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ABSTRACT

Physical and chemical properties of the arctic aerosol at Ny Alesund,
Spitsbergen, have been studied during the arctic winter and summer seasons.
Size-differentiated chemical composition of aerosols is used to assess the
origin(s) of the winter and summer aerosol. Concurrently observed physical

properties of the aerosol imply both natural production and long-range

transport in summertime.
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SPECIAL MEASUREMENTS AT NY ALESUND:
PHYSICAL AND CHEMICAL PROPERTIES OF
THE ARCTIC AEROSOL

1 INTRODUCTION

The bulk of this report presents the results of special measurements of aerosol

physical and chemical properties at the Ny Alesund (NYA) reference stations, NILU

I and NILU II, during all BP Project campaigns. These measurement data then form

the basis for a preliminary discussion of the possible source(s) of aerosols
NYA.

Summaries of wind direction measurements at the NYA stations and aerosol
light scattering at the Bjg¢rngya (BJO) ground station are also included.

The special instrumentation at NYA measured

(a) in near real-time:

- condensation nuclei (CN) concentration;

- aerosol light scattering coefficient, ¢ ; and
- aerosol particle number-size distributigg;

(b) by two different methods over various averaging times (1 day or more):

- size-differentiated trace element mass distributions in aerosols.

2  EXPERIMENTAL
21 MEASUREMENT METHODS AND DEVICES

Physical properties and size-differentiated chemical composition of aerosols
at the Ny Alesund reference station were measured during five BP Project

campaigns.



The two NY Alesund (NYA) stations NILU I and NILU II, the BJO station, and
the special instrumentation for aerosol physical and chemical property

determinations, have been described by Vitols and Wasseng (1985).
For convenience, the locations of NYA and BJO are shown in Figure 1, and the
main features of the Ny Alesund area in Figure 2. The measuring devices and

their functions are listed below.

The NYA stations had:

continuous flow condensation nuclei counter (CNC) for continuous display
and recording of CN concentrations;

- high-sensitivity, custom-made integrating nephelometer (A-IN) for
continuous display and recording of aerosol particle light scattering

coefficient, o ;
Sp

- near-forward scattering optical particle counter (OPC) for continuous
aerosol particle number-size classification in five equivalent scattering

diameter (ESD) ranges, and printout at 10-min. and 60-min. intervals;

- low-volume cascade impactor (BTL C.I.) for aerosol mass fractionation in
seven equivalent aerodynamic diameter (EAD) ranges, and subsequent trace

element analyses by PIXE%*;

- parallel-branch fractionation system (P.-B.F.) for aerosol mass
separation in six equivalent aerodynamic/diffusion diameter (EDD) ranges,
and subsequent trace element analyses by PIXE;

Supporting wind data for the two NYA stations came from:

- wind ‘“sector meter" for wind direction frequency classification in eight
450 sectors at NILU I (and *MISU 1981%);

- mechanical “wind station®" (W.STA.) for continuous recording of wind speed

and direction at NILU II.

* PIXE = particle induced X-ray emission.



20° 25° | 30°

10°

.%O Sjuoyane
P 9

Kvu%
so-N

Xon poyw

-
% KONG KARLS LAND

Svenskoys

e
A (NYA) 8 70
SBERGEN

87
TORE ORDEN

/HoEn
76°) ‘_—_—‘l’—/

JAN MAYEN

SVALBARD

Beerender i
renoerg” (2277

L 71
Olonbinbyen
| (L 1?0 xm
. SCALE
- [ Q Bierngya (BJO)
1 E 20°E 25° £

Figure 1: Locations of Ny Alesund (NYA) and Bjgérngya (BJO) ground stations
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At the Bj¢rngya ground station (BJO), a medium-sensitivity integrating
nephelometer (IN) for continuous measurement, display and recording of
aerosol scattering coefficient, o , was operated during part of the BP

) sp
Project.

2.2 DATA REDUCTION AND SAMPLE ANALYSIS

The continuous recordings of near real-time CN concentrations and o s
were first reduced by hand to hourly medians, from which approxlmatefy

12-hour medians were obtained.

The printouts of 60-min particle counts in five size ranges from OPC
measurements were computer-processed at NILU as number, surface area, and

volume versuys particle size distribution spectra.
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The size-differentiated aerosol fractions, collected by BTL C.I. and the
P.-B.F. system, were analysed by PIXE at the Departement of Nuclear Physics,
Lund Institute of Technology, Lund, Sweden. The detailed procedures (as well
as the accuracy and precission) of the PIXE method for impactor substrate
and NP filter analysis have been described by Carlsson et al. (1981).

3  MEASUREMENT RESULTS

The special measurement results are for the most part shown graphically in
the figures under the various measurement heading.

Note that most of the BP Project campaign periods "straddled" the
conventional season boundaries*, with the result, that some of the season
*labels* on the figures do not strictly adhere to these designations, e.g.,

“winter" may stand for “"winter/spring*, and *“fall® for “summer/fall".

3.1 PHYSICAL PROPERTIES OF AEROSOLS

The physical parameters of the arctic aerosol were measured in situ and in
near real-time by CNC, A-IN and the OPC during the intensive BP Project
campaigns. These measurements at NYA usually began and ended a few days

before and after the "official® periods for Hi-Vol and PUR sampling.

The near real-time IN measurements at BJO were continuous from 1982-11-28 to
1983-08-30 (except for a two week period in March 1983).

3.1.1 CNCand ¢
sp

The approximately 12-hour median values of CN concentrations (CNC) and (when
available) aerosol light scattering coefficient (o ) are shown as time

. Sp
series graphs for NYA in Figures 3 through 8. The time series of 12-hour osp

* ginter: Dec. - Feb.; spring: Mar. - May; summer: June - Aug.; fall: Sep. -
ov.
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Figure 3: CN concentrations (CNC) and aerosol light scattering coefficients
(ogp) averages over various time intervals, measured at "MISU
198?" site in Ny Alesund (Heintzenberg et al., 1983)
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Figure 4: 12-hour CN concentration (CNC) medians, measured at NILU I during
the Fall 1982 campaign (Heintzenberg et al., 1983). (The missing

data are due to prolonged local emission disturbances.)
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medians for BJO are plotted in Figures 9 through 11.

Figure 3 shows results of CNC and o measurements by personnel of the
Department of Meteorology, University QgpStockholm (MISU) at the "MISU 1981"
site in Ny Alesund (see Figure 2), during the first two weeks in March, 1981
(Heintzenberg et al., 1983). During the BP Project Summer/Fall 1982
campaign, the MISU-operated IN at NILU I site (see Figure 2) was
malfunctioning, so that only CNC medians are shown in Figure 4.

The CNC and o - medians in Figure 5 were supplied by MISU*, who operated
their CNC 1nstrugent and NILU's A-IN integrating nephelometer at NILU I
during the Winter/Spring 1983 campaign.

For the remaining BP.PrOjeqt campaigns at NILU II (see Figure 2), the CNC

and o medians are presented in Figures 6 through 8.
sp
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Figure 5: 12-hour CN concentration (CNC) and aerosol light scattering
coefficient (o medians at NILU I during the Winter/Spring 1983

BP Project campglgn (data courtesy of MISU). . o
The numbers on the CNC graph indicate hours with local emission

disturbances during each 12-h period.

* Unpublished data, courtesy of Dr. Jost Heintzenberg, MISU.
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The number of hours, indicated on the CNC plots in these figures, show the
sampling time lost during each 12-h period due to direct local emission
influence, as exemplified by strongly fluctuating CNC recording traces.
These period were excluded from the 12-h median determination. In most
cases, the A-IN did not respond in a similar manner to such local pollutant
interference, due to its relative insensitivity to very fine, mostly
combustion—genérated Aitken particles, and no exclusions from the o

medians were necessary. The calibration procedure for the A-IH, howevei?

required ca. 2 hour sampling interruptions from time to time.
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Figure 6: 12-hour CN concentration (CNC) and aerosol 1light scattering
coefficient (o__) medians at NILU II during the Summer/Fall 1983
BP Project campaign.

The numbers on the CNC graph indicate hours with local emission
disturbances during each‘12-h.pgriod; “sub-detectable" for the °sp
graph means below detection limit of the A-IN.
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NY-ALESUND, WINTER 1984
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Figure 7: 12-hour CN concentration (CNC) and aerosol 1light scattering co-
coefficient (os ) medians at NILU II during the Winter/Spring 1984
BP Project campgign.

The numbers on the CNC graph indicate hours with local emission
disturbances during each 12-h period.

The ca. 1-day long missing data period for osp was due to A-IN power
supply breakdown.
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NY~ALESUND, SUMMER 1984
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Figure 8: 12-h CN concentration (CNC) and aerosol 1light scattering
coefficient (o medians at NILU II during the Summer 1984

BP Project campglgn

The numbers on the CNC graph indicate hours with local emission
disturbances during each 12-h period; “sub-det." for the o4
graph means below detection limit of the A-IH. P

The 3-week long period of missing o data in Figure 8 was the result of
. . sp N

A-IN malfunctioning, later discovered to be due to shipping damage.

Subsequent emergency repair at Longyearbyen allowed the resumption of

o] measurements on 1984-07-07.
sp
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Figure 9: 12-h medians of aerosol light scattering coefficient (os ) at
Bjgdrngya, 1982-11-28 to 1983-02-28. P
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Figure 10: 12-hour medians of aerosol light scattering coefficient (os )
at Bjgrngya, 1983-03-01 to 1983-04-03 and 1983-04-21 to°F
1983-05-31.
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The missing ¢ data period at BJO from 1983-04-04 to 1983-04-20 was due to
" Sp g . :
needed instrument maintainence and repairs.
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Figure 11: 12-hour medians of aerosol 1light scattering coefficient (osp)

at Bj¢rngya, 1983-06-01 to 1983-08-30.
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3.1.2 Aerosol size distributions

The Royco Model 225 optical particle counter (OPC), used at NILU I and NILU
II during four BP Project campaigns (see Vitols and Wasseng, 1985), counted
and classified aerosol particles in five equivalent scattering diameter
(ESD) ranges: «0.3-0.5, 0.5-1.4, 1.4-3.0, 3.0-5.0, and »5.0 um. The particle
counts in each of the five size ranges were printed out at 10-min. and
60-min. intervals. Subsequently, these were converted to aerosol particle
number concentrations (particles cm‘g), and then reduced to the 12-hour

averages* shown in Figures 12, 13, 14 and 15 for the four campaigns.

Because the OPC printer is programmed to centre the hourly counts on the
full hour, the 12-h averages lag the 12-hour CN concentration and o

medians in Section 3.1.1 by 30 minutes. With one exception, the averaggg
were only computed and shown for periods during which all twelve hourly
counts were available. The missing data are mainly due to OPC printer
malfunctioning (because of sensitivity to low voltages), but, in the case of
the 1last half of the Winter/Spring 1984 campaign, due to OPC transformer

burn-out.

Following the conventional practice of OPC data presentation, the 12-h
average concentrations were further computer-processed in terms of aerosol
particle number (AN/AlogD ), surface area (AA/AlogD ), and volume
(AV/AlogD ) spectra. For tgis, all particles in a givgn ESD range were
assumed go be spherical and to have one size only, which here is taken as
the arithmetic mean of the five OPC range limit diameters. For computing and
plotting purposes, 10 um ESD was arbitrarily assigned as the upper size
limit of sampled particles. Thus , for the >5 um ESD particles, the slopes
of the distributions depend on this choice of the upper size limit for the

interval.

