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1.The AhR(Aryl Hydrocarbon Receptor): A Major Player in Cancer Aggression and
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6. Dioxin Health Hazard in Vietnam
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10. The Biotic Exposome of Emerging Flame Retardants in the Global Environment
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Situation in AO/Dioxin sprayed land at the present time

AT | AR A
3 e B W

However, poor condition of soil is remained in many areas

Reforestation programs in Viet Nam have obtained good progresses in many areas which
were previously damaged by AO/Dioxin spraying

Howaever, there are still a lot of works to do for areas which remain poor condition of soil
| and hard for reforestation

6 B ] B RRAE R Y L3 F iR
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AUTOMATED CLEAN-UP METHOD FOR THE PFAS DETERMINATION IN HEAVY
POLLUTED WATERS

Colombo A', Bagnati R!, Lodi M', Maiorana S', Mazza C', Passoni A', Rossetti G*, Teoldi F!, Manni
A’

'stituto di Ricerche Farmacologiche Mario Negri IRCCS, Department of Environmental Health Science, Milan,
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Introduction

Perfluorinated organic compounds (PFCs) represents an emerging class of contaminants of great concern. They
are globally distributed, environmentally persistent, bioaccumulative, and potentially harmful. The two most
commonly used and PFCs found in the environment are Perfluoro-1-octanesulfonic acid (PFOS) and Perfluoro-
n-octanoic acid (PFOA). These compounds have been commercially produced for decades and were employed in
a wide range of industrial and consumer applications such as surface coatings on cooking pans, in making water
and oil repellent products, in firefighting foams, and in food packaging'-.

The main exposure to these pollutants is through diet’. As a consequence of their persistence, bioaccumulation
potential, toxicity, and widespread presence in environmental media, biota, and humans, the EU restricted their
production® and PFOS was included in Annex B of the Stockholm Convention on Persistent Organic Pollutants®.
The concerns about PFOS and PFOA increase the need to develop innovative and automated analytical methods
for the determination of these pollutants. The most commonly applied method for PFCs purification is Solid
Phase Extraction (SPE). This study points to the development of a simple method for the determination of
PFOS, PFOA and PFDA (Perfluoro-n-decanoic acid) performed by an automated clean-up system.

Materials and methods
An autosampler loaded each sample to cartridges placed on one of three SPE purification modules (J2 Scientific,
Missouri, USA).
Sample clean-up procedures were performed using two different cartridges to assess the recovery of PCFs on
each:

e 500 mg of Styrene/Divinyl Benzene Copolymer Resin base material (Super-Clean ENVI-Chrom,

Supelco, USA) according to the EPA method 537¢

e 60 mg of polymeric reversed-phase adsorbent (Oasis HLB, Waters)
PFOS, PFDA and PFOA analytical determinations were performed by an isotopic dilution technique
(LC/HRMS). Table 1 shows the list of native PFC standards (Wellington Laboratories, Canada), at a working
concentration of 1 ng/ul, used in this study. The native PCFs were spiked at a rate of 10 ng/ml in 10mL of water.
The water was further fortified with the 13C-labeled surrogate standards used for ‘isotopic dilution’
quantification, listed in Table 2 (Wellington Laboratories, Canada).
Super-Clean ENVI-Chrom cartridges were conditioned with 15 mL of methanol and 15 mL of Milli-Q water.
The 10mL water samples were loaded on the cartridges at a flow rate of 5 mL/min and eluted with 20 mL of
methanol at 5 mL/min.
Qasis HLB cartridges were conditioned with 10 mL of ethyl acetate, 10 mL of methanol and 10 mL of Milli-Q
water. The 10mL water samples were loaded on the cartridges at a flow rate of 5 mL/min and eluted with 10 mL
of ethyl acetate and 10 mL. methanol containing 2 % ammonia
The cluate from each cartridge was manually concentrated to 100 pl and spiked with 13C-labelled standards
(Wellington Laboratories, Canada), reported in table 3, and finally submitted to instrumental analysis.

Table 1: List of the Native PFCs standards

Compound Abbreviation CAS
Perfluoro-n=octanoic acid PFOA 335-67-1
Perfluoro-n-decanoic acid PFDA 335-76-2

Perfluoro-1-octancsulfonic acid PFOS 207596-29-0
Table 2: List of the labelled PFCs in extraction standards
Compound Abbreviation
Perfluoro-n-["*Cs] octanoic acid 3Cg-PFOA
Perfluoro-n-[1,2,3.4,5,6-'*C¢] decanoic acid BCe-PFDA
Perfluoro-1-['*Cs] octanesulfonic acid 3C4-PFOS
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Table 3: List of the labelled PFCs in recovery standards

Compound Abbreviation
Perfluoro-n-[ 1,2-'*C,] octanoic acid 3C,-PFOA
Perfluoro-n-[1,2-*C;] decanoic acid 13C,-PFDA
Sodium perfluoro-1-[1,2.3,4-1*C4] octanesulfonate 13C4-PFOS

Instrumental analysis:

Samples were analyzed using liquid chromatography=high resolution mass spectrometry (LC/HRMS). Detailed

instrumental conditions are reported in table 4.

TABLE 4: Detailed instrumental conditions:

HPLC instrument:

Agilent 1200 series pumps and? autosampler

Column: XBridge MS C18, 100x2.1 mm, 3.5 uym
Solvent A: Ammonium acetate 10 mM in water

Solvent B: Acetonitrile

Gradient: From 1 to0 99% B in 18 min; 99% B for 5 min
Flow: 200 pul/min

Injection volume 8 uL

HRMS instrument

Thermo Q Exactive

lonization source

ESI, negative ions

Acquisition method:

Full scan MS (R=35000) and dd2-MS/MS (R=17500)

[sotopic dilution method was used for quantitative analyses using external calibration standard solutions for each

substance. PFCs masses are listed in Table 5

Table 5: List of PFCs masses

Compound Mass 1 Mass 2
PFOA 412.9664 368.9766
PFDA 512.9600 468.9702
PFOS 498.9302

13Cs-PFOA 420.9933 376.0001
3C,-PFOA 414.9731 369.9800
BCePFDA 518.9802 473.9870
BC,-PFDA 514.9667 469.9736
BCs-PFOS 506.9571

B3C4-PFOS 502.9436

Results and discussion:

In order to evaluate the quantitative performance of the semi-automatic clean-up system, the 13C-labeled PFC’s
(which reflect the actual analyte recovery when using isotopic dilution techniques) mean recoveries and standard

Table 6: Mean recoveries and standard deviation of labeled PFCs

13Cs-PFOA BC «PFDA B3C s-PFOS
Sample
Super-Clean . Super-Clean . Super-Clean .
ENVI-Chrom | O3ISHLB | pn vy Chrom | OBSHLB | pNVI.Chrom | O2sis HLB
1 82% 39% 51% 12% 66% 10%
2 89% 72% 81% 11% 88% 17%
3 86% 47% 89% 12% 82% 13%
4 92% 18% 99% 28% 98% 26%
5 97% 32% 69% 13% 72% 12%
6 100% 31% 65% 30% 80% 32%
7 92% 10% 68% 49% 71% 35%
Ave, 91% 36% 75% 22% 80% 21%
St.Dev. 6% 20% 16% 14% 11% 10%
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deviations (%) obtained using the automated system and the two different SPE cartridges are shown in Table 6.
Analyses were performed on 7 replicates.

