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S1 Methodology 

S1.1 Substance properties 

For the fugacity ratio calculation based on the Whitman two-film model (Bidleman and 

McConnell, 1995), the Henry’s law constant was corrected for the sea water temperature and 

the salt water (by the Setschenow constant, e.g., Zhong et al., 2012). 

Table S1. References of physico-chemical properties used. H = Henry's law constant, dUaw = 

enthalpy of water-air phase change, KS = salting-out (Setschenow) constant. Substances 

addressed: see main text. 

 PAHs PCBs OCPs PBDEs 

H Bamford et al., 

1999 

Li et al., 2003 Cetin et al., 2006
 

Cetin and Odabasi, 

2005; Tittlemier et al., 

2002 

dUaw Bamford et al., 

1999 

Li et al., 2003 Cetin et al., 2006 Cetin and Odabasi, 

2005 

KS Jonker and Muijs, 

2010 
(a)

 
Rowe et al., 2007 Lohmann et al., 

2012; Cetin et al., 

2006 

Jonker and Muijs, 2010 
(b)

 

(a) 
assumed to be given by value for isomer in case of lack of data 

(b) 
adopted estimate 

 



S1.2 Analytical quality assurance parameters 

Table S2: Instrument limits of quantification (ILOQ) for various 

types of sample, given as masses and concentrations 

Analyte Mass concentration 

(pg) 

air  

(pg m
-3

) 

water 

(pg L
-1

) 

PAHs 160-840 6-34 0.5-4.2 

PCBs and OCPs 50-510 7-23 0.05 - 0.5 

PBDEs 0.083-0.953 0.003-0.304 0.0003 - 0.037 

 

S1.3 Vertical flux calculations by micrometeorological techniques 

Two micrometeorological methods, the aerodynamic and the eddy covariance technique, have 

been applied to derive turbulent vertical gaseous organics fluxes (Fc, in ng m
-2

 s
-1

). According 

to the aerodynamic method (Hicks et al., 1987; Kuhn et al., 2007), Fc is the product of the 

vertical difference of gaseous organics concentration, cz (ng m
-3

), and the turbulent transfer 

velocity, vtr (m s
-1

): 

Fc =  vtr cz =  vtr [ c(z2)  c(z1) ] (S1) 

where z2 and z1 are the heights of inlets of gaseous organics' sampling (1.05 m and 2.80 m, see 

section 2.1). The transfer velocity, a measure of the vertical turbulent (eddy) diffusivity 

between z2 and z1, is simply the inverse of the aerodynamic resistance, Ra (s m
-1

), against the 

vertical transport: 

Ra =  vtr
1

  =  ( u)
-1

 [ ln(zr,2 / zr,1)  H(zr,2 / L)  H(zr,1 / L)] (S2) 

where  is the von Karman constant (= 0.4), u is the friction velocity (in m s
−1

), zr,i = zi−d is 

the relative height (in m), and d = 0.34 m is the zero-plane displacement height for the Selles 

Beach site, derived by the eddy covariance technique. Applying the Monin-Obukhov similari-

ty theory (Monin and Obukhov, 1954) for the mathematical description of turbulent transport 

in the atmospheric surface layer, a characteristic length scale, the Obukhov length L (in m; 

Obukhov, 1948) is the quantitative measure of the relation between dynamic (friction) and 

thermal (buoyancy) forces which drive the turbulent transport, 



L  =    u
3

  [  g Tair
1

  H (cp air)
1 

]
 1

 (S3) 

where Tair is the air temperature (K), cp is the specific heat of air at constant pressure (1004.7 

m
2
 s

-2
 K

-1
), g the acceleration of gravity (9.807 m s

−2
), and H the turbulent sensitive heat flux 

(W m
−2

). When applying the eddy covariance technique, the key micrometeorological 

quantities u and H were derived from fast response (20 Hz) measurements of the three spatial 

components of the 3D wind vector and the air temperature. For control of the atmospheric sur-

face layer's thermodynamic stratification vertical gradients of wind speed (u) and air 

temperature (Tair) have been used which in turn have been derived from continuous mea-

surements of wind speed and air temperature at four levels (0.34, 0.70, 1.45, and 3.00 m above 

ground) at Selles Beach. The dimensionless integrated similarity functions (or integrated 

stability correction functions) H(zr,2/L) and H(zr,1/L) for heat were calculated after Paulson 

(1970).  

