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Distribution of Some Trace Elements in Biosubstrates
of Workers Occupied in the Production of Mineral
Nitrogenous Phosphate Fertilizers

The data on the content of some trace elements typical for the production of
nitrogenous phosphate fertilizers (F, Sr, rare-earth elements), as well as heavy and
toxic metals in industrial products, occupational air, drinking water and biosubstrates
(urine, hair) of the factory workers are presented. The correlations between the
content of �uorine in urine and hair of workers and between the content of �uorine,
length of service and age, have been shown. The correlation dependence between
the content of F in biosubstrates and a number of trace elements typical for the
given type of production has been evaluated. The comparison of the morbidity and
character of diseases of the factory workers and of the local residents unoccupied in
the production has been made.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR, and at the Geological Institute of RAS, Moscow.
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INTRODUCTION

Workers of unhealthy trades occupied in the production of mineral phosphate
fertilizers constantly or periodically contact with a number of toxic substances,
among which inorganic compounds of �uorine (anhydrous hydrogen �uoride,
sodium �uoride, cryolite, sodium silico�uoride) are the most signiˇcant.

Fluorine enters the human body via the respiratory organs and the digestive
tract. On inhaling, anhydrous hydrogen �uoride is completely absorbed in blood,
where it circulates in a complex with serum albumin. Bones and, to a signiˇcantly
lesser degree, teeth and hair are a deposition medium for the absorbed �uorine.

Fluoride compounds are cleared from the body very slowly, mainly with
urine. On entry of �uorine into the body, a toxic �uoride-ion is formed being
a protoplasmic and enzymatic toxin of multiple action. It is responsible for
imbalance in oxidation-reduction processes and mineral metabolism (especially
calcium and phosphoric metabolism). As a result, poorly soluble calcium �uoride
is formed in the body, making calcium biologically inert. In principle, �uorine
adversely affects all systems of an organism, but its pathologic effect on bone,
excretory, immune and endocrine systems, on respiratory apparatus and organs
of vision, is especially detrimental. The effect of �uorine on nervous system and
the development of allergic reactions are considered to be secondary.

The biomarker of the �uoride effect is the �uoride-ion itself [1, 2]. In most
cases to diagnose its effect, urine is analyzed and the obtained data are compared
with the physiological, allowable and critical levels of �uorine accepted for a
human organism. For diagnostics of �uorine intoxication at early stages in the
medical and sanitary-hygienic literature the following levels of �uorine in urine
are indicated: physiological Å 1.5 mg/l, allowable Å 2 mg/l, critical Å 4 mg/l.
In the literature it is pointed out that hair is a deposition biomaterial for �uorine
[3]. A clear dependence of the �uorine content in hair on its concentration in the
occupational air has been revealed. It has been found out that the concentration
level of �uorine in hair of people who have no occupational contact to �uorine,
but live in the plant impact area, is 80Ä100 µg/g, and the �uorine content in hair
of people unexposed to its action does not exceed 10 µg/g [4].

Apart from �uorine, the production of phosphate fertilizers is characterized
by the presence of some other trace elements in raw materials and technological
products [5Ä8]. The behavior of these trace elements in biosubstrates of workers
exposed to harmful action of �uorine is practically unexplored. A study of the
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relation between �uorine and other trace elements in biosubstrates is of interest:
this relation may re�ect an integrated occupational impact on workers' health.

The aim of the present study is to determine the level of �uorine impact
on the manufacturing personnel occupied in the production of mineral phosphate
fertilizers, to search for the relation between the �uoride impact and microelement
composition of workers' biomaterials, to evaluate the level of �uorine impact on
the disease incidence of the manufacturing personnel. The plant ®Voskresensk
mineral fertilizers¯ in the town of Voskresensk in the Moscow Region has been
chosen to be a subject of investigation.

In the framework of this study the following tasks were to be fulˇlled:
• Determination of the concentration range of �uorine and other characteristic

trace elements in diagnostic biosubstrates of the factory workers;
• Determination of statistically signiˇcant dependencies between concentra-

tions of �uoride-ions and other trace elements in diagnostic biosubstrates of the
factory workers (urine, hair);

• Evaluation of the relation between the speciˇc character of production,
the length of service in the factory, worker's age and the speciˇcity of �uorine
distribution in the factory workers' biosubstrates;

• Evaluation of the level and speciˇcity of sickness rate of the factory workers
as compared to the population unoccupied in the production.