Despite the use of the 12-h averages, the data set of these spectra for all
four campaigns is too voluminous to be presented here in its entirety, but
is available by special request from NILU**. Thus, only selected distri-
bution spectra are plotted in Figures 16 through 25, chosen for the purpose
of illustrating various aerosol distribution features and/or for com-

parison with the patterns of the CNC and o 12-h medians in Section 3.1.1.
Sp

*  OPC counts showed no extreme values. .
** Contact Forsker Einar Joranger, NILU, P.b. 130, N-2001 Lillestr¢gm, Norway.
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NY ALESUND, SPRING 1983. OPC 12-h averages
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Figure 12: Aerosol particle number concentrations (cm'3) in the 5 size
ranges of the Royco 225 OPC measured during the Spring 1983
campaign at NILU I in Ny Alesund.



NY ALESUND, FALL 1983, OPC 12-h averages
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Figure 13: Aerosol particle number concentrations

ranges of the Royco 225 OPC, measured during the

campaign at NILU II in Ny Alesund.
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NY ALESUND, WINTER/SPRING 1984, OPC 12-h averages
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Figure 14: Aerosol particle number concentrations (cm'a) in the 5 size
ranges of the Royco 225 OPC, measured during the Winter/Spring
1984 campaign at NILU II in Ny Alesund.



NY ALESUND, SUMMER 1984, OPC 12-h averages
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Figure 15: Aerosol particle number concentrations (cm'J) in the 5 size

ranges of the Royco 225 OPC, measured during the Summer 1984
campaign at NILU II in Ny Alesund.
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- distribution spectra at NILU II in Ny Alesund on 1983-09-10:
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- distribution spectra at NILU II in Ny Alesund on 1984-02-29:
—— 0030-1230 MET
--- 1230-2430 MET



30

10!
100L 4
107k 1
AN E
alog D
50 gEl 1
em=3
10‘3r 4
10-4% ?
10-5 n
107! 10° 10!
Dp, um ESD
10’ -
‘ (0)
100,;. <
<
aA L
Alog D
og P 10-’-’ 4
um2 em=3 ‘
10721 4
1073 2
107! 100 10°
Dp um ESD
100 +
(c)
1071 4
av
alog Op
pm3 em™3 "
10-2L 4
1073 .
107! 109 10!
Op um ESD
Figure 22: Aerosol 12-h average (a) number -, (b) surface -, and (c) volume

- distribution spectra at NILU II in Ny Alesund on 1984-03-17:
—— 0030-1230 MET
--- 1230-2430 MET
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- distribution spectra at NILU II in Ny Alesund on 1984-06-27:
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3.2 CHEMICAL PROPERTIES OF AEROSQLS

Two sets of size-differentiated aerosols for chemical composition
determinations were independently collected at the NYA reference stations
by:

- low-volume cascade impactor (BTL C.I.), and

- parallel-branch fractionation system (P.-B.F.)

The sampling equipment and procedures are described in Vitols and Wasseng
(1985). Both sample sets were subsequently analysed* by PIXE (Carlsson et
al., 1981) for as many elements, as the collected samples and the

sensitivity of the analytical method allowed.

3.2.1 Mass-size differentiation by BTL C.I.

The BTL C.I. is a 6-stage, single round-jet cascade impactor of
Battelle-design (Mitchell and Pilcher, 1959), operated at the 1low sampling
rate of 1 1 min". The 6 impaction stages are coated with a sticky
polyethylene glycol substrate, and are followed by a Nuclepore (NP)
afterfilter. The filtration efficiency of NP filters has been thoroughly
investigated (e.g., Liu et al., 1983). The 0.4 um pore size NP afterfilters
are approximately 100% efficient for particles >1.0 EAD and have filtration

efficiencies »80% for all smaller sizes.

The BTL C.I. fractionates the aerosol in seven EAD ranges: <0.25 um
(afterfilter), 0.25-0.5 pm (Stage 5), 0.5-1 ym (Stage 4), 1-2 pym (Stage 3),
2-4 pm (Stage 2), 4-8 um (Stage 1), and >8 um (Stage 0). The instrument was
used at NILU I and NILU II during four of the BP Project campaigns in the
period March 1983 to July 1984. Detailed sampling information is tabulated
in Table 1.

* by the Department of Nuclear Physics, Lund Institute of Technology, Lund,
Sweden.



Table 1: Battelle cascade impactor (BTL C.I.) sampling information for the
Spring 1983, Fall 1983, Spring 1984 and Summer 1984 campaigns at

NYA.

Sample |Start of run (MET*) End of run (MET*) Sample volume**, m3

No.

(1 {4} (3) (4)
1 1983-03-01, 14:30h 1983-03-04, 09:00h 4.38
2 1983-03-04, 14:10 1983-03-07, 09:10 4.41
3 1983=-03-07, ‘15: 15 1983-03-09, 08:15 2.51
4 1983-03-09, 14:15 1983-03-11, 08:15 1.41
5 1983-03-11, 17:00 1983-03-13, 09:15 2.02
6 1983-03-13, 09:40 1983-03-14, 13:10 1.61
il 1983-03-15, 11:00 1983-03-18, 08:35 4.04
8 1983-03-20, 12:00 1983-03-22, 09:15 2.25
9 1983-03-22, 09:20 1983-03-24, 09:30 2912

10 1983-03-25, 13:05 1983-03-27, 08:15 1.01

11 1983-03-29, 09:40 1983-03-31, 10:00 2.61

12 1983-03-31, 10:30 1983-04-01, 09:45 115

3 1983-04-02, 11:00 1983-04-03, 16:15 0.99

14 1983-04-05, 08:10 1983-04-06, 08:35 1.28
1 1983-08-11, 09:30 1983-08-15, 08:00 4.07
2 1983-08-16, 17:45 1983-08-19, 10:25 3.95
3 1983-08-19, 14:10 1983-08-22, 08:20 2.56
4 1983-08-25, 23:00 1983-08-29, 10:00 3.12
5 1983-08-29, 12:50 ? Unknown* * *
6 1983-08-31, 10:15 1983-09-01, 20:10 1.80
7 1983-09-01, 20:50 1983-09-04, 17:45 3.60
8 1983-09-04, 18:45 1983-09-07, 09:00 3.60
9 1983-09-07, 10:30 1983-09-11, 08:15 2.10

10 1983-09-11, 09:15 1983-09-12, 12:15 1.61

11 1983-09-12, 17:00 1983-09-14, 08:30 250
1 1984-02-27, 09:45 1984-02-29, 11:35 2.61
2 1984-02-29, 13:45 1984-03-02, 10:45 2.45
3 1984-03-02, 13:00 1984-03-05, 10:05 397
4 1984-03-05, 09:15 1984-03-07, 10:20 2.70
5 1984-03-07, 11:00 1984-03-09, 08:45 2.61
6 1984-03-09, 11:00 1984-03-12, 10:05 4.00
i 1984-03-12, 10:50 1984-03-13, 13:05 1.42
8 1984-03-14, 09:55 1984-03-16, 10:05 2.78
9 1984-03-16, 12:40 1984-03-19, 10:45 4.51

10 1984-03-19, 13:55 1984-03-21, 10:15 2476

11 1984-03-21, 10:55 1984-03-23, 08:15 2579

12 1984-03-23, 14:30 1984-03-26, 11:25 4.50

1,3 1984-03-26 ? Unknown* * *

14 1984-03-28, 13:00 1984-03-30, 12:45 2.87

15 1984-03-31, 11:10 1984-04-03, 12:25 4.73

16 1984-04-04, 08:00 1984-04-06, 08:30 2,75

17 1984-04-06, 09:05 1984-04-09 4.29

* MET = GMT + 1h
** At 760 mm Hg and 298 K
*x%x Yacuum pump failure
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Table 1: Cont.

Sample }Start of run (MET*) End of run (MET*) Sample volume*?*, m3
No.

—
-—
~—

(2) (3 (4)

1 1984-06-18, 07:10 1984-06-22, 09:30 5.00
2 1984-06-22, 10:20 1984-06-22, 09:30 5.14
3 1984-06-27, 10:10 1984-06-30, 07:00 3.18
4 1984-07-02, 22:20 1984-07-05, 20:30 4:13
9, 1984-07-06, 14:30 1984-07-09, 09:00 3.94
6 1984-07-09, 09:25 1984-07-11, 17:15 3.32
7 1984-07-11, 17:50 1984-07-13, 22:40 3.25
8 1984-07-13, 23:10 1984-07-16, 12:45 3.49
9 1984-07-16, 16:35 1984-07-18, 11:30 0.9

* MET = GMT + 1h
** At 760 mm Hg and 298 K

The results from PIXE analyses for the Winter/Spring campaigns are given in
Tables 2 and 3, and in Figures 26 and 27 in the form of aerosol constituent
mass concentration-size distribution plots. To facilitate plotting of the
distributions, the lowest EAD limit for the mass increments of the BTL C.I.
afterfilter (<0.25 pm EAD fraction) was arbitrarily taken as 0.06 pym, while
20 pm was assumed the upper limit for Stage O (>8 um EAD). Selected results
and discussion of findings from size-differentiated sampling at NYA during

the Spring 1983 campaign can be found in Pacyna et al. (1984).

The available results from the Summer/Fall campaigns are summarized in
Figures 28 and 29. Because of the generally low aerosol levels and
infrequent episodic transport in summertime, the chemical constituents in
size-segregated samples from the Summer/Fall campaigns were often below the
detection 1limits of the PIXE method. For these non-episodic periods, only

mean concentration distributions can be reported.
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Table 2: Concentrations (ng m 3) of Si, Ti, Fe, Cl, K and Ca at NILU I, 1in
Ny Alesund, March/April, 1983.

Element Run No
and

fraction 1 2 3 13 5 [ m 8 9 10 1" 12 13 14
Si: 19.8 'b * 8.91 19091 Bite.3 * 6.97 1.38 * J.28 1381 51.5 b4
S, 2.5 b 33.6 7.45] 26.0 4.85| 36.0 4.33 35T 4.81 t 13.04 *
Si1 1.3 23.7 10,5 39.2 17.5 13.6 5.54 4.08 8.94] 12.6 1.53 * 12.3 6.5
Sig 4.01 1318 24,1 25..3 3403 27.1 2.74% T.32 6.39 T.45 1.47 * 11 g
Sig, 10.6 24.7 7.8 19.6 50.3 7:13] 3.0 10.2 25.6 18.0 * 8§.179
Sis .24 13.2 17.1 12.6 6§.19] 12.7 10.1 6.16] 29.2 11.4 L T. A
[sy £8.2 26.3 76.5 88.7 83.4% 160 33.0 95.5 T wb 18.4 40.5 1.34{ 80.5 22.6
Tig 0.27 *
Ti, 0.23 0.62 0.10 0.13 ® 0.08 t t, 0.29
Tig 0.11 0.33 0.87 0.38 0.24% 0.20 0.15 0.20 0.3% 0.13 0.18
Tiy 0.055 0.43 0.47 0.79 0.51 0.13 0.17 0.22 05 315} t *
Tig ® 0.37 1.32 0.22 0.32 0.07 0.35 0.18 0.61 0.32 0.29
Tig t 0.80 0.82 0.17 0.14 0.24 0.18 0.31 0.48 0.27 t 0.44
TN 0.53 8.40 0.90 0.82 * 1.14 1.28 0.52 2.37
£Ti 0.165 2.69 4.57 3.09 1.3% 0.64 0.85 2,18 3.07 1.24 0.29 3.78
Feo, 0.34 0.48 0.486 1.32 0.15 0.05 0.04 0.06 * £ 0.03 0.08 1.38 *
Fe, 0.08 .26 1.53 S 2T 0.9¢ 0.73 0.2¢4 0.58 0.70 0.87 01972 t 0.78 0.42
Fe, 0.40 0.64 3.43 5.99 3.85 175 1.13 1.50 2.18 3.48 1.26 0.12 1.27 4.89
Fey 0.44 0.38 9.09 5.54] 11.7 6.83 1.85 2.18 3.56 8312 1.28 0.60 1.59 2.09
Fey 6.19 0.%0 9.52| 17.5 6.24 T.21 35S 4.90 4.7 $.06 7.63 1.10 .59 T.117
Feg 0.0S 0.50 16.5 -} 12.S 15.2 4115 J3.65 4.55 6.461 11.9 513T9 4.69 7.50
Fe 0.28 0.94 19.0 17.0 16.8 20.3 T.24 1.70§ 25.5 20.1 12.2 2.431 11.2 6.24
15 yo 1.78 2570 58.5 85.1 39.8 1.1 17.9 25 £3.1 49.7 28.5 4.33] 24.5 28.4
€15 137 58.5 1.8 * 1.88 5229 19486 8.49 0.88] 10.2 1.92] 10.§ * 8.96
(38 * 33.8 1.72 9.94 1.06 * 17.0 T.12 .46 1.2 9.64 2.44 5425 t
Cl, 150 35.9 T7.964 13.% 2.01 .48 18.9 6.76 4.10 8.01 9.64 2.65 4.28 1.61
Cl,y 24.5 8.14 91.7 12.6 17.9 .3 5°.4¢ 6.27 6.60 1.96 * * LT t.78
Clg 12.1 56.9 20.5 40.9 11.1 oS 15.8 7.186 2.29 12.7 2.117 6.57 1.84
Cls 4L.86 6.01 45.1% 39.0 19.5 3aT2 1.61] 16.1 5.21 51:.212 315 » 4.4
c1 102 13$ 3.3 29.4 * b 41.0 28.6 5.84) 14.3 19.7 24.2 23.5 21.8
[CE 430 334 242 145 $3:.S 36.3 165 80.5 28.4 50.3 63.4% 42.0 43.4 40,1
Ko 2.1 1.32 * * *
K4 0.34 L 1.85 t * z 4 z b *

