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SUMMARY

Airborne sea salt concentrations and size distributions were

measured at a coastal site on Karmgy in December, 1975, and

January, 1976.

Results from five sampling periods of varying length with
strong wind speed (ave. 5 to 13 m/sec) from the W to N sector

indicated the following:

1. Total sea salt concentrations ranged from about
25 to 36 ug/m?;

2. Average mass median diameter (equivalent aerodynamic)

of the airborne sea salt particles was about 5.5 um;

3. Still higher short-period concentrations of sea salt can
occur . in the area under favourable wind direction
(onshore} and wind speed (up to 18 m/sec) during periods

with no precipitation;

4, Precipitation scavenging and variable fetch over land
modify transported sea salt concentrations, and mask
clear-cut relationships between eoncentrations and wind

speed;

5. Measured total and < 4 um diameter particle fraction
concentration levels would require partial removal of sea

salt from inlet air of gas turbines, operating in the area;

6. "Sampler effect" caused apparent differences in
measurement results obtained with the various air

samplers used in the study;



Although not without limitations and disadvantages, of all
the samplers used in the study the Hi-Vol sampler and the
Hi-Vol/Sierra cascade impactor were best suited for total
concentration and size distribution measurements,

respectively;
Representative samples of the entire size spectrum of

airborne sea salt particles probably cannot be obtained

without isokinetic sampling procedures.

it
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1 INTRODUCTION

The work described in this technical note is part of NILU's
evaluation, for the NVE Statskraftverkene, of alternative

sites for future thermal electicity generating plants in the
Karmgy area (Sivertsen, 1975a). Gas turbine~powered generating
stations have gained increasing acceptance in various parts of
the world (Hart and Cutler, 1973) and can be considered as one

of the possible means of electricity generation.

Gas turbine performance in marine environments has been
detrimentally affected by the ingestion of airborne sea salt
particles (Kaufman, 1969). This has been particularly dramatic
In sea-going vessel installations, but has also occurred in
shore-based gas turbine applications. Rapid drom in gas turbine
performance has been traced to the ingestion and deposition of
airborne sea salt in the first stage of the compressor of the
turbine, which distorts the compressor rotor and stator blade
profiles and results in the loss of compression efficiency.

The phenomenon of the so-called hot zone corrosion or
"sulphidation” and its precise causes are not yet fully under-
stood, but are also thought to be partly due to airborne sea
salt ingestion (Hart and Cutler, 1973; Labadie and Boutzale
1976). It results in often catastrophic breakdown in the
normally protective oxide coating of the components in the hot
zone of turbines, such as fuel nozzles, combustor, and first
stage nozzles and blades. The severity of these effects appears
to be a function of the concentration and size distribution of
the ingested sea salt particles, fuel impurities, and
temperatures in the hot zone. Airborne sea salt is produced
over ‘the sea surface and in surf zones along coastlines by
mechanical disruption processes of sea water, and is transported
inland by onshore winds. In general, the concentration and
size distribution of airborne sea salt particles over the sea
are a function of wind speed, relative humidity of the air, and
removal "mechanisms", such as sedimentation, and rain-out
and/or wash-out by precipitation. At coastal sites, however,

other complicating factors, such as underwater and shore line



Eopography, coastal vegetation cover, elevation above sea
surface, and distance inland alter considerably the character-
istics of the transported sea salt. Airborne sea salt
concentrations and size distributions are, therefore, difficult
to predict for a given coastal location with certainty, but

such Information is essential to designers of inlet air cleaning

devices of gas turbines in shore line applications.



2 OBJECTIVES OF STUDY

The objectives of the measurement program on Karmgy were to:

a) measure airborne sea salt mass concentrations and size
distributions under strong (> 5 m/sec) onshore wind

(SW - NW] conditions at a coastal sampling site;

b} assess the influence of wind speed and other factors, e.g.,
fetch over land, precipitation, on sea salt particle
concentrations and size distributions at the sampling site;

cl ascertain the suitability of various commonly used
particulate matter samplers for airborne sea

concentration and size distribution measurements.

3 EXPERIMENTAL

3.1 Sampling site

Sampling airborne sea salt was conducted at the existing NILU
Ytraland station on the western coast of Karmgy (Fig. 1). The
station is located on the east side and adjacent to the paved
road between Kopervik and Kvalavag, at the junction of the road
to the village of Ytraland.

The station was already equipped with a heated shelter for

instruments and a 30-meter meteorological tower.
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Figure 1: Simplified map of the Karmgy area.
NILU's Ytraland and Kdrste station
locations are shown.



The station site is on somewhat uneven pasture grounds, about

2 to 3 metres above the roadway, and about 16 metres above sea
level. The site is partially sheltered on the west by a row

of 3 to 4 metre high spruces, but, with the exception of a

pile of tree stumps and roots some 30 metres NE of the
instrument shelter, there are no prominent obstacles to airflow
in any of the other directions. The nearest buildings are
about 50 to 60 metres to the SW, while other houses are further
down along the Ytraland road to the west. The open sea and
surf around numerous skerries can be seen from the station site
at a distance of about 1 to 1% km to the west.

3.2 Sampling site instrumentation

The instrument shelter at the site housed a NILU automatic air
sampler "kommunekasse" (KK) and a magnetic tape data logger
for wind velocity and dew point sensors on the meteorological
tower. The KK sampler had a NILU-type air inlet located
outside the south wall of the instrument shelter, with its

opening about 2 metres above ground level.

The following additional sampling equipment was installed at

the site for this measurement program:

a} one modified Andersen sampler (PAC Fractionating Sampler,
Model 2354), with "stove-pipe" type shield and inlet,

orifice flowmeter, and pump and motor shelter (Fig. 2a).

The modification is the one used by the U.S.A. NZ—\SN}t

cascade impactor network (Lee and Goranson, 1972).

- National Air Surveillance Network.



VENTED
MOTOR & PUMP—%
SHELTER =
3 L1 ™
TIMER ~— TRANSFORMER

REMOVABLE

RAIN SHELTER
5-STAGE SIERRA
IMPACTOR

AIR INLET
5-STAGE —
ANDERSEN _/ @
SAMPLER AIR INLET
FLOW
BACKUP SENSOR N N HI-YOL SAMPLER
FILTER SHELTER

ORIFICE CONSTANT
FLOW CONTROLLER N
[N~__ HI-VOL SAMPLER

BLOWER

Figure 2: Diagrams of particle sizing samplers:

b}

(a) modified Andersen Sampler with stove-pipe
rain shelter;

(b) Hi-Vol/Sierra cascade impactor in standard
Hi-Vol sampler shelter (square).

It consists of the first 5 stages of the 6-stage,
multi-jet Andersen sampler and a membrane after-filter
and holder (Dovland, 1975}.

three high-volume suspended particulate matter samplers
(Hi-Vols) of the type used by the U.S.A. NASN, housed in
"standard" square shelters x’ and provided with Sierra
Model 310A constant flow controllers. Two of the Hi-Vols
were equipped with Sierra Model 235 high-volume cascade

impactors (Fig. 2b).

The Model 235 is a 5-stage, multi-slot cascade impactor
with fibre glass after-filter (Willeke, 1975).




The Model 310A uses a constant-temperature anemometer to
measure mass flow of the sampled air. It corrects for
filter loading, and pressure drop across the filter, line
voltage variations, and air temperature and pressure
changes (Kurz and 0lin, 1975).

cl one filter-tape sampler (RAC Model F-2), U.S.A. AISI—typex,
equipped with NILU-type air inlet.
The filter-tape sampler (FTS) is a sequential sampler in
which the air sample is drawn through a circular "spot"
on a segment of a Whatman-type cellulose filter tape
(RAC type 41). The filter tape is clamped in a sampling
"head" during sampling. At the end of the sampling period
(preset by a timer), the filter tape moves a few
centimetres, a "clean" portion of the tape is clamped in
the sampling head, and sampling resumed for the next
period.

The KK sampler and the modified Andersen sampler had been
used at the Ytraland site during a preliminary sea salt
investigation (Sivertsen, 1975b). The May-type Casella
cascade impactor, employed by Larssen (1974) for aboard-

ship sea salt measurements, was not used in this study.

The three Hi-Vol samplers and the modified Andersen
sampler (from here on referred to as the Andersen sampler)
were positioned in a square pattern (approx. 2 metres
apart from each other} and anchored to the ground about

8 to 19 metres to the east of the instrument shelter.

Air intakes of these samplers were about 1.1 metre above
ground. The FTS was housed inside the instrument shelter,
‘"with its NILU-type air inlet placed next to the KK air
inlet, and at the same height above ground.

% cf, for example, Lee-et al. (1972); Lawrence Berkeley

Laboyxatory (1975].



3.3 Air sampler calibration

3.3.1 Sampler flowrates

The orifice meter of the modified Andersen sampler had been
calibrated in NILU's I-lab prior to transporting the sampler
to the Ytraland site. A dry gas meter of appropriate capacity

was used for the calibration.

The constant flow controllers of the three Hi-Vol samplers
were adjusted to the recommended operating flowrate in the
field prior to sampling by means of a Sierra Model 331
calibration orifice kit. The operating flowrates were again
re-checked in the field before dismantling the samplers at

the termination of the sampling program.
The flowmeter of the filter-tape sampler was calibrated in

NILU's I-lab, by means of a dry gas meter, after the termin-

ation of the sampling program.

3:3:2 Cagcade Impactor ECD's

The latest published calibration information on the effective
cut-off diameters (ECD‘s)x for the two cascade impactors was
used. Cascade impactors separate airborne particles in size
ranges according to their aerodynamic behavior, and their stage
cut-off diameters are given in terms of equivalent aerodynamic
diametersx*. The ECD's of the 6-stage Andersen sampler have

been most recently determinated at the design flowrate

%*ECD is the equivalent aerodynamic diameter of particles
which are collected with 50% efficiency on a given impaction

stage.

xxEqivalent aerodynamic diameter of an irregularly-shaped
particle is defined as the diameter of a unit-density (lg/cm?®)
sphere, which has the same terminal velocity in a gravita-

tional or intertial force field, as the particle in question.



