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The mean residence time of river water in  
the Canada Basin 
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Seawater was collected from the western Arctic Ocean for measurements of 18O, 226Ra and 228Ra. The 
fractions of river runoff and sea ice melt-water in water samples were estimated by using δ18O-S-PO* 
tracer system. The mean residence time of river water in the Canada Basin was calculated based on the 
relationship between 228Ra/226Ra)A.R. and the fractions of river runoff in the shelf and deep ocean. Our 
results showed that the river runoff fractions in the Canada Basin were significantly higher than those 
in the shelf regions, suggesting that the Canada Basin is a major storage region for Arctic river water. 
228Ra activity concentrations in the Chukchi shelf and the Beaufort shelf ranged from 0.16 to 1.22 Bq/m3, 
lower than those reported for shelves in the low and middle latitudes, indicating the effect of sea ice 
melt-water. A good positive linear relationship was observed between 228Ra/226Ra)A.R. and the fraction of 
river runoff for shelf waters, while the 228Ra/226Ra)A.R. in the Canada Basin was located below this re-
gressive line. The low 228Ra/226Ra)A.R. in the Canada Basin was ascribed to 228Ra decay during shelf wa-
ters transporting to the deep ocean. The residence time of 5.0―11.0 a was estimated for the river water 
in the Canada Basin, which determined the time response of surface freshening in the North Atlantic to 
the river runoff into the Arctic Ocean. 

Western Arctic Ocean, river runoff, residence time, 228Ra, 226Ra, 18O 

It is currently thought that there are two main ways in 
which the Arctic Ocean might make impacts on global 
climate. The first is through its effect on the surface heat 
balance by changing the local radiation and albedo. The 
second is through its effect on the global thermohaline 
circulation by regulating deepwater formation rates in 
the North Atlantic. Both ways are related to the hydro-
logical cycle in the Arctic Ocean. The freshwater com-
ponents in the Arctic Ocean help to enhance salt stratifi-
cation and vertical stability in the upper water column, 
which allows formation of sea ice. Changes in freshwa-
ter components in the Arctic Ocean may influence 
sea-ice extent and thickness, with consequent impacts on 
surface albedo and turbulent heat fluxes[1]. The variabil-
ity of the outflow from the Arctic Ocean may lead to 
basin-scale shifts in the domains of deep convection and 
the changes of deepwater formation rates in the North 
Atlantic[2]. Recent evidence suggested that a widespread 

and rapid freshening of the deep North Atlantic was ob-
served and meridional overturning circulation was slow 
down[3,4], which was ascribed to the increase of fresh-
water outflow from the Arctic Ocean[5]. Knowledge of 
the freshwater cycling in the Arctic Ocean is important 
for understanding the response and feedback of the Arc-
tic Ocean to the global change. 

Three freshwater sources maintain the freshwater 
budget in the Arctic Ocean: river runoff, net precipita-
tion (precipitation minus evaporation) and the low-sa- 
linity Pacific inflow through the Bering Strait. River 
runoff is clearly one of the key processes contributing to 
the Arctic Ocean’s freshwater budget. The Arctic Ocean 
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receives 3300 km3 per year of freshwater by river run-
off[6], equivalent to ~10% of runoff from all the world’s 
rivers. The sea ice and the upper waters of the Arctic 
Ocean serve as major storage reservoirs of fresh water. 
However, the sea ice melting during summer will in-
crease the freshwater components in local regions. In 
order to obtain clear understanding of the driving 
mechanisms determining freshwater distribution in the 
Arctic Ocean, it is highly desirable to know the distribu-
tion of freshwater from each major source and their dy-
namics. Since only salinity cannot distinguish various 
freshwater components, researchers used chemical  
tracers such as 18O[7,8], alkalinity[9], nutrients (SiO3

2−, 
PO4

3−)[10,11], and trace metal (Ba)[12] to reveal the distri-
bution and behavior of various freshwater components 
in the Arctic Ocean. It is recognized as the important 
role of the advection of shelf waters in maintaining the 
upper halocline in the deep ocean[11,13―17].  

