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AIRBORNE PARTICULATE MATTER POLLUTION GENERATED
BY PHOSPHATE EXPORT AT THE PORT OF ANNABA

(MpedcmasneHo 4neHoM pedakyiliHoi Koneaii 0-pom 2eos. Hayk O.l. MeHbwosum)

For several decades, airborne particulate matter (PM) pollution has become one of the major concerns of policymakers across the
globe, due to its adverse effects on climate, human health, environment and various socio-economic sectors. The process of phosphate
export in bulk is one of the main source generating air pollutants, such as PM emissions of different shapes, concentrations and particle
sizes, which can cause respiratory diseases. The objective of this work is to determine the dust level generated by the processes of
unloading, storage and loading of phosphate in bulk to ships, by the company of the port installation at the port of Annaba (East of Algeria).

The PM measurement campaign was carried out according to the NF X 43-014. It was performed on 08 sampling points located at
the port of Annaba and in a periphery with a radius of up to 2.3 km. The recorded results show very high levels of dust in 05 samples
series largely exceeding the acceptable threshold (1000 mg/m?%day). The level of heavy metals in dust was evaluated by the analysis
of Atomic Absorption Spectrometry. EDAX analysis showed that the phosphate PM have an angular morphology elongated particles

and hook-shaped.

Keywords: Health risk, Heavy metals, Environment, Impacts, Northeast of Algeria.

Introduction. Natural phosphates comprise more than
200 mineralogical species (Fisher, Jerome, 1973). However,
the most abundant ones belong to the apatite family (Raguin,
1961). Phosphate ores are defined according to their P20s
content or in terms of the percentage of tricalcium phosphate
(TPL or BPL: Bone Phosphate Lime) which is really the basic
phosphate product (1 TPL = 2.185 P20s). It also presents a
very varied field of use on an industrial scale, of which 80 to
90% of the production is used in fertilizers and in the manu-
facture of phosphoric acid (Dumon, 1980). In Algeria and in
the Djebel-Onk region (Tebessa), the phosphate ore, is ex-
ploited by the phosphate mining company (SOMIPHOS), a
subsidiary of the national company "FERPHOS Group" head-
quartered in Annaba. In 2018, the Somiphos Company ex-
ported 1.8 million tons of phosphate; it aims in the following
years to produce and export 5 million tons.

The ore mined and processed in the Djebel-Onk factory
is then shipped to the Annaba Port installation (IPA), either
by rail (320 km) or by road transport. The entire production
is exported as raw material to several countries around the
world (Office DED, 2019). However, the production process
of Phosphate generates environmental impacts such as gas
emissions (COz2, NOx, SOz2), especially PM emissions at all
levels of production, mainly in the port of Annaba, where the
process is underway to export phosphate (Benselhoub et al.,
2020). PM generated by the phosphate export operation
(Unloading, Storage, Loading) is the main air pollutant and
contributes to respiratory illnesses for company employees

as well as employees around the port installation. Several
studies have been carried out previously concerning the im-
pact of dust emitted during the extraction, processing,
transport and export of phosphate (Berman, 1969) and (Pan,
2002). Nevertheless, this work is the first in Algeria, which
studied the PM emissions in the air, due to the activities of
the Somiphos Company, in particular, exports of phosphate
at the port of Annaba.

According to the legal definition, dust is a solid particle
with an aerodynamic diameter of less than 100 micrometers
or whose falling speed is less than 0.25 meters per second
(Article R. 4222-3 of the Labor Code). Dust suspended in
the air presents serious health risks, especially if this dust
contains a certain amount of heavy metals (Zn, Pb, Cu, As,
Cr, U, Ni ...) (Benselhoub et al., 2015). The particles size
largely determines the extent of the hazard. Particles larger
than 10 ym cannot be inhaled and therefore only affect ex-
ternal organs, they are mainly responsible for skin and eye
irritation, conjunctivitis and eye infections (Romdhane, 2017;
Giannadaki et al., 2014; Merlen, 2015). Particles less than
10 microns can be inhaled but are generally stopped in the
nose, mouth and upper respiratory tract; they then trigger
conditions such as asthma, tracheitis, pneumonia, allergic
rhinitis and silicosis. However, when the fine particles enter
the lower respiratory tract and reach the bloodstream, they
can affect all internal organs and cause cardiovascular dis-
orders. According to an assessment conducted in 2014 us-
ing a global model, exposure to dust particles would have
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caused 400,000 premature deaths due to cardiopulmonary
diseases within the population aged over 30 years (Gian-
nadaki et al., 2014).

