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Introduction

. This dg " ~ first rveport on the inltial efforts of the Univeristy
of Minnesota Particle Technology Leboratory teo study sources of coarse

particles (D, » 1 wm) o the Regional Copper-Nickel Study area in North-

P
ern Minnesota.

This study utilized the wnigue mobile laboratory facllity developed
under USEPA sponscorship by the Particle Laboratory for air pollufium re-=
search, Whitby et. al. (1978), Wolf (1278). The mobile laboratory (UML)
allows rapid measurenent of size distributions and concentratlons of par—
ticles vanging in diameter from Q056 ym to 38 um. As configured for
this study, the UMML contained a filter sampler that.cgulﬂ acquire an
adequate sample in 10 minutes, a bigh seunsitidvity S50, monitor, and wind,
témperatura and hunidity dnstruments.

The mobility of the laboratory aund fast response (on the order of
seconds) of the continuous sensors made it possible to seek and find plumes
of coarse or fine partiecles. Thus, it was possible to study intermittant
sources such as are loading and other mining operations, vehicles oa gravel
roads and wind resuspending dust from tree leaves. Attempts were made to
detect dust transported from extended sources by sampling downwind of the
sources along roads nearly perpendicular to the wind direction. ZX-ray
fluorescence analysls performed on filter samplies enabled discrimipation
between rozad dust and 1ron containing dust from the miniug operation. The
x-ray fluorescence analysis was performed by USEPA laboratories. 1In these
ways, the moblle facility proéi&ed information to compliment and supplement
that gathered by the fixed statioms operated by the Reglonal Copper-Nickel
Study. .
The study took place from July 25 through July 28, 1977. The weather
conditions during this period were not sultable for a study of wind blown
dust; however, the strike by the United Steel Workers which started August
1, 1977 prevented choice of another time or of a longer study. The results
reported here are thus limited in generality and usefulness. The factors
restricting the usefulness of the data include the amount of precipitation
which fell in June and July and during the study itself. 9.63 inches of
precipitation is reported for Babbit for Jume and July, whereas the long-

term average for Babbit is 7.95 inches for the two months. Residents of



- the study arez saild that the dusty episodes of which they complained the
previcus year were abzeni duvipg June aond July of 1977.  Measurements of
dust generated by certain mining opevations in the Erie Mioe were made

while ldight, dintermitieot valn was falling. These wet condi fions almost

preciuded suspension of dust from bave surfaces by the wind and reduced

the amount generaited by vebhlcular traffle. Also, wind veloclties measured
during the study did not exceed 22 kph and such winds would oot be expected

to suspend much dust. Finally, the Erdie Hin Compeny and Pickeng-Mather

.

Company have been praised for their efforts on behall of dust control. Thus,
the measurements of wine dust made in Erie Mine cannot be considered typical
of what might be found in other mines in Northern Minnesotza.
In spite of these Ilmitations, the study did pfoviﬁe some interesting
results. The most noteworihy are:
1. Measurements of coarse particles suspended by passenger cars on a
.

gravel road indicated large concentrations of dust. The amount sus-

pended by a car was found to depend strongly vpoo lis velocity and

[

-]

e

gignifiicant amounts of dust were genervated even when wind velocities
were quifte Jow and conditions rather moist. Vehicles cen break the
4 dm formed by rain snd wix suspended dust scveral merers duto the
‘air in their wakes. These facts coupled with the number and distri-
bution of gravel yoads in Northeastern Minnesota imply that travel
on gravel voads dis undoubtably an important source of coarse pariti-
cles in the study area.

2. Significant resuspension of dust from tree Jleaves was observed ag

wind velocities less than those reguired to vesuspend dust from a
bare surface. This may provide a mechanism for the redistribution
of dust produced by roads.

This abbreviated study iodicates some of the things which ave possible
with the UMML and suggests additlional studies. HMany of these same measure-—
ments should be repeated durdng a dry, dusiy vear. 1t is necessary to char-
acterize the size distribution and transport of dust from tailings basins

2

Aand large bare surfsces din wines when conditions are dry and wind high. ‘The
same is true of traosport from roads. The transport of dust from blastiog
operations also needs to be characterized. The above information would be
necessary before the relative jmportance of mines and roads as sources of

dust could be determined. The relatively infrequent, but presumeably large

anounts of dust coming from mines during dry, windy periods may or may not
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excead the more coniinuous ‘quantitics of dust cmitied from roads. Heither
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The University of Minnesots Mobile Labovateory (UHHL]

make vapid size distribution measurewenis of suspended pavticles in the

dizmmeter vange Lxom D} = {032 wm to ﬂﬁ = 18 ym. This was acconplished

2

using on Blectrical Aervoscol Analyzer znd two optical particle counters,
Royeo 220 and & Royeo 245 modified as demcribed by Wilikie and Liv (1976).