(0.0283 m3®/min) and with various collection substrates by Rao
(1975). His ECD's for glass fibre substrates were adopted for
this study, after correction for actual operating conditions.
The ECD's for the Sierra high-volume cascade impactor (at the
design flowrate of 1.13 m®/min) with glass fibre collection
substrates have been determined by Willeke (1975), and are
the same, as given in the manufacturer's instruction manual

for the impactor.

Stage ECD's for the two impactors, when operating at sampling
flowrates other than calibration, were calculated from the

relationship (Lee and Goranson, 1972):
ECDS = ECDC JQC7QS' 7

where ECDc and ECDS are the calibration and sampling ECD's
for a given stage, respectively, and Qc and QS the
corresponding calibration and sampling flowrates,

respectively.
Table Al in the Appendix gives calibration and sampling ECD's

for the various flowrates at which the impactors were operated

during this study.

3.4 Sampler preparation

Before sampling, all external and internal surfaces of the
cascade impactors were rinsed with distilled water and

swabbed with moist, lint-free tissue paper. The impactors
were then prepared for sample collection by placing with
forceps the substrate filters (approx. 8 cm dia. Whatman 40
discs for the Andersen sampler, and Whatman 40 slotted
rectangles for the Sierra cascade impactor) on the collection
stages and inserting the after-filters (Gelman Acropor ANS800
10 cm dia. filters for the Andersen sampler, and approx. 20 cm
by 25 cm Gelman Spectrograde Type A glass fibre filters for

the Siterra)] 1in their respective filter holders.



The impactors and their filter holders were usually "loaded"
and assembled inside the instrument shelter at the sampling
site. Stage substrates and after-filters to be used for blank
determinations were exposed to the "loading room" environment
during this time, but were not actually inserted in the

impactors and filter holders.

After loading and assembling, the impactors were mounted in

their respective samplers and the rain shields put in place.

The Hi-Vol sampler filter (Gelman Spectrograde Type A glass
fibre) was inserted directly in the filter holder in the open,
when possible with forceps - a difficult task under conditions

of strong winds.

No special preparations were required for the KK and filter-
tape samplers, in which the sample air stream is re-directed
to a clean filter or filter area automatically at the end of

each sampling period.

3.5 Sampling for airborme sea salt

The main objective of the measurement program was to sample
alrborne sea salt under strong wind speed (5 m/sec) conditions
from the onshore sector (SW through NW). Thus the weather
conditions at the Ytraland station mainly dictated the
selection of two, approximately week-long sampling periods, one
in early December, 1975, the other in early January, 1976.

To conform as closely as possible to the routine operating
cycle of the KK sampler at the Ytraland station, approcimately
24-hour sampling schedules for all the other particulate
samplers were maintained commencing at about 0800 hours.

The exact turn-on and turn-off times were somewhat staggered
to allow time for exchange of the pre-loaded cascade impactors
and for insertion of Hi-Vol sampler filters. The timers on
the Mi~-Vol sampler and the Hi-Vol/Slerra cascade jmpactor

shelters were not used, but the samplers were started and



shut-off manually. Readings of the Andersen sampler

orifice meter differential pressure gauge, and of the
flowmeter of the filter-tape sampler were recorded at the
beginning and end of each sampling period. Rough checks of
the constant flow-regulated Hi-Vol and Hi-Vol/Sierra samplers
were made by means of the sampler "visifloat" flowmeters, but
the exact flowrates were assumed to be those obtained from
post-sampling flowrate calibrations. During one 24-hour
period of high wind speeds, one of the Hi-Vol/Sierra samplers
was operated on three seperate, shorter duration sampling
cycles to ascertain the feasibility of short-period samples
of airborne sea salt, Another sampling period was foreshortened

by a power failure at the sampling site.

Periodic manual checks were also made of 5-minute average
wind speed and direction read-outs of the meteorological
parameter data logger, and the occurences of precipitation

were noted.

3.6 Sample handling

After each sampling period, the impactor stage substrates and
after-filters, as well as the Hi-Vol filter were removed with
forceps from the impactors and holders and placed in clean,
labelled and sealable polyetylene bags. A few unused collection
substrates and filters from the same baton were also selected

and sealed in bags for blank determinations.

Because it has been observed, that a considerable portion of

the aerodynamically larger particles, which should be collected
on the first stage of the impactors, might actually be lost

from the sample due to deposition on the tops of the first stage
jet plates (Lundgren, 1967; O'Donnell et al.,, 1970) an attempt
was made to recover them. The first stage jet plates of both
the Andersen and Hi-Vol/Sierra cascade impactors were washed

with distilled water by means of a squeeze bottle, and scrubbed



with camel's hair brush. The rinse and scrub waters were
collected by means of a funnel in clean and labelled polyetylene
bottles. The capped bottles and the stage substrate and filter
bags were stored and returned to NILU's K-lab for chemical

analyses.

3.7 Sample analysis and calculations

Impactor stage substrates, after-filters and jet plate washes,
Hi-Vol and KK sampler filters and filter-tape sampler "spots"
from selected sampling periods, as well as substrate and

filter blanks were analyzed in NILU's K-lab for water-soluble
chloride (Cl] and sodium (Na). The substrates and filters
were leached in measured amounts of distilled water. The leach
waters were analyzed for Na by flame emission spectroscopy,

and for Cl by a spectrophotometric method.

The volumes of the first stage jet plate washes were deter-
mined and measured aliquots analyzed directly for Na and Cl.
The results of the sample analyses were then adjusted to
account for Na and -Cl content in the substrate and filter
blanks, as well as in the distilled water used for the

leaching and washing.

Sample ailr volumes were calculated from sampling period
durations and sampling flowrates. Details on sampling periods
lengths and flowrates, and the calculated sample volumes for
the selected sampling periods are given in Table A2 in the

Appendix.

Strictly speaking, the calculated concentrations of Na and

Cl, as measured by the various samplers, are not directly
comparable, because their sample volumes were not corrected

to the same "standard" temperature and pressure. This, however,
was constdered unnecessary, since a combination of the most
extreme temperature and pressure encountered during the
Ytraland measurements, would result in a correction of less
than 5%.



4 EXPERIMENTAL RESULTS

4.1 Total airborne Cl, Na, NaCl, and sea salt concentrations

Table 1 summarizes total chloride (Cl), sodium (Na), sodium
chloride (NaCl), and sea salt concentrations at the Ytraland
station during those periods of measurement for which chemical
analyses of samples were made. "Total" concentrations, as

used here, refer to the various constituents found in

particles of all sizes, sampled by the different gamplexs,
Concentration values of Cl and Na are those directly calculated
from sampling and chemical analysis data. The concentrations
of NaCl represent the sum of Cl and Na concentrations (except
for the KK samples, which are not routinely analyzed for Na).
Sea salt concentrations were estimated, by assuming that the
weight of NaCl in airborne sea salt particles is about 30% less,
or that the sea salt/Cl ratioc is about 1.82.

4,2 Size distributions of Cl and Na in airborne sea salt

Table 2 gives equivalent aerodynamic mass median diameters
(MMD's} of chloride and sodium, as measured by the Hi-Vol/
Sierra cascade impactor and the Andersen sampler during
selected sampling periods at the Ytraland station. Figs. 3
through 5 show total concentrations of airborne Cl and Na,

as well as the concentrations of Cl and Na collected on the
different stages of the impactors (cf Tables A3 and A4 in the
Appendix for detailed data). All first-stage concentrations
include particles recovered from the first stage jet plates
of the impactors. Combining of these collections was done on
the assumption, that the majority of particles did not reach
the first impaction stage because of their large aerodynamic
Size and, therefore, had equivalent aerodynamic diameters
gyeater than‘ the ECD's off the first stages of the Impactors.
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Table 2. Mass median equivalent aerodynamic diameters
(MMD's) of chloride (Cl) and sodium (Na) in
airborne sea salt particles, as measured by

Hi-Vol/Sierra (HV/S) and Andersen (A) cascade
tmpactors.

(For the meaning of the Roman numerals
(L); (L), and (FET) ses Tabile 1.

MMD, um

Period of sampling (HV/S) (A)

Gl Na L Na
7-8/Dec. 1975 6.4 GaS 3.8 4.9
6-7/Jan. 1976 5.l 4.7 67 §ql
8/Jan. 197¢ (I1 4.6 4.7 - -
8/Jan. 1976 (II} 5.8 Sliallk - -
8=9/0an, L1976 (ITEL 4,2 6.0 = ==
8-9/Jan 1976 Bean o 4.6 6.3
10-11/Jan. 1976 5.8 5.8 6.3 6ad
Averages: 53 5105 5.4 5.9
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Figs. 6 through 9 show cumulative size-mass concentration
distributions of Cl and Na in the particles measured by the
two impactors (cf. Tables A5 through A8 in the Appendix for
detailed data). The size distribution graphs were obtained
by plotting the ECD of each impactor stage as a function of
the cumulative mass percent less than or equal to that
collected on each stage (Dovland, 1975). The MMD's in Table 2
were obtained from the 50% mass cumulative points of the
cumulative distribution graphs (Figs. 6 through 9). The
distributions, however, do not appear to approximate log-
normal distributions well, and the MMD's should, therefore,
be re regarded as estimates only. Because of this apparent
lack of log-normality, no attemt was made to evaluate the
geometric standard deviations of Cl and Na particles from

their respective graphs.
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4.3 Wind speed and airborne sea salt concentrations

Table 3 summarizes observed wind and precipitation conditions
during five strong wind (24-hour averages from about 5 to

13 m/sec) periods, and gives the corresponding total concen-
trations of airborne chloride, sodium, sodium chloride, and
sea salt. In addition to total concentrations, concentration
values for particles of equivalent aerodynamic diameters equal
of less than 4 um are also listed. The latter were computed
by first determining the percent of particle mass equal or
below the 4 ym diameter from the cumulative size-mass
distribution graphs, and then multiplying the corresponding
total concentration by the percent of that fraction. Due to
the breakdown of the meteorological tower at Ytraland, wind
speed for the 7-8/Dec., 1975 period was estimated from NILU's
Kérstg station (Fig. 1) 30-meter level wind data.