 

S1.4 Non-steady state two-box model 

A non-steady state 2-box model was applied to test the hypothesis that the diurnal variation of 

POP concentrations in air during 6-10 July is explained by local processes, namely the 

combination of volatilisation from the sea surface and atmospheric mixing depth.  

The model simulations for the period 6-10 July 2012 were initialised by observed surface 

seawater concentrations, cw (Table 2), and modelled marine boundary layer depths 

(Lagrangian dispersion model; see Section 2.2). Temperature and wind speed data were taken 

from measurements at the site (Cretan north coast). Winds were on-shore throughout the 

simulated period. Input data are listed in Table S3. Gaseous air and seawater concentrations 

and the air-sea exchange flux, Faw, are output. 

Substances for which input data were incomplete or insufficient observational data were 

available (model evaluation) were not simulated. Upon input, simultaneous measurements of 

air and seawater concentrations are lacking for HCH and 3-ring PAHs (see Section 2.5) and 

some physic-chemical properties are lacking for PeCB. Insufficient air concentration and flux 

measurements during 6-10 July are available for DDE. Input parameters for the 2-box model 

are listed in Table S3. The biogeochemical parameters had been used earlier to simulate the 

air-sea exchange of a PAH in the same region (Mulder et al., 2014). 

 



Table S3. Input parameters for the 2-box model, (a.) environmental, (b.) substance specific. 

a. 

Parameter Unit Value adopted or 

mean (min-max) 

Reference 

OH concentration in air molec 

cm
-3

 

1.5×10
6
 during day-time,  

0 during nighttime 

climatological data  

(Spivakovsky et al., 2000) 

Dissolved organic carbon 

concentration in seawater 

µM 61.5 Pujo-Pay et al., 2011 

Atmospheric mixing height m 522 (131-1295) Modelled (see section 2.2, Fig. S1) 

Mixing depth in ocean m 40 d'Ortenzio et al., 2005 

Concentration of particulate 

organic carbon in surface seawater 

µM 3.08 Pujo-Pay et al., 2011 

Air temperature K 302.1 (299.1 – 305.1) Measured 

Surface seawater temperature 

(SST) 

K 297.4 (297.0 – 297.9) satellite-retrieved data 
a
 

Export (settling) velocity of 

particle-sorbed molecule in 

seawater 

m s
-1

 8×10
-7

 Schwarzenbach et al., 2003, divided 

by a factor of 10 (Mulder et al., 

2014, upper estimate parameter set) 

Deposition velocity of particle-

sorbed molecule in air 

m s
-1

 6.5×10
-5

 Franklin et al., 2000 

a
 AVHRR (Advanced Very High Resolution Radiometer), 1.5 × 1.5 km resolution; source: eoweb.dlr.de:8080 



b. 

Parameter Unit Value adopted or mean 

(min-max) 

Reference 

Henry coefficient Pa m
-3

 

mol
-1 

FLT/PYR: 1.96/1.71 

PCB28/PCB52: 18.1/14.8 

PBDE47/PBDE99: 

0.85/0.60 

Bamford et al., 1999;  

Li et al., 2003;  

Cetin and Odabasi, 2005 

1
st
 order degradation rate 

coefficient in seawater 

10
-9 

s
-1

 FLT/PYR: 4.2/2.8 

PCB28/PCB52: 2.2/1.2 

PBDE47/PBDE99: 0/0 

Value for freshwater (USEPA, 2009) 

divided by 10; Value for water (Beyer 

et al., 2000; Wania and Daly, 2002) 

divided by 10; T dependence: EU, 

1996; assumed to be 0 in lack of data 

Gas-phase reaction rate 

coefficient with OH 

10
-12

 

cm³ 

molec
-1

 

s
-1

 

FLT/PYR: 11/50 

PCB28/PCB52: 

0.934/0.0162 

PBDE47/PBDE99: 1.5/0.80 

Keyte et al., 2013;  

Anderson and Hites, 1996; USEPA, 

2009; 

Raff and Hites, 2007 

Octanol/water partitioning 

coefficient Kow 

log FLT/PYR: 5.16/4.88 

PCB28/PCB52: 5.66/5.91 

PBDE47/PBDE99: 

6.11/6.61 

Calvert et al., 2002; 

