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<l>pomacbeBa M.B. 11 np. E14-99-68 
MOHIITOp1mr na pa60'-IIIX MeCTaX 
H 113)"-leime Bmrnnm1 rrpoH3Boncrna cpoccpopHbIX MimepanhHhlX yno6pe1mil: 
na 3U0p0Bhe rrepcoHana, 3am1Toro B '.3T0M ilpoH3Boncrne 
(3aBO):{ «Mm1epaJibHble yno6penm1», BocKpeceHCK, MoCKOBCKllil o6JiaCTb, 
Poccm1), C l!CIJ0Jib30BaHHeM anepno-cplBII'IeCKHX MeT0):{0B. 
qacTh II · 

B '.3TOH pa6oTe nponomKeH M0HHT0pllHf na pa60'-IHX MeCTaX 3aBona «Mm1epaJibHb!e 
yno6peHH51» B BocKpecencKe (MocKOBCKllil o6JiaCTb), 0):{H0M H3 Kpyrrnefiumx ueHTpOB 
no npmnnoncrny cpoccpopHhIX MmrepanbHhIX yno6pe1mil: B Pocc1m. DhJJIO rrpoBeneno cuero
noe onpo6onam1e, xapaKTepH3yioruee KaK a3pmoJihHYfO, TaK H ra3006pa3HYfO cocTaBJrnIOIUl!e 
3arp513HeHmI an10ccpepb1. Ilpl!B0):{51TC5111amlble no yp0BH!O KOHUeHTpau11il: KaTIIOHHO-aHH0H
lI0ro COCTaBa qJIIJibTpaTa cneroBOH B0).1bl, KOTOpblll He Bb!X0,!\IIT 3a rrpeaeJibl, xapaKTepHb!e 
AJI51 npoMhill!JieHHhlX II roponcKHX 3011. Pacrrpenenenne Sr, Y, Sb, Pb, P33 11 Th BUOJih 15 KM 
rrpocp,ma OT 3aBona «MnuepanbHbie yno6peu11a» 6bmo H3)"-leHo rrocpencTB0M anan113a rrhme
B011 qipaKUHII cnera. Co,1.1ep::.cam1e Ml!Kp03JieMellT0B B pacnITeJibH0CTH II II0'-!Bax IJ03B0JI51eT 
YTBep;.cnaTb, '-ITO na116onee Hl!TeHCHBH0e B03):{eHCTBHe Ha opraHH3M pa6o'-!ero rrepCOHaJia 
naHH0ro rrpennp1151TH51 0Ka3bIBalOT F, Sr, P33. 113 no~em1h!X 11amlh!X cnenyeT, '-ITO Ha1160-
Jiee orraCHb!M uexoM 51BJI51eTC51 uex '.3KCTpaKUHII qioc opHOH KIICJI0Tbl (3<l>K), a Han6onee 
orracHhie crreu11anb11ocT11 - pa601111e. Conep::.ca1111e Topa B Bonocax pa601111x rrpeBhill!aeT 
cpoHOBhJe 3Ha'-!emrn B 10-30 pa3. Ta ::.ce Te1me11u1rn rrporne%1rnaeTca II AJI51 3y6on pa6011ero 
rrepcoHana. qeTKOH 3aBIICIIMOCTII Me;.cny CTa::.CeM pa6oTbl H ypoBHeM conep::.caHH51 cpTopa 
B nonocax ne na6mo,1.1aeTca. 

Pa6oTa Bb!II0JIHena B Jla6oparnpllll Heil:TpOHHOH cp1131!KII IIM. 11.M.<l>paHKa 0115111. 

ITpenpl!HT 061,emrne,rnoro llllCTHTyra ll,UeptibIX llCCJ1e/lOBa!IIIH. )ly6na, 1999 
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The results on further monitoring the workplaces of the «Mineral Fertilizers» plant 
in Voskresensk (Moscow Region), one of the largest centres for producing phosphorus 
mineral fertilizers in Russia, and adjacent to it territories are reported. Snow has been chosen 
as a depositing media to characterize both aerosol and gaseous components of atmospheric 
pollution. Data on cation-anion analysis in the snow filtrate are reported. They do not exceed 
hygienic normatives typical for the industrial and urban areas. The distribution of Sr, Y, Sb, 
Pb, REE, and Th along the profile: the «Mineral Fertilizers» plant - 15 km distance - was 
examined through the analysis of snow dust. Trace element concentrations in vegetation 
and soils allow one to state that F, Sr and REE produce the most intensive impact on the oc
cupational staff. As follows from the results obtained, the most hazardous shop of the plant 
is that for phosphate oleum extraction (OPE), and the most hazardous professions are work
ers. The fluonne concentration in their hair exceeds the background ones by a factor 
of 10-30. The same tendency was observed for teeth of the workers. No definite correlation 
between the length of service and the level of fluorine content in hair and teeth was ob
served. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, 
JINR. 
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1. Introduction 

The goal of this study is to determine how man's biosubstrates can be used to follow the 
rate of pathological changes in the organism when exposed to intense technogenic environments. 
Along with biosubstrates of the occupational staff examined in the present study, we extended 
our investigations for assessing the general environmental situation in the vicinity of the plant 
where the employees-local residents have been living and having their orchards and gardens. 

