Appendix D

Background Frequencies for

Chromosomal

Aberrations

The data presented intable -1 are not intended for
direct conparisons of values obtained between |abora-
tories; rather, they are neant to convey a sense of the
range of normal background val ues for chronosonal
aberrations reported in the literature.

The following abbreviations are used for culture
nmedia: D-Bifco; E-Eagle’s basal; [G-& bco; H-Hanis
F10 M-McCoy’s 5A; T-TC 199; and 1640-RPM
1640.

The following abbr evi ati ons are used for aberrations:
(CTD-chromatid breaks; C—chromosome breaks;

R—+ings; D dicentrics; E-exchanges; Cu—unstable”
aberrations, according to Buckton, et al.; Cs—stable”
aberrations, according to Buckton, et al,; AC -abnor-
mal cells. Al values are percentages. Gaps are not in-
cluded, except where noted otherwise. In some cases
it has been necessary to recalculate the original data.

A continuous line covering nore than one conplex
aberration indicates that the aberrations were com
bined in the resulting frequency.

Table D-1 .—Background Frequencies for Chromosomal Aberrations

Number of Number of Culture Culture

Reference subjects cells medium time(hr) CTD C R D E Cu Cs AC
Legator and Hollaender, 1975 .., . . . 75 2.291 ? ? 6.72 1.48 0 0.17 0.17 i 6.07
Lubs and Samuelson, 1967 . . . . . . . . . . . 10 3,720 T 68- 72 59 10022  — - 8.3
Littefield and  Goh, 1973 . . . 31 29,709 T 72 - 30 0 0.12 0.32 - - 6.0
Mattei, et al., 1979. . . . . ... ... ...... 1,084 15,754 ? 72 46 17 o071 - — ~7.0
Aula and von Koskul, 1976 ., . . 1,299 25,980 7 72 - - - - - —_— — 1,8
Ayme, et al., 1976 . . . . . . . . . . ... 524 7,653 ? 72 24 1.40.81 - . 4.7
Husgafvel-Pursiainen, et al , 1980. . .. ....... 52 5,200 T 50 - - - — - - 1.3-18
A Review, 1975 . . . . .. ... ........ 134 -13, 400 ? 56 - - 0.18 0.80 - - 1,08
Awa, et al,, 1971 ., . . . . . . . . . .. 79 79 7,900 - — 0.28 0,59 - - 0.93
Honda, et al., 1969 . . . . . . . . . 10 1,000 ? 46-50 27 04 01 O 0.1 04 02 ~ 0.6
Brandom, et al., 1978a . . . . . . . . . 20 20 2,000 M ~48 —-0.7-0.2 - — -0.9
Brandom, et al, 19780 ., ., . . 20 1,950 H 500r72 — —~0.2 — — -0 7
68 7,406 - -0 - — -1
Brandom, et al, 1972 . . . . . . . . . . 15 1,430 M 50&72 09 02 0 0 O - - 1l
Lloyd, et al, 1972 . . . .. . . . 316 23,200 E 48 . - - 0078 - - - -
Bauchinger, et al, 1980 . . . . ... ... .. 1 12,700 H 48 — - 002 - i -
Burgdorf, et al., 1977 ., ., . . . . . . . . 44 ? T 72 - - . - - . 0-3
Nordenson, et al, 1978 ., . . . . . . . . 13 1,312 T 72 04 01 - - - - - 1,6
Tough and Brown, 1965 ... P 5 500 ? 40-50 - - - - 0.6 0.4 -
38 38 1,140 - - - - - 06 0.8
Tough, et al, 1979. ., . . . 5 500 7 40-50 @ — - - = 06 04 —
6 600 - - - - - 167 05 —
5 500 - - - - 04 04 -
Forni, et al., 1971a ., . . . . . . . . . .. 34 34 3,400 ? 68-70 - - - - - 0,49 0.04 -
Forni,etal, 1971b ... ................. 34 34 3,400 7 68-70 . - - - 0,61 0.09 -
Picciano, 1979 .. . ., . . . 44 8,000 varied 72 11 035 0.06 - = 14
Watanabe, et al., 1980 . . . . . . . S 7 279 T 72 - - - - - - 2.5
Kucerova, et al., 1977 .. . . . . . . . .. 35 5,054 ? 56-58 0.97 0.28 — — 0.18 — — 1.37
Sram, et al., 1980. . . . . . ... ... ... 34 3,400 7 56-68 - = - -  — 206
21 2,100 - - - - — —_ 1.33
Picciano, 197%9a ., . . . . . . . . . 75 15,000 varied 72 2.15 0.51 0.08 — — 2.38
Mitelman, et al, 1980 .. .. . . . . . . . 18 3,600 7 72 1,6 —_— — - = 2.9
Shiraishi and Yosida, 1972. ., . . . . . 6 300 1640 72 _ - - - — —  — ~0.67
Deknudt, et al , 1973 . . . . . . . 5 1,800 H 451- 011 0330 ?
O'Riordan and Evans, 1974 31 3,100 H 45-48 446 042 — - — - - !
Deknudt and Leonard, 1975, 12 2,400 H 48 _ - - - — —  —  0.67
Bui, et al, 1975 .o .o 4 356 ? 48 & 72 — - - - - - - 6.0
3 297 - - - - - - - 4.7
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Table D-1 .—Background Frequencies for Chromosomal Aberrations—Continued

