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The UK, along with other industrialised 
nations, has a legacy of land 
contaminated with materials from 
previous use or naturally occurring 
sources. Here I outline methodologies for 
assessing human health risks from 
volatile organic compounds (VOCs) 
through indoor inhalation.	
	
VOCs	 are	 organic	 compounds	 with	 vapour	 pressures							
	10	Pa;	organic	compounds	with	lower	vapour	pressure	

are	 referred	 to	 as	 semi‐volatile	 organic	 compounds	
SVOCs .	 VOCs	 can	 be	 present	 on	 brown ield	 sites,	 for	
example	due	 to	poor	 storage	practices	or	 solvent	 spills.	
VOCs	 may	 be	 present	 in	 the	 ground	 beneath	 existing	
buildings	or	on	vacant	sites	intended	for	redevelopment.		
Examples	of	VOCs	include	non‐chlorinated	hydrocarbons	
e.g.	 benzene ,	 chlorinated	 hydrocarbons	 e.g.	
trichloroethene ,	 and	 nitrogen‐,	 oxygen‐	 and	 sulphur‐
containing	hydrocarbons	 e.g. dimethyl	sulphide .	

	
Factors	 in luencing	 the	 volatilisation	 of	 VOCs	 into	 the	
vapour	 phase	 from	 the	 subsurface	 include	
physicochemical	 properties	 that	 in luence	 the	
partitioning	of	the	substance	into	different	states,	such	as	
vapour	 pressure	 and	 air‐water	 partition	 coef icient	
based	 on	 Henry’s	 Law	 Constant ;	 soil	 and	 aquifer	
properties	such	as	porosity,	organic	carbon	content	and	
permeability;	 and	 microorganisms	 in	 soil	 and	
groundwater.	
	

Indoor inhalation of vapours	
Given	their	high	vapour	pressures,	VOCs	have	tended	to	
be	the	main	contaminants	of	concern	when	assessing	the	
risk	to	human	health	via	inhalation	of	vapours	from	soil	
and	 groundwater	 sources.	 Elevated	 indoor	 vapour	
concentrations	 of	 a	 hazardous	 substance	 can	 cause 
chronic	and	acute	health	effects,	an	odour	nuisance	and/
or	 a	 lammable	 hazard.	 	 VOCs	 migrate	 through	 the	
ground	 via	 transport	 mechanisms	 of	 advection	 and	
diffusion.	Vapours	accumulate	beneath	buildings	and	can	
migrate	inside	via	cracks	in	foundations	and	 loor	slabs.	

Assessment methodologies	
An	assessment	of	the	risk	to	human	health	from	vapour	
intrusion	 incorporates	 several	 considerations,	 including	
source	 properties	 toxicity	 and	 physicochemical	
parameters	 of	 the	 substance	 or	 substances ,	 pathway	
properties	 site	 measurements,	 vapour	 modelling	
approach,	 soil	 and	 aquifer	 properties,	 vertical/	
horizontal	 distance	 between	 source	 and	 receptor ,	 and	
receptor	properties	 building	design,	resident,	worker .	
	
UK:	Contaminated	land	exposure	assessment	 CLEA 	
The	 Environment	 Agency	 CLEA	 model	 1 	 has	 been	
developed	 to	 derive	 assessment	 criteria	 for	 soil	
contaminants.	 It	 incorporates	 multiple	 exposure	
pathways,	including	the	inhalation	of	vapours.	The	CLEA	
model	can	be	used	to	derive	separate	assessment	criteria	
for	the	inhalation	of	vapours	pathway	only.		
	
An	 Environment	 Agency	 EA 	 review	 of	 models	 for	
predicting	 vapour	 intrusion	 into	 buildings	 2 	
recommended	 that	 an	 approach	 based	 on	 the	 Johnson	
and	Ettinger	 J	&	E 	screening	model	should	be	included	
in	 the	 CLEA	 model	 3 .	 	 The	 J	 &	 E	 model	 uses	 a	 one‐
dimensional	 analytical	 solution	 to	 diffusive	 and	
advective	 transport	 of	 vapours	 and	 calculates	 an	
attenuation	 factor	 that	 relates	 steady	 state	 gas	
concentrations	at	the	source	to	indoor	air	concentrations	
based	 on	 soil	 and	 building	 characteristics.	 It	 has	 a	
number	 of	 simplifying	 assumptions	 regarding	
contaminant	 distribution	 and	 occurrence,	 subsurface	
characteristics,	 transport	 mechanisms	 and	 building	
construction	and	design	 3 .		The	J	&	E	model	is	generally	
recognised	 to	 be	 over‐conservative	 in	 many	 cases,	
particularly	 as	 it	 assumes	 no	 degradation	 or	 source	
reduction	over	time.			
	
