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This article provides an overview of concentrations of persistent organic pollutants (POPs) in ambient air on a global scale,

including recent measurements and an extensive compilation of literature data. In this study, passive air samplers (PASs) were 

successfully employed to assess concentrations of POPs in ambient air from Africa, Latin America, the Caribbean, and the Pacific

Islands. The project aimed to extend the knowledge on environmental contamination by POPs in these regions, where the 

currently available data are still limited to a few monitoring studies.

The ambient air concentrations of PCB in Africa were relatively high when compared to other regions. Waste, in particular 

electronic waste, exported to Africa from industrialized countries may be a possible source of PCB in Africa, where PCB have 

never been extensively used or produced. For DDTs, the wide range of concentrations and particularly high levels in some 

countries of Africa and the Pacific Islands reflect the use of DDT for malaria control in these regions. For PCDD/PCDF,

concentrations in Africa and Latin America are similar to or even higher than in Europe, probably due to unfavorable combustion 

practices of chlorine-containing materials.

The data support the needs for further monitoring in developing countries and countries with economies in transition, and 

action to reduce environmental contamination by, and human exposure to, hazardous chemicals.

ª 2012 Elsevier Ltd. All rights reserved.
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1. Intr oductio n

Persist ent orga nic polluta nts (POPs) rep- 
resent a group of orga nic che micals of
particu lar con cern beca use they are 
resistan t to degrada tion in the env iron- 
ment (persistent), accu mulate in human 
and ani mal tissue, biom agnify along food 
chains , and are associat ed with chr onic 
(eco)toxicologic al effe cts [1]. In 2004, the 
Stockho lm Con vention on POPs cam e into 
force and aim s to protect human hea lth 
and the env ironment from negative effects 
of POPs by reducin g or elimin ating re- 
leases of POPs to the environme nt [2]. In
2009, the initial list of 12 POPs was 
extende d by nine addi tional che micals.

POPs hav e beco me ubi quitou s con tam- 
inants fou nd in not onl y the env ironment 
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and biota of their regi on of initial use , but also rem ote 
areas far away from their primary emi ssion sou rces [3–
7]. POPs used as pesticid es are directly emi tted into the 
atmosph ere by spra ying appl ication . A con siderabl e
amoun t of POPs is also rele ased to air by volatili zation 
from POP-contain ing appl ication s (open sources) or in
fumes from com bustion proc esses (unintentionally 
formed POPs), and the atmospher e is a key med ium for 
environ mental long-ra nge transport of POPs, nex t to the 
slower tran sport by rive rs, ocea n curren ts, and sea ice.
Ambien t air monito ring of POPs is the refore part icularl y
relevan t for inv estigating env ironme ntal leve ls and 
trends of POPs. Air has also been recogni zed as a key 
environ mental medium in the Global Monito ring Pla n of
the Stockho lm Conventio n, which is intended to support 
evaluat ion of the effe ctivene ss of the Conven tion. In
addition , seve ral monito ring studies on POPs in the 
atmosph ere on a local, regi onal, and global scal e hav e
been conducted [8–17].

Still, ambien t air monito ring of POPs is a challengin g
task. On the one han d, concentrat ions of atm ospheri c
contam inants are variable spat ially and, in part icular,
tempora rily. On the other hand, the usually low con -
centrat ions of POPs in air inevita bly require elabora te
samplin g tech niques followed by high-p erforma nce, re- 
source- intens ive analytical met hods, so there are onl y a
few larg e monitorin g studies abou t POPs in air and the 
global coverag e is still unequ al. Where as fair ly extende d
data sets about atm ospheri c occurre nce of POPs are 
availabl e for the Northe rn hemisp here [8,11,12,18–22];
Africa [14 ,16] , Lati n Americ a [16,17 ], and the Pac ific
region [16] hav e scar cely been covered .

Herein , we pres ent a rece ntly conducted study abou t
POPs in air in (i) West, East, and Sou th Afr ica (ii) Lati n
Americ a and the Caribbe an, and (iii) Pac ific Isla nds. We
focus on polychl orinate d biphen yls (PCBs), dichlor odi- 
phenyl trichloroet hane (DDT) and its mai n tran sforma- 
tion product s (together refe rred to as DDTs), as well as
polychl orinate d dibe nzo- p-dioxin s and dibenzo furans 
(PCDDs/PCD Fs), as repr esentat ive of indust rial POP 
chemic als, POP pesticides, and unintenti onally form ed
POPs, resp ectively .