Number of Number of Culture Culture

Reference subjects cells medium time(hr) CTD C R D E Cu Cs AC
Bauchinger, et al., 1976 ., . . . . ... ... .. ... 15 1,650 H 48 0.2 - 0.26 - 0.47
Forni, et al, 1976 . . . . . . . . . . . . 11 1,075 T 68-70 - - - - - - —  48C
Deknudt, et al., 1977 .., . . . . . . . . . . 20 3,000 H 48 — - — — — — — 2.53¢
O'Riordan, et al., 1978 . . . ... .. ... .. ...... 13 1,243 H 45-48 0.08 - — — -— 0.8 0.02
Forni, et al,, 1980 . . . . . . .. .. ... .. ... ... 12 1,130 T 48 - - - — 0.08 -
Maki-Paakkanen, et al., 1981 . . . . . . . . . 12 1,200 ? 1 - - - — - - 2-0
Funes-Cravioto, et al, . . . . . ... .. ......... 42 4,200 T 72 - - - — - - 4,76
Maki-Paakkanen, et al., 1980 ..., . . . . . . . .. 16 3,200 ? 72 - - - — - - 2.4
Hogstedt, et al., 1981 . . . . . ... ... ....... 15 1,500 T 50 - - - - I — 1.6
Thiess, et al.,, 1981 . . . . . . . . . . . ... ... .. 21 2,100 T 70-72 - - - - - I — 1.4
Ducatman, et al.,, 1975 . . .. . . . . . . . . .. .. 10 500 G 65- 68 - - - — 0.3 2.9 -
Purchase, et al,, 1976 ..., . . . . . . . . . . ... 19 1,900 D 48 or 72 - - - — 0.53 0.10 -
5 500 - - - - - 0.50 0 -
Szentesi, et al,, 1976 . . . . .. ... 49 2,523 ? 48 - - - I 0.35 - -
44 2,988 - - — — — 0.56 - —
Hansteen, et al., 1975 ..., T, 16 1,600 ? 48 - - - - - - - 1.79
32 3,200 - - - — — - — 2,33
Fleig and Thiess, 1978, . . . . . . . . . . . . . . .. 20 2,000 ? 7 - - - - - 2.1
Kucerova, et al,, 1979 ..., . . . . . . . . . . . .. 8 800 ? ? - - - - - - = 1.8
Anderson, et al,, 1980, . . . . . . . . . ... ... ... 6 600 D 48 & 72 First sampling: 0.5 0 1.33
Second sampling: 0.5 0 11
8 800 First sampling: 0.75 0 1.0
565 Second sampling: 0.13 0 0.38
Kirkland, et al., 1978 ..., . . . . . .. .. .. 17 1,700 T 48 - - - - - - 3.47
19 1,900 - - - — — — — 2.47
Meretoja, et al., 1981 . . . ... .......... 5 500 T 64-66 - -_— — -— 1.8
Hogstedt, et al., 1980 . . . .. ... ........ 7 1,400 M 72 - - - _— — _— — 2.5
Bauchinger, 1981 ..., . . ... 22 11,000 H 48 — 0.16 0.05 0.09 - - -
Waksvik, etal, 1981 . ...ttt 10 1,000 H 48 - 013 — — — - - —
Verschaeve, etal, 1976 . . ... ........... 7 651 T 72 - - - — — — — 8.5
Thiess and Fleig, 1978 .., . . . . . . . ... 18 1,800 ? 70-72 - - - - - - - 2.0
Cervenka and Thorn, 1974 .., ... .......... 10 1,594 T 72 - - - — — -_ — 1.38
Hook, et al., 1974 . . . ... ........... 1 398 ? 72 - - - — — — — 0.8
_4 288 - - - — — -— — 1.4