Recoveries obtained from Super-Clean ENVI-Chrom are higher than those obtained from OASIS HLB, in
particular using Super-Clean ENVI-Chrom '3Cg-PFOA recoveries range from 82 to 100%, "*C¢-PFDA range
from 51 to 99%, "*Cs-PFOS range from 66 to 98%, while using OASIS HLB recoveries range from 10 to 72%,
from 11 to 49% and from 10 to 35% respectively. Moreover the relative standard deviations of recoveries
obtained from Super-Clean ENVI-Chrom are less than 30%, in agreement with the requirements of the reference
method to evaluate the accuracy of the procedure®. In more detail recovery standard deviation is 6%, 16% and
11% for *Cy-PFOA, BCe-PFDA and *C¢-PFOS respectively.

In order to evaluate the precision of the method, the results of the replicate analysis from Super-Clean ENVI-
Chrom, their average and standard deviation are reported in Table 7.

Table 7: results of replicate analysis from Super-Clean ENVI-Chrom

Sample PFOA PFDA PFOS
1 11.1 ng/ml 9.1 ng/ml 9.4 ng/ml
2 12.0 ng/ml 8.1 ng/ml 9.7 ng/ml
3 11.1 ng/ml 8.9 ng/ml 8.8 ng/ml
4 12.1 ng/ml 9.9 ng/ml 10.0 ng/ml
5 11.0 ng/ml 9.8 ng/ml 8.1 ng/ml
6 11.6 ng/ml 8.5 ng/ml 9.6 ng/ml
7 11.3 ng/ml 8.8 ng/ml 9.4 ng/ml
Ave. 11.5 ng/ml 9.0 ng/ml 9.3 ng/ml
St. Dev 0.4 ng/ml 0.7 ng/ml 0.6 ng/ml

St.Dev/True Value 4% 7% 6%

The analytical results obtained are in agreement with the precision requirements of the reference method,
showing a standard deviation less than 20% of the true value. In particular the standard deviation obtained in
4%,7% and 6% of the true value for PFOA, PFDA and PFOS

Examples of chromatograms of PFOA and PFOS obtained using Super-Clean ENVI-Chrom HLB are reported in
Fig.1, Fig.2 respectively.

1888 NL: 1.66E5

miz= 412.9623-412.9705

NL: 1.41E5
miz= 368.9729-368.9803

NL: 1.63E5
miz= 420.9891-420.9975

Relative Abundance
o

NL: 1.25E5
m/z= 375.9963-376.0039

NL: 1.69E5
m/z= 414.9690-414.9772

NL: 1.49E5
miz= 369.9763-369.9837

[ e e 5 INELE B B o o B e e e B e L e e e e e
5 10 15 20 25 30 35 40
Time (min)

Figure 1: Example of chromatogram of PFOA obtained from Super-Clean ENVI-Chrom.
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Figure 2: Example of chromatogram of PFOS obtained from Super-Clean ENVI-Chrom.

Our next goal 1s complete automation of the cleanup procedure. The current automated system is able to send
each fraction eluted from the SPE to an in-line evaporation system where they are concentrated then directly
injected into vials, prior to the instrumental analysis. Particular attention will be paid to the PFCs behavior
during the evaporation step.
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BE ® N US Solid-phase extraction and LC-MS/MS for the quantitative analysis of nine

National University perfluorinated compounds across Singapore
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i ; . ~ Introduction ) Methodology
. Perﬂuonnated oompounds (PFCs), in partlcular perﬂuorooctanmc acid and perﬂuurooctane Melhod ISO 25101 2009 Determination of PFOS and PFOA - Method for unfiltered
ifonic acid, are persistent its. samples using SPE and LC/MS.
= The prevalent use of PFCs in grease-proof and water-proof coatings and sprays, such as Teflon, of 500 mi surface water sample Sampling
paints, coating for food packaging etc., has resulted in their significant release into the V—— = Im
environment (at concentrations ranging from pg/kg to pg/kg). I°"""'""'"' o5 ol el
« Recent studies have d ated their propensity to bioaccumulate and biomagnify, and their SPingeffitered water sample. SraTnlaee
potential to induce harmful effects on human health and the environment. Hence, there is a | Add 5 ng of mixed PFCs surrogates |
need for constant monitoring of their concentrations in the environment. SPE S ms"dv'""“m’m m:MM
+ Waters and sedil across Singapore were sampled and subjected to solid-phase N g ST WAX. 225 o st | u"}m S
(SPE) for clean-up and pre-concentration. L of ,,Am';i':m et """L'";f,
= Determination of PFCs in the extract was carried out by liquid chromatography-tandem mass Sample load: One drop per second L
spectrometry (LC-MS/MS). Rinse: 5 L MeOH (2x) B v il
v - Remove water/solvent it )
PFCs monitored in this project [ Apptyvocuum o the carride for 12 mins |
Combine extracts, about 40 mL.
dard C ds ; Formula | Standard Elution: & mL of 0.1% ammonia/methanol
Perfluoro-n-butanoic acid PFBA C,HF,0, 13C,PFBA {one drop per second)
Perfluoro-n-hexanoic acid PFHxA CgHF,,0, 13C,PFHXA Green: Sample preparation for sediment
Perfluoro-n-octanoic acid PFOA CgHF 10, 13C,PFOA e e e
- s bl o - lue: Sam| tion for wate
Perfluoro-n-nonanoic acid PFNA CHF},0, BCPFNA e ot T i B PEpEpabanionwaley
Perfluoro-n-decanaic acid PFDA CyHF 40, 13C,PFDA optimised conditions
Perfluoro-n-undecanoic acid PFUNRA C,;HF;,0, 13C,PFUPA LC conditions
Perfluoro-n-dodecanoic acid PFDOA C,,HF,;0, 13C,PFDoA Mobile phase A 2mM ium acetate water solution
Perfluoro-1-hexanesulfonate PFHxS CeF13SO0;H 130,PFHxS 2""”"_‘* P'“*SIe B ] g - .
ro-1- I PFOS 1 rapping Column ChromaNik Technologies Inc. Sunrise C28 (30 mm X 3 mm, 3 um
Ferduoro: o GiFpS0H CPFOS  [Main Column Shim-Pack XR-ODS Il (100 mm X 2 mm, 2.2 um)
Results and Discussion

