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bstract

Eighteen organochlorine pesticides (OCPs) in air particulate matter (PM) samples collected from 20 sites in Beijing, China in 2005 and 2006 were
nalyzed to determine the composition, spatial distribution and sources. Total OCPs of PM2.5 and PM10 ranged from 32.59 pg m−3 to 9232.31 pg m−3

nd 80.96 pg m−3 to 9434.97 pg m−3, respectively, categorized as heavier pollution compared to other cities of China. Among six kinds of functional

ones involved, commercial areas and industrial centers were heavily polluted. Distinct concentrations variations were detected in PM with different
article diameters. Pollution distribution was spatially heterogeneous inside the city. The most heavily polluted sites located in the southeast part of
he city, where laid many chemical factories. Compositional analysis and principal component analysis (PCA) suggested that past usage of OCPs
as the main source, though there were new inputs in some sites.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Organochlorine pesticides (OCPs) were worldwide used in
griculture from the 1950s to the 1970. Over the past 30 years,
CPs received extensive concerns due to their nature of persis-

ence [1], biomagnifying [2], and endocrine disrupting effects
1–3]. Some OCPs were banned and restricted on usage in deve-
oped countries in 1970s and 1980s, however, many developing
ountries are still using them for agricultural and public health
urpose because of low cost and the good effect in controlling
nsects [4,5]. As a result, OCPs are still in use or present as resi-
ues of previous usage and remain major global pollution [6].
arly surveys reported OCPs in a wide range of environmen-

al compartments almost everywhere in the world including the
emote sites such as Arctic, Himalayas, etc. [7–9]. Atmosphe-
ic particles plays an important role in OCPs transportation [6],

nd they are believed to have relevance with many lung dieses
10]. Thus, measurements of OCPs in particulate matters of high
opulation load are necessary.

∗ Corresponding author. Tel.: +86 10 62919177; fax: +86 10 62923563.
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ponent analysis (PCA)

Parallel with urban development, Beijing (39◦48′N and
16◦28′E), the capital of China, has received a lot of pollution
oad including OCPs, which were used in Beijing for 30 years
rior to being prohibited in 1983. It is reported that hexachlo-
ocyclohexanes (HCHs) and dichlorodiphenyltrichloroethanes
DDTs) accounted for 83.3% of total pesticides sold in Beijing
efore 1979. Till now, OCPs continue to be detected in atmos-
here, water, soil, and biota of Beijing [11–14]. An earlier survey
11] has reported HCHs and DDTs residues were 240 pg m−3

nd 962 pg m−3 in total suspend particles (TSP), 130 pg m−3 and
28 pg m−3 in PM2.5 of Beijing. Xu et al. [13] reported HCHs
ere 17.9 pg m−3 and 17.3 pg m−3 in PM2.5 and PM10, DDTs
ere 23.5 pg m−3 and 16.7 pg m−3 in PM2.5 and PM10. Howe-
er, these reports focused on limited sites in this city and could
ot reflect the general situation of air pollution in Beijing. To get
n overall understanding of air OCPs level and develop an effec-
ive air pollution control, it is necessary to carry out a detailed
nd systematic investigation in a municipal scale.

We have performed a 1-month air particulate matter (PM2.5

nd PM10) sampling in winter at 20 sites that covered city zone
f Beijing. It was reported that OCPs level was least in winter
15], so that the aerosol samples in winter can be regarded as
epresentative for the lightest pollution status in the city and are

mailto:xuxb5@sohu.com
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Table 1
Information for sampling sites

Sites Sites type Dates

1 Residential area 20 December 2005
2 Commercial area 21 December 2005
3 Building site 22 December 2005
4 Power plant 25 December 2005
5 Village 26 December 2005
6 Campus 27 December 2005
7 Residential area 28 December 2005
8 Hospital yard 31 December 2005
9 Commercial area 05 January 2006

10 Industrial center 06 January 2006
11 Industrial center 09 January 2006
12 Crossroad 10 January 2006
13 Park 11 January 2006
14 Residential area 12 January 2006
15 Industrial center 15 January 2006
16 Desertification area 16 January 2006
17 Park 17 January 2006
18 Farm 18 January 2006
1
2
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f importance in air quality controlling. We focused on sources
nd spatial distribution of OCPs. The abundance and characte-
istic of OCPs also discussed. The objectives of this study are:
1) to give the OCPs levels of PM in Beijing; (2) to identify the
ost polluted area and the health risk of OCPs in these city area;

nd (3) to give an advice on OCPs controlling.