Fig. 10 relates results of Ytraland Hi-Vol/Sierra cascade
Impactor (Table 3) and Andersen sampler measurements ()
(Sivertsen, 1975b) to published data on airborne sea salt
concentrations, obtained mainly over the open sea. The
vertically-hatched area in Fig. 10 denotes the range of sea
galt concentrations reported by Woodeock (1953), Chesselet et
al. (1972], and the data of several other investigators,

summarized by Junge (1963).

xConcentrations do not include particles deposited on
first-stage jet plate.



Table 3:

Wind speed and direction, precipitation conditions, and

concentrations (ug/m*) of chloride (Cl), sodium (Na), and

total sea salt (T.5.5.) in all airborme sea salt particles
and the < 4 um diameter fraction, during five sampling periods
at Ytraland, from Hi-Vol/Sierra cascade impactors measurements.

(For the meaning of the Roman numerals (I), (II), and (III),
see Table 1.)

Period of

sampling 7-8/Dec. 1975 | 8/Jan. 1976 (I) 8/Jan 1976 (II) 8-9/Jan. 1976 (III)} 10-11/Jan. 1976

Average wind o

speed, m/sec. 13 9.2 8.7 5.6 10.1

Average wind

speed, knots 25 17.9 16.9 10.9 19.6

Hourly average

min. and max.

wind speed, m/sec. 7-18 8.0-10.1 7.2-10.7 L0 =73 8.3-12.3

Wind direction NW-N W W-WNW NW-N WNW-NW

Total Cl, pg/m? 15.3 18.0 15.6 16.6 12.4

Total Na, pg/m? 10.3 10.0 8.7 5.7 7.5

*5 4 um dia*

cl, ug/m? 5.8(38) 7.7 (43) 5.6 (36) 8.0 (48) 4.6 (37)

% 4 um dia+

Na, pg/m? 3.6(35) 5.0 (46) 3.6 (41) 2.1 (36) 2.8 (38)
T.S.S., ug/m? 32.0 36.0 30.3 27.9 24.9
<4 um dia+

T.S.S., pgrm’ 11.8 15.9 11.5 12.5 9.3
T.5.5. ppmn
(by weight) 0.024 0.028 0.024 0.022 0.019

+

< 4 ym dia 0.007
T T.s.s., ppm 0.009 0.012 0.009 0.010

(by weight)

Remarks: Driving rain | Brief, but intence Several intermittent No precipitation Intermittent rain
during most rain and hail rain showers throughout and hail showers
of sampling showers near throughout sampling period. changing to snow
period. end of sampling sampling period towards end of

period. sampling period

+ equivalent aerodynamic diameter

+
.estimated from NILU's Karstg station 30-meter level data.

z

figures in parentheses (after concentration values) indicate cumulative
- % mass in particles < 4 um in equivalent aerodynamic diameters.
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Fig. 11 shows chloride (Cl) particle mass concentration dis-
tributions from the five strong onshore wind sampling runs

at Ytraland station, and Fig. 12 gives cummulative size-mass
concentration distribution for the same sampling periods.

Fig. 13 compares the Ytraland sampling results with airborne
sea salt measurements aboard ships by the U.S.A. Navy (Rogus
and Weinert, 1972) and the British Royal Navy (Shaw and Jefferis,
1976} sources. These latter measurements have been made to
gather information relating to the design of gas turbine inlet
protection devices, an represent the current state of know-
ledge on airborne sea salt concentrations encountered aboard
ships under a variety of wind speed conditions. Measurements
of airborne sea salt aboard high-speed marine vessels, which
also include high concentrations of ship-generated sea salt

particles, have been reported by Yoshimoto et al. (1976).

5 DISCUSSION OF MEASUREMENT RESULTS

5.1 Airborne sea salt concentrations and size distributions

Even with increasing reliability of the 5-day weather forecasts,
it is difficult to program sea salt sampling schedules in such
a way, that only a minimum of complicating factors will be
encountered during the sampling periods. The desirable
conditions would, for example, consist of 24-hour, or longer,
periods of strong onshore winds, with a range of slowly but
steadily changing speeds, and free of precipitation. As the
Remarks in Table 3 indicate, such ideal conditions were never
present during the prime sampling periods at the Ytraland

station.
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The coastal area near Ytraland, with its contorted shoreline
and large number of small islands and skerries offshore, is
conducive to airborne sea salt production in the surf zones.
As can be seen in Fig. 10, surf zone sea salt concentrations
often reach and exceed several hundred ug/m3, even under
relatively moderate wind speeds. Similar conditions could be

expected to arise along the Ytraland shoreline.

On the other hand, the Ytraland shore and coastal area presents
many obstacles to the smooth transport of sea salt inland,
due to its steeply-rising, rocky shores, uneven terrain, and

at places dense, bushy vegetation cover.

Thus, 1t could also be expected, that airborne sea salt
particles arriving at the Ytraland station, even with onshore
wind, would undergo considerable concentration and size
distribution modifications by scavenging mechanisms, such as,
sedimentation, impaction on a variety of surface obstacles,

and wash-out during periods of precipitations.

Sea salt concentrations in Table 1 show about one order of
magnitude variation. The lower concentrations are associated
with wind directions other than onshore (i.e., not from the
SW to NW sector) for example, the 8-11/Dec., 1975, and the
6-8/Jan., 1976 periods, although on Karmgy winds from almost

any direction will pass over some stretch of salt water.

Fig. 10 shows, that with onshore westerly winds sea salt
concentrations at the Ytraland station, measured with Hi-Vol/
Sierra cascade impactor lie between those observed in surf
zones and those in the over-the-ocean "Woodcock-Junge-
Chesselet range". The Andersen sampler results, reportet by
Sivertsen (1975b) are considerably lower (cf. also section 5.4)

but do not include particles deposited on first-stage jet plate.



The mass median diameters of chloride and sodium particles
(Table 2) range from about 4 to 7 um in aerodynamic diameters,
indicating that the source of these relatively large particles
are the mechanical disruption processes of sea water at the
sea surface and in surf zones. Furthermore, if the sea were
the source of chloride and sodium in these particles, chloride
and sodium should have the same size distributions. Figs. 3
through 9 generally bear this out. Similarly, the ratio of
chloride to sodium (Cl/Na) in airborne sea salt could be
expected to be similar to that of sea water, i.e., about 1.8.
Most sea salt measurements have confirmed this (Junge, 1972),
but anomalously high and low Cl/Na ratios have also been
detected (Hidy et al., 1974; Martens et al., 1973). Ratios
calculated from total chloride and sodium concentrations from
the various Ytraland sampling periods have an overall range
from 1.5 to 5.9 (cf Table A9 in the Appendix for details).
Although chemical composition variations in airborne sea salt
can be particularly pronounced in surf zones (Duce and
Wookcock, 1971), and there are also land sources of chlorides
(e.g., burning of fuels and PVC compounds), it is by no means
certain, that the apparent deviations in Cl/Na ratios at
Ytraland from the sea water value are real. As a matter of
fact, it is unlikely that the indicated range of values is
reliable, since data from the different samplers for the same
sampling period give different ratios. The Cl/Na ratios
calculated from Hi-Vol/Sierra cascade impactor results have
the narrowest range (1.5 to 2.9), with an average of about 1.9.
The particle size distribution graphs (Figs. 3 through 5) hint
at a bimodality in the distributions, that is, one concentration
maximum in the sub-micrometer diameter range and another some-
where above 7 um diameter. It is doubtful, however, that the
relatively narrow particle size fractionation ranges of both
the Hi-Vol/Sierra and the Andersen cascade impactors permit
sufficient resolution to clearly define multimodal features

in particle size distributions (Lee and Goranson, 1976). It
is more likely, that some of the relatively high concentrations

found on the cascade impactor after-filters are artifacts,



caused by uncertainties in chloride and sodium blank determin-
ations. Repeated analyses of the Spectrograde Type A and the
Acropor AN 800 membrane after-filters, selected from the same
batches, yielded a wide range of blank values (cf Table AlO0

in the Appendix), and average values for Cl and Na in the
blanks were used to adjust sample colletions. Thus, the shapes
of the size distribution graphs could be altered and the high
after-filter concentrations lowered, or even eliminated

entirely, by the use of higher blank values.

5.2 Effect of wind speed

The results of measurements at the Ytraland station (Dec. 1975

& Jan. 1976) of total airborne sea salt concentrations (Table 3,
and Figs. 10 and 13}, and concentrations of particles equal or
less than 4 um equivalent aerodynamic diameter (Table 3, and

Fig. 13) show no clear-cut dependence on wind speed.

As previously noted, ideal conditions of strong, direct
onshore wind and no precipitation did not prevail during the
various sampling periods. The lack of the expected concentra-
tion-wind speed relationship is, therefore, probably caused by
the variable masking effects of precipitation scavenging, fetch
over land, and land surface characteristics on airborne sea
salt concentrations. The highest total sea salt concentration
of 36 ng/m?® was measured during the only period (0720-1350/

8 Jan. 1976) with direct onshore (W) wind of relatively high
speed (ave. 9.2 m/sec). Although short-duration showers
occured, the fetch over land (and thus the distance from the
surf zone source of sea salt to the sampling site) and the time

available for scavenging were the shortest.

The two periods (7-8/Dec. 1975, and 10-11/Jan. 1976) with
highest wind speeds (ave. 13 m/sec and 10 m/sec, respectively)
had somewhat similar conditions of winds and precipitation.
Initially from NW, the winds shifted towards N as the sampling

progressed, gradually diminishing in speed. As can be seen



from Fig. 1, such a wind shift results in drastically
increased fetch over land. Since moderate to heavy precipi=- .
tation also persisted during these periods, concentrations of
only 32 ng[m3 and 25 ug/m3, respectively, were measured,

despite the initially high wind speeds.