A CTD AT T

‘Includes only breaks and exchanges
‘Gaps Included.

SOURCE Office of Technology Assessment

Appendix D references

“A Review of Thirty Years Study of Hiroshima and
Nagasaki Atomic Bomb Survivors, ” J. Radiat. Res.,
Suppl., 1975.

Anderson, D., et al., “Chromosomal Analysis in Vinyl
Chloride Exposed Workers: Results From Analyses
18 and 42 Months After an Initial Sampling, ” Mutat.
Res. 79:151-162, 1980.

Aula, P., and von Koskull, H., “Distribution of Sponta-
neous Chromosome Breaks in Human Chromosomes ,*
Hum. Genet. 32:143-148, 1976,

Awa, A. A, et al., “Chromosome Aberration Frequency
in Cultured Blood Cells in Relation to Radiation Dose
of A-Bomb Survivors,” Lancet ii:903-905, 1971.

Ayme, S., et al., "Nonrandom Distribution of Chromo-
some Breaks in Cultured Lymphocytes of Normal
Subjects, ” Hum. Genet. 31: 161-175, 1976.

Bauchinger, M., et al., “Analysis of Structural Chromo-
some Changes and SCE After occupational Long-
Term Exposure to Electric and Magnetic Fields From

38(kV-Systems, ” Radiat. Environ. Bio. 19:23.5-
238, 1981.

Bauchinger, M., et al.,, “Chromosome Analyses of
Nuclear-Power Plant Workers, ” | nt . J. Radiat. Biol.
38:577-581, 1980.

Bauchinger, M., et al., “Chromosome Aberrations in
Lymphocytes After occupational Exposure to Lead
and Cadmium, ” Mutat. Res. 40:57-62, 1976.

Brandom, W. F., et al., “Chromosome Aberrations as
a Biological Dose-Response Indicator of Radiation Ex-
posure in Uranium Miners,” Radiat. Res. 76:159-171,
1978.

Brandom, W. 1?,, et al., “Somatic Cell Genetics of Urani-
um Miners and Plutonium Workers, ” in Late Effects
of lonizing Radition, 1:507-518 (Vienna: interna-
tional At omi ¢ Energy Agency, 1978).

Brandom W F., et al., “Chronosone Aberrations in
Uraniurn Mners Cccupational |y Exposed to “Radon, "
Radiat. Res. 52:204-215, 1972.

Buckton, K. E., et al., "(A Study of the Chromosome
Damage Persisting After X-Ray Therapy for Ankyl -



App. D—Background Frequencies for Chromosomal Aberrations .229

osing Spondylitis, ” Lancet ii:676, 1962.

Bui, T-H., et al.,, “Chromosome Analysis of Lympho-
cytes From Cadmium Workers and Itai-itai Patients, ”
Environ. Res. 9:187-195, 1975.

Burgorf, W., et al., “El evated Sister ChromatidEx-
change Rate in l,ymphocytes of Subjects Treated
With Arsenic, ” Hum. Genet. 36:69-72, 1977,

Cervenka, J., and Thorn, H. L,., “Chromosomes and
Spray Adhesives, ” N. Eng. J. Med. 290:543-545, 1974.

Deknudt, Gh., et al., “Chromosome Aberrations ob-
served in Male Workers Occupationally Exposed to
Lead, ” Environ. Physiol. Biochem. 3: 132-128, 1973,

Deknudt, Gh., et al., “Chromosomal Aberrations in
Workers Professionally Exposed to Lead, ” J. Tox-
icol. Environ. Health 3:885-8:)1, 1977,

Deknudt, Gh., and Leonard, A., “Cytogenetic Investiga-
tions on l.eukocytes of Workers From a Cadmium
Plant, ” Environ. Physiol. Biochem. 5:319-327, 1975.