. Materials and methods

.1. Materials and reagents

A mixed stock standard solution of OCPs containing �-HCH,
-HCH, �-HCH, �-HCH), heptachlor, heptachlor epoxide,
is-chlordane (CC), trans-chlordane (TC), �-endosulfan,
-endosulfan, endosulfan sulfate, diedrin, endrin, aldrin,
,p′-DDE, p,p′-DDD, p,p′-DDT each at concentration of
000 �g mL−1 was obtained from Chem service. The o,p′-
DT standard solution of 100 mg L−1 was purchased from
ational Research Center for Certified Reference Materials
f China. Hexachlorobenzene (HCB) and 2,4,5,6-tetrachloro-
xylene (TCMX, the surrogate) was bought from Supelco

Bellfonte, USA). The working standards were prepared by
iluting the above-mentioned standard solution with isooctane.
lorisil (a selective adsorbent for chromatography, Dikma Co.
SA) was activated at 600 ◦C for 6 h and then at 130 ◦C for
6 h. Hexane and ethyl ether (Dikma, USA) used were of pesti-
ide grade. Acetone (Beijing Chemical Factory, China) was of
nalytical grade and redistilled in all-glass system prior to use.

.2. Sampling and preparation

The suspended particulate matters were collected onto glass
ber filters (GF/C) (ф90 mm, Whatman Company, UK) using
edium volume samplers (Model TH-150, Wuhan Tianhong

nstrument Factory) at a flow rate of 100 L min−1 in winter from

0 sites of Beijing, China (Fig. 1 and Table 1). The sampling
imes were chosen to be representative of the seasonal meteo-
ological conditions (average temperature is about −4.6 ◦C).
our-hour samples were collected. Before the experiment, the

Fig. 1. Map of sampling sites in Beijing.
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9 Plaza 19 January 2006
0 Industrial center 23 December 2005

lters were previously annealed for 4 h at 550 ◦C to remove orga-
ic material and equilibrated in desiccators, weighted and put
nto an envelope pretreated at 550 ◦C. After sampling, the filters
ere removed from the inlet and folded in half and returned to

he envelope and transported to the laboratory as soon as pos-
ible. The filters were stored in a desiccator to equilibrate for
t least 24 h before being weighed. After being weighed, the
amples were stored in a refrigerator at −18 ◦C until analysis.

.3. Sample extraction and cleanup

After 1 mL of TCMX (100 ng mL−1) added, the filter was
ltrasonically extracted in 30 mL acetone/hexane (1/1) thrice
uring 6 min and centrifuged for separation. Then the solvent
as rotary evaporated at vacuum and then reduced to 1 mL at
entle stream of nitrogen. The concentrated extract was further
leaned up with a Florisil column (30 cm × 10 mm id) packed
ith 5 g of florisil (in hexane). After the sample was transferred
nto the column, it was then eluted with 40 mL hexane/ethyl
ther (7/1, v/v). The elute was concentrated in a rotary vacuum
vaporator and the reduced to 0.1 mL by a gentle nitrogen stream
or determination.

.4. OCPs determination

The determination of OCPs was performed on a Agilent
890GC-�ECD equipped with a fused silica capillary DB-5
olumn (30 m × 0.25 mm i.d., 0.25 �m film thickness). Nitro-
en was used as both carrier and makeup gas. Inlet and detector
emperature were 225 ◦C and 310 ◦C each. The oven tempera-
ure program was as follows: initial temperature 100 ◦C held

or 2 min, increased to 160 ◦C at 10 ◦C min−1, then to 230 ◦C
t 4 ◦C min−1 for 5 min, and to 280 ◦C at 10 ◦C min−1, held for
0 min. One microlitre of each sample was injected in the split-
ess mode. Identification of the compounds was based on the
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etention time with corresponding standards and confirmed on
n Agilent 6890GC equipped with a 5973 mass selective detec-
or (MSD). The quantification of the analytes was performed by
omparison to external standard.

