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Abstract
Contamination status of 942 organic micro-pollutants was examined for settled dust samples collected from an informal 
end-of-life vehicle (ELV) recycling site and an urban area in northern Vietnam. One hundred and ninety-five contaminants 
including 73 domestic chemicals, 79 industrial chemicals and 43 pesticides were detected at least once in our samples. 
Total concentrations (median and range) of organic pollutants in dusts from ELV site and Hanoi urban area were 20,000 
(5600–93,000) and 21,000 (12,000–26,000) ng g−1, respectively. Pyrethroid insecticides, polycyclic aromatic hydrocarbons 
(PAHs) and plasticizers were the major contributors to the overall contamination levels. Concentrations of some specific 
chemical classes such as petroleum alkanes, PAHs, heat storage and transfer agents, and compounds leached from tires in 
dusts from the recycling area were significantly higher than those from the urban area, suggesting their emission during ELV 
dismantling and stockpiling processes. Human exposures to selected organic pollutants were also estimated by calculating 
daily intake doses to evaluate their hazard quotients (HQs). Although almost HQs were markedly lower than the critical 
value of 1, potential health risk caused by multiple organic contaminants via dust ingestion and other exposure pathways 
should be considered in future studies.
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Introduction

Indoor dust has been considered as an environmental pollu-
tion indicator and a non-negligible source of human expo-
sure to semi-volatile organic compounds (SVOCs), includ-
ing both legacy pollutants and emerging contaminants. In 
Vietnam, contamination of persistent organic pollutants 
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(POPs) such as polychlorinated biphenyls (PCBs), diox-
ins and related compounds (DRCs) and polybrominated 
diphenyl ethers (PBDEs) in house dust has been evaluated 
at some informal waste recycling sites [1–4]. Dust inges-
tion has been indicated as a dominant pathway of PBDE 
exposure for e-waste recycling workers in northern Vietnam, 
that contributed 60–88% total daily intake of these flame 
retardants [4]. Takahashi et al. [2] documented a significant 
health risk of PCBs and DRCs from floor dusts for children 
in a Vietnamese end-of-life vehicle (ELV) recycling site. 
The pollution status and implications for human exposure 
of popularly used chemicals such as siloxanes, phthalate 
esters, p-hydroxybenzoic acid esters (parabens), tetrabromo-
bisphenol A, bisphenols and synthetic phenolic antioxidants 
(SPAs) in house dusts from Vietnam have been reported in 
some recent studies [5–8]. Tri et al. [6] reported that levels 
of phthalate esters and parabens in settled dusts in Hanoi 
metropolitan area were significantly higher than those from 
locations with lower level of urbanization. The published 
database suggests that indoor dusts from waste processing 
sites and highly urbanized areas have been contaminated by 
a large number of organic pollutants from different emission 
sources.

Gas chromatography–mass spectrometry (GC–MS) oper-
ated at selective ion monitoring (SIM) mode is one of the 
most effective methods for the simultaneous determination 
of SVOCs in various sample matrices due to its outstand-
ing separation efficiency, high selectivity and low detection 
limits. However, a conventional GC–MS method usually 
focuses on one or few groups of substances with similar 
physicochemical properties. In addition, traditional meth-
ods require a lot of efforts for preparation and operation of 
analytical standards, especially for multi-residue analysis 
of several hundred analytes. To enable monitoring nearly 
thousand of SVOCs by GC–MS without using chemical 
standards, Kadokami et al. [9] introduced a screening tool, 
Automated Identification and Quantification System with a 
Database for GC–MS (AIQS-DB/GC–MS). This method has 
been successfully applied to quantify over 940 SVOCs in the 
environmental media such as surface water, groundwater and 
river sediment from Vietnam [10–13] and other countries 
like Japan [14–16], China [17, 18] and Australia [19].

To our knowledge, AIQS-DB/GC–MS has not been used 
for screening analysis of organic pollutants in dust sam-
ples. In the present study, 942 organic compounds in set-
tled dusts collected from an informal ELV recycling site in 
Bac Giang province and from the urban area, Hanoi, capital 
city of Vietnam were analyzed by AIQS-DB/GC–MS. The 
concentration of a large variety of organic contaminants in 
house dust was investigated to delimitate a comprehensive 
picture of pollution status in micro-environments at a rural 
site affected by waste processing activities, in comparison 
with a highly urbanized area. The potential emission sources 

as well as human exposure risks related to organic pollutants 
via dust ingestion were also discussed.

Materials and methods

Sample collection

The study sites, an ELV recycling site in Thuyen village, 
Bac Giang province, and some inner districts of Hanoi were 
located in northern Vietnam. Thuyen village is a rural area 
of nearly 300 households, one-third of which have involved 
in ELV-processing activities. Expired vehicles such as pas-
senger cars, trucks, buses and motorcycles originated mainly 
from China, Japan, Korea and Russia have been collected 
in northern provinces in Vietnam and processed. The main 
processes were dismantling, stockpiling and categorizing 
components into resalable parts, recyclable materials and 
less valuable remains for disposal (including open burning). 
Samples for comparison were collected from the metropoli-
tan area of Hanoi which is strongly affected by urbanization 
and modernization.

Dust samples (n = 6) were collected from working places 
(TY-W1, TY-W2, TY-W3) and respective living areas of 3 
ELV households (TY-L1, TY-L2, TY-L3) in Thuyen village 
in January, 2013. ELV-related activities have been operated 
in the household backyards and semi-open facilities rein-
forced by steel frames and corrugated sheets. There was no 
clear boundary between workplaces and living areas in these 
ELV workshops. Settled dust samples (n = 3) from houses in 
Hanoi (HN-H1, HN-H2, HN-H3) were collected in Septem-
ber, 2016. The samples were manually taken by sweeping 
the floor and furniture surface using non-plastic brooms, 
then wrapped in solvent-washed aluminum foil and sealed 
in polyethylene zip lock bags. All samples were stored at 
− 25 °C until chemical analysis.