EXPERIMENTAL PROCEDURE

The plant ®Voskresensk mineral fertilizers¯ is located in the southeast suburb
of the town of Voskresensk and occupies a territory of more than 10 km2.
At present, seven shops of the plant are in service: shops of phosphoric acid
extraction (PAE-1, 3, 4); shops of ammophos production (A-1, 2); shop of
precipitation of �uorine salts (PFS); shop of �uorine salt production (FSP).

In the shops of phosphoric acid extraction, raw apatite is treated with sulfuric
acid with the resulting formation of pulp consisting of phosphogypsum and phos-
phoric acid with an admixture of a signiˇcant amount of hydro�uoric acid. In the
shops of ammophos production the ammonation (interaction of phosphoric acid
with ammonia), granulation and drying of the ˇnished products are carried out.
Hydro�uoric acid obtained as a by-product in the shops PAE-1, 3, 4 and A-1,
2 is used to produce �uorine salts in the shops PFS and FSP. Since raw apatite
contains up to 3 % of �uorine and ammophos contains up to 1Ä1.5 % of �uorine,
at various stages of the manufacturing process the problem of its disposal and
reduction of its emissions into the ventilation system arises.

In the process of production of phosphoric acid and ammophos, a gas phase
containing �uorine compounds as HF, SiF4 and ammonia is emitted into the occu-
pational air and sanitary ventilation. During transportation, mechanical processing
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and warehousing of raw materials and products, a dust fraction is formed that
contains �uorine, rare-earth elements and Sr.

In the course of the study, samples of raw materials (apatite), ˇnished prod-
ucts (ammophos) and wastes (phosphogypsum), as well as diagnostic biosubstrates
of the production personnel were taken. During the examination the factory work-
ers ˇlled out the questionnaires where they speciˇed their age, length of service
(overall and in a shop), occupation, home address. The characteristics of statisti-
cal sampling of workers of shops with harmful conditions are given in Table 1.
The number of women was 23.6 %.

Table 1. Data on age and length of service of the examined workers of shops with
harmful conditions

Parameters PAE-1, 3, 4 A 1, 2 PFS, FSP Total

Number of people employed 75 42 27 144
Number of women 13 14 7 34
Age, years 44 46 46 45
Length of service, years 23 26 24 24
Length of service in harmful conditions, years 13 15 15 14
Age of entry into the labour activity, years 21 19 22 21

In the polyclinic of the factory the incidence of 25 classes of diseases and
speciˇc diseases among the factory workers has been analyzed. The data have
been taken from the ofˇcial annual reports of the factory medical center for
1989Ä2001.

These data have been compared to the data on other local residents of the
town of Voskresensk for the same years. The statistical analysis included diseases,
which could be caused by occupational hazards: neoplasms; blood diseases;
diseases of musculoskeletal, endocrine and nervous systems; eye and ear diseases;
diseases of blood circulation system; of respiratory and digestive organs, of
urogenital system; skin diseases, as well as injuries and poisonings.

The analysis of chemical composition of the obtained samples was carried out
at the Laboratories of GIN RAS (Moscow) and JINR (Dubna). For determination
of chemical composition of the samples the following analytical methods were
used: neutron activation analysis (Na, Sc, Cr, Fe, Co, Zn, As, Se, Br, Sb, Cs, La,
Ce, Au, Hg, Th), X-ray �uorescence analysis (Ca, Ti, Cu, Zn, Sr, Y, Zr, Nb, Ba,
Pb, Th, U), potentiometric analysis (F), atomic absorption analysis (Mn, Fe, Ni,
Cu, Zn, Cd, Pb), and inductively coupled plasma mass spectromety (Al, Li, Pr,
Nd, Sm, Eu, Tb, Dy), [9Ä18, 19Ä22].

The quality of the results has been repeatedly conˇrmed in the course of
intercomparison analytical tests within the framework of programs of cooperation
with IAEA [32Ä34].
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RESULTS AND DISCUSSION

To study the major factors of impact of manufacturing processes on work-
ers of the mineral fertilizers plant, the composition of basic components of the
technological production chain (initial apatite raw materials, ˇnished products
(ammophos, diammophos, �uoride salts), waste products (phosphogypsum)) has
been investigated. The contents of �uorine, phosphorus and trace elements in
apatite and technological production of the Voskresensk plant in 1997 [7] and
in 2001 are given in Table 2. The raw materials and products practically do
not contain toxic elements (As, Sb, U, Th) and heavy metals (Pb, Cr, Cu, Zn).
Since 1997 until the present time the reduction of a uranium content in apatite
ore and of lanthanides in industrial products and ammophos has been noted. The
monitoring of the composition of raw materials and products over a few years
has shown the stability of their composition.