The recoveries of OCPs spiked in matrix were in the range
f 75%–115%, and R.S.D. (n = 5) was 4–12%. The recoveries
f surrogate (TCMX) spiked in blank, matrix, samples were
etween 84% and 109%.

.5. Data analysis

The spatial distribution of pollutants was determined by Arc-
IS 9.0. Statistical analysis was performed with SPSS 13.0.

. Results and discussion

.1. OCPs concentration

The total OCPs (sum of 18 OCPs) concentrations of PM2.5
nd PM10 were in the range of 32.59–9232.31 pg m−3 and
0.96–9434.97 pg m−3, respectively. The highest concentration
ppeared in a plaza (site 19) in the southern part for both PM2.5
nd PM10 while the lowest dose detected in a village (site 5) for
M2.5 and a residential area (site 14) for PM10. Average concen-

ration of individual OCPs was listed in Table 2. It is interesting
hat concentrations of most OCPs were high in PM10 except for
eptachlor, aldrin and heptachlor epoxide. Besides, PM10 had
igher FD (detection of frequency) of OCPs than PM2.5. This

ould be related with the fact that most OCPs tend to be strongly
bsorbed by coarse air particles.

It was observed HCHs, DDTs, HEPTs (heptachlor +
eptachlor epoxide), chlordanes (trans-chlordane + cis-

r
s
m
F

able 2
ompounds analyzed (pg m−3)

ompounds MW PM2.5 (pg m−3)

Mean

-HCH 291 69.90 ± 88.78
CB 284.79 53.74 ± 28.06
-HCH 291 39.68 ± 48.90
-HCH 291 54.22 ± 31.48
-HCH 291 53.43 ± 30.23
eptachlor 373.5 99.93 ± 190.20
ldrin 365 376.08 ± 542.35
eptachlor epoxide 389.2 299.77 ± 436.37

rans-Chlordane 409.8 269.29 ± 311.04
-Endosulfan 406.9 53.17 ± 34.88
is-Chlordane 409.8 51.89 ± 58.35
,p′-DDE 318 104.29 ± 74.43
ieldrin 381 49.66 ± 43.99
ndrin 381 107.15 ± 89.43
-Endosulfan 406.9 78.78 ± 63.04
,p’-DDD 320 130.42 ± 99.54
,p′-DDT 354.5 14.77 ± 16.84
,p′-DDT 354.5 272.70 ± 695.03

HCHs 217.22 ± 133.75
DDTs 522.22 ± 753.50
OCPs 2178.89 ± 2232.96
Materials 155 (2008) 350–357

hlordane) and aldrins (aldrin + dieldrin + endrin) had positive
orrelation relationship with �OCPs in both PM2.5 and PM10
amples (Table S-1, supporting material). However, HCB
nd endosulfans (�-endosulfan + �-endosulfan) had poor
elationship with �OCPs.

It was worth noticing that aldrin, dieldrin and endrin had
ever been used in large amounts in China, but were detected at
igh levels in most of PM samples in Beijing. The three com-
ounds were also detected in surface water and sediments from
uanting Reservoir [5] and in most water samples from Qian-

ang River [16]. The high levels of these compounds in PM
amples are possibly transported by air parcels from abroad. As
hese three compounds are still used in some developing coun-
ries around the tropical belt, there is possibility that they move
hrough atmosphere circulation to higher latitude regions.

