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Abstract Aerosol samples are collected on the route of the Second Chinese National
Arctic Research Expedition from July 15 to September 28, 2003. The concentration of
water soluble ions (Na* , NH; , Ca®*, C1-, MSA , SO?~ and so on) are ana-
lyzed. By correlation analysis, the ions can be divided into three groups: (1) Na*,
Mg**, K*, Ca’*, Cl™, Sﬂi" , mainly from sea salt; (2) NH," , NO; , markedly
from coastal regions of the continents ; (3) Acetate, MSA, C,03, from other
sources. Marine aerosols are the dominant origin, C1~ and Na* are the most domi-
nant anion and cation, respectively and these two ions { Na* + Cl =) account for 55.
6% of the total aerosol loading. The mean equivalence ratio of NH; /S02~ is 0.45,
we suggest that ammonium and sulfate exist mainly as NH,HSO,. The concentration
of NO; shows three different patterns on the route of expedition: Japan Sea with me-
dian value of 15.2 neq * m =3 ; Sea of Okhostk and Bering Sea of 1.8 neq - m ~3
Arctic Ocean of 0.4 neq + m 3. Bering Sea is a high MSA area. Through the com-
parison of the concentration of main water soluble ions between the First and Second
Chinese National Arctic Research Expedition, the variation matches each other.
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1 Introduction

Knowledge of the physical and chemical properties of marine aerosol particles is impor-
tant because of the role these particles play in a number of important atmospheric processes.
Marine aerosols affect radiative transfer and climate directly by scattering and absorbing the
radiation and indirectly by influencing the droplet size distribution and albedo of marine
boundary layer clouds. In addition, marine aerosol particles play an important role in the
marine portion of the atmospheric sulfur cycle (Fitzgerald 1991). The number, size distri-
bution and composition of marine aerosol particles vary in time and space in response to a
number of different processes including long — range transport of continental air; aerosol
production by the bursting of whitecap bubbles and by homogeneous nucleation involving the
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oxidation products of precursor gases emitted by the ocean; removal of particles by deposi-
tion and precipitation scavenging.

In the past dozens of years, a large number of studies on the sea-salt aerosol have been
published (Junge 1972; Warneck 1988; Sun 2002). This paper analyzes soluble species in
aerosol samples collected on the Route of the Second Chinese National Arctic Research Ex-
pedition from July 15 to September 28, 2003, and estimates their existence formation of

_each ion. Finally, we compare the results of the First and Second Chinese National Arctic

Research.
2 Experimental methods

Fifty aerosol samples (including eight blank samples) were collected on the route of
the Second Chinese National Arctic Research Expedition ( Table 1). The route covers Ja-
pan Sea, Okhostk Sea, Bering Sea and Arctic Ocean (Fig.1).
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Fig. 1 The track along which aerosols were collected on the route of the Second Chinese Na-
tional Arctic Research Expedition in 2003.

Aerosol samples were recovered on 2 pm, 4.7 cm diameter Zefluor Teflon filters
( Gelman Sciences™ ) using a 220 V vacuum pump. The filters were placed on the vessel-
top about 25 m above the sea surface in a cylindrical polyethylene protective cover. The
mean flow rate was 0. 39 standard cubic meter per hour (m*® STP - h~!) | yielding a veloci-
ty at the face of the filter of 18.74 ecm/s. This velocity is high enough for this kind of filter
to have a collection efficiency greater than 97% for the aerosol particles which diameter is
larger than 0. 035 pm (Liu et al. 1984 ). The major parts of the sample represent 1 day
sampling intervals. The air volume through the filter was measured by an in-line meter.
Pressure, temperature and other meteorological parameters were recorded by the meteoro-
logical stations on the vessel. After sampling, the filters were removed from the filter hold-
er, put into a cleaned airtight plastic container and stored in the refrigerator at 4C on the
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vessel.

All sample and blank filters were wetted with 200 ! pure ethanol, then extracted with
25 ml. Milli-Q water, ultrasonated for about 30 min. Soluble ions in aerosol samples were
analyzed using a Dionex model™ 300 ion chromatograph.

Major ions were detected in all aerosol samples. Average concentrations of five blanks
were (in ng » g7'): Na* (44.4), NHf (39.0), K*(4.9), Mg®* (0.5), Ca?*
(1.8), CH;CO0~(13.8), MSA(0.0), CI~(23.0), SO?-(31.4), C,0%(0.0),
NO; (20.5).

3 Results and discussion

Concentrations of water soluble ions in the aerosol are presented in Table 1. The aver-
age total aerosol loading (total anions + total cations) was 170.6 neq + m ™3, the maxi-
mum and the minimum total aerosol loading are 1304.1 and 29.2 neq - m~* respectively.
The samples of A1-A30 are collected on go-way ( A14-A30 are collected in the Arctic O-
cean) , the A31-A42 are collected on back -way.

The statistical data of water soluble ions in the aerosol are presented in Table 2. The
mean concentrations are significantly different for all species; the dominant ions are Na* ,
Cl~, and SO3 ™.

These three ions account for more the 75% of the total burden of measured ions. The
difference of mean concentration of water soluble ions, in general, relates with the source
intensity and distance from the sources. Some ions have several sources, for example
SO~ , besides marine origin, it also origin from anthropogenic emissions ( Wang 1999).
The standard deviations of Na* , Cl1~ and SO~ are large, indicating these three ions con-
centrations are severely influenced by alteration of marine.

3.1 Sources

All correlation coefficients are shown in Table 3. On the basis of their correlation coef-
ficients, we divided them into three groups: (1) Na*, Mg?* , K*, Ca®*, Cl~, SO%~,
mainly origin from marine aerosol; except for SOF~ , all correlation coefficients are more
than 0.90 (p =0.01). The correlation coefficients between SO2 ~ and other marine aerosol
ions are less than 0. 90, indicating that there is other sources for SOZ ~. The correlation co-
efficients between Ca?* and Na*, Mg?* , K* are relatively low, and the correlation coef-
ficient of Ca®*/S0% " is the biggest, suggesting that they may have common sources; (2)
NH,", NOj , originated from anthropogenic emissions; (3) CH;C00 -, MSA, C,0%" o-
riginated from differenced sources. |

3.2 Formation

Cations originated from marine aerosol include Na*, Mg?*, K*, Ca®* and anions
include Cl1~, SO7~. The sum of (Na* +Cl~) accounts for more than 50% of total aero-
sol loading. Itisnoteworthythat marine aerosol is the main formation of aerosol. C1~ /Na* ratio



Xu Jianzhong et al.

8 bl - $0 681 662 8€€ 80 L8 ¥O0 ¥6 T0O 0°0 T1 2% L0 I'L 907 M881 NEI'IL 68 [TV
1= (Al 0°0 I8 P08 L0 €SI 00 09 20 00 9T 6°%1 T'1 TS 9°95 MSE'891 NI6'89 88 0TV
$8- 8°0 v°0 9'6€ L8 0 SO ¥'LLOIT €0 1°0 9°1 TS S0 €9 T'ST MV6'E9l N6V OL L8  6IV
8°C Al $0 €66 LI6 L0 SO 6SISLL PO €0 €T 091 ST 08 6€ MbrZSI NZL'IL 98  SIV
pT- 1 €0 bPvE 8C€ TO €0 €6 9% 10 10 6’1 TS b0 €T 1°€C MLE9ST NSP'IL S/¥8 LIV
66— 9°0 €0 I'1€ 1'8C +0 S0 T6I S0l ¥°0 1°0 8T 0T $°0 S'S v'LI MOO'S9T N6S'IL €8  9IV
S'L- 0 €0 0T €91 10 00 v€ €T 1°0 1°0 80 80 €0 69 S'L M668I NOSTL 18  SIV
9 6°0 01 ['LL 912 TO0 S0 $€ LT TO 10 S0 9T €0 v'E 8Pl M66°89T NOL'69 IE&L IV
861 vl 0 1°SE1 6°SZ1 L0 60 L'SISLII TO 1°0 Tt 9706 0°T 9°S S€8 MO0'L9T NSE'V9 0€/6TL EIV
0°1- (A 9°0 E08 S'€8 01 ¥'1 9T L¥9 SO 1°0 S€ 8V I'T 08 1°9S M6I'VLI NE€6'C9 8TL  TIV
9711~ 01 9°0 918 TL8 ¥l 8°€ 80T L¥S L0 €0 8T 0°SL ¥'T ¥'I1 979 MI6°6L1 NvI'09 LTL LIV
8 ¥l - S0 11 8°2¢ 8%k €1 TT SSIOT LI 1°0 80 6T L1 S$910€C d9Z9L1 NHO'8  9TL  OIV
€1T- 9°0 9°0 9°19 8°L9 L€ 6T €LT1°9C 91 1°0 €1 9°L T TLI SOp A9B'ILL NS6'¥S  STL 6V
SI1- 1°0 9°0 €L €6 10 80 €€ ST 91 0°0 60 2T €0 8%l I'I1 A9E'69T NSLZS +vTL 8V
9°SI- 6°0 €0 v'89 L'EL 11 ¥'0 TE TEP SO 00 8°€ LTI €1 9'9 €05 F09°T9T NTI80S €TL LV
0°€E- €0 €0 99 T 11T I'1 S€ 96 11 0°0 ST T'L 1'T 08I v'9¢ HTL'SST N8Y'0S TTL 9V
6°L- 70 z0 8T €T ¥0 TO vLE TV SO 1°0 8T 0'T €0 06 €0l A€Z'TST N6L'6F  1TL SV
9°61- L0 v°0 L'EL 1°0L §'S T'I SSESIE TO 0°0 LT T8 0°1 S'SI L'ty dO6°SYI NIS Oy  0TL  +V
0°€C- 6°0 b0 L'OST T'8El L°1T L1 €¥%F 978 $°0 0°0 6T 6'¥C 1'C T8I €06 498861 NLI'vv  61-L €V
9Tl 01 S0 0716 S'€6 L8 60 ['121°09 T0 0°0 6°1 S9L 91 v'11 279 AIL'EEl N¥9'6€  8I-L TV
9°€p— L0 b0 L'9ST $°0ST ST 8°C €69 L'19 $°0 0°0 €v 0V €€ 88T 1°06 AIS'¥Z  NESVE  91°L IV
- LEN/-D -0S/JHN TR TR fON_I0TD-P0S -0 VSW _00D°HD ") +OW N JHN +®N (o) W0 (o) 1]  ewq odueg
suotuy mtoc.mu
(g-w - bau ) ooz ur uonipadxy yoressay onasy [eUOLBN 9SOUIYT) PUDAG Y] JO JINOI 3Y) U0 P3IJOI[[OD S[OSOIFE Ul UONBNIUIIUCD sa10ads apqniog "] 9[qeE],



Soluble species in aerosols collected on the route of the Second Chinese. . .

(do

9L "€ET*No OL '6£) " (Mo 66 TLI*No 00 9L)" (Mo #7091 *No 65 LL)" (Mo L0 "8ST*No SO EL)" (Mo T9 89T No 8L EL)" (o €€ 6C1No €8 'FE) 218 TPV ZEV  1EV
“6ZV" SIV' 1V jo uonisod pua ayi e idaoxe ‘a[dures jxou jo uonisod wrejs ay) are uonrsod Surpus oy pue ‘uounrsod Jurues oy} 1B [9[qE, oY} ur apnyiduo] pur apnine Y]

0°9-
9'1-
['pl-
8Ty
98¢
1A 4%
L0
8 'vl—
£0-
8°1
£1-
£l
8°¢Cl-
LeTl-
€T
L11l-
89—
[°¢-
['v-
€6
¢c-

_DA .®N/_[D -t0S/JHN

01 8°0 ¥ 6b 098 6T L'CT 911 8°I¢ 1°0 0 89 69 €1 68 £7¢L MTF'S8El N8BtV 0C-6
I°1 L0 0°t¢ 9'I€ 9°¢€ 9T ¥ Z1 O0'vE 1°0 €0 0 06 1I'I T6 v'0E d9T 9FT NOO'Lv 61-6
80 S0 L6 LS9 TT 61 S6EPST SO TO €T 06 L1 061 8€ A6L'PSI NSO'OS 816
€1 10 9°09pL G7LSS 9°C T°1 L'8L20'00S 01 0 SITOLIT 0°6 T'618°068 JTL 191 NL6°ES L1-6
vl 1°0 Q0°SpPC L'TOF 9°€E 9°CT 8'8CII 6LE 870 ¢ ELL €716 L'9 SEI6°CELT A6S ELT  N¥6 09 91/¢1-6
€0 0 T6F 66 99 €€ €°CZ 801 80 £0 LT Ly €1 LOI 9712 M6EPLT N69°€9 ¥1-6
' 0 01s €0S €T 071 600 66 €0 +0 LT 68 80 8% I'EE M06'891 NLS'SO €6
0°1 £0 T'$ST ¥'CEl €T 0°S TH9 L'I8 €0 00 L9 860l €T L'IT ¥'C8 MPP'S91 NLY ¥9 cl-6
(AN ¥°0 S8IL 6601 €T S§°C 9°LZ S'S8 T'O €0 E'P 681 0°C v'IT £€°€L M00°691 N¥I 99 I1-6
€1 €0 £°0¢ 89T ¥#0 LO 8% v#%C 1°0 00 60 v S0 9T €6l ML9GLT NSLOL 0r1-6
0°1 0 L'1E 09T 00 00 €S 6S TO ¥'0 Pl 0 v 0 19 T9 ML8'891 NTE'LL L6
60 0 9°6¢C S9L 00 00 01T €¢ TO 0 'L 9°T TO #'8 0°C MEQO'IST NLZT 8L 6
00 [0 S8I 8tr LO 00691 €0 €0 0 €8 0C L0 L'IT T'IT MOP'OFI NO9S'8L V6678
8°0 0 L9 I'.v 0T 00 8'ST €62 T°0 ¥'0 9°0 € ¥#0 09 676 MB88'9ST N¥e'IL L1-8
I'1 80 L 'S¢ P8 +0 00 16 6SC 1°0 00 T1 0°¢ S0 9L 1°¥2 ME6°09T NP9 IL o1-8
0°l 0 021 TETL 60 00 T8 LO06 1°0 00 TY L'TC 0T 69 S'L8 MLSTST NLO'EL c1-8
L0 (SN1] [T ['¢cc TO 00 €11 €6 170 0 LO I'T €0 €9 8€l M6T 6F1 NE9 VL P1-8
90 €0 ¢'¢l 6°¢€l TO0O $#°0 TOI L'+ 10 0 L0 #0 10 0'S ¥'8 MPEEST NO¥'GL el-8
S0 L0 8 ¥l ¥l 00 00 811 82 1°0 [0 20 0 TO 8L 8'C MBI69] NIO VL Z1-8
8°0 £°0 99 F'St S0 00 1Sk +0T 10 0 9'1 0°¢ S0 L'Fl 9°ST MLO'P91 NTL ¥L [1-8
80 8 8¢ L8 00 0SS 00 9¢€I 10 0 9'T €T €0 L°L ¥#'91 MBI'691 NIO VL 01-8
"X % FON_10%-f0S -1D VSK _00DHD ") +oW -N JHN <N (o) U0l (o) wl g
wﬂcmﬁ< mﬂo:.m.u

v
824
orv
6LV
8EV
LEV
otV
SEV
1494
EEV
eV
1€V
0Ev
6TV
8Ty
Ly
9zv
STV
{4
A

ey
sjduwng

( penunuoy) )

"1 °I9eL



6 Xu Jianzhong et al.

Table 2.  Statistical parameter of soluble species in aerosols collected on the route of the Second Chinese Na-

tional Arctic Research Expedition in 2003 (neq * m~3)

Na* NH; K* Mg?* Ca?* CH;C00~ MSA (- SOj~ C,0i~ NO;j

Average 50.3 10.6 1.3 13.1 3.1 0.2 0.4 352.6 342 7.0 2.6
Maximum 390.8 28.8 9.0 117.0 21.5 0.4 1.7 500.0 238.7 25.0 22.5
Minimum 5.0 1.6 0.1 0.1 0.1 0.0 0.1 0.3 0.0 0.0 0.0
 Median  31.3 8.2 1.0 5.8 1.8 0.1 0.2 25.7 20.9 0.9 0.9
s. d. 69.9 6.1 1.7 22.2 4.1 0.1 0.4 93.4 47.8 5.1 4.8

Table 3. Inter-correlation between the water soluble ions in aerosols collected on the route of the Second Chi-

nese National Arctic Research Expedition in 2003

NH, K* Mg+ Ca?* Ace  MSA a- S0;- G0~ NOy

Na* .34*  99** O R 916**  .1I® .23 991+ IO - 297
NH/ A457* " 312° 3 0% 461t 253 1 -0 590"
K~ L975**  .919** .169 .290 .961** .786** -013 .367°
Mg * J921** 160 .211  .995**  .766** -.029 .276
Ca’* 278 172 .921**  .878** -.035 .175
Ace -. 197 . 186 . 267 .192 -. 194
MSA 187 251 -.049  .075
Cl- J752%* -.032  .207
802~ -160  .232
C,05- -.023

* :Correlations is significant at the 0. 05 confidence level; * * :Correlations is significant at the 0. 01 confi-
dence level.

is 0. 83, less than sea-water Cl~/Na* ratio (1. 17). There is a deficiency in Cl~
concentration in the aerosol compared to the sea-water C1~/Na* ratio (Table 1). Cl~-
deficit shows an inverse relationship with SO ~ in our samples (with the exception of A13,
A30, A38 and A39) (Fig.4). This suggests that Cl = was depleted due to the reaction be-
tween sea salt and H,SO, in the air ( Shrestha et al. 1997 ). Based on meteorological re-
cord, the A13, A30, A38 and A39 were collected under the bad weather ( condition). The
wind speed is more than 10 m -+ s ~! sometimes, thus strong wind may bring much sea-water
bubble into air, and the sea-salt aerosol concentration were higher. This result may weak
the relationship between Cl ~ -deficit and SO3 .

The total measured cations are less than that of anions in most of samples, and the de-
ficiencies are more than 5% , indicating that some ions have not been detected ( Legrand
and Delmas 1984 ). It is likely that H* can account for a significant percentage of the miss-
ing cations composition, with H,SO,, HCOOH the principal acidic gases; the summertime
troposphere in the Arctic and sub-Arctic is an acidic environment (pH <5) ( Talbot et al.
1997). In all samples, most of the ratio NH;* /SO3 ~ are less than 1( Tablel ). Except the
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A20, A21 and A22 samples, the average NH,; /SO3 ™ ratio of other samples is 0.45. Sun
and Qin (1998 ) suggested that local atmosphere environment and the ions equivalence of
aerosol should be considered in explaining the association between ammonium and sulfate using
the ratio of these two species. Out of 42 samples, 29 are acidic aerosols, and the NH "/
SO3 - ratio is close to 0. 5, so we suggest that NH; and SO?~ exist in the form of
NH4HSOy,.

250 \.
—a—DCI”
200 S
= —°~ 50 N ~
= .
‘3 150 +
S 100
E e
E * Iy
5 -
g ‘ \/...\ . .\ ” . 0/ \ \
- S f..‘.%'./ syt * Y 4 \“
B ] o g W .'ll."-.’- Wal L]
Ao o .
-50 - 1 L 1 1 ]
0 10 20 30 40 50
Sample

Fig.2 Relationship between deficit C1 - and SO} ~in the aerosol. The arrows indicate anomalous data points,
which dont follow the general inverse relationship.

It has been suggested that acidic aerosols can be contaminated by ammonia in ambient
air while processing filter in laboratories ( Shrestha et al. 1997 ). If the samples were con-
taminated in a laboratory, then the amount of anions would equal to the amount of cations.
But the phenomena was not observed in our laboratory, which means the collected samples
are uncontaminated.

Compared with SO =, the source of NO;™ on the route of the expedition is simple rela-
tively, the contribution originated from the marine or the lands is not obvious, which can be
proved from the.inter-correlation between the NO; and the water soluble ions in aerosols
(Table 3). The oxidation of biogenic-produced organic nitrogen gases from the ocean may
be an important source of nitrate, however, this process mainly occurred around the equa-
tor. The source of NO; , HNO3 in mid-high latitude may be augmented by anthropogenic
inputs from long-range transport and regional forest fires ( Talbot 1997; Jacob 1992; Singh
1992a,b; Wofsy 1992 ). Talbots(1997) results indicated that in the free troposphere the
concentration of HNO; was significantly higher than that of aerosol NO3 , and most of NO5
is typically formed by sea-salt and HNO5. It has been found that HNO; deposition on Teflon
filters do not influence nitrate concentrations, however there might have been some loss of
nitrate by decomposition of NH;NO;, therefore the nitrate concentration reported here
should be regarded as lower limit of true atmospheric concentration ( Sun and Qin 1998).
Fig. 3 shows that the concentration of NO; decreased with increasing distance from the hu-
man activity, and may divided into three area; Japan Sea with median value of 15.2 neq *
m 2 ; Sea of Okhostk and Bering Sea of 1.8 neq + m = and Arctic Ocean of 0.4 neq -
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m 3.

The values of MSA of 6 samples collected on the Bering Sea are high ( Fig.4) , indica-
ting that Bering Sea is a high-product area of MSA. The MSA values of A8, A9, Al0 are
higher than that of A37, A38, A39. Maybe the reason is the lower temperature benefit the
transformation of DMS to MSA ( Sun2002 ) . We observed high values of the ratio MSA /
nssSO3 ~ over the Bering Sea( Fig.4) , also indicated that Bering Sea is a high-product area
of MSA.

Concentration (neg/my’)

-—-'!\\.f 1L AN

\k./‘\ \

0 NS ! I J
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Fig.3 The latitudinal distribution of the concentration of NOy
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Fig.4 The variation of MSA and MSA/nssSO3 ~ ratios in aerosols collected on the route of the Second Chinese
National Arctic Research Expedition in 2003.

3.3 Comparison with the First Chinese National Arctic Research Expedition

There were 27 samples collected on the route of The First Chinese National Arctic Re-
search Expedition (1999 =07 ~01 — 1999 —09 :-09). The routes of twice expedition are
similar. Fig. 5 shows the mean concentration of soluble species collected during the two ex-
peditions. The result indicates that the concentration of NO; , SO3~, C,03~, NH; are
higher on the route of the Second Chinese National Arctic Research Expedition, however
the concentration of C1~, Na*, K*, Mg?*, Ca®* are higher on the First Chinese Nation-
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al Arctic Research Expedition. The concentrations of MSA are same. The ions of NOs ,
S0%~, C,07™, NH4 are mainly anthropogenic origins. Here the anthropogenic origins in-
clude anthropogenic sources and exhaust gas from the vessel. Although some protects had
done to prevent exhaust gas from the vessel, the wind direction changed rapidly, it was pos-
sible that the samples were polluted more or less by the vessel exhaust. But as a whole, the
concentrations of these 4 ions were high in the human area and were low in no-human area.
So the concentrations of ions reflect truly the change in the atmosphere. The concentration
of sea-salt jons are higher on the route of the Second Chinese National Arctic Research Ex-
pedition than that of the first time, may be due to the weather of the first expedition was

more severely than the second expedition.
0 F

60 I Fis
[ Second
250
g
240
8
Z 30
5
£20
&
10

€I~ NO3 SO¥” C,OZMSA Na* NH} K* Mgt Ca?*

Fig.5 Comparison of the mean concentration of soluble species in aerosols collected during the two expe-

ditions.

We also compare the ions concentrations of SO7 ™, Na*, MSA, NO5 along the route
of two expeditions (Fig.6) , and find that the ions concentrations along the route of expedi-
tion are similar. But the concentrations of Na* , SO~ in two expeditions have some differ-
ences. The two ions high values are more frequently occurred in the second expedition than
in the first expedition, but the corresponding high values are resemble.

4 Conclusions

Samples collected along the route of the Second Chinese National Arctic Research Ex-
pedition show that marine aerosols are the dominant origin, Cl = and Na* are the most dom-
inant anion and cation, separately, and these two ions (Na* + Cl ™) account for 55.6% of
the total aerosol loading. The equivalent C1~/Na ™ ratio is 0. 83, less than sea-water Cl =/
Na* ratio (1.17). There is a deficiency in Cl~ concentration in the aerosol compared to
sea-water. Cl ™ -deficit shows an inverse relationship with SO~ in our samples (with the
exception of A13, A30, A38 and A39) (Fig.4.). This suggests that CI = was depleted
due to the reaction between sea salt and H, SOy in the atmosphere. The mean equivalent ra-
tio of NH;/S07™ is 0. 45, we suggest that ammonium and sulfate exist mainly as
NH4HSO,. The concentration of NO; shows three different patterns along the route of ex-
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pedition, i. e. Japan Sea with median value of 15.2 neq * m ~?; Sea of Okhostk and Bering
Sea of 1.8 neq » m ~3 and Arctic Ocean of 0.4 neq - m ~>. Bering Sea is a high MSA area.
Through the comparison of the concentration of main water soluble ions between the First
and Second Chinese National Arctic Research Expedition, the variation matches each oth-

er.
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Fig.6 Comparison of aerosol concentration with latitude during the two expeditions.



Soluble species in aerosols collected on the route of the Second Chinese. . . 11

Acknowledgments The authors would like to express gratitude to Wang Xiaoxiang for as-
sistance with chemical analyses and to Lu Changgui and Bian Linggen for their help on the
expedition. This work was supported by the National Natural Foundation of China ( Grants
No. 40071025) and the Second Chinese National Arctic Research Expedition.

References

Fitzgerald JW (1991) ; Marine aerosols: A Review Atmosphere Environment, , 25A(3/4) ; 533 —545.

Jacob DJ, Wofsy SC, Bakwin PS et al . (1992) ; Summertime photochemistry of the troposphere at high northern
latitudes. J. Geophys. Res., 97 (D15) . 16421 — 16431,

Junge CE (1972) : Our knowledge of the physico-chemistry of aerosols in the undisturbed marine environment.
J. Geophys. Res. , 77:5183 ~5200.

Legrand MR, Delmas R] (1984) . The ionic balance of Antarctic snow: a 10-year detailed record. Atmospheric
Environment, 18 (9): 1867 — 1874

Liu BYH, Pui DYH, Rubow K (1984 ) ; Characteristics of air sampling filter media. In: aerosols in the mining
and industrial work environments, ed. by Marple VA and Liu BY, Ann Arbor Science, M1, 989 —1037.

Shrestha AB, Wake CP, Dibb JE (1997) : Chemical Composition Of Aerosol And Snow In The High Himalaya
During The Summer Monsoon Season. Atmosphere Environment, 31(17) . 2815 —2826.

Singh HB, Herlth D, OHara D et al. (1992a) : Sandholm S T. , Talot R. , Crutzen P J and Kanakidou M. ,
Relationship of peroxyacetyl nitrate to active and total odd nitrogen at northern high latitudes: Influence of
reservoir species on NO, and O4. J. Geophys. Res., 97 (D15): 16523 - 16530.

Singh HB, O’ Hara D, Herlth D et al. (1992b) . Atmospheric measurements of peroxyacetyl nitrate and other
organic nitrates at high latitudes; Possible sources and sinks. J. Geophys. Res., 97 (D15): 16511 -
16522

Sun JY (2002) . Soluble Species in Aerosols Collected on the Route of the First Chinese National Article Re-
search Expedition. Journal of Glaciology and Geocryology, 24(6) :744 — 749.

Sun JY, Qin Dahe (1998) . Soluble species in aerosol and snow and their relationship at Glacier 1, Tien Shan,
China. J. Geophys. Res., 103 (D21) 28021 —28028.

Talbot RW, Vijgen AS,Harriss RC(1997) . Soluble Species in the Arctic Summer Troposphere: Acidic Gases,
Aerosols, and Precipitation. J. Geophys. Res., (DI15) .16535 - 16536.

Wang MX(1999) ; Atmospheric Chemistry(second). Beijing: China Meteorological Press, 157.

Warneck P (1988 ) : Chemistry of the Natural Atmosphere. International Geophysics Series. New York: Aca-
demic Press, Vol. 41.

Wofsy SC, Sachse GW, Gregory GL et al. (1992) : Atmospheric chemistry in the Arctic and sub-Arctic: Influ-
ence of natural fires, industrial emissions, and stratospheric inputs. J. Geophys. Res., 97 (DI5}.

16731 - 16746.



12 Xu Jianzhong et al.

Wu RS(2002) ;: Theory of modemn climatology. Beijing: Higher Education Press, 189.