Ky 3.32 1.03 * 2.]0 0.86 * 1.03 t * 1.24 0.18 *
K3 0.32 £ 4.76 1.84 3.81 3.02 2.05 1.10 1.01 * ®

" Ky * 3.03 0.55 1.57 0.95 .81 4.28 1.20 * * 1.24 * 2.13
Kg ® 12.6 9.34] 13.2 1.67 0.81 2.96 1.77 4.65 1.16 1.48 3.54
K 2.39 88,5 18.5 12.3 26.9 2.0 1.6 5.80] 23.5 15.5 15.1
[u 8.73 £6.5 36.4 35.6 45.7 30.5 15.8 11.% 26.3 21.4 Tl 1.48 5/ BT
Cag 10.1 1.68 1.11 2.98 .44 537 1.56 2.89 0.34 3.08 1.38 0.71 10.6 100
Ca, 1.1 1.81 8.12] 13.4% 3191 9.49 2.23) 11.2 0.78 2.24 1.80 1.71 4.96 L4
Ca, 172 9.88 L.98} 10.9 S.14 3.14 3.30 1.5 2.95 3.73 1.50 * 4265 t
Cab §.62 2.74 9.2¢ 9.02 8.11 71.81 4.4 232 1.93 2.02 1.39 0.80 * 0.69
Ca, 3= 4T 2.52 2.35 8.52 2.431 13.9 5. 118 6.48 0.38 139 2.41 2.97 * 1.07
Cas 0.79 1 =35 1.09 8.17 5.59 1.54 5.65 3.34 2.99 3.21 2.186 2.03 0.86
CaN 4.81 4L.84 LU 4 G T 16.4 17.1 6.20 4.65) 12.5 1.53 .58
fCa 4.1 24.8 41.9 64.1 40.9 59.0 28.23 32.4 21.9 292 115142 6.19] 22.3 3.63

a - Subscripts denote particle size classes
b - Denotes concentration below detection limit of analytical method.

{impactor stage designations)




38

*suoT3oeIJ

I°D 118 ks

"pPoy3aw [eDTIATRUE JO FTWIY UOTIDAILP MOTaq 4

9°611 LLEY  L°6LL 6718 0°L¥8 6°LF9 8°Cl6l L LLE 8°91 C°L8E L79FLE €£°919 Z°6h 6°01 §$'0ZL b EoL 101
N
179 0 €€l 0°05¢ ¥ 07261 0°€0T 6V 9°921 . §'86L S pEl 9°¢gSt ¥ . M s | (dN) 2
P el 8°09 €02 bi¥ L't8  2°¢8 €6t 0°0L 6°1 0°bs 119 o eL 8'LZ 0L [Z2N¢] 2 VRNA 24 W2
€9 A A S'yL  T°S Lz 561 022 6°Gl 0Ll oLt £°6 0'ts €L L'e M S LY P
8°92 6°69 44 S Nt el 001 L8E AN X 6°¢€ L6 0760€ S$'¢Z T0l ¥ 6°91 L6l -U
b 9¢ L L6 bSL 2% SLE 161 L6S Lb9 6°69 0°Ceh 8°6L 6°S ¥ 8°6¢ 07801 2
[ 214 L 0¢ b 8L ¥ 6L §°29 g€z  0°§G¢ 6°LE O K9} 0°LE} * ¥ ¢Vt Tt 0P
2701 8°62 S €2 » 9°82 L°2C 8 LL (4t Al 28 8 9¢ 0°L6 ¥ ' Z "9 ¥ 1
£761 0L b'S 1 6€ 6°€8 0°0Z A 74 g8'2LZ 8¢t S°OLL (] CLLL BRY 078l 151
M A} ¥ s M M L gL . ¥ (dN) zw
[ 2R% a4 ¥ M T 9¢ ¥ N 0° 1 S 6b €2t S0t S bl s 0°'69 Z°81 8 L6 mqm
12 4 ¥ * €8 AN " s 9°2 0791 89 M 6°LL M 12 29 9Ly ¢qm
S'€ 8°C M 9°L " s 0°'¢ (Y 68 | 2KY4 ¥ M 9°9 M M aqm
€6 M ¥ 692 S €L ¥ 0°6 8¢ 8L N L't M s ¥ 81 ¥ 9°¢8 ~ﬁm
’ M . 6 € L8 4 ¥ &l 8°€ Lt 8 (]9} Lt * 0°¢ s 0°6L .Mm
L'z ® 281 ¥ L'z ¥ 576 ¥ S$°01 ¥ 6°Sl s [ s ¥ ¥ cwm
33
L 91 Sl bt €l 4} M ol 6 8 1L 9 S 14 8 4 | uotrjoexy
pue
‘ON unyj Juswail

"p861 1TIdY/ydIeH/K1ENIqag UT

‘punsaty AN 'II OTIN 3® 1D pue ‘1§ JO Am-a bu) suorjeIrjzuaOUO) :f I[qel




- lg 2, ng/m?

AM
Alg Dp

)

w =a w
1 G U W i 1 i

=
® o Wy
%.

I 1 1 1

o

w — w
i U G B A | 4 I 41

~ =7'S o
i 1 1 1

Figure 26:

39

NICKEL
1.0 10 1
] a) | ] b) |
0s{ ° { os4
- 9 - 6
- 3 -
4 10 \ e - 4
13
IE
0.14 < 0.1+ 4
y 4 14
5 E - <
0.05+ - 0.5+ 8
0.0] T T T T T 0‘01 T T T T i T
C.75 0.5-1 s >3 <qzs Qs+ 4 >3
0.3-Q8% 1=2 43 Q25-QS 1=2 4-2 Cp.pm
10 10 LEAD
b)

1 ]
] a) | 1
< £ 1

0’ T L T T T T i) 0" U T = i} 1 L

<azs Qs-! 4 >8
Qs-as 1-2 4-3

Cp.um
Mass-size distributions of several trace elements, collected with
a Battelle low-volume cascade impactor at Ny Alesund in
March/April 1983. The <0.25 uym EAD particles were collected on NP
afterfilter.

AM represents the amount of a given element in a particular size
fraction, and D_ is the particle EAD. Essentially, the value of

%%55— lg 2 represents the concentration of an element in a

%iveﬁ_size interval, except for the NP afterfilter and >8 um EAD
ractions.

For the meaning of a) and b) see text {(p. 83).
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a Battelle 1low-volume cascade
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at Ny Alesund
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in
were

AM represents the amount of a given element in a particular size
fraction, and D, 1s the particle EAD. Essentially, the value of

%%55— 1lg 2 represents the concentration of an element in a

giveﬁ size interval, except for the NP afterfilter and >8 um
EAD fractions.

For the meaning of a), b), b1}, and b2) see text (p. 83).
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The parallel-branch fractionation (P.-B.F.) system (see Vitols and Wasseng,
1985, for discription),used during the Spring and Summer 1984 campaigns, was

similar to the ones reported by Heintzenberg and Covert (1984a; 1984b).

The submicrometre EAD particles penetrating the last impaction stage of the
BTL C.I., and collected on the afterfilter, constitute a “lumped" sample,
with no details on its structure. Consequently, the P.-B.F. was devised to
provide aerosol mass-size differentiation in three additional size fractions
down to ca. 0.04 um EDD. All six aerosol fractions were collected on NP
filters, identical to the BTL C.I. afterfilters, and subsequently analysed
by PIXE at the Lund Institute of Technology.

Because the parallel branches of the sampling system collect the aerosol
particles in overlapping size ranges, it is too complicated to deduce the
underlying mass-size distribution from the primary data (from PIXE
analysis). Hence, a mathematical inversion 1is necessary to retrieve the
particle mass-size distribution from the primary results. A suitable
algorithm has been under development at MISU (Heintzenberg and Covert,
1984a). As of this writing, unfortunately, the algorith 1is not yet
functional*, due to difficulties in "dovetailing" the different equivalent
particle diameters, defining the collected particle size ranges. Thus only

the primary results are then presented in Tables 3 and 4.

The abbreviated names of the six P.-B.F. branches in the tables mean the

following:

DB35: Winkler impactor + 35-screen DB + NP filter;

DB17: 4 g + 17-screen DB + NP “ c
DB8 : B & + 8-screen DB + NP ! ;
FN 4 g + NP filter.

BTLF: Stages O + 1 + 3 of the BTL C.I. + NP filter;
CYF : Bendix Model 18 cyclone + NP filter.

