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Elevated DNA single-strand breakage frequencies in lymphocytes
of welders exposed to chromium and nickel

U.Werfel', V.Langen, |.Eickhoff, J.Schoonbrood, workers exposed to chromium and nickel (12-14). In our
C.Vahrenholz, A.Brauksiepe, W.Popp and K.Norpoth previous investigation (11) the average SCE frequency in the
Institut fur Hygiene und Arbeitsmedizin des Universgklinikums Essen lymphocytes of welders was significantly lower than the value
(GHS), Hufelandstr. 55, D-45122 Essen, Germany of the control group. . . .

In order to verify our previous results (11) we investigated
another group of workers exposed to chromium and nickel.
DNA damage (alkaline filter elution) and sister chromatid  Again, we applied the SCE test and the method of the alkaline
exchange (SCE) frequencies were measured in lymphocytes filter elution using polyvinylidene fluoride (HVLP) filters and
of 39 welders and 39 controls. The welders showed a polycarbonate (PC) filters with and without proteinase K.
significantly higher rate of DNA single-strand breakages
and significantly elevated SCE values. These results are
not in accordance with those of a former study in which
only DNA-protein cross-links were measured. The different  Subjects
results may be explained on the basis of different exposure Blood samples were taken from 39 fully-employed male welders and from
levels for chromium(VI) and nickel. Both methods are not 39 male control persons who were not known to be substantially exposed to

e " . carcinogens in their occupation or environment. The control group was
specific but sensitive enough to measure genotoxic damage standardized according to smoking habits and age distributidh years).

f”‘fter occupational exposure to chromium(VI) and nickel  The same number of welders were investigated as in the previous study (11).
in the range of threshold values for the workplace on a  Matched pairs were formed for statistical analyses.
collective basis. Additionally, the results indicate that DNA  gjood samples
single-strand breakage and DNA-protein cross-links Show  venous blood (25 ml) was taken in the morning from all workers and controls
different increases depending on the exposure levels for using monovettes (Sarstedt) containing 15 IU lithium heparin/ml blood. The
chromium and nickel. blood samples were cooled to 5°C and transported to our Institute, with as
little vibration as possible, within 5 h.

Further samples were taken from the welders to determine the values of
. chromium in erythrocytes and nickel in blood (monovettes containing EDTA)
Introduction and the activity of glutamate-oxalacetatetranspeptidase (GOT), glutamate-

. . . . . ruvatetranspeptidase (GPT) and gamma-glutamyltranspeptidase (GGT) in

The carcinogenic potency of chromium and nickel is well 2/ peptidase (GPT) and g glutamyltranspeptidase (GGT) i

y . . ~"I'serum (monovettes containing beads).
known. Hexavalent chromium and divalent nickel show posit- N . .
Determination of nickel and chromium

ive effects in several genotoxic tests (1). Hexavalent chromiur%%
i

1To whom correspondence should be addressed

Materials and methods

. e . e concentrations of chromium in the erythrocyte fraction and nickel in
can eaS”y _pass the cell membranes’ and _'t IS _rEdUCEd_ Ins od were determined by atomic absorption spectrometry (15).
the cells to its trivalent form. Trivalent chromium, mtermedlatesAIkaline filter elution
like Cr(V) and Cr(IV) and radicals are suspected to react with

- We used the method of the alkaline filter elution according to Kehml.
DNA and cause DNA damage (2_4)' It is also known that(16). Heparinized blood was diluted at a ratio of 1:3 (v/v) with Eagle’s

divalent nickel ions are able to induce DNA damage iNminimum essential medium in Hank's balanced salt solution and the lympho-
various cell systems (5,6). The nickel-induced DNA damageytes were isolated on Percoll gradients (Biochrom KG, Seromed). If necessary,
is probably induced by nickel catalyzed oxygen radicals andny erythrocytes remaining were lysed by incubation with 150 mM,GIH

; ; ; i~10 mM KHCGO;, 1 mM Ng—EDTA for 3 min at 0°C and lymphocytes were
not by direct involvement of nickel compounds (7’8)' Elecmccollected by centrifugation and then resuspended in phosphate buffered

welders are often exposed to chromium and nickel containingjine (pgs).