Chemical analysis

Dust samples were sieved through a 200-µm stainless steel 
sieve on a vibratory sieve shaker (AS 200, Retsch). Hair 
and textile materials were removed by tweezers and samples 
were thoroughly mixed to homogenize. An aliquot of 1 g 
dust sample was blended with 20 g anhydrous sodium sul-
fate and then extracted using a high-speed solvent extractor 
(SE 100, Mitsubishi Chemical Analytech) using a mixture 
of 50% acetone in hexane (35 °C, 6 mL min−1, 1 h) and 
toluene (80 °C, 6 mL min−1, 30 min). The extract fractions 
were evaporated, combined and solvent-exchanged into hex-
ane before purification. The crude extract was loaded onto a 
gel permeation chromatographic column (Bio-Beads S-X3, 
Bio-Rad Laboratories) with 50% dichloromethane (DCM) 
in hexane as elution solvent. The first 120-mL fraction was 
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discarded and the next 150-mL fraction containing target 
compounds was collected and rotary evaporated to about 
2 mL. The extract was further purified by passing through a 
silica gel column (Wakogel® S-1, activated at 130 °C for 3 h) 
according to the method previously described by Kadokami 
et al. [13]. The eluate fractions from silica gel column were 
concentrated to 100 µL and spiked with each 100 ng of inter-
nal standards (1,4-dichlorobenzene-d4; 4-chlorotoluene-
d4; acenaphthene-d10; chrysene-d12; fluoranthene-d10; 
naphthalene-d8; perylene-d12; phenanthrene-d10; Custom 
Internal Standard, Restek) before GC–MS quantification. All 
chemicals used in this study were reagent grade for PCB 
analysis and obtained from Wako Pure Chemical Industries, 
Ltd. Solvents were re-distilled before using.

A total of 942 semi-volatile organic compounds were 
determined using a gas chromatograph equipped with mass 
spectrometer (GCMS-QP2010 Ultra, Shimadzu) and AIQS-
DB system developed by Kadokami et al. [9]. Target com-
pounds were separated on a fused-silica capillary column 
(J&W DB-5 ms Ultra Inert, 30 m length × 0.25 mm internal 
diameter × 0.25 µm film thickness, Agilent Technologies) 
and helium was used as carrier gas at a linear velocity of 
40 cm s−1. Temperature of injection port, interface and 
ion source was 250, 300 and 200 °C, respectively. Column 
oven temperature was set at 40 °C (hold 2 min) and then 
increased to 310 °C (8 °C min−1, hold 5 min). Analytes were 
identified and quantified based on predicted retention times, 
mass spectra and calibration curves that were registered in 
the database. The criteria for a detected compound include 
retention time variation (± 0.5 min), mass spectra similarity 
(> 75%), signal to noise ratio (S/N > 3) and signal ratio of 
sample and blank (S/B > 2).

Quality assurance and quality control

Procedural blanks were analyzed simultaneously with real 
samples to check for interference and contamination during 
chemical analysis. The recovery test was conducted by ana-
lyzing solid matrices (sodium sulfate) spiked with some rep-
resentative groups of organic pollutants, including 10 organ-
ochlorine pesticides, 62 PCBs and 19 PAHs and methylated 
PAHs. The recoveries of most compounds ranged from 60 to 
120%, except for some PCB congeners (e.g., PCB-171, PCB-
201 and PCB-202) and pesticides (e.g., dieldrin and meth-
oxychlor) (Table S1 of Supplementary Material). The high 
recovery rates (over 140%) of some compounds were largely 
due to the co-elution peaks. However, this study focuses 
on screening and semiquantitation of multiple organic pol-
lutants, and therefore, the relatively high recoveries of few 
individual compounds should not significantly affect the 
overall results. Although the confirmation by conventional 
GC–MS method showed the negatively systematic errors 
for few pesticides, Kadokami et al. [14] documented that 

almost common semi-volatile chemicals can be quantified 
accurately by the AIQS-DB method, excluding highly polar 
and less stable compounds. On the aspect of detection limits, 
it is acceptable that the MDLs obtained by screening method 
(scan mode) were usually higher than those of conventional 
method (SIM mode). The instrument detection limits (IDLs) 
of most compounds ranged from 5 to 50 ng mL−1 [13]. The 
method detection limits (MDLs) were derived from IDLs 
with a sample weight of 1 g and a final volume of 100 µL, 
and thus the MDLs of target compounds ranged from 0.50 
to 5.0 ng g−1.

Statistical analysis

Concentrations of target compounds in samples were cor-
rected by subtracting the blank values. Concentrations of 
non-detected compounds were treated as zero. Statistical 
analysis was performed using Microsoft Excel (Microsoft 
Office 2010) and Minitab  16® Statistical Software (Minitab 
Inc.). The Mann–Whitney U test at a confidence level of 
95% was used to examine the differences in dust concentra-
tions of organic pollutants at these two study areas.

Results and discussion

Overview of contamination status of organic 
pollutants in dust

One hundred and ninety-five organic micro-pollutants 
among 942 target compounds were detected at least 
once in dust samples, including 43 pesticides, 73 domes-
tic chemicals and 79 industrial chemicals. Numbers of 
detected compounds in samples from Hanoi and ELV site 
were 153 and 115, respectively. Total concentrations of 
organic contaminants ranged from 5600 to 93,000 ng g−1 
with a median value of 21,000 ng g−1. Contamination lev-
els of organic pollutants in house dusts collected in ELV 
site (median 20,000; range 5600–93,000 ng g−1) and in 
urban area (median 21,000; range 12,000–26,000 ng g−1) 
were not significantly different (p > 0.05). The highest 
and lowest concentrations were found in settled dusts in 
Thuyen village, whereas samples from Hanoi showed only 
slight variation. The most predominant organic pollut-
ants in this study were pyrethroid pesticides, polycyclic 
aromatic hydrocarbons (PAHs) and plasticizers. Other 
groups such as alkanes, detergent metabolites, fragrances, 
antioxidants, intermediates in organic synthesis, interme-
diates for dyes, heat storage and heat transfer agents were 
found at relatively high detection frequencies. Some phar-
maceutical and personal care products (PPCPs), fatty acid 
methyl esters (FAMEs), disinfectants, organophospho-
rus pesticides, organochlorine pesticides, herbicides and 
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fungicides were also detected at minor levels. Concentra-
tions of organic pollutants in house dusts categorized by 
their origins and uses are shown in Table 1 and Fig. 1. 
A more detail result on the concentrations of individual 
organic pollutants is presented in Table S2 of Supple-
mentary Material.