* personal communication with Dr. Jost Heintzenberg, MISU, November, 1985.
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Table 4: Trace element concentrations (ug m'J) in aerosols collected by the
six branches of P.-B.F. during the Summer 1984 campaign at Ny

Alesund.
Sampling date: 1984-06-18 to 1984-06-22
Element Si S Ccl (coe Fe Cu Zn Br
Approximate
Branch* Size ranget*?t,
pm
DB35 0.16 EDD* - 0.25 EAD"® 237 127 83 7.9 4.1 1.0 0.7 31
DB17 €09 % =078 @ 394 163 61 8.7 4.0 s d.1. 29
DBS g.0o4 * <635 ° 401 203 83 9.9 4.4 5 8.7 2
EN <0.25 EAD 429 191 S1 8.6 4.1 0.7 0.8 28
BTLF <0.5 EAD 361 469 43 8.8 4.9 d.1. 1.2 30
CYF <2 EAD 83 637 66 8.8 7.1 0.8 0.9 32
1984-06-23 to 1984-06-27
DB35 0.16 EDD' - 0.25 EAD'® 135 110 .50 8.3 6.6 0.7 0.7 25
DB17 0% * -@.%3% ° 109 175 69 8.5 4.6 0.6 1.0 28
DBS 0.0§ * =025 ° w 1@ 87 1M 4.4 - 0.8 28
EN <0.25 EAD 196 205 SO 10 &l 03 1.0 B
BTLF <0.5 EAD - 645 53 10 5.4 1.0 1.2 2
CYF (2 EAD - 941 164 7 g.3 1.3 1.4 B
1984-06-27 to 1984-06-30
DB35 0.16 EDD" - 0.25 EAD'" 1039 30 99 14 22 4.1, d.1. 47
DB17 009 * =0,28 ° 811 123 98 15 7.3 = 1.0 49
DBS 0.0 ® «@§. 75 4 B2 12¢ @1, 6 8.2 - 1.1 48
FN <0.25 EAD 741 144 d.1. 20 7,67 = 1.1 48
BTLF <0.5 EAD 0332 449 96 11 .9 = 1.0 51
CYF <2 EAD ' 423 €1 w981 % #.9 1.3 1.6 47
1984-07-02 to 1984-07-05
DB35 0.16 EDD" - 0.25 EAD"" 263 d.1. d.1. 14 7.7 - 1.2 53
DB17 g08 ¥ -9.25 =" 313 99 74 15 6.8 = 1.1 %3
DBS g8 ®* -0 = 546 180 137 13 8.7 d.1. d.1. 51
EN <0.25 EAD 501 167 82 13 15 d.1. 1.6 52
BTLF <0.5 EAD 480 310 146 12 g.8 1.3 1.4 54
CYF <2 EAD 304 446 202 18 8.7 .8 1.7 &7
1984-07-06 to 1984-07-09
DB35 0.16 EDD" - 0.25 EAD'" 108 61 - 9.8 20 1.1 d.l, 38
DB17 g.09 * -=9,25 °* 272 = g7 12 20 1«5 &7 22
DBS 0.04 =~ =9,28 °- 202 s6 73 18 b 2.0 d.1. 135
EN <0.25 EAD 339 d.1. d4.2. W 57 2.9 4.2 328
BTLF <0.5 EAD 131 {03 124 12 5.0 = 0.8 36
CYF . <2 EAD - 157 393 13 9.6 g d.1. 40
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Sampling date:

1984-07-09 to 1984-07-11

Element si S cl (e Fe @] Zn Br
Approximate
Branch?* Size ranget*t,
um
DB35 0.16 EDD' - 0.25 EAD'* | 186 d4.1. 83 17 .4 a1 1.2 B8
DB17 0.08 ° -0.25 196 d.1. 77 17 6.5 = d.1. 45
DB8 0.04 * -0.2% =~ 138 95 98 19 6.8 . - 45
EN <0.25 EAD 335 125 114 16 8.0 1.1 1.3 45
BTLF <0.5 EAD 151 187 181 11 5.6 1.0 d.1. 41
CYF <2 EAD d.1. 408 311 15 9.4 d.1. 1.1 51
1984-07-11 to 1984-07-13
DB35 0.16 EDD' - 0.25 EAD""' - 80 86 17 5.9 - = 45
D817 0.09 * -0.25 ° 151 d.1. 60 11 5.6 - 1.1 40
DBS 0.04 * -~0.25 * 167 85 76 12 5.7 - 1.8 43
EN <0.25 EAD 281 75 d4.1. 20 5.7 d.1. d.1l. 41
BTLF <0.5 EAD - 232 85 12 5.6 1.3 1.1 43
CYF <2 EAD - 420 - 12 4.6 - - 45
1984-07-13 to 1984-07-16
DB35 0.16 EDD" - 0.25 EAD'* | 138 d.1. 60 9.8 5.5 - 0.9 38
DB17 0.09 * -0.25 ° 184 d.1. 69 11 5.3 d.1. 1.0 43
DB8 064 * =10.29 = 195 d.1. 91 13 5.5 = - 41
EN <0.25 EAD 235 286 d.1. 9 6.1 d.1. d.1. 238
BTLF <0.5 EAD 101 150 4d.1. 14 5.5 = d.1. 38
CYF <2 EAD - 310 70 9 6.6 d.1. 1.1 39
1984-07-16 to 1984-07-18
DB35 0.16 EDD" - 0.25 EAD"" {2340 328 314 45 24 4.8 4.6 141
DB17 DLB ® =9.28 * 3970 300 278 38 22 - 5.4 148
DBS gaE ¥ =025 = 5330 296 316 53 22 4.1. = 138
FN <0.25 EAD 5370 341 205 28 33 3.7 3.3 135
BTLF <0.5 EAD 3000 556 287 32 19 3.2 3.3 135
CYF <2 EAD - 1025 295 37 24 d.1. 3.9 139
See p. 55 for branch description.

t*  Approximate 50% penetration (for diffusion batteries) or 50%
collection efficiency (for impactors and cyclone) cut points.
+ EDD = equivalent diffusion diameter.

++
d .l

EAD = equivalent aerodynamic diameter.
means at the PIXE detection limit for a given element.

= means below the PIXE detection limit for a given element.

.
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Examination of the data in Tables 3 and 4 reveal frequent inconsistencies
concerning the concentrations of elements, collected by the 6 branches of
the P.-B.F. Clearly, for a given sampling run, the concentrations should
increase from the lowest in the DB35 branch (narrowest particle size range)
to the highest in the CYF branch (widest particle size range). The quite
frequent deviations from this pattern are suspect, and such erroneous
results are likely due to a combination of sampling, sample handling and
treatment, and analytical factors. The data in Tables 3 and 4 should,

therefore, be used with caution.
3ix3) WIND DATA
835 3s 1 MISU

The Department of Meteorology, University of Stockholm (MISU) operated a
wind “sector meter" (Heintzenberg et al., 1982) in March 1981 at "MISU 1981"
(point 4 in Figure 2), and in August 1982 and March 1983 at NILU I (Figure
2).

Average wind direction distributions in eight 450 sectors for these periods
are shown in Figures 30, together with showing similar information for NILU
I in March 1983, plotted from hourly wind sector distributions supplied by
MISU*. Recordings of 10-min. average wind speed at the Norwegian Polar
Institute (NPI) research station (point 1 in Figure 2) in Ny Alesund for the

same periods are available by special request from NILU**,
3,312 NILU W.STA.

During the Fall 1983, Spring 1984, and Summer 1984 campaigns, NILU operated
at NILU II (Figure 2) a mechanical *“wind station" (W.STA.), for continuous
wind speed and direction recording (see Vitols and Wasseng, 1985, for

instrument description).

Average wind speed and direction summaries for these periods are presented

in Figure 31, 32, and 33.

Unpublished data, courtesy of Dr. Jost Heintzenbergqg, MISU.
** Contact Forsker E. Joranger, NILU, P.b. 130, N-2001 Lillestr¢m, Norway.
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(a) wind direction, and (b) wind speed distributions at NILU II
in Ny Alesund, 1983-08-08 to 1983-09-14.
{912 hours of observations.)
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(a) wind direction, and (b) wind speed distributions at NILU II
in Ny Alesund, 1984-02-26 to 1984-04-09.
(972 hours of observations.)
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(b)

(a) wind direction, and (b) wind speed distributions at NILU II
in Ny Alesund, 1984-06-23 to 1984-07-18.

{580 hours of observations - observations from 1984-06-15 to
1984-06-23 are missing.)
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4 DISCUSSION OF RESULTS

4.1 NC AN

Sp
The continuous flow CNC (TSI Model 3020), used at NYA for all BP Project and
MISU 1981 campaigns, counts Aitken particles reliably down to ca. 0.02 um
diameter, and computes CN concentrations as low as 0.01 cm'3 (Agarwal and
Sem, 1980; Bartz et al., 1985).

Generally, the CN concentrations, measured during these periods, are in good
agreement with other available data from the Arctic (e.g., Jaenicke and
Schitz, 1982; Lannefors et al., 1983). During the late winter/early spring
campaigns in 1981 and 1983, 12-h medians of CN concentrations remained <500
cm'a, except during air pollutant transport episodes (Figures 3 and 5). In
1984 the wintertime concentrations were considerably lower (Figure 7),

3, and for the most part remaining <100 cm 3

never exceeding 200 cm . During
the wintertime periods, the range of CN concentrations remained relatively
narrow, while the late summer/early fall periods (Figures 4, 6, and 8) were

characterized by much greater variability.

A rather unique event occurred on 1982-08-21 during the Fall 1982 campaign,
when extremely low CN concentrations were observed at NILU I (Heintzenberg
et al., 1985). The weather situation was quite typical of the Spitsbergen
summer, with low-lying stratus or fog, light winds, and occasional slight
drizzle. These conditions are very effective for scavenging trace substances
from the air, and as a consequence the lowest CN concentrations ever
reported (around 0.1 cm'a) were measured over many hours (see 12-h median in

Figure 4), indicating extremely clean air.

Concentrations this low were not observed at NYA during any of the other
campaigns, although in late evening 84-03-02 and in the early morning hours

of 84-03-03 during Spring 1984 campaign, CN concentrations dropped below 10
cm'3 for about 3 hours. This period had been preceded by driving (>40 kt)

south-westerly winds, and falling and blowing snow, apparently resulting in
efficient removal of the aerosol. Unfortunately, CN measurements in Spring
1983 had not yet begun when a severe blizzard (with >60 kt. winds) even

disrupted operation of filter samplers at NILU I. The lack of CN data
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thus presented a verification of enhanced removal effectiveness of driven

snow under high wind conditions.

The integrating nephelometers (such as the A-IN at NYA), measuring particle
light scattering coefficient o , respond mostly to particles in the 0.1 um
to 1.0 um diameter range, 3ﬁich are the most efficient light scatterers
(Waggoner et al., 1981). These particles also account for the most of the
mass in the accumulation mode of aerosol mass-size distributions,
representing "aged" particles in the arctic atmosphere, which had enough
time to undergo various transformation and removal processes, and stabilize

in this size range.

CN concentration and ¢ medians in the late winter/early' spring periods
are well correlated, a:p seen in Figure 3, 5 and 7. The simultaneous peaks
in 12-h medians of CN concentrations and o s agree well with peaks in trace
element mass concentrations, measured at ggA during the same periods (see
Section 4.2, and Pacyna et al., 1985a). This also indicates that the TSI
Model 3020 CNC responds reasonably efficiently to most accumulation mode

aged aerosols (up to ca. 1 uym diameter).

As was the case with CN concentrations, the 12-h medians of o in early
spring 1981 and 1983 (Figures 3 and 5, respectively) remainedsgn a rather
narrow range (10°° to 10°*m™ ') as well, particularly during the two weeks
in March 1981 (ca. 1.0 to 2.6 x 10-5m'1, in Figure 3). During the Spring
1984 campaign, the o levels also reflected the rather atypical CN concen-
trations, remainingspat all times below 4 x 10'5m'1 and dropping below
the detection 1limit of the A-IN during periods of low CN concentrations
(Figure 7). This agrees well with other evidence (see Section 4.3.1, and
Pacyna et al., 1985a) for considerably lower-intensity long-range transport

episodes in Winter/Spring 1984, than during the Spring 1983 campaign.

In fall 1983 and summer 1984 (Figures 6 and 8, respectively), osps exhibited
large fluctuations, with prolonged periods of sub-detectable o

Sp
(< ca. 10 'n").
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The typical patterns of o distributions during wintertime and summertime
. . SP :
can also be recognised in the more continuous o data from the BJO ground
. : sSp . .
station (Figures 9 through 11). Here too the wintertime 12-h median range

9

was confined in the narrow 10'5 to 10"m' band, while during summertime the

fluctuations and range widened considerably.

Figure 6 1illustrates +two contrasting situations during the Fall 1983
campaign. In the first, between ca. 1983-08-15 and 1983-08-25, +the 12-h
medians show several CN peaks (in excess of 103 cm'3) but no detectable
o0 s. In the other, between ca. 1983-09-07 and 1983-09-13, there are nearly

_ig -1 .
) medians.

cggncident peaks 1in CN ()103 cm ) and o (up to 3 x 10'5 m
Considering the different, particle size—dzgendent response characteristics
of the CNC and the A-IH, the presence of substantial amounts of Aitken
particles and a virtual absence of aged particles during the first period is
implied. A wide-spread presence of very fine aerosol particles was also
observed by BP Project aircraft measurements over Spitsbergen during the
same time {Pacyna et al., 1985b). In contrast, during the second period both
CNC and A-IH were apparently responding mostly to particles in the

accumulation mode size range.