Rather high concentrations of gross (bulk) and water-soluble �uorine are ob-
served in all kinds of production and waste products of the plant. The share
of readily available water-soluble �uorine is fairly large and amounts to approx-
imately 20 % of its total content. This fact is of considerable signiˇcance for
evaluating the impact of �uorine on the natural environment and workers' health.

The key parameters controlled in the occupational air according to the current
sanitary code and regulations are the contents of HF and dust fraction [23, 24].
The occupational air monitoring points are located in the immediate vicinity of
workplaces in the shops. The characteristics of the occupational air pollution
indices monitored in the plant are given in Table 3. The data on the content of
HF and dust burden in the shops are presented in terms of values averaged over
an appreciable length of time (10 months of 2001).

Table 3. Content of HF and dust in the occupational air

Shop
HF, mg/m3 Dust, mg/m3 Balance

C(F) Median Min/Max C(dust) average Median Min/Max HF/dust, %

PAE-1 0.22 0.2 0.03-0.45 1.2 1.3 0.1-1.8 15/85
PAE-3 0.17 0.15 0.01Ä0.55 3 3.2 0.8Ä4.8 5/95
PAE-4 0.16 0.14 0.01Ä0.46 2.9 3.2 0.4Ä5.2 5/95

A-1 0.2 0.19 0.01Ä0.47 2.1 2.2 0.5Ä5.2 9/91
A-2 0.19 0.17 0.03Ä0.33 1.3 1 0.3Ä3.2 16/84
FSP 0.11 0.11 0.01Ä0.32 0.7 0.6 0.1Ä1.9 14/86
PFS 1.9 2.1 0.6Ä2.9 0.7 0.7 0.3Ä1.0 73/27

Maximum
allowable 0.5 10

conc. (MAC)
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The average level of the controlled indices in the shops, with the exception of
the shop of precipitation of �uorine salts, does not exceed the maximum allowable
limits. At the same time, up to 5 % of individual analyses exceed these limits.

The trace element composition of dust fraction is presented in Table 4. As can
be seen from the table, it is characterized by signiˇcant variations of concentration
of individual elements with prevailing Fe (1Ä48 (µg/g), Sr (0.2Ä65 (µg/m3), La
(0.02Ä13 (µg/m3), Ce (0.03Ä22 (µg/m3), i.e. the main trace components contained
in the processed raw materials and ˇnished products. Their concentrations in the
occupational air do not exceed the maximum allowable limits [23, 25, 26]. The
concentration of heavy and toxic metals is also low and does not constitute a
hazard to human health.

Drinking water in the water supply system of the plant is another factor that
can have an immediate impact on workers' health. The trace element composition
of the drinking water supplied to the plant from the city water intake facilities and
distribution system is shown in Table 5. It is characterized by low concentrations
of toxic elements and heavy metals. Concentrations of trace elements do not
exceed maximum allowable limits for drinking water [27].

In Table 6 the statistical data on the content of �uorine in urine and hair
of the examined workers of the shops with harmful conditions depending on the
technological peculiarities of the shops, as well as the average content of �uorine
in urine and hair of men and women (workers of these shops) are given. The
greatest average concentrations of �uorine are typical for PAE-1, 3, 4 shops. It is
likely that this may be due to the maximum levels of the total load (HF + dust)
in the occupational air in these shops.

Table 6. The content of �uorine in urine and hair of factory workers

Shop Urine, mg/l Hair, µg/g

C(F) average Number of workers C(F) average Number of workers

EPA-1 2.1 ± 1.1 10 1200 ± 1100 7
EPA-3 3.6 ± 2.4 30 1300 ± 1200 18
EPA-4 4.9 ± 4.2 33 2700 ± 2300 19

A-1 2.1 ± 1.4 16 180 ± 150 12
A-2 2.1 ± 1.7 24 90 ± 75 10
PFS 3.1 ± 1.9 12 60 ± 40 9
FSP 2.4 ± 0.8 14 130 ± 100 10

Women 2.5 ± 1.9 24 330 ± 800 21
Men 3.4 ± 2.2 115 1400 ± 1700 64

Physiological level 1.6 Å
Permissible level 2 Å

Critical level 4 Å
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There is a general tendency for a decrease of average concentrations of
�uorine in biomaterials of workers of the shops of ammophos production, the
shops of precipitation and production of �uorine salts.