Contamination by domestic chemicals in dust

Concentration of domestic chemicals in house dusts 
ranged from 1100 to 4600 ng g−1 (median 3200 ng g−1) 
and accounted for 11.5% of total organic pollutant con-
tent. Levels of these chemicals in Thuyen village were 
comparable to those from Hanoi with median (range) val-
ues of 3800 (1100–4600) and 3000 (2800–3200) ng g−1, 

Table 1  Concentrations (ng g−1) of organic micro-pollutants in settled dusts from ELV processing and urban areas, northern Vietnam

n.d. not detected

Pollutant category 
(overall number of 
detected compounds)

Concentration (number of detected compounds)

HN-H1 HN-H2 HN-H3 TY-W1 TY-L1 TY-W2 TY-L2 TY-W3 TY-L3

Domestic chemicals 
(73)

 3200 (38) 3000 (35) 2800 (32) 1200 (17) 4600 (26) 1100 (12) 5200 (27) 3300 (22) 4200 (16)

 Petroleum alkanes 
(24)

200 (11) 180 (13) 320 (11) 370 (8) 400 (7) 580 (9) 580 (9) 710 (7) 250 (9)

 PPCPs (5) 170 (2) 35 (2) 48 (2) n.d. 11 (1) 450 (1) 9.0 (2) n.d. n.d.
 Plasticizers (11) 2500 (8) 1700 (3) 1400 (2) 480 (3) 600 (5) n.d 900 (4) 1100 (5) 3800 (3)
 FAMEs (7) 57 (4) 170 (6) 28 (3) n.d. n.d. n.d. n.d. n.d. n.d.
 Disinfectants (3) n.d. n.d. n.d. n.d. 200 (3) 1.0 (1) 67 (3) 72 (3) 2.0 (1)
 Antioxidants (6) 110 (5) 280 (3) 340 (4) n.d. 18 (1) n.d. n.d. n.d. 150 (1)
 Detergent metabo-

lites (5)
74 (3) 550 (4) 540 (5) n.d. 2000 (2) n.d. 1300 (2) 4.0 (1) n.d.

 Fragrances (6) 45 (4) 26 (3) 71 (4) 200 (3) 740 (4) n.d. 1100 (2) 37 (2) n.d.
 Other domestic 

chemicals (6)
19 (1) 55 (1) 50 (1) 140 (3) 620 (3) 25 (1) 1300 (5) 1300 (4) 54 (2)

Industrial chemicals 
(79)

3800 (47) 4600 (47) 4500 (44) 2500 (36) 12,000 (44) 4500 (36) 9800 (38) 14,000 (48) 6500 (38)

 PAHs and deriva-
tives (37)

3200 (34) 2800 (28) 2600 (30) 2200 (29) 10,000 (31) 4200 (29) 8800 (27) 12,000 (26) 5700 (29)

 PCBs (12) n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1300 (12) n.d.
 Intermediates in 

organic synthesis 
(15)

490 (7) 1700 (8) 1800 (7) 50 (1) 500 (3) 90 (2) 440 (5) 180 (3) 560 (3)

 Intermediates for 
dyes (6)

4.0 (1) 76 (6) 42 (4) 81 (2) 250 (2) 39 (1) 290 (2) 380 (3) 24 (1)

 Heat storage and 
transfer agents (5)

50 (5) 37 (4) 30 (3) 120 (3) 660 (5) 110 (2) 200 (3) 250 (3) 170 (3)

 Other industrial 
chemicals (4)

n.d 1.0 (1) n.d 80 (1) 160 (3) 48 (2) 5.0 (1) 56 (1) 110 (2)

Pesticides (43) 5000 (19) 18,000 (26) 14,000 (28) 35,000 (4) 76,000 (3) n.d. (0) 8100 (2) 1100 (5) 680 (3)
 Pyrethroid insecti-

cides (19)
4400 (8) 17,000 (15) 13,000 (15) 35,000 (2) 76,000 (2) n.d 8100 (2) 700 (2) 320 (2)

 Organophosphorus 
pesticides (2)

120 (1) 480 (1) 500 (2) n.d n.d n.d n.d n.d n.d

 Organochlorine 
pesticides (6)

230 (4) 14 (1) 44 (2) 17 (1) n.d n.d n.d 170 (2) n.d

 Other insecticides 
(3)

2.0 (1) 7.0 (1) 20 (2) n.d n.d n.d n.d n.d n.d

 Herbicides (9) 210 (5) 120 (4) 140 (5) n.d 7.0 (1) n.d n.d n.d 360 (1)
 Fungicides (4) n.d 140 (4) 25 (2) 26 (1) n.d n.d n.d 190 (1) n.d

Total organic pollut-
ants (195)

12,000 (104) 26,000 (108) 21,000 (104) 39,000 (57) 93,000 (73) 5600 (48) 23,000 (67) 18,000 (75) 11,000 (57)
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respectively. However, household chemicals in dusts from 
ELV site showed a lower proportion to total concentra-
tion (10.3%) in the comparison with samples from Hanoi 
urban area (15.5%). The most abundant contaminants were 
plasticizers (e.g., phthalate and adipate esters), followed 
by non-ionic detergent metabolites (e.g., alkylphenols) and 
n-alkanes. The most frequently detected compounds (over 
70%) were heneicosane  (n-C21H44), dibenzothiophene, 
dicyclohexyl phthalate (DCHP) and 2-ethyl-1-hexanol. 
Nonylphenol has been widely used to manufacture antioxi-
dants, lubricating oil additives and non-ionic surfactants, 
and its occurrence in the micro-environment is mainly 
due to the degradation of these products [20]. Nonylphe-
nol was detected at a level of 2000 ng g−1 in living area 
of an ELV workshop, which was comparable to the level 
in homes from Cape Cod, Massachusetts, US (median 
2580 ng g−1) [21]. Total petroleum content ranged from 
180 to 710 ng g−1 with major fraction of  C18–C30, corre-
sponding to the release of lubricating oil and paraffin wax 
[22]. FAMEs were found only in Hanoi dust samples at 
relatively low levels, whereas disinfectants such as phenol 
and its methyl derivatives were detected in samples col-
lected from Thuyen village at high frequency (83%). SPAs, 
which have been used in foodstuff and various consumer 
products, were detected in almost all samples in Hanoi. 
Concentrations of SPAs such as 2,6-di-tert-butyl-1,4-ben-
zoquinone and 3,5-di-tert-butyl-4-hydroxybenzaldehyde in 
this study were within the range reported for indoor dusts 
collected from e-waste recycling workshops and local mar-
kets in Vietnam, but significantly lower than those from 
US and Japan [8]. PPCPs including squalane, carbamaz-
epine, l-menthol, thymol and caffeine were sporadically 
found at trace levels in our samples.