These tracer studies have provided a good insight into 
freshwater distribution in the Arctic Ocean. However, 
little has been known for the time scale of freshwater 
transport in the Arctic Ocean. There is a range of geo-
chemical tracers to estimate the residence time of fresh-
water at limited stations in the Arctic Ocean, including 
3H/3He, CFCs, bomb 3H, and 228Ra/226Ra)A.R.

[18 ― 23]. 
However, the residence times obtained by different 
geochemical tracers have slight difference in physical 
meaning due to their different input pathways. A resi-
dence time derived from 3H/3He or CFCs is a measure of 
the time that has elapsed since the last equilibration of 
the water parcel with the atmosphere. A residence time 
estimated from a bomb 3H source function represents the 
mean time that has passed since the river runoff fraction 
was discharged onto the shelf. Unfortunately, bomb 3H 
can no longer be used as its runoff has stabilized and the 
vintage age is no longer specific. Unlike above tracers 
coming from the atmosphere, 228Ra in seawaters comes 
from the input of river runoff and the release of shelf 
sediments. With the increasing distance from the shelf 
region, 228Ra and 228Ra/226Ra)A.R. in seawaters decrease 
due to the radioactive decay. From the distribution of 
228Ra or 228Ra/226Ra)A.R., one may estimate the transit 
time of the water masses since they detached from the 
shelves. Since the river runoff enters the deep basin 
through the shelf region, the transit time derived from 
228Ra/226Ra)A.R. also represents the mean residence time 
of river water in the deep basin[22, 23]. The advantage of 

228Ra/226Ra)A.R. method over 3H/3He and CFCs is that the 
input function of 228Ra from the shelf is irrespective of 
ice conditions. 

In this study, seawater was collected from the western 
Arctic Ocean during the First Chinese Arctic Expedition 
for measurements of 18O, 226Ra and 228Ra. The fractions 
of river runoff and sea ice melt-water in water samples 
were estimated by using δ18O-S-PO* tracer system. The 
mean residence time of river water in the Canada Basin 
was estimated based on the relationship between 228Ra/ 
226Ra)A.R. and the fraction of river runoff in the shelf and 
the deep ocean. The time lag between the maximum 
river runoff in the Arctic Ocean and the water freshening 
in the North Atlantic was discussed. 

1  Materials and methods  
1.1  Sample collection  

During July-August, 1999, water samples were collected 
at 13 stations in the western Arctic Ocean onboard the 
R/V Xuelong. Sampling stations covered the Chukchi 
shelf (9 stations), the Beaufort shelf (station C30 and 
C33), and the southern Canada Basin (station C34 and 
C39) (Figure 1). Water samples were collected from the 
depth shallow than 500 m at station C34 and C39, and 
only surface water samples were collected at the other 
stations. 
 

 
Figure 1  Sampling locations in the western Arctic Ocean. 

 
Seawater for 18O determination was collected using 

Niskin bottles mounted on a rosette together with a CTD 
profiler. Surface water samples (120 dm3) for radium 
isotopes analysis were collected at ~0.5 m depth with a 
plastic bucket and passed through a column packed with 
12 g MnO2-fiber. Flow rate of 200―250 cm3/min was 
arranged in order to absorb radium isotopes quantita-
tively. After the enrichment, MnO2-fiber was taken out 
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and enveloped in a plastic bag, and taken back to the 
onshore laboratory for radium analysis. At station C34 
and C39 in the Canada Basin, radium samples at differ-
ent depths were collected by hanging MnO2-fiber at 25, 
50, 100, 150 (or 300), 200 and 500 m for 8―12 h. Since 
the water volume passing through the MnO2-fiber was 
unknown, the activity concentrations of 226Ra and 228Ra 
can not be obtained, however, the 228Ra/226Ra)A.R. in 
these samples was accurate due to the same water 
volumn for 226Ra and 228Ra.  