United	States:	Environmental	Protection	Agency	 EPA 	
The	 US	 EPA	 has	 produced	 technical	 guidance	 on	 the	
vapour	 intrusion	 pathway	 4 ,	 including	 a	 database	 of	
vapour	 concentrations	 recorded	 at	 sites	 in	 the	 USA.	 	 It	
has	 developed	 a	 tool	 to	 derive	 vapour	 intrusion	
screening	 levels	 VISL 	 for	 groundwater,	 soil	 gas	 and	
indoor	air	 in	default	exposure	scenarios	 5 .	The	values	
derived	 by	 the	 VISL	 tool	 are	 based	 on	 a	 generic	
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conceptual	 model,	 which	 assumes	 a	 groundwater	 or	
unsaturated	zone	source	of	vapours	that	diffuse	through	
unsaturated	soils	 toward	 the	surface	and	 into	buildings,	
the	occupiers	of	which	are	 the	receptors.	 	 It	 is	assumed	
that	 sub‐surface	 conditions	 will	 reduce	 or	 attenuate	
vapour	 concentrations	 as	 vapours	 migrate	 toward	 the	
building,	and	 that	dilution	of	vapours	will	occur	as	 they	
mix	with	air	in	the	building.		
	
The	 screening	 levels	 are	 used	 to	 assist	 in	 determining	
whether	volatile	substances	in	the	subsurface	pose	a	risk	
to	human	health	via	the	vapour	intrusion	pathway.		They	
are	 not	 intended	 to	 be	 used	 as	 clean‐up	 levels	 or	
remediation	targets.		The	tool	allows	for	the	derivation	of	
site	speci ic	values.	

 
Site measurements	
Typically	 in	 the	 UK,	 soil	 and	 groundwater	 samples	 are	
analysed	 for	 VOCs	 during	 routine	 intrusive	 site	
investigation	 works.	 An	 initial	 vapour	 intrusion	
assessment	can	 then	be	carried	out	by	comparing	 these	
concentrations	 with	 generic	
assessment	 criteria	 GAC .	 	 This	
approach	 is	 focussed	 on	
characterising	 the	 VOC	 source	
area	 and	 is	 limited	 by	 the	 use	 of	
generic	 screening	 tools,	 with	 no	
site‐speci ic	 conditions	 such	 as	
inclusion	of	preferential	pathways	
or	degradation	of	vapours.	
	
Site	 measurements	 can	 also	 be	
taken	to	support	a	more	detailed	assessment	and	reduce	
uncertainty	 by	providing	 insight	 into	 actual	 site	 vapour	
conditions.	These	measurements	may	include	soil	vapour	
sampling,	sub‐slab	vapour	sampling	 taken	beneath	 loor	
slab	or	foundations ,	and	indoor	air	measurements.	
	
These	techniques	are	intrusive	and	can	be	problematic	if	
there	 are	 occupier	 concerns	 and	 access	 constraints.		
Indoor	 air	 measurements	 can	 be	 in luenced	 by	
background	 VOC	 concentrations	 from	 sources	 such	 as	
cleaning	 luids,	furnishings,	and	cigarettes.	The	analytical	
methods	 should	 be	 appropriate	 for	 comparison	 with	
relevant	 target	 concentrations	 in	 air.	 At	 vacant	 sites	
where	 the	 proposed	 buildings	 are	 not	 yet	 in	 place,	 site	
measurement	possibilities	are	more	limited;	for	example,	
soil	vapour	samples	may	not	be	representative	of	vapour	
concentrations	under	 future	buildings	 and	 sub‐slab	 and	
air	sampling	is	not	possible	prior	to	construction.	
	
Documents	 published	 in	 2009	 and	 2012	 present	 a	 UK‐
based	 approach	 to	 the	 investigation,	 monitoring	 and	
remediation	of	VOCs	in	ground	 6,	7 .				

Non-chlorinated and chlorinated hy-
drocarbons	
Vapour	intrusion	can	be	a	key	pathway	for	human	health	
exposure	 from	 chlorinated	 and	 non‐chlorinated	
hydrocarbons	 8 .	Volatile	petroleum	hydrocarbons	tend	
to	 readily	 biodegrade	 under	 aerobic	 environmental	
conditions	if	suf icient	oxygen	and	microbes	are	present,	
whereas	 volatile	 chlorinated	 hydrocarbons	 tend	 to	
biodegrade	 much	 more	 slowly	 and	 prefer	 anaerobic	
conditions.	

 
Mitigation	
Conventional	remediation	techniques	such	as	excavation	
and	 ex	 situ	 treatments	 biological,	 physical,	 and	
chemical 	 may	 be	 appropriate	 to	 reduce	 the	 VOC	
concentrations	 at	 vacant	 sites	 prior	 to	 redevelopment.		
Alternatively,	 the	 design	 of	 the	 proposed	 buildings	 can	
incorporate	mitigation	measures	 such	 as	 sealing	 cracks	
in	 foundations,	 installing	 vapour	 membranes,	
depressurisation	and	venting.	

	
Mitigating	 VOC	 contamination	
beneath	existing	buildings	can	be	
problematic	 and	 more	 expensive	
than	 at	 redevelopment	 sites.	
Reasons	 include	 likely	 limited	
access	 to	 the	 source	 area,	
limitations	 and	 cost	 of	 in	 situ	
techniques	 for	 removing	 VOC	
contamination	 beneath	 the	
building	 such	 as	 soil	 vapour	
extraction	 and	 air	 sparging ,	 and	

dif iculties	 with	 retro itting	 a	 passive	 membrane	 to	 an	
existing	building.		 
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