Li et al., 2003; 

Hayward et al., 2006 

Dissolved organic 

carbon/water partition 

coefficient 

L g
-1

 

 

0.411× Kow 

 

Karickhoff, 1981 

Particulate organic 

carbon/water partitioning 

coefficient 

L g
-1

 

 

Kow assumed to be given by Kow 

(Rowe et al., 2009) 

Setschenow constant L mol
-1

 FLT/PYR: 0.364/0.354 

PCB28/PCB52: 0.3/0.3 

PBDE47/PBDE99: 

0.35/0.35 

Jonker and Muijs, 2010;  

Cetin et al., 2006; Rowe et al., 2007; 

Jonker and Muijs, 2010 

Particulate mass fraction in 

air 

 

 

0.05 (0.02 - 0.14) Measured 

 

Table S4. Measured sea surface temperature 6-10 July 2012 (°C), AVHRR, 12 h means, 

resolution 1.5 × 1.5 km (Valavanis et al., 2004), input for simulation of ca 

Date Day Night 

20120706 24.749 23.837 

20120707 24.202 23.972 

20120708 24.626 24.536 

20120709 24.115 24.297 

20120710 23.91 23.914 

 



Fig. S.1. Modelled atmospheric mixing depth (m) 6-10 July 2012 (UTC), input for simulation 

of ca 
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S2 Results 

S2.1 Meteorological situation 

During 2-11 July 2012 the Aegean was mostly influenced by northerly, and in its northern part 

easterly advection over the Marmara Sea as part of a cyclonic system which resided over 

Romania during 1-3 July and over western Russia during 4-10 July. The sky was cloud-free all 

the time. No frontal passage occurred, such that for all samples taken in the study region the 

hypothesis of horizontal homogeneity of air mass collected can be applied. Under the 

influence of a strong westerly flow towards Europe the flow in the northern part of the Aegean 

switched to westerly during the night 11-12 July, such that air which was residing over the 

SW Balkans was advected as well as air from beyond, i.e. central Italy and the NW 

Mediterranean Sea and the Iberian Peninsula.  

The local meteorological situation for the entire sampling campaign (213 July 2012) is given 

in Fig. S2, showing the temporal course of wind speed and direction measured at the position 

of one of the automatic weather stations at Selles Beach. Surprisingly, >80% of the campaign 

(and >95% of the gradient measurements i.e., horizontal bars in Fig. S2) experienced wind 

speeds > 4 m s
-1

. Under such conditions a local wind system (land-sea breeze) is most 

unlikely. Consequently, as soon as the wind speed breaked down to < 3 m s
-1

, land-sea breeze 

occurred (nights 5-6 July, 13-14 July, Fig. S2)  Under these conditions the atmospheric 



surface layer is usually very well mixed due to the dynamic forces (friction), such that thermal 

stability corrections in eq. (S2) can be neglected (H(zr,2/L) = H(zr,1/L)  0).   

The local wind direction, however, was almost thoroughly from the west (270°), within a 

quite narrow range (259°; averages during individual sampling periods given in 

Fig. S2). Only winds between 270° and 40° (condition for onshore winds) could be considered 

for the evaluation of turbulent vertical fluxes, Fc, from and to seawater. All individual 

sampling periods with more than 10% of the time outside this wind sector were rejected 

(nights 3-4 July, 4-5 July, 6-7 July, 7-8 July, 8-9 July, 9-10 July, 10-11 July). 

 

Fig. S2: Wind speed (magenta) and wind direction (grey) observed on Selles Beach during 2-

14 July 2012. White circles represent central values of sampling intervals. Horizontal bars 

indicate the length of intervals. Green shaded area = on-shore winds.  For flux calculations 

only intervals with on-shore wind were used. 

 

 

S2.2 Transfer velocity 

The time series of turbulent transfer velocity, vtr, at Selles Beach, derived from micrometeoro-

logical measurements by eddy covariance technique (sections 2.4, S1.3), is shown in Fig. S3. 

Data represent temporal averages of 30 min vtr values over each individual sampling period 

(mostly 11 h), horizontal bars indicate the length of the sampling period, and vertical error 

bars correspond to ± 1 of the respective vtr mean. Since only those data from periods with 
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winds from the sea (onshore winds between 270° and 0°) could be considered for suitable 

fetch conditions, data of the nights 3-4 July and in the period 6-11 July have not been used for 

calculations of vertical fluxes. Values of transfer velocity range between approx. 2.5 and 7.5 

cm s
-1

, and – since turbulent transport at Selles Beach was dominated by dynamic forces, vtr 

data mirror more or less those of horizontal wind speed (see Fig. S2). 