Since the high Aitken particle concentrations during the first period were
measured in reasonably well-mixed air, direct transpor€jiocal combustion was
not their source. Nevertheless, their small size precludes long travel
distances and aging times. Thus a nearby, but extensive source of fresh
aerosol had to be responsible. Dimethyl sulphide (DMS) from marine biogenic
processes is known to be an important part of sulphur compounds 1in the
atmosphere, and a precursor of aerosol sulphur in remote areas (Andreae and
Raemdock, 1983). Atmospheric photochemical oxidation of DMS, possible during
the arctic summer, may lead to the production of low vapour pressure
sulphuric acid and methane sulphonic acid (MSA), primarily in aerosol form
in the Aitken particle range (Saltzman et al., 1983; Hatakeyama et al.,
1985). These particles are numerous, but because of their very small size
contribute 1little to the aerosol mass. The low trace element concentrations
(except for one sampling run, examined below) during the first period (see
Figure 6 in Pacyna et al., 1985a) support this view. Since no P.-B.F. data
for this period is available, quantitative information on S distributions in
the <0.25 um EAD particles is lacking. Thus, at this time, the possibility
of biogenic/photochemical operation of Aitken particles remains only a

speculation.
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Wind direction and speed measurements at NILU II, shown in Figure 34,
indicate that the high CN concentrations coincided with periods of near calm
or weak and variable winds. Such weather conditions are conducive to
advected aerosol accumulation and recirculations. Although the CNC
recordings at these times revealed generally well-mixed air, some
"nervousness" (i.e., noise) in the CN trace was evident, which also suggests

possible recirculation.

The 2-day interval between 1983-08-17 and 1983-08-18 presents then a
somewhat atypical picture. Wind trajectories and aircraft observations (see
Pacyna et al., 1985c) identified a brief transport from the USSR, and an
aloft layer of aerosols (centred at about 3600 m) over Spitsbergen. The
winds (Figure 34) were, however, definitly westerly and relatively strong
(ca. 6 m 5-1), so that the upper wind direction must have been quite
different from that at the 10 m lével in Ny Alesund. The low CN medians

(including the lowest one (ca. 20 cm'z) for this campaign, and a 3-h

interval with <10cm'3 CN concentrations) and sub-measurable o s during
these 2 days (see Figure 6) also suggest that the air pollutangg aloft had
not mixed down to the ground at Ny Alesund. The "blips" in Cd and 2n 2-day
mean concentrations at this time (see Figure 6 in Pacyna et al., 1985a) may
be due to very local and selective contamination, since they coincided with
Hi-Vol sampler vacuum pump fire, and an interrupted and significantly
foreshortened sampling run. It is conceivable that, while the vacuum pump
was exchanged, the concentrated effluent from the motor insulation and
plastic material fire (possibly containing the two elements), temporarily
trapped inside the station building, could reach the backside of the Hi-Vol
filter. This additional "passive" contamination, combined with the small
sample air volume for the run, could then very well show up in the

calculated concentrations.

During the second, early September 1983 period, the chemical composition of
aerosols (Pacyna et al., 1985a) at NYA and all other BP Project ground
stations (except JAM) unequivocally confirms the presence of anthropogenic,
aged aerosol. The episode was one of the rare, but extensive, summertime
meridional transport cases, originating in western and central Europe. The
simultaneously high CN concentrations and o s testify to the presence of

. SP . .
well-aged aerosol. During two days preceeding the episode at NYA, the winds
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were clearly easterly and brisk (Figure 34), but subsequent stagnation
(average wind speed ca. 1 ms'1) encouraged pollutant accumulation during the
episode. The size-differentiated composition of the aerosol (presented in
Section 3.2, and discussed in Section 4.2 of this report) shows significant

enrichment of anthropogenic trace elements during this time as well.

The characeristics of various particle size distribution spectra during

these two periods are examined in Section 4.2.

Relatively high CN concentrations (12-h medians up to 3 x 103 cm’z) were
also observed during the Summer 1984 campaign (between 1984-06-18 and
1984-07-07), as seen in Figure 8. Unfortunately, concurrent o data for
part of this period are missing. Anthropogenic trace element conggntrations
were generally low at this time, but 50‘2"—5 was definitly elevated,
suggesting again possible biogenic production (see also Section 4.2). The
period was characterized by rapidly changing weather conditions (even
snowfall). Although absent with strong and steady winds (see Vitols and
Wasseng, 1985), some contributions of combustion aerosol during calms, and
weak and variable winds from the spontaneous coal burn site, about 1.5 km to

the east of NILU II, cannot be ruled out even in seemingly well-mixed air.

4.2 AEROSOL, NUMBER-, AREA-, AND VOLUME-SPECTRA

The relatively narrow-range, white-light OPCs of the Royco Model 225 type
have been only rarely used for arctic aerosol measurements. The particle
number concentration data from Royco 225 measurements during a short period
in March 1983 in the Canadian Arctic (Hoff and Trivett, 1984) agree well
with the BP Project OPC wintertime results at NYA. The particle counts in
the various size ranges are of about the same magnitude, and show relatively

small variation with time.

As seen 1in Figures 12 through 15, the coarser aerosol particles are few in
number, particularly during wintertime, when both airborne sea  salt
production and dust reentrainment are suppressed. As expected, they show the
greatest variability and wind speed dependence in summertime. The total OPC
number concentrations are thus largely dominated by the smallest (-0.3-0.5

pm ESD) particles.

A comparison of OPC total particle number concentrations in Figures 12
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through 15, to CNC and o values (in Figures 5 through 8 in Section 3.1.1)

reveals, for the most paig, similar features. The OPC data confirm the
considerable differences (ca. one order of magnitude) in aerosol levels
during the Spring 1983 and 1984 campaigns, as well as the generally much

greater variability during summertime periods.

The highest 12-h average total particle (»ca. 0.3 um ESD) concentration of
19 cm-3 (Figure 12) was measured by the OPC on the morning of 1983-03-11 at
NILU I. In comparison, the corresponding 12-h median concentration of
3 (Figure 5). The
highest CNC 12-h median of ca. 3.4 x 10° cm > (Figure 8) occured on the

particles (>ca. 0.02 pym dia.) by CNC was ca. 2 X 103 cm’

morning of 1984-06-27, when the corresponding OPC total particle 12-h

3. This provides an illustration of

average concentration was only 1.2 cm
the multi order-of-magnitude, size-dependent concentration variations
possible in the ambient air under different conditions of aerosol

production, transport, aging and removal processes.

As has been noted earlier (Hoff and Trivett, 1984), due to its limited
detection range (>-0.3 pm ESD), the OPC will respond much more sluggishly to
variations 1in accumulation mode particles than the A-IN, and cannot, of
course, detect the very fine Aitken particles at all. For example,
disturbances due to emissions from local combustion sources are missed by
the OPC, which makes the instrument unsuitable for sampling control
purposes. On the other hand, the OPC counts the coarser, super-micrometer
diameter particles beyond the efficient response ranges of both the CNC and
the I.N., provided the air 1inlet does not discriminate against such
particles and the OPC conveys them efficiently to 1its sensing zone. OPCs
thus respond to the presence of coarse, reentrained dust and airborne
seasalt, which may represent a significant mass fraction of the aerosol.
Although particle number distributions are truncated below 0.3 or 0.4 um ESD
by the Royco 225, the two higher moments of particle size distribution,
i.e., particle surface area and particle volume distribution spectra (such
as those shown in Figures 16 through 25) can help identify directly the
aerosol size ranges primarily contributing to such integral aerosol
properties, as light scattering and suspended mass, respectively.

Figures 16 and 17 show the 3 size distribution spectra for two days in March
1983. On 1983-03-11, both the CNC and o medians (Figure 5, Section 3.1.1)
were the highest for the Spring 1983 cggpaign. BTL C.I. measurements showed

high trace element concentrations (<0.5 um EAD fraction) as well (Figure 26,
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Samples 4 and 5, Section 3.2.1), identifying a significant episodic
long~range transport of anthropogenic air pollutants to NYA. This was also a
period with light winds and appreciable, apparently regional haziness, which
was also observed at Longyearbyen, ca. 100 km south of NYA. Despite the
truncated accumulation mode range, the OPC distribution spectra in Figure 16
indicate elevated numbers, area and volume for <1 ym ESD particles, which
resulted in the enhanced 1light scattering and aerosol mass. The slight
surface and volume modes in the 2-3 um ESD range were probably due to
residual seasalt, since the period was preceded by enhanced seasalt

constituent concentrations (see Pacyna et al., 1985a).

The CNC and o medians (Figure 5, Section 3.1.1) and total OPC count
average (Figuresp12) on the morning of 1983-03-18 were the lowest for the
Spring 1983 campaign. The distribution spectra in Figure 17 reveal much
reduced fine particles levels, but increased contribution to aerosol surface
and volume from the coarser particles in the afternoon. Snow had been
falling throughout the night, turning to rain in the morning. This, and the
low clouds and fog had apparently scavenged most of the accumulation mode
particles, if any were still remaining in the air from the preceding
episode. The wind in the afternoon was brisk from W-SW, so that the higher
coarse particle levels were likely due to fresh seasalt particle production,
since both Kongsfjorden and the ocean to the west were almost ice-free at
this time. The BTL C.I. results for this period (Figure 26, Sample 7,
Section 3.2.1) give very low anthropogenic element concentrations, but very

high Cl concentrations.

Since particle mass is proportional to volume, the total volume of aerosol
particles, calculated from OPC measurements, may be used as a rough but
useful estimate of suspended particle mass concentrations, provided the mass
of the <ca. 0.3 pm ESD particles is not overwhelming. Assuming an average
particle density of 2 g cm'3, the suspended mass concentrations, estimated
in this manner, for the 2 days in March discussed above are 2.2 and 2.6 ug
m°3, respectively. The direct mass concentration measurements of <2 um EAD
particles at NYA by Heintzenberg and Covert (1984b) give ca. 7 and 4 ug m-3,
respectively, for sampling periods bracketing these 2 days. Considering all
the assumptions and uncertainties inherent in the aerosol volume and mass
estimations, the agreement for 1983-03-18 is reasonable, confirming that
most of the aerosol mass was due to coarse particles on this day. The
substantial disagreement for 1983-03-11, on the other hand, supports the
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earlier suggestion, that on that day the aged aerosol fraction "ignored" by

the OPC (i.e., <0.3 um ESD), contained substantial mass.

Estimation of 1light scattering from the total surface area of particles is
not as straight-forward, because the nature of the surface, i.e., the shape
and particularly the chemical/optical properties of the particle, determine

to a large extent the scattering intensity.

Figures 18 through 20 relate to the two intersting periods during the Fall

1983 campaign, already discussed in Section 4.1.

Figure 18 shows the OPC particle distribution spectra for 1983-08-15, when

'3, while the ¢ s

on the afternoon the 12-h CNC median climbed past 10° cm
remained below the detection 1limit of the A-IN (Figure 6, Section 3.1.??.
The distribution spectra for 1983-08-21 and 1983-08-24, the two other days
in August with such unusual CNC and o patterns, are virtually identical
to those on 1983-08-15, and are nozpshown. The total OPC count concentra-
tions on these days (Figure 13) were only about 0.2 cm'3, and the
particle spectra were about an order-of-magnitude lower and have entirely
different shapes than during the high CNC period in Spring 1983. The
aerosol surface distributions have a low magnitude and the well-resolved
mode for the >»1 um ESD particles is outside the useful response range of the
A-IN. The volume spectra indicate a depleted accumulation mode, with
essentially all of the low magnitude particle volume due to >1 pum ESD
particles. The latter particles were likely reentrained dust and airborne
seasalt. The 3 days were characterized by very light winds (see Figure 34,
Section 4.1), but all were preceded by periods of strong winds. Aerosol
chemical composition measurements during this time (see Pacyna et al.,
1985a) indicated a virtual absence of anthropogenic trace elements, but
somewhat elevated seasalt ions. The negligible particle volume in the
portion of the accumulation mode, covered by the OPC (Figure 18) then
supports the suggestion (in Section 4.1), that the high CN levels could have

only come from nearby or regionally-produced Aitken range particles.

