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Introduction

Coal handling and grinding processes are associated
with significant particulate matter emissions into the
atmosphere. It is necessary to limit these amounts
because particles have a serious impact on human
health and the environment. Particles get into human
lungs through the respiratory system and further to the
alveoli and bronchi where they inflict serious damage.
Research show that PM, particles are the most harmful
and can cause malignant tumors, cancer, cardiovascular
diseases, chronic bronchitis, pneumoconiosis (black
lung disease), lung ephysema and other diseases [1, 2,
3]. This problem is particularly urgent when a coal-
processing company is located in a densely populated
city or near it. Limitations for PM;, concentrations are
set in Latvia’s Minister of Cabinet Regulation nr. 588
“Rules for air quality”. The daily (24 hours) particle
mass concentration must not exceed 50 pg/m’ more
often that seven times a year [4]. PM,s particle
limitations are set in Directive 2008/50/EC of the
European Parliament and of the Council on ambient air
quality and for cleaner air for Europe where the
limitation for PM,s is 25 pg/m’ [5]. To evaluate
particulate  concentrations  generated into  the
atmosphere from coal grinding and transshipment site
according to the standardized methodology, it is
necessary to conduct extended measurements using an
automatic real-time, infrared dust and aerosol

monitor. The compliance with regulatory values will be
evaluated. It is theoretically known that meteorological
data influences particle concentrations. The influence of
wind direction and wind speed on measured particle
concentrations are also analyzed in this research by
viewing one measurement period.

Methods and materials

To achieve the goal of this research, continuous dust
monitoring was conducted at an active coal
transshipment site. On the site, the location of the
equipment was determined according to the standard

LVS 12341 , Air quality - Determination of the PM;,
fraction of suspended particulate matter - Reference
method and field test procedure to demonstrate
reference equivalence of measurement methods”. The
equipment was placed 6 m above ground and 120 m
away from the emission source — a coal crushing and
handling site. There were no obstacles near the
equipment that could cause an adjustment or change in
wind speed or direction. The emission source could be
seen directly by the human eye.

A continuous dust monitoring station was used. It
consists of three elements: real-time dust monitor
Mikdrodust Pro, personal sampling pump APEX Lite
and Dust Detective — a static air sampling enclosure.
The particulate concentrations are measured using a
near forward angle light scattering principle. An
infrared light of 880 nm wavelength is projected
through the sensing volume where contact with
particles causes light to scatter. Depending on the level
of scatter which is detected by fotodetector, the mass
concentration of the particulate matter is calculated.
Mikrodust Pro has an internal logger which saves the
measured values into its memory [6]. A special size of
selective polyurethane foam filters were used for the
determination of PM,;, and PM, s mass concentrations.
Ammount of Total Suspended Particles (TSP) was
determined without filters. The pump was used to drive
an air sample through the measurement chamber of the
Mikrodust Pro.

The data logging interval was set to 22 seconds for
TSP, PM,, and PM, ;s and 55 seconds for some PM,,
measurements. Data was collected on site using a laptop
after the end of each monitoring period (three to five
days). After data collection, the equipment was
calibrated for the next measurement according to the
directions set in the manual.

Meteorological data was collected from the data base of
the Latvian Environment, Geology, and Meteorology
Agency. Wind speed and direction values were
acquired from a weather station located eight km away
from the site.



Results

Particulate concentrations were collected over the
course of 41 days. TSP monitoring was carried out for
seven days, PM;y - during 22 and PM,s — during 12
days. The results indicated that PM;, concentrations
exceed the threshold (50 pg/m’) nine times during 17
diurnal days and PM,s concentrations exceeded the
regulatory value (25 pg/m’) five times during 12 days,

as seen in Figure 1.

The concentration values of the 26th to 28th April and
the 22nd to 25th May are not to be taken into account as
unauthorized access to the measurement equipment by a
site worker occurred, which resulted in incorrect
measurements for these periods.
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Fig. 1. PM,, and PM, 5 concentrations