DDTs are of part icular inte rest with respect to the 
curren t exem ption under the Stoc kholm Conventio n,
permitt ing the use of DDT for malaria control in af- 
fected regi ons. Exte nsive results for 12 POPs measur ed
in amb ient air sam ples, includ ing individ ual PCB, DDT,
and PCDD/ PCDF congeners, are present ed in a com -
panion docume nt [23]. First, we introdu ce the appl ied 
method base d on passive air sam plers (PASs). Second,
we present and discuss the coll ected data set in a wide r
context , includ ing compar ison to exis ting mon itoring 
studies , for which the raw mea sureme nt data are 
availabl e and whi ch rely on the sam e samplin g tech -
nique.

2. Determin ation of lev els of POP s in amb ient air 

To sam ple air volu mes tha t are large eno ugh to over -
com e ana lytical dete ction limits, PASs have been devel- 
oped as simple, cost -effecti ve alte rnatives to acti ve air 
sam plers [24 ]. The core part of a PAS consist s of an
adso rbent tha t is expo sed to a passive air flow. Air borne 
che micals are take n up by molecular diffusion, resu lting 
in an accumulat ion of che micals in the adso rbent. In the 
init ial so-calle d ‘‘linea r upt ake pha se’’, the amo unt of
airb orne chemic al sequ estered by the adsorbe nt in- 
crea ses linearly with tim e and – under the assump tions 
of a constan t volume tric sampling rate of air and a
con stant chemical concen tration in air – is proport ional 
to the sampled air volume (Fig. 1a). In the course of
expo sure time, the upt ake rate decr eases unt il equ ilib- 
rium between the adsorbe nt and ambien t air is reached .
Thus, whe n PASs are deploye d for a period not longer 
tha n the line ar upt ake pha se, the amo unt of che mical 
sequ estered in the adso rbent makes it poss ible to deter- 
min e the concen tration of the poll utant in amb ient air,
base d on the sam pled volume of air.

Pol yurethane foam (PUF) disk s proved to be an ade- 
qua te adso rbent in PASs [24]. PASs used in the present 
proj ect are iden tical to the devices used in seve ral pre- 
viou s studies (Fig. 1b) [14 ,16,24] and con sist of a PUF 
disk protecte d from dry and wet depositi on by a stai nless- 
stee l casi ng, which has also a wind-shiel ding functio n to
redu ce fluctuations of the air flow [25,26 ].

Low acqu isition costs, lim ited mainte nance demand ,
sim ple handli ng, and no nee d for power sup ply are 
adva ntages offe red by PASs, especial ly in countr ies with 
lim ited financial reso urces or in rem ote areas. Howeve r,
the accurat e dete rminat ion of ambien t-air con centra- 
tion s represen ts a difficulty whe n PASs are used. The 
ana lysis of polluta nts in a PUF prov ides merely their 
amo unt sequ estered in the PUF during the depl oyment 
peri od. Only after dividin g the amoun t of chemic als (e.g.,
expr essed in pg) by the corr esponding air- sampling vol- 
ume (e.g., expresse d in m3) is the con centrat ion of POPs 
in air obta ined (e.g., expr essed in pg/m 3). The determi -
nat ion of the sampling volume requires exte nsive cali -
brat ion exer cises. Upt ake rate s of POPs (e.g., PCB) can 
vary from 2–8 m3/day [24,27] and typi cally lie between 
3–4 m3/day [14,16,2 4,27] . The depl oyment peri od has 
to be lon g enough to obtain the require d air-sam pling 
volu me, but it sho uld not be too long to avoid the PUF 
reac hing equilib rium with ambient air (Fig. 1a). Typical 
sam pling peri ods lie within a few weeks, resu lting in
sam pled air volume s of �100–500 m3.

For POPs, ano ther limitation nee ds to be con sidered.
Bec ause of their low vapor pres sure, POPs in air part ition 
betw een the pure gas pha se and the particulate phase 
(aerosols). Upt ake rate s dete rmined so far apply to onl y
the gas phase. The ent rapmen t of aero sols and asso ciated 
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