The only sampling period without precipitation (2200/8 Jan. -
0730/9 Jan., 1976) also had the lowest wind speed (ave. 5.6
m/sec), but a comparatively high sea salt concentration of

28 ug/m?®. It would appear then, that while the length of
fetch over land had a definite effect, all other things being
equal, wash-out by precipitation exerts a dominant influence

on airborne sea salt concentrations.

Rossknecht et al. (1973) have pointed out, that there could
be a lag time in the buildup and decay of airborne sea salt
concentrations in regard to onset of wind. Low concentrations
have been measured with high wind speeds if the wind has just
begun, and high concentrations can be found after moderate,

but persistent winds have just died down.

As far as the sea salt particle size-mass concentrations are
concerned, there are indications in Figs. 11 and 12, that
during periods of higher wind speed the mass distribution
tends to shift towards the aerodynamically larger particle
sizes. This can be expected, since higher winds result in
more violent action at the sea surface and in the surf zone,
which enhances the production and transport of the more

" massive particles.

A comparison, in Fig. 13, of Ytraland measurements with
aboard-ship concentrations of total and the < um diameter
particle mass fraction indicates that, for the most part, the
respective concentrations at Ytraland exceeds those considered
typical aboard ships by the U.S.A. Navy (Rogus and Weinert,
1972}, but were well within the "standard range" of the
British Royal Navy (Shaw and Jefferies, 1976].



5.3 Effect on gas turbines

Airborne sea salt concentrations, measured at Ytraland during
five relatively strong wind ’(ave. from about 5 to 13 m/sec)
periods, shown in Table 3 and Fig. 13, ranged from 0.019 to
0.028 ppm (by weight) for total sea salt and from about 0.007
to 0.012 ppm (by weight) for particles < 4 um equivalent

aerodynamic diameter.

Although the frequency of winds on Karmgy from the SW through
NW sector does not exceed about 10-15% for all seasons
(Sivertsen, 1975a), and the annual average wind speed from
those directions is only about 5 m/sec, short-period wind
speeds are considerably higher. Hourly averages of 18 m/sec
and 24-hour averages of 15 m/sec have been observed at the
Ytraland station (Sivertsen, 1975b}. It is reasonable,
therefore, to assume that during periods of westerly winds

of comparable force and with no precipitation, concentrations
of airborne sea salt higher than those measured during this

gtudy, could be expected to octar,

Gas turbine manufacturers recommend "safe" turbine inlet
concentrations in the range from 0.003 to 0.010 ppm (Labadie
and Boutzale, 1976}. This implies, that even the mass fraction
of € 4 pn dlameter particles at Yeraland ¥s Borderline.

Thus, any gas turbine installations built at or near the
Ytraland site would require at least partial removal of
airborne sea salt particles from the inlet air, to avoid
performance deterioration and corrosion problems. For this,
simple bends, baffles or louvers in the air inlet ducts are
probably not sufficient, and collection devices with appropri-
ately high efficiencies for the < 4 um diameter range would

be required.



5.4 Sampler effect

In addition to the variability in Cl/Na ratios (noted in
Section 5.1}, differences in measured concentrations of total
chloride and sodium can be seen in Table 1, and Figs. 3 and 4.
Since all the samplers sampled the atmosphere during the same
sampling periods, the differences in concentrations must be
apparent, not real. Such a "sampler effect" has been
previously reported by Hidy et al. (1974), and Miller and
DeKoning (1974}, among others.

In general, the total suspended particulate matter samplers,
such as the Hi-Vol and KK samplers, are expected to give
somewhat higher concentration values, than the cascade
impactors, when sampling from the same atmosphere. This is
due to the so-called wall losses of cascade impactors, i.e.,
the deposition of particles on the interior surfaces other
than the collection stages, which normally cannot be recovered
(Lundgren, 1967; Rae, 1975; Willeke, 1975},

From the Ytraland measurement results (Table 1, and Figs. 3
and 4}, no systematic differences between the concentrations
measured by the Hi-Vol sampler and the Hi-Vol/Sierra cascade
Impactor can be discerned. This could be attributed, perhaps,
to the uncertainties in Hi-Vol sampler air volume measurements,
due to its constant flow controller malfunction. Furthermore,
it was virtually impossible to exchange and remove the Hi-Vol
sampler filters in the open with strong winds, without some

damage to the filters and perhaps some sample losses.

With two exceptions, both the Hi-Vol sampler and the Hi-Vol/
Sierra cascade impactor gave higher total chloride con-
centrations that the KK sampler. One of the exceptions

(the 7-8/Dec., 1975 period] could be explained by the fact,
that the KK sampling period was considerably longer, than
those of the other samplers, under presumably heavy sea salt

concentrations, before the storm subsided.



For the most part, the KK and the Andersen samplers gave
roughly comparable total concentrations, but the Andersen
sampler results were systematically lower, than those of the
Hi-Vol/Sierra cascade impactor (see Table A 11 in the
Appendix}. The apparent undersampling by the Andersen sampler
was variable, but particularly significant for sodium in the
alrborne sea salt. The validity of this result, however, was
already questioned (Section 5.1}, in connection with the
abnormal Cl/Na concentration ratios. A comparison on the
basis of sodium chloride (NaCl) might, therefore, be more
meaningful. This shows, that NaCl concentrations measured by
the Andersen sampler were from 45 to 65% of those measured by
the Hi-Vol/Sierra cascade impactor, with an average of about

55% for four sampling periods (Table A 11 in the Appendix).

Finally, on the basis of only a limited number of results
available, measurements with the filter-tape sampler amounted
to only about one-half of the concentrations measured by the

Andersen and KK samplers.

The fact, that the concentration values for the Andersen, KK,
and filter-tape samplers were not corrected to 25°C and 760 mm
Hg (as maintained by the Hi-Vol sampler and Hi-Vol/Sierra
cascade Impactor constant flow controllers) does not alter the
above situation. Such corrections would have the effect of
reducing further the calculated concentrations of the Andersen,

KK, and filter-tape samplers.

5.5 1Intake efficiencies

Intake efficiency of a particulate sampler or sampling system
Is defined as the ratio of the particle concentration measured
by the sampler to the true particle concentration in the
original air sample, prior to entrance into the instrument.
"Sampler effect" is thought to be largely due to differences
In Intake efficiencies of different samplers. Intake

efficiency, in general, is a function of the air veloCity into



the inlet of the sampler, the aerodynamic sizes of the airborne
particles, and the horizontal wind speed at the sampler inlet.
Criteria for predicting intake efficiencies of air sampler
inlets withdrawing suspended particles from still air have been
proposed on theoretical and experimental grounds (Davies, 1968;
Agarwal, 1975), but very little is known about intake efficien-
cies of different types of samplers under changing wind and
turbulence conditions (Steen and Andreasson, 1974; Ogden and

Wood, 1975; Steen and Johansson, 1975).

Despite its extensive use in North America, there is consider-
able uncertainty about the intake efficiency of the standard
Hi-Vol sampler shelter. Under varying wind conditions, the
aerodynamic cut-off diameter of particles can reportedly be as
low as 30 pm, or as high as 200 uym or more (Lawrence Berkeley
Laboratory, 1975). In the most thorough investigation to date,
Lundgren and Paulus (1975) found, that with wind speeds up to
about 5 m/sec the shelter allows the intake of up to 97% of the
total mass of suspended particles, and has its 50% cut-off at
about 60 um diameter. At higher wind speeds, however, they
found the ability of the Hi-Vol intake to sample airborne
particles representatively difficult to assess. Because of the
square shape, the orientations of the shelter with respect to
wind direction could further affect the intake efficiency of
the inlet.

There is no published information on the intake efficiency of
the stove-pipe type air inlet of the modified Andersen sampler,
other than that its design is said to simulate the intake
characteristics of the Hi-Vol sampler. The intake efficiency
of the NILU-type, downward-facing vertical elutriator inlet
(used with the KK and filter-tape samplers) has also not been
determined. When used with the KK sampler, it is said to
collect particles smaller than about 10 um diameter. Crude
estimates, however, of its intake efficiency can be attempted
by interpolating the experimentally determined efficiencies of

the LIB and OECD-type samplers at various wind speeds and



particle sizes, as reported by Steen and Johansson (1975).

The inlets of these samplers are also of the vertical
elutriator type, but they are operated at flowrates that
differ by more than two orders of magnitude. Consequently
their intake velocities and thus their intake efficiencies are
widely different, particularly for the aerodynamically larger
particles and higher wind speeds. For example, the OECD-type
and the LIB inlets have essentially zero and about 50% intake
efficiency, respectively, for 9 um diameterparticles at a wind
speed of 13 m/sec. Since the NILU-type inlets, used with both
the KK and filter-tape sampler, had intake velocities
approximating those of the OECD inlet, their intake efficien-
cies were probably considerably less than 50% for comparable

particle sizes and wind speeds.

Because of the relatively large aerodynamic sizes of airborne
sea salt particles, particularly near surf zones in coastal
areas, differences in simultaneously measured concentrations
and bias in size distributions of sea salt can be largely due
to the arbitrariness of the upper cut-off sizes of inlets of
different samplers. Assuming then all other things equal,
Table 1, and Figs. 3 and 4 would indicate, that the intake
efficiency of the Hi-Vol shelter was higher than those of the

modififed Andersen sampler stove-pipe and NILU-type air inlets.

5.6 Suitability of samplers

None of the total sea salt concentration samplers, used in the
Ytraland study, could be expected to give completely represen-
tative measurements because of their unknown or variable intake

efficiencies under different wind speed conditions.

Despite its desirable semi-automatic operation feature, the
filter-tape sampler has the further handicap of relatively low
sampling rates (approx. 6 litres/min) and short sampling

periods (maximum 3 hours), which usually do not allow the



collection of large enough samples for reliable chemical
analyses. At the Ytraland station, 3-hour sampling periods
gave chloride and sodium amounts, that were only barely above
the blank values of the filter-tape itself. The filter-tape
iIs, therefore, judged unsuitable for measuring airborne sea

salt concentrations encountered in coastal areas.