The lowest concentrations (and sub-detectable o s) during the Fall 1983
campaign were measured on 1983-08-18 (Figure 2? Section 3.1.1). Judging
from Figure 19, however, the situation appears to be only a modification,
due to different weather, of the conditions prevailing during the August

: =43 .
period just discussed. The strong winds (average ca. 6 m ~) on this day were
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westerly, resulting in increased coarse particle (likely seasalt) surface
and volume spectra. At the other end of the spectrum, snow shower and low
stratus scavenging kept the smaller accumulation mode and Aitken particles

at low levels.

The OPC aerosol spectra in Figure 20 for 1983-09-10 typify the one strong
episodic transport period at NYA during the second week in September. It was
preceded by brisk (ave. ca. 5 ms") easterly winds, but subsequent frequent
calms with no precipitation gave poor ventilation in the Kongsfjorden “bowl"
and were favourable to advected pollutant accumulation, which resulted in
guite hazy conditions. The CNC and o medians (Figure 6, Section 3.1.1)
indicated enhanced levels of ggcumulation mode particles, and the
size-differentiated BTL C.I. samples (Figure 28, Section 3.2) contained high
concentrations (for summertime) of anthropogenic (<1 um EAD) sulphur. Both
the surface and volume spectra in Figure 20 indicate enhanced scattering and
suspended mass in the accumulation range. The rising coarse particle volume
on the afternoon of 1983-09-10, probably reflects the influence of the

freshening wind (Figure 34, Section 4.1) on dust reentrainment.

All OPC spectra remained remarkably similar throughout the Winter/Spring
1984 campaign at NYA. 1984-02-29, 1984-03-03 and 1984-03-04 were the three
days with the highest CNC and o 12-h medians. Although they, as well
as OPC total particle concentigtions, were, on the average, almost an
order-of-magnitude lower than in Spring 1983, anthropogenic sulphur and
trace element concentrations in BTL C.I. samples (Figure 27, Samples 1, 2
and 3, Section 3.2) were at similar levels. The OPC aerosol spectra in
Figure 21 for 1984-02-29 are typical also for the two other days above (not
shown), but are almost on order-of-magnitude lower than even during the
September 1983 episode, the spectra of which they resemble. The distinct
volume mode in the 2-3 pym range persisted throughout this period, even
though the winds were easterly, and Kongsfjorden was frozen over at the
time. The Hi-Vol samples from the period (see Pacyna et al., 1985), however,

showed a seasalt ion concentration peak.

Figure 22 for 1984-03-17 represents one of the days with the lowest CNC and
o medians for the Winter/Spring 1984 campaign (Figure 7, Section 3.1.1).
ng BTL C.I. results(Figure 27, Sample 9, Section 3.2) indicate low levels
of anthropogenic constituents. The general features of the aerosol spectra

had changed 1little from Figure 21, but the surface spectrum for <1 um ESD
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particles points to lower light scattering. Snow, driven by strong SE winds,
probably caused the decline in accumulation mode particles. The volume mode
in the 2-3 ym ESD range, however, is still present, but at this time
Kongsfjorden had some open waters opposite NYA, and the Hi-Vol seasalt ion
concentrations (Pacyna et al., 1985a) indicate an airborne seasalt

“episode".

The first two-thirds of the Summer 1984 campaign were a difficult time for
sampling well-mixed air at Ny Alesund. Frequent intervals with very light
and variable winds caused interruptions in sampling, due to local source
interferences. As seen in Figure 8 (Section 3.1.1) several instances with
high CN concentrations (2-3 x g cm'3) were experienced during this time,
reminiscent of those during the Fall 1983 campaign. The BTL C.I. samples
generally contained trace element concentrations below or at the analytical
detection limit, and Hi-Vol sampling was frequently disrupted. Due to the
A-IN breakdown during about the same period, simultaneous o data are
lacking as well. Two of the high CN days were selected to examige the OPC

particle spectra for possible clues of the high concentrations.

Figure 23 shows rather different distributions for the morning and the
afternoon of 1984-06-27. The day began clear, and sunny, with very light and
variable winds (19 hours with windspeed <2 ms during the day). The OPC
particle surface and volume spectra until noon are dominated by the »>1 um
ESD particles, suggesting that (as on 1983-08-15) the very fine particles,
detected only by the CNC, may have again had their origin in biogenic
production and/or local combustion aerosol recirculation. The presence of
the coarser particles is not suprising, with the bare ground in summertime
and no precipitation before and during the period. An abrupt change to SE
wind in the afternoon, resulted in substantial alterations in the O0PC
particle spectra. The OPC and CN concentrations decreased appreciably, and
the <1 um ESD particle surface and volume began to grow, thus indicating
enhanced influence of accumulation mode particles. The weather conditions on
1984-07-02 were quite similar to those during the first part of 1984-06-27,
except for a very unusual (for NYA) N-NE wind direction. The shapes of the
OPC particle distributions in Figure 24 have some similarity to the
before-noon spectra in Figure 23. Figure 24, however, also bears a strong
resemblence to Figure 17 (with low wintertime CN concentrations on

1983-03-18), so that the nature of the high CN episode on 1984-07-02 remains

unclear.
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The last OPC spectra in Figure 25 for 1984-07-11 illustrate OPC aerosol
characteristics on a day when both CNC and o medians were elevated
(Figure 8, Section 3.1.1). The before-noon NW to 35 winds on this day were
fairly brisk, but weakened and became shifty in the afternoon. There were
pronounced differences (900 to 1800) in visually-observed wind directions
between NILU II, the NYA settlement and the airstrip windsock (points 1 and
5, respectively, in Figure 2). Although Fiqure 25 shows significantly
increased particle surface and volume spectra in the afternoon for all size
ranges, only the >1 um ESD particles showed a declining surface and
volume trend in the afternoon. This 1is inconsistent with the increased
o0 S in Figure 8, which imply increased surface of the <1 ym ESD range

sp |
particles.

From the foregoing, 1t appears that because the Royco 225 OPC cannot provide
sufficient information in the important accumulation mode size range, the
usefulness of the OPC spectra for aerosol behaviour interpretations is
seriously limited. An OPC having better fine particle detection capability,
e.g., the PMS LAS-X used in the NILU aircraft, would be better suited for
this purpose. It was also felt, that the narrow range of the Royco Model 225
OPC did not Jjustify an attempt to fit the number concentration data to a
power-law relationship. The nearly flat volume (and thus mass) distribution,
found by Hoff and Trivett (1984) during a short winter period in the
Canadian Arctic, is not evident in the NYA volume spectra, which invariably

show a modal structure.

4.3 AEROSOL SIZE-DIFFERENTIATED CHEMICAL COMPOSITION

Size-differentiated chemical composition of aerosols provides valuable
information for the assessment of the origin of the aerosols and the
importance of various emission sources. Until 1983, information on
size-differentiated chemical composition of arctic aerosols was either
lacking, or was available only for “fine" and "coarse“ particle fractions
(e.g., Heintzenberg et al., 1981). This data was not always adequate for
explaining differences in the behaviour of various trace elements in
aerosols, and the partitioning of the aerosol into more size fractions,
followed by multi-component chemical analyses (e.g., Winchester et al.,

1984; Heintzenberg and Covert, 1984a; 1984b), was desirable.
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At the present time, chemical composition data for seven size-fractions of
aerosols, obtained with the BTL C.I. at the NYA ground stations during four

BP Project campaigns, are available.

4.3.1 T wint a 0

The PIXE anhalyses results of 14 fractionated aerosol samples from
March/April 1983 and 17 samples from February/March/April 1984, shown in

Tables 2, and 3, and in Figures 26 and 27, are discussed.

4.3.1.1 Concentrations and size distributions

During both winter/spring measurement campaigns, Si showed bimodal mass-size
distributions with a minimum abundance on Stage 3 (1-2 um EAD). It 1is now
generally accepted that due to the different production processes of coarse
and fine particles the mass-size distributions of ambient aerosols are
bimodal, with a minimum at about 1-2 um EAD, and that the particles above
this diameter are usually derived from seasalt, natural erosion processes
and reentrained dust (Lee and Goranson, 1976; Whitby, 1978). This is borne
out by the Si data presented here. Winchester et al. (1984) from aircraft
measurements of size-differentiated aerosols during the AGASP programme have
discussed the existence of coarse soil dust in the arctic aerosol in
March/April 1983. They compared ratios of elements in the >2 um EAD aerosol
fraction with geochemical average shales (Turekian and Wedepohl, 1961),
geochemical average earth crust (Mason and Moore, 1982), Chinese loess
(Heller and Liu, 1982), and stratospheric samples of El Chichon volcanic ash
(Kotra et al., 1983), still in the arctic stratosphere during the
measurement period (Shapiro et al., 1984). The comparison is shown in Table
5, together with the median ratios for elements on BTL C.I. Stages 0-2 (>2
um EAD) from the March/April 1983 BP campaign, and geochemical average

sandstones (Bower, 1961).
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Table 5: Ratios of crustal elements in coarse particle fractions ()2 pm

EAD) .
Sample Si/Ca Si/Fe K/Ca K/Fe Ti/Fe
Median for AGASP1
aerosol, March/ 1.34 1.46 0.51 0.56 0.10
April 1983
Median for NYA in
March/April 1983 2.67 | 16.50 | ©.18 1.50 | 0.10
(this work)

Shales ° 3.30 | 1.551 1.20} o.56 | 0.10
Earth's crust ° 7.64 | 5.5a | 0.711 0.52 ] 0.09
Loess * 50.00 { 10.15 | 2.69 | 0.55 | 0.14
Volcanic ash ° = " .06 | 2.355 | 0.52
Sandstones ° 9,41 | 37.50 | 0.27 1.10 | 0.15

Medians by Winchester et al. (1984).

Averages of Turekian and Wedepohl (1961).

Averages of Mason and Moore (1982).

From Nanking, China (Heller and Liu, 1982; Tyler et al., 1983).
Stratospheric ash from E1 Chichon eruptions, May 1982

(Kotra et al., 1983).

Averages of Bower (1966).

L% I S S T S I

The NYA ratios of Si to Ca are compatible with a clay mineral source, while
other ratios are close to those for sandstones. Winchester et al. (1984)
hypothesized that the 1initially fine clay mineral particles (from shales)
during transport to the Arctic, under suitable atmospheric conditions of
moisture and temperature, may have served as nuclei for ice crystals (Mason,
1961). These ice crystals (snow flakes) can aggregate, and upon sublimating
could conceivably coalesce into larger, aggregated clay particles. They
suggested Asian dust as the possible source of the fine particles.
Desertification 1s a known problem in Asia, resulting in frequent injection
of dust into the atmosphere. The general atmospheric circulation of the
Arctic in March/April 1is occasionally favourable for transport of this

desert dust into the Arctic (Rahn et al., 1977).

Winchester et al. (1984) also advanced an alternative explanation for the
presence of soil particles in the arctic air: emissions from volcanoes,
geysers, or other surface/ocean-floor disruptions. Indeed, on 1983-02-18,

satellite observations revealed a large plume of aerosols venting from the
flank of Bennett Island (76.7°N, 149.30E) in the Eastern Siberian Sea
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(Kienle et al., 1983). Similar aerosol emissions from Bennett Island were
also observed in early April, 1983. These volcanic aerosols had an estimated
residence time of ca. 48 hours, during which time they could have travelled

about 3500 km (assuming an average wind speed of 20 ns

). The chemical
composition of the arctic aerosol measured by BTL C.I. at NYA, however, did
not show elevated concentrations of Cd, As, Co and Pb, which are normally

associated with volcanic releases.