Although pesticide pollution of air has been well docu-
ented around the world, there were limited research data on

hese 18 OCPs, thus only �HCHs and �DDTs in PM were
ompared with that in other cities in China, such as TSP in Tian-
in (1.05 ± 1.88 ng m−3 for �HCHs and 0.839 ± 0.713 ng m−3

or �DDTs) [17], Guangzhou (2 pg m−3 for �- + �-HCH,
1.5 pg m−3 for DDTs (p,p′-DDE, p,p′-DDD, o,p′-DDT)),
ongkong (n.d. for HCHs and 18.5 pg m−3 for DDTs (p,p′-
DE, p,p′-DDD, o,p′-DDT)) [15]. The results showed that PM

n Beijing was heavily polluted by OCPs.
One of the main focuses of this study is to check the cur-

ent status of OCPs pollution in different city function zones of
eijing. Five major zones (industrial center, commercial area,
esidential area, village and park) were divided according to
urrounding environment of the sampling sites. In general, com-
ercial areas and industrial centers showed high level of OCPs.
or PM2.5, the average concentration of OCPs was in the order of

PM10 (pg m−3)

FD% Mean FD%

95 78.65 ± 64.26 95
95 82.24 ± 65.41 95
70 50.26 ± 62.56 85

100 74.37 ± 58.25 100
95 90.69 ± 64.33 100
95 72.91 ± 49.17 100
95 333.48 ± 435.06 100
95 255.07 ± 336.21 100
90 321.86 ± 324.25 100
95 92.45 ± 104.39 100
85 81.22 ± 83.83 90
90 194.69 ± 204.72 95
90 60.50 ± 53.95 90
85 136.83 ± 180.46 90
90 148.77 ± 123.72 100
90 343.39 ± 418.96 100
85 17.69 ± 16.25 100
90 481.67 ± 96.41 100

293.98 ± 200.24
1037.44 ± 1268.32
2916.75 ± 2492.52
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Table 3
Compounds analyzed in different city zones (pg m−3)

DDTs HCHs �OCPs

PM2.5 PM10 PM2.5 PM10 PM2.5 PM10

Industrial center 344.97 1225.14 325.08 313.20 2356.67 2949.85
Residential 235.77 748.49 239.13 338.40 1081.79 3309.12
Village 691.41 696.30 126.69 180.07 1113.26 3528.22
P
C

c
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c
h
t
m
b

3

O
r
c

a
P
w
c
e
d

3

ark 446.93 457.17 131.99 373.79 2012.88 1037.63
ommercial 1912.09 2092.75 249.94 443.01 3943.87 5293.76

ommercial area > industrial center > village > park > residential
rea while the order in PM10 was commercial area > industrial
enter > park > village > residential area (Table 3). On the one
and, the results indicated the reliability of layout for residen-
ial areas in Beijing, on the other hand, it is also suggested the

anagement of commercial areas and industrial centers should
e strengthened.

.2. Spatial distribution of OCPs
Spatially, southeast region of the city had the most serious
CPs pollution both for PM2.5 and PM10 (Fig. 2) while the other

egion had less pollution. This might relate with the fact many
hemical factories laid in southeast of Beijing. Most of western

Fig. 2. Spatial distribution of OCPs in PM2.5 (a) and PM10 (b).
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Fig. 3. percentage of DDTs in PM.

nd northeast sites had least contamination of OCPs. However,
M10 received more widely pollution than PM2.5, although they
ere similar in tendency of OCPs distribution. This may asso-

iate with OCPs tend to absorbed by coarse particles. But for
ach OCP, distribution patterns are different and deserve to be
iscussed compound by compound.

.3. Component analysis

.3.1. DDTs
Technical DDT is first used to control disease-spreading

nsects and then as a multipurpose insecticide. Although it was
anned in China in 1980s, DDT related substances can still be
etected in air [11,18].

p,p′-DDT and its metabolites p,p′-DDE and p,p′-DDD are
he more frequently detected DDT related compounds in this
tudy, occurring in 90% PM2.5 and 98% PM10 samples (Table 2).
DTs compounds in PM2.5 and PM10 were in the range of
.d. (not detected)–2955.36 pg m−3 and 7.93–3428.73 pg m−3

or p,p′-DDT, n.d.–415.70 pg m−3 and 1.56–1676.93 pg m−3 for
,p′-DDD, n.d.–256.00 pg m−3 and n.d.–898.83 pg m−3 for p,p′-
DE. DDTs thus shows the largest concentration range among

he measured OCPs. Although the concentration of o,p′-DDT
Table 2) was much less than other DDT compounds, it is rela-
ively high compared with other research. It was reported that
,p′-DDT is contained in technical dicofol as impurity, there-
ore, a relative high level of o,p′-DDT in the environment could
e result of present use of dicofol in China [19].