 

Fig. S3: Turbulent transfer velocities (cm s
-1

) during the field campaign at Selles Beach, Crete 

(35.2°N, 24.4°E) during 2-13 July 2012. Eddy covariance technique and calculations have 

been applied to derive these data from measurements of fast response (20 Hz) measurements 

of key micrometeorological parameters (details, see S1.3). 
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S2.3 Atmospheric concentration and flux data 

Table S3. Concentrations at ground level, z1 = 1.05 m, of (a.) gaseous and particulate PAHs 

(ng m
-3

), and (b.) gaseous OCPs (ng m
-3

), PCBs (ng m
-3

) and gaseous and particulate PBDEs 

(pg m
-3

) from 3 July 2012 day-time (D) until 13 July 2012 day-time. N = night-time. Upper 

limits: Insignificant data (<3 standard deviations of field blank concentrations). Data from 6 

July D until 10 July D based on 2 replica measurements (mean). 

a. 

 ACE PHE FLT PYR 

g p g p g p g p 

3 July D <0.058 <0.004 2.933 0.159 0.893 0.117 0.367 <0.003 

3-4 July N <0.096 <0.004 1.058 0.294 0.759 0.198 0.344 <0.003 

4 July D <0.058 <0.004 3.543 0.158 0.782 0.162 0.858 <0.003 

4-5 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

5 July D <0.072 <0.004 2.366 0.126 0.634 <0.019 0.237 <0.003 

5-6 July N 0.274 n.d. 4.507 n.d. 0.828 n.d. 0.930 n.d. 

6 July D 0.068 <0.004 1.363 0.672 0.549 0.354 0.276 0.111 

6-7 July N 0.119 <0.004 1.375 0.374 0.301 0.208 0.152 0.064 

7 July D 0.081 <0.004 1.047 0.290 0.248 0.152 0.140 0.056 

7-8 July N 0.116 <0.004 1.339 0.309 0.265 0.159 0.149 0.065 

8 July D 0.091 <0.004 1.693 0.260 0.261 0.152 0.145 0.056 

8-9 July N 0.107 <0.004 2.339 0.234 0.271 0.134 0.132 <0.003 

9 July D 0.081 n.d. 0.591 n.d. 0.239 n.d. 0.090 n.d. 

9-10 July N 0.110 <0.004 1.864 0.266 0.289 0.144 0.136 0.060 

10 July D 0.059 <0.004 1.256 0.200 0.263 0.124 0.130 <0.003 

10-11 July N 0.083 n.d. 0.756 n.d. 0.264 n.d. 0.133 n.d. 

11 July D n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

11-12 July N <0.072 <0.004 0.308 <0.065 0.046 <0.019 <0.10 <0.003 

12 July D <0.072 <0.004 0.246 <0.065 0.044 <0.019 <0.10 <0.003 

12-13 July N <0.072 <0.004 0.215 <0.065 0.059 <0.019 <0.10 <0.003 

13 July D <0.072 <0.004 0.567 <0.065 0.092 <0.019 <0.10 <0.003 

 



b. 

 -HCH -HCH PCB28 PCB52 PCB101 p,p‘-

DDE 

PBDE47 PBDE99 

 

g g g g g g g p g p 

3 July D 0.078 0.242 0.037 0.023 0.008 0.015 <0.38 n.d. <0.30 n.d. 

3-4 July N 0.055 0.194 0.024 0.016 0.009 0.012 <0.38 n.d. <0.30 n.d. 