1.2  18O determination  

Seawater for 18O determination was filled into a 50 cm3 
plastic bottle and sealed until onboard analysis was 
conducted. The analytical method for 18O/16O ratios was 
the standard H2O-CO2

 18O isotope equilibration tech-
nique[15]. Samples were prepared and run in batches, 
including a national standard and a SLAP standard pre-
viously calibrated by direct measurement against Vienna 
Standard Mean Ocean Water (VSMOW). All analyses 
were conducted on a VG SIRA-24 isotope ratio mass 
spectrometer. Analytical uncertainty for oxygen isotope 
measurements was within ±0.1‰. 18O data reported here 
were delta values (δ ) given in per mil:  

sample18

standard
O 1 1000

R
R

δ
⎛ ⎞

= − ×⎜ ⎟
⎝ ⎠

, 

where Rsample and Rstandard represent the measured isotope 
ratios of 18O/16O in seawater samples and VSMOW, re-
spectively.  

1.3  226Ra and 228Ra determination 
226Ra activity was measured by 222Rn emanation method. 
In brief, MnO2-fiber was filled into a diffusion tube, 
sealed and vacuumized. After 5―7 d, 222Rn produced 
from 226Ra decay was emanated into a ZnS counting cell, 
and subsequently measured by a Rn-Th analyzer 
(FD-125 model, Beijing Nuclear Instrument Factory)[24]. 
Measurement of 228Ra involved isolation and β counting 
of the short-lived 228Ac (T1/2=6.13 h) following the 
method described in detail by Xie et al.[24]. As an ex-
amination of the radiochemical purity of the isolated 
228Ac, radioactive decay curves of 228Ac with the 
half-lives of 6.11h, 6.14h and 6.45h were derived for 
samples collected from station C12, C27 and C34-50 m 
respectively, in good agreement with the accepted value 
of 6.13h. Therefore, the analytical procedure adopted for 
228Ra is reliable. All of the reported 226Ra and 228Ra ac-
tivity concentrations here were corrected for the equip-

ment background, the blank and the recovery during our 
procedure, and corrected to the mid-point of the sam-
pling. The reported errors for radium activities were 
propagated from the one sigma counting uncertainty.   

1.4  Measurements of temperature, salinity, phos-
phate and dissolved oxygen  

Temperature and salinity were measured in situ by con-
ductivity-temperature-depth instrument (MARK III C/ 
WOCE-CTD), which was calibrated before the cruise[16]. 
Phosphate and dissolved oxygen concentrations were 
measurement shortly after the sampling collection. 
Phosphate concentrations were measured by ammonium 
molybdate/ascorbic acid method with GBW 08623 as a 
standard solution[25]. Dissolved oxygen was determined 
using Winkler technique with GBW 08621 as a standard 
solution[25]. Analytical uncertainties for phosphate and 
dissolved oxygen were 0.01 µmol/dm3 and 0.5 
µmol/dm3, respectively. 

2  Results and discussion  
2.1  Fractions of river runoff and sea ice melt-water  

S-δ18O-PO* tracer system was used to estimate the frac-
tions of the Atlantic water, Pacific water, river runoff 
and sea ice melt-water in our water samples as described 
in detail by Chen et al.[15]. The mass balance equations 
are as follows:  

fa + fp + fr + fi =1,          (1) 
fa·Sa + fp·Sp + fr·Sr + fi·Si = Sm,       (2) 

fa·δ 18Oa + fp·δ 18Op + fr·δ 18Or + fi·δ 18Oi = δ 18Om, (3) 
fa·PO*a + fp·PO*p + fr·PO*r + fi·PO*i = PO*m,   (4) 

where fa, fp, fr, fi are fractions of the Atlantic water, Pa-
cific water, river runoff and sea ice melt-water contrib-
uting to the measured (subscript m) water samples. Sx,  
δ 18Ox and PO*x are the corresponding salinity, δ 18O and 
PO* concentrations (PO*=PO4