The main objective of this study is to measure the level
of dust generated by the phosphate export process using
the Owen Gauge method, and then to characterize the dust,
such as size and shape of particles, chemical composition,
the presence of heavy metals, the impact on the environ-
ment, and even the effect of weather conditions.

Material and Methods. Emission of dust into the at-
mosphere is generally a discontinuous phenomenon in
terms of flow. Depending on the size, granulometry and
nature of the particles and weather conditions (wind, tem-
perature, and humidity), the particles have a more or less
long residence time in the atmosphere and will be elimi-
nated according to two processes of separate atmospheric
deposits (Kharytonov et al., 2016):

¢ Dry deposition (gravity, by Brownian motion or by im-
paction and interception);

¢ Wet deposition (leaching during rainfall or trapping by
cloudy water drops).

The collection in this study is carried out by means of
precipitation collectors of the Owen gauge type, this method
is of standard NF X 43-014 (Merlen, 2015). Owen gauge
type collectors (Fig. 1) consist of a funnel and a 25 liters pol-
yethylene collection bottle.

The whole system is inserted into a tripod serving as a
support, the collection height (head of the funnel) is located
1.5 meters from the ground, and sometimes the plastic clips
are used to fix the bottles to the vertical metal frames of the
installation and the phosphate loading gantries.

Monitoring program. The monitoring network consists
of eight (08) sampling stations arranged to cover the entire
field of the port installation and its periphery (Fig. 2a and b);
namely the unloading hall of the wagons (Station S1), the
unloading hangar for phosphate storage trucks (Station S2).
Small Ship Loading Gantry, dock 15 (Station S3), Technical
Services (Station S4), Small Ship Loading Gantry, dock 17
(Station S5), Train Station outside the harbour at 700 m

(Station S6), Ibn-Sina Hospital at 1200 m (Station S7), and
finally the Church of Saint Valentine at 2.3 km (Station S8).
The phosphate dust-monitoring network at the company is a
permanent network. In the present study and for the sam-
pling and quantification of sedimentable dust, we favoured
the period between the ends of March 2019 until the begin-
ning of July 2019, the period is divided into three measure-
ment compaigns, and each compaign lasts 30 days of
exposure. This period was chosen for two reasons: the first
reason that the weather is dry in this month, which facilitates
the dust flight, the second reason that in this period the com-
pany exported more than 230.000T of phosphate and about
250.000T between unloading and storage.
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Fig. 1. Presentation of the measuring device,
the precipitation collectors, Owen gauge

Measurements process. The schedule of environmen-
tal monitoring conducted during the period mentioned before
is presented in Table 1.

Table 1
The sampling follow-up schedule
Years 2019
Months March | April | May | June | July
Company 01 02 03
P 30 March 29 April 01 May 30 May 02 June 01 July
rocess . . . ; . .
installation removal installation removal installation removal
N°r of days 30 days 30 days 30 days

Analysis and expression of results. The analysis of
sedimentable dust is carried out in accordance with standard
NF X 43-014. The amount of water collected in the gauges
during the measurement period is filtered, the filtrate is dried
at 105°C for a given time, and then weighed in order to deter-
mine the mass and assess the amount of dust contained in
each gauge. The results are expressed in milligrams of dust
deposited per square meter and per day (mg/m?d).

The wind roses recorded over the three months of meas-
urements (Fig. 3) generally have the same characteristics.
The winds was considered as non-measurable or zero
(<5 m/s), measured during the three measurement cam-
paigns are relatively homogeneous, varying from 20.8% to
25.8% of the observations made over the period and in this
case, the fallout is not influenced. The prevailing winds (10
to 38 m/s) are predominant and come mainly from the south-
west quarter. Winds from the northeast (0° to 60°), are very
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poorly represented during periods of exposure. Therefore,
the measurement stations, especially S6, S7 and S8, are
less subject to the phenomena of atmospheric deposition of
PM due to their location.