Concentration level changes during the monitoring
periods were analyzed regarding wind behavior during
the measurements. In Figure 2, TSP concentration
change is viewed. The upper right corner shows the
schematic placement of measurement equipment on the
site map. Wind direction was represented in numerical
values where 180° is the wind direction from South to
North and 270° is the wind direction from the West to
East side. If the wind direction value is 210° the
particles are blown directly from the emission source to
the measurement equipment. If the wind direction value
is 30°, emission sources particles are blown away from

the air inlet. There are two intervals (A and B) where
concentration values excel. During interval A, the first
pike was caused by a rapid wind direction change from
304° to 166° at a constant wind speed of 0.5 m/s. High
concentration increase from 0.2 to 0.7 mg/m’ was
caused by a wind direction change from 72 ° to 310 °
and a wind speed increase from 0 to 0.9 m/s, where the
latter remained at that level of intensity until the
beginning of Sunday (SV 00:00). The next rapid
increase from 0.8 to 1.2 mg/m’ was caused by an
intense increase of wind speed from 0.9 to 1.7 m/s
while the wind kept coming from North-West side.
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Fig. 2. TSP concentration values and wind direction

The decrease of concentration to 0.95 mg/m’ is caused
by a wind speed decrease to 0.5 m/s and a wind
direction change to 26°° where lower readings occur. At

the start of period B, the gradual increase is caused by
an increase in wind speed (from 1.1 to 3.9 m/s), at that
time the wind direction is approx. 340°, but when the



rapid decrease happens it changes to 60° (particles are
driven away from measurement system) which remains
more or less constant until the end of selected period. In
this case, the gradual increase of concentration values
does not occur when the wind velocity continues to
increase, but when it decreases ( from 3.9 m/s to 1.2
m/s). This occurs because with a decrease of wind
speed, the intensity with which the particles are driven
away from equipment decreases. With lower wind
speed, a much higher amount of particles is able to stay
within the territory and travel to the measurement
system.

Discussion

Until now, no specific on-site measurements were made
to qualitatively evaluate air quality at this coal
transshipment site, but after this study it is now clear
that concentration values are higher than permitted in
Latvia and the EU. To decrease the particulate amount
into the atmosphere it is necessary to take preventive
measures to reduce dust emissions from the coal
handling and grinding processes. This can be achieved
by utilizing the best available techniques for the
prevention of dust emissions, like water spraying, water
curtains, reduction of wind attack areas, keeping the
area clean of deposited dust, optimizing coal handling
with grabs etc. As a result of this study, theoretical
knowledge of the impact of wind behavior on the
measured concentration values is quantitatively proven.
It is now understood that if wind comes from dust
emission source to the measurement system, the
increase in wind speed increases particle concentration
as all particles in the air and those raised from coal piles
are driven towards the equipment. However, if wind
comes from the opposite direction, the decrease of wind
velocity results in an increase in the concentration
values as the emitted dust cloud stays within the
territory of the measurement. Overall after this study
the situation of coal transshipment site impact level on
air quality has become more clear and it is evident that
much stricter regulations must be introduced for coal
processing sites.
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Kaspars Silin§, Aivars Zandeckis, Sarma Valtere, Cieto
dalinu koncentracijas noteik§ana oglu parkrausanas vieta
Akmenoglu parkrausanas un smalcinasanas procesi ir saistiti
ar butiskam cieto dalinu emisijam atmosfera. Mineta
problema ir ipasi aktuala gadijumos, kad oglu apstrades
uznémums atrodas blivi apdzivotda pilseta vai tas tiesa
tuvuma. Lai kvantitativi novértétu Sis darbibas raditos
izmesus  gaisa atbilstosi standartizétai metodikai, ir
nepieciesams veikt ilgstosus merijjumus ar automatisko cieto
dalinu koncentrdcijas infrasarkano méritaju. ST pétijuma
ietvaros tika veikti lauka mérjjumi oglu parkrausanas
uznémuma teritorija. Izmantojot cieto dalinu koncentracijas
noteiksanas sistemu Dust Detective kit, tika veikts kopéjo
cieto dalinu (TSP), cieto dalinu, kas mazakas par 10
mikrometriem (PM,y) un cieto dalinu, kas mazakas par 2.5
mikrometriem (PM,s) koncentrdciju monitorings. lekartas
tika izvietotas 6 m augstuma virs zemes un 120 m attaluma
no pasa emisiju avota — oglu smalcindasanas un parkrausanas
vietas. TSP monitorings tika veikts Cetru diennaksu, PM,
tika veikts 17 diennaksu un PM, 5 12 dienu laika. Salidzinot
iegiitos rezultatus ar Latvijas un FEiropas Savienibas



normativajos dokumentos noteiktajam robezvértibam, tika
secinats, ka PM;, videja diennakts koncentracija
septinpadsmit diennaksu laika devinas reizes parsniedza gan
Latvija, gan ES noteiktos robezlielumus. PM,s vidéja
diennakts koncentracija 12 dienu laikd Cetras reizes
parsniedza Eiropas Savienibas direktiva 2008/50/EK noteikto
25 ug/m’ robezvértibu.