Ducatman, A., et al., "Vinyl Chloride Exposure and
Human Chromosome Aberrations, ” Mutat. Res.
31: 163-168, 1975.

Fleig, 1., and Thiess, A. M., “Mutagenicity of Vinyl Chlo-
ride: External Chromosome Studies on Persons With
and Without VC lllness, and on VC Exposed Ani -
mals, ” J. Occup. Med. 20:557-561, 197s.

Forni, A, et al., “Chromosome and Biochemical Studies
in Women Occupationally Exposed to Lead, ” Arch.
Environ. Health 3.5: 139-145, 1980.

Forni, A., et al., ‘(Initial Occupational Exposure to Lead:
Chromosome and Biochemical Findings, ” Arch.
Environ. Health 31:73-78, 1976.

Forni, A., et al., “Chromosome Changes and Their Evo-
lution in Subjects With Past Exposure to Benzene, ”
Arch. Environ, Health 23:385-391, 1971,

Forni, a, et al., “Chromosome Studies in Workers Ex-
posed to Benzene or Toluene or Bet}], ” Arch. En-
viron, Health 22:373-378, 1971.

Funes-Cravioto, F., et al., “(chromosome Aberrations
and Sister Chromatid Exchange in Laboratory and
Factory Workers and Their Children ,* in: H. J. Evans
and L). (D. C ,Lloyd, eds., “Mutagen-induced Chromo-
S o} m e ntw@ [ 'nit’ ersity Press,
1 978).

Hansteen, I-1.., et al., “Effects of Vinyl Chloride i n Man:
A Cytogenetic Follow-up Study, ” Mutat. Res. 31:
163-168, 197. 5.

Hogstedt, B., et al., "Micronuclei and Chromosome
Aberrations in Bone Marrow Cells and Lymphocytes
of Hu ma ns Exposed Mainly to Petroleum Vapors,”
Hereditas 94: 179-187, 1981.

Hogstedt, B., et al, “Cytogenetic Study of Pesticides
in Agricultural Work,” Hereditas 92:177-178, 1980.

Honda, ‘I'., et al., “Chromosome Aberrations and Cul -
ture Time, ” Cvtogenet.8:117-1 24, 196S.

Hook, E. B., et al., “Negative Outcome of a Blind Assess-
ment of the Association Between Spray Adhesive Ex-
posure and Human Chromosome Breakage, ” Nature
(London) 249:165-166,1974.

Husgafvel-Pursiainen, K., et al,, “Smoking and Sister
Chromatid Exchange,” Hereditas 92:247-250, 1980.

Kirkland, D. J., et al., “ChromosomalDamage and Hair
Dyes, ” Lanceti:124-128,1978.

Kucerova, M., et al., “Comparative Evaluation of the
Frequency of Chromosomal Aberrations and the
SCE. Numbers in Peripheral 1.ymphocyvtes of Work -
ers occupationally Exposed to Vinyl Chloride Mono -
mer, " Mutat Res. 67:97-1 ()(), 1979,

Kucerova, M., et al., "Mutagenic Effect of Epichloro-
hydrin: 11. Analysis of Chromosomal Aberrations in
Lymphocytes of Persons Occupationally Exposed to
Epichlorohydrin” Mutat. Res. 48:355-360, 1977.

Legator, M. S., and Hollaender, A. {eds.), “Occupational
Monitoring for Genetic Hazards, ” Ann.N.Y. Acad.
Sci. 269: 1975.

Littlefield, L. G., and Goh, K-O., “Cytogenetic Studies
in Control Men and Women: I, \ "ariations in Aberra-
tion Frequencies in 29,709 Metaphases rom 305
Cultures Obtained Over a Three-J'rar Period ,“ Cvto-
genet. Cell Genet. 12:17-34, 1973.

Lloyd, D. C, et al., ‘(The Incidence of Unstable Chro-
mosome Aberrations in Peripheral Blood Lvmpho-
cvtes From Unirradiated and Occupationally Ex-
posed People, ” Mutat. Res. 72:523-532, 1980.