Results and Discussion. Once the weight of the dust
from each sample has been determined, it is necessary to
calculate the major dust content in mg/m?/day, according to
the following relationship, given by the AFNOR standard.

= 2 x1x 2= 7300 2 (Henni-Chebra et al., 2011),
P — major dust content (mg/m?/day); t — duration of exposure
in hours (with the average duration of one month = 730
hours); m — mass in milligrams of PM; S — exposure surface,
the bottom of the Owen gauge in cm?.

Table 2 presents the results of atmospheric deposition of
dust, measured by means of precipitation collectors on the
Annaba's port installations and their peripheries, and Fig. 4

shows the data visually.
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Table 2
PM fallout in mg/m?/day
Mouths S1 S2 S3 S4 S5 S6 S7 S8
April 23215 19740 14802 6102 15200 305 195 81
May 22102 19304 12300 7204 18321 297 245 62
June 19900 18810 12200 7600 17287 220 452 54
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Fig. 2. (a) - Location of measurement stations. (b) - Location of the study area and sites
Wind conditions data. Low wind speed will be associated with low dispersion of particles in the entourage
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Fig. 3. Wind regimes recorded during the periods of exposure of the gauges
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Fig. 4. Dust level evolution

The results obtained are illustrated in Fig. 5, for the evo-
lution of the dust content of the eight series, where it is found
that station 1 records the highest dust content. Sampling is
well above the acceptable threshold set by the AFNOR
standard (1000 mg/m?/day), with the exception of stations
S6, S7 and S8, which have low rates. The high rate at the
other stations is mainly due to the location of the gauges in
heavily dusted areas. The wagon hall (station S1) receives
more than 4,500 tons of phosphate every day and without
stopping, while storage is carried out periodically in a stock.
Loading of phosphate into ships at the two docks (15 and
17); is occasional, which explains the low level of dust accu-
mulation at station S1. The quantities of dust collected in
stations S6, S7 and S8 are lower than the reference value
set by the AFNOR standard, this result is justified by the dis-
tance of the stations from areas producing dust. Despite the

location of station S7; on the axis of the prevailing north-
easterly winds, according to data provided by the meteoro-
logical station of Annaba; but the rate does not exceed
452 mg/m?/day, this is due to its presence at a high level
above sea level, the propagation of dust has not been af-
fected by winds throughout the period of this study, espe-
cially stations S6, S7 and S8. The table below shows the
limited dust level of 350 mg/m?/day, according to TA Lulft.

PM chemical composition. To determine the origin of
the PM collected in the eight (08) monitoring points, we car-
ried out chemical analysis of the samples by the XRF; all the
samples are mixed; homogenized and analyzed. The result
of the chemical composition of the dust collected on the
Owen gauge, are compared with that given by the laboratory
of the Djebel Onk phosphate complex (Table 3).

Table 2
Dust reference value (mg/m?/d) (Kharytonov et al., 2017)
Class Value in mg/m?d
Low dustiness 0-200
Medium dustiness 200-300
High dustiness >350
Table 3
Chemical composition of PM phosphate samples
Elements P,0s CO, SO, CaO MgO | Fe,O; | AlLO; | Na,O K,0 SiO, F Cl (ppm)
PM of phosphate 29.31 6.93 2.80 50.8 1.67 0.32 0.33 1.27 0.071 2.16 3.56 553
Djebel-Onk phosphate | 30.22 6.86 3.00 52.3 0.83 0.12 0.50 1.35 0.078 3.21 4.02 449

The comparison of the values of the composition of PM
of phosphate; shows a correlation with the chemical compo-
sition of Djebel-Onk phosphate. Stations S1, S2, S3, S4 and
S5 are located in the unloading, storage and loading areas,
the dust even comes from truck traffic, especially at station
S4. The quantity collected at stations S6, S7 and S8, is so
negligible that it does not affect the chemical composition of
the aggregate sample. These results clearly prove that the
PM collected in the installations is generated by the process
of unloading, storage and unloading of phosphate.