The KK sampler also has the advantage of semi-automatic oper-
ation, and it collects sufficient sample over its normal
24-hour sampling period. Because it also has a low flowrate
(approx. 25 litres/min), a modified sampling cycle using
shorter time periods is likely not feasible. The present
uncertainty about the intake efficiency of the NILU-type
inlet, the KK sampler uses, is further compounded by possible
particle losses in the rather long (about 2 metres) and small-
diameter intake line between the inlet and the filter holders

of the KK sampler.

There is virtually no possibility of loss of particles in the
Hi-Vol sampler before they reach the filter. The Hi-Vol
sampler uses an "open-face" filter holder, which is in front

of all other components in the sampling train. The only
element preceeding it is the shelter inlet (0of uncertain

intake efficiency), which is required to protect the upward-
facing filter from the weather and direct dustfall. The normal
operating flowrates (from 1.1 to 1.7 m3®/min) of Hi-Vol samplers
result in the collection of substantial amounts of suspended
particles even during relatively short sampling periods.
Accuracy of chemical analyses is, therefore, enhanced and the
effects of inadvertent sample contamination minimized. For

sea salt concentrations encountered at Ytraland, adequate
samples for chloride and sodium analyses would be collected
over sampling periods, as short as 2 to 2 hours. To facilitate
trouble-free exchange of filters and prevent sample loss or
contamination, the pre-loadable "cartridges" should be used
with Hi-Vol samplers. The constant flow controllers of the

samplers also give the most accurate sample volume metering



of all the samplers used in this study. Thus, although the
Hi-Vol is strictly a "manual" sampler, it is best suited for
short~period measurements of total airborne sea salt

concentrations.,

The reproducibility (i.e., precision) of Hi-Vol sampler
measurements would require parallel operation of several
samplers, and was not assessed in this study. It has been
reported to be within 10% (Clements et al., 1972} McKee et al.,
1972}, provided the sample flow is regulated and its cali-

bration periodically checked.

The accuracy og Hi-Vol measured total sea salt concentrations
under all-weather conditions could not be ascertained, because
"true" sea salt concentrations were not known, due to the
afore-mentioned (Section 5.5) uncertainties in the intake
efficiencies of the standard square shelter. A replacement
of the standard shelter inlet by wind vane-oriented, direc-
tional preseparators » would be expected to increase the
representativity of samples. _True concentrations, however,
could only be obtained by isokinetic sampling procedures
(Steen and Andreasson, 1974), for which the Hi-Vol sampler
would be difficult to adapt.

Total sea salt concentrations, no matter how accurately
measured, connot supply all the information needed by designers
of gas turbine inlet protection equipment., The aerodynamic
size classification data from cascade impactor measurements
are partfcularly suitable for studies of sea salt ingestion
In gas turbines, because the collection characteristics of
most sea salt separation devices are also dependent on the
aerodynamic behavior of airborne sea salt particles.

Of the two cascade impactors used in the Ytraland study, the
Hi-Vol/Sierra instrument had the advantage of not only high
sampling rates (1.12 m3®/min) and thus greater flexibility in

choosing short-interval sampling periods, but also in terms

% for example, Sierra Model 230CP cyclone preseparator.



of stage ECD calibration reliability, flowrate constancy,

and user convenience. The impactor has been calibrated
(Willeke, 1975) as a unit with glass fibre filter substrates

at the design flowrate (1.13 m®/min). Whatman 40 filter sub-
strates were used in Ytraland sampling. This type of substrate
has poorer retention characteristics for dry particles, than
the glass fibre type, due to particle bounce and blow-off

(Rao, 1975}.

The high relative humidites at coastal sites with onshore winds,
however, virtually insure, that airborne sea salt is in the
form of liquid droplets, which do not bounce or get blow-off
the substrates (Winkler, 1974; Rao, 1975; Willeke and McFeters,
1975; Dzubay et al., 1976) making the Whatman 40 filter and
adequate substrate material for this application. Whatman 40
substrates, when moist, do tend to swell and, being rigidly
clamped between the stage plates in the Hi-Vol/Sierra impactor,
bulge up toward the undersides of the jet plates. This
creates uneven jet-to- substrate distances and some alteration
of the collection characteristics of the stages could be

expected to result,

At the present time, stage ECD calibration information for

the modified Andersen sampler is in a state of confusion

(Lee and Goranson, 1976). Several calibrations have been
performed at the design flowrate (0.028 m®/min) of the 6-stage
sampler, but only inconclusive (and unpublished) data have
been cited by Lee and Goranson (1976) for the normal operating
conditions of about 0.142 m3/min. These show, that the lower
Impaction stages (3 through 5) of the modified Andersen sampler

have poor and undefined size classification characteristics.

Uneven impaction patterns on the upper collection stages of
8-stage Andersen samplers, as a result of air flow disturb-
ances caused by the design of the sampler inlet, have been
reported by Laskus and Bake (1976). During the Ytraland
study, It was noted, that the lower stage jets tended to get



blocked by particle deposits within the jet holes. This
resulted in uneven collection patterns, and undoubtedly also
affected the cut sizes. From the user's point of view, the
fact that in the Andersen sampler there is no positive means
of securing the collection places and substrates in place
presents and additional uncertainty. Even with the greatest
of care, it is difficult to be sure, that the plates remain

in place during handling of the impactor, because the
slightest jarring will dislodge them from their positioning
pins. Judging from the Ytraland sampling experience, the Hi-
Vol/Sierra cascade impactor should be the instrument of choice
for airborne sea salt size-mass distribution measurements.

It is estimated, that sufficient samples of sea salt for
chloride and sodium analyses would be collected on all stages
of the iImpactor during sampling periods as short as 3 hours.
It would be desirable to use after-filters with lower and less
variable blanks in chloride and sodium, than the Gelman
Spectrograde Type A glass fibre filters, to reduce the

uncertainties n sample concentration values.

It is obvious (cf. Tables A3 and A4 in the Appendix), that
there was indeed a sizable proportion of particles deposited
on the first-stage jet plates, which should have been properly
collected on the first stage substrates. For the Hi-Vol/
Siterra cascade impactor this proportion ranged from 0 to 15%,
and for the Andersen sampler from 6 to 27%. Due to the
unwieldy size of the Hi-Vol/Sierra plates, however, the
recovery for this sampler cannot be claimed to have been

fully quantitative, and field procedures for reclaiming the

deposited material should be improved.

The arbitrariness of the upper cut-off size of sampler inlets
is especially worrisome for cascade impactors, and the accuracy
of size-mass distribution cannot be reliably estimated for the
entire aerodynamic size spectrum of airborne sea salt particles

at the Ytraland station.



A directional sampling system (Sehmel, 1973), or the use of a
directional preseparator (cf. Footnote, p. 43) for the Hi-Vol/
Sierra cascade impactor would improve chances of sampling a
more representative population of sea salt particles. As was
the case with total sea salt concentrations, "true" sea salt
size distributions could only be obtained through isokinetic
sampling procedures. This is particularly difficult task when
using cascade impactors, which require constant operating
flowrates to maintain predictable size fractionation charac=-
teristics. The answere may lie in the further development of
a wind pressure-operated, variable intake area device, proposed
by Steen*. Used as the inlet for a windvane-oriented Hi-Vol/
Sierra sampler, it would automatically maintain isokinetic
intake conditions, while the cascade impactor is operating at

a constant flowrate.

x’B. Steen, IVL, Gothenburg; personal communication, March 1976.






6 CONCLUSIONS

Measurements at NILU's Ytraland station on Karmgy in
December, 1975 and January, 1976 showed that:

(1) During periods of west to north winds of 5 to 13 m/sec
average speeds, chloride and sodium concentrations
in airborne sea salt ranged from 12.4 to 18.0 ug/ma,

and 5.7 to 10.3 ug/m?®, respectively;

(2) Corresponding mass median diameters (equivalent
aerodynamic) of chloride and sodium in sea salt
particles ranged from 4.2 to 6.4 um, and 4.7 to

6.5 um, respectively;

(3} Corresponding total airborne sea salt concentrations
during the same periods were calculated to be from
25 £5 36 pgm®s

(4} For the most part, the measured sea salt concentrations
were intermediate to surf zone and open sea values, as

raported In the literature;

(5] No clear-cut relationships existed between sea salt
concentrations and wind speed at the sampling site,
presumably as a result of various modifying influences

on sea salt perticles during transport from sources;

(6] Precipitation scavenging and fetch over land appeared

to be the major sea salt concentration modifying factors;

(7] Relatively high concentrations of airborne sea salt
(28 mg/m’ ]} occurvad during a periecd with no precipi=

tation, even with moderate winds (ca. 5 m/sec);



(8]

(L0}

(11}

(12]

(13}

(14}

(18]

Onshore winds of speeds typical for the Karmgy area
can be expected to result in short-period (several
hours) concentrations of airborne sea salt in excess

of those measured in this study;

Measured concentrations of total and < 4 uym diameter
sea salt particles exceeded concentrations recommended

for gas turbine inlet air;

Gas turbine installations at or near the measurement
site (Ytraland) should have provisions for at least

partial removal of sea salt from turbine inlet air;

Considerable "sampler effect" caused apparent
differences in sea salt concentrations measured
by different samplers;

Unknown or variable intake efficiencies of air sampler
Iinlets, and uncertainties in the amounts of chemical
constituents in sampler filter and substrate blanks,
can bias and/or distort measured size distributions

of sea salt particles;

Total mass concentration and size fractionation
samplers used in this study did not always sample
airborne sea salt particles representatively over

their entire size spectrum;

Despite their limitations, the Hi-Vol sampler and
the Hi-Vol/Sierra cascade impactor were judged best
sulted for relatively short-period sampling of
airborne sea salt total mass cancentration and

size distribution measurements, respectively;

Isokinetic sampling procedures, or at least
directional sampling methods, are indicated, if
representative samples of the entire size spectrum

of airborne sea salt particles are to be obtained.



=05 =

REFERENCES

Agarwal, J K Aerosol sampling and transport.