An Adtken nuclei counter provided 2 continucus measure of the total nunhew
concentyration of pavticles. A ratemecter on the oulput of the Royeo 245

tilon eof pavticlss in

l;u
g

Cprovided continuous measure of fhe number concentra

to 28 pm. A Meloy 24 285 provi a measure of 50,.

the size range from 5

E
[=}

lind spread, wiod direction and temperature were measured at fhe
addition to the radiosounde measuremenis taken at regular futervals by the
Copper-Nickel metevologist. The filter sasples wvere analyzed for elemental

. LG

ng z-tay flucroscence. This technigue iz sensltive

g
)..é ?

abundance by the USIPA us

L5

o elements heavier than aluminum.

Interpretation of Data

The particle size distribution data was znalyzed foliawing the methods
described by Whithy (1978). Surface and volume weightings of the size dis-
tribution reveal the features of the most interest in this study. Figure
1 shows a volume weighting of a size distribution (Run 57} tsken in the
dust plume of & car on a gravel road. Most of the aerosocl volume and hence
mass ig found at particie gizes lavger than L pm. Many atmo exic si
distributions have been measured showing a simdller coarse partlele wode,
and it is generally true that particles in this mode originate in the earth's
crust and ave dispersed by mechanical processes. Thus, the particles larger
than one micron are assumed to be duste suspended in mining, travel on gravel
roads, agriculture, ete. These particles are veually not francported over
long distances.

Figure 2 indicated a2 surface weighting of the same distribution (Bun 57).
Another mode presents itself between .1 pm and 1 ym. Commonly called the

Accumulation mode, this size range usually contains aged photochemical or



E
combustion aerosol. ansported lonp di Noe§.
Figure 3 showe the ratemefoy caped
over the time required to weasure the size distvibutions and the volume

concentrations for roarse d from the size distributions.

Using this curve, avprow volume concentrations can

be dinferred from the ratemeter reading. 5o the wmagoirude of the vstemeter

reading ig interpreted to a measure of the coarse paitgcio concenra-
tion.
Fluctuations in the ratencier reading indicate the coarse

particle aerosol observe nterpre-

tations of the ratemeter reading. ¢ through J indicates a

. T on

background reading. he Jowest steady readings observed duriunpg 2 time per—

jod were taken to characterize the back

interval a through b is an example of an elevated baseline. Such sieady

baseline readings 91@Vdv3§ above the backgrouvnd ave Interpreted to indicate

arn extended or area

larpe fluctuations

by wumber 1 oo the

1 Endersen of Reglonal

Meter 10?1Cdl Conditions {Data supplied b
Copper—Nickal 53

A large high pushed into Minmesoita frem the northwest on July 25th an

2a

was centered over the state by July 26th. The high moved over the southern

Great Lakes by July 27th aud set vp a southerly flow = 3 Minnersota,

On July 25th, daytime winds were modevate o strong and gusty Ifrom the
northwest. It was partly cloudy on July 26th, the winds were light and
variable, west to northwest and oo the 27th, winds were variable from the
south with light intermittent raln falllug throuvghoutr the afterpoon.

Caleculations of air parcel trajectories Indicare that the alyr masses

¢
)

present on July 25th arvived f{rom the porth and wnovthwest. The alr mass

.,4 -

present on July Z7¢h in the wmorping and aftervoon alse arvived from the norih

of the study area but passed over central and southern Minnesota before re-
furning to the Iron Range. The trajectory calculations for July 26%h, show
air arriving again from the northwest; however, due to the changing conditions

on this day, the resvlit is somewhat suspect.
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‘or clean background. These measurements

of 10 to 100 higher than cxpected
were made on mining roads treated frequently while the UMML was present, with
a dust suppressant which emitied a devectable level of sulphur. It is possi-

ble that the elevated ANC readings were duec to particles formed photochemically
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Efforts were made to detect long range Lrapspo

sites. The UMMI was opevated on July 25th while

eapt of the Reserve HMining pit along Dunka Road.

ing the route. Surface winds were

fime, Reserve Mins was inacitive

reported.

€
8 45 2 map show-

Tan/ .

present

expected

further interpret the

At this

crcept for maintenance operations.

The ratemeter reading was usvally at backpround levels (10 cofs or less)

except in the lwmediate vicinity

of

Thus, on a day with ninioyg mininal

Some

activity there was

acpdviiy

dust transporred from the Reserve Pits to Dunka Road.