Fig. 1. Distribution of general occupational air pollution and average concentrations of F
in urine and hair of workers of various shops

The exception is the content of �uorine in urine of workers of the shop of
precipitation of �uorine salts (PFS). The graphs of the distribution of general
occupational air pollution and average concentrations of F in urine and hair of
workers of various shops are presented in Fig. 1. Noteworthy is a considerable
difference in the accumulation of F in urine and hair of workers of the PFS
shop. In this shop the gas component in the air pollution (Table 3) is prevailing.
Consequently, it may be concluded that the content of gaseous HF in the air
has a dominant role for accumulation of �uorine in urine, and the content of
dust fraction plays a leading role for accumulation of F in hair. The excess of
the critical level of an average content of �uorine in urine of the EPA-4 shop
workers should be noted. The excess of the critical level of �uorine in urine of
some EPA-3 workers has been found as well. In other shops the critical level of
�uorine in urine is not exceeded.

The average content of �uorine in urine of men is approximately 1.3 times
higher than that of women. In principle, this difference is small and within
the limits of statistical error. The average content of �uorine in hair of men
is 4.2 times as great as that of women. As noted above, the concentration of
�uorine in hair is determined to a greater extent by the dust component in the
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occupational air. In this plant men are occupied for the most part in those kinds of
work where dust air pollution prevails (unloading of apatite concentrate, loading
and transportation of phosphogypsum, etc.). This fact may account for higher
concentrations of �uorine in their hair.

The obtained data on the �uorine content in hair of practically all factory
workers exceed the level of �uorine content in hair of unexposed population by
a factor of 5Ä100.

The scatter in the data on �uorine concentration in hair of workers from one
shop may amount to two orders. The greatest average and maximum concentra-
tions of �uorine have been found in the hair of workers of the EPA-4 shop. This
may be connected with poor efˇciency of air puriˇcation systems in this shop
(information of the factory representatives).

The dependence of �uorine concentration in workers' urine and hair on the
length of service in this plant and age is illustrated in Fig. 2. The estimate of
distribution of the average content of �uorine in workers' urine and hair depending

Fig. 2. Dependence of �uorine concentration in workers' urine and hair on the length of
service and age
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on the length of service has demonstrated an inverse dependence with maximum
concentrations of �uorine cleared from the body with urine for the workers with
the length of service of 15Ä25 years.

Workers under 50 years of age exhibit stable and rather high average content
of �uorine both in urine and hair. For workers over 50 years its content in both
biomaterials drops sharply.

It is likely to be connected with the peculiarities of physiological reaction of
an organism to the action of elements in question, as well as with a decrease in
the �uorine clearance rate as a consequence of hypometabolism of the old [28].
According to the research data over 50 years of age �uorine accumulates mainly
in bone tissues [29].

The results of the present work do not make it possible to characterize
differences in �uorine concentration in urine and hair for workers of various oc-
cupations. This is due to the fact that the assessment of real time of exposure
of workers of various occupations to harmful factors presents some difˇculties.
Workers frequently combine and change occupations, even the majority of exec-
utives have worked in shops over many years.

Fig. 3. Correlation dependence between the contents of �uorine in urine and hair of the
factory workers

Figure 3 illustrates the degree of correlation between the average content of
�uorine in urine and the corresponding average content of �uorine in hair. A high
degree of correlation (R2 = 0.924) lends support to the validity and efˇciency of
use of medium-interval concentrations of �uorine in urine and hair for evaluation
of �uorine impact on workers occupied in harmful production. The study also
aimed at searching for trace elements connected with �uorine and re�ecting the
response of worker's organism to injurious effects.

First of all this concerns Sr, La and Ce that are constantly present in increased
concentrations in the dust fraction of occupational air in shops.

The content of trace elements in urine of the factory workers is given in
Table 7.
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Compared to the content of trace elements in urine of the population un-
occupied in the production of mineral fertilizers (background), the workers of
all shops exhibit higher average content of strontium with its maximum content
(3000 µg/l) found for a worker (shift electrician) of the PAE-3 shop. The content
of other elements is at the level of background values.