Concentrations of Si in the »2 pym EAD fractions in wintertime, shown in
Tables 2 and 3, are surprisingly high, with a maximum at about 0.5-1.0 um
EAD. Heintzenberg et al. (1981), wusing a two-stage sampler at NYA in
April/May 1979, found Si concentrations of about 40 ng m'3 in the ca. <1 um
EAD particle fraction, and 68 ng m'3 in the ca. >1 um fraction. Since Si is
a typical soil-derived element, its high concentrations in the fine fraction
of the arctic aerosol suggest that natural processes, especially erosion,
can generate not only coarse, but relatively fine particles as well. The
size distributions of K and Ca (see Table 2), two other elements of crustal
origin, seem to confirm this. High concentrations of Si, K, and Ca 1in the
0.1-1.0 um size fraction have also been observed during dust storms over

desert areas of Rajasthan, India (Joshi et al., 1984).

The size distribution of Fe-containing aerosols shows high concentrations in
the <¢2.0 pm EAD fractions, indicating a significant contribution of
anthropogenic sources to the total iron load in the Arctic. (Note that Fe
concentrations observed during March/April 1983 are shown in Table 2, while
those for February/March/April 1984 are shown in Figure 27, together with
the concentrations of anthropogenic elements.) Contribution from coal
combustion may be more significant than from steel and iron production in
this respect. Measurements, carried out in a large coal-mining and
steel-producing area in Poland, have shown that the effect of steel industry
on atmospheric Fe concentrations may be rather low, compared to that of coal
combustion (Tomza et al., 1982). Although coal combustion effluents, due to
their high Fe emission factors (Pacyna, 1980), may in general contribute
significantly to iron content of aerosols, the Fe enrichment factors,

calculated from the NYA BTL C.I. data, do not point to this (see Section
4.3 i 2

Marine sources in March/April 1983 had a rather small influence on the

arctic aerosol, when Cl concentrations were generally low because of the
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largely ice-covered waters. During February/March/April 1984, however,
Kongsfjorden at NYA and the ocean to the west were open most of the time,
which may explain the high Cl concentrations measured by BTL C.I. at that
time. Cl, Na and Mg in Hi-Vol samples showed the same trend (Pacyna et al.,

1985a). The AM/Alog D vs. D plots of Ni, Pb, Cr, Mn, Cu, Zn, V, and S for
March/April 1983 in Fggure Zg, and for the same elements plus As, Fe, and Br
during February/March/April 1984 in Figure 27, suggest two types, or groups,
of distribution curves for all elements. The graphs in Group "a" represent
distributions during episodic, long-range transport conditions, while those
in Group "b" typify samples collected under "normal® non-episodic conditions
in the Arctic. Thus, Group “b" can be regarded as representing the “normal"
distributions of elements among the measured fractions of the arctic
aerosol. To avoid confusion with too many graphs on the same figure, the
“normal“ concentrations of Zn, S, Br and Fe in February/March/April 1984
(shown in Figure 27) were split into two groups: “b1" (Samples 4 to 9,
except 8) and "b2" (Samples 10 to 17, except 12). Only Group “a“

distributions of V were observed.

The mass-size distributions of Ni show the highest concentrations in the
finest particles, and a clear peak in the 0.5-1.0 uym EAD range for samples
from March/April 1983. Generally, the trace element concentrations in the
various size fractions of aerosols were higher in March/April 1983 (Figure
26), than in February/March/April 1984 (Figure 27), particularly during the
episodic periods, in agreement with other BP Project findings (Pacyna et
al., 1985a; Pacyna et al., 1985b; Iversen, 1985). During episodes, Ni
concentrations in the two finer fractions increased, indicating an
additional contribution from certain sources or source areas. Because there
is no simple way of relating the size of particles measured in chimney
emissions to the sizes of particles collected in the Arctic, it is
impossible to judge, which sources may be reponsible for the increases.
However, there are two possibilities: nickel ore smelters and oil
combustion. Since Ni is reportedly concentrated mostly on the smallest
flyash particles 1in oil-fired power plant effluents (NRCC, 1981), it could
be assumed that the additional amount of Ni in the 0.25-0.5 um EAD fraction
during the episodes at NYA originated from the emissions from nickel

smelters. As can be seen from Figures 26 and 27, almost all of the measured

Ni was found in the <2 uym EAD fractions.
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The distributions of As and Pb have shapes similar to those of Ni. The
March/April 1983 period was characterised by peak Pb concentrations in the
0.5-1.0 pm EAD fraction, lower values in the 0.25-0.5 pm fraction, and the
highest concentrations in the <0.25 pym EAD fraction. Such distributions can
be regarded as “normal" in the Arctic. In the February/March/April 1984
plots, Pb in the <0.25 um EAD fraction was below detection limit. During the
episodes at NYA, Pb concentrations increased significantly in the <0.25 um
fractions in 1983, while in 1984 the increase occurred in the 0.25-1.0 unm
EAD fraction.

Generally, the concentrations of anthropogenic pollutants in the <0.25 um
EAD fraction during the February/March/April 1984 episodes were very low or
below detection 1limits. Other BP Project results (Pacyna et al., 1985a)
implicate different emission sources, contributing to the pollutants
measured at NYA during the March/April 1983 and the February/March/April
1984 episodes. In both periods, the relevant emission sources were traced to
the USSR, and in 1983 the industrial activities on the Kola Peninsula
appeared to have contributed most to the episodic concentrations at NYA. For
1984, other sources in western and central USSR, as well as the Norilsk
smelter complex, must be considered. Accordingly, the pollutants measured at
NYA in 1984 must have travelled longer distances than in 1983. Since a part
of <¢0.25 um EAD particles falls into the accumulation mode range, these
small particles thus had a longer aging time during the episodic long-range
transport in February/March/April 1984. This may be a partial explanation
for the observed shift in particle mass towards larger particle sizes during
the 1984 episodes (see also Heintzenberg and Larssen, 1983). The BP Project
aircraft measurements (see Pacyna et al., 1985c) showed that polluted air
layers over Spitsbergen during March 1984 were almost twice as thick, and
particle volume concentrations significantly lower, than during March 1983.
This is thought to be due to atmospheric stability variations, with the
transported pollutants better dispersed (and thus the concentrations lower)

in March 1984 than in March 1983.

The origin of aerosol Pb during 1983 and 1984 winter/spring episodes is
difficult to assess. In the USSR petrol combustion 1is estimated to
contribute about 56% of total Pb emissions (NILU, 1984). Two other
high-temperature processes: non-ferrous metal production, and iron, steel
and ferroalloy manufacturing, release about 26% and 3% of the total lead,

respectively. All three sources could affect the Pb concentrations measured
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at NYA.

Very clear differences between the concentrations during the “normal" and
episodic periods existed for Cr in the <0.25 EAD fraction during March/April
1983. While these concentrations remained usually very low, during episodes
they increased by a factor of 10. This "additional" Cr in the finest
particles comes definitely from high-temeperature sources, i.e., fuel
combustion, and /or iron, steel and ferroalloy manufacturing. Lee et al.
(1975) found that Cr in coal-fired power plant chimney gases was
predominantly concentrated in the <1.0 pm diameter particles, only 6% of
which came from electric arc furnace emissions. Thus fuel combustion can be
suspected as the main cause of the increased Cr concentrations. The same
source can also be responsible for the high concentrations of Mn in the <0.5
ym EAD fractions during the same 1983 episodes. However, the equally high
fine fraction Cr concentrations during both episodic and non-episodic

periods are puzzling.

The observed elevated Cu concentrations during the 1983 and 1984 winter
episodes are most likely due to long-range transport from regions with
non-ferrous metal production. The interpretation of the mass-size
distributions for Zn is more complicated. The high concentrations in the
<0.5 um fractions could come from emissions of non-ferrous metal production.
A study by Pacyna et al. (1981) of trace element emissions from copper and
lead smelting complexes identified large Cu, Pb and Zn releases concentrated
in the finest particle fractions. The size distributions of aerosol Cu and
Zn at NYA have interesting shapes in the >2 um EAD fractions. Although often
extremely low concentrations of Zn and Cu were measured in the 2-4 pm and
4-8 um EAD ranges, the concentrations increased significantly in the >8 pm
particle size fraction. The coarse fraction Zn and Cu comes probably from
natural sources, particularly the erosion of earth's crust. Pacyna et al.
(1984a) have estimated the global emissions of Cu from windblown dust as
almost equal to the total anthropogenic emissions of the metal in Europe
(1.2 x 10" ta”

ta'1) is almost three times higher than from windblown dust.

] P . 4
). The anthropogenic emission flux of 2n in Europe (8 x 10

Long-range transport to NYA added also to S concentrations in the <0.5 um
EAD fractions. Vanadium in measureable concentrations at NYA was present in
the <¢0.5 um EAD fractions only during episodes. 0il combustion has been

identified as the only source of airborne V.
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Judging from the size distribution graphs for Br, the element had no
significantly different size distribution features during the episodic and
non-episodic periods, confirming its predominantly marine origin in remote

areas.
G Enrichment factors

From the above discussion on the size-differentiated chemical nature of the

arctic aerosol, two samples from 1983 (Samples 3 and 5) and four from the
1984 campaign deserve further attention. The size distributions of all of
these samples in Figure 26 and 27 are of Group "a" type, i.e., they likely
represent episodic conditions. To be able to verify this supposition and
trace the origin of the episodic transport, enrichment factors were

calculated for Cr, Mn, V, Zn, Pb, Ni, Cu, S and Fe for the 1983 and 1984
periods, and additionally for Si in 1983, and As and Br in 1984.

The enrichment factor, EF, for an element X in the aerosol, relative to the

reference material, is defined by:

(X/Ref)

aerosol
(X/Ref) (1

EF(X) =
reference material

where X/Ref is the concentration ratio of element X to the chosen reference

element.

Titanium (Ti), a typical soil-derived element, was selected as the reference
element for the 1983 data. From the BTL C.I. measurements, its
concentrations were evenly distributed with respect to particle size and
time. Thus, Ti seems to be a very good reference element for enrichment
factor calculations. Ti concentrations were not available from the 1984
campaigns, and silicon (Si) was used instead. Schutz and Rahn (1982) report
bulk crustal rock, bulk soil, and the fine fraction of soil as the most
commonly used reference materials. The latter seems to be the best choice.
Bulk soil can be inappropriate, because the composition of its fine fraction
may differ from that of the bulk. The problem of obtaining a representative
composition of rock is due to its slow weathering. However, Schitz and Rahn
(1982) suggest, that the composition of the fine fraction of desert soil 1is

quite similar to bulk crustal rock. The latter, therefore, can be an
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acceptable reference for calculating aerosol-crust enrichment factors.
Several geochemical average compositions of crustal rock can be found in the
literature (e.g., Taylor, 1964; Lawson and Winchester, 1979; Mason and Moore
1982).

The calculated enrichment factor are shown in Figures 35 and 36 for the 1983
and 1984 spring campaigns, respectively. Graph A in Figure 35 represents the
average values of EFs calculated for all samples, except Samples 3 and 5.
The EFs for Cr, Mn, V, Zn, Pb, Ni, Cu, Fe, Si and S, calculated for the
finest fractions of Samples 3 and 5, are much higher than those obtained for
the others. Additionally, the EFs for V, Mn and Zn in the 0.25 - 0.5 ym EAD
fraction 1in Samples 3 and 5 are also higher than in Graph A for the same
fraction. Thus, the episode from 1983-03-07 to 1983-03-13 was associated
with increased Cr, Mn, V, 2Zn, Pb, Ni and Cu concentrations in the <0.5 pm
EAD fraction. Since the increase in S concentrations in these fractions is
not as high as for the above elements, only the two finest fractions were
apparently affected by the episodic transport to the Arctic during March
1983. Although Si does not normally have high enrichment factors, the EFs
for Samples 3 and S5, plotted in Figure 35, show interesting Si
"de~-enrichment" for the 0.25 - 0.5 um size fraction, which is difficult to
explain. Both Si and Ti have the same main source, i.e., crustal rock and

soil.