4 July D 0.008 0.007 0.006 0.003 0.005 0.003 <0.38 n.d. <0.30 n.d. 

4-5 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

5 July D 0.028 0.105 0.015 0.009 0.006 0.006 <0.38 n.d. <0.30 n.d. 

5-6 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

6 July D 0.017 0.042 0.021 0.010   <0.012  <0.008 0.500 0.161 0.313 0.203 

6-7 July N 0.053 0.123 0.021 0.012 0.003  <0.008  <0.38 0.110 0.214 0.166 

7 July D 0.029 0.065 0.022 0.010   <0.012  <0.008 0.509 0.104 0.299 0.145 

7-8 July N 0.039 0.115 0.023 0.014 0.006 0.006 0.317 0-108 0.161 0.140 

8 July D 0.024 0.074 0.020 0.010   <0.012   <0.008 0.345 0.132 0.264 0.192 

8-9 July N 0.055 0.189 0.032 0.024 0.011 0.007 0.251 0.113 0.209 0.174 

9 July D 0.019 0.046 0.024 0.010 <0.012 0.005 0.203 0.114 0.137 0.147 

9-10 July N 0.076 0.245 0.033 0.024 0.011 0.007 0.228 0.135 0.197 0.152 

10 July D 0.042 0.154 0.022 0.014 0.005 0.004 <0.38 0.134 <0.30 0.159 

10-11 July N 0.014 0.066  <0.015 0.005   <0.012   <0.008 <0.38 0.110 0.141 0.137 

11 July D 0.027 0.066 0.030 0.013 <0.008 0.010 0.262 0.105 <0.30 0.134 

11-12 July N <0.015  0.057 0.008 0.005   <0.012   <0.008 <0.38 n.d. 0.249 n.d. 



12 July D <0.015  0.038 0.008 0.003   <0.012   <0.008 <0.38 n.d. <0.30 n.d. 

12-13 July N <0.015  0.030 0.008 0.003   <0.012   <0.008 <0.38 n.d. <0.30 n.d. 

13 July D 0.042 0.145 0.016 0.013   <0.012 0.004 <0.38 n.d. <0.30 n.d. 

 



Table S4. Vertical concentration differences, cz = cz2-cz1, of gaseous (a.) gaseous and particulate PAHs (ng m
-3

), and (b.) gaseous OCPs (ng m
-3

), 

PCBs (ng m
-3

) and gaseous and particulate PBDEs (pg m
-3

). z = 1.75 m. Upper limits: Insignificant values of concentration differences (<6 

standard deviations of field blank concentrations). cz1 data from 6 July D until 10 July D based on 2 replica measurements (mean). 

a. 

 ACE PHE FLT PYR 

g p g p g p g P 

3 July D <0.058 <0.007 7.35 <±0.129 -0.46 <±0.037 -0.15 n.d. 

3-4 July N <0.096 <0.007 5.55 <±0.129 -0.25 0.047 0.11 n.d. 

4 July D <0.058 <0.007 0.65 <±0.129 -0.24 <±0.037 -0.42 n.d. 

4-5 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

5 July D <0.072 <0.007 0.53 <±0.129 -0.39 0.048 -0.13 n.d. 

5-6 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

6 July D 0.10 <±0.007 1.48 -0.248 <±0.076 -0.111 <±0.076 -0.041 

6-7 July N -0.024 <±0.007 <±0.37 <±0.129 0.18 <±0.037 <±0.076 -0.006 

7 July D -0.026 <±0.007 <±0.37 <±0.129 <±0.076 <±0.037 <±0.076 <±0.005 

7-8 July N <±0.013 <±0.007 0.62 <±0.129 0.37 <±0.037 0.14 <±0.005 

8 July D -0.019 <±0.007 0.76 <±0.129 0.41 <±0.037 0.16 <±0.005 

8-9 July N <±0.013 <±0.007 0.97 <±0.129 0.89 <±0.037 0.40 0.056 

9 July D n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

9-10 July N 0.037 <±0.007 0.80 <±0.129 0.95 <±0.037 0.45 <±0.005 

10 July D n.d. <±0.007 0.51 <±0.129 0.73 <±0.037 0.32 0.059 

10-11 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

11 July D n.d. n.d. <±0.37 n.d. 0.15 n.d. <±0.075 n.d. 

11-12 July N n.d. n.d. <±0.37 n.d. 0.12 n.d. <±0.075 n.d. 

12 July D n.d. n.d. <±0.37 n.d. <±0.076 n.d. <±0.075 n.d. 

12-13 July N n.d. n.d. <±0.37 n.d. 0.44 n.d. 0.18 n.d. 

13 July D n.d. n.d. 7.35 n.d. -0.46 n.d. -0.15 n.d. 



b. 