Determination of particle size distributions. The par-
ticle size distribution of the phosphate dust sample, is ob-
tained from the analysis by laser diffraction (Fig. 5), the
result of the analysis showed that, more than 90% of the
particles are with a smaller diameter at 118 pm; 50% of the
particles are with a diameter less than 13.3 pm, and 10% of
the particles have a diameter of less than 5.5 ym.

These results favour deep pulmonary deposition [8].
PM10 (particles with an aerodynamic diameter of less than
10 um) are of major concern today, as they are small
enough to penetrate deep into the lungs (WHO 2013). Par-
ticle size can behave in the human body as follows:
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e Chest dust: mass fraction of inhaled particles enter the
larynx (<30 pym);

¢ Alveolar dust: mass fraction of inhaled particles pene-
trate the non-ciliated airways (<15 pym). These fractions are
included in the ISO 7708 standard and in the Afnor X43-100
standard (Betelli et al., 2012).

Phosphate PM Morphology. The shape of PM in general
can promote flight and decrease the sedimentation rate of a
particle: a flat particle behaves like a leaf during its fall and will
therefore settle more slowly than a spherical particle (Imen Bel
Hadj, 2013). The fall speed is a function of the aerodynamic
diameter. PM of phosphate captured at the port of Annaba have
different morphology and irregular shape (Fig. 6).

The angular shape of the particle surface is mainly due
to the mechanical preparation of phosphates at the Djebel-
Onk plant, unlike natural particles, where the surface is
smooth and the grains are spherical in shape. For particles
of irregular shape, relative movement becomes difficult due
to the presence of more points of contact between them. If
they are elongated and hook-shaped particles, it will be
more complicated because they tend to form bridges by in-
terlocking particles (Gil et al., 2013).
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Fig. 6. Phosphate dust morphology, by X-ray microanalysis coupled with a scanning electron microscope (SEM / EDX)

Heavy metals content in phosphate dust. From a
purely scientific and technical point of view, heavy metals
can be defined as: Any metal with a density greater than
5 g/lcm®. Any metal with a high atomic number, generally
higher than that of Sodium (Z=11), presenting a danger to
the environment and to humans. Any metal that can be toxic
to biological systems. In environmental sciences, the heavy
metals associated with the concepts of pollution and toxicity
are generally: arsenic (As), cadmium (Cd), chromium (Cr),
copper (Cu), mercury (Hg), manganese (Mn), nickel (Ni),

lead (Pb), tin (Sn), and zinc (Zn). In our study, the composi-
tion of heavy metals and some trace metallic elements was
determined by atomic absorption spectrometry (Table 4).

The results of the metal concentrations measured for the
eight stations present different values, those, which are
higher than the German limit values, and those that are
lower. We observe that the guide values for the metals of
Cadmium (Cd) and mercury (Hg) have been exceeded. The
limit value of Cd is 2 ug/m?/d, on the other hand, the rec-
orded values varied between 8.7 and 1.2 pg/m?/d.

Table 4
Daily and surface concentration of metals detected (ug/m?/d) - German TA Luft 2002
(Henni-Chebra et al., 2015)

Element Cd Zn Pb Cu Cr Ni Mn Hg Co Sb
Limit pg/m?d 2 400 100 100 250 15 15 1 15 100
S1 8.3 113.2 15.8 23.4 122.2 13.5 11.3 3.2 22 12.4
S2 8.7 111.3 16.7 251 124.8 14.5 10.9 22 1.4 13.8
S3 7.6 102.2 10.2 20.1 121.1 5.4 12.3 34 3.3 14.3
S4 5.3 725 7.5 14.2 113.4 8.8 8.4 4.1 2.9 10.7
S5 5.6 80.4 9.6 10.0 115.7 9.1 - - 2.8 8.2
S6 3.2 20.1 - -- 100.4 -- - 2.1 2.1 4.2
S7 1.2 - - 24 52 -- 3.4 0.1 1.4 3.2