The distributions of average contents of trace elements in urine of workers
depending on the length of service and age are given in Tables 8 and 9. Note-
worthy is the presence of rather complex regularities in the distribution of trace
elements in urine of the production personnel. For example, the distribution of Ca
and Rb depending on the length of service on the whole repeats the distribution
of F. The distribution of Zn, Sr and Ba has a clear tendency to the lowering
of concentrations with an increase in the length of service, while the content of
Cd in urine increases almost three times. It is signiˇcant that for the maximum
�uorine concentration in urine at the length of service of 11Ä20 years and age of
31Ä40 years the minimum calcium concentration is observed. It should be pointed
out that there is a general tendency to the lowering of Ca, Sr and Ba concentra-
tions in urine and more than a three-fold increase in Cd concentration with age.
For other trace elements no obvious tendencies in their distribution in urine of
the production personnel have been observed.

The distribution of average content of rare-earth elements, U and Th in urine
of workers of different shops is given in Fig. 4. A signiˇcantly increased content
of �uorine and rare-earth elements has been observed for the workers of shops
of phosphoric acid extraction. This may be connected with the manufacturing
processes wherein raw materials (apatite) are processed and waste products (phos-
phogypsum) enriched with lanthanides are obtained (Table 2). No differences in
the content of U and Th have been found.

Basing on the obtained medium-interval contents of �uorine in urine, its
relation with trace elements has been evaluated. The content of strontium in
workers' urine considerably exceeds the background level and could serve as a

Fig. 4. Distribution of contents of rare-earth
elements, Th and U in urine of the factory
workers of various shops, µg/l

Fig. 5. Distribution of Sr concentration
on urine depending on F concentration,
mg/l
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Fig. 6. Correlation between average con-
tents of Li and Sr in urine, mg/l

Fig. 7. Correlation between average contents
of Rb and Cs in urine, µg/ml

biomarker of impact. An inverse dependence of Sr concentration on �uorine
content has been established (Fig. 5). The origin of this dependence is likely to
be connected with a mineralizing effect of �uorides [28Ä30].

Figures 6 and 7 illustrate the correlation dependencies between the content of
various trace elements in urine. For Li and Sr, Cs and Rb, as well as for a group
of rare-earth elements high values of pair correlations (R2 = 0.91−0.94) have
been determined. Statistical data on the content of trace elements in the hair of
workers of various shops and of the factory as a whole are presented in Table 10.
A signiˇcant excess of average levels over background levels is observed for Fe,
Sr, La.

From these data it can be seen that the distribution of average content of
trace elements in hair for different shops is similar to the distribution of �uorine.
For the most part this concerns those trace elements that abound in raw materials
and waste products Å Ca Sc, Mn, Sr, La, Th. No clear-cut distinctions in the
average content of trace elements in workers' hair depending on the length of
service and age have been revealed.

In hair high values of pair correlations between contents of Ca and F, of Th
and Al, of Th and La (Figs. 8 and 9) have been determined. All these elements
are present in increased concentrations in industrial goods and waste products.

Fig. 8. Correlation between concentra-
tions on �uorine and Ca in hair, µg/g

Fig. 9. Correlation between average contents
of Th, Al and La in hair, µg/g
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Evaluation of Disease Incidence of the Factory Workers. The town of
Voskresensk is a center of the Voskresensk district of the Moscow Region. There
live three fourths of the district population (on the average from 76.1 % in 1989Ä
1990 to 75.9 % in 1999Ä2000). The number of children and teenagers in the
speciˇed decade has decreased from 26 % (rather favorable demographic index)
to 21 % (unfavorable demographic index); in the region Å from 24.2 % to 19.5 %
(unfavorable level). As of the end of 2000 the number of women of childbearing
age was 28.2 % of all population (on the average in the region Å 26.9 %).

Nevertheless, the population movement indices in the district for the last
decade have got worse than in the region (Table 11).

Table 11. Population movement coefˇcients (V Å Voskresensk district, A Å average
indices for the region per 1000 of population)

Years Birth-rate Overall death-rate Natural population growth Infant mortality

1989Ä1990
V 11.1 11.85 Ä0.75 17.4

A 9.55 12.25 Ä2.75 14.75

1999Ä2000
V 7.65 17.85 Ä10.25 23.25

A 7.05 17 Ä9.95 14.65

The birth-rate in the Voskresensk district fell and the overall death-rate rose
with greater intensity than on the average in the Moscow Region. The infant
death-rate (number of deaths of children under the age of one year per 1000
babies born in a given year) practically unchanged on the average in the region,
has increased by a factor of 1.34 in the Voskresensk district. As a result, the
natural population loss has increased 12 times in the district and only 3.7 times
in the region.