The possibilities of using depositing media, in particular, snow to assess the distribution 
of pollutants in air flows, have been shown in numerous works (see, for example [1-3]). 

One of the ways of such assessment is the analysis of snow samples collected in the 
vicinity of the acting emission sources. These data characterize both the aerosol and gaseous 
components of atmospheric pollution. The snow sampling is significantly cheaper and less labor 
consuming than the collecting of atmospheric aerosols by means of impactors. The snow 
sampling, besides, gives an integral picture of atmospheric pollution levels for the period of 
permanent snow cover. . 

The snow sampling was carried out in accordance with the wind-rose from the seven 
experimental sites along the profile A-B-C crossing the village Saburovo (7), "Mineral 
Fertilizers" plant (1), town of Voskresensk, village Lopatino (3), the Lopatinsky carrier (4), 
"Phosphate" enterprise (5), village Ostashevo (6). The profile is directed from the South-East to 
North-East, its length is about 15 km (Fig.I). 
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Fig. 1. The position of the experimental sites along the profile A-B-C. 

2. Methodology 

The sampling was carried out at representative experimental sites of 500 x 500 sq. m. No 
less than 7 samples were collected at each site. The background area was situated at a distance of 
20 km from the plant where its technogenic impact is practically absent, as one may assume. 

The snow samples were collected in the end of March, i.e. after 5.5 months of permanent 
snow cover. Sampling was carried out from the core, starting from the total depth of the snow 
cover. The volume of the snow core was fixed. 



The samples were packed in double polyethylene bags and brought to the laboratory for 
the further processing: melting at room temperature, filtration of all amount of snow through a 
dense filter, drying and weighing the non-dissolved residual on the filter. 

Filters with the non-dissolved residual and liquid filtrate were subjected to cation-anion 
analysis. 

The trace element content of vegetation growing in the territory of the plant is an 
important characteristic reflecting the level of pollution coming from the environment. The 
importance of studying the selectivity of microelement accumulation by vegetation is evident: by 
a right choice of plants one may decrease the rate of the technogenic impact on the occupational 
staff. The vegetation was collected at two sites - in the middle of the plant, near the shop of 
oleum sulfate extraction (OSE-3) (see Fig. 2 in [4]) and 50 m from the fence near the Central 
Laboratory. Soil samples were collected in parallel. Leaves were collected at a height of2 - 2.5 m 
practically from all types of trees found at the enterprise. Collected samples were rinsed with 
distilled water and dried at room temperature until constant weight. 

As far as in the emissions of the plant fluorine and volatile fluorine compounds are 
present, fluorine determination in hair and teeth of the occupational staff is carried out. The 
procedure of teeth and hair sampling was done in accordance with method described in [4]. 

The trace element determination in all media under investigation was performed using 
NAA, XRF and ionometric methods at JINR and GIN, as described in [4], too. 

3. Results and discussion 

The cation-anion composition of snow filtrate water is given in Table I. As a rule, the 
degree of pollution of the environment is determined by studying the amount of sulfur and 
nitrogen compounds and fluorine in the air. The data given in the Table 1 evidences for fluoride, 
chloride, ammonium nitrate, sulfur oxide, nitrogen and phosphor presence in the examined 
atmosphere. Their concentration in the filtrate does not exceed hygienic nonnatives. 

Table 1 

Cation-anion content in the liquid phase of snow samples, mg/I. 

Sampling Na• K+ Ca2+ Mg'• NH; HCo,· so.'· F er PO/ NO,· 
No. site No. 

I I 2.2 3.7 51 4.8 0.8 70 43 I.I 6.8 0.7 2.1 

2 2 1.2 2.0 28 6.4 1.4 58 26 0.6 5.6 0.2 2.4 

3 3 0.6 1.2 20 1.9 1.2 54 IO 0.3 4.8 0.2 I.I 

4 4 0.6 0.8 16 2.0 0.9 52 9.6 0.2 5.8 0.3 0.8 

5 5 0.4 0.5 14 1.8 1.3 32 6.4 0.2 5.6 0.2 0.9 

6 6 0.5 0.3 12 1.6 1.0 33 5.1 0.3 6.2 0.7 0.6 

7 7 0.6 1.6 20 3.2 1.8 55 II 0.1 7.5 0.2 1.5 

8 Back- 1.3 1.8 12 1.7 1.2 40 4.2 0.02 4.9 0.3 2.4 

'ground 
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The concentrations of fluoride and sulfur oxides exceeding background levels were 
determined at the sites of the "Mineral Fertilizers" plant and the northern part of town of 
Voskresensk (Fig. 2). 
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Fig. 2. Fluoride distribution in the liquid phase of snow along the profile A-B-C. 
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Fig.3. Heavy metal distribution in the solid phase of snow along the profile A-B-C. 