Ph. D. Thesis, Univ. of Minnesota,
Particle Technology Laboratory,
Publ. No. 265, Minneapolis, Minn.
(LI75]

Chesselet, R, Some aspects of the geochemistry of

Morelli, J mAYiné aserosels, Paper presented at

Buat-Menard, P Nobel Symposium 20, The changing
chemistry of the oceans, Stockholm
(LB s

Clements, H A Reproducibility of the Hi-Vol sampling

McMullen T B method under field conditions.,

Thompson R J J. Air Poll. Control Assoc. 22,

Akland, G @ 955-958. (1972) =

Davies, C N The entry of aerosols into sampling
tubes and heads.

Breits &« fppl. Elye. (T. Bhye. Bi.)
Jexm. 25 1, 221=-932. (1L968)]

Dovland, H Malinger av stgrrelsesfordelingen
av partikler i atmosfaren. SNSF-
prosjektet,

TN 14/75, Oslo - As. (1975)

Duce, R A Difference in chemical composition

Woodcock, A H of atmospheric sea salt particles
produced in the surf zone.

Tellug 23, 427-435. (1971)

Dzubay, T G Particle bounce errors in

Hines, L E cascade impactors.

Stevens, R K Atmos. Environ. 18, 229=-234. (1976)

Hart, A B Deposition and corrosion {n gas

Cutler, A J B turbines.

editors Applied Science Publ. 1ltd., London.
(ALT2 T

Hidy, G M Observations of aerosols over

Mueller, P K Southern California coastal waters.

Wang, H H J. Appl. Meteorol. 12, 96-107. (1974)

Karney, J

Twiss, S

Imada, M

Alcocer, A



10.

1%

12.

134

4

ESIH

516

17

18,

Holzworth, G C

Jacobs, W C

Junge, C E

Junge, C E

Kaufman, R E

Kurz, J L
0lin, J G

Labadie, P
Boutzale, W

Laskus, L
Bake, D

Lawrence Berkeley
Laboratory

Atmospheric contaminants at remote
California coastal sites.
J, Meteorel. 16, 68=79. (1958}

Preliminary report on the study of
atmospheric chlorides.
lMon. Weather Rew, 63, 147-131. (1937)

Air chemistry and radioactivity.
Academic Press, New York. (1963)

Our knowledge of the physico-chemistry
of aerosols in the undisturbed

marine environment.

J. Geophys. Rem. 77, 5183=5200. (1972)

History of gas turbine sea salt
problems and solutions.

ASME Paper 69-GT-31, Amer. Soc.
Mech. Engrs., New York. (1969)

A new flow controller for High-
Volume air samplers.

APCA Paper 75-65.6, presented at the
68th Annual Meeting of the Air Poll.
Control Assoc., June 15-20, 1975,
Boston, Mass,

Gas turbine air filtration - a means
of sulfidation control.

ASME Paper 76-GT-59, Amer. Soc.
Mech. Engrs., New York. (1976)

Erfahrungen bei der Korngrdssenanalyse
von Luftstduben mit dem Andersen-
Kaskadenimpaktor.

Staul 36, 102-106. (1976)

Instrumentation for environmental
monitoring. Air, Part 2. LBL-1,
Vol. 1.

Environ. Inst. Group, Lawrence
Berkeley Lab., Univ. of California,
Berkeley, Calif. (1975)



L.

20.

21‘

22,

231,

24.

2i5)

26,

Lee, R E Jr.

Caldwell,
Morgan, G

Jd S
B

Lee, R E Jr.

Goranson,

Lee, R E J
Goranson,

Lundgren,

Lundgren,
Paulus, H

Martens, C
Weselowski

S

5
S

D A

DA
J

S
e B

Harriss, R C

Kaifer, R

McKee, H C
Childers,
Saenz, O J

R E
.

Stanley, T W

Margeson,

Miller, K
DeKoning,

J H

HM

The evaluation of methods for
measuring suspended particulates
ki - 116

Atmos. Environ. 6, 593-622. (1972)

National Air Surveillance cascade
impactor network. I. Size distri-
bution measurements of suspended
particulate matter in air.

Environ. Sci. Technol. 6, 1019-1024.
(1972) B

National Air Surveillance cascade
impactor network. III. Variatiofs
in size of airborne particulate matter
over three-year period.

Environ. Sci. Technol. 10, 1022-1027.
(1976) o

An aerosol sampler for determination
of particle concentrations as
function of size and time.

J. Air Poll. Control Assoc. 17,
225-228. (1967) T

The mass distribution of large
atmospheric particles.

J. Air Poll. Control Assoc. 25,
LE227=1230,, (1975)

Chlorine loss from Puerto Rican and
San Francisco Bary Area aerosols.
J. Geophys. Res. 78, 8778-8792.
(E973)

Collaborative testing of methods to
measure air pollutants. I. The High-
Volume method for suspended
particulate matter.

J. Blr Poll. Caontrol As@oc. 22,
342-347. (L972)

Particle sizing instrumentation.

APCA Paper no 74-48, presented at the
67th Annual Meeting of the Air Poll.
Control Assoc., June 9-13, 1974,
Denver, Colo.



2

28.

29

30.

31.

32,

33.

34.

O'Donnell, H

Montgomer
Corn, M

Ogden, T

Wood, T D

Rao, A K

Riedel, G

Rogus, B
Weilnert,

Y

L

J
B 2P

T I

Rossknecht, G F
Elltott, WP

Ramsey, P

Sehmel, G

Shaw, T R
Jefferis,

L

A

T

- 48 =

Routine assessment of the particle
size-weight distribution of urban
aerosols.

Atmos. Environm. 4, 1-7. (1970)

Effects of wind on the dust and
benzene soluble matter captured by

a small sampler.

Ky Ossitp. Hypg, 17, 187195, (1975)

An experimental study of inertial
impactors.

Ph. D Thesis, Univ. of Minnesota,
Particle Technology Lab., Publ. No. 269,
Minneapolis, Minn. (1975)

Bemerkungen zu der Abhandlung von
Herrn W Findeisen: Enstehen die
Kondensationskerne an der Meeres-
oberfliche.

Met, Zeitschrife 55, 64-67. (1938)

Generalized outlook on marine gas
turbine hot section deterioration.
ASME Paper 72-GT-95. BAmer. Soc,
Mech. Engers., New York. (1972)

The size distribution and inland
penetration of sea-salt particles.
J. Appl. Meteorol. 12, 825-830.
(1973) =i

An evaluation of a High-Volume
cascade particle impactor system.

ISA JSP 6671, Presented at the Second
Joint Conference on Sensing of
Environmental Pollutants, Dec. 10-12,
1973, Washington D.C., USA

Gas turbines in the Royal Navy,

1974 to 1976.

Presented at the Fas Turbine Conference
and Product Show, March, 1976,

New Orleans, Louisiana. (1976)



e

36.

7.

S8

39

40.

41.

42,

Sivertsen, B

Sivertsen, B

Steen, B
Andreasson K

Steen, B
Johansson, B

Tsunogai, S
Saito, O
Yamada, K
Nokaya, S

Whelan, T
ITT

Willeke, K

Willeke, K
McFeters, J J

= 40 =

Vurdering av luftkvalitet og
skorsteinshgyder for varmekraftverk
i Karmgy-omradet.

NILU OR Nr 7/75, Kjellexr. (1975a)

Luftundersgkelser i Karmgy-
omradet.
NILU notat 6.5.75, Kjeller.
(1975b)

Comparative measurements of
particle concentrations in ambient
alr made at a background station
with different types of inlets for
"high-volume" samplers.

IVL Report B 190, Gothenburg. (1974)

The sampling efficiency of two
types of inlets commonly used for
the sampling of aerosols in

ambient air.

IVL Report B 230, Gothenburg. (1975)

Chemical composition of oceanic
aerosol.

J. Geophys. Res. ZZ, 5283-5292.
(ST 2]

Low~altitude aerosol distribution
along a barrier island coast.
Conkr. Maxine Sel. 19, I=1ll. (1975).

Performance of the slottet impactor.
Amer. Ind. Hyg. Assoc. J. 36,
683=691L: (L975)

The influence of flow entry and
collecting surface on the impaction
efficiency of inertial impactors.

J. Coll. Imterfaece Jgi. 53, 121-127.
(LIS



43.

44,

45,

Winkler,

Woodcock, A H

P

Yoshimoto,

Hirata,
Chiba,

M

b

K

_50_

Relative humidity and the adhesion
of atmospheric particles to plates
of impactors.

J: Aeragseol Sel. 5, 235=240. (1974)

Salt nuclei in marine air as a
function of altitude and wind force.
J. Meteorol.' 10, 362-371. (1953)

Salt in sea atmosphere and its
removal for gas turbines.

ASME Paper 76-GT~58, Amer. Soc.
Mech. Engrs., New York. (1976)



= Bl =

APPENDIX

Al - All






S

Table Al: Effective stage cut-off diameters™ (ECD's) of the Hi-Vol/Sierra
cascade tmpactor (HV/S) and the modified Andersen sampler (4) at
calibration flowrate (ECD), and at the different operating
flowrates (ECDg) during various sampling periods at Ytraland.

x g . 3
equivalent aerodynamic diameter

HV/S A
STAGE + ++
ECDC, Hm ECDS, um ECD , um ECDS, Hm ECD , um ECD , um ECD , um
NO at at at at at s at - at S
1.13 m*/min [ 1.12 m®/min § 0.082 m*/min [ 0.150 m®/min| 0.148 n¥/min| 0.147 m®/min] 0.146 m?/min
1 7.20 7.27 10.5 4.56 4.58 4.60 4.62
2 3.00 3.03 5.36 2.33 2.34 2.35 2.36
3 1.50 1.52 3.55 1.54 1.55 1.56 1.56
4 0.95 0.96 2.06 0.89 0.90 0.90 0.91
5 0.50 0.50 0.91 0.40 0.40 0.40 0.40

+
according to Willeke (1975)

7S
according to Rao (1975)

Table A2:

Sampling periods, sampling rates, and sample volumes of Hi-Vol
sampler (HV), Hi-Vol/Sierra cascade impactor (HV/S), modified

Andersen
airporne

sampler (A), and filter-tape sampler (FTS) for selected
sea salt sampling pertods at Ytraland.