welding fumes (1). There are few investigations of welders v79 cells (hamster fibroblasts) were cultivated in Dulbecco’s minimum

and workers, exposed to chromium and nickel, that measuressential medium with 10% (v/v) horse serum, 10% (v/v) 2-[4-(2-hydroxy

the frequencies of DNA strand breakages and DNA_proteiﬁthyl)-plperazme-l-yl] ethanesulphonic acid (HEPES), 7.5% sodium hydrogen

i . . 1 4Garbonate and-glutamine. Confluent growing V79 cells were harvested by
cross-links in surrogate tissues such as Iymphocytes (9 111 ypsinization immediately before elution. Alkaline filter elution was carried

In a previous inves’_[igati_on (11) _Of 39 welders We_used the,ut using a slight modification of the method described by Doetet. (17).
method of the alkaline filter elution and found an increasedrhe samples were eluted through polycarbonate (PC) filters with a pore

frequency of DNA—protein cross-links in the lymphocytes of diameter of 2.0um (Nucleopore, Pleasanton, CA) and through polyvinylidene
fluoride (HVLP) filters with a pore diameter of 0.4&n (Milipore Corporation,
the welders. . . ; ; ;
. . . * . SA). The elution through PC filters was carried out with (PQproteinase
Using the sister Chromat',d e,XChan_ge ,(SCE ) test, differen (2 mg was added to a 4-ml lysis solution) and without (PC-). For each
results have been found in investigations of welders andubject and filter type (PE€, PC—, HVLP) three samples were determined.
The elution buffer consistedf@ M NaCl, 0.02 M Na-EDTA, 0.5 M
*Abbreviations: SCE, sister chromatid exchange; HVLP, polyvinylidene H3BOs; and 0.65 M NaOH. The first 1 ml, corresponding to the tube volume,
fluoride; PC, polycarbonate; GOT, glutamate-oxalacetatetranspeptidasejas discarded. The fractions were collected for 10 h. The eluates, filter
GPT, glutamate-pyruvatetranspeptidase; GGT, gamma-glutamyltranspeptidastracts, and rinsed fractions of the filter holders and tubes were neutralized
HEPES, 2-[4-(2-hydroxyethyl)-piperazine-1-yl] ethanesulphonic acid; BrdU,with 3 M NaH,PO, and 3 M H;POy, and their DNA content was determined
bromodeoxyuridine; MMA, manual metal-arc welding; RPMI, Roswell Park fluorimetrically (18) after reaction with fluorochrome Hoechst 33258 (final
Memorial Institute medium; TLV, threshold limit value for chemical substancesconcentration in the sample Ou/1). These results were used to calculate the
and physical agents; MAK, maximum workplace concentration; TRK, technicaDNA retention D) of the filter as a percentage of the total amount of DNA,;
exposure limit. the elution rate ) was calculated fronk = 2 — IgD. The relative elution
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rates k) were calculated from the elution rates obtained for the V79 cells |n Table Il the average values of the alkaline filter elution
(kiet = K/Ky7g), which were determined simultaneously. rates, SCE frequencies and biomonitoring data are given for
SCE test the welders and the controls. The mean concentration of

Heparinized blood (40Qu) was incubated for 72 h at 37°C in 5 ml RPMI chromium in ervthr f the welders w | (n =
1640 medium (Boehringer) with glutamine, antibiotics, 20% fetal calf serumg2 ° n(;J for niekytl ir?%?tesd ?t \}v c 4e d/el Sn _az?;ﬂl@/ (
(Flow), phytohaemagglutinin M (Gibco) and fOM bromodeoxyuridine ) & or nicke . _0,0 .as A9 ( i, )- .
(BrdU). The treatment of the cultures with colcemid and hypotonic KCI  There were no significant differences in the relative DNA

solution, the fixation, the preparation of the chromosomes and the fluorescengdution rates through PC filters without proteinase K and
plus Giemsa staining of the preparations were carried out according to thpj\/LP filters between welders and controls. The mean relative

method of Perry and Wolff (19). The sister chromatid exchanges wer : - : :
determined by examining 25 complete second metaphases per subject. 'ﬂ? A elution rate for PC filters with proteinase K was 1.40