The fluoride and sulfate ion concentrations exceed the background values by a factor of 
10-60.- At the same time, the concentration level of cation-anion component is within the range 
of concentration, typical for the industrial and urban areas. 

The results of the analysis of snow dust arc given in Table 2. These data show that the 
pollutants could be sub-divided into two groups according to different behavior of their 
distributions along the profile. Such elements as Sr, Y, REE, and Th are referred to as the first 
group. The distribution of these elements along the profile is practically identical to that of 
fluoride (see Fig. 2 and Fig. 3) and is connected with the activity of the plant. 
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Table2 

Trace element content in snow dust determined by INAA and XRF, mg/kg 

Dust 
No. Sampling impact Cu As Pb Sb y Sr La Ce Sm Eu Yb Th u 

site No g/rn2 
per day -

1 1 0.25 160 25 260 1.9 130 7900 660 970 46 11 3.1 11 3.8 

2 2 0.22 170 25 420 3.6 50 2400 250 320 21 4.1 2.1 7.4 2.5 

3 3 0.11 160 23 500 5.5 30 1000 180 240 14 2.7 1.8 6.0 2.2 

4 4 0.22 160 23 140 4.3 70 4400 320 520 46 5.5 3.7 8.0 2.5 

5 5 0.065 140 28 460 5.1 36 1100 170 220 19 3.1 1.9 7.8 4.6 

6 6 0.052 180 37 300 4.2 55 2200 200 290 27 4.4 2.6 11 6.6 

7 7 0.051 370 27 330 5.4 10 720 70 100 9 2.7 1.5 4.9 2.1 

8 Back- 0.012 50 15 190 2.7 10 270 35 75 5\ I.I I.I 6.0 2.4 
ground 

Table3 

Trace element content in the vegetation and soil of the "Mineral Fertilizers" plant and background territory, µgig 

Type s~ts s Na K¾ Sc Cr Fe Co Zn As Br Sr Sb Cs La Ce Th 

Aspen OSE-3 270 2 0.043 2.1 660 0.4 130 0.46 0.5 160 0.Q7 0.04 5.1 9.9 0.11 
background 150 1.9 0.005 0.9 130 0.2 100 0.03 0.5 30 o.oz 0.03 0.5 0.9 0.02 

OSE-3 76 1.5 0.o3 0.5 290 0.2 100 0.1 0.1 100 0.03 0.03 2.1 4.6 0.04 
Willow CL 120 2 0.04 1.2 300 0.3 150 0.16 0.1 80 0.04 0.06 4.7 7.7 0.08 

backl!;round 62 1.9 o.oz 1.8 110 0.3 100 0.01 0.9 25 o.oz 0.01 0.6 0.9 0.01 
Poplar CL 100 1.5 o.oz 0.5 280 0.2 100 0.24 3.9 100 0.11 0.o3 9 15 0.04 

background 60 1.6 0.006 0.5 110 0.3 220 0.02 1 27 0.ot 0.03 0.7 1.3 0.01 
Acacia CL 100 2.3 0.01 0.6 300 0.3 100 0.12 2.7 110 0.o3 0.04 2.1 4.6 0.04 

background 100 1.8 0.02 0.9 170 0.2 36 0.04 0.4 20 0.o3 0.08 1.3 3.1 0.02 
Birch CL 120 1 0.01 I.I 90 0.4 100 0.19 0.8 70 0.1 0.04 4.5 9.1 0.08 

background 50 0.8 0.002 0.4 90 0.4 65 0.02 0.5 6 0.03 o.oz 0.2 0.4 0.01 

Soil CL 2800 0.7 3.1 48 16400 4.9 140 20 3.3 390 0.59 1.2 35 74 4 
background 3000 1 3 39 9600 5 130 4.7 2.5 100 0.6 1 14 25 3.4 



No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Fluorine content in the hair of the occupational staff 
from the ''Mineral Fertilizers" plant 