S8 - 13 - - 1.2 - - 0.3 1.2 -

The limit value of Hg according to the German standard, is
1 ug/m?/d, but the results of the latter's analyzes vary between
3.2 and 0.3 pg/m?/d in the eight measuring stations. The values
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of Zn, Pb, Cu, Cr, Ni, Mn, Co and Sb are below the limit of quan-
tification. The points most exposed to fallout from the site (sta-
tion S1, S2 and S3) have the highest levels of heavy metals.
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The toxicity of mercury mainly affects cerebral functions
(mercury is neurotoxic), renal functions (nephrotoxic), the en-
docrine system; mercury is suspected to be an endocrine dis-
ruptor and cell life disruptor. It was recently shown (2007) that
even at low doses, it has a cytotoxic effect on central nervous
system stem cells (as well as low doses of lead or parquét)
(Li et al., 2007). It can affect cell division; mercury is suspected
of being able to induce or co-induce certain cancers (For exam-
ple, cases of leukemia have been observed in Japan concomi-
tantly in Minamata). In animal models, it can induce alterations
in the blood, apoptosis (Sharma et al., 2005, Waalkes et al.,
2000.; Nagashima et al., 1997), and chromosomal aberrations.
Cadmium poisoning can occur either acutely or chronically, with
lesions mainly in the lungs, bones and kidneys. Cadmium has
no physiological role in the human body (Nishijo et al., 2004.:
Nordberg et al., 2002.; Benselhoub et al., 2015). The metal it-
self and its compounds are extremely toxic, even at low con-
centrations, and tend to accumulate in living organisms and
ecosystems (Orlowski et al., 1998).

Usually to control dust emissions; several methods can
be applied. For phosphate dust the method is special, be-
cause the product must not be touched by humidity, other-
wise it will be contaminated, therefore it is strictly forbidden
to spray the dust with water especially at the unloading
points of trucks and wagons, at the level of the loading gan-
tries of the ships. The most effective methods for reducing
phosphate dust are:

e Complete cover of the product conveyor belts;

¢ Unloading of trucks and wagons in well closed and airtight
sheds, to prevent dust from escaping outside the installation;

e Installation of baghouse dust collectors at ship loading
gantries;

e Spraying the road with water;

o Complete cover of the product conveyor belts;

¢ Unloading of trucks and wagons in well closed and airtight
sheds, to prevent dust from escaping outside the installation;

e Installation of baghouse dust collectors at ship loading
gantries;

¢ Spraying the road with water to prevent dust from flying
away during the passage of trucks.

Conclusions. Undoubtedly, the process of exporting
phosphate in the port of Annaba, leads to a rate of dust emis-
sions that exceed all international standards. What is certain
is that the effects and consequences of these emissions on
humans and the environment are disastrous. It is likely in the
future, there will be a thorough study, dealing with the effects
of these emissions on man, the environment, fauna and flora.

Based on the results obtained in this study, the following
conclusions can be listed:

e The sedimentable PM measurement campaign gave
very variable levels of dust during the eight sampling stations.
Stations S1, S2, S3, S4 and S5 greatly exceed the acceptable
threshold (1000 mg/m?/day) defined by the AFNOR standard,
with a very low dust level for station S6, S7 and S8. This dif-
ference in dust level is mainly due to the distance between the
collection points and the source of the dust.

e The chemical composition of the PM determined by the
XRF shows a correlation between the chemical composition
of the PM samples from the stations and the chemical com-
position of the phosphate from the Djebel-Onk plant located
in Tebessa.

e The particle size distribution of PM, determined by la-
ser diffraction, shows that more than 90% of particles with a
diameter less than 118 pm, 50% of particles with a diameter
less than 13.3 ym and 10% of particles have a diameter less
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than 5.5 ym. These results promote deep lung deposition
upon inhalation of PM by humans.

