z and f(d)=v &
So(X) = {X, @,{a},{a,d},{b,c},{a,b,c}, {b,c, d}} ,

X,0,{a},{b},{c},{d},{a,d},{b,c}, .

5000 = [ (0 o) o b, thoed) e e i
SMS — Continuous but not S — continuous, since there exists
{v} € u such that f~1({v}) = {d} € So(X). We have SO(Y) =
{Y, @, {u}, {v}{u,v}{v z} {v,w}{u vz} {u,v,whiv,z W}},
and it is f is SMS — continuos but not S.S™ — continuos, since
there exist {u, v} &
{uv,ztesoy) > f'({wvh)={abl& f'({uvz})=
{a,c,d} & SMSO(X).
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Example 2.1

Let X = {a,b,c,d}, 7 = {X,0,{d},{a,d}}, then
SO0(X) =
{X,0,{d},{a,d},{b,d},{c,d}{a c d}{a b,d} {bcd}},

SMO(X) = {X ,0,{a}, {b},{c},{d},{a, b} {a,c} {a,d},{D, C},}
{b,d},{c,d},{a,b,c},{a,b,d},{a,c,d},{b,c,d})
_(X,0,{a},{b},{c},{d},{a, b}, {a, c},{a,d},{b,c},

SHS000) = {{b, d},{c,d},{a,b,c},{a,b,d} {a c d}{b,c, d}} ’

&
{c,d} € SO(X) but {c,d} & 7,{b,c} € SMSO(X) but {b,c} & T,
{a,b} € SMSO(X) but {a,b} & SO(X).
Note that in this example S¥0(X) = SMS0(X).
Theorem 2.1 [1]

If A is an open subset of a space X, then Clg(A4) =
int(cl(A)), where Cls(A)
Semi-closure of A.
Definition 2.4 [4]

A space X is semi-totally continuous if the inverse image of
every semi-open subset of Y is clopen in X.
Definition 2.5

A function f: (X,t) — (Y, ) is called
1- Semi-continuous (S — continuous) iff f~1(G) € SO(X)for
every G € L.
2- Simply S-Continuous (S™S — Continuous) iff ~1(G) €
SMS0(X) for every
G € u.
3- Semi-Simply continuous (S.SM — continuos) if f~1(G) €
SMSO(X) for every G € SO(Y).
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4-(AUB)' D A°UB".
5-(4)° = A"
2- Semi continuous functions in topological spaces

In this section we introduce the concept of simply S — open
(for short, SMS — open) set in topological spaces by using of
simply open sets (for short S — open). We use these concept to
introduce type of semi-continuous function in topological space.
Definition 2.1[6]

A sub set A of topological space (X, T) is called semi open set
ifA € cl(int(4)).
Definition 2.2 [9]

A sub set A of topological space (X, 1) is called simply open
set (resp. SM — open) if A = G U N where G is open set and N is
nowhere dense, where Cl(int(A)) = Q.

Definition 2.3

A sub set A of a topological space (X,7) is called simply
semi open (resp. SMS — open) if A =G UN, where G is semi
open set and N is nowhere dense.

Remark 2.1

The relation between S™S0(X) and some types of near open

sets shown in the following diagram.

SMSO(XTf >4 SMo(X)

~

T=0(X)

A

SO(X)
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named simply semi-open as a generalization of simply open sets,
new types of continuous functions between topological spaces,
and we used the new types of sets to introducing some types of
semi-compact sets and semi-filters in topological spaces.
Definition 1.1 [13]

A filter F on a set S is a non-empty collection of non-empty
subset of Swith the properties
1-IfF, ,F, e Fthen F; N F, € F.
2-1fB;,B, € T then ByNnB, €T,V By,B,.
3-fFEF&F cG,thenG €F,G S S.
Definitionl.2

A semi filter F5 on a set X is a non-empty collection of non-
empty subset of X with the properties
1-1f fs . fs, € Fsthen fo 0 f; € Fs.
2-If f; E Fs& f; € G, then G € Fs,G € X.
Properties of closure of any set [5]

If (X, 1) is a topological space, A, B S X, then

1-Ac Ast. A= N{F:F closed ,A c F}.
2-5=<p,)—(=x.

3-AUB =AUB.

4-ANBcCcANA.