3-+O2/175―1.95 µmol/ 
dm3 [11]). To conduct the mass balance calculation, a 
representative concentration for each tracer must be 
known for each water mass before it enters the Arctic 
Ocean. The end member characteristics in this study was 
chosen as the same as previous reported[15]. It should be 
noted that the calculated fractions of the sea ice 
melt-water might be positive or negative values. Positive 
values of the sea ice melt-water fractions meant the net 
sea ice melting, while negative values represented the 
portion of freshwater used to form sea ice. 

Table 1 shows the calculated fractions of the river  
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Table 1  228Ra concentrations, 228Ra/226Ra)A.R. and the fractions of river runoff and sea ice melt-water in the western Arctic Ocean 
Region Station Longitude (W) Latitude (N) Depth (m) Layer (m) T ( )℃  S 228Ra a) (Bq/m3) 228Ra/226Ra)A.R.

 fi (%) fr (%)
C1 169°49.5′ 67°18.7′ 47 0 6.123 31.852 0.61±0.05 0.67±0.06 3.2 6.8
C6 170°0.6′ 69°59.9′ 50 0 0.725 25.633 0.35±0.07 1.25±0.27 22.9 5.9
C8 174°59.5′ 70°0.7′ 60 0 2.954 31.147 0.25±0.10 0.74±0.29 7.1 5.4
C10 173°54.3′ 71°0.1′ 35 0 1.155 26.669 0.54±0.01 1.25±0.09 20.4 5.9
C11 172°29.6′ 71°1.3′ 38 0 −1.269 30.500 0.16±0.05 0.56±0.20 7.6 5.3
C12 170°2.1′ 70°40.1′ 30 0 −0.876 30.520 0.76±0.06 0.65±0.05 6.7 5.4
C13 167°10.2′ 70°28.8′ 50 0 −0.001 31.021 0.41±0.07 0.32±0.05 6.6 2.6
C25 168°52.6′ 71°42.0′ 50 0 −0.319 29.099 0.19±0.06 0.68±0.24 12.3 5.7

Chukchi 
shelf 

C27 168°38.2′ 72°29.6′ 54 0 −0.974 30.291 1.22±0.09 0.78±0.06 7.2 4.4
C30 160°0.6′ 71°15.3′ 44 0 1.104 29.850 0.62±0.05 1.19±0.17 6.6 7.0Beaufort 

shelf C33 158°56.5′ 72°22.5′ 50 0 0.379 28.395 0.95±0.08 1.09±0.10 9.2 10.0
C34 157°55.9′ 73°25.2′ 2700 0 −1.186 26.409 0.55±0.04 0.46±0.04 12.3 12.4

    25 −1.100 29.616 n.d 0.50±0.03 −1.8 14.9
    50 −1.016 31.769 n.d 0.53±0.03 −4.6 10.8
    100 −1.510 32.514 n.d 0.49±0.02 −3.3 7.0
    150 −1.509 33.027 n.d 0.33±0.02 −2.1 4.0
    200 −0.974 33.975 n.d 0.28±0.01 −0.9 2.7
    500 0.470 34.823 n.d 0.08±0.02 1.5 0 

C39 161°55.3′ 75°16.1′ 2080 0 −1.329 28.295 0.54±0.04 0.58±0.05 3.1 15.7
    25 −0.944 29.382 n.d 0.64±0.06 −0.1 15.7
    50 −0.732 31.642 n.d 0.67±0.07 −6.4 13.9
    100 −1.396 32.590 n.d 0.36±0.04 −3.5 10.9
    200 −1.013 33.990 n.d 0.24±0.01 −1.7 5.3
    300 0.410 34.694 n.d 0.12±0.03 0.8 2.0

Canada 
Basin 

    500 0.569 34.823 n.d 0.26±0.02 −0.5 2.7
n.d represents no data. 
 