Contamination by PAHs and other industrial 
chemicals in dust

PAHs were the most dominant industrial chemicals, which 
occupied 5.7–75.8% of total organic pollutants and 58.6 
to 93.7% of industrial category. The sum of PAH con-
centrations ranged from 2200 to 12,000 ng g−1 with a 
median value of 4200 ng g−1. Levels of PAHs in ELV 
dusts (median 7200; range 2200–12,000 ng g−1) were 
markedly higher than urban samples (median 2800; range 
2600–3200  ng  g−1). Our results were similar to PAH 
concentrations in household floor dusts in Saudi Arabia 
(median 2650; range 950–11,950  ng  g−1) and Kuwait 
(median 1675; range 450–9100  ng  g−1) [23], but sig-
nificantly lower than levels reported by Wang et al. [24] 
for samples collected in coal-burning houses in Qing-
yang, China (mean 35,200; range 8450–121,000 ng g−1). 
Twenty-four of detected PAHs in the present study were 
found at frequency of 100%, including the five dominant 
compounds, phenanthrene, anthracene, pyrene, benzo[e]
pyrene and perylene. All the 16 priority PAHs listed by 
United States Environmental Protection Agency (US 
EPA) were found in house dusts and their concentra-
tions accounted for 48.4–61.3% of total PAH contents. 
Although many studies indicated that HMW-PAHs pre-
dominate in particulate matter, remarkable contributions 
of lower molecular congeners to total PAH levels in dusts 
were also reported in the present study as well as previous 
publications [23, 25]. No clear picture in the proportions 
of low molecular weight PAHs (LMW-PAHs, 2–3 rings) 
and high molecular weight PAHs (HMW-PAHs, 4–6 rings) 
was observed in dusts from ELV site of this study. Diag-
nostic ratios of specific PAH congeners have been widely 

Fig. 1  Total concentrations 
of organic micro-pollutants in 
settled dusts from ELV process-
ing and urban areas, northern 
Vietnam
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used to predict emission sources of these pollutants. The 
ratios of anthracene/(anthracene + phenanthrene) and 
benz[a]anthracene/(benz[a]anthracene + chrysene) of all 
samples were higher than values of 0.1 and 0.35, respec-
tively, indicating pyrogenic sources rather than petrogenic 
sources of PAH releases in both urban and ELV recycling 
areas [26–28]. Nevertheless, these diagnostic ratios may 
be an overestimation because of some limitations of this 
screening method, for example, the incomplete separation 
of hundred compounds on a 30 m single column and the 
lower selectivity and sensitivity of full-scan MS mode 
comparing with SIM mode. This suggests the need for 
further investigations on the environmental occurrence and 
emission sources of PAHs in these areas, using conven-
tional target analytical methods.

Other industrial chemicals, including solvents, intermedi-
ates in organic synthesis, intermediates for the production 
of dyes, resin, rubber and pesticides, heat storage and trans-
fer agents, were detected in dusts in Hanoi and Thuyen vil-
lage. Monochlorophenols (MCPs), such as 3-chlorophenol 
and 4-chlorophenol (4-CP), were detected in Hanoi sam-
ples at relatively high concentrations (median 1600; range 
370–1700 ng g−1) while their existence in ELV dusts were 
not frequent. The emission of MCPs in urban area can be 
derived from both industrial and domestic sources because 
MCPs are also by-products of water chlorination process 
and 4-CP has been used as a disinfectant for home, hospital 
and farm uses [29, 30]. Carbazole, that has been used as 
an intermediate in the synthesis of pharmaceuticals, agro-
chemicals, pigments, dyes, etc., was detected in ELV dusts 
at higher levels than urban samples. Concentrations (median 
and range) of heat storage and transfer agents (HSTAs), 
such as dibenzofuran, biphenyl and terphenyl isomers in 
dusts collected from Thuyen village and Hanoi were 190 
(110–660) and 37 (30–50) ng g−1, respectively. This dif-
ference may be due to the leak of heat transfer fluid during 
ELV dismantling and stockpiling processes. PCBs, a typi-
cal group of POPs was found in only one sample collected 
from an ELV workshop in Thuyen village at a concentration 
of 1300 ng  g− 1, corresponding to the maximum level of 
2200 ng  g− 1 previously detected in floor dusts at the same 
study area [2]. The sources of PCBs in this ELV processing 
area were possibly electrical capacitors and transformers in 
old vehicles and vehicular lubricating oils [2]. Takahashi 
et al. [2] have reported the concentrations of PBDEs (range 
140–11,000 ng g−1 with the major contribution of BDE-
209) and WHO-TEQs of DRCs (range 27–200 pg TEQ g−1) 
in the floor dusts collected from the same ELV processing 
area. Almost all PBDEs (except for BDE-7, -47 and -153) 
and DRCs (except for dioxin-like PCBs) have not been regis-
tered in the database of AIQS-DB. In addition, the detection 
limits of AIQS-DB method are not sufficient for ultra-trace 
analysis of DRCs [9]. Therefore, the enlargement of database 

size by adding new pollutants, as well as the lowering of 
detection limits should be considered in order to make this 
screening method more efficient.

Contamination by pesticides in dust

Forty-three pesticides including 19 pyrethroid isomers, 6 
organochlorine pesticides, 2 organophosphorus pesticides, 
1 pyrrole insecticide, 1 juvenile hormone, 1 nereistoxin 
analogue insecticide, 9 herbicides and 4 fungicides were 
detected at least once in this study. Pesticides were the major 
organic micro-pollutants found in house dusts from Hanoi, 
which accounted 41.9–69.6% of overall concentrations. 
Pyrethroids were the predominant pesticides at urban sites 
(median 13,000; range 4400–17,000 ng g−1) with perme-
thrins, pyrethrins and cypermethrins as major components. 
Chlorpyrifos, the most common organophosphate registered 
for agricultural use in Vietnam, was found in Hanoi samples 
at elevated concentrations (120–500 ng g−1). These levels 
were one to two orders of magnitude greater than those in 
carpet dusts from an orchard community in Pacific North-
west, US [31]. Organochlorine pesticides, such as dieldrin, 
methoxychlor, and dichlorodiphenyltrichloroethane and 
its metabolites (DDTs) were also detected at minor levels. 
The contributions of other pesticides to total organic pol-
lutants in these samples were insignificant. Concentrations 
of pesticides in settled dusts at Thuyen village varied over 
a wide range, from below detection limits to 76,000 ng g−1. 
Pyrethroids, absolutely dominated by permethrin isomers, 
also contributed the largest proportions to the total pesticide 
amounts in ELV dusts. Pyrethroids have been extensively 
used not only in agriculture to control insects but also in 
households to repel mosquitoes and flies. Permethrin was 
also detected in sediments from Hanoi [11] at levels higher 
than those from US, UK, Australia and China as reviewed 
by Li et al. [32]. Except for samples collected in work place 
and respective living area of an ELV shop in Thuyen village 
(TY-W1 and TY-L1), contamination degree of pyrethroids in 
remaining sites were equal to the extent in dusts from farm 
worker families in Mendota [33] or urban homes in Oaklan 
[34] (California, US) and households in north-western Spain 
[35]. The highest concentrations of pyrethroids found in our 
study (35,000 and 76,000 ng g−1) were comparable to levels 
found in indoor dusts from families in Salinas, an agricul-
tural community with intense use of pesticides in California, 
US [34].