SCE frequencies for each subject were taken as the average of the sdPI the welders and 0.82 for the controls and was significantly
frequencies counted per metaphase. different (® = 0.0001). These results indicate a significantly
Statistical analysis elevated DNA single-strand breakage frequency and additional
Statistical analyses (Wilcoxon test, Kruskal-Wallis test, Pearson and SpearmddNA—protein cross-links in welders. Furthermore, the mean
correlation, variance analysis) were performed on a personal computer usif8§CE frequency of the welders was significantly elevated (6.22
the SAS program. Results were significanPit< 0.05. versus 5.87P = 0_04)_

There were no significant correlations (Pearson and
Spearman) between DNA elution rates, SCE frequencies
In Table | the personal data of 39 welders and 39 controls arend biomonitoring results. After dividing the welders in
presented. The results of individual relative DNA elution ratesthree  categories of chromium and nickel exposure
for HVLP filters, PC filters with and without proteinase K and (Chromium in erythrocytes: As 1 pg/litre; B: 1.5 pgl/litre;
the SCE frequency are shown for each person. AdditionallyC: > 5 pg/litre; nickel in blood: A: < 2 pgl/litre; B:
the chromium concentration in erythrocytes, the nickel concen2—6 pg/litre; C: > 6 pg/litre) decreasing SCE values for the
tration in blood and the GGT activity in the serum of the workers were observed with increasing chromium exposure
welders are listed. (A: 6.41; B: 6.07; C: 5.89) and increasing SCE values with

Results

Table I. Individual relative DNA elution rates, SCE frequencies and data of welders and controls

(A) Welders
No. Age (years)  Smoking habits ERPC- ERPC ERHVLP SCE Cr pg/l) Ni (pg/l) GGT (U
1 23 NS 0.325 0.899 2.157 5.36 45 1.7 6
2 25 NS 0.474 1.233 1.338 6.52 0.6 4.6 5
3 27 NS 1.238 1.733 2.009 5.48 6
4 28 NS 1.905 3.156 5.013 5.88 0.1 1 12
5 33 NS 0.561 1.749 4.448 4.8 0.1 8
6 39 NS 0.55 0.431 3.279 6.08 0.3 0.5 14
7 42 NS 1.035 1.43 3.479 6.24 15 2.8 25
8 43 NS 0.884 1.283 1.82 5.28 3 0.8 12
9 45 NS 1.399 1.137 1.953 6.24 7
10 46 NS 0.814 1.728 2.769 6.52 5 1.7 6
11 50 NS 1.809 2.233 4.119 6.52 0.3 0.1 30
12 54 NS 1.621 2.021 4.24 8.08 1 0.1 35
13 26 S 0.648 1.048 2.468 6.72 6.5 1 28
14 29 S 0.957 1.248 3.237 6.52 0.8 7.1 5
15 29 S 0.768 0.958 2.027 6.88 5.5 2 51
16 33 S 0.745 0.954 1.842 5.6 0.2 34 11
17 34 S 0.457 0.459 1.562 5.8 0.7 0.3 15
18 34 S 0.809 1.106 1.436 5.88 38 0.2 14
19 35 S 0.908 1.195 2.702 7.04 31
20 35 S 11 1.818 3.018 5.64 8.8 2.6 6
21 35 S 1.071 1.72 2.45 6.32 0.6 12 10
22 36 S 1.155 2.373 5.133 4.76 33 4 6
23 36 S 0.823 1.147 2.565 5.72 21 3.7 12
24 37 S 0.893 0.915 1.554 5.32 6.7 0.7 20
25 37 S 0.663 1.149 2.277 6 8.7 0.3 28
26 38 S 0.629 0.983 2.086 7.48 1.7 0.3 17
27 38 S 1.191 1.261 3.863 5.24 3.6 0.5 18
28 38 S 1.057 1.234 1.947 6.52 10
29 38 S 0.742 0.976 2.652 6.08 21 0.2 15
30 40 S 1.342 3.476 6.362 4.44 7.3 0.1 12
31 44 S 1.02 1.659 4.08 6.24 2.3 3.6 12
32 46 S 0.645 0.76 1.543 5.84 1.8 1.6 8
33 47 S 1.077 1.138 4.129 6.48 0.1 66 17
34 47 S 0.324 1.692 3.443 6.28 0.5 4.4 15
35 48 S 1.275 1.754 2.439 8.88 24
36 50 S 0.907 0.78 1.587 7.32 4.4 14 29
37 52 S 0.782 1.223 3.276 6.88 17
38 54 S 0.414 0.942 1.974 6.84 1 6.1 17
39 56 S 0.961 1.433 2.995 6.96 1.9 3.2 30




Exposure of welders to chromium/nickel

increasing nickel exposure (A: 6.01; B: 6.00; C: 6.70). These Alcohol drinking habits (alcohol consumption versus no
results were not significant by the Kruskal-Wallis test. Noalcohol consumption) had some influence. In the group of
influence could be seen with the alkaline filter elution assay.welders, the relative DNA elution rates were significantly
The welders who worked>50% of their shift by manual lower through PC filters with proteinase K (1.23 versus 2.30;
metal-arc welding (MMA) revealed higher values of DNA P = 0.002) and HVLP filters (2.60 versus 4.22;= 0.031)
elution rates through all three filter types (PC- 1.03 versusind the SCE frequency was significantly higher (6.38 versus
0.86; PCr 1.48 versus 1.34; HVLP 2.86 versus 2.85) and5.34; P = 0.016) in the Wilcoxon test for persons drinking
higher SCE values (6.41 versus 6.11) (not significant in theilcohol fi = 33) in comparison with non-drinkersi & 6). In
Wilcoxon test). the control group the SCE frequency was significantly higher
There was a slight positive correlation (Pearson) betwee(6.37 versus 5.6% =0.034) for non-drinkersn(= 11). The
working years and relative DNA elution rates through PCwelders with a gamma-glutamyltranspeptidase (GGT) activity
filters without proteinase Kr(= 0.32;P = 0.0498;n = 39)  more than the threshold value of 25 Uil€7) had significantly
and SCE valuesr(= 0.38;P = 0.02;n = 39). higher SCE frequencies in the Wilcoxon test (6.94 versus 6.04;
The average age was 392 8.6 years for the welders and P = 0.023). There was a significantly positive correlation
38.6 £ 9.8 years for controls. Only in the entire group € between the GGT activity and the SCE frequency in the
78) there was a significant positive correlation between ag@earsonr(= 0.52;P = 0.0006;n = 39) and Spearmairr &
and the SCE frequency in the Pearson=(0.34;P = 0.002;  0.50;P = 0.0011;n = 39) correlation analyses. GGT activity
n = 78) and Spearmanr (= 0.35; P = 0.011;n = 78) had no influence on the DNA elution rates.
correlation analyses. There was no significant correlation_. .
between age and the relative DNA elution rates through alP!ScCussion
three filter types. The biomarker results did not significantlylt is known that hexavalent chromium contributes to the
differ between smokers and non-smokers (Wilcoxon test). formation of DNA—protein cross-links and DNA single-strand

Table I. continued
(B) Controls

No. Age (years) Smoking habits ERPC- ERPC ERHVLP SCE
1 23 NS 0.879 0.751 2.444 4.8
2 23 NS 0.784 0.875 2.072 6.2
3 29 NS 0.413 0.161 1.586 54
4 30 NS 0.919 0.63 1.586 4.84
5 32 NS 1.301 1.462 1.755 5.72
6 35 NS 0.834 0.702 1.801 5.48
7 40 NS 0.796 0.936 2.103 6.12
8 40 NS 0.67 0.567 2.101 4.12
9 46 NS 0.815 0.726 1.618 6.32
10 47 NS 0.968 0.74 3.172 6
11 55 NS 0.966 1.16 1.786 6.48
12 59 NS 0.743 0.924 1.985 6.56
13 25 S 0.618 0.557 1.801 4.88
14 26 S 1.02 0.954 1.738 5.48
15 28 S 1.01 0.896 14 5.44
16 30 S 0.641 0.537 2.058 6.08
17 30 S 1.251 1.345 3.04 8.68
18 32 S 0.75 0.792 1.538 7.08
19 33 S 1.231 1.017 2.54 5.24
20 33 S 1.02 0.951 3.543 5.12
21 33 S 0.96 1.181 4.729 5.8
22 34 S 0.656 0.582 2.197 5.12
23 35 S 1.031 1.148 2.546 5.04
24 35 S 0.901 0.982 6.402 6.52
25 36 S 0.498 0.37 1.58 5.36
26 36 S 0.914 0.87 4.164 5.72
27 37 S 0.543 0.532 1.788 5.6
28 37 S 1.087 0.86 4.828 5.36
29 38 S 0.56 0.366 1.626 6.04
30 40 S 0.898 1.199 2.159 7.92
31 42 S 1.211 1.356 3.42 7
32 45 S 1.218 1.086 3.028 5.28
33 46 S 0.859 0.611 3.491 5.36
34 48 S 0.585 0.489 1.448 5.72
35 50 S 0.919 0.9 2.178 5.24
36 52 S 0.574 0.511 1 54
37 53 S 0.782 0.54 2.09 6.88
38 55 S 1.22 1.132 2.408 7.48
39 57 S 0.884 0.655 2.2 6.4

S, smokers; NS, non-smokers; ERPC—, relative DNA elution rates through polycarbonate filters without proteinase K; ERfiCe DNA elution rates
through polycarbonate filters with proteinase K; ERHVLP, relative DNA elution rates through polyvinylidene filters; SCE, sister chromatid exchange
frequency; Cr, chromium concentration in erythrocytes; Ni, nickel concentration in blood; GGT, glutamate-oxalacetatetranspeptidase activity.
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Table Il. Mean values and standard deviations of results obtained of 39 welders and 39 controls

Parameter Welders Controls pa
(mean* SD) (mean* SD)

Chromium concentration in erythrocytgso(l)

n=32 43+ 70
Nickel concentration in bloodug/l)
n=33 46+ 114
Relative DNA elution rate (PC filters without proteinase K)
n=39 0.92+ 0.37 0.87+ 0.23 0.73
n=27(S) 0.87+ 0.26 0.88+ 0.24 0.91
n =12 (NS) 1.05* 0.54 0.80+ 0.32 0.44
Relative DNA elution rate (PC filters with proteinase K)
n=39 1.40=+ 0.63 0.82+ 0.30 0.0001
n=27(S) 1.31+ 0.59 0.83+ 0.30 0.0003
n = 12 (NS) 1.59+ 0.70 0.80* 0.32 0.0029
Relative DNA elution rate (HVLP filters)
n=39 2.85*+ 1.18 2.43+ 1.00 0.08
n=27(S) 2,76+ 1.17 2.63+ 1.25 0.54
n =12 (NS) 3.05+ 1.21 2.00+ 0.45 0.0225
SCEs/cell
n=39 6.22+ 0.88 5.87+ 0.91 0.04
n=27(S) 6.28+ 0.90 5.97+ 0.97 0.09
n = 12 (NS) 6.08+ 0.84 5.67+ 0.76 0.37

AWilcoxon test.
S, smokers; NS, non-smokers.

breakagesn vitro andin vivo (1,2). Nickel also may cause DNA-—protein cross-links in comparison with the controls, and
such DNA damage (5,6). Chromium and nickel induced DNA-no hint of DNA strand breakages. We determined the chromium
protein cross-links seem to be stable over long periods of timeand nickel concentrations in the urine of the welders, which
whereas chromium-induced DNA single-strand breakages amould have averaged an exposure of 70480CrOy/m?® and
rapidly repaired (20-22). <100 pug Ni/m3 in the air (26,27).

In our study, we found significantly elevated DNA single- Thus, in our actual investigation the chromium and nickel
strand breakage frequencies and additional DNA—protein crosgxposure of the welders was much higher than in our previous
links in the lymphocytes of welders exposed to chromium andesearch or in that of other reports. This might be the reason
nickel. Also, the SCE frequencies were significantly elevatedor the elevated rate of DNA single-strand breakage frequencies
in comparison with a standardized control group. that we found. Costat al. (28) report on the saturation amount

There are only few investigations that have looked forof DNA—protein cross-links inlymphocytes of exposed workers
DNA-—protein cross-links and DNA single-strand breakages inrvho had chromium concentrations in erythrocytes of g8
lymphocytes of workers exposed to chromium and nickell, with this corresponding to a chromate exposure of .80
Vangalaet al. (9) found elevated DNA single-strand breakagesCrOy/m? in air (26,27). This could lead to the conclusion that
in a group of workers exposed to chromium. Costa andht lower chromium concentrations, DNA—protein cross-links
colleagues (10,23) described significantly increased DNA-are mainly formed, whereas at higher concentrations, DNA
protein cross-link frequencies in a group of manual metaktrand breakages predominate. The different results of our two
arc-welders. However, Gaet al. (24) detected no difference investigations might be a result of different chromium exposure
in the DNA single-strand breakage frequencies of workerdevels, which lead to DNA—protein cross-links at lower concen-
with low chromium exposure. trations and DNA single-strand breakages at higher concentra-

In our study, we determined the chromium concentrationdions. To summarize, if DNA—protein cross-links have a
in erythrocytes and the nickel concentrations in blood toprominent carcinogenic effect, the relative carcinogenic effect
calculate the exposure of the welders. The average concentraf low chromium exposures in the range of 3045 CrOy/
tion of chromium in erythrocytes of the welders was @@l mq in air might be greater than at higher chromium exposures.
(n = 32) and of nickel in blood it was 4.fg/l (n = 33). There might be a similar dose-dependent effect of nickel.
These values were much higher than the mean environment@liccarelli et al. (29) treated cell nuclei of rats with nickel
background levels of 0.fig/l chromium in erythrocytes and carbonate at variable concentrations and detected DNA—protein
0.2-0.4pg/l in blood (25). There are only a few reports that cross-links at all levels. DNA single-strand breakages were
describe the relationship between chromium concentrations ianly detectable at higher nickel carbonate concentrations.
erythrocytes and hexavalent chromium concentrations in the In our investigation, the relative DNA elution rates did not
air at the workplace of welders. According to these data, thaignificantly correlate with exposure against chromium and
average chromium concentration in the erythrocytes of weldersickel, age and smoking habits. In different investigations
in our investigation could correspond to a chromate concentrahere was no consistent influence of smoking habits on DNA
tion of ~100 ug CrOymdin the air, and the average nickel single-strand breakage and DNA—protein cross-link frequencies
concentration in blood to a concentration of 30§ Ni/m? in (10,11,30-34).
the air (26,27). We found significantly higher SCE frequencies in the

In our previous investigation (11) of welders exposed tolymphocytes of welders in comparison with controls. Previous
chromium and nickel we detected only significantly elevatednvestigations have shown different results. Knudstnal.
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(35) and Jelmeret al. (36) found decreased average SCE 2.Flora,S.,de and Wetterhahn,K.E. (1989) Mechanism of chromium

; ; ; metabolism and genotoxiciti.ife. Chem Rep, 7, 169-244.
frequencies in Iymphocytes of welders eXposed to Chromlum3.Snow,E.T. and Xu,L.S. (1989) Effects of chromium(lll) on DNA replication

and nickel. However, Nagayet al. (37) found no difference in vitro. Biol. Trace Elem Res. 21. 61-71.
in SCE frequencies between workers exposed to chromiums, kawanishi,S. (1995) Role of active oxygen species in metal-induced DNA
and controls. damage. In Goyer,R.A. and Cherian,M.G. (edsxicology of Metals

In our previous investigation (11) the SCE frequencies of _ gggggﬁ?\éﬁ”i‘gﬁsg'mi Hgir?:'bg% 2%3‘(‘:9;53;;1,\)' (1989) Toxicity and
PR . w,E. , Xicity
39 welders Wer_e S|gn_|f|c§1ntly 'OWer.th"%‘r_‘ those of the controls. carcinogenicity of nickel compoundSRC Crit Rev Toxicol, 19, 341-384.
In the aCtuall investigation, the S'9n|f|Ca.nt|y elevate.d SCE 6. sundermann,F.W. (1989) Mechanism of nickel carcinogengsisnd J.
frequency might be a consequence of higher chromium and Work Environ Health 15, 1-12.
nickel exposure, but there are indications that both compoundg'-Klein,C.B., Frenkel,K. and Cost,M. (1991) The role of oxidative process
may cause different effects in the SCE test. Katsifisl. (38) in metal carcinogenesichem Res Toxicol, 4, 592-603.

.. . . 8.Kasprzak,K. (1991) The oxidative damage in metal carcinogeniitgm
found an antagonistic effect of chromium(VI) and nickel(ll) RespToxicol (4 603_615. 9 gentiiy

in the SCE tesin vitro. 9.Vangala,R.R., Aust,B. and Bolt,H.M. (1992) Untersuchungen zu DNS-
We found significant positive correlations (Pearson and einzelstrangbichen und -quervernetzungen in humanlymphozyten mittels
Spearman) between the age and the SCE frequencies in the alkalischer filterelution nach chromatexpositionvitro. In Kreutz,R. and

. - it Piekarski,C. (eds)Bericht tber Die 32 Jahrestagung der Deutschen
entire group of welders and controls, which is in accordance Gesellschaft fu Arbeitsmedizin e.V. Gentner-Verlag, pp. 631-634.

with reports of SOpeEF al. (39) a_nd Sarteet al (13). Other 10, costa,M., Zhitkovich,A. and Toniolo,P. (1993) DNA—protein cross-links
authors have not confirmed the influence of age (40-42). in welders: molecular implication€ancer Res 53, 460-463.

Biomonitoring data and smoking habits had no significantl1. Popp,W., Vahrenholz,C., Schmieding,W., Krewet,E. and Norpoth,K. (1991)
influence on the SCE frequency in our actual study, but in  IeStGatons of e fecuency of DA stand beakage and cross g
most studies smokers have h|ghe_r SCE values (e'g' 40_43)_' exposed to chromium- and nickel-containing fuméd. Arch. Occup

There are few reports that describe elevated SCE frequencies Environ Health, 63, 115-120.
depending on alcohol consumption (40,42,43). We found.2.Husgafvel-Pursiainen,K., KalligikgP.L. and SorsaM.A.  (1982)
significantly higher SCE frequencies in lymphocytes of gngogﬁé’gome study among stainless steel welderccup Med, 24,
welders, with a.GGT aCtIVItY th.at was more than the threSh_OId.LS.Sarto,G., Cominato,l., Bianchi,V and Levis,A.G. (1982) Increased
value of 25 U/l, in welders W'th increased alCOho_l consumption  incidence of chromosomal aberrations and sister chromatid exchanges in
compared with welders with a normal GGT activity. workers exposed to chromic acid (GjOin electro-plating factories.

In conclusion, both of our investigations show that the Carcinogenesis3, 1011-1016. _
results of the alkaline DNA filter elution and SCE test are not14-|u}:gmé'\r’]'-# a':?;&i‘:}f\'/ﬁ]‘é SS(t;.gggll(\,lg.(':ytolf‘:]aerrllsei?cné?féctsvi\aell;/rﬁ[?fﬁ?c&/tes
SpeCIfIC for exposure against ch(qmlum and nl(?ke!' On the of stainless steel welderScand J. Work Environ Health 9, 259-264.
other hand, the methods are sensitive enough to indicate DNAs. Henschler,D. (1988)Analysen in biologischem MaterialAnalytische
damage in lymphocytes of welders on a collective basis after Methoden zur Pifung gesundheitssctiicher Arbeitsstoffe VCH-
chromium and nickel exposure in the range of US and German, \léir"]ig;gvflse"Sév*;%ﬂthe'”héfizi(g’g# E'c and Zweling,LA.  (1981)
occupatlonr_:\l limits (TI.‘V and MAK/TRK) (26'44)' The meth_o_d Measyuremént of styrand 'breaks andycrosslinks in DNA by’alkaline elution.
of the alkf'i“ne DNA f[lter elution seems to be more SensitiVe |y Friedberg,E.C. and Hanawalt,P.C. (ed)NA Repair: A Laboratory
for detecting genotoxic effects than the determination of SCE Manual of Research Techniquedarcel Dekker, New York, pp. 379-401.
frequencies. Additionally, the results indicate that DNA single-17.Doerjer,G., Buchholz,U., Kreuzer,K. and Oesch,F. (1988) Biomonitoring

_ ; _li ; of DNA damage by alkaline filter elutionint. Arch. Occup Environ
strand breakages and DNA—protein cross-links show different Health 60, 160-174,
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