Technical DDT is typically composed of 77.1% p,p′-DDT,
4.9% o,p′-DDT, 4% p,p′-DDE and some other trace impurities
14]. The mean percentage of individual compounds in both
M2.5 and PM10 were as follows: p,p′-DDT > p,p′-DDD > p,p′-
DE > o,p′-DDT (Fig. 3), which was different from the order of
,p′-DDE > p,p′-DDT > p,p′-DDD > o,p′-DDT reported in soils
n Beijing [14]. This suggested that the DDT compounds in PM
as not merely from soil release, newly input was likely existed.
DTs composition in different sampling sites showed that p,p′-
DT had a large percentage of over 50% in site 12, 13,18 and
9 for PM2.5 and site 8, 10, 11, 12 and 19 for PM10 while the

ercentage was less than 25% in other sampling sites, which
enotes these sites could be exist new p,p-DDT input.

Spatially, DDT related substances in both PM2.5 and PM10
as generally highest at site 19 in the southeast, where located a
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hemical factory zone (Fig. S-1), and this might explain the high
DT levels measured there. Besides, for PM10, site 8, 12, 15, 16

lso had high levels of �DDTs. This may because of probable
ast usage of OCPs at these locations.

DDE and DDD have no insecticidal use and they mainly come
orm DDT, thus the ratio of p,p′-DDE + p,p′-DDD/p,p′-DDT can
e used as indicator for ‘age’ of DDT [13,20]. p,p′-DDE + p,p′-
DD/p,p′-DDT ratios in PM samples were quite variable,

anging from 0.14 to 74.45 with a median of 0.51 for PM2.5,
nd from 0.06 to 184.96 with a median of 0.63 for PM10.
ost PM samples contained more DDE and DDD than DDT,

ndicating DDT residues are from ‘old’ sources. The lowest p,p′-
DE + p,p′-DDD/p,p′-DDT ratios for PM2.5 and PM10 were

ocated in southwest and southeast sites, respectively, where
igh DDTs levels were found, indicating recent possible input
f DDT or fresh use of dicofol since it contains about 3.5–10.8%
DT [21]. In fact, the total input of dicofol was 50–78 ton a−1

n 1980s, 52–76 ton a−1 in 1990s and 3–4 ton a−1 in 2000 in
eijing [13]. Now, the use of Dicofol was restricted in China
ecause relatively high levels of DDT contamination were found
n environment where dicofol was applied.

.3.2. Chlordanes
Technical chlordane is generally used as insecticide, herbi-

ide and termiticide and is still being used against termites in
hina [13,22] with over 200 ton a−1 input recently. It is a mixture
f over 140 different components, the most abundant compo-
ents are trans-chlordane (TC, 13%), cis-chlordane (CC, 11%),
eptachlor (5%), trans-nonachlor (TN, 5%).

TC was detected in 90% PM2.5 and 100% PM10 samples
hile CC was detected in 85% PM2.5 and 90% PM10 samples.
he concentration of TC and CC were in range of n.d.–1079.9
nd n.d.–216.1 pg m−3 in PM2.5, respectively, 1.9–1147.7 and
.d.–273.6 pg m−3 in PM10, respectively. As DDTs, a commer-
ial site (site 19), which located near a chemical factory zone, had
ighest concentration of chlordanes (TC + CC) for both PM2.5
nd PM10. The industrial emission was the possible reason for
he high levels there. A village site (site 5) and another industrial
ite (site 11) had the lowest concentrations for PM2.5 and PM10,
espectively.

High atmospheric chlordanes levels in Beijing are likely to be
ssociated with past pesticide use. Similarly, Harner et al. [23]
nd Gioia et al. [24] reported high air concentration of chlordane
n urban areas, possibly resulting from past usage of chlordane
n house foundations.