The decreased EFs for the 0.25 - 0.5 pm EAD fraction of Samples 3 and 5
suggest that Ti in the <0.5 ym fractions had an additional source. Steel and
ferroalloy production is a possibility, but the low enrichment factors of Fe
(see Figure 35) do not implicate these processes. There appear to be no
other important anthropogenic sources of fine particle Ti. If the Ti in the
<0.5 uym EAD particles is indeed anthropogenic in origin, a stage-by-stage
enrichment factor analysis of BTL C.I. data (with Ti as the referepce
element) will be limited to naturally generated >0.5 ym EAD particles.
Perhaps a measurement artifact, e.g., the much higher accuracy of the
analytical method for Si in fine fractions, than for other pollutants, may
account for the apparent Si de-enrichment. It is also somewhat puzzling that
Ssample 4 should be different from Samples 3 and 5, since the wind

tracjectories indicated the same origin for transport during 1983-03-07 to

1983-03-13.
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Results from episodic periods in February/March/April 1984 only are
considered in Figure 36. Generally, the enrichment factors of anthropogenic
pollutants are slightly lower during episodes in 1984 than in 1983,
reflecting the differences 1in particle trace element concentrations,
discussed 1in Section 4.3.1. This is especially evident for the finest size
fractions of anthropogenic elements (except Cr). On the other hand, the 1984
episodes added greatly to the 0.5 - 1.0 um EAD fraction particles, perhaps
as a result of differences in transformation and removel processes. The

likely reasons have already been noted in Section 4.3.1.1.

4.3.2 The summer aerosol

4.3.2.1 Concentrations and size distributions

Eleven size-differentiated aerosol samples were collected with the BTL C.I.
at NYA in August/September 1983, and nine in June/July 1984. Unfortunately,
the first episode of possible long-range transport of air pollutants from
the North American continent (see Pacyna et al., 1985a) during the period

was apparently missed.

The results of BTL C.I. sampling during a transport episode between
1983-09-07 and 1983-09-09 are shown in Figure 28 (Samples 9 and 10), which
also shows the mean concentrations in other samples, collected during

non-episodic periods.

Two groups of trace elements are easily discerned for the episode in the
figure. The first group includes the natural constituents Si, K, Cl, Fe, Al,
and Ca, likely due to soil and rock erosion processes, reentrained dust, and
airborne seasalt. The elements of crustal origin show a bimodal size
distribution, with a minimum abundance on BTL C.I. Stage 3 (1-2 um EAD).
The concentration peaks of soil elements in the 0.5 - 1.0 um EAD fraction
suggest that the natural processes can generate not only coarse particles,
but also contribute fine particles in remote areas (as noted
earlier in Section 4.3.1). The group of naturally-derived elements appears
to contain both crustal and marine components. During the summer/fall
measurement campaigns the alr masses were transported over open waters to Ny
Alesund. In Table 5, median ratios of K, S, and Ca to Cl under non-episodic
conditions are given in the different BTL C.I. size fractions, and compared

with the same elemental ratios in seawater (Riley and Chester, 1971). Based
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on these results, seasalt seems to be the major source of K in the >1 pym EAD
particles, and S and Ca in the >8 um EAD particles. In the fine fraction
particles, e.g., 0.5 - 1.0 um EAD (Stage 4), only 50% of the K, 23% of the
S, and 16% of the Ca appear to originate from seawater. The remainder may
come from windblown dust. According to Gillette (1979), fine particles can
be produced by the sandblasting effect of saltation, which dislodges fine
particles from the surface of larger particles, and by “splashing" of the
saltating particle into a reservoir of fine particles. Maenhaut et al.
{1981) studied seawater and non-seawater aerosol components in the marine
atmosphere of Samoa, and cautiously suggested that the non-seawater element
group may, in fact, be surface-film-derived, since the sea surface can be a

significant source of aerosols enriched in several elements.

Table 5: Median elemental ratios in aerosol at Ny Alesund, summer 1983.

Ratios in Ratio 1in particle size fraction
Elements |seawater?*

Stage 0| Stage 1 {Stage 2 |Stage 3 |Stage 4 |[Stage 5
>8 um >4-8 uym |>2-4 pm §>1-2 pym }10.5-1 um|0.25-0.5 um

K/C1 0.0209 0.025 0.028 0.030 0.017 0.042 0.067
S/C1 0.0467 0.049 0.070 0.078 0.075 0.202 0.744
Ca/Cl 0.0212 0.025 0.046 0.046 = 0.131 0.523

* From Riley and Chester (1971).

It 1is recognised, however, that the BTL C.I. data represent a few samples
only, and no definite conclusions can be drawn, other than that they agree
with results from other studies of the composition of aerosols over the

oceans (e.g., Maenhaut et al., 1979; Maenhaut et al., 1981).
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The shapes of all distribution graphs for Cl in Figure 28 are very similar.
However, the episodic Cl concentrations on all stages of the BTL. C.I.,
particularly for Sample 9 from 1983-09-07 to 1983-09-11, are lower than
during non-episodic periods. During an episode (e.g., Okada et al., 1978;
Larssen and Hanssen, 1980) aerosol Cl may be volatalised and driven off as
hydrochloric acid by co-existing acidic constituents in the air, or in the

collected samples.

The second group of elements in Figure 28 includes S, Pb, Cu, Ni, and Mn.
With the exception of S, the concentrations of these elements were very low
during the non-episodic period. Thus, the Pb, Cu, Ni, and Mn measured
during the episode in September 1983 probably had an anthropogenic origin.
An examination of weather maps and wind trajectories (see Pacyna et al.,
1985a) implicates sources in central Europe. The mass-size distributions of
the above elements (except S) show maximum abundance on Stage 4 (0.5 - 1.0
pym EAD). The concentrations were lower in the 0.25 - 0.5 pm EAD fraction,
and sub-measurable 1in the <0.25 uym EAD fraction. Accelerated aerosol aging
in summertime is the likely reason for a shift towards larger particles,
since the high-temperature processes, which are the main emitters of Pb, Ni,
and Cu, produce particles with diameters <0.5 pym EAD. In contrast, samples
collected during episodic long-range transport of pollutants from sources in
the USSR to the Arctic in March 1983 had Ni and Pb concentrated mostly in
the <0.5 pupm EAD fractions (see Section 4.3.1). The concentrations of the
metal in the <0.25 pym EAD fraction were at that time several times higher
than in the 0.5 - 1.0 uym EAD range (Stage 4).

No episodes of long-range transport of air pollutants were observed during
the June/July 1984 BP Project campaign. The mean concentrations of the
elements in the various size ranges are presented in Figure 29, and are very
similar to the non-episodic concentrations in fall 1983, shown in Figure 28.
Thus, the data from non-episodic periods in summertime may be representative
of "background“ concentrations of air pollutants in the Arctic during the

summer half of the year.
4.3.2.2 Enrichment factors

The enrichment factors for S and Cl, calculated from the episodic and

non-episodic data for August/September 1983, are shown together with the
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episodic enrichment factors for Pb, Cu, Ni, V and Mn in Fiqure 37. These are
compared in Table 6 with the enrichment factors for aerosols in other remote
areas. All EFs were calculated with Al as reference element, and "crustal

rock" as reference material.

Table 6 shows that the antarctic aerosol (Cunningham and Zoller, 1981) has
the highest enrichment factors. Antarctica is much further away from
industrialised regions than the Norwegian Arctic, and the emission sources
contributing to the antarctic and arctic aerosols are for the most part
different. Concerning the high enrichment factors of S and Cd, Cunningham
and Zoller (1981) have suggested that most of the S comes from the upper
troposphere (transport to the interior of Antarctica is usually through the
mid- or upper-troposphere), while Cd is released during wvolcanic activity,

which may also be an important source for Zn in antarctic aerosols.

The enrichment factors from measurements at Kap Harald Moltke in northern
Greenland (Flyger and Heidam, 1978) seem to be quite similar to those for
the non-episodic periods at NYA (see Table 6). A tentative conclusion is
that the origins of the non-episodic aerosols measured in Greenland and at
NYA were alike.Significant differences between non-episodic concentrations
at NYA and Kap Harald Moltke are seen for Cl and Pb. Seasalt contribution of
Cl seems to be much higher at NYA, while the extraction and processing of

lead and zinc on Greenland likely affect the Pb concentrations.
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Figure 37: Enrichment factors of several trace elements in a given size
fraction, in samples collected at Ny Alesund in August/September
1983. The <0.25 um EAD particles were collected on NP filter.
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Table 6: Enrichment factors (reference: Al, crustal rock) of trace elements
in fall 1983 at Ny Alesund, and at other geographical locations.

Ny Alesund Michigan, U.S.A.| Antarctica Greenland
(this work) 1979 1974y U9TS 1974
(Alkezweeny 1976, 1978 (Flyger &
Element et al., 1982) (Cunningham & | Heidam, 1978)
Episodic|Non~ Zollexr, 1981)
episodic
S 1 900 370 710 30 000 610
(@l 1 140 3 480 - 5 500 450
K 0.8 0l k3 2l:9 12
Tl 0.8 0.6 095 2.0 (0]
\' 2.0 - 1.8 1.2 5% 2
Cr T 9 2 13 5
cd 2 910 110 3 700 24 000 -
Ni 153 = 3.8 - 6
Pb 83 18 270 - 94
Zn 55 16 30 50 15
Cu Ik 8 23 110 -
CONCLUSIONS

with a condensation nuclei counter, an integrating
help to

Concurrent measurements

nephelometer, and (to some extent) an optical particle counter

freshly-produced and aged aerosols in the Arctic. High
light

distinguish between
CN concentrations in the absence of measureable particle scattering

of nucleation mode particles, perhaps from regional

suggest the presence

biogenic/photochemical production, and/or recirculation of local combustion
aerosols.

The concentrations and enrichment factors of several trace elements,

measured at Ny Alesund during the BP Project campaigns, confirm that the

size-differentiated chemical nature of particles is a very useful tool for

assessing the origins of aerosols.

o)

the ym EAD

During long-range transport over ice-covered waters,

particles, emitted from various anthropogenic sources, are not appreciably
by transformation and removal processes in wintertime
Mn,

altered "en route"
(e.g., Heintzenberg and Larssen, 1983). High concentrationss of Ni, Cu,

As, V, and Pb in the <0.5 um EAD particle fractions were observed at NYA
during episodes of long-range transport of air industral

in the USSR in March 1983. During transport of pollutants over open
shift towards more aged

pollutants from

regions
waters in summertime, there was a concentrations
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particles in the 0.5 - 1.0 um EAD range.

Several anthropogenic trace elements had high concentrations and high
enrichment factors in fine fractions of particles measured at NYA, which
confirms that anthropogenic high-temperature processes are the main sources

of long-range transported fine fraction aerosols reaching the Arctic.

The size distributions and enrichment of various elements from natural
sources imply that some of them, e.g., Fe, K, Ca and Si, come, at least
partially, from anthropogenic sources, such as windblown dust and airborne
seasalt, and may occur not only as coarse particles, but also in the <(1.0 um

EAD range.

Chemical interactions in the atmosphere between various air pollutants, such
as seasalt Cl1 driven off by SO‘2°, were evident during the episodic

periods as well.
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