Sampler Hv HV/S FTs A
] v -] wy - e - -2 - w0 -] vy w [Ta] T2l 0 - b3
[Te} w ~ o~ ~ ~ o~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ a -] (-2} (-3 -3 o o o N ) (-] o0 o (-2} () o -] -2
o o — ~ —t - —t - - — — ~ -4 - —~ — ] ~ —- ~
- -
Time and date o0 o]l colvoleclovlee|cecjec] ce]lecleclice|lovv]vutvuo]lovuvijcelcecc]ce
of [TN7) vo|lvelod|me| e |mm|As|dR] de]sm|amfnaloalov|ed]oo|amn|mm]|aa
v O sy |dal20|mn|ocalnnlnnijnn|na|nn|nhnn|acloca|lacjaalnrninn|nn
sumpling period =¥=] o0 | S,
(=] o~ o D o~ o (= o~
r~ @ @ o~ — N~ r~ o O~ o @ ® @® ~ - @ — -t ~ @ @ o~ -t o~ @© = —
NN RS AN S NN RS Y S Y ST RS I S SN S S RN Y N NI BRI SIS
’ =l N " (=R~ ~~ w o o0 [-N~-] v <o oo (= N=] =23 ~ wnwn P~~~ o0 D0 oo o0
| O —— - M -~ [=R=1 - M oo NN nan o™ ~m™ oo oo ~ N N ™7 e d [N~ N O a4
o™ 0 O @® r~ ™~ @ @ 0 @© oo ~ ™ ™~ N~ ~r~ @ o =X O ® 0 © @ ~ ~n oo ™~ ~ @
j—~ © [=N=] (=N =] O - =N+ ~o o™~ (= - N N O —~Oo (==} N O -~ O =R ~] oo (=] o~ oo -
+01+0|+0l+0][+0 " CX
Sampling ) f= © o o w = =3 o =) o o o @© e =3 o =3 2 3
< - Lo N e ~ - Load @ ~ - ot o~ o o o~ s
duration, min. o < - @© < N © -~ <« w w© - ~ o - - =N © e ©
Lal [l — - Ll - ] — (ol
+ +
+ + + + + + + + +
+ + + + + + + + +
P +o0|l+0l+0]+0]+o0 + + + + + + o~ o~ =3 n n n =3 o "
Sampling ; o ~ © © © & o =) o =3 (= = - S © © © v} ~ ©
d - o - < - o~ ~N o~ ~ ~ ~ o -r -~ -r - -r -
flowrate, m’/min, o o = = i a o ~ 2 ~ i > =4 ~ ~ = ~ = ~ =
— - - ~ - - - - - - - o = =1 = o o = o o
<
+ +
+ + + + + +* + + +
+ + + + + + + + +
o @© Lae] - - o 0 ~
. LACH IR ACH R SCH L ICHE RECH B it B . + i . . i A o = - . .
B o - o - " L4 ~ ~ o
¢alculace) 3 < = ~ (= w -\ - ™ ™ - - — (=] © ~ — [
sample volume, m & n n — -1 =} o < " -} - Ll ~ ~ - ~ -
— — - o~ - tal
+ o,.
at 25°C and 760 mm Hg
o, o,
*+  Jt flled conditions: temp. v -1°C to +8°C; pressure % 740 to 762 mm Hg.
++4+ o o
at shelter conditions: temp. ~ +15 C to +20 C; pressure &~ 740 to 762 mm Hg.
o

uncertain,

because of flow controller malfunction.

* sum of eight 3-hour sampling periods.

xx

sum of four 3-hour sampling periods.
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Table A3: Airborne chloride (Cl) and sodium (Na) concentrations, ug/m®,
in various equivalent aerodynamic diameter intervals from
Hi-Vol/Sierra cascade impactor sampling at Ytraland.

(The Roman numerals have the following meanings -
(I) : 0720-1350/8 Jan. 1876,

(IX) » 18355=-3155/8 daon. 1976

(FIT): 8200/8 dagis — 0780/8 deanhs LIZ6.)

Sampling 7-8/DEC. | 6-7/JAN.| 8/JAN. 8/JAN, 8~-9/JAN. 8-9/JAd. 10-11/JAN.
Stage period 1975 1976 1976 1976 1976 1976 1976
number and (0 (1) pamy [ S acighices)
diameter interval average)
Plate wash 2+:39 0.37 1.74 1.85 .39 = 1.68
& 1) *7.27 um 4.66 1.25 4,14 4.70 4.84 5.85’ 3.45
§ 2 3,03 - T:27 um 3.5 1.39 6,15 4.70 4.71 5.10 3.90
=l 25 1.52 = 36030 um 1.80 0.70 2.92 2.24 2.02 2.34 1.84
5 4: 0.960 - 1.52 um 1,62 0.23 25915 1.50 1.48° l.61 1.11
=1 5: 0.495 - 0.960 um 0.16 0.25 0.68 0.42 1.14 0.78 0535
% 6: Filter 0.495 wm 1.09 - 0.18 0.43 0.20 1.99 0.97 0.07
8
5 TOTAL 15.28 4.37 18.01 15.61 16.57 16.65 12.40
Plate wash 1.47 .25 0.98 1.06 0.23 = 1.06
”E 2k 7.27 um 329 0.66 2.46 2.29 2.25 3‘03x P12
E; 2: 3.03 - 7.27 m 2.70 0.74 3.65 2.44 1,269 2.47 2.01
<] 3: 1.52 - 3.03 um 1.13 0.32 1.54 1.18 0.52 1.02 0.98
E 4: 0.960 - 1.52 um 0.82 0,07 0.91 075! 0.24 0.60 0.64
=] 5: 0.495 - 0.960 um 0.04 0.10 0.22 0.15 0.05 013 0.17
_5 6: FPilter 0.495 um 0.88 0.46 1.05 0.79 0.75 0.84 0.50
3
TOTAL 10.33 2.60 10.81 8.66 5.783 §.09 7.48

% Plate wash + stage 1.

Table A4: Airborne chloride (Cl) and sodium (Na) concentrations, ug/m?,
in various equivalent aerodynamic diameter intervals from
Andersen sampler measurements at Ytraland.

{( = ) means a concentration equal to or less than blank
concentrations. }

e il il W vl R Rl Rl

number and

diameter interva

Plate wash 1.29 0.68 0.56 0.74 0.52 0.82 1.78
T 1: s4.58 um 3.60 3.24 3.74 3.25 1.32 3.62 2.92
2| 2: 2.34 - 4.58 um 2.56 1.73 1.90 1.01 0.55 2.65 1.37
S 38 1.85 = 2.34 um 2.36 0.94 1.49 0.76 0.22 1.36 0.87
S| a: 0.90 - 1.55 um 1.18 0.64 0.74 0.49 0.10 0.54 .52
o | 5: 0.40 - 0.90 um 0.70 0.61 0.52 0.52 0.14 0.22 .21
33 6: Filter < 0.40 um 0.49 0.43 (=) (-) (=) ) (=)
]
g Total 12.18 8.27 8.95 6.77 2.85 9.21 7.67
-.E Plate wash 0.72 0.36 0.37 0.47 0.30 0.9 1.04
ol 1z 4.58 um 1.58 1.60 174 1.53 0.57 1.93 1.55
21 20 2.36 - 4.58 um 0.91 0.58 0.75 0.33 0.15 0.99 0.87
=1 3: 1.55 - 2.34 um 0.81 0.33 0.51 0.18 (-) 0.43 0.65
Z 9} 4: 0.90 - 1.55 um 0.32 0.07 0.14 0.05 (-) 0.21 0.15
5] 5: 0.40 ~ 0.90 pm (=) 0.05 0.05 0.02 (-) - (-
§ 6: Filter < 0.40 ym 0.13 0.19 0.27 0.14 0.07 n.04 0.12
w
Total 4.47 3.18 3.83 272 1.09 4.19 4.38




Table AS: Cumulative mass distribution of chloride (Cl) from Hi-Vol/Sierra
cascade impactor sampling. .
(For the meaning of the Roman numerals (I), (II) and (III),
see Table A3.)

7-8/DEC. 1975 6-7/JAN 1976
Cumm. Cumm, Cumm., $% ECD Cumm, Cumm. Cumm. % ECD
ug/m? $ < stated pm ng/m? $ < stated pm
EcD EcD

0 o 46.1 53.9 V2T LB Tk 62.9 7o20
10.61 69.4 30.6 3.03 3.01 68.9 3 3.03
62} a8, B2 18.8 1.52 37 84.9 15.1 1.52
14.03 91.8 8.2 0.960 3.94 90.2 9.8 0.960
145,19 92.9 7210k 0.495 4.19 95.9 41 0.495
15.28 100.0 Filter| 4.37 100.0 Filter

8/JAN. 1976 (I) 8/JAN. 1976 (II)

5.g8% 32.6 67.4 Ties 270 Gubt 42.0 58.0 724
12.03 66.8 3.2 3.03 11.25 T 27.9 3.03
14.95 83.0 17,0 1.52 13.49 86.4 13.6 1.52
16.90 93.8 6.2 0.960 14.99 96.0 4.0 0.960
17.58 97.6 2.4 0.495 |} 15,41 98.8 12 0.495
18.01 100.0 Filter| 15.61 100.0 Filter

8/JAN. - 9/JAN. 1976 (III) 8-9/JAN, 1976 (time-weighted
average)
P %

5.23 31.6 68.4 7.27 5.89 35.3 64.7 5%
9,94 60.0 40.0 3.03 11.08 66.3 33.7 3.03
11.96 22 27.8 1.52 13.47 80.47 19.3 1.52
13.44 81l.1 18.9 0.960 15.08 90.3 9t 7 0.960
14.58 88.0 “12.0 0.495 15:/83 94,8 Sisi2 0.495
16.57 100.0 Filter] 16.70 100.0 Filter

10-11/JAN. 1976
5.13% 41.4 58.6 787
9.03 72.8 27.2 3.03
10.87 87.7 12.3 1 se5R
11.98 96.6 3.4 0.960
12.33 99.4 0.6 0.495
12.40 100.0 Filter

* plate wash + stage 1 collection.



