
Table	S1:	Modeling	scenarios	
	
Name Emissions 

scenario 
PFAL 
hydration? 

Emissions 
FTOH% 

Emissions 
FTI% 

Emissions 
FTO% 

BASE Mean Yes 48 4 48 
HIGH_EMIS High Yes 48 4 48 
LOW_EMIS Low Yes 48 4 48 
FTO_ONLY Mean Yes 0 0 100 
NO_HYDR Mean No 48 4 48 
FTOH_ONLY Mean Yes 100 0 0 
FTOH_NO_HYDR Mean No 100 0 0 
FTO_NO_HYDR Mean No 0 0 100 
NO_HYDR_LOW Low No 48 4 48 
FTO_HIGH High Yes 0 0 100 
	
	
Figure	S1:	Time	series	of	modeled	(bounds	in	grey)	and	observed	(blue	dots)	
annual	deposition	of	C5-C11	PFCAs	at	Devon	Ice	Cap.
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Table	S2:	Rainwater	measurements	
	
See	RainwaterData.xlsx	for	data.	
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Representativeness	Error	
	
Representativeness error is the relative error associated with comparison of a larger-scale 
average quantity with a single point measurement within that larger area. We calculate this error 
using: 
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where 𝜀"#$  is the representativeness error for homolog ℎ at model grid cell 𝐼𝐽, where 𝐼 and 𝐽 are 
the zonal and meridional indices of the grid cell, 𝐹"#$  is the deposition flux of homolog ℎ at model 
grid cell 𝐼𝐽, and 𝑁 =	8 is the number of adjacent grid cells. This calculation assumes that the 
variability between adjacent model grid boxes is representative of the variability within a model 
grid box, in the absence of other variability information.	
	 	



Figure	S2.	2015	annual	average	deposition	of	C3-C13	PFCA	homologs.	

	











	
	
	
	
	
	
	
	
	
	



Figure	S3.	Percentage	of	total	deposition	contributed	by	wet	deposition	for	PFOA,	
PFCAs	longer	than	C8,	and	PFCAs	shorter	than	C8.	

	

	



	 	



	
Table	S3.		List	of	reactions	
	
1	 CxF2x+1CH2C(O)H	+	hn	→	CxF2x+1CH2OO	 1.5	x	10-21	(cm2	photon-1	s-1)	 a	
2	 CxF2x+1CH2C(O)H	+	OH	→	CxF2x+1CH2(O)OO 2.0	x	10-12	(cm3	s-1)	 a	
3	 CxF2x+1CH2C(O)H	+	Cl	→	CxF2x+1CH2(O)OO	 1.9	x	10-11	(cm3	s-1)	 a	
4	 CxF2x+1CH2C(O)OO	+	NO2	→	CxF2x+1CH2-