(1) Distribution of PFCs in Singapore’s environment (2018)

Sampling locations in January (wet season) and March (dry season) in 2018:

[1] Bedok Reservoir (BR, floating deck, water catchment and recreational area),

[2] MacRitchie Reservoir (MR, floating deck, water catchment and recreational area),

[3] Kranji (KR, coastal area near wood industries),

v [4] Jurong Industrial Canal (JIC, outside National Oxygen Pte Ltd, industrial area),

[5] West Coast Park (WCP, near Promenade Lookout Jetty, recreational and maritime area)

Canal water Reservoir water Coastal water Sediment  Sediment (KR, BR,

Ardlyee ey (BR, MR)? (KR, WCP)? ic)® MR, WCP)®
PFOS 52-242 N.Dc-33 N.D.-23.6 27-43 N.D.-56
PFOA 25-65 14-27 N.D.-5.0 N.D. N.D.
Other PFCs  N.D.-16.0 N.D.-9.1 N.D.-20.7 N.D.-57 MR 50. L
31n ng/L; ®In ng/g (dry weight); € Not detected

Analyte PFBA PFHxA PFHXS PFOA PFOS PFNA PFDA PFUNA PFDOA.

Practical quantltatlon
_ mPFBA mPFHxA = PFHxS W PFOA m PFOS = PFNA WPFDA MPFUnA M PFDoA limit {(ng/L) 24 04 19 06 16 04 16 03 03
B e limit (ng/L i s
(2) Distribution of PFOA and PFOS in surface waters across countries, in (3) Comparison of (a) PFCs by chain length (b) PFOA & PFOS and (c) PFOA &

parison to Singapore’s (2018) PFOS in recreational and industrial areas, in water (2016 ~ 2018)
[ i proniaeros)
P
e <
% H [ R ——

B f LA I = ¥
Fo | 3 ‘ L] E ==
H £ | 2016 2007 2017 2018
H 5 s | | I I WC-C6 WES.C8 WCIO-CR2 —— WPFOA W PFOS __;
g ’ I I i I " E I I ] [PFOA] & 17705) by lecations @t CA - C9 PFCs most commonly detected
H = 8 N T - Gradual increase of PFOS and PFOA

4
°

detected

[PFOA] is comparable between recreational
and industrial areas (~14 ng/L).

[PFOS] remains at ~5ng/L for recreational
uProA wPFOS areas but steadily increase in industrial
areas (16 ng/L = 37 ng/L -> 66 ng/L).

SIS S L AP S e

PFCs were detected in all five locations from river, reservoir and coastal waters around Singapore.
Shorter alkyl-chains-PFCs were mainly detected in water samples, while longer alkyl chains-PFCs were mainly detected in sediments.

- Highest total PFC concentrations were detected at KR and JIC - within the industrial estate; the major contr ibutions of PFCs in Si surface water came from municipal and
industrial wastewater disposal.

+ Dry season data indicated higher concentrations of PFCs detected compared to the wet season for the same location — higher volume of rainfall diluted the source of water samples
during the wet season.

= The median concentrations of PFOS and PFOA in envi | waters in Singapore were lower than those in the USA and Germany.

Increased concentrations of PFOS found in the industrial areas over the past 3 years, but further monitoring is needed to study trends.
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Investigation on total organic halogen(TOX) contamination in the river of Taiwan
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Introduction

Total Organic Halogen (TOX) often analyzes the total amount of organic halogen compounds in soil ,
sediment and water, can be further specified into total organic chlorine (TOCI), bromine (TOBFr), and iodine
(TOI), and can be used as a basis for reflecting the parameters of organochlorine levels in the environment.
Disinfection by-products (DBPs) are often produced during the disinfection of drinking water. Among these
by-products, since chlorine and chloramine are generally used as a disinfectant, the main disinfection by-
product detected is a halogen-containing compound such as Trihalomethanes (THMSs) etc. In addition,
organic halides are often used in factory processes. For example, brominated flame retardants are commonly
used in the manufacturing of plastics, textiles, and electronic products. It is likely cause environmental
pollution. Recently, specific TOX compounds, such as dichlorodiphenyltrichloroethane (DDT),
hexachlorocyclohexane isomers (HCHSs), polychlorinated biphenyls (PCBs) and organochlorine pesticides
(OCPs) have been detected in the water of different areas around the world. Therefore, Total organic halogen,
a sum indicator, provides an efficient way to understand the contamination status of organic halogens in the
environment. This was done in order to discover how industrial activities, human factors and environmental
conditions (related to weather sampling seasons) influence the pollution of the inland water environment.
The investigations provided an opportunity to examine the TOX, which may be important for finding
appropriate means of evaluating environmental quality. USEPA 9020B provides a standard method for
detecting total organic halides in water. The method mainly uses an activated carbon to adsorb an organic
compound containing chlorine, bromine and iodine, washes off the inorganic halide remaining on the
activated carbon with a nitric acid solution, and generates a halogen ion (X) by high-temperature combustion.
This method uses a microcoulometric-titration detection to detect the total halogen content, but cannot
measure fluorine-containing organic compounds, nor can it measure the total organic halide adsorbed on the
insoluble solids, and is applicable to samples whose inorganic-halide concentration does not exceed the
organic-halide concentration by more than 20,000 times. ISO/FDIS 9562 also provides a similar test method:
acidification of water samples with nitric acid, adsorption of organic compounds with activated carbon,
followed by aqueous of sodium nitrate acidified to remove inorganic halides. After the activated carbon tube
is burned, the halide ion is measured by titration. In this study, referring to the above two methods, the water
sample was pretreated and analyzed using a total organic halogen analyzer. The instrument principle is to use
an activated carbon tube to adsorb halogen-containing organic compounds and burn them in an aerobic
environment and a high temperature of 950 °C to produce halide ions, which are then analyzed by coulometric
titration in an electrolytic cell. The reaction formulais: Ag —» Ag* + e ; X + Ag" — AgXand its
potential change is used to estimate the halogen content. So far, reports from studies on TOX contamination
in environments are limited. Therefore, how to effectively and quickly monitor the total organic halides in
the environment is an important topic for discussion.