55A=24

Properties of interior of any set [5]
If (X, 7) is topological space, A, B € X, then

1-A"cAs.t. A=U{GcX,GE1Gc A}
2-X'=X,0" = 0.
3-(AnNB)’=A"nB".
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also introduced the concepts of semi-compact sets and semi-
filter. Furthermore, some properties of these functions are
investigated.
Objectives
1 - Study groups close to opening and closing because they are in
fact scientific

more accurate.
2. The development of new types of such groups.
3. Create new relationships based on these groups.
Conclusions and recommendations

In this paper, we succeeded in obtaining a new family of
semi-open groups that simply adopts the concepts of open open
set, as well as studying a new concept, semi-filter and semi-
compactness. We presented examples of its existence, studied its
properties and its relation to the corresponding concepts, results
in establishing new types of communication and studying their
characteristics. The future work after this topic is to use the
results of this research and previous research to prepare a new
research in which we study a new relationship of the topological
relations with the theory of the group is B-Rough Sets
Kay Words

Simply semi-open, simply semi continuous function, semi-
simply continuous function, semi-compact sets and semi- filter.
1- Introduction

Levine N.[6] introduced the concept of semi-continuous
function in 1963. Some of definitions and theorems with respect
to a base for topology, neighborhood, compact space, closure
operator and quasi-discrete topology have been handled in
[2,5,7,10,11]. In this paper we introduce new type of classes
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Abstract

Topology branch of mathematics studies the properties that
do not change only increasingly in steps with correct numbers,
rather than changing continuously. Topology has a very
significant role in the recovery of other sciences such as physics,
where three scientists received the Nobel Prize for their research
in the physics of condensed materials, for their work on transient
topological. Their work has revealed new horizons concerning
with the behavior of the materials called topological insulators,
which may make it possible to manufacture computers with more
complex and sophisticated quantity. These scientists' researches
have shown great importance in the development and
understanding of topological insulators.

The research of these scientists has proved to be of great
importance in the development and understanding of topological
insulators, new materials that prevent the flow of electrons in
their internal parts while allowing the transmission of electricity
across their surfaces. This unique property can make topological
insulators very useful in arriving at new types of elementary
particles and in the composition of the circuitry within the
quantum computers.

In this paper we defined simply semi-open, simply semi
continuous function, and semi-simply continuous function. We

The Fourteenth issue of June 2019 v Journal of Faculties of Education



Adapinal) B patenal) J) gl As g

) 30 el — o130 A 501 AIS 81 5 e 3 pana B, 2

1 o) padlal)
) e J8& i Y (Al Gaibeadl) Al jay Gl )1 b 5l 0 55 a0 8

pee 053 aslosilly ¢ ) paials La st (e Yoy ¢ Angaa il b <l glad d
83l e elde D Juas Cua ¢ ol il ale Jia 5 AV aglall Gilad) b laa
Y il ) el Lia ol i) e agleal ¢ 28K 3 sall oy 5 3 agiladY o
YAl o) s caiisala a s (Balall A slg il ) shal) s dua ol o i) & gl
¢ A ) dpadalinal) iyl g 283l 2 sall g 280N CDla gall Jia 33l Ay 2l
Lo s o gil) ) sl ansd ) gl A slisy (Bla Bapa (BT (i aglec iS4
S8) V3ua 5 1t ST A0S e i g0 8 o] gt (Saall (o Jaad a8 il 5
Eun ¢ Ade gshall Jlsall aghy ok 85 eS dpaal slalall Sl ekl
agds sashi (85 mS Ll b Ll claladl o¥sa W)l Ll Clagl) il
Leiloal & g IV 383 wiad Al saaall ol sally ¢ danslsasill ) sal)
Jead ) S by il dpalall sda | Lgadand e el e Ji prand Loy A080)
Al ¥ Classall (e saaa g 58l ) Jseall (A as 3auie das 1o 1) ) gal
isma S8 el Jala i gall 0S5

b Aalial) 4ud Ao sanall s da el 4 A ganall Jslim 65l 028
Aayad) 40s AN 5 8 patosall dnds ANl Ciy jail a03053 G s sl g0 gl o Liadll
A Gl sena amlie 208 Lyl oo 5 jaiiee 40l Aol Alall g ¢ 3 el
oda (allad (jamy 8 Gaatll S5 el e 5 0le 5 ¢ sliaall 4udy dual yidll
CJ)sal







Journal of faculties of education

A scientific review journal of faculties of education,
university of Zawia, which concerned with
publishing humanities and applied researchers
The Fourteenth issue of June 2019

Colleges of education university of Zawia



	altarpya Ar 01
	altarpya Ar 02
	altarpya Ar 03
	altarpya Ar 04
	altarpya Ar 05
	altarpya Ar 06
	altarpya Ar 07
	altarpya Ar 08
	altarpya Ar 09
	altarpya Ar 10
	altarpya Ar 11
	altarpya Ar 12
	altarpya Ar 13
	altarpya Ar 14
	altarpya Ar 15
	altarpya Ar 16
	altarpya Ar 17
	Blank Page
	Blank Page