Table A6: Cumulative mass distribution of sodiwm (Na) from Hi-Vol/Sierra
cascade impactor sampling.
(For the meaning of the Roman numerals (I), (II) and (III),
see Table A3.)
7-8/DEC. 1975 '6-7/3JAN. 1976
Cumm. Cumm. Cumm. % ECD Cumm, Cumm. Cumm. % ECD
ug/m? % <stated um ug/m? $ <stated pm
ECD ECD
4.76* 46.1 53.9 %27 0.91% 35.0 65.0 P57
7.46 T2 oM 2:03 1.65 63.5 36.5 3.03
8.59 83,2 16.8 1.52 1.97 75.8 24.2 1.52
9.41 $1.12 8.9 0.960 2.04 78.5 255 0.960
9.45 91.5 8.5 0.495 234 82.3 I, 1 0.495.
10.33 100.0 Filter 2.60 100.0 Filter
8/JAN. 1976 (I) 8/JAN. 1976 (II)
3.44% 31.8 68.2 VD 3.35% 38.7 61.3 BT
7.09 65.6 34.4 5,83 5.79 66.9 33.1 2103
8.63 79.8 202 Ls b2 6.97 80.5 19.5 1.52
9.54 0.2 LT 0.960 7s72 89.1 10.9 0.960
9.76 90.3 9.7 0.495 7.5 90.9 9.1 0.495
10.81 100.0 Filter 8.66 100.0 Filter
8/JAN.-9/JAN. 1976 (III) 8-9/JAN. 1976 (time-weighted
average)
= £
2.48 4.33 56.7 Vel 5.85 35.1 64.9 Fy,
4.17 72.8 27.3 3.03 10.95 65.8 34.2 g
4.69 81.8 18.2 1.52 13.29 79.8 502 fast
4.93 86.0 _14.0 0.960 | 14.90 89.5 10.5 0.960
4.98 86.9 181 0.495 | 15.68 94.2 5.8 0.495
833 100.0 Filter | 16.65 100.0 Filter
10-11/JAN. 1976
%
3.18 42.5 57.5 7427
5.19 69.4 30.6 8..08
6.17 82.5 1.4 1.62
6.81 91.0 9.0 0.960
6.98 93.3 6.7 0.495
7.48 100.0 Filter

Plate wash + stage 1 collection.



Table A7:

Cumulative mass distribution of chloride (Cl) from Andersen
sampler measurements.

7-8/DEC. 1975 8-9/DEC. 1975
Cumm. Cumm. Cumm, % ECD Cumm, Cumm. Cumm $ ECD
pg/m? % <stated um ug/m? % <stated um
ECD ECD
% b
4.89 40.1 59.9 4.56 3.92 47.5 g2:5 4.58
1) 612 38.8 2+33 55,65 68.4 31616 2.34
9.81 810)./5 195 1554 6.59 79.8 20.2 1L+55
10.99 90.2 9558 0.89 T3 875 125 0.90
11.69 96.0 4.0 0.40 7.84 94.9 Shedt 0.40
12.18 100.0 Filter 8.26 100.0 Filter
9-10/DEC. 1975 10-11/DEC. 1975
% x‘
4.30 48.0 5.20 4,58 3.99 58.9 4¥]lk 4,58
6.20 69.3 30.7 2,34 5.00 7:3159] 26.1 2.34
7.69 85.9 14.1 1+55 5.76 85.1 14,9 18515
8.43 94.2 S8 0.90 6.25 9121 3 /% 0.90
8.95 100.0 0.40 6.77 100.0 0.40
8495 Filter 6.77 Filter
6-7/JAN. 1976 8-9/JAN. 1976
= 3
1.84 64.6 35.4 4,62 4,44 48.2 51.8 4.60
2.39 83.9 1651 2.36 7.09 77.0 213150 20435
2., 6L 91.6 8.4 1.56 8.45 157 853 1..56
2:7% 95.1 4.9 091 8.99 97.6 2.4 0.90
2585 100.0 0.40 9.21 100.0 0.40
2,585 Filter 9521, Filter
10-11/JAN. 1976
*
4,70 6:1.::3 3B 4,60
6.07 795L 20.9 2.34
6.94 90.5 95 1.. 55
7.46 97.3 2.7 0.90
7.67 100.0 0.40
T Filter
[

Plate wash + stage 1 collection,




Table A8: Cumulative mass distribution of sodium (Na) for Andersen
sampler measurements.

7-8/DEC. 1975 8-9/DEC. 1975
Cumm. Cumm , Cumm. % ECD Cumm. Cumm. Cumm. % ECD
ug/m? $ <stated um ug/m? % <stated pm
ECD ' BED
2.30x 51.5 48.5 4.56 1.96! 61.6 38.4 4.58
3aikdi 71.8 28,2 2.33 2.54 79.9 20.1 2,34
4.02 89.9 10.1 i 5 2.87 90.3 9.7 1.55
4.34 97.1 2.9 0.89 2.94 92.5 245 0.90
- = - 0.40 2.99 94.0 6.0 0.40
4.47 100.0 Filter 3.18 100.0 Filter
9-10/DEC. 1975 10-11/DEC. 1975
o IS 55.1 44.9 4.58 7. 00" %3 .8 5.5 4.58
2.86 74.7 25.3 2.34 2.33 85T 14.3 2.34
3.37 88.0 12.0 1.55 2.51 92.3 7.7 1.55
3.51 91.6 8.4 0.90 24516 94.1 59 0.90
3.56 93.0 7.0 0.40 2.58 94.9 B.d 0.40
383 100.0 Filter 25,72 100.0
8-9/JAN. 1976 10-11/JAN. 1976
b 3 *
2.3% 55.4 44.6 4.60 IBC) 59.1 40.9 4.60
Bia 3k 79.0 21.0 2535 3.46 79.0 21.0 2.34
3.94 94.0 6.0 1.56 4.11 93.6 6.4 1L 55!
4.15 99.0 1.0 0.90 4.26 97.3 2l 0.90
- - - 0.40 - - = 0.40
4.19 100.0 Filter 4,38 100.0 Filter
%

Plate wash_+ stage 1 collection.

Table A9: Ratios of chloride (Cl) to sodium (Na) concentrations in airbornme
sea salt particles, as measured by Hi-Vol sampler (HV),
Hi-Vol/Sierra cascade impactor (HV/S), Andersen sampler (A), and
filter-tape sampler (FTS) at Ytraland.

(For the meaning of the Roman numerals (I), (II) and (III),
see Table A3.)

CONCENTRATION, ug/m? . c1
Period BRELS = e
of HV HV/S A FTS

sampling

c1 Na | cCl Na (S Na fc1 wNa HV | HV/S | A FTS
7-8/Des. 1975 18.8 4,9 15.3 10.3}112.2 4.5] - - 3.8 | L.J5 2.7 -
8-9/Dec. 1975 9.4 - - 8153 . - - - 2.6 | -
9-10/Dec. 1975 12.5 2) - - 0.9 - - 9{ - 2.4} -
10-11/Dec. 1975 555 - - 6.8 27 (= - 4.2 - 2.5 -
6-7/Jan. 1976 - - 4.4 2.6 259 LA = - - |1.7 2ri6t | =
8/Jan. 1976 (I) - - ] 18.0 10.8 - - - - = | T2 - -
8/Jan. 1976 (II) - -] 15.6 8.7 - - - - - }1.8 - -
8-9/Jan. 1976 (III) - = 1 166 557 - - - - -12.9 - -
8-9/Jan. 1976 12;.:8] ‘TS5 - - 9.2 4.2|4.3 1.4] 1.7] - 2h.2 1| Bieil!
10-11/Jan. 1976 - = Aznray WS a7 S3 ) 24 8 - 117




Table A10: Chloride (Cl) and sodium (Na) blank analyses of the various

filters and substrates used at Ytraland. (All filters and
substrates selected from the same batches.)

Date of ' Type of filter Amount of constituent, ug
analysis S Fa— per filter or substrate
(e Na
Jan., 1976 Whatman 40 substrate 50 <5
Jan., 1976 for Andersen sampler 70 <
Jan., 1976 Gelman Acropor AN 800 340 70
Jan., 1976 after-filter for 310 66
Feb., 1976 Andersen sampler 50 92
Feb., 1976 50 88
Feb., 1976 50 84
Feb., 1976 Whatman 40 substrate 50 < 10
Feb., 1976 for Hi-Vol/Sierra 50 < 10
Feb., 1976 cascade impactor 210 40
Jan., 1976 Gelman Spectrograde 1400 760
Type A filter for
Jan., 1976 Hi-Vol sampler and 1060 912,
Jan., 1976 after-filter for 1040 600
Hi-Vol/Sierra
Jan., 1976 cascade impactor 900 480
Feb., 1976 Whatman 41 filter 3.0 1.4
tape for filter-
Feb., 1976 tape sampler 515

Table All: Ratios of Andersen sampler (A) to Hi-Vol/Sierra cascade impactor
(HV/S) concentration measurements of chloride (Cl), sodium (Na),
and sodium chloride (NaCl) at Ytraland.

CONCENTRATIONS, ug/m’ .
Pe;éod Ratio = HV/S
sampling Hv/S =
Cl Na NaCl Cl Na NaCl Cl Na NaCl
7-8/Dec. 1975 15.3 16,3 | 25.8 13.2 4.8 549 0.797 0.437 0.652
6-7/Jan. 1976 4.4 2.6 %0 3.5 4.0 0.659 G131 0.571
8-9/Jan. 1976 146 7% 8.1*] 24.8%* 9.2 4.2 1.8 0.551 0.519 0.540
10-11/Jan. 1976 1.24 7.5 | 19.9 %o 33 9.0 0. 62 BT 0.452
*

time-weighted average from three

separate sampling periods.