(O)OONO2	

1.1	x	10-11	(298/T)		(cm3	s-1)	 c	

5	 CxF2x+1CH2C(O)OONO2	→	CxF2x+1CH2(O)OO	 2.8	x	1016	exp(T/-13580)		(s-1)	 c	
6	 CxF2x+1CH2C(O)OO	+	NO	→	CxF2x+1CH2OO	 7.0	x	10-12	exp(T/340)		(cm3	s-1)	 c	
7	 CxF2x+1CH2C(O)OO	+	HO2	→	CxF2x+1CH2OO	 3.1	x	10-13	exp(T/1040)		(cm3	s-1)	 c,a	
8	 CxF2x+1CH2C(O)OO	+	HO2	→	CxF2x+1CH2(O)OH	 1.2	x	10-13	exp(T/1040)		(cm3	s-1)	 c,a	
9	 CxF2x+1CH2C(O)OO	+	RO2	→	CxF2x+1CH2OO	 1.8	x	10-12	exp(T/500)		(cm3	s-1)	 b	
10	 CxF2x+1CH2C(O)OO	+	RO2	→	CxF2x+1CH2(O)OH	 2.0	x	10-13	exp(T/500)			(cm3	s-1)	 b	
11	 CxF2x+1CH2C(O)OH	+	OH	→	CxF2x+1CH2OO	 2.0	x	10-14	exp(T/920)			(cm3	s-1)	 b	
12	 CxF2x+1CH2C(O)OO	+	OH	→	CxF2x+1C(O)H	 1.1	x	10-14	exp(T/920)			(cm3	s-1)	 b	
13	 CxF2x+1CH2OO	+	HO2	→	CxF2x+1CH2OOH	 4.1	x	10-13	exp(T/750)			(cm3	s-1)	 c	
14	 CxF2x+1CH2OO	+	NO	→	CxF2x+1CH2O	 2.8	x	10-12	exp(T/300)			(cm3	s-1)	 c	
15	 CxF2x+1CH2OO	+	RO2	→	CxF2x+1CH2O	 1.9	x	10-14	exp(T/390)			(cm3	s-1)	 b	
16	 CxF2x+1CH2OO	+	RO2	→	CxF2x+1CH2OH	 7.6	x	10-14	exp(T/390)			(cm3	s-1)	 b	
17	 CxF2x+1CH2OH	+	OH	→	CxF2x+1C(O)H	 1.0	x	10-13	exp(T/-350)			(cm3	s-1)	 d	
18	 CxF2x+1CH2OOH	+	OH	→	CxF2x+1CH2OO	 4.0	x	10-12	exp(T/200)				(cm3	s-1)	 b	
19	 CxF2x+1CH2O	→	CxF2x+1OO	 2.5	x	101	(s-1)	 d	
20	 CxF2x+1C(O)H+	hn	→	CxF2x+1OO	 1.6	x	10-21		(cm2	photon-1	s-1)	 a	
21	 CxF2x+1C(O)H	+	OH	→	CxF2x+1C(O)OO	 6.1x	10-13		(cm3	s-1)	 a	
22	 CxF2x+1C(O)H	+	Cl	→	CxF2x+1C(O)OO	 2.8	x	10-12		(cm3	s-1)	 a	
23	 CxF2x+1C(O)H	+	H2O	→	CxF2x+1CHOHOH	 1.0	x	10-23		(cm3	s-1)	 a	
24	 CxF2x+1CHOHOH	+	OH	→	CxF2x+1C(O)OH	 1.2	x	10-13		(cm3	s-1)	 a	
25	 CxF2x+1C(O)OO	+	NO2	→	CxF2x+1C(O)OONO2	 1.1	x	10-11		(cm3	s-1)	 c	
26	 CxF2x+1C(O)OONO2	→	CxF2x+1C(O)OO	 2.8	x	1016	(298/T)			(s-1)	 c	
27	 CxF2x+1C(O)OO	+	NO	→	CxF2x+1OO	 8.1	x	10-12	exp(T/-13580)			(cm3	s-1)	 c	
28	 CxF2x+1C(O)OO	+	HO2	→	CxF2x+1C(O)OH	 3.1	x	10-13	exp(T/1040)	(cm3	s-1)	 c,a	
29	 CxF2x+1C(O)OO	+	HO2	→	CxF2x+1OO	 1.2	x	10-13	exp(T/1040)	(cm3	s-1)	 c,a	
30	 CxF2x+1C(O)OO	+	RO2	→	CxF2x+1OO	 1.8	x	10-12	exp(T/500)			(cm3	s-1)	 b	
31	 CxF2x+1C(O)OO	+	RO2	→	CxF2x+1C(O)OH	 2.0	x	10-13	exp(T/500)			(cm3	s-1)	 b	
32	 CxF2x+1OO	+	NO	→	Cx-1F2(x-1)+1OO	 2.8	x	10-12	exp(T/300)			(cm3	s-1)	 c	
33	 CxF2x+1OO	+	HO2	→	Cx-1F2(x-1)+1OO	 4.1	x	10-13	exp(T/500)			(cm3	s-1)	 d	
34	 CxF2x+1OO	+	RO2	→	Cx-1F2(x-1)+1OO	 2.7	x	10-12	exp(T/-470)			(cm3	s-1)	 c	
35	 CxF2x+1OO	+	RO2	→	CxF2x+1(O)F	 1.0	x	10-13	exp(T/660)			(cm3	s-1)	 c	
36	 CxF2x+1C(O)F	+	H2O	→	CxF2x+1C(O)OH	 3.86	x	10-6	(cm3	s-1)	 a	
a					Young	and	Mabury	(2010)	
b					JPL	Data	Evaluation	(2015)	using	hydrocarbon	analog	
c					Wallington	et	al.	(2006)	
d					Yarwood	et	al.	(2007)	
	