 -HCH -HCH PCB28 PCB52 PCB101 p,p‘-

DDE 

PBDE47 PBDE99 

g g g g g g g p g p 

3 July D 0.675 0.890 0.155 0.120 0.044 <±0.008 n.d. n.d. n.d. n.d. 

3-4 July N 0.258 0.510 0.103 0.089 0.035 <±0.008 n.d. n.d. n.d. n.d. 

4 July D 0.187 0.483 0.080 0.052 0.016 <±0.008 n.d. n.d. n.d. n.d. 

4-5 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

5 July D 0.147 0.313 0.060 0.035 0.011 <±0.008 n.d. n.d. n.d. n.d. 

5-6 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

6 July D 0.078 0.189 0.029 0.012 n.d. n.d. -0.28 <±0.076 <±0.33 <±0.099 

6-7 July N -0.036 -0.057 <±0.016 <±0.007 n.d. n.d. n.d. <±0.076 n.d. <±0.099 

7 July D <±0.020 -0.041 <±0.016 <±0.007 n.d. n.d. n.d. <±0.076 n.d. <±0.099 

7-8 July N -0.025 -0.048 <±0.016 <±0.007 <±0.008 <±0.008 n.d. <±0.076 n.d. <±0.099 

8 July D <±0.020 -0.018 <±0.016 <±0.007 n.d. n.d. <±0.24 <±0.076 <±0.33 <±0.099 

8-9 July N -0.025 -0.082 <±0.016 -0.0089 <±0.008 <±0.008 n.d. <±0.076 <±0.33 <±0.099 

9 July D <±0.020 0.037 <±0.016 <±0.007 n.d. n.d. n.d. -0.114 n.d. -0.147 

9-10 July N -0.048 -0.159 <±0.016 -0.011 <±0.008 <±0.008 n.d. <±0.076 n.d. <±0.099 

10 July D <±0.020 -0.052 <±0.016 <±0.007 <±0.008 0.0091 n.d. <±0.076 n.d. <±0.099 

10-11 July N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

11 July D <±0.020 0.088 <±0.016 <±0.007 n.d. <±0.008 n.d. -0.105 n.d. -0.134 

11-12 July N n.d. -0.030 <±0.016 <±0.007 n.d. n.d. n.d. n.d. n.d. n.d. 

12 July D n.d. <±0.019 <±0.016 <±0.007 n.d. n.d. n.d. n.d. n.d. n.d. 

12-13 July N n.d. <±0.019 <±0.016 <±0.007 n.d. n.d. n.d. n.d. n.d. n.d. 

13 July D <±0.020 -0.073 0.017 <±0.007 n.d. <±0.008 n.d. n.d. n.d. n.d. 

 



Table S5. Vertical fluxes Fc = -vtr cz of gaseous (a.) PAHs (µg m
-2

 d
-1

), and (b.) OCPs (µg m
-2

 d
-1

),  PCBs (µg m
-2

 d
-1

) and PBDEs (ng m
-2

 d
-1

). 

Positive = upward, negative = downward. Empty fields = no data. Insignificant data (<6 standard deviations of field blank concentrations) given 

as upper limits. 

a. 

 ACE PHE FLT PYR 

3 July D  -28.46 1.80 0.59 

3-4 July N        

4 July D  -2.41 0.94 1.56 

4-5 July N     

5 July D  -1.33 0.97 0.33 

5-6 July N     

6 July D -0.34 -4.84 <±0.25 <±0.24 

6-7 July N         

7 July D  0.16  <±2.26  <±0.47  <±0.46 

7-8 July N         

8 July D  0.12 -4.72  -2.57 -1.02 

8-9 July N         

9 July D     

9-10 July N         

10 July D  -2.06 -2.97 -1.32 

10-11 July N     

11 July D     

11-12 July N  <±1.44 -0.59 <±0.29 

12 July D   <±1.57  -0.51  <±0.32 

12-13 July N   <±1.03  <±0.21  <±0.21 

13 July D   <±0.89  -1.06 -0.44 



b. 

