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Response to Comments on “Unexpected Occurrence of Volatile
Dimethylsiloxanes in Antarctic Soils, Vegetation, Phytoplankton and
Krill”

W

e appreciate the close scrutiny of our work1 by Mackay,
Warner and coauthors (hereafter Mackay-2015 and
Warner-2015).2,3 The consideration of blanks when analyzing
persistent organic pollutants (POPs) in remote samples is
always an important issue. We performed instrumental blanks,
ﬁeld blanks, and procedural blanks, with no signiﬁcant diﬀerent
levels of volatile dimethylsiloxanes (VMS) among them. The
quantiﬁcation limits are based on these blanks (Table S4).1 The
use of procedural blanks with real matrixes containing organic
matter and lipids allowed controlling sample contamination
during handling and analysis in the laboratory. Mackay-2015
and Warner-2015 raise concern on potential contamination
from air to sample organic matter during sampling. Samples
were transported and stored at −20 °C and were airtight sealed.
The sealing of the soil and vegetation samples was performed in
situ at the sampling sites. Krill samples were sealed on the ship
deck (outdoors). Only phytoplankton samples were in contact
with the ship wet lab air during the ﬁltration process (few
minutes), but the levels in these samples are among the lowest
we determined. In order that our reported levels had originated
from contamination from ambient air during sampling, the
concentrations in the atmosphere would need to be very high,
with extremely fast uptake kinetics, which are not feasible. The
samples processed were duplicate samples from those used in
earlier studies.4,5
Figure 3 shows the correlation of ∑VMS concentrations in
phytoplankton against sea surface salinity (SSS),1 if the sample
with the lowest salinity is removed, we obtain C∑VMS = −7.48
SSS + 259 (r2 = 0.51, p = 0.047). As noted by Mackay-2015,
there was a mistake on the SSS values appearing in Table S2c.1
The correct salinities for samples P2−P11 appeared as assigned
to samples P1−10. We have no SSS measure for sample P1.
The correct SSS values can be corroborated by comparing the
ancillary data of samples FA1, FA4, FA6, FA7, FA8, FA12,
FA13, FA19, FA23, FA24, FA26 (duplicate samples of samples
P1−P11) that appear in a companion work.5
Mackay-2015 deﬁnes the biomagniﬁcation factors (BMFs) as
the ratio of dry weight concentrations in Krill and
phytoplankton. However, the fugacity ampliﬁcation by
biomagniﬁcation is better described when concentrations are
normalized by lipids or organic matter. We normalized the
cVMS concentrations in Krill by the measured lipid content,
and the phytoplankton concentrations by organic matter (≈dry
weight). As stated in the methods section, all samples were
collected during the ATOS-II campaign in 2009. There were
only four pairs of Krill and phytoplankton samples that could
be paired in terms of time and region of sampling, which were
those used to derive eq 5 and Figure S7. The values of the
octanol−water partition constant (KOW) were temperature
corrected using an enthalpy of phase change of −30 kJ mol−1.
Warner-2015 raises concern on the high relative abundance
of D4 in phytoplankton samples, but the atmospheric pattern of
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VMS in the remote atmosphere is dominated by D3 and D4,
with ﬁeld concentrations under-predicted by models.6 The only
available measurement of atmospheric concentrations for the
Southern Ocean is of 0.45 and 1.2 ng m−3 for D3 and D4,
respectively.6
Mackay-2015 estimates the snow scavenging ratios (WS)
from the sorption coeﬃcients for snow−air partitioning (KSA,
m3 m−2), and the Snow Area Index (SAI m2 m−2). Naphthalene
has a similar vapor pressure than cVMS and a KSA of 1.05 ×
10−3 m3 m−2.7 Applying Mackay-2015’s estimation method a
value of WS of 1.05 is obtained for Naphthalene, 5 orders of
magnitude lower than ﬁeld measurements (4.6 × 105).8 If