Shop, occupation Length of service 
In the given shop General 

OPE-3 apatite storehouse 6 16 
OPE-3 senior master 26 26 
OPE-3 operator 15 15 
OPE-3 operator 11 11 
OPE-3 foreman 3 3 
OPE-3 measuring device mechanic 24 26 
OPE-3 electrician 26 26 
OPE-3 mechanic 7 7 
OPE-3 conveyor mechanic 5.5 19 
driver 25 29 
OPE-3 apatite storehouse 2.5 30 
OPE-3 apatite storehouse 13 24 
OPE-3 apatite storehouse 16 26 
OPE-3 apatite storehouse 19 19 
OPE-3 electrical welding mechanic 21 21 
OPE-3 mechanic-repairman I I 
OPE-3 shop chief 16 16 
OPE-3 mechanic 1.5 1.5 
OPE-3 mechanic 0.2 28 
AMM-2 furnaces fireman 8 17 
AMM-2 electrician I 16 
AMM-2 hopper -operator 7 12 
AMM-2 hopper -operator 3 21 
AMM-2 installation operator 12 12 
AMM-2 installation operator 18 28 
AMM-2 installation operator 6 14 
AMM-2 chief deputy 17 33 
AMM-2 mechanic 0.1 12 
OPE-1 chief deputy 8 15 
OPE- I installation operator 16 18 
OPE-4 conveyor mechanic 1 19 
OPE-4 apparatus mechanic 7 25 
CL technician 11 11 

AMM-1 hopper -operator 2.5 2.5 
AMM-1 apparatus mechanic 13 29 
OSE-3 senior apparatus mechanic 8.5 23 
OSE-3 installation operator 7 7 
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Table 4 

F content 
µgig 

120 
610 

2800 
l 

2800 
2200 
980 

3600 
2100 
900 
95 
180 
150 
78 
130 

2300 
1200 
500 

2200 
2000 
150 
100 
70 
120 
310 
550 
380 
160 
150 

1200 
2400 
440 
660 
160 
450 
710 

2200 I 
4500 

Antimony and lead are related to the second group. Their distribution by no means is 
connected with the "Mineral Fertilizers" plant that is confirmed by the minimal concentrations of 
these elements at the industrial premises of the plant. 

The trace element concentrations in vegetation and soils are given in Table 3. It follows 
from these data that the background concentrations of trace elements in the examined types of 
plants (vegetation) are rather similar. Thus, for example, the abnormal concentrations of Sc, Fe, 
As, Sr, La, and Ce in leaves of aspen exceed the background values by a factor of 5-10. In acacia 
the concentrations of the same set of elements exceeds background values by a factor of 2-3. For 
soil, a relatively inert system, we noted only 3-4 times increased content of As, Sr, La, and Ce. 

All above said allows one to state that F, Sr and REE produce the most intensive impact 
on the occupational staff. Therefore the priority task of the current year was the investigation of 
fluorine distribution in biosubstrates of man (the distribution of the other trace elements was 
presented in [4]. 

The fluorine content in hair of the occupational staff of the main shops of the enterprise is 
shown in Table 4 (see page 7). It follows from these data that the fluorine concentration varies 
within the range of 80-160 ppm. As known from the literature, for example, [5], the background 
value is considered as 100 ppm that is quite similar to our values. So far, the fluorine content in 
the anomalous samples exceeds the background ones by a factor of 10-30. As it is seen, the most 
hazardous shop is that one for phosphate oleum extraction (OPE), and the most hazardous 
professions are workers. No definite correlation between the length of service and the level of 
fluorine content in hair was observed. 

The fluorine concentration in teeth of the workers is given in Table 5. In spite of the 
insufficient number of samples, the same tendency, nevertheless, could be observed as in hair: 
the highest fluorine concentration are characteristic for the oleum phosphate extraction (OPE) 
shops. 

Tables 

Fluorine content in the teeth of the occupational staff 

No. Sampling Shop, occupation Fluorine content 
sites µgig 

I 3-1 OPE-3 1600 
2 3-2 AMM-2 65 
3 3-3 AMM-2 20 
4 3-4 OPE-3 250 
5 3-5 CL 41 
6 3-6 OPE-I 350 
7 3-7 Administration 60 
8 3-8 Administration 50 
9 3-9 Administration 95 
IO 3-10 Service personnel 50 
11 3-11 Administration 50 
12 3-12 Service personnel 100 
13 3-13 Driver 150 
14 3-14 AMM-1 50 
15 3-15 AMM-1 20 
16 3-16 AMM-2 190 
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4. Conclusions 

1. The impact of the "Mineral Fertilizers" plant on the environment is characterized by 
emissions of fluorine, strontium, lantanides and sulfur oxides into the atmosphere. 

2. This impact is spread far beyond the site of the plant - up to 15 km. 
3. Considering levels of elemental pollutants in vegetation, recommendations to 

administration could be given: to plant at the premises of the enterprise the following 
trees: aspen, poplar, birch. 

4. The most intensive impact of fluorine on man takes place in the shops of oleum 
phosphate extraction. 
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