runoff and sea ice melt-water in studied samples. The 
fractions of the river runoff in the Canada Basin were 
significantly higher than those in the Chukchi shelf and 
the Beaufort shelf, indicating that most of the fresh wa-
ter transported from rivers was stored in the Canada Ba-
sin and the Canada Basin served as a major storage re-
gion for river water in the Arctic Ocean[15,26]. The influx 
of the river water into the Canada Basin was attributed 
to the large-scale circulation in the Arctic Ocean. The 
anticyclonic circulation system in the Beaufort Gyre 
enhanced the gathering of the river runoff to the Canada 
Basin. The spatial distribution of the sea ice melt-water 
showed that the surface waters in the Chukchi shelf 
contained a relatively high fraction of sea ice melt-water, 
which was ascribed to the geographical south location 
and the inflowing water from the Pacific. Profiles of the 
sea ice melt-water fractions at two stations in the Canada 
Basin showed that positive values were only found in 
the surface water, indicating a net sea ice melting at the 
surface and a net sea ice formation below (Table 1).   

2.2  228Ra activity concentrations and 228Ra/226Ra)A.R. 

Our results showed that surface 228Ra activity concentra-
tions in the western Arctic Ocean ranged from 0.16 to 

1.22 Bq/m3 with an average of 0.55 Bq/m3 (Table 1). 
The surface 228Ra concentrations at two stations in the 
Canada Basin varied a little due to the far distance from 
the continental. High 228Ra signals were found in the 
Beaufort shelf resulted from Mackenzie River runoff 
and the input from the bottom sediments. The surface 
228Ra concentrations in the Chukchi shelf varied to a 
great extent due to the combined impact of the bottom 
sediments and the sea ice melt-water. On the one hand, 
228Ra in the shelf waters will be evaluated by the re-
leased from the shelf sediments via pore-water, on the 
other hand, 228Ra in the shelf waters will be diluted by 
sea ice melt-water with low 228Ra signals. Our results 
showed that the fractions of the sea ice melt-water in the 
Chuckchi shelf varied a great depending on their loca- 
tions (Table 1). As a result, 228Ra concentrations diluted 
by sea ice melt-water in the Chukchi shelf varied a great 
at different locations. In general, 228Ra activity concen- 
trations in the Chukchi shelf and the Beaufort shelf were 
lower than those reported for shelves in the low and 
middle latitudes[27], resulting from the effect of the sea 
ice melt-water. In contrast, 228Ra activity concentrations 
in the Canada Basin were higher than those in the Pa-
cific Ocean, the Atlantic Ocean and the Indian Ocean[28], 
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indicating a relatively rapid replenishment of radium 
from the continental shelves in this high latitude basin. 

Surface 228Ra/226Ra)A.R. in our study areas ranged 
from 0.32 to 1.25 with an average of 0.79. The maximal 
228Ra/226Ra)A.R. was observed at station C6 and station 
C10 with a low salinity, while the minimal value was at 
station C13 with a high salinity (Table 1). A negative 
linear relationship was observed between the surface 
228Ra/226Ra)A.R. and salinity for shelf waters (Figure 2). 
However, The surface 228Ra/226Ra)A.R. for the Canada 
Basin stations plotted versus salinity fall below above 
mixing line for shelf waters due to the decay of 228Ra 
during the water transport from the shelvies to the deep 
basin (Figure 2). All of the surface 228Ra/226Ra)A.R. in the 
Chukchi shelf and the Beaufort shelf were lower than 
1.25 with an average of 0.84. These results were consis-
tent with previous reported data at two stations in the 
Chukchi shelf and three stations in the Beaufort shelf 
(228Ra/226Ra)A.R. = 0.65―1.01) [29], but lower than those 
observed in the Laptev shelf (228Ra/226Ra)A.R. =3.6) [22]. 
Profiles of 228Ra/226Ra)A.R. at station C34 and C39 in the 
Canada Basin showed a typical characteristics of 
228Ra/226Ra)A.R. in the open ocean, with a uniform con-
centration in the upper mixed layers (0―50 m) and then 
decreased with the increasing depth (Figure 3).  

 
Figure 2  Relationship between surface 228Ra/226Ra)A.R. and salinity in the 
western Arctic Ocean. 

2.3  Residence time of the river water in the Canada 
Basin  
228Ra are introduced into the western Arctic Ocean by 
the inputs of river runoff and the release from the shelf 
sediments. Since the river water is firstly transported 
into the coastal regimes, the shelf regions are considered 
as 228Ra sources for the central Arctic Ocean. In the sa-
linity range investigated, the shelf and river sources 
cannot be distinguished, and the shelf source of 228Ra 

 
Figure 3  228Ra/226Ra)A.R. profiles in the Canada Basin. 

 

can be described by extrapolation as a virtual freshwater 
source. For the Canada Basin, their 228Ra signals come 
from the water outflow from the Chukchi shelf and the 
Beaufort shelf. On the way from the shelf to the Canada 
Basin, the signal produced in the upper water column by 
freshwater and shelf inputs is gradually diluted by mix-
ing with underlying water masses, which are depleted in 
228Ra. In a plot of 228Ra/226Ra)A.R. versus river water 
fractions in the Chukchi shelf and the Beaufort shelf, a 
positive linear relationship was observed (Figure 4), in-
dicating the water mass followed the mixing line as long 
as a constant source concentration and the transport was 
rapid compared to 228Ra decay. However, 228Ra/226Ra)A.R. 
in the upper 500 m water column in the Canada Basin 
fall well below this mixing line (Figure 4), reflecting the 
degree to which 228Ra had decayed during its transport  

 
Figure 4  Relationship between 228Ra/226Ra)A.R. and the fractions of river 
runoff in the western Arctic Ocean. 
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into the interior of the Canada Basin. Based on the angle 
enveloped by the shelf mixing line and the 228Ra/ 
226Ra)A.R. in the Canada Basin, the transit time of the 
shelf water to the Canada Basin was calculated as  

228 226

m model228 228
( )

226 226
A.R. A.R.

Ra Ra e
Ra Ra

tλ λ− −⎞ ⎞
=⎟ ⎟

⎠ ⎠
, 

where 
m228

226
A.R.

Ra
Ra

⎞
⎟
⎠

 represents the measured 228Ra/226Ra 

activity ratios in the Canada Basin, 
model228

226
A.R.

Ra
Ra

⎞
⎟
⎠

 repre-

sents the modeled ratios derived from the shelf mixing 
line depicted in Figure 4. λ228 (0.1205 a−1) and λ226 
(4.3×10−4 a−1) represent the radioactive decay constants 
for 228Ra and 226Ra respectively, t calculated from above 
equation is the transit time of water mass from the shelf 
to the deep basin, which represents the mean residence 
time of river water in the Canada Basin.  

The calculated residence times of the river water were 
5.0―10.5 a and 5.6―11.0 a at station C34 and station 
C39 respectively (Table 2).There was no significant dif- 
ference of the residence times of river water in the upper 
mixed layers between both stations, with the average 
values of 9.4 a (C34) and 8.7 a (C39). However, the 
residence times of river water in the upper halocline 
were different at both stations. The mean residence time 
of river water in the upper halocline at station C34 (5.4 a)  

 
Table 2  The mean residence time of the river water in the Canada Basin 

Station Depth (m) 
mod el228

226
A.R.

Ra
Ra

⎞
⎟
⎠

 
m228

226
A.R.

Ra
Ra

⎞
⎟
⎠

 Residence time (a)

0 1.52 0.46±0.04 9.9±0.8 
25 1.78 0.50±0.03 10.5±0.5 
50 1.35 0.53±0.03 7.8±0.4 

100 0.96 0.49±0.02 5.6±0.3 
150 0.64 0.33±0.02 5.5±0.5 
200 0.51 0.28±0.01 5.0±0.3 

C34 

500 0.23 0.08±0.02 8.8±2.3 
0 1.86 0.58±0.05 9.7±0.7 

25 1.86 0.64±0.06 8.9±0.8 
50 1.67 0.67±0.07 7.6±0.9 

100 1.36 0.36±0.04 11.0±1.0 
200 0.78 0.24±0.01 9.8±0.3 
300 0.44 0.12±0.03 10.8±2.4 

C39 

500 0.51 0.26±0.02 5.6±0.7 

 

was shorter than that at station C39 (10.5), indicating a 
relatively rapid renewal of river water at station C34. 

The mean residence times of river water in the Can-
ada Basin we obtained were consistent with a few pre-
viously reported values. Smith et al.[29] estimated a resi-
dence time of 10―12 a for the river water in the upper 
230 m water column at T3 ice station (84°N, 85°W) in 
the Canada Basin based upon the relationship between 
228Ra/226Ra)A.R. and the river water fraction. Hansell et 
al.[23] reported a residence time of 7―13 a for the sur-
face water in the Beaufort slope according to their 
measured 228Ra/226Ra)A.R. in the Beaufort Sea and the 
relationship between 228Ra/226Ra)A.R. and salinity in the 
Transport Drift. Östlund[21] compared the time functions 
of bomb 3H concentrations in the river runoff to the Arc-
tic Ocean and the time series data of 3H concentrations 
in the Arctic Ocean, and a residence time of 9―17 a was 
estimated for the river water in the upper 100―400 m 
water column. Besides, the mean residence time of river 
water in the Arctic Ocean has been estimated by Bauch 
et al.[30] from δ 

18O mass balance calculations to be 11―
15 a. 

A mean residence time of ~10 a for the river water in 
the Arctic Ocean was assessed according to our results 
and previous reported data, indicating that river water 
added to the Arctic Ocean will be flushed out of the sys-
tem on time scales of about 10 a. This value was useful 
for understanding the time-series variability of salinity 
in the deep water formation regions in the North Atlantic. 
Dickson et al.[31] depicted the time-series change of sa-
linity from 1950 to 1999 in the upper 2000 m water 
column in the Norweigian Sea. From which one may 
find that salinity was decreased in 1958―1959, 1967, 
1977―1981, 1984―1985 and 1994―1999. It is inter-
esting to note that the river runoff into the Arctic Ocean 
was at maximum in 1947―1949, 1958, 1966―1968, 
1974―1978 and 1986―1988[32]. The time intervals 
between the freshening of the North Atlantic and the 
maximum river runoff to the Arctic Ocean were 10a, 9a, 
12a, 9a and 9a respectively, which were well consistent 
with the mean residence time of river water in the Arctic 
Ocean. Obviously, the water freshening in the upper 
layer of the North Atlantic was related to the increased 
river runoff to the Arctic Ocean, and the response time 
in the North Atlantic was about 10a later after the in-
creased river runoff in the Arctic Ocean. 
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3  Conclusion  

Based on the δ 
18O-S-PO* tracer system, the fractions of 

river runoff in the Canada Basin were significantly 
higher than those in the Chukchi shelf and the Beaufort 
shelf, testifying that the Canada Basin is a major storage 
for river waters in the Arctic Ocean. 228Ra activity con- 
centrations in the Chukchi shelf and the Beaufort shelf 
were lower than those reported for shelves in the low 
and middle latitudes, attributing to the effect of sea ice 
melt-water. According to the relationship between 228Ra/ 

226Ra)A.R. and the fractions of river runoff in the shelf 
and the deep basin, a mean residence time of 5.0―11.0 
a of river water in the Canada Basin was estimated. The 
estimated residence time of river water was consistent 
with the time lag between the increase of the Arctic river 
runoff and the water freshening in the North Atlantic. 
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