Nosakot veja ietekmi uz koncentraciju mérijumiem, tika
noskaidrots sekojoSais: ja vejs pis no avota uz méraparatu,
tad pieaugot véja atrumam, koncentracija pieaug, jo visas
dalinas kas paceltas gaisa tiek nestas uz iekartu un no
kaudzes celas papildus emisijas véja iedarbibas del. Ja vejs
pis prom no meérisanas punkta uz avotu, tad ir pretéjais — jo
mazaks véja atrums, jo lieldks putekju mdakonis veidojas un
paliek uznemuma teritorija, kas ari paradas mérijumos. Tika
pierdadits tas, ka véja datrumam mainoties, koncentrdcijas
maindas  pakapeniski. Mainoties veja virzienam,
koncentracijas mainds strauji.

Balstoties uz iegitiem rezultatiem, tika secinats, ka darba
apskatitaja objekta pastav aktuala problema ar butiskam
cieto dalinu emisijam gaisa. S’ajd uzpémumd ir nepiecieSams
veikt preventivus pasakumus putekju emisiju samazinasanai
no akmenoglu parkrausanas un smalcinasanas procesiem. Ir
kvantitativi apstiprindtas esosas zindsanas par véja ietekmi
uz puetkju daudzumu atmosfera.

Kaspars Silins, Aivars Zandeckis, Sarma Valtere,
Determination of solid particle concentration at coal
transshipment site

Coal handling and grinding processes are associated with
significant particulate matter emissions into the atmosphere.
This problem is particularly urgent when a coal-processing
company is located in or nearby a densely populated city. To
quantitatively evaluate concentrations generated into the
atmosphere according to the standardized methodology, it is
necessary to make extensive measurements using an
automatic real-time, infrared dust and aerosol monitor.
Before the experiments, the impact of particulate matter on
human health and the environment was explored, six solid
particle concentration detection methods and best available
techniques for particulate matter emission prevention was
described. During this study field measurements were carried
out at on the territory of a coal transshipment company.
Using the solid particle concentration detection system Dust
Detective kit, concentration monitoring of total particulate
matter (TSP), PM;y and PM,s; was carried out. The
equipment was located 6 m above ground and 120 m away
from the emission source - coal crushing and handling site.
TSP monitoring was carried out during four diurnal, PM,, -
during 17 diunral and PM,; — during 12 days. After
comparison of results with concentration values set in
normative documents of Latvia and EU, it was found out that
average 17 diurnal day concentration values of PM
exceeded normative values for nine times. PM,s daily
average concentrations of 12 days exceeded for four times
exceeded the value of 25 ,ug/m3, which is mentioned in
Directive 2008/50/EC of EU.

After analysis of wind behaviour impact on the concentration
values it is now understood that if wind comes from the dust
emission source to the measurement system, the increase in
wind speed increases particle concentration as all particles
in the air and those raised from coal piles are driven towards
the equipment. If wind comes from the opposite direction, the

decrease of wind velocity results in an increase of
concentration values as emitted dust cloud stays within the
territory of the measurement. It was observed that wind speed
causes the concentrations to change gradually, but wind
direction is responsible for rapid concentration changes.

The obtained results prove that there is an urgent problem
with significant particulate matter emissions into the air at
the coal transshipment site. It is necessary to take preventive
measures to reduce dust emissions from the coal handling
and grinding processes in this company.

Overall after this study the situation of coal transshipment
site impact level on air quality has become more clear and it
is apparent that much stricter regulations must be introduced
for coal processing sites.