The TC/CC ratio is generally used for understanding the
mission history and degradability of chlordane [6,13]. The ratio
n technical chlordane mixture is 1.17 [6,13,25]. TC is generally

ore volatile than CC, and if only considered volatility, the ratio
t 20 ◦C would be expected to be 1.41 [26]. The TC/CC ratios
easured in PM2.5 and PM10 were in the range of 0–7.74 (4.15

s mean) and 0.55–8.57 (3.63 as mean), which were much higher
han that in technical chlordane. This could be attributed to the

oncentration difference in air. Bidleman et al. [27] reported the
alues of half-life in Arctic air were 8.3–9.6 years for TC and
.1–4.8 year for CC, whereas the half-life values were 3.2–5.2
ears for TC and 5.9–9.7 years for CC in Great Lakes air [28].

t
a
v
5
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he significant difference of the ratios in this study also sug-
ested that these compounds probably originated from different
ollution sources.

.3.3. HCHs
Technical HCH is a mixture of 60–70% �-HCH and 2–12%

-HCH and 10–15% �-HCH and other minor isomers [29]. It
as banned in China in the mid-1980s. Afterwards, it was sub-

tituted by pure �-HCH isomer (lindane). It was reported that
bout 3200 ton of lindane were used in China between 1991 and
he usage was mainly concentrated in northern part of China
30].

During sampling period, mean concentration of �HCHs
�- + �- + �- + �-) in PM2.5 and PM10 (Table 2) ranged
rom 4.39 pg m−3 to 540.39 pg m−3 and from 9.32 pg m−3 to
65.25 pg m−3, which comprised 8% and 9% of the total OCPs,
espectively. It reflected HCH was one of the main OCPs pollu-
ants in air of Beijing. The concentrations of �-HCH accounted
or 18.27% and17.09% of �HCHs in PM2.5 and PM10, which
as lower than that in previous study (69–84% and 56–85% for
M2.5 and PM10) of PM in Beijing (2002–2003) [13]. Howe-
er, the similar of the two studies was the higher concentrations
ccurring in fine particles and this were possibly attributed to
he lower vapor pressure and higher melting point of �-HCH.

Technical HCH mixture typically has a ratio of �-HCH/�-
CH ranging from 4 to 7 [31]. The �-HCH/�-HCH ratio in
M2.5 and PM10 ranges from 0 to 3.28 (mean 1.29) and 0 to 2.19
mean 1.06), respectively, and were lower than that of technical
CH. This showed that the sources of �-HCH in aerosol of
eijing could be not only the past usage of technical HCH, but
lso the use of lindane.

.3.4. Heptachlor (HEPT)
HEPT is an organochlorine cyclodiene insecticide isolated

rom technical chlordane in 1946. It was used primarily in ter-
ite, ant and soil insect control in seed grains and on crops, as
ell as in the home. It is metabolized in soils to the more stable
eptachlor-exo-epoxide (HEPX), which is an oxidation product
ormed in many plant and animal species. HEPT is moderately
oxicity compound with EPA toxicity class II.

Ninety-five percent of PM2.5 sample have detectable level
f HEPT and HEPX, while the two compounds present at all
M10 samples. The mean concentrations of HEPT (Table 2)
ere much higher than the results detected between May 2002

nd April 2003 in Beijing (4.0 pg m−3 and 2.2 pg m−3 for PM2.5
nd PM10) [13]. Levels of HEPX were much higher than those
f HEPT in both PM2.5 and PM10 (Table 2). Similar results were
eported by Shen et al. [6] for air concentrations of HEPT and
EPX in North America.
As with the �OCPs, highest levels of HEPX were found at

ite 19 for PM2.5 and PM10, a commercial site near chemical
actory zone of Beijing, however, the lowest level was detected
n site 5 and site 14 for PM2.5 and PM10, respectively. For HEPT,

he highest concentration was detected at a building site (site 3)
nd a commercial center (site 9) for PM2.5 and PM10, respecti-
ely, while the lowest concentration was found at a village (site
) and a residential area (site 14).
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Table 4
Factor loading (varimax rotated) for organochlorine compounds