	 	



Precursor Emissions 
 

𝐸- = 𝑓;<=𝑓>=<𝑓$?@- 𝑓A-𝑃C?C 
where for each homolog 𝑖,  𝐸- is the total emissions, 𝑓$?@- is the fraction of total production 
accounted for by that homolog, 𝑓A- is the polymer fraction for the homolog, 𝑓>=< is the fraction of 
residual precursors in the product, 𝑓;<= is the fraction emitted during use, and 𝑃C?C is the total 
fluorotelomer production. 𝑓>=< is assumed to be 0.04 (high scenario) or 0.0028 (low scenario) and 
𝑓;<= is assumed to be 1.0 (Wang et al., 2014). 
 
 
Figure S4. Annual emissions of precursor species by chain length. (left) High emissions scenario 
(right) Low emissions scenario. 
 

 
 
	
Atmospheric	Yields	
	
To calculate atmospheric yields, we used the following procedure. We ran the model with 
emissions of each homolog for one full year. We then turned off emissions after the first year and 
continue running model to allow further reaction and deposition. After three years, we sum 
cumulative depositions of each PFCA (mol) and divide by total emissions (mol) to get yields. 
This procedure was carried out for each precursor homolog for the simulations NO_HYDR (low) 
and FTO_ONLY (high) to bound the range of yields 
 
 
 
GEOS-Chem info 
 
GEOS-Chem (Bey et al., 2001; http://www.geos-chem.org) uses archived GEOS meteorological 
data on a rectilinear latitude-longitude grid to compute horizontal and vertical transport. In 
particular, we use the operational data stream starting in 2012 from the GEOS Forward 
Processing (GEOS-FP) (native resolution 0.25° x 0.3125°, 72 levels). We run the model at 
coarse 4°x5° horizontal resolution and 46 vertical levels. GEOS-Chem uses the TPCORE 
advection algorithm (Lin and Rood, 1996) with the archived meteorological data, and convective 
transport is computed from the meteorological convective mass flux (Wu et al., 2007). Wet 
deposition is calculated as described by Amos et al. (2012) and dry deposition by Wesely (1989) 
and Wang (1998).  



Emissions of lightning NOx (Murray et al., 2012), biogenic VOC (Guenther et al., 2012), and soil 
NOx (Hudman et al., 2012) are computed offline based on meteorological conditions. 
Anthropogenic emissions default to the global CEDS inventory, except in the US (NEI11v1: 
Travis et al., 2016), Canada (CAC: van Donkelaar et al., 2008), East Asia (MIX: Li et al., 2014) 
and Africa (DICE-Africa: Marais and Wiedinmyer, 2016). 
The chemistry is simulated using the chemical solver KPP (Damian et al., 2002) through GEOS-
Chem’s FlexChem interface. Tropospheric HOx/NOx/VOC chemistry is coupled to 
ozone/halogen/aerosol chemistry and follows JPL and IUPAC recommendations.  
The GEOS-Chem standard full-chemistry simulation is frequently benchmarked, and these 
benchmarks can be found online: 
http://ftp.as.harvard.edu/gcgrid/geos-chem/1mo_benchmarks/GC_12/ 
Benchmarking procedures are documented online as well: 
http://wiki.seas.harvard.edu/geos-chem/index.php/GEOS-Chem_benchmarking 
 
 
Code Availability 
 
Model code will be made publicly available at: 
https://github.com/cpthackray/global_pfca_simulation_espi 
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