Kacmapc Cunannbm, AiiBape Kanpenkue, Capma
Banarepe, Onpenenenne KOHIEHTPAIMH TBEPABIX YacCTHIL
B MeCTe NMeperpy3Ku yriisi

Ilpoyeccvl nepecpysku u uU3Menb4yeHUs KAMEHHO20 Yeiisl
CBA3AHBL CO HAUUMENLHBIMU 8bIOPOCAMU MBEPOBIX YACTUY 6
ammocgepy. [annas npobrema 0cobeHHO axmyanvHa 6
cayuasix, koeoa npeonpusimue pacnoiodiceHo Ha meppumopuu
2YCMOHACENEHHO20 20P00d UM HENOCPEOCMBEHHO 8 €20
onuzocmu. [{nsa 00vekmusno2o onpeoenenuss npousso0UMbLX
8b10POCO8 HEOOXOOUMO NPOGecmU OIUMENbHBLE USMEPEHUsL, 8
coomeemcmeuu ¢ - CMAHOAPMUUPOBAHHOU — MEemOOUKoLl,
UCNOAB3YSL ABMOMAMUYECKOe UHDPAKPACHOE U3MEPUMENbHOE
obopyoosanue. B pamrxax Oauwnoco uccredosanus OvLiu
npoeedeHvl  nojesvble  UMEpPEeHUs Ha  meppumopuu
npeonpusimusi no nepezpyske yens. HMcnoavsys cucmemy 01a
onpeodenenuss  KOHyeHmpayuu  meepovix  uacmuy  Dust
Detective kit, 6vi1 npogedén OnumenvHvili MOHUMOPUHE
0dwell KOHyeHmpayuu nvliu, a makxodice meeépovlx uacmuy
PM;yu PM, 5. Obopyoosanue 6vi10 pazmeweno Ha gvicome 6
Mmempos u Ha omoanenuu 120 mempog om UCMOYHUKA
aMuccull — Mecma nepespysKu U UMeNbYeHUs.  Yeisl.
Monumopune obweil Konyenmpayuu npo8OOUICs. 8 MeyeHul
yemuipéx cymox, monumopune PM;y— 17 cymox u PM, 5 - 12
CYMOK. Cpasnueass ~ noiyyemmuvie  pe3yibmamvi
NpeoebHbIMY  3HAYEHUAMU — HOPMAMUBHBIX — OOKYMEHMOG
Jlameuu u Esponetickozo Corwsa 0Ovll coenan 6vl600, YUMo
cpedHss OnesHas KoHyenmpayusi PM;y na npomsoicenuu 17
cymok Ovlia npesviuleHa 6 Oesimb paz (npedeiibHvle
snauenust Jlameuu u EC). Cpeonsisa OHesHasi KOHYeHmMpayusi
PM2.5 na npomsocenuu 12 cymok 6 uemvlpe pasa
npesvicuia 6 oupexkmuse Esponeiickoco Corsza 2008/50/EK
onpeodenénnwlil aumum — 25 ,ug/M3_

Onpedensisi 6iusiHue 6empa HA UMePeHHble KOHYEHMPayuu
ovLu coenanvl credyrowue 8uvl8oovl. Ecau eemep Oyem om

UCMOYHUKA — OMUCCULL K UBMEPUMENbHOMY  npubopy,
KOHYeHmpayus. nuliy eo3pacmaem HOMOMY UYMO 6ce
meépoblie  wacmuybl — CHOCUM — 6EMPOM 6  CHOPOHY

0b6opyOdosanusl u 6 pezyavbmame 6030elcCmeus eempa ¢ Ky
Vensk NOOHUMAOmMest OONoaHumenvHvle smuccuu. Eciu eemep
dyem  om  Mecma  uUsMepeHuu, MO  pe3Vabmam
NPOMUBONONLONCHBIL — YeM MeHbe CKOPOCHb Gempd, mem
bovutee 001aKo nvliu 0bpazyemcs nad meppumopueti. bvino
0akazamo, WMo  NpU  UMEHEHUU  CKOPOCmU  Gempa
KOHyenmpayus. MmeHsemcss nocmenenno. Ilpu usmenenuu
Hanpaenenus empa HAOMOOAIOMCS  pe3Kue UMEHEeHUs
KOHYEeHmMpayuu.

Ha ocnosanuu nomyuennvix pesyiomamog coenan 8buleoo,
YUMo HA PACCMOMPEHHOM 00beKme CyWecmayem aKmyaibHas



npobiemMa co 3HAYUMENbHbIMU GbLOPOCAMU MBEEPOBIX YeChmuUY
6 ammocgepy. Ha oannom npeonpusmuu HeoOX00UMO
nposecmu  NPeGeHmuUeHble MePONPesimusi NO  CHUICEHUIO
8b10pOCO8 MEEPILIX yecmuy 8 6030yX. bviio makoice
HOOMBEPIHCOEHbL VIICE CYWeCmBYIowue 3HAHUSL O GIUSHUU
6empa Ha KOAUYeCmseo meepobix uecmuy 6 ammocgepe.