¢ PM of phosphate captured at the port of Annaba have
other morphology and irregular shape of different size. The
angular shape of the particle surface is mainly due to the
mechanical preparation of phosphates at the Djebel-Onk
phosphate plant, unlike natural particles where the surface
is smooth and the grains are spherical in shape.

e The results of the analysis by atomic absorption spec-
trometry presents an excess in the values of Cadmium (Cd)
and mercury (Hg), the levels of the latter are higher than the
German limit values (TA Luft 2002).
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3. MekTi',

E-mail: mektizohir@yahoo.fr;

A. Bytemeaxert!,

E-mail: boutemedjetassia@yahoo.fr;

0. Cekiy?,

E-mail: o.sekiou@cre.dz;

C. Bepayai',

E-mail: berdoudisaid@yahoo.fr;

A. Wan6',

E-mail: achaib_as@yahoo.fr;

@. Kynaep?,

E-mail: kouiderfareskul016@gmail.com;

A. PaxmaHi®,

E-mail: Abdun81@gmail.com;

A. BeHcenry6?,

E-mail: benselhoub@yahoo.fr;

NaGoparopis Banopu3auii ripHNYMX pecypciB Ta HABKONMUIIHBLOrO cepefoBuLa, MNipHUYoA06YBHUI BiaAin,
YHiBepcuteT Bagxi MoxTapa, AHHa6a, Amxup;

2[locniaHMLBLKUIA LLEHTP HaBKONMLWHLOro cepenosuwa (C.R.E), AHHaba, Anxup;

3InxeHepHUI hakynbTeT, HaBkonuwHE cepeaoBuLLe Ta iHopMauinHi TexHonorii, YHiBepcuTeT SEGi, Manaiisis

3ABPYOHEHHA AEPO30JIbHUMU YACTUHKAMMU, LLIO NOB'A3AHE 3 EKCITOPTOM ®OC®ATY Y NMOPTY AHHABA

lMpomsi2om Kinbkox ocmaHHix decamunims 3a6pydHeHHss meepduMu YacmuHkamu noeimps (THY) cmae odHiero 3 ocHoeHux npo6iem nonimukie
y ecbomMy ceimi yepes lio2zo Hecnpussmnueul ennue Ha Kiimam, 30opoe’s fodell, HaBKONIUWHE cepedosulye ma pi3Hi coyiasibHO-eKOHOMIYHI cek-
mopu. lMpoyec ekcnopmy ¢hocghamie y eenukux ob6csicax € 0OHUM 3 OCHOBHUX O)Kepesl, ujo 2eHepytomb 3abpyOdHioeayi nosimps, maki ik eukuou
meepoux 4acmMuHOK Pi3HOi ¢hopMu, KOHUEeHmMpayii ma po3mipy, sKi MOXymb CpUYUHUMU 3axeoproeaHHs1 op2aHie duxaHHs. Memoto daHoi po6omu
€ 8U3HaYeHHs1 PieHs1 3anuseHoCcMmi, W0 ymeoploembCsl 8 MPoyeci po3eaHmMaxeHHsi, 36epicaHHsi ma 3aeaHmaxxkeHHs1 gpocgpamy HaeaslomM Ha cyOHa
nopmoeoto ycmaHoekoro 8 nopmy AHHaba (cxid Amxupy).

BumiptosanHsi TH sidbysanock gidnoeidHo do NF X 43-014, soHo npoeodusnock Ha 08 moy4kax eidbopy npob, pozmawosaHux y nopmy AHHaba ma
Ha nepudgbepii 3 padiycom 0o 2,3 kM. OmpumaHi pe3ysibmamu rnoka3asnu Ayxe eucokuli pieeHb nusy nid 4ac euey4yeHHs cepii 3pa3kie 05, w0 3Ha4HO nepe-
suwye donycmumuli nopia (1000 me/m?*/006y). PiseHb 8axxkux memanis y nusy 6ys1o oyiHeHo 3a onoMozoro amomHo-abcopbuyiliHo2o cnekmpomempu-
4HO20 aHani3y. AHaniz EDAX noka3sae, ujo ¢pocgpamni TH matomb Kymoey Mopghosiozito 3 euG08KeHUMU YacCMUHKaMu ma 2a4kornodi6bHoro ¢hopmMoro.

Knroyoei cnoesa: pusuk Ans 300poe'si, eaxkki Memarnu, O08Kins, ennue, nigHiyHuUl cxio Amkupy.