Compounds PM2.5 PM10

PC1 PC2 PC1 PC2

HCHs 0.246 0.911 0.211 0.895
DDTs 0.912 −0.053 0.885 0.023
HCB −0.040 0.876 0.133 0.900
HEPTs 0.916 0.296 0.908 0.108
Chlordanes 0.224 0.650 0.814 0.435
Endosulfans 0.933 0.275 0.144 0.670
O

P

highest levels were mainly along west and southeast part of
fifth ring road for PM2.5 while those were in northeast part of
the city and partly along northwest fifth ring road (Fig. S-2).
The significant difference in spatial distribution is likely due to
X. Wang et al. / Journal of Haza

.3.5. Dieldrin/aldrin
Dieldrin and aldrin were used extensively for insect control

n cotton, corn, and citrus fruit, and also used as termiticides
or wooden structures [32]. In the environment, aldrin is rapidly
etabolized to dieldrin. Endrin is a stereoisomer of dieldrin and
as used controlling a wide range of agricultural pests, mostly
n cotton. However, these compounds had never been used in
arge amounts in China.

In this study, aldrin was detected in more than 95% PM
amples while dieldrin was detected in 90% of PM samples.
ndrin was less detectable with 85% and 90% detected in PM2.5
nd PM10 samples, respectively. Concentration of aldrin in PM
as about 5–7 times higher than dieldrin. The results showed
igh concentrations of aldrin but low levels of dieldrin, which
as different from research of Gioia et al. [24] and Shen et al.

6], indicating the fresh input of aldrin in Beijing. In fact, aldrin,
ieldrin and endrin were rarely used in Beijing, thus the atmos-
heric deposition would be the possible sources. And the air
arcels from other regions outside China could also bring these
ompounds from aldrin frequently used countries to China.

.3.6. Endosulfan
Endosulfan is a cyclodiene pesticide extensively used throu-

hout the world to control a wide variety insects and mites. It
s a highly toxic pesticide in EPA toxicity class I, and thus be
estricted in many countries. However, it is still widely used
n China on cotton and crops. It consists of �- and �-isomers.
-Endosulfan was detectable in 95% PM2.5 and 100% PM10
amples, �-endosulfan in 90% PM2.5 and 100% PM10 samples,
ith the later dominating in most samples. This was opposite to
hat have been reported in North America by Shen et al. [6] and
ioia et al. [24]. Concentrations vary from n.d.–128.82 pg m−3

nd 3.86–445.44 pg m−3 for �-endosulfan in PM2.5 and PM10,
espectively, n.d.–226.67 pg m−3 and 3.89–569.85 pg m−3 for
-endosulfan in PM2.5 and PM10. A power plant (site 4) had

otal endosulfan concentration of 252.87 pg m−3 for PM2.5,
hich is the highest concentration found in PM2.5. An indus-

rial center (site 10) had highest endosulfan concentration of
22.24 pg m−3 in PM10. These two sites are located in northeast
art of Beijing, where existed agricultural land in the past, thus
he high level of endosulfan is likely related to the past use in
griculture.

.3.7. HCB
HCB was mainly used for producing pentachlorophenol

odium and as pesticide on schistosome in oncomelania. It was
lso used on wood preservation. Although HCB was used in
any applications in the past, there are no current commercial

ses of HCB as an end product in China. It is now mainly the
yproduct of some technochemicals and the impurity of some
esticide. HCB is only produced in Tianjin Dagu Chemistry fac-
ory in China. By far, the total production of HCB is 79278 ton
ncluding 78323 ton used for pentachlorophenol sodium produ-

ing.

HCB detected in most of PM with concentrations varied
rom n.d.–113.43 pg m−3 and n.d.–263.43 pg m−3 in PM2.5 and
M10, respectively. The spatial distribution of HCB showed the
ther OCPs 0.967 0.179 0.879 0.383

roportion of total variance% 51.25 31.69 44.64 34.38
Fig. 4. Score plot of PC1 versus PC2 in PM10 (a) and PM2.5 (b).
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ccumulation rate of HCB in different size particulate matters
re different.