Comparison of dust contamination by organic 
pollutants in ELV site and urban area

Although the most polluted samples were found in Thuyen 
village, no significant difference between total contamina-
tion levels in settled dusts from ELV site and urban control 
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site was observed (p > 0.05). This was probably due to 
the large variation in concentrations of organic pollutants 
in ELV samples (RSD = 101%) comparing with urban 
ones (RSD = 35%). To find any possible dissimilarity of 
dust pollution in these areas the pollution status in these 
two areas should be identified based on some specific 
groups of pollutants rather than total content of organic 
compounds (Fig. 2). Levels of PAHs, n-alkanes and heat 
transfer agents were significantly different among the 
two locations (p < 0.05). Some compounds leaching from 
tires (e.g., acetophenone, benzyl alcohol and 4-hydroxy-
3,5-dimethoxy-benzaldehyde) were detected in ELV dusts 
at higher frequency and concentrations compared to urban 
samples. The elevated emission of these contaminants in 
ELV sites might be due to ELV-related activities such as 
collecting engine oils and tires or open burning of less 
valuable parts before disposal. Interestingly, degree of 
pollution in dusts collected in living areas at Thuyen 
village was higher than or comparable to those around 
working areas (median 23,000 and 18,000 ng g−1 for liv-
ing and working areas, respectively). This result may be 
explained by the fact that living homes were not clearly 
separated from workplaces in this ELV recycling area. At 
the workshops in our survey, most of the processes were 
carried out in courtyards of houses and treated components 
were stockpiled in semi-open warehouses close to living 
space like kitchen and toilet area. Takahashi et al. [2] also 
reported that there was no statistically significant differ-
ence between concentrations of some legacy POPs such as 
PCBs, PBDEs, and DRCs in floor dusts from workshops 
and homes in Thuyen village. These findings suggest that 
recyclers and normal residents in this ELV site may be 
affected by toxic chemicals released from both recycling 
and living activities.

Risk assessment of organic pollutants via dust 
ingestion

Daily intake doses (DI) of organic pollutants in dust were 
estimated based on their concentrations, dust ingestion rate 
and body weight. The medium and high dust ingestion rate 
of 20 and 50 mg day−1, and 50 and 200 mg day−1 were sug-
gested for adults and children, respectively [36]. As a result 
of the higher dust emission in ELV site than urban homes, 
high dust ingestion scenario was applied for residents in 
Thuyen village and medium degree was used for Hanoi 
inhabitants. Average body weights of 60 and 15 kg were 
estimated for Vietnamese adults and 4–6-year-old children. 
Mean DI values of total organic substances through dust 
ingestion were 26 for adults and 420 ng kg−1 day−1 for chil-
dren in Thuyen village, and 6.4 for adults and 65 ng kg day−1 
for children in Hanoi. Exposures to PAHs in dust samples 
of this study were within a range of 0.86–8.5 ng kg−1 day−1 
for adults, which is lower than uptake levels found in 
dusts from thirteen universities in Shanghai, China (mean 
9.9 ng kg−1 day−1 for lecture theaters and 15.6 ng kg−1 day−1 
for dining halls) [25]. The abundance of permethrin isomers 
in dust samples makes these pollutants were the major con-
tributors to non-dietary exposures of organic compounds 
with a maximum DI of 1000 ng kg−1 day−1 derived for chil-
dren in ELV site. These levels were significantly higher than 
those estimated for children in Hanoi (9.4–15 ng kg−1 day−1) 
or children in farm and urban homes in California (up to 
220 ng kg−1 day−1 with 100 mg dust ingested per day) [34].

Hazard quotient (HQ) for each contaminant is estimated 
as the ratio of its DI and respective reference dose (RfD) 
derived by some environmental and health organizations 
such as US EPA (available on the Integrated Risk Infor-
mation System) or by World Health Organization (WHO). 

Fig. 2  Concentrations of some 
specific classes of organic 
micro-pollutants in settled dusts 
from ELV processing and urban 
areas, northern Vietnam
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The HQ value greater than 1 implies a possibility of toxic 
effects caused by that contaminant. The HQs of represent-
ative compounds of three categories including domestic 
chemicals (DCHP, nonylphenol), industrial chemicals (4 
PAH congeners, biphenyl, diphenylamine) and pesticides 
(permethrins, cypermethrins, chlorpyrifos) via dust inges-
tion estimated for residents in ELV site and Hanoi urban 
area are presented in Table 2. Although most of the HQ 
values of evaluated compounds ranged from  10−9 to  10−2 
(much smaller than the critical value 1), health concerns 
related to organic pollutants in these areas should not be 
ignored. Firstly, the RfD values are not available for all 
contaminants, which prevents the conduct of an overall 
risk assessment. Secondly, daily intake dose of a pollutant 
should be estimated based on the accumulation of different 
exposure pathways such as diet, air inhalation, and dust 
and soil ingestion, inhalation and dermal contact. This fact 
suggests the need for further studies using this screening 
tool for other media such as food, ambient air and outdoor 
dusts and soil in Vietnam.