At the main industrial plant of the town Å the Voskresensk mineral fertilizers
plant Å the production volume has been considerably cut back, resulting in the
reduction in the number of employed by more than half (approximately from
15000 down to 5800). This factor should be considered as a severe stress situation
of socio-economic character for the whole town, which plays a leading role in
the totality of reasons for the negative demographic indices.

We have analyzed the incidence of 25 classes of diseases and speciˇc diseases
among the factory workers on the basis of the ofˇcial annual reports of the factory
medical center for 1989Ä2001 and compared these data with the data on other
local residents of the town of Voskresensk for the same years (Table 12). This
analysis has shown that for the last few years the sickness rate (reasoning from
the medical aid appealability to the town clinics and the factory medical center)
was stable and the disease incidence among the factory workers in general was
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even lower than that of the other population of the town. Cases of �uorosis
have not been noted either for the factory workers or for the population of the
town. Noteworthy is the increased incidence (by a factor of 2Ä2.5) of chronic
pharyngitis, sinusitis and arthrosis among the factory workers, as well as higher
rate of injuries.

CONCLUSIONS

In the process of carrying out of the given work, we have developed a com-
bined approach for evaluation of the environmental impact and health effect of
the production of nitrogenous phosphate mineral fertilizers. This approach con-
sists of several stages and includes the determination of a group of polluting
elements, evaluation of their impact on the transporting and depositional natural
environments, as well as on the population living in the plant impact areas (in-
cluding analysis of biosubstrates and comparative analysis of medical statistics)
and biota, the analysis of the health effect on the factory personnel specifying
high risk groups. We have published some results of application of this approach
earlier [5Ä7]. We consider this approach to be sufˇciently universal to study
the environmental impact and health effect of production with any technological
peculiarities. Certain parts of this approach have been applied and are being used
now to evaluate lead pollution of the environment and its effect on health of
children of various cities in central regions of Russia. In the present work the
results on the health effect of the given type of production obtained at the ˇnal
stage of realization of our method are presented.

From the results of the present work we can draw the following conclusions:
1. The analysis of the occupational air in the shops has revealed that on the

whole the average level of HF concentration does not exceed the allowable limits.
However, the data on the shop of precipitation of �uorine salts and about 5 % of
individual analyses in other shops exceed the maximum concentration limit.

2. Concentrations of heavy metals in the occupational air in the shops do not
exceed the norm.

3. In drinking water in the plant the concentration of F and heavy metals
does not exceed the maximum concentration limit.

4. The supporting evidence for a harmful effect of �uorine Å one of the
basic impurity elements in the raw material used for the production of mineral
fertilizers (apatite) Å has been obtained. In the case of the factory workers, the
main path of �uorine intake is through the respiratory tract, on inhaling hydrogen
�uoride and �uorine-containing dust present in the occupational air in increased
concentrations. An average �uorine content in urine and hair of workers of an
individual shop is a re�ection of the condition of the occupational air (total load
of hydrogen �uoride and dust) in this shop.
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Table 12. Average indices of disease incidence among adult population of the town of
Voskresensk and the factory workers for 1989Ä2001 per 1000 of population

Disease incidence (average for 1989Ä2001),
Classes of diseases number of morbid events

and speciˇc diseases Adult population Factory
of Voskresensk workers

Total 842.6 666

Neoplasms 34.2 10.5

Blood diseases 4.1 3.5

Endocrine diseases 27 12.9

Nervous system diseases 33.5 29

Eye diseases 35.2 17.1

Ear diseases 18.7 23.3

Blood circulation system diseases 102.8 63.3

Respiratory apparatus diseases 252.3 272.9

Among them:

Chronic bronchitis and pneumonia 16.2 7.9

Chronic pharyngitis, sinusitis 4.7 11.2

Digestive system diseases 53.5 33.8

Skin diseases 50 8.9

Musculoskeletal system diseases 62.4 79.5

Among them:

Arthrosis 5.9 13.8

Urogenital system diseases 50.6 21.2

Injuries and poisonings 36.6 60.6

5. Data on �uorine content in workers' urine and hair have proved to be very
informative to study harmful factors of production. The level of �uorine in urine
of more than half of the examined workers exceeds the allowable level for the
population unoccupied in the production; 10 % are in a risk group. A high degree
of correlation between the contents of �uorine in workers' urine and hair has been
established. The possibility and efˇciency of use of medium-interval estimates of
�uorine contents in biosubstrates to study its harmful effect on workers occupied
in the production of phosphate fertilizers have been substantiated.