Materials and methods

(1) Sample sites in the river:
The sampling time is from June 2018 to September 2018. There are 7 sites in the Lao Jie river, and there
are 21 sites in the factory discharge water, totaling 93 samples. (Fig. 1) (Fig. 2)

(2) Pre-treatment cleaning instrument:

1. Nitrate, stock solution (0.2 mol/L): Take 17 g of sodium nitrate dissolved in a 1000 mL quantitative
bottle, add 25 mL of concentrated nitric acid, and quantify in pure water.

2. Nitrate washing solution (0.01 mol/L): Nitrate washing solution (0.01 mol/L): 50 mL of Nitrate stock
solution was placed in a 1000 mL dosing bottle and quantified in pure water.

3. Take 50 mL of water sample, add 5 mL of nitrate stock solution, and test the pH value with PH test
paper. If it is higher than > 2, please add HNOs to adjust the sample pH < 2. The two activated carbon
tubes are then placed in a column and attached to a pre-treatment instrument.

(3) Electrolyte preparation :

1. Solution A preparation: Take 200 mL of Acetic Acid + 500 mL of ultrapure water + 4 mL of
concentrated nitric acid to a volume of 1000 mL with ultrapure water.

2. Solution B preparation: (A) Solution B1: Take 4 g gelatin + 400 mL ultrapure water. Place in a 500
mL beaker, soak for 3 hours, heat to 40 °C, dissolve and cool to 18 ~ 22 °C. (B) Solution B2: Take 1.0
g of Thymol + 0.3 g Thymol Blue + 500 mL of methanol. Put into a 1000 mL beaker. (C) Solution B
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preparation: Slowly pour the cooled Solution B1 into Solution B2, and filter it thoroughly and dilute
to 1000 mL with ultrapure water.
(4) Chlorine analysis electrolyte preparation: Take 8 mL of solution B to make solution A to 100 mL.
(5) TOX(MultiX 2500, Analytik Jena, Germany) Analysis: (A) Add 15 mL of chlorine analysis electrolyte
to the cell. (B) After opening the software, first add 100 pL 0.01 N HCI solution to perform titration test.
(C) Instrument condition setting: combustion chamber temperature 950 °C.
(6) The blank analysis values ranged from 0.42 to 1.60 pg/L with an average of approximately 0.77 pg/L
and a standard deviation of approximately 0.32. Because the sample analysis value is obtained by the
instrument automatically subtracting the blank value.

Results and discussion:

TOX contamination status in the water of the Lao Jie river. Observing the total organic halogen data (Fig. 3),
it was found that the total organic halogen concentration at the site O1 was 223 ug/L, and the total organic
halogen concentration at other site was about 335 to 404 pg/L. The site O1 organic halogen measurement
value is obviously low, which may be caused by the dilution of the water volume of the tributary Tian Xin
Zi river. Spatially, higher TOX concentrations are detected at sites along the metropolitan area and near the
plant: site O2 (350 ug/L), site O3 (404 pg/L), site O4 (342 pg/L), site O5(335 pg/L) and site 06 (379 ug/L).
However, a low TOX concentration (184 pg/L) was found at the site O7 away from metropolitan area and
factories. The highest AOX concentration was detected at site O3 which was located near the factory. The
plant produces synthetic fibers that are used in the production process to contain organic halogen compounds
for cleaning and bleaching synthetic fibers. On the continuous monitoring and analysis of the total organic
halogen, observe the distribution histogram of the total organic halogen concentration at the site O1 (Fig. 5).
Due to the influence of the rainfall, the total organic halogen measurement value of some days is low in
August. It was found that the total organic halogen concentration from August 26 to August 30 increased by
75.2 pg/L from 16.0, and the total organic halogen concentration from August 28 to August 30 remained
above 60 pg/L, which was higher than that of the usual monitoring. From August 26 to August 30, the daily
rainfall was 18 to 67 mm (Fig. 6). During this period, the total organic halogen concentration was not affected
by the rainfall, and it did not fall. The inference was related to the heavy rain at that time. Except for the
heavy rain that washed and hoisted the river sediment and soil, it did not rule out the possibility of discharging
sewage from the heavy rain. The TOX concentration in the Lao Jie river is compared with the TOX
concentration in other parts of the world(Table 1). It indicates that river areas are polluted by industrial and
domestic sewage. In this study, the concentration of site 02 ~ O6 was higher than the TOX concentration
(240 pg/L) measured in the previous reference. Human activities, especially industrial activities, are one of
the reasons for this observation, as the Lao Jie river is surrounded by heavily polluted industries such as
electroplating, printed circuit boards, chemicals and paper. Our studies showed that discharge water from
these industries often contained relatively high TOX concentrations(Fig. 4), even though they had been
strictly treated before discharge into the Lao Jie river. The sewage from the factory is an important source of
pollutants in the Lao Jie river. The TOX concentration results from 21 plants, which show TOX contributions
around the Lao Jie river and the TOX concentration will change significantly with the production process
of the factory: site %1 (815 pg/L), site %7 (932 pg/L), site %8 (686 pg/L), site %12 (531 pg/L) and site *16
(516 pg/L). The results of this study indicate that most of the river water TOX concentrations are lower than
the factory discharge water. However, the high TOX concentration is mainly caused by industrial activities
and secondary to human daily activities. Observing the data of total organic halogen in river samples, it was
found that the total organic halogen measurement was affected by rainfall, but the relationship between total
organic halogen measurement and rainfall was abnormal from August 28 to August 30.
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Fig. 2. Map showing the sample sites in the Lao Jie river.

Table 1. TOX concentrations in water of other areas.