Dusts Cencrated in Erie Mine Processing Complex

On July 27¢h, the UMML

was operated in and around

tralins.

the pelletizing plant,
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cxusher, and ve2ilings pond at the Erde Mining Ca‘)lu;’:eu:&_\; nine. Figuro 9

is & map showing some Hindp were

5 i - R v I S, <
volume concentrations from Tigure I

The background ratemeter readings of between 10 and 20 c¢/s corres—
- — s me D e
poad o & coarse particle volume of berween 7.5 and 12pm~fom®.

" - ‘f) .
to around 15um®/em® down wind

values were increased

znd tallings pond. Down wind of valves ag high as
were detected. Rain fell ifantermittently throughout the measurements and
emissions and wind were highly variable. -

nd Dowvoving of the

[

.
o

RATEMETER BASELINE,C/S

1 0 50 Moving fr
14250 - 15:05 Moving from ¢ to b 25 dncreasiog to &0 16-60
0 4 pproximately 150 125

Dusts Genevated in frie Mine -~ Loading Operations
Dusts Generated in Frie Mine Loading Operatior

Measurements were wade on July 27th in the vicinity of a shovel loading
operation. After being loaded, B5 ton trucks passed approxdmately 30 weters
from the UMML,. Ratemeter readings showed excursions over baselipe values,
and vatemeiter averages woere calculated for the duration of these coavrse par-
ticle events.

Later the same day, measurements were made approximately 100m downwind
from a loading pocket. Light rain fell. 85 ton trucks dumped ore from a

platform into railroad cars. The ratemeter baseline readiopg was between Z0



and 30 /s st this point (12 to 20mm Yem?) compared with a bachground
- - S - 3 R
tevel of 10 ¢fs (7.5 fem?),

Average vatemeter reoszdings and correlated volume concenirations ave

1isted in Tabhle 3, and size digiyibution data is listved in Table 4.

3 Ratemeter Readiogs and Volume Concentratlons for Mining Operations

in the ¥rie Mine on 7/27/78. B

DURATION RATEMETTER CL
T AVERAGE ofs  VOLUME, ym®/cm®

Truck passes van 11:16:320 G0s 610 600

Truck passes van  11:20:30 455 A 375

Truck passes van  11:25:14 38s 385 355

Trock dumps 6:4£0:00 &8s 150 < 160

Truck dumps 16:42:00 1528 288 256

Truck dumps 16:47:48 358 387 358

Table 4., Size Distribution Summaries for Mining Operatio

" VOLUME, m3/em®  COARSE PARTICLE MOUE VERAGE
Bun COARSE Fine DBEV. o E\ETL"TTISK cfs

75 Truck passes G630 h.7 6.6 2
' 14,3 7.2 1.6
4 6.7 1.6 C49

&)

89 Trudk dumps

L

G0 Lull dn activitcy
at pocket

\x

Duet Suspended by Vehicles Moving on Gravel Road

The dust plume of 2 passenger with one occcupant moving at various speeds
on a gravel road was measured 6o July 26th. The UMML was parked at 110m
and 265m from the voad fn 2 level mowed field. The dust plume was trans
ported by winds perpendicular fo the road varying in intensity from 11 to
2 lom/hr. and was measured approximately 3m off the ground.

The results of the measurewmenis are shown in Flguves 10, 11, and Table
5. TFigure 10 shows two examples of the rateweter output for the passage
of a dust plume. Xy averaging the ratemeter reading over the duration of
the plume passage, it is possible to assign an average coarse particle
volume concentration to the plume. Such values are given in Table 5 and
plotited as a funcition of car speed and distance {rom the road in Figure

11.
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TARLE 6: Size m: tribution }’Jh),}n(,f,{,x" for Road Dust Ne'
obiles

Distuncesn from a Gravel Road as
Different Speeds on July 206th.

COARSE PARTICLE HODE
RUN DISTANCE FROM CAIL VELOCITY TOTAL Y U LMY, .
MOBILY LAB NJB pm? f om? Doy o,

57 b - a7 5.8 1.7

55 0 - 52 6.4 2 .
58 0 - 5180 9.5 1.8

63 264 40 531 7.4 1.9

G4 116 &0 645 6.6 1.6

65 110 15 aps. 179 7.3 1.6

66 110 44 863 6.4 i.6

67 110 20 3% 7.6 1.9

68 110 10 23 10.3 2.0

It is clear that the amount ol dust in the plume iz 2 strong funciion
of distance from the voad and asutomohile spead.

