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Air	and	Water	levels	at	Panguipulli	lake	

In	 aquatic	 environments,	 biogeochemical	
processes	greatly	affect	the	POPs	cycle	and	its	
occurrence.	In	this	context,	it	has	been	shown	
that	 the	 trophic	 state	 influences	 POPs	 fate	 in	
lakes.	 in	 mid-latitude	 oligotrophic	 lakes,	
volatilization	 is	 the	 dominant	 PCB	 loss	
pathway.	 In	 contrast,	 at	 higher	 latitudes	 they	
can	act	as	a	final	sink	for	these	chemicals	due	
to	 the	 effect	 of	 low	 temperatures	 in	 the	 air-
water	 exchange	 processes.	 During	 March	 to	
August	 a	 short	 term	 active	 sampling	 was	
conducted	 in	 the	 Panguipulli	 Lake.	 Air	 (N=12)	
and	water	 (N=12).	PCBs	(28,	52,101,	118,	153,	
and	180)	and	HCHs	(α-HCH,	β-HCH,	and	γ-HCH)	
and	 HCB	 were	 analyzed	 using	 GC-uECD.	
Samples	 were	 collected	 simultaneously	 to	
estimate	 the	 water	 exchange	 direction	 and	
flux.		

Estimated	 fugacity	 ratios	 showed	 that	 Volatilization	 is	 the	 dominant	 process	 for	 PCBs	 and	 HCB,	 with	 an	
average	 volatilization	 flux	 of	 0.001pg	 m-2d-1.	 In	 contrast,	 the	 isomers	 α-HCH	 and	 β-HCH	 showed	 a	
predominance	of	atmospheric	deposition,	with	an	average	net	deposition	flux	of	-0.006	pg	m-2d-1	(Fig.	6).	In	
the	case	of	γ-HCH,	the	fugacity	ratio	found	was	overlaps	with	the	equilibrium	range	or	on	the	edge	of	the	
deposition	threshold,	with	an	average	deposition	flux	of.-0.004	pg	m-2d-1.	Air	concentration	

Water	concentration	
Figure	1:	OCPs	concentrations	in	air	from	Panguipulli	Lake		 Figure	2:	PCBs	concentrations	in	air	from	Panguipulli	Lake		

Figure	3:	OCPs	concentrations	in	water	from	Panguipulli	Lake		 Figure	4:	PCBs	concentrations	in	water	from	Panguipulli	Lake		

The	high	concentrations	of	POPs	in	the	dissolved	phase	could	be	attributed	to	
the	fact	that	during	the	sampling	(autumn-winter)	the	 lake	was	 in	a	period	of	
mixing,	 characteristic	 of	 monomictic-warm	 lakes,	 trasnporting	 POPs	
accumulated	 in	 the	 sediment	 affecting	 the	 levels	 obtained	 in	 surface	waters.	
Moreover	our	results	showed	that	 lake	Panguipulli	acts	as	a	secondary	source	
for	PCBs	and	HCB.	In	contrast,	for	HCHs	it	acted	as	a	final	sink.	
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Exchange	direction	and	flux	estimation	

Fugacity	ratio	and	air-water	flux	estimation	
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Where CG, CTD, represents air and trully dissolved water concentractions respectively, R is the 
ideal gas constant, T is the temperature in K, H´ is the  temperature and corrected 
dimensionless Henry´s Law Constant, fa and  fw  represents  air and water fugacities 
respectively and fw/fa is the air-water fugacity ratios. 
 
fAW is the air–water gas exchange fluxes , KAW (m d-1) is the global air-water mass transfer 
coefficient, kA and kW are the mass transfer coefficients (m d-1) across the air and water layers, 
respectively, calculated following previous studies1,2. 

Fugacity ratio reflects the tendency of a substance to prefer one phase (liquid, solid, or 
gas) over another, and can be literally defined as “the tendency to flee or escape”. It 
could be estimated as follows.  

AIR 

WATER 

 Log ffwa  
<-0.5 -0.5 to 0.5 >0.5  

FAW	=	KAW	(CTD	–	CG	·	R	·	T	·	H-1)		

KAW	
-1=	(R·	T·		kA-1	·	H´-1)	+	(kW-1)		

fw	=	CTD	·	H’	

fa	=	CG	·	R	·	T	

fw·	fa-1	=	CTD	·	H’	·		CG-1		

Net	fluxes	of	air–water	gas	exchange	(FAW)	were	estimated	using	the	Whitman	two-film	model		

References	
1	Tao,	Y.,	Yu,	J.,	Lei,	G.,	Xue,	B.,	Zhang,	F.,	&	Yao,	S.	(2017).	Indirect	influence	of	eutrophication	on	air–water	exchange	fluxes,	sinking	fluxes,	and	
occurrence	of	polycyclic	aromatic	hydrocarbons.	Water	research,	122,	512-525.		
2	Bidleman,	T.	F.,	&	McConnell,	L.	L.	(1995).	A	review	of	field	experiments	to	determine	air-water	gas	exchange	of	persistent	organic	pollutants.	
Science	of	the	total	environment,	159(2-3),	101-117.	