Conclusions

One hundred and ninety-six organic micro-pollutants origi-
nating from different sources were detected in settled dusts 
from an informal ELV recycling site and an urban area in 
northern Vietnam at elevated concentrations. Levels of 
organic pollutants in Thuyen village varied over a wide range 
with nonuniform pattern of accumulation, whereas samples 
from Hanoi showed only a slight variation. PAHs and pyre-
throid insecticides were the most predominant chemicals, 
accounting for 52–96% of total organic compounds. Con-
tents of some specific groups such as petroleum alkanes, 
PAHs, chemicals leaching from tires, heat storage and trans-
fer agents in dusts from Thuyen village were significantly 
higher than those in urban site, suggesting emission sources 
related to ELV dismantling and stockpiling activities. Daily 
intake doses and hazard quotients of selected organic toxi-
cants via dust ingestion were estimated for residents in study 
locations and none of them exceeded the critical value. Fur-
ther investigations on different environmental media should 
be conducted to obtain a comprehensive picture of the 

Table 2  Hazard quotients of selected organic pollutants via dust ingestion estimated for residents in ELV processing and urban areas, northern 
Vietnam

n.a. not available because of non-detected compound
a RfD for oral exposure on the basis of no observed effects [37]
b RfD for oral exposure based on effects on hematologic system [38]
c RfD for oral exposure based on effects on hepatic and urinary system [39]
d RfD for oral exposure based on kidney effects [40]
e Oral no observable adverse effects level (NOAEL) for repeated dose for human [41]
f RfD for oral exposure based on effects on urinary system [42]
g Long-term exposure oral acceptable daily intake for general population [43]
h Oral RfD based on decreased body weight gain and increased liver and kidney weight effects [44]
i RfD for oral exposure based on increased liver weight effects [45]
j Oral RfD based on gastrointestinal disturbances [46]
k RfD based on RBC acetylcholinesterase inhibition in human [47]

Compound RfD ELV processing area Hanoi urban area

(mg  kg−1 day−1) Adults Children Adults Children

Anthracene 0.3a 7.5 × 10− 7–3.8 × 10− 6 1.2 × 10− 5–6.1 × 10− 5 1.6 × 10− 7–1.8 × 10− 7 1.6 × 10− 6–1.8 × 10− 6

Fluorene 0.04b 5.3 × 10− 7–3.0 × 10− 6 8.5 × 10− 6–4.8 × 10− 5 9.3 × 10− 8–1.0 × 10− 7 9.3 × 10− 7–1.0 × 10− 6

Fluoranthene 0.04c n.a. to 6.4 × 10− 6 n.a. to 1.0 × 10− 4 n.a. to 1.2 × 10− 6 n.a. to 1.3 × 10− 5

Pyrene 0.03d 2.3 × 10− 7–3.5 × 10− 5 3.4 × 10− 6–5.6 × 10− 4 1.5 × 10− 6–1.6 × 10− 6 1.5 × 10− 5–1.6 × 10− 5

Nonylphenol 15e n.a. to 1.1 × 10− 7 n.a. to 1.8 × 10− 6 1.4 × 10− 9–6.8 × 10− 9 1.4 × 10− 8–6.8 × 10− 8

Biphenyl 0.5f 1.3 × 10− 7–6.4 × 10− 7 2.0 × 10− 6–1.0 × 10− 5 9.3 × 10− 9–1.2 × 10− 8 9.3 × 10− 8–1.3 × 10− 7

Dicyclohexyl phthalate 0.051g n.a. to 2.8 × 10− 5 n.a. to 4.4 × 10− 4 9.2 × 10− 6–1.2 × 10− 5 9.2 × 10− 5–1.3 × 10− 4

Diphenylamine 0.025h 8.0 × 10− 7–3.4 × 10− 6 1.3 × 10− 5–5.4 × 10− 5 5.8 × 10− 8–1.5 × 10− 7 5.8 × 10− 7–1.5 × 10− 6

Permethrin 0.05i 5.4 × 10− 6–1.3 × 10− 3 8.6 × 10− 5–2.0 × 10− 2 1.9 × 10− 5–3.0 × 10− 5 1.9 × 10− 4–3.0 × 10− 4

Cypermethrin 0.01j n.a. n.a. 4.2 × 10− 5–6.9 × 10− 5 4.2 × 10− 4–6.9 × 10− 4

Chlorpyrifos 0.01k n.a. n.a. 3.8 × 10− 6–1.6 × 10− 5 3.8 × 10− 5–1.6 × 10− 4



65Journal of Material Cycles and Waste Management (2019) 21:57–66 

1 3

environmental pollution and human health risk caused by 
organic pollutants in these areas.

Acknowledgements This study was supported in part by Grants-in-Aid 
for Scientific Research (B: 16H02963) from the Japan Society for the 
Promotion of Science (JSPS) and the Environment Research and Tech-
nology Development Fund (3K153001) from the Japanese Ministry 
of the Environment. The authors would like to thank Prof. Dr. Kiwao 
Kadokami (The University of Kitakyushu, Japan) and Dr. Duong Thi 
Hanh (Institute of Environmental Technology, Vietnam Academy of 
Science and Technology) for their useful comments and constructive 
suggestions during our experiments. We also acknowledge the support 
of all staff of VNU University of Science (Vietnam National Univer-
sity) and CATE (Ehime University) in sampling activities and sample 
analysis. Finally, we wish to thank Prof. Dr. Annamalai Subramanian 
(Bharathidasan University, India) for critical reading of the manuscript.

References

 1. Anh HQ, Nam VD, Tri TM, Ha NM, Ngoc NT, Mai PTN, Anh 
DH, Minh NH, Tuan NA, Minh TB (2017) Polybrominated diphe-
nyl ethers in plastic products, indoor dust, sediment and fish from 
informal e-waste recycling sites in Vietnam: a comprehensive 
assessment of contamination, accumulation pattern, emissions, 
and human exposure. Environ Geochem Health 39:935–954

 2. Takahashi S, Tue NM, Takayanagi C, Tuyen LH, Suzuki G, Mat-
sukami H, Viet PH, Kunisue T, Tanabe S (2017) PCBs, PBDEs 
and dioxin-related compounds in floor dust from an informal end-
of-life vehicle recycling site in northern Vietnam: contamination 
levels and implications for human exposure. J Mater Cycles Waste 
Manag 19:1333–1341

 3. Tue NM, Suzuki G, Takahashi S, Isobe T, Trang PTK, Viet PH, 
Tanabe S (2010) Evaluation of dioxin-like activities in settled 
house dust from Vietnamese e-waste recycling sites: relevance of 
polychlorinated/brominated dibenzo-p-dioxin/furans and dioxin-
like PCBs. Environ Sci Technol 44:9195–9200

 4. Tue NM, Takahashi S, Suzuki G, Isobe T, Viet PH, Kobara Y, 
Seike N, Zhang G, Sudaryanto A, Tanabe S (2013) Contami-
nation of indoor dust and air by polychlorinated biphenyls and 
brominated flame retardants and relevance of non-dietary expo-
sure in Vietnamese informal e-waste recycling sites. Environ Int 
51:160–167

 5. Tri TM, Abualnaja KO, Asimakopoulos AG, Covaci A, Gevao B, 
Johnson-Restrepo B, Kumosani TA, Malarvannan G, Minh TB, 
Moon HB, Nakata H, Sinha RK, Kannan K (2015) A survey of 
cyclic and linear siloxanes in indoor dust and their implications 
for human exposures in twelve countries. Environ Int 78:39–44