6. The age dependence of �uorine clearing from humans has been revealed
and it has been found that at the age of ˇfty the F clearance rate drops sharply.
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7. The trace element composition of workers' biosubstrates (urine, hair) has
been investigated. A potential biomarker of impact of the production of phosphate
fertilizers on workers' health Å strontium Å has been found. It has been revealed
that its content in urine of workers of all shops considerably exceeds the level for
the population unoccupied in the production. The maximum obtained value is 10
times greater than the background value.

8. The increased contents of rare-earth elements in urine and of Ca, Sr, La,
Th in hair of workers involved in raw material processing at the beginning of the
technological production chain have been found. The content of these elements in
the corresponding biosubstrates of workers of shops that are the continuation of
the technological production chain decreases sharply. The distribution of average
contents of Ca, Sr, rare-earth elements and Th in hair of workers of different
shops is similar to the distribution of �uorine. In urine, as in the case of �uorine,
a reduction in the contents of some trace elements (Sr, Ba) with age and length
of service is observed.

9. For trace elements the correlations between Li and Sr, Cs and Cu, Cs
and Rb in urine and between Th and Al, Th and La in hair with high values of
reliability of approximation R2 (0.7Ä0.99) have been found.

10. The incidence of �uorosis has not been noted either for the factory
workers or for the population of the town. However, the increased incidence of
chronic pharyngitis, sinusitis and arthrosis among the factory workers has been
observed. In other classes of diseases the sickness rate among the factory workers
is either the same or even lower than that of the other population of the town.

The work has been performed with the ˇnancial support of the grant of EC
Program 5 (Copernicus), contract ICA2-CT-2000-10025.

REFERENCES

1. Toxicological Proˇle for Fluorides, Hydrogen Fluoride and Fluorine (F). U.S. Depart-
ment of Health and Human Services, USA, 1993.

2. Schamschula R. G et al. Physiological Indicators of Fluoride Exposure and Utilization:
An Epidemiological Study // Comm. Dent. Oral. Epidemiol. 1985. V. 13. P. 104Ä107.

3. Screening Methods to Specify High Risk Groups Among Workers Exposed to Toxic
Chemical Elements. Methodical Recommendations. Ministry of Health of USSR, 1989
(in Russian).

4. Gabovich R. D., Seluchenko A. I. Determination of Content of Xenobiotics in Hair
in Biomonitoring, as a Risk Criterion of Their Toxic Effect. Research Institute of
Nutrition Hygiene, Republican Research Hygiene Center of Ministry of Health of
Ukraine. Kiev, 1991.

5. Voloch A. A., Gorbunov A. V., Gundorina S. F., Revich B. A., Frontasyeva M. V., Chen
Sen Pal. Phosphorus Fertilizer Production as a Source of Rare-Earth Elements Pollu-
tion of the Environment // Sci. Tot. Environ. 1990. V. 95. P. 141Ä148.

19



6. Gorbunov A. V., Gundorina S. F., Onischenko T. L., Frontasyeva M. V. Development
of a Combined Method to Carry out a Multielement Analysis for Environment Preser-
vation // J. Radioanal. Nucl. Chem. 1989. V. 129, No. 2. P. 443Ä451.

7. Gorbunov A. V., Golubchikov V. V., Lyapunov S. M., Onischenko T. L., Okina O. I.,
Kistanov A. A., Frontasyeva M. V., Rakcheeva L. V. Impact of Production of Nitroge-
nous Phosphate Mineral Fertilizers on the Environment and Humans // Environ. Chem.
2001. V. 10, No. 4. P. 255Ä268.

8. Hamamo H., Landsberger S., Harbottle G., Panno S. Studies of Natural Radioactivity
and Heavy Metals in Phosphate Fertilizers // J. Radioanal. Nucl. Chem. 1995. V. 194,
No. 2. P. 331Ä336.

9. Sampling and Analytical Methodologies for Instrumental Neutron Activation Analysis
of Airborne Particulate Matter. IAEA, 1992.

10. ISO 10381. Soil quality.

11. ISO-5667. Water quality.

12. Cornelis R. et al. Sample Collection Guidelines for Trace Elements in Blood and
Urine // Pure and Appl. Chem. 1995. V. 67, No. 8Ä9. P. 1575Ä1608.

13. Use of Research Reactors for Neutron Activation Analysis. Report of an Advisory
Group Meeting. Vienna, 22Ä26 June 1998. IAEA-TECDOC-1215, 2001.