instead of SAI we use a reported snow surface area of 0.37 m2
g−1,9 and assume a snow density of 0.3 kg L−1, we obtain WS
values of 89, 62 000, and 120 for L3, D6, and naphthalene,
respectively. This Ws for Naphthalene is still 3 orders of
magnitude lower than the ﬁeld measures, suggesting that Ws for
VMS could be signiﬁcantly higher than these estimates.
Mackay-2015 assumes that the organic carbon−water
partition coeﬃcients (KOC) derived from temperate soils and
river sediments10 have applicability to Antarctic soils. Soils at
Livingston Island are poorly developed, consisting of
fragmented rocks, pyroclastic and volcanic ashes, lichen and
animal residues, agglomerates, and penguin feces.11 The highest
soil VMS concentrations were measured at penguin colonies,1
consistent with the known role of birds, and penguins in
particular, amplifying POP concentrations in polar coastal
environments.4,12,13 The VMS fugacity (expressed as concentrations) from soil penguin feces, estimated from the lipid−
water partition constant and the dimensionless Henry’s Law
constant (H′),10,14 result in concentrations in the range 40−
170 μg m−3, 3 orders of magnitude lower than Mackay-2015’s
estimates. This discrepancy is due to the low organic carbon-air
partition constant used by Mackay-2015, 3 orders of magnitude
lower than the octanol−air partition constant, and their
apparent assumption of 298 K.
VMS fugacity ampliﬁcation is common in high latitude and
polar regions. For example, D5 concentrations in Arctic sculpin
have been reported to be as high as 2150 ng gL−1,15 which
imply a fugacity of 88 μg m−3, nearly 105 times higher than in
Arctic air.16 We agree with Warner-2015 that wastewater is a
source of VMS to the Arctic fjords, but despite the VMS
dilution from wastewater to marine waters, this fugacity is more
than 10 times higher than the atmospheric D5 concentrations
in a wastewater treatment plant.17 The concentration of D5 in
zooplankton from Lake Mjosa (Norway) is of 320−1660 ng
gL−1,18 with an associated fugacity of 30−150 μg m−3. From
work done with other POPs, it is known that there is an
equilibrium partitioning between the dissolved phase and
zooplankton lipids.19 Even though VMS in Lake Mjosa waters
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strive to reach equilibrium with the atmosphere, their fugacity is
104−105 times higher than gas phase concentrations in
Scandinavia.20 For comparative purposes, D5 in Antarctic
phytoplankton, assuming a lipid content of 10%, has a median
fugacity of 0.2 μg m−3, 100−700 times lower than that of D5 in
Lake Mjosa’s zooplankton.
We have been the ﬁrst to identify snow deposition as a
mechanism driving the fugacity ampliﬁcation of VMS in surface
ecosystems. In the Antarctic Peninsula, there are snow
deposition events all year round, with up to several meters of
seasonal snowpack accumulation during the fall, winter and
spring. The potential fugacity ampliﬁcation by snow; the ratio
of the fugacity in melted snow (f MS) and fugacity in ambient air
(fA), is given by,

fMS
fA

≈ WSH′

(1)
10

VMS have H′ values between 10 and 200 at 273 K, assuming
a WS of 105, we obtain a fugacity ampliﬁcation of 106−107 for
cVMS. Snow deposition has been identiﬁed as an important
input of polychlorinated biphenyls (PCBs) and other POPs to
the polar environment, and leading to fugacity ampliﬁcation,21,22 but fugacity ampliﬁcation due to snow deposition for
PCBs is 104 to 105 times smaller, due to lower H′ values, than
that of VMS. Future work should focus on the ﬁeld
determination of VMS concentrations in snow, depositional
ﬂuxes, and their WS values.
Therefore, in response of Mackay-2015 and Warner-2015, we
have shown that the occurrence of VMS in the Antarctic
Peninsula region is consistent with the common snow
depositional events, snow cover, and expected VMS cycling
in this region.
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