 6. Tri TM, Minh TB, Kumosani TA, Kannan K (2016) Occurrence 
of phthalate diesters (phthalates), p-hydroxybenzoic acid esters 
(parabens), bisphenol A diglycidyl ether (BADGE) and their 
derivatives in indoor dust from Vietnam: implications for expo-
sure. Chemosphere 144:1553–1559

 7. Wang W, Abualnaja KO, Asimakopoulos AG, Covaci A, Gevao 
B, Johnson-Restrepo B, Kumosani TA, Malarvannan G, Minh TB, 
Moon HB, Nakata H, Sinha RK, Kannan K (2015) A compara-
tive assessment of human exposure to tetrabromobisphenol A and 
eight bisphenols including bisphenol A via indoor dust ingestion 
in twelve countries. Environ Int 83:183–191

 8. Wang W, Asimakopoulos AG, Abualnaja KO, Covaci A, Gevao 
B, Johnson-Restrepo B, Kumosani TA, Malarvannan G, Minh 
TB, Moon HB, Nakata H, Sinha RK, Kannan K (2015) Synthetic 
phenolic antioxidants and their metabolites in indoor dust from 
homes and microenvironments. Environ Sci Technol 50:428–434

 9. Kadokami K, Tanada K, Taneda K, Nakagawa K (2005) Novel 
gas chromatography-mass spectrometry database for automatic 
identification and quantification of micropollutants. J Chroma-
togr A 1089:219–226

 10. Ha TT, Marcussen H, Hansen HCB, Giang TL, Hanh TD, 
Nguyen TT, Trung QN, Hansen S, Strobel BW (2017) Screening 
of inorganic and organic contaminants in floodwater in paddy 
fields of Hue and Thanh Hoa in Vietnam. Environ Sci Pollut Res 
24:7348–7358

 11. Hanh TD, Kadokami K, Pan S, Matsuura N, Trung NQ (2014) 
Screening and analysis of 940 organic micro-pollutants in river 
sediments in Vietnam using an automated identification and 
quantification database system for GC–MS. Chemosphere 
107:462–472

 12. Hanh TD, Kadokami K, Hong TCC, Trung QN, Thao TN, Kong 
L (2015) Groundwater screening for 940 organic micro-pol-
lutants in Hanoi and Ho Chi Minh City, Vietnam. Environ Sci 
Pollut Res 22:19835–19847

 13. Kadokami K, Pan S, Hanh DT, Li X, Miyazaki T (2012) Devel-
opment of a Comprehensive analytical method for semi-volatile 
organic compounds in sediments by using an automated identifi-
cation and quantification system with a GC–MS database. Anal 
Sci 28:1183–1189

 14. Kadokami K, Jinya D, Iwamura T (2009) Survey on 882 organic 
micro-pollutants in rivers throughout Japan by automated iden-
tification and quantification system with a gas chromatography–
mass spectrometry database. J Environ Chem 19(3):351–360

 15. Kadokami K, Li X, Pan S, Ueda N, Hamada K, Jinya D, Iwa-
mura T (2013) Screening analysis of hundreds of sediment pol-
lutants and evaluation of their effects on benthic organisms in 
Dokai Bay, Japan. Chemosphere 90:721–728

 16. Pan S, Kadokami K, Li X, Hanh TD, Horiguchi T (2014) Target 
and screening analysis of 940 micro-pollutants in sediments in 
Tokyo Bay, Japan. Chemosphere 99:109–116

 17. Kong L, Kadokami K, Wang S, Hanh TD, Hong TCC (2015) 
Monitoring of 1300 organic micro-pollutants in surface waters 
from Tianjin, North China. Chemosphere 122:125–130

 18. Kong L, Kadokami K, Hanh TD, Hong TCC (2016) Screening 
of 1300 organic micro-pollutants in groundwater from Beijing 
and Tianjin, North China. Chemosphere 165:221–230

 19. Allinson G, Allinson M, Kadokami K (2015) Combining pas-
sive sampling with a GC–MS-database screening tool to assess 
trace organic contamination of rivers: a pilot study in Mel-
bourne, Australia. Water Air Soil Pollut 226:230

 20. Soares A, Guieysse B, Jefferson B, Cartmell E, Lester JN (2008) 
Nonylphenol in the environment: a critical review on occur-
rence, fate, toxicity and treatment in wastewaters. Environ Int 
34:1033–1049

 21. Rudel RA, Camann DE, Spengler JD, Korn LR, Brody JG 
(2003) Phthalates, alkylphenols, pesticides, polybrominated 
diphenyl ethers, and other endocrine-disrupting compounds in 
indoor air and dust. Environ Sci Technol 37(20):4543–4553

 22. Weiner ER (2010) Applications of environmental chemistry: 
a practical guide for environmental professionals. CRC Press, 
Boca Raton

 23. Ali N, Ismail IMI, Khoder M, Shamy M, Alghamdi M, Costad 
M, Ali LN, Wang W, Eqani SAMAS. (2016) Polycyclic aro-
matic hydrocarbons (PAHs) in indoor dust samples from Cities 
of Jeddah and Kuwait: levels, sources and non-dietary human 
exposure. Sci Total Environ 573:1607–1614

 24. Wang W, Huang MJ, Chan CY, Cheung KC, Wong MH (2013) 
Risk assessment of non-dietary exposure to polycyclic aromatic 
hydrocarbons (PAHs) via house  PM2.5, TSP and dust and the 
implications from human hair. Atmos Environ 73:204–213



66 Journal of Material Cycles and Waste Management (2019) 21:57–66

1 3

 25. Peng H, Yang Y, Liu M, Zhou JL (2012) PAHs in indoor dust 
samples in Shanghai’s universities: levels, sources and human 
exposure. Environ Geochem Health 34:587–596

 26. Kamal A, Malik RN, Martellini T, Cincinelli A (2014) Cancer risk 
evaluation of brick kiln workers exposed to dust bound PAHs in 
Punjab province (Pakistan). Sci Total Environ 493:562–570

 27. Mannino MR, Orecchio S (2008) Polycyclic aromatic hydrocar-
bons (PAHs) in indoor dust matter of Palermo (Italy) area: extrac-
tion, GC–MS analysis, distribution and sources. Atmos Environ 
42:1801–1817

 28. Yunker MB, Macdonald RW, Vingarzan R, Mitchelld RH, Goyette 
D, Sylvestre S (2002) PAHs in the Fraser river basin: a critical 
appraisal of PAH ratios as indicators of PAH source and composi-
tion. Org Geochem 33:489–515