14. Quality Aspects of Research Reactor Operations for Instrumental Neutron Activation
Analysis. Report of an Advisory Group Meeting. Accra, Ghana, 18Ä22 October 1999.
IAEA-TECDOC-1218, 2001.

15. PND F 16.1:2.5Ä97. Determination of Heavy Metals in Soils and Ground by XRF
Analyser of a Type X-MET (METOREX, Finland).

16. Reimann C., de Caritat P. Chemical Elements in the Environment. Berlin: Springer,
1998.

17. ISO 10359 - 1:1992. Water Quality Å Determination of Fluoride Å Part 1: Electro-
chemical Probe Method for Potable and Lightly Polluted Water.

18. Tusl J. Direct Determination of Fluoride in Human Urine Using Fluoride Electrode //
Clin. Chim. Acta. 1970. V. 27. P. 216Ä218.

19. Bebeshko G. I., Rose V. P., Khalizova V. A. Direct Potentiometric Method for Deter-
mination of Fluorine Using Fluoride Electrode in Mineral Raw Materials of Various
Composition // J. Anal. Chem. 1979. V. 34, No. 3. P. 501Ä506.

20. ISO 8288:1986. Water Quality Å Determination of Cobalt, Nickel, Copper, Zinc,
Cadmium and Lead Å Flame Atomic Absorption Spectrometric Methods.

21. ISO 11446. Soil Quality Å Determination of Cadmium, Chromium, Cobalt, Copper,
Lead, Manganese, Nickel and Zinc Å Flame and Electrothermal Atomic Absorption
Spectrometric Methods.

22. Rodushkin I., Axelsson M. D. Application of Double Focusing Sector Field ICP-MS
for Multielemental Characterization of Human Hair and Nails // Sci. Tot. Environ.
2000. V. 262. P. 21Ä36.

23. All-Union State Standards 12.1.005-88.

24. Fomin G. S., Fomina O. N. Air Pollution Control According to International Standards.
Moscow, 2002.

20



25. Rybalskii N. G., Zhaketov O. L., Ulyanova A. E., Shepelev N. P. Ecological Aspects of
Expert Examination of Inventions. Moscow: VNIIPI, 1989.

26. Fomin G. S., Fomina O. N. Air. Pollution Monitoring According to International Stan-
dards. Moscow, 2002.

27. Fomin G. S. Water. Chemical, Bacterial, Radiation Safety Monitoring According to
International Standards. Encyclopedic Reference Book. Moscow, 2000.

28. Moskalev Yu. I. Mineral Metabolism. Moscow, 1985.

29. Ershov Yu. A., Pletneva T. V. Mechanisms of Toxic Effect of Inorganic Compounds.
Moscow, 1989.

30. White M. A., Sabbioni E. Trace Element References Value in Tissues from Inhabitants
of the European Union. A Study of 13 Elements in Blood and Urine of a United
Kingdom Population // Sci. Tot. Environ. 1998. V. 216. P. 253Ä270.

31. Saet Yu., Revich B. A., Yanin Ye. P. et al. Geochemistry of the Environment. Moscow,
1990.

32. Bleise A., Smodis B. Intercomparison Run NAT-3 for the Determination of Trace
and Minor Elements in Urban Dust Artiˇcially Loaded on Air Filters. IAEA. Vienna,
1999.

33. Wyse E. J., Asemard S., de Mora S. J. World-Wide Intercomparison Exercise for the
Determination of Trace Elements and Methylmercury in Fish Homogenate IAEA-407.
IAEA Marine Environment Laboratory, 2003.

34. Wyse E. J., Asemard S., de Mora S. J. World-Wide Intercomparison Exercise for the
Determination of Trace Elements and Methylmercury Marine Sediment IAEA-433.
IAEA Marine Environment Laboratory, 2004.

Received on April 11, 2005.



Šµ··¥±Éµ· ’. …. �µ¶¥±µ

�µ¤¶¨¸ ´µ ¢ ¶¥Î ÉÓ 16.06.2005.
”µ·³ É 60× 90/16. 	Ê³ £  µË¸¥É´ Ö. �¥Î ÉÓ µË¸¥É´ Ö.

“¸². ¶¥Î. ². 1,68. “Î.-¨§¤. ². 2,37. ’¨· ¦ 180 Ô±§. ‡ ± § º 54927.

ˆ§¤ É¥²Ó¸±¨° µÉ¤¥² �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
141980, £. „Ê¡´ , Œµ¸±µ¢¸± Ö µ¡²., Ê². †µ²¨µ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