Lubs, H. A., and Samuelson, J.,“Chromosome Abnor-
malities in Lymphocytes From Normal Human Sub-
jects ,“ Cvtogenet. 6:402-411, 1967.

Maki-Paakkanen, J, et a]., “Chromosome Aberrations
and Sister Chromatid Exchanges in I, Pad-k’, xposed
Workers,” Hereditas 94:269-275,1 $)81.

Maki-Paakkanen, J., et al., “Toluene-Exposed Workers
and Chromosome Aberration s,” J. Toxic€]. Environ.
Health 6:775-781, 1980.

Mattei,M. G,, et al., “Distribution of Spontaneous Chro-
mosome Breaks in Man ,“ Cytogenet. Cell Genet.
23:95-102, 1979.

Meretoja, ‘', et al., “occupational Styrene Exposure
and Chromosomal Aberrations ,“ Mutat. Res. 56:193-
197, 1977.

Mitelman, F., et al., “occupational Exposure to Epoxy
Resins Has No Cytogenetic Effect ,“ Mutat. Res. 77"
345-348, 1980.

Nordenson, E., et al,, “Occupational and Environmenta |
Risks In and Around a Smelter in Northern Sweden:
11, Chromosomal Aberrations in Workers Exposed
to Arsenic, ” Hereditas 88:47-50,1978.

O'Riordan, M.1.,, et a]., "Chromosome Studies on Blood
Lyvmphocytes of Men Occupationally Exposed to
Cadmium,” Muta t Res. 58 : 305 -3 11, 1978.



230 . The Role of Genetic Testing in the Prevention of Occupational Disease

O’Riordan, M. L., and Evans, H. J., “Absence of Signifi-
cant Chromosome Damage in Males Occupationally
Exposed to Lead, ” Nature (London) 247:50-53, 1974.

Picciano, D., "Cytogenetic Investigation of Occupation-
al Exposure to Epichlorohydrin,” Mutat. 1/es. 66:
169-173, 1979.

Picciano, D., “Cytogenetic Study of Workers Exposed
to Benzene, ” Environ. Res.19:33-38, 1979.

Purchase, I. F. H., et al.,, “Chromosomal Effects in
Peripheral Lymphocytes, ” Proc. Roy. Soc. Med.
69:290-291, 1976.

Shiraishi, Y., and Yosida, T. H., “Chromosomal Abnor-
malities in Cultured Leukocyte Cells From Itai-itai
Patients, ” Proc. Japan Acad. 48:248-251, 1972.

Sram, R. J,, et al,, “Cytogenetic Analysis of Peripheral
Lymphocytes in Workers Occupationally Exposed
to Epichlorchydrin, ” Mutat. Res. 70: 115- 120, 1980.

Szentesi, 1., et al., “High Rate of Chromosome] Aberra-
tionin PVC Workers, ” Mutat. Res.37:313-316,1976.

Thiess, A. M,, et al., “Mutagenicity Study of Workers
Exposed to Alkylene Oxides (ethylene oxide/propyl-

ene oxide) and Derivatives, ” J. Occup. Med. 23:
343-347, 1981.

Thiess, A. M., and Fleig, I., “Analysis of Chromosomes
of Workers Exposed to Acrylonitrile,” Arch. Toxicol.
41:149-152, 1978.

Tough, I. M., and Court Brown, W. M., “Chromosome
Aberrations and Exposure to Ambient Benzene, ”
Lancet i:684, 1965.

Tough, I. M., et al., “Chromosome Studies on Workers
Exposed to Atmospheric Benzene: The Possible In-
fluence of Age,” Europ. J. Cancer 6:49-55, 1970.

Verschaeve, L., et al., ‘{(Chromosome Aberrations In-
duced by Occupationally Low Mercury Exposure, ”
Environ. Res.12:306-316, 1976.

Waksvik, H., et al., “Chromosome Analyses of Nurses
Handling Cytostatic Agents, ” Cancer Treat Rep. 65:
607-610, 1981.

Watanabe, T., et al, “Cytogenetics and Cytokinetics
of Cultured Lymphocytes From Benzene-Exposed
Workers, ” Int. Arch. Occup. Environ. Health
46:31-41, 1980.