 29. Gopal K, Tripathy SS, Bersillon JL, Dubey SP (2007) Chlorina-
tion byproducts, their toxicodynamics and removal from drinking 
water. J Hazard Mater 140:1–6

 30. World Health Organization (1989) Environmental Health Crite-
ria 93. Chlorophenols other than pentachlorophenol. http://www.
inche m.org/docum ents/ehc/ehc/ehc09 3.htm. Accessed 18 Apr 
2017

 31. Butler-Dawson J, Galvin K, Thorne PS, Rohlman DS (2016) 
Organophosphorus pesticide exposure and neurobehavioral per-
formance in Latino children living in an orchard community. Neu-
roToxicology 53:165–172

 32. Li H, Cheng F, Wei Y, Lydy MJ, You J (2017) Global occurrence 
of pyrethroid insecticides in sediment and the associated toxico-
logical effects on benthic invertebrates: an overview. J Hazard 
Mater 324:258–271

 33. Regueiro J, Llompart M, Garcia-Jares C, Cela R (2007) Develop-
ment of a high-throughput method for the determination of organ-
ochlorinated compounds, nitromusks and pyrethroid insecticides 
in indoor dust. J Chromatogr A 1174:112–124

 34. Quirós-Alcalá L, Bradman A, Nishioka M, Harnly ME, Hubbard 
A, McKone TE, Ferber J, Eskenazi B (2011) Pesticides in house 
dust from urban and farmworker households in California: an 
observational measurement study. Environ Health 10:19

 35. Trunnelle KJ, Bennett DH, Tancredi DJ, Gee SJ, Stoecklin-Marois 
MT, Hennessy-Burt TE, Hammock BD, Schenker MB (2013) 
Pyrethroids in house dust from the homes of farm worker families 
in the MICASA study. Environ Int 61:57–63

 36. Jones-Otazo H, Clarke JP, Diamond ML, Archbold JA, Ferguson 
G, Harner T, Richardson GM, Ryan JJ, Wilford B (2005) Is house 

dust the missing exposure pathway for PBDEs? An analysis of the 
urban fate and human exposure to PBDEs. Environ Sci Technol 
39:5121–5130

 37. United States Environmental Protection Agency (1990) Anthra-
cene CASRN 120-12-7. https ://cfpub .epa.gov/ncea/iris2 /chemi 
calLa nding .cfm?subst ance_nmbr=434. Accessed 20 Mar 2017

 38. United States Environmental Protection Agency (1990) Fluorene 
CASRN 86-73-7. https ://cfpub .epa.gov/ncea/iris2 /chemi calLa 
nding .cfm?subst ance_nmbr=435. Accessed 20 Mar 2017

 39. United States Environmental Protection Agency (1990) Fluoran-
thene CASRN 206-44-0. https ://cfpub .epa.gov/ncea/iris2 /chemi 
calLa nding .cfm?subst ance_nmbr=444. Accessed 20 Mar 2017

 40. United States Environmental Protection Agency (1990) Pyrene 
CASRN 129-00-0. https ://cfpub .epa.gov/ncea/iris/iris_docum ents/
docum ents/subst /0445_summa ry.pdf. Accessed 20 Mar 2017

 41. World Health Organization (2002) Integrated risk assessment: 
nonylphenol case study. http://www.who.int/ipcs/metho ds/Nonyl 
pheno l.pdf. Accessed 16 Apr 2017

 42. United States Environmental Protection Agency (2013) Biphenyl 
CASRN 92-52-4. https ://cfpub .epa.gov/ncea/iris2 /chemi calLa 
nding .cfm?subst ance_nmbr=13. Accessed 20 Mar 2017

 43. United States Consumer Product Safety Commission (2011) Tox-
icity review of dicyclohexyl phthalate (DCHP). https ://www.cpsc.
gov/s3fs-publi c/Toxic ityRe viewO fDCHP .pdf. Accessed 18 Mar 
2017

 44. United States Environmental Protection Agency (1987) Diphe-
nylamine CASRN 122-39-4. https ://cfpub .epa.gov/ncea/iris/
iris_docum ents/docum ents/subst /0048_summa ry.pdf. Accessed 
22 March 2017

 45. United States Environmental Protection Agency (1987) Perme-
thrin CASRN 52645-53-1. https ://cfpub .epa.gov/ncea/iris2 /chemi 
calLa nding .cfm?subst ance_nmbr=185. Accessed 22 Mar 2017

 46. United States Environmental Protection Agency (1989) Cyper-
methrin CASRN 52315-07-8. https ://cfpub .epa.gov/ncea/iris/
iris_docum ents/docum ents/subst /0380_summa ry.pdf. Accessed 
22 Mar 2017

 47. World Health Organization (2004) Chlorpyrifos in drinking-water: 
background document for development of WHO guidelines for 
drinking-water quality. http://www.who.int/water _ sanit ation 
_healt h/dwq/chemi cals/chlor pyrif os.pdf. Accessed 16 Apr 2017

http://www.inchem.org/documents/ehc/ehc/ehc093.htm
http://www.inchem.org/documents/ehc/ehc/ehc093.htm
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=434
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=434
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=435
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=435
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=444
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=444
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0445_summary.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0445_summary.pdf
http://www.who.int/ipcs/methods/Nonylphenol.pdf
http://www.who.int/ipcs/methods/Nonylphenol.pdf
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=13
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=13
https://www.cpsc.gov/s3fs-public/ToxicityReviewOfDCHP.pdf
https://www.cpsc.gov/s3fs-public/ToxicityReviewOfDCHP.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0048_summary.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0048_summary.pdf
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=185
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=185
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0380_summary.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0380_summary.pdf
http://www.who.int/water_%20sanitation_health/dwq/chemicals/chlorpyrifos.pdf
http://www.who.int/water_%20sanitation_health/dwq/chemicals/chlorpyrifos.pdf

	Comprehensive analysis of 942 organic micro-pollutants in settled dusts from northern Vietnam: pollution status and implications for human exposure
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Chemical analysis
	Quality assurance and quality control
	Statistical analysis

	Results and discussion
	Overview of contamination status of organic pollutants in dust
	Contamination by domestic chemicals in dust
	Contamination by PAHs and other industrial chemicals in dust
	Contamination by pesticides in dust
	Comparison of dust contamination by organic pollutants in ELV site and urban area
	Risk assessment of organic pollutants via dust ingestion

	Conclusions
	Acknowledgements 
	References