Environments

TOX (ug/L)

References

Rivers, Poland

Lakes, Sweden
Rivers, Sweden
Tallinn bay, Estonia
Vyborg bay, Russia
Sovetskiy near Gulf
of Finland

Hangzhou Bay, China
Rivers, Taiwan

5.0~215
12.0 ~ 160
6.0 ~120
27.0~74.0
26.0~55.0

180 ~ 240

140 ~ 716
N.D. ~ 404

(Kaczmarczyk et al., 2005)
(Asplund et al., 1989)
(Asplund et al., 1989)
(Kankaanpaa et al., 1997)
(Kankaanpaa et al., 1997)

(Kankaanpaa et al., 1997)

(Xie et al., 2018)
This study
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Investigation on total organic halogen(TOX) contamination

in the river of Taiwan
Siao Yi Jin', Kuang Wei Liu', Yuan Cheng Hsu', An Fu Kuo'

ASmmt

'Envis I Analysis Lab v EPA, Zhongli District Taoyuan City, Taiwan, 32024, syjin@epa.gov.tw
Total Organic Halogen (TOX) often -ulyzes the total amount of organic halogen d
soil , sediment and water, can be further specified mmlmemmcroct).mn'om
and iodine (TOI), and can be used as a basis for reflecting the of ‘hlorine levels in

lbcmvimmb‘siakﬂionby—pmducu(DBPs)moﬁen, d ‘duringlh:"" ion of
drinking water. Among these by-products, since chlorine and chloramine are generally used as a
disinfectant, the main disinfection by-product detected is a halogen-containing compound such as
Tﬂnlmmhmesﬂ'HMs)ac hdd!mmmhuesnoﬁmuedmﬁauym For
example, d flame are ly used in the manufacturing of plastics, textiles,
Mdmwnm-ﬁxs.lmmlyuuu«nmmulwnmm Kewuly specific TOX compounds,
such as dichl; (DDT), h h isomers (HCHs),

d biphenyls (PCBs) and hlori icides (OCPs) have been detected in the
mof&mmmmmmﬁmhﬂmn%nmn&m«mﬂa
an efficient way to understand the contamination status of organic halogens in the environment, This
was done in order 10 discover how industrial activitics, human factors and environmental conditions

(nhledwwelmﬂ:mpln;m-)mﬂmhepolhnmofﬂunhnduw i The - 3 2
provided an i loanmnﬂumx.mehmbempmﬁmﬁnimg Fig. 1. Map showing the sample sites in the
fate means of evaluating envit I quality. The i principle is to use an activated Lao Jie river.
calbonmbclomofb". ining organic pounds and burn them in an aerobic
and a high temp of')iﬂClopmlwehldem which arc then analyzed by Table 1. TOX concentrations in water of other arcas.
K ic titration in an electrolytic cell. The reaction formula is: Ag — Ag’ + ¢ & X + Ag' —  Eaviroaments TOX (ugl) Referemces
Agxwmmﬁlngumwwimekhmmnmmhowlodl'cmvclymd Rivers, Poland Z0-215  (Kaczmarcyk et al, 2005)
quickly monitor the total organic halides in the envis is an topic for di Lakes, Sweden 120160 (Asplund et al, 1989)

60~120  (Aspland et al, 1989)

270~740  (Kaskasnpas ctal, 1997)

260550 (Kaskaaopsa elal, 1997) L= - e

190-240  (Kank etal, 1997) Flgl.hhpfho.wng!henwhmnm
Lao Jie river,

(1) Sample sites m the river:

The sampling time is from Junc 2018 10 September 2018, There are 7 sites in the Lso Jie river,
and there are 20 sites in the factory discharge water, totaling 93 samples. (Fig. 1) (Fig. 2)

(2) Pre-treatment cleaning instrument:
1.Nitrate, stock solution (0.2 molL): Take 17 g of sodium nitrate dissolved in a 1000 mL
quantitative bottle, add 25 mL of concentrated nitric acid, and quantify in pure water.
2.Nitrate washing solution (0.01 mol/L): Nitrate washing solution (0.01 molL): 50 mL of Nitrate
stock solution was placed in a 1000 mL dosing bottle and quantified in pure water.
3.Take 50 mL of water sample, add § mL of nitrate stock solution, and test the pH value with PH
test paper. If it is higher than > 2, please add HNO, to adjust the sample pH < 2. The two activated
carbon tubes are then placed in a column and attached o a pre-treatment instrument.

(3) Electrolyte preparation : :
1.Solution A preparation: Take 200 mL of Acetic Acid + 500 mL of ultrapure water + 4 mL of :
concentrated nitric acid to a volume of 1000 mL with ultrapure water. ol ax o o ot
2.Solution B preparation: (A) Solution B1: Take 4 g gelatin + 400 mL ultrapure water. Place ina o SR

500 mL. beaker, soak for 3 hours, heat to 40°C, dissolve and ool to 18 ~ 22°C. (B) Solution B2:  Fig- 3. TOX concentrations in the water of the Lao Jic river.
Take 1.0 g of Thymol + 0.3 g Thymol Blue + 500 mL of methanol. Put into a 1000 mL beaker. I
(C€) Solution B preparation: Slowly pour the cooled Solution BI into Solution B2, and filter it~ **
thoroughly and dilute to 1000 mL with ultrapure water. e

(4) Chlorine analysis electrolyte preparation: Take 8 mL of solution B 1o make solution A to 100 mL.

(5) TOX(Multi X 2500, Analytik Jena, Germany) Analysis: (A) Add 15 mL of chlorine analysis
clectrolyte to the cell. (B) After opening me m«m first add 100 pL 0.01 N HCI solution to
perform titration test, (C) I di chamber temy 950°C.

(ﬂ)mblmklnllymvnluesmgedMO‘ZmlMugleuhmlmgcofwwmnmyOW [l [l [I [] ﬂ [[ H []
ug/l.mhuldmldmlmofwoxmulelyoiz Because the sample analysis value is obtained " Icl o
by the i ing the blank value. R AN R AL R AT W A R0 Rl R KD A Sk RIT R A w0

g Sanphe wie

Results and discussion Fig. 4. TOX concentrations in the discharge water of the factory.

TOX contamination status in the water of the Lao Jie river. Observing the total organic halogen » Ve Tereer

data (Fig. 3), it was found that the total organic halogen concentration at the site O1 was 223 pg/L, and P
|“H|||I|“ﬂn.lllllﬂﬂl. [ lﬂﬂ II“ Illl"nﬂ
3 33

140716 (Xie et al, 2018)
ND.- 404 This study
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3