3. Mektu',

E-mail: mektizohir@yahoo.fr;

A. Bytemeaxert',

E-mail: boutemedjetassia@yahoo.fr;

0. Cekny?,

E-mail: o.sekiou@cre.dz;

C. Bepayau',

E-mail: berdoudisaid@yahoo.fr;

A. LlLan6",

E-mail: achaib_as@yahoo.fr;

@. Kynaep?,

E-mail: kouiderfareskul016@gmail.com;

A. Paxmanu®,

E-mail: Abdun81@gmail.com;

A. BeHcenry6?,

E-mail: benselhoub@yahoo.fr;

NlabopaTopusi Banopusauum ropHbIX pecypcoB 1 oKpyxatowen cpeabl, FopHogo6bIBatowmii otaen,
YuuBepcutet bapkn MoxTtapa, AHHa6a, Armxup;

2NccnepoBaTenbCKMin LLEHTP okpyxarowen cpeabl (C.R.E), AHHa6a, Anxup;

3UHxeHepHbIN hakynbTeT, OKpyXaowas cpeaa U uHpopMaunoHHbIe TexHonoruu, Yuusepcutet SEGi, Manansus

3ArPA3SHEHUE A3PO30J1IbHbIMU YACTULIAMU, CBA3AHHOE C 3KCMOPTOM ®OC®ATA B NOPTY AHHABA

Ha npomsixeHuu nocnedHux decamunemul 3a2psiz3HeHUe meepdbiMu Yyacmuyamu eo3dyxa (TH) cmaHoeumcsi 0OHOU u3 OCHOBHbIX Npobrem
MosIUMuUKo8 80 8ceM Mupe u3-3a e20 Heb1a2oNPUsIMHO_20 8/IUSIHUS Ha KiluMam, 300posbe s1todeli, OKpyxaroulyro cpedy U pas/iuyHble coyuasnbHo-
3KOHoMuYeckue cekmopsil. [Ipoyecc akcriopma gpocghamoe e 6onbwux o6bLemax siesisemcss 0OHUM U3 OCHOBHbIX UCMOYHUKO8, 2eHepUpPyrOWUX 3a-
2psA3HUmMenu 8o3dyxa, makue Kak 8bI6pochbl meepdbix Yyacmuy, pa3Holi hopMbl, KOHYUEHMpPayuu u pasmepa, Komopbie Mo2ym ebi3eamb 3abosiesa-
Husi op2aHoe ObixaHusi. Lenbto daHHOU pabombl sienissemcsi onpedesieHUe ypoeHsl 3anblieHHOCmu, obpa3yrouje2ocsi 8 npouyecce paszpy3Ku,
XpaHeHus1 u no2py3Ku ¢pocghama HaeasioM Ha cyda nopmoeoli ycmaHoekol e nopmy AHHaba (8ocmok Amxkupa).

N3mepeHue TY npouseodunock 8 coomeemcmeuu ¢ NF X 43-014, oHo npoeodunock Ha 08 moykax om6opa npo6, pacrnonoxeHHbIX 8 nopmy
AHHaba u Ha nepudhpepuu ¢ paduycom 9o 2,3 kM. lMosyyeHHble pe3ynibmambl MOKa3aau 04eHb 8bICOKUU ypPOB8eHb MblU NPU U3yYyeHUU cepuu obpas-
yoe 05, ymo 3HayumesnbHo npeebiwaem donycmumsbil nopoz (1000 me/M?/cymku). YpoeeHb msixesibix Memarssioe 8 fbiau 6bi1 oyeHeH ¢ MOMOWbIo
amomHo-a6copb6yUOHHO20 criekmpoMempuYyecko20 aHanu3a. AHanu3 EDAX noka3san, ymo ¢pocgpamubie TH umerom yenoeyro Mmopghonozuro ¢ yonu-
HEeHHbIMU Yacmuyamu U KproYykoobpa3sHoli gpopmoli.

Knrodeenie crioea: puck d5s1 30opoebsi, msikesibie Memaribl, OKpyXarowjasi cpeda, efusiHue, ceeaepo-80CMoOK A/mKupa.
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