It is possible to estimate the awount of dust generated and transport
per unlt lengih of road. Ia order to make the estimate, plume height wust
be estimated and the concentration, measured at one point, must be assumed
consitant throughout the plume. The plume width is calculated from wind
speed and the duration of plume measurement, and the plume 1s assumed to
be rectangular. Thus:

"ﬁ = ,g'v & t) HC

vhere V is estimated volume of coarse particle aerosol emltted per unit
lengith of road and transported to the measuring point. H is pluwe heighi,
C is average coarse particle volume concentration, At is duration of plume
measurement and v is wind velocity perpendicular to the road.

The plume beight H has been estimated by K. T. Whitby based on road-
way studies using gas tracers. Hodlfdcations were made in an effiort to
account for seitiing of coarse particles. Table 5 shows the values of H,
v, A € and ?Iw The results are plotted on Figure 12.

The estimate of dust transported in the plume is dominated by the

measured concentrations, and depends strongly on automobile velocity and

distance from the road.
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Investigation of Dust Resuspended from Tree 1

On July 26th, an investigation was made at site 7 indicated on Figure
8. The ratemcter baseline was clevated over backyround levels and peaks
occured in the dbsence of known locsl sources. Figure 4 shows the strip-
chart of ratemeter measurements nade at site 2.  Site 2 iz surrounded by

bread leaf trees and the reduction oi the baseline ot time ¢ colnclded with

the departure from site 2 and entry of UMML into the large cleared around
reduc-

Dunka Read. Teaving the site amount the trees rvesulited 1o a Jarge
tion in the more or less constant vTate meter ¢fs 23 well 25 the elinmins—

th

them with & broom in front of the UMML during calm periocds produced spikes

h
D

tion o sharp peaks. HMechanical disturbance of the trees by'béa@ﬁﬁg
very similar to those seen in Figure &4 during periai a o b.

This led o the conclusion that the wind was resuspending dust which
had been previously deposited on the leaves.

Two time intervals were analyzed to determine what wind velocity was
necessary to vesuspend the dust. The distribution of windspeed over time
was compared with the distribution of ratemeter readinpgs., Cumulative dis-—
tributions of ratemeter readings and windspeeds (Figure 14} were pletied
for the two intervals. HNatural break polots du cunulative ratemeter plots
(Flgure 13) oceur at 9Lk for the eaviier time and 107 for the later time.
Thus, resuspension can be considered to have occured during 87 of the time
interval iuv the former case and dovring 10Z of the fime interval in the lat-
ter. From Figure 14; the cumulative plots of windspeed, it ds seen that in
the earlier interval, the windspeed exceeded 16.4 lan/hr 87 of the time. In
the later interval, the windspeed exceeded 17.7 km/hr 10% of the time. These
windspeeds then seen sufficient to resuspend the dust from the leaves.

This mechanism occurs at wind veloclities much lower than that required
to resuspend dust from a bare surface. In addition, it provides a means of
resuspending and distributing dust which was originally resuspended by vehil-

cles on gravel voads. Thus, it may contribute significantly to dust levels

in the study area.

Erie Mine Pelletizing Plume

Ground measurewents were made in the plume on July 25th late din the afcer-
noon. Large ANC and 802 wvere observed mnear the plant downwind of pelletizing
furnace stacks. 502 peaks of around 100 ppb were noted with average values
of 40 ppc recorded. Approximately 6.5 km downwind of the stacks, a traverse



-~ 13

of the plume was made. The plume was ddentified by simuvltanecus increases

» averape velue of

L&

in EAA total current (fine parvitlclies), ANC and 50,.

50, dn the plume was about 3 ppb. The plume wag detected while driving
alarg.&.foxﬁat service road through & broad leal free forest. The elevated
readings persicsted over & pericd of 10 minutes durlnmg which time the van
traveled Skm. No cearse particles were assoclsted with either plume measune-

ment. And background level of 502 as nobt significantly different from zer

¥ilter Mcasm‘“@)eﬁ =)

¥-ray fluorescence analysis was carried out on filter sawples by ihe
EPA Fovironmental Scilences Research Laboratory. The result is elemevtal
analysis for elements heavier than F. The technigue iz described by Wagman
et. al. (1977). The results of the measurements is presented in Table 7.

The ratio of iron to silicon was caleulsted for each of the filters and

a cleay pattern emerges. The results are sghown in Table 8.

TABLE 8: ¥e to Si Ratio

Source Fllter Fe/S1 Concentration Rate
Resuvs @LDQQ‘ from trees 3 <54

Tailing pond 26 o 1.53

Downwind pelletirzer 28 6.5

Dovnwind pocket 30 2.4

Shaft furnace plume 7 AN

Road dust 16 - 48

The ratioc exceeds one in cases where iron would be expected to doninate
(26,28,30) and is less than one ip the case of road dust (16). Using this
result, it can be argued that the dusi resus ded from the trees south of

the Dunka pit had its origin on the roads and not in the Ducka pit.
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