.4. Principal component analysis (PCA)

In our work, PCA was conducted for 7 groups OCPs (HCHs,
DTs, HEPTs, chlordanes, endosulfans, aldrins and HCB) dis-

ussed above. As shown in Table 4, only two factors were
xtracted and accounted for 82.95% and 79.02% in PM2.5 and
M10, respectively. For PM2.5, the first PC (PC1) explained
1.25% of total variance, was highly associated with DDTs,
EPTs, chlordanes and aldrins, thus PC1 substantially descri-
ed these four kinds OCPs contamination of the study areas. PC2
xplained 31.69% of the variance in the original data. HCHs,
ogether with HCB loaded significantly on PC2, indicating their
ame origin. Besides, endosulfans had medium loading on PC2.
ccording to their relevance to both PC1 and PC2, we can

dentify PC1 and PC2 can be represented by DDTs and HCB,
espectively.

The sampling sites on the PCA-score plot are shown in Fig. 4
ith most of sites located near the origin. The results reflected

elative low concentrations of OCPs in most PM2.5 (Fig. 4b)
amples, as the origin represents the mean concentration of all
amples. These sites have probably been not subjected to short
ange transport from local sources. Five samples (colleted from
ndustrial area, residential center, village and crossroad) could be
bserved with higher loads of PC2. Three samples (from plaza,
eld and building sites) had pronounced loads of PC1. These
ampling sites located in areas affected by industrial or agri-
ultural activities, probably due to proximity to local emission
ources.

Similar to PM2.5, PC1 (accounting for 44.61% of total
ariance) of PM10 significantly correlated with DDTs, HEPTs,
hlordanes and other OCPs, and PC2 (accounting for 34.38% of
otal variance) associated with HCHs, HCB and endosulfans.

The score plot of PC1 versus PC2 for PM10 (Fig. 4a) showed
wo industrial centers, one commercial center, one residential
rea and one campus had high loads on PC2, indicating the
ominance of HCB on these sites. However, PM10 samples col-
ected from plaza, village and crossroad had high loads on PC1,
eflecting the influence of DDTs. The results also showed that
he mean influence of both PC1 and PC2 on other sampling sites.

In order to examine the discrimination of samples between
ifferent land uses, subsequent PCA was performed. Consi-
ering the aforementioned outliers can mask the structure of
he other data, they were eliminated before the PCA perfor-
ed again. The results reflected the similar origin of PM2.5 and
M10 in most sampling sites. The score plot of PC1 versus PC2
ithout aforementioned sites (Fig. 5) showed samples from hos-
ital yard, field, village, residential area and had higher loads on
C1 both for PM2.5 and PM10, indicating the predominance of
DTs. However, samples from park and power plant influenced
uch by HCB. This also reflected the land use difference on pes-
icide application. Altough most OCPs were banned in China,
ome OCPs like dicofol (o,p′-DDT as impurity) is still used. We
hus considered PC1 was related with both old and new input
f OCPs while the PC2 was mostly from past use. In fact, field

t
c

o

ig. 5. Score plot of PC1 versus PC2 in PM10 (a) and PM2.5 (b) after elimination
f outliers.

nd village are directly associated with pesticide use, there may
xist new OCPs sources. For hospital yard and residential area,
hlordanes used as termiticide in house foundation can possibly
xplain the OCPs origin. For park and power plant, past usage
f HCHs on park virescence and HCB from industrial emission
ould be the sources.

. Conclusions

This work investigated the residue levels of OCPs in PM
rom Beijing, China. The results suggested OCPs levels were
elatively high in comparison with other cities in China. OCPs
oncentrations in southeast part were higher than other part of

he city, most western area and northeast sites had lest OCPs
ontamination.

The results of individual OCPs analysis showed most of OCPs
riginated from past usage, however, PM samples from some
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ites suggested newly input. PCA results displayed OCPs in
oth PM2.5 and PM10 samples had similar origin. PM samples
rom hospital yard, field, village and residential area influenced
uch by DDTs while those from park and power plant affected

eavily by HCB.
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