TOX coment ( yo

sEsss%d
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the total organic halogen concentration at other site was about 335 to 404 pg/L. The site Ol organic
halogen measurement value is obviously low, which may be caused by the dilution of the water volume
of the tributary Tian Xin Zi river. Spatially, higher TOX concentrations are detected at sites along the
metropolitan arca and near the plant: site 02 (350 pg/L), site O3 (404 pg/L), site O4 (342 pg/L), site
05(335 pg/L) and site 06 (379 pg/L). However, a low TOX concentration (184 pg/L) was found at the
site 07 away from metropolitan arca and factories. The highest AOX concentration was detected at site o
03 which was located near the factory. The plant produces synthetic fibers that are used in the o
production process to contain organic halogen compounds for cleaning and bleaching synthetic fibers.
On the continuous monitoring and analysis of the total organic halogen, observe the distribution
histogram of the total organic halogen concentration at the site O1 (Fig. $). Due to the influence of the
rainfall, the total organic halogen measurement value of some days is low in August. It was found that
the total organic halogen concentration from August 26 to August 30 increased by 75.2 pg/L from 16.0
pg/L, and the total organic halogen concentration from August 28 to August 30 remainod above 60 120
gL, which was higher than that of the usual monitoring. From August 26 to August 30, the daily 1
rainfall was 18 mm to 67 mm (Fig. 6). During this period, the total organic halogen concentration was
not affected by the rainfall, and it did not decrease. The inference was refated to the heavy rain at that
time. Except for the heavy rain that washed and hoisted the river sediment and soil, it did not rule out
the pmlbnlly of discharging sewage from the heavy rain. The TOX concentration in the Lao Jie river
is compared with the TOX ion in other parts of the world (Table 1). It indicates that river =
areas are polluted by industrial and domestic sewage. In this study, the concentration of site 02 ~ 06 =
was higher than the TOX concentration (240 pg/L) measured in the previous reference. Human
activities, especially industrial activities, are one of the reasons for this observation, as the Lao Jie river §
is surrounded by heavil! lluted industries such as ¢l latin, inted circuit ). " " -~ Dute
chemicals and p:;)er Q: ::dm showed that discharge ::‘l:pfrom s!he';:mmdwm oftm Fig. 6. Rainfall data of Taoyuan City from August to Seplember 2018,

| high TOX Fig. 4), even though they had been strictly treated before discharge
into the Lm Jie river. The sewage from the factory is an important source of pollutants in the Lao Jie
river. The TOX concentration results from 20 plants, which show TOX contributions around the Lao 1. Kaczmarczyk A, Niemiryez E, (2005) Acta Hydrochim. Hydrobiol. 33: 324-336.

N

TOX content ( pel. )
58

e senld tame
Fig. 5. TOX concentrations in the water of the Lao J»e river is continuously monitored.

Rasnfal] ( e )

Jie river and the TOX ion will change signi ly with the produ process of the 2. Zhu X, Zhang X, (2016) Water Res. 96: 166-176.
factory: site 1 (815 pg/L), site %7 (932 pg/L), site K8 (686 pg/L), site *I‘ (531 pg/l) and site 3 Kristianal, McDomldS TanJ, et al. (2015), Talanta. 139; 104-110.
%16 (516 pg/l). The results of this study indicate that most of the river water TOX 4. Adsorbabk ic halides (AOX) in water. (2013) ALS Environ Enviromail, 65,

lower than the factory discharge water. However, the TOX concentration is mainly caused by Mnlml
activities and secondary to human daily activities. Observing the data of total organic halogen in river
samples, it was found that the total organic halogen measurement was affected by rainfall, but the

S. METHOD 90’OB-TOTAL ORGANIC HALIDES, (1994).1-13.
6. Zhu X, Zhang X, (2016) Water Res. 96: 166-176.

relationship between total organic halogen measurement and rainfall was abnormal from August 28 to 7. Ya Wei Xie, Lu-Jun Chen, Rui Liu. ¢t al. (2018) Environmental Pollution. 235, 462-469.
August 30,
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The AhR: A Major Player in Cancer Aggression and Immune Checkpoint Regulation
David Sherr!
1School of Public Health, Boston University, Boston, USA, dsherr@bu.edu

Dr. Sherr received his B.A. from Brandeis University in 1973 and his PhD from Cornell University in 1978.
He was a postdoctoral fellow at Harvard Medical School in the laboratories of Drs. Baruj Benacerraf ( Nobel
Laureate, 1980 ) and Martin Dorf from 1978 to 1981, after which he was appointed to the position of Assistant
Professor ( 1982 ) and then Associate Professor ( 1987 ) of Pathology at Harvard Medical School. In 1993
Dr. Sherr was recruited to Boston University as Professor of Environmental Health and Professor of
Pathology and Laboratory Medicine and is the Director of the Boston University Superfund Research
Program and Director of the Find The Cause Breast Cancer Foundation Research Consortium. Since that time
he has studied the role of the AHR in immune cell development and in tumorigenesis, specifically with regard
to its role in production and function of immunosuppressive immune cells. He has published 127 peer-
reviewed manuscripts. His lab has been continually funded by the NIH since 1986. He has trained 26
postdoctoral and 13 predoctoral fellows and 8 undergraduates, has served on 67 doctoral committees, and

has won The Boston University School of Public Health Excellence in Teaching Award 3 times.
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Hazardous chemicals in marine plastics and their threat to marine organisms
Takada H*
Tokyo University of Agriculture and Technology

Marine plastic and microplastics are ingested by various sizes of marine organisms depending on the
sizes of plastic fragments. Ingestion of larger items (e.g., ~ cm) by large marine organisms such as whales,
sea turtles, and seabirds has been often reported since 1970s. Recently, ingestion of smaller plastics, i.e.,
microplastics (< 5mm), by shellfish and fish has been reported. Trophic transfer accelerates dispersion of
plastic throughout marine ecosystem. Large plastic items give physical damages on the biota. Microplastics
may pose particle toxicity to marine organisms and ultimately to human.

In addition to the physical damages, marine plastics pose chemical threat to marine organisms because
they contain variety of hazardous chemicals (Yamashita et al., 2018). Most of plastic products (i.e., user
plastics) contain additives such as plasticizers, UV stabilizers, antioxidants, flame retardants to maintain their
properties. Hydrophobic additives are retained in plastics and microplastics (Yeo et al., in this conference) in
marine environment. Furthermore, plastics and microplastics sorb and accumulate persistent organic
pollutants (POPs) from surrounding seawater due to their hydrophobic nature. International Pellet Watch
(IPW;http://www.pelletwatch.org/) has been demonstrating the accumulation of POPs in microplastics on
beaches across the world. Important finding of IPW is that microplastics with high concentrations of POPs
aresporadically detected in remote areas, implying that microplastics carry POPs to remote areas with low
background pollution. This is due to slow sorption/desportion of POPs to/from plastics and non-degradable
nature of plastics.

Transfer of the hazardous chemicals from ingested plastics and their accumulation into the tissue of
marine organisms has been demonstrated by leaching experiment (Tanaka et al., 2015), feeding experiment
(Tanaka et al., in this conference; Teuten et al., 2009), exposure experiment (Wardrop et al., 2016), and field
observations (Yamashita et al., 2011; Tanaka et al., 2013). Though hydrophobic additives are compounded
into consumer plastics, their leaching from the products to food and drinks and exposure to human are
basically unlikely due to their hydrophobic nature. However, when plastics are fragmented into smaller pieces
in marine environment, and ingested by marine organisms, they may contact with oily components of
digestive tract and additives can be leached to digestive fluid, transferred and accumulated in biological
tissues. This is a new route of exposure of plastic additives to marine organisms and ultimately to human who
consume seafood.

When risk associated with chemical exposure from ingested plastics is evaluated, it should be compared
with that through natural prey. In case where background pollution level is higher such as industrial areas
with legacy PCBs pollution, plastic-mediated exposure could be insignificant. However, in remote beaches
where background pollution is low but huge amounts of plastics are stranded, plastic-mediated exposure is
significant (e.g., Mizukawa et al., in this conference). Also, plastics could be a significant pathway of such
additive that is not biomagnified to higher-trophic-level organisms. Accumulation of higher brominated
diphenylethers in seabirds ingesting plastics is a typical example (Tanaka et al., 2013).

Microplastics are originally floating on sea surface but some of them sink to the bottom following the
attachment of biofilm on microplastics (Zettler et al., 2013) which gives settling force to the microplastics.
Microplastics were detected in bottom sediments (e.g., Matsuguma et al., 2017). Because of their low density,
microplastics can be easily resuspended and laterally transported. Plastics have high affinity of hydrophobic
compounds including legacy POPs in bottom sediments. Therefore, microplastics may remobilize the legacy
POPs and may prolong the legacy pollution for longer time. Dynamic transport of microplastics in marine
environments as well as their role as vector of POPs should be studied in future efforts.
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MODELLING PERSISTENT ORGANIC POLLUTANTS: MECHANISTICALLY
LINKING CHEMICAL PRODUCTION TO HUMAN EXPOSURE AND HEALTH
EFFECTS

Wania F%, Li L?, Arnot JAL, McLachlan MS?

!Department of Physical and Environmental Sciences, University of Toronto Scarborough, Toronto,
Ontario ,Canada M1C 1A4, frank.wania@utoronto.ca; 2 Department of Environmental Science and
Analytical Chemistry, Stockholm University, Stockholm, Sweden

This presentation will seek to briefly retrace the history of mechanistic environmental fate modeling of
persistent organic pollutants, with a particular focus on how the scope of such modeling has gradually
expanded from initial efforts to quantify individual chemical fate processes to integrated modeling systems
that can link the production volume of an organic chemical with the biological effects that may be expected
to occur in humans and wildlife. The motivations for mechanistic modeling of exposure to persistent organic
pollutants are manifold, and include risk assessment and management, support of biomonitoring and
epidemiological investigations, and the identification of chemicals and human populations with high
exposure potential. A particular focus will be on highlighting the benefits of adopting an integrated modelling
strategy for persistent organic pollutants, specifically with respect to the ability to account for lag periods
between emissions and exposure as well as for shifts in the main exposure route over time. If there had been
a change in chemical use and emission scenario, exposure factors, or the environment over time, a
mechanistic representation of the relevant processes allows for the quantification of the implications of such
changes for the time-variant contaminant exposure of organisms at the top of the food chain. Examples
include bans on production and use of a substance, intergenerational changes in the dietary habits of an
exposed population, or climate change. We will also address the key challenge of integrated modelling
approaches, which is to preserve the simplicity and parsimony of successful modeling practice while
acknowledging the inherent complexity of the processes and relationships to be described.
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HUMAN BIOMONITORING AND EXPOSOMICS OF LEGACY AND EMERGING
CHEMICALS
Covaci A!

Toxicological Centre, University of Antwerp, Wilrijk, Belgium, 2610, adrian.covaci@uantwerpen.be

Human biomonitoring methods are well established for the exposure assessment of many chemicals,
including persistent organic pollutants (POPs). Such methods have resulted in establishing measures for
regulations, following time trends of concentrations in human populations and in establishing reference
values and ranges for a selected group of 250-300 known persistent and non-persistent chemicals.

Yet, as more and more chemicals are added to the market, there is an increasing need to estimate the human
exposure to these emerging contaminants. Recent efforts and advances in mass spectrometry have seen the
unprecedent rise of screening techiques with the aim to identify emerging contaminants and/or their
metabolites present in humans. Such analytical approaches are 1) target screening; 2) suspect screening and
3) non-target (or untargeted) screening by high-resolution mass spectrometry (HRMS). Using such advanced
tools, we can capitalize even more on the identification of life style-specific exposure profiles, i.e. compounds
that may differ in relation to specific behavioural patterns.

Furthermore, the use of HRMS screening techniques allows the coupling of human biomonitoring with the
exposome approach. An exposomic approach (exposomics) theoretically includes all exposures of potential
health significance, whether they are derived from exogenous sources (e.g., pollutants, diet, drugs) or
endogenous sources (e.g., hormones, human and microbial metabolites). Since levels of chemicals in
biological samples reflect a wide range of exposures (biomarkers of exposure), but also consequences of
exposures (biomarkers of effect), exposomic biomonitoring offers an efficient means for characterizing the
overall individual exposure profiles. Incorporating the exposome paradigm into traditional biomonitoring
approaches offers a means to improve exposure assessment in many ways.

With only a few hundred chemicals routinely measurable through targeted methods and with limitations for
short-lived compounds, exposomic approaches are critical to understanding the daily exposure to thousands
of chemicals and the consequences of exposure in exposome-wide association studies (EWAS).

The processing of rich sets of data from untargeted analyses offers a path for discovering health-impairing
exposures that have thus far escaped scrutiny, a largely unrecognized benefit of exposomics. This should give
guidance towards more accurate prevention measures that protect against exposure to (emerging)
environmental contaminants and their substitutes in new materials and products.
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DIOXIN AND HEALTH EFFECTS IN VIETNAMESE
PART 1. ENVIRONMENTAL DIOXIN IN VIETNAM

Minh NH
Ministry of Natural Resources and Environment, Hanoi, Vietnam, lab.dioxin@gmail.com

Introduction

From 1961 to 1972, under the Operation Ranch Hand carried out by the US Army, about 74 million liter of
defoliants were sprayed to destroy forest canopies and crops belonging to the North Liberty Army*.The
defoliants contained the chlorinated phenoxy herbicides as active ingredients in the formulations labelled as
Agent Orange, Agent Purple and Agent White with Agent Orange nearly contributing half of total defoliant
volume?,

More importantly, most of the defoliants contained the extremely toxic by-products dibenzo-dioxins and
polychlorinated dibenzofurans (PCDD/Fs). The total amount of PCDD/F sprayed during Vietnam war was
between 366 and 1223 kg toxicity equivalency quotient (TEQ)? which can be compared to today’s global
dioxin inventory of approximately 140 kg/year®.

Agent Orange/Dioxin hot spots that exist today are USA military areas where Agent Orange was stored,
leaked and spilled thereby causing elevated contamination of PCDD/Fs in soils*. It should be noted that so
far, the contaminated soil in two major Agent Orange hot spots in Da Nang and Phu Cat have been remediated
using “in-pile thermal desorption” and “secure landfill”, respectively.

Besides, about 1.125 million ha of land was sprayed once by the defoliants while 0.382, 0.136, 0.048, and
0.019 million ha were documented as being sprayed 2, 3, 4, and >5 times, respectively®. The results of this
spraying were that large areas of land were denuded of broad leaf vegetation as well as grasses.

PCDD/Fs are also known to be formed and emitted from different thermal processes such as waste
incineration, metallurgical production, cement production, coal-fired power plants and industrial boilers.
Besides, concerns on emission of dioxin and dioxin related chemicals with regards to uncontrolled burning
of wastes in Vietnam have also been increasing. In this context, open burning of municipal wastes and thermal
processing of e-waste for metal recovery are of concerns.

In this study, results from recent studies in Vietnam on contamination and emission of dioxin from such
above important source categories are compiled to provide an assessment on current status of the environment
contamination and sources of PCDD/Fs in Vietnam.

Material and method

Soil and sediment were collected from various sites in Vietnam for determination of the 17 most toxic
PCDD/Fs congeners. Sampling sites included Agent Orange hotspots and their vicinities, lands sprayed by
Agent Orange in the past, open dumping sites and e-waste recycling villages.

Stack gas samples were collected by isokinetic method (US EPA method 23) from industrial facilities for
waste incineration, metallurgical production, cement production, coal-fired power plants. Bottom ash
samples were also collected accordingly.

All samples were determined for 17 PCDD/Fs congeners by isotope dilution method using high resolution
gas chromatography coupled with high resolution mass spectrometer (HRGC/HRMS, R>10,000).

Results and discussion
Contamination of PCDD/Fs in AO hot spots and their vicinities

The Da Nang airbase was a major Ranch Hand facility during the American War in Vietnam. Levels of dioxin
have been found to be as much as 365,000 pg TEQ/g, more than 365 times the Viethamese standard for
industrial soil. In a joint US-Vietnam project, about 94,000 ms of the contaminated soil/sediment plus an
additional 68,000 m® of “lower risk material” were decontaminated using in-pile thermal desorption and
landfill technologies, respectively®.

In Phu Cat airbase, several sites were found to have levels of PCDD/Fs higher than the remediation standard
(1000 pg TEQ/g for in soil or 150 pg TEQ/g for sediment). The Government of Vietnam implemented a
cooperation project with UNDP for containment of 7,000 cubic meters of dioxin contaminated soil on the
base using secure landfill technology.

The Bien Hoa airbase (south of Vietnam) is now the most severe AO hot spot in Vietnam. PCDD/Fs
concentration was 7.6-960,000 and 17-4,860 pg TEQ/g in soil and sediment, respectively, implying very high
contamination in this airbase. A study funded by USAID has estimated 408,500 to 495,300 m?® of
contaminated soils and sediments are located on or nearby the airbase. On May 11, 2018, USAID and the
Vietnam Ministry of National Defense signed a non-refundable aid agreement for the decontamination of
Bien Hoa airport. The cooperation was projected to take 10 years at an estimated cost of $390 million and
approximately 500,000 m® of soil and sediment are to be decontaminated”.
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Surveys on bioaccumulation of PCDD/Fs in animals living in the above airbases demonstrated that local
animals such as fish, chicken, duck can accumulate elevated PCDD/Fs levels depending on their habitats.
For example, in Bien Hoa airbase, PCDD/F concentration in fish collected within the airbases are from 75 to
288 pg TEQ /g wet wt. Biota samples outside of the hot spots have lower PCDD/F concentrations. In Bien
Hoa airbase, TEQ in lipid basis were 26 pg/g for fish, 13 pg/g for eggs, 20 pg/g for chicken, 4.5 pg/g for meat.
The mean TEQ in Da Nang airbase was slightly lower, 12.9 pg/g for fish, 8.7 pg/g for eggs, 5.9 pg/g for
chicken, 6.7 pg/g for meat and 0.17 pg/g for vegetables®?.

Elavated concentrations of PCDD/Fs in mother breast milk are observed in corhots living near the Bien Hoa,
Da Nang and Phu Cat hot spots, ranging from 9.3 - 23 pg TEQ/g lipid which is significantly higher compared
to those in the scraft communes and agriculture villaages (1.4 — 4.3 pg TEQ/g lipid)%-*2,

Contamination of PCDD/Fs from industrial and municipal sources

In open dumping sites, toxic chemicals such as PCDD/Fs, PCBs, etc can be formed and released to the
environment due to uncontrolled burning of municipal solid wastes by waste pickers and natural
methane gas generation. PCDD/F levels in soil from dumping areas in Hanoi and Hochiminh city ranged
from 0.4 to 850 TEQ pg/g compared to 1 to 1.15 pg/g in control sites!3. Suzuki et al also reported
elevated PCDD/Fslevels in soil at open-burning sites (3.8-143 TEQ pg/g) compared to those in e-waste
processing workshops (0.28-17.6 pg TEQ/g)*.

Studies for PCDD/F releases from industrial thermal processes in Vietham showed that stack gas
PCDD/F concentrations were 0.048 - 0.166 ng TEQ/Nms in steel plants, 0.033 - 0.837 ng TEQ/N m3in
cement kilns?5, 0.07 - 44 ng TEQ/Nm3 in industrial waste incinerators, 0.012 - 0.44 TEQ ng/Nm3 in
medical waste incinerators, 0.016 - 0.31 ng TEQ/Nm?3 in coal-fired power plants, 0.016 - 1.66 ng TEQ
/Nm3 in coal-fired industrial and craft boilers6. PCDD/Fs in ambient air in three different regions in
Vietnam (Hochiminh, Da Nang and Lao Cai cities) were studied, showing concentration of 139 fg I-
TEQ/ Nms, 65.2 fg I-TEQ/ Nm3 and 21.3 fg I-TEQ/ Nms, respectively'’. Interestingly, