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The aim of this study was to evaluate the efficacy
of meso-2,3-dimercaptosuccinic acid (DMSA)
treatment in workers with increased lead
absorption and no overt symptoms of lead
poisoning. Seven occupationally lead exposed
male workers with blood lead concentrations
(PbB) exceeding 50 µg/100 ml and a positive
calcium disodium ethylenediaminetetraacetate
(EDTA) lead mobilization test were treated with
DMSA for 19 days. Individual doses were 700 mg
DMSA, three times a day from day one to five,
and twice a day from day six to 19. The treatment
intensified urinary lead excretion, most rapidly
during the first five days. The increased
elimination was followed by a decline of mean
PbB to 15% of the pretreatment values. However,
15 days after the treatment, the PbB concentrations rebounded, yet kept below the baseline
values and did not exceed 40 µg/100 ml. After
repeated EDTA lead mobilization test, urine lead
was 23–68% of that before DMSA treatment. It
can be concluded that DMSA can effectively
reduce chelatable lead in occupationally exposed
workers.
Key words:
blood, calcium, CaNa2EDTA, chelation therapy, copper,
iron, magnesium, mobilisation test, urine, zinc

C

helating agents such as calcium disodium ethylenediaminetetraacetate (CaNa2EDTA),
2,3-dimercapto-1-propanol (BAL), and d-penicillamine have been widely used in the
treatment of acute and chronic lead poisoning. In more than 40 years of use, extensive experience has defined their advantages as well as the disadvantages and side
effects (1–3). Meso-2,3-dimercaptosuccinic acid (DMSA) has been used in China as
a chelator in lead poisoning since 1965 (4). In the USA, it was first tested in late 70s
(5) and its efficacy and safety were soon confirmed (6, 7). Today, DMSA is considered
the most promising new oral chelating drug, whose effectiveness in metal mobilization
is particularly evident in the therapy of lead poisoning in children (8, 9). In Croatia,
however, DMSA has not yet been applied as a drug, either in children or in adults.
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There are only a few reports on DMSA chelation in occupationally exposed workers (10,
11). The therapeutic benefit of chelation in chronic lead poisoning, especially in cases
with fewer overt subclinical forms of lead toxicity, is still a subject of discussion (12).
The aim of this study was to evaluate the efficacy of DMSA treatment in occupationally lead exposed workers with increased chelatable lead and without overt clinical symptoms of lead intoxication.

SUBJECTS AND METHODS
The study included seven lead exposed male workers employed in manufacture of
lead batteries. Two workers aged 25 and 27 had been exposed to lead for four years,
other two aged 35 and 36 for 10 years, and three workers aged 38, 51, and 45 for
11, 12, and 23 years, respectively. Patients were socioeconomically comparable and
had had similar personal habits including alcohol intake. The following criteria were
used for the inclusion in the study: a) occupational lead exposure, b) blood lead levels
(PbB) exceeding 50 µg/100ml (2.41 µmol/L) determined in a periodic examination
that had taken place approximately one month before the study, and c) positive
EDTA lead mobilization test.
Having given informed consent, the subjects were hospitalized for the entire
study, which secured cessation of exposure and appropriate observation. All procedures were carried out according to the ethical standards approved by the Ethic
Committee of the Institute for Medical Research and Occupational Health. The entire
therapeutic protocol was approved by the Croatian Drug Committee.
The EDTA lead mobilization test was done by measuring 24-hour lead excretion
in urine (PbU) after administration of 1 g CaNa2EDTA (LEDCLAIR ampules, Sinclair,
UK) in 250 ml of 5% glucose i.v. over one hour. An EDTA test was considered
positive if PbU excretion exceeded 600 µg/24 hrs (13, 14), which was consistent with
the increase in chelatable lead (15).
The treatment began six days after the EDTA test. Capsules of DMSA (CHEMET,
McNeil, USA) were donated by a co-manufacturer Cilag, Switzerland. The treatment
protocol and the inclusion criteria for the study (PbB 50 µg/100 ml) followed the
manufacturer’s instructions. Oral DMSA treatment consisted of 700 mg administered
three times a day from days 1–5, and twice a day from days 6–19.
Five ml of blood from cubital vein was collected for PbB analysis. Electrothermal
atomic absorption spectrometry (ET-AAS) was applied after deproteinization with nitric acid according to a modified Stoeppler method (16, 17). Measurements were
performed on Perkin Elmer, Model 5100 with Zeeman background correction. The
method has constantly been verified by participation in the United Kingdom National
External Quality Assessment Scheme programme (coefficient of variation, CV<1%).
Initial PbB concentrations were determined before the EDTA test. During DMSA
treatment, PbB was measured on day 5, 12, and 19 and again 15 days after the
treatment. Simultaneous laboratory tests included blood count and renal and liver
function tests, i.e. concentrations of electrolytes, uric acid, serum creatinine, serum
transaminases, bilirubin, alkaline phosphatase, and creatinine clearance.
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A baseline 24-hour urine lead was obtained before the EDTA test (PbU0). The
24-hour urine samples for urine lead were collected repeatedly during the first five
days, and then again on day 12 and day 19 of DMSA treatment. Urine lead concentrations were determined by ET-AAS (Perkin-Elmer, 5100; CV<5%) (18).
Other elements, that is, zinc (Zn), copper (Cu), iron (Fe), calcium (Ca), and magnesium (Mg) excretion in urine were analyzed in samples collected on days 0, 5, and 19.
Ten ml of urine was dried, ashed at 450 0C in quartz crucibles, and dissolved in 10 ml
of 2% HNO3. The analyses were carried out by flame atomic absorption spectrometry on
a Varian, Model AA375, with deuterium background correction (CV<5%) (19).
The EDTA lead mobilization test was repeated 15 days after the DMSA treatment
to evaluate the efficacy of DMSA in reducing lead accumulation.
Since the employers’ policy required workers to return to work immediately after
normalization of PbB (<40 µg/dl), the follow-up did not extend over the 15 days after
the cessation of the treatment.
The statistical difference between the results of EDTA lead tests and PbB concentrations obtained before and after the treatment was analyzed by Student’s t-test
for dependent samples using the CSS Biostatistica program (Statsoft 1991 package,
release 3.1).

RESULTS
The EDTA lead mobilization test showed urinary lead excretion reaching up to 150%
above the threshold level of 600 µg/24 h (range 953–1634 µg Pb/24 h), which was
consistent with an increase of chelatable lead of PbB≥40 µg/dl in the seven workers
(Table 1).
Table 1 Urinary lead excretion (µg Pb/24 h) after each EDTA mobilization test*
EDTA lead mobilization test
Patient
1
2
3
4
5
6
7
Mean ± SD

Before DMSA After DMSA

Reduction (%)

1120
953
1345
1395
1634
1014
1041

630
–
629
770
379
689
256

44
–
53
45
77
32
75

1214 ± 243

559 ±198†

54 ± 18

* The first EDTA lead mobilization test was done six days before the start,
and the second 15 days after the end of DMSA treatment by intravenous
infusion of one gram CaNa2EDTA in 250 ml 5% glucose solution,
administered during one hour (referent values <600 µg Pb/24 h urine).
†
Statistically different from values before treatment at P<0.01
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The DMSA treatment significantly increased urine lead, especially on days 1–5
(Table 2). Six workers manifested a decline in urine lead after EDTA to 54±18% of
pretreatment PbU (P<0.01) (Table 1).
Table 2 Urinary lead (PbU) excretion (µg/24 h) before and during the treatment with DMSA*
in workers occupationally exposed to lead.
Days of DMSA treatment
Patient
1
2
3
4
5
6
7

PbU0

1.

2.

3.

4.

5.

12.

19.

98
83
75
66
66
57
57

1570
1142
1333
1204
2058
1597
588

1369
931
967
952
1416
1663
1040

1156
545
841
890
913
1113
949

916
631
577
596
723
1230
836

924
642
616
692
661
740
850

306
241
277
322
283
458
487

329
154
137
199
177
294
218

* DMSA treatment lasted 19 days, with individual doses of 700 mg three times a day
from days 1–5, and twice a day from days 6–19. A baseline 24–hour urine lead (PbU0)
was obtained six days before the start of DMSA treatment and before the first EDTA
lead mobilization test.

Mean PbB (Table 3) significantly dropped (P<0.01) to 25% of the baseline concentrations determined before the EDTA test. Fifteen days after the cessation of
treatment (i.e. on day 34) PbB values were down to 51% of the initial value (P<0.01)

Table 3 Lead in blood (µg Pb/dl) before, during, and after treatment with DMSA
Treatmenta
Patient

1
2
3
4
5
6
7

Before

41.4
39.5
43.5
45.5
54.9
59.0
33.3

During

After Post-treatment Rebound
reduction (%)b
(%)c

Day 5

Day 12

Day 19

13.2
12.2
11.8
12.4
14.3
14.9
7.25

10.1
7.66
8.69
9.32
9.73
11.2
4.55

8.9
4.76
5.38
6.67
7.87
10.6
4.97

24.2
–
18.8
25.9
19.9
30.4
19.2

78.5
88.0
87.6
85.5
85.7
82.0
85.1

Mean ± SD 45.3 ± 8.9 12.3 ±2.5 8.75 ± 2.15 7.02 ± 2.20† 23.1 ± 4.6†‡ 84.6 ± 3.3
a

36.9
–
30.9
42.2
21.9
33.6
42.7
34.7 ± 7.8

DMSA treatment lasted 19 days, with individual doses of 700 mg three times a day from days 1–5, and twice a day from
days 6–19. The first PbB was analyzed six days before the start, and the last 15 days after the end of DMSA treatment.
b
Post-treatment reduction (at day 19) was calculated as percent reduction of PbB value obtained before the treatment.
c
Rebound was calculated as per cent of: PbBAfter - PbBDay 19 / PbBBefore
†
Statistically different from before treatment and from Day 19 at P<0.01, respectively.
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and did not exceed the threshold level for the occupationally exposed workers of 40
µg/100 ml (20).
In contrast to the early excretion of lead, the urinary excretion of trace elements
increased with the duration of DMSA treatment (Figures 1 and 2).

Figure 1 Zinc (Zn), copper (Cu), and iron (Fe) in 24-hour urine before (day 0), during (day 5) and after
(day 19) DMSA treatment

Figure 2 Calcium (Ca) and magnesium (Mg) in 24-hour urine before (day 0), during (day 5) and after
(day 19) DMSA treatment
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There were no clinically significant changes in the blood count. Clinical chemistry
changes were limited to a mild and transient rise in alanine transaminase in three of
the seven subjects.

DISCUSSION
This study of DMSA chelation in seven workers occupationally exposed to lead for several
years with increased chelatable lead on EDTA lead mobilization test was prompted by the
emerging evidence that toxic effects of lead exposure may occur at PbB≤40 µg/dl (21).
The PbB declined rapidly in the first five days of DMSA treatment. On day 19,
the PbB concentrations dropped to approximately 15% of the pretreatment values.
Like in other studies (10, 11), the decline in PbB was associated with increased PbU.
Experimental investigations show that DMSA reduces lead concentrations in blood,
brain, kidney, and liver, even in the face of continued Pb exposure (22, 23). A major
question is whether DMSA mobilizes skeletal lead and redistributes it to target organs,
especially the brain. Cory-Slechta (24) reported that DMSA did not produce any
observable depletion in the bone lead concentration. There was a dose-related increase in bone lead and it was proposed that chelation therapy redistributed lead
from the soft tissue compartments to the bone. Similar results were described by
Smith and Flegal (25). However, some authors showed a significant decrease of
bone lead due to DMSA chelation (23, 26). Blanu{a and co-workers (26) treated
suckling rats with DMSA and a monoisoamyl ester of DMSA after loading them with
lead and found that both chelators caused a significant decrease of lead concentration in the brain.
Consistently with previous human and animal studies (10, 27), we found a twofold to threefold increase in the excretion of zinc and copper during DMSA treatment,
along with slight variations in the excretion of iron, calcium, and magnesium.
The rebound of PbB after cessation of DMSA treatment was similar to that in
other studies (10, 28) and was attributed to re-equilibration of lead from bone stores
into the blood (29). A significant post-chelation rebound may indicate a preponderance of lead in slow pools and a small impact of chronic, heavy exposure on the total
body stores. However, Grandjean and co-workers (11) treated a chronically lead
poisoned patient with neurologic symptoms (headache, fatigue, vertigo, decreased
memory and concentration) with five courses of DMSA treatment. Despite a rebound
of blood lead after each treatment course, a significant improvement in patient’s
mental status occurred at the end of treatment. The clinical significance of redistribution and rebounding of lead remains unclear.
The justifiable use of chelation in occupationally lead exposed workers is controversial. The recommended therapy for industrial lead intoxication is to cease exposure
until blood lead decreases to 1.95 µmol/L (40.4 µg/100 ml). Chelation therapy should
be reserved for those with significant symptoms or signs of toxic reactions (30).
However, there are serious gaps in the knowledge of the chronic, subclinical toxicity
of lead and dose-response relationships are still largely uncertain (31, 32) as is the
role of chelation therapy.
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Sa‘etak

PRIMJENA mezo-2,3-DIMERKAPTOJANTARNE KISELINE U RADNIKA
PROFESIONALNO IZLO@ENIH OLOVU
Svrha ovog istra‘ivanja bila je ustanoviti u~inkovitost mezo-2,3-dimerkaptojantarne kiseline (DMSA) u radnika s
pove}anom apsorpcijom olova, a bez znakova trovanja olovom. Danas se DMSA smatra jednim od najboljih
kelatiraju}ih sredstava, koje se pokazalo u~inkovitim posebno u djece otrovane olovom. U Hrvatskoj, me|utim, do
sada jo{ nije bilo primjenjivano.
Sedam radnika profesionalno izlo‘enih olovu bilo je tretirano s DMSA. Radnici nisu imali klini~kih simptoma
otrovanja olovom, koncentracija olova u krvi bila je vi{a od 50 µg/100 ml, a mobilizacijski test s kalcij dinatrij
etilendiamintetraacetatom (EDTA) bio je pozitivan. Postupak je trajao 19 dana davanjem pojedina~nih doza od 700
mg DMSA tri puta na dan od prvog do petog dana i dva puta na dan od {estog do devetnaestog dana.
Rezultati su pokazali da je izlu~ivanje olova urinom za vrijeme primjene DMSA bilo povi{eno, i to najvi{e prvih pet
dana. Nakon toga se smanjilo do 15% od po~etne vrijednosti. Koncentracije olova u krvi, me|utim, povisile su se 15
dana nakon zavr{etka tretmana, ali nisu prema{ile vrijednost od 40 µg/100 ml. Nakon ponovljenog testa mobilizacije
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EDTA-om, olovo u urinu iznosilo je 23–68% od one vrijednosti koja je dobivena prije primjene DMSA. Izlu~ivanje cinka
i bakra urinom bilo je za vrijeme postupka povi{eno 2–3 puta, a nije bilo promjena u izlu~ivanju ‘eljeza, kalcija i
magnezija.
Mo‘e se zaklju~iti da DMSA u~inkovito smanjuje koncentracije olova u radnika profesionalno izlo‘enih tom
toksi~nom metalu.
Klju~ne rije~i:
bakar, CaNa2EDTA, cink, kalcij, krv, kelatiraju}a sredstva, magnezij, mobilizacijski test, urin, ‘eljezo
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In order to observe the morphological and
endocrinological changes of the rat and mouse
ovarian follicles by gamma-radiation, rats were
whole-body irradiated with doses of 3.2 Gy and
8.0 Gy and mice with 2.9 Gy and 7.2 Gy. Sections
of ovaria were examined by light microscopy.
Concentrations of progesterone, testosterone,
and estradiol in ovarian homogenate were
determined by radioimmunoassay techniques.
Gamma-radiation resulted in the increased
percentage of atretic follicles in the groups killed
on day 0, day 4, and day 8 after irradiation. The
decrease in granulosa cell viability was found in
animals killed on day 4 after irradiation. The
finding of the high ratio of testosterone to estradiol
compared to that of progesterone to testosterone
suggests that aromatase activity — steroid
biosynthesis from testosterone to estradiol — in
granulosa cell could be affected
by gamma-radiation.
Key words:
estradiol, mice, ovarian histology, progesterone, rats,
testosterone

R

adiation can change the characteristics of the cell nucleus and cytoplasm, as
mammalian germ cells are very sensitive to ionizing radiation (1). According to Spalding
and co-workers (2), preantral and Graafian follicles showed histological sensitivity in
whole-body irradiated rats with doses of 7.5 Gy and 30 Gy. Mole and Papworth (3)
stated that atretic follicles had appeared dominantly through the influence of highdose radiation. Many of the qualitative observations have been confirmed by morphological studies (1). Radiation-induced changes in the production of hormones by
mammalian gonads are a suitable index for assessing endocrinological effects of
radiation on germ cells. There have been reports of the increase in rat serum corticosterone, prolactin, and thyrotrophin by microwave radiation (4), in rat progesterone
by gamma-radiation (5), and in gravid rat testosterone by gamma-radiation (6).
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By now, however, there has not been an endocrinological study to demonstrate
functional changes in ovarian follicles and to complement the morphological observations. The present study demonstrates the morphological and endocrinological effects of gamma-radiation on rat and mouse ovary.

MATERIALS AND METHODS
Rats and mice used in this experiment were young, adult, virgin females in estrus,
Sprague Dawley rats, 8-week-old and ICR mice, 5-week-old, as determined by the
vaginal smear test. The rats had been bred at the Korea Advanced Institute of Science and Technology (KAIST). The animals were whole-body irradiated with gammarays (60Co, dose rate: 0.5 Gy/min., Panoramic Irradiator, approximately 1000 Ci capacity, Atomic Energy of Canada Ltd.) in doses of 3.2 Gy (LD20) and 8.0 Gy (LD50)
for rats and 2.9 Gy (LD20) and 7.2 Gy (LD50) for mice. The dose rate was determined
by Fricke dosimeter (7). After irradiation, the animals were divided in groups consisting of 8 animals each. The animals were killed by cervical dislocation under diethylether anaesthesia on day 0, day 4, and day 8 after irradiation.
The right ovaries were trimmed from surrounding tissue, homogenated and suspended in 500 µl gelatin phosphate buffered saline. Granulosa cell viability (8) was
determined in a 1% nigrosin solution (Sigma Chem. Co.) by haemocytometer (Neubauer, Superior) with 100 µl of the above fluid. The left ovaries were cleaned and fixed
in Bouin’s solution for 24 to 48 hours. They were dehydrated in graded ethanol
series, embedded in paraplast (Monoject), cut in sections thick 7 µm, stained with
Harris haematoxylin and eosin, and every tenth section with oocytes was examined
with a light microscope. Atretic follicles were determined by finding pyknosis in the
follicular granulosa cells and the hypertropy of theca cell layer (9). Steroid hormones
progesterone, testosterone, and estradiol were analysed by radioimmunoassay (10).
Statistical significance among the groups was analysed using the Student’s t-test.

RESULTS
The percentage of atretic follicles of the groups of rats and mice killed on day 4 after
irradiation increased in relation to the groups killed on day 0. There were no further
significant increases in the percentage of atretic follicles in the groups killed on day
8 (Table 1 and Table 2). The groups killed on day 4 manifested lower granulosa cell
viability than did the control groups. It recovered to the level of the control group in
animals killed on day 8. There were no significant differences in the percentage of
atretic follicles between the animals that received the high- and the low-dose irradiation.
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Table 1 The percentage of atretic follicles and viable granulosa cells in irradiated rats.
Day Dose
(Gy)

0

4

8

Atretic follicles (N=8) Granulosa cell
viability
antral

preantral

0

44.6 ± 4.65

50.4 ± 3.03 62.5 ± 4.00

3.2

59.0 ± 6.93*

52.4 ± 9.77 57.1 ± 9.28

8.0

65.9 ± 9.35*

66.7 ± 8.68 64.6 ± 9.66

3.2

70.7 ±10.6*

78.4 ±10.1* 46.7 ± 5.07*

8.0

69.2 ±14.5*

80.0 ±14.7* 53.4 ±16.2

3.2

66.3 ±10.1*

68.7 ± 6.98* 71.4 ±10.3

8.0

67.6 ±10.2*

76.0 ±11.9*

64.5 ±11.9

*P<0.05

Table 2 The percentage of atretic follicles and viable granulosa cells in irradiated mice.
Day

0

4

8

Dose
(Gy)

Atretic follicles (N=8)
preantral

antral

Granulosa cell
viability

0

36.8 ± 5.35

2.9

40.3 ± 6.13

40.1 ± 4.70 64.6 ± 9.34
31.6 ± 5.24 71.6 ± 8.02

7.2

38.6 ± 6.03

32.3 ± 7.00 56.9 ± 9.97

2.9

75.2 ± 10.8*

84.4 ± 5.56* 46.7 ± 6.19*

7.2

84.6 ± 13.9*

80.0 ± 7.11* 59.5 ± 3.42

2.9

68.2 ± 9.65* 71.4 ± 6.10* 64.8 ± 6.41

7.2

77.5 ± 11.2*

79.3 ± 7.54* 64.5 ± 11.3

*P<0.05

Progesterone concentration in rats was similar to the control level. All irradiated
groups of mice showed higher progesterone concentrations than did the control group.
Rat testosterone concentration did not change, but that of mice decreased in both
irradiated groups of day 4 and day 8 at high doses. Estradiol levels in both rats and
mice were significantly lower than in the control groups (Fig. 1 and Fig. 2).
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Radiation dose (Gy)
0
3.2

Progesterone (ng/ml)

8.0

500

*

400
300
200

*

100
0

Testosterone (ng/ml)
140
120
100
80
60
40
20
0

Estradiol (pg/ml)
1000
800

*

600

*

400
200

**

**

**

0
Day 0

Day 4

Day 8

Day after irradiation
Fig. 1 Concentrations of progesterone, testosterone and estradiol in irradiated rat ovarian
homogenates. Data represent means and SEM of 8 animals per group. Significantly different to the
control (dose 0): *P<0.05; **P<0.01.
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Radiation dose (Gy)
0
2.9

Progesterone (ng/ml)

7.2

350

**

300

*

250

*

*

200

*

150
100
50
0

Testosterone (ng/ml)
120
100
80
60

*

*

40
20
0

Estradiol (pg/ml)
350
300
250
200

*

150
100

*

*
**

**

**

50
0
Day 0

Day 4

Day 8

Day after irradiation
Fig. 2 Concentrations of progesterone, testosterone and estradiol in irradiated mouse ovarian
homogenates. Data represent means and SEM of 8 animals per groups. Significantly different to the
control (dose 0): *P<0.05; **P<0.01.
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DISCUSSION
The lethal dose 50 of irradiation in this study was 8.33 Gy for rats and 7.20 Gy for
mice, which is similar to the results of Hobbs and McClellan (11). It generally depends on the species, the radiation source (X-ray), dose and other irradiation conditions. Morphologically, the follicular atretic rate in most experimental groups were
higher than in the control groups, and the number of oocytes in the sections after
irradiation was smaller than in the control group. The lower granulosa cell viability in
the groups killed on day 4 after irradiation grew to the control level in the groups
killed on day 8. According to the report by Dobson and Felton (1), the higher percentage of atretic follicles seems to be a result of destruction of oocyte cells and the
dysfunction of granulosa cells induced by radiation. Considerations about spontaneous atresia suggest that the theca cell and/or granulosa cell may be the starting
points for the follicular atresia (9). The target size of radiation was larger in the ovarian
follicle than in the granulosa cell but smaller than in the oocyte (12). The above
suggests that the atretic process resulted from radiation in granulosa cells might
proceed toward other follicular cells and oocytes.
Steroid hormones synthesized in ovary are distributed in the body by blood circulation (9). In contrast to progesterone and testosterone, estradiol concentration in
the ovarian homogenates declined after irradiation. The ratio of progesterone to testosterone did not change in rats, but increased in mice in both groups. However, the
concentration ratios of testosterone to estradiol were high in both rats and mice. This
suggests that there might be an inactivation of hydroxy steroid dehydrogenase and/
or isomerase in the theca cell in mice (13) and the blockade of aromatase activity in
the granulosa cell by radiation in both rats and mice (14). To confirm this assumption, it is necessary to conduct further experiments with the coenzymes related to
these enzymes. The number of luteinizing hormone receptors in atretic follicles, reported to be smaller than that in normal follicles, indicates that the decrease in
luteinizing hormone receptors may have not caused the follicular atresia, but the
sudden cessation of leuteinizing hormone secretion induced by radiation (15). The
results do not clarify whether radiation directly affects the inactivation of enzymes
involved in follicular cells or it leads to internucleosomal fragmentation and the consequent decrease in these enzymes.
We have unpublished evidence that gamma-radiation induces the breakdown of
nucleosomal units. In treated animals, it appears that changes in steroidogenesis
occurred somewhat earlier than in the ovarian morphology. This suggests that radiation could interrupt conversion of testosterone to estradiol in granulosa cells and, to
a lesser extent, the conversion of progesterone to testosterone in theca cells.
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Sa‘etak

U^INCI GAMA-ZRA^ENJA NA FOLIKULE JAJNIKA
U radu su procjenjivane strukturne i endokrinolo{ke promjene u folikulima jajnika {takorica i mi{ica izazvane gamazra~enjem. [takorice su bile izlo‘ene zra~enju od 3,2 Gy ili 8,0 Gy, a mi{ice od 2,9 Gy ili 7,2 Gy. @ivotinje su
usmr}ene 0, 4, odnosno 8 dana nakon ozra~enja. Rezovi debljine 7 µm pripremljeni su za mikroskopiranje.
Koncentracije progesterona, testosterona i estradiola u homogenatu jajnika odre|ene su specifi~nim
radioimunoesejem. Gama-zra~enje uzrokovalo je pove}anje broja atreti~nih folikula u obje skupine ‘ivotinja
usmr}enih 4 odnosno 8 dana nakon ozra~ivanja. Gama-zra~enje tako|er je smanjilo ‘ivotni vijek granuloza stanica u
skupinama usmr}enim 4. dan nakon ozra~ivanja. Utvr|eno pove}anje omjera testosterona prema estradiolu u
usporedbi s omjerom progesterona prema testosteronu upu}uje na to da gama-zra~enje utje~e na aktivnost
aromataze u steroidnoj biosintezi testosterona u estradiol u granuloza stanicama.
Klju~ne rije~i:
estradiol, histolo{ki pregled, mi{ice, progesteron, {takorice, testosteron
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sampling points. Site 3 is located in Bakar, a small town in the Bakar Bay with the
coke-plant. Site 4 is situated in the suburban settlement Krasica, 250 m above the
sea level, affected by emissions from the eastern industrial zone (petroleum refinery
Urinj, Rijeka I power plant, and the coke-plant). At a considerable distance from the
other sites, the control Site 5 is situated in Vi{kovo, a suburban settlement west from
Rijeka, not directly affected by industrial emissions.
Air samples were collected in impinger bottles containing hydrogen peroxide
solution on a daily basis throughout a year. The sampling was either manual (Sites 1,
2, 3 and 5) or semi-automatic (Site 4). At least 330 samples were collected over a
year. Sulphur dioxide concentrations were determined by acidimetric method (8).

RESULTS AND DISCUSSION
In 1989 total sulphur dioxide emission was estimated to 36,320 t (Table 1). The
contribution of four industrial sources, petroleum refineries Mlaka and Urinj, Rijeka I
power plant, and the coke-plant in Bakar, was estimated to account for 91% of the
total emission (32,935 t a year). With the inclusion of the paper-mill, the contribution
reached up to 95%. The contribution of other sources was only 5%, including 13
municipal heating stations whose contribution was less than 2% and the remaining
210 boilers with less than 3% and domestic heating that participated with less than
1% of the total estimated emission (3).

Table 1 Emission of sulphur dioxide in the Rijeka Bay area

Source

Emission
1989
t/y

Petroleum refinery Mlaka (A)
Petroleum refinery Urinj (B)

%

Emission
1995
t/y

%

Emission
decrease

Relative
difference

%

∆%

3,557

9.82

1,036

9.69

70.50

–0.13

16,000

44.16

5,651

52.86

64.68

+8.70

3,237

30.28

62.36

+6.54

Rijeka I power plant (C)

8,600

23.74

Coke-plant (D)

4,778

13.19

Paper mill (E)

1,260

3.48

279

2.61

77.86

–0.87

Municipal heating plants

690

1.90

202

1.89

70.72

–0.01

Boilers

985

2.72
10,691

100.00

70.49

Domestic heating
Total

360

0.99

36,230

100.00

New emission inventory based on data from 1995 was done recently (5). The
estimated emissions are given in Table 1. Due to a modification in data collection,
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figures in rows 7 and 8 have been summed in order to make possible the comparison
with 1989 data. The traffic emissions have been omitted from Table 1 for the same
reason, despite the estimations of up to 171 t a year or 1.57% of the total sulphur
dioxide emission in 1995 (5).
According to 1995 data, sulphur dioxide emissions dropped by 70.5%, compared to the 1989 data, but the contribution of major industrial sources remained
practically unchanged. Although the coke-plant was shut down in 1994, the contribution to the total sulphur dioxide emission of the petroleum refineries Mlaka and Urinj
and the Rijeka I power plant was 92.83% as compared to the 1989 estimation of
90.91%. Including the emission from the paper mill, the contribution of industrial
sources remained the same, that is, approximately 95%. Despite the achieved reduction by more than 60%, the petroleum refinery Urinj and the Rijeka I power plant still
remain the biggest sources of sulphur dioxide emission in the Rijeka Bay area. The
contribution of the petroleum refinery Urinj to the total emission exceeds 50%, whereas the Rijeka I power plant contributes with 30%.
The reduction in emissions of sulphur dioxide came with the use of fuel with
lower sulphur content, reduced production in the city, and a partial use of gas for
energy supply in the petroleum refinery Mlaka and some municipal heating plants.
The overall result was a drop in the ambient levels of sulphur dioxide in the entire
Rijeka Bay area.
Annual mean concentrations

A common trend in annual mean SO2 concentrations at chosen sampling sites (Fig. 2)
was a slow decrease by the year 1991, except for Site 4 where the drop was observed
as early as 1990. Then followed a trend of slight increase until the year 1993 with the
exception of Site 1 that manifested nearly constant annual mean concentrations).
Since 1993 all sampling sites manifested a sharp decrease in annual mean concentrations of sulphur dioxide. In 1995 they were below the national guideline value (GV)
of 50 µg/m3 (9), whereas at Sites 1 and 4 it occurred as early as 1994.
During the first five years of the studied period, annual means of sulphur dioxide
were very high at urban sites, with values ranging from 93–124 µg/m3. The highest
annual means were registered in 1987 at sampling Site 1 (106 µg/m3) and Site 2
(124 µg/m3). Annual means of sulphur dioxide above 100 µg/m3 have not been registered at these sampling sites ever since 1991.
Though affected by emissions of sulphur dioxide from major industrial sources,
the annual means at sampling sites located in the Bakar Bay area were lower than the
values observed at the urban sites. This could be explained by better circulation of air
masses (sea breeze) and higher exposure to dominant winds (northeasterly bora and
southern scirocco), which improved the ventilation of the whole area, although complex chemical reactions in the local atmosphere due to emissions from coke-plant are
not to be neglected. The annual mean concentrations of sulphur dioxide varied between 50 and 76 µg/m3 at Sites 3 and 4. The highest annual mean concentrations
were obtained in 1986 and 1990 at Site 3 (74 µg/m3) and in 1988 at Site 4 (76 µg/m3).
The distant Site 5 had manifested annual mean concentrations below the national
guideline value for sulphur dioxide throughout the studied period.