 -HCH -HCH PCB28 PCB52 PCB101 p,p‘-DDE PBDE47 PBDE99 

3 July D -2.61 -3.45 -0.60 -0.47 -0.17 <±0.03   

3-4 July N                

4 July D -0.69 -1.79 -0.30 -0.19 -0.06 <±0.03   

4-5 July N         

5 July D -0.37 -0.78 -0.15 -0.09 -0.03 <±0.02   

5-6 July N         

6 July D -0.26 -0.62 -0.09 -0.04   0.91 <±1.09 

6-7 July N                 

7 July D <±0.12 0.25 <±0.10 <±0.04     

7-8 July N         

8 July D <±0.12 0.11 <±0.10 <±0.04   <±1.47  <±2.08 

8-9 July N                 

9 July D <±0.13 0.23 <±0.10 <±0.04     

9-10 July N         

10 July D <±0.08 -0.21 <±0.06 <±0.03 <±0.03  0.04   

10-11 July N         

11 July D <±0.06 0.26 <±0.05 <±0.02  <±0.02   

11-12 July N  -0.12 <±0.06 <±0.03     

12 July D  <±0.08 <±0.07 <±0.03     

12-13 July N  <±0.05 <±0.04 <±0.02       

13 July D <±0.05 0.18 -0.04 <±0.02  <±0.02    

 



S2.4 Seawater concentration data 

Table S6. Concentrations in surface seawater at two localities west of Selles Beach and 

arithmetic mean (pg L
-1

). 

 cw at locality 1 cw at locality 2 mean cw 

FLT 21.2 15.3 18.2 

PYR 6.3 2.6 4.4 

PCB 28 4.73 4.58 4.65 

PCB 52 0.53 0.54 0.54 

PCB 101 0.84 0.85 0.84 

p,p‘-DDE 0.75 0.93 0.84 

BDE 47 0.12 0.18 0.15 

BDE 99 0.039 0.037 0.038 

 

S2.5 Model predicted concentrations and air-sea exchange flux 

During the period 6 ̶ 10 July, Crete was under influence of a constant northerly flow during 

day and night without change of air mass (see above, S2.1).  

Many pollutants showed pronounced night-time maxima: cday/cnight = 0.3 ̶ 0.5 for HCH 

isomers, 0.6 ̶ 0.7 for ACE, PHE, DDE and PCB52. For other species this was less pronounced 

or no day/night trend was observed (cday/cnight = 0.8–0.9 for PCB28, FLT, PYR, 1.1 ̶ 1.3 for 

PBDEs) (Fig. 1).  

During on-shore advection many contaminants’ concentrations were influenced by BL depth, 

as indicated by anti-correlation with PAHs and OCPs (except DDE; r = -0.76  ̶  -0.37 i.e., 

significant for α-HCH on the p < 0.05 confidence level, t-test). BL depth was not correlated 

with PCBs’ and DDE concentrations (│r│ < 0.45). These findings indicate sea surface 

sources.  

Using the 2-box fugacity model (above, S1.4), air–sea mass exchange fluxes, Fem, in the range 

-1000  ̶  +10 ng m
-2

 h
-1

 (positive defined upward) and atmospheric concentrations fed by Fem 

only in the range 0.01 ̶ 2.2 ng m
-3

 are simulated (Table S7). 



 

Table S7. Predicted concentrations in the marine atmospheric BL and surface seawater (mean 

(min-max), ng m
-3

) and air–sea mass exchange fluxes, Fem (mean (min-max), ng m
-2

 h
-1

) 

 ca (ng m
-3

)
 

cw (ng m
-3

) Fem (ng m
-2 

d
-1

) 

FLT 0.51 (0.13–2.27) 20.6 (18.2–22.0) -3.20 (-13.6–0.00) 

PYR 0.13 (0.01–1.13) 5.41 (4.44–5.60) -0.96 (-9.32–0.08) 

PCB28 0.037 (0.011–0.11) 4.60 (4.55–4.65) 0.061 (-0.009–0.14) 

PCB52 0.016 (0.005–0.049) 0.54 (0.54–0.54) -0.007 (-0.041–0.007) 

BDE47 0.45 (0.12–2.04) 4.00 (0.15–6.41) -5.22 (-20.0–0.00) 

BDE99 0.25 (0.051–1.27) 3.34 (0.49–4.89) -3.69 (-15.3–0.00) 

 

Fig. S4. Predicted vertical flux, Fc (red upward and blue downward, ng m
-2

 d
-1

), of selected 

pollutants i.e. (a) PYR, (b) PCB52, (c) BDE99 during 6-10 July 2012 (see also Fig. 2). 

a.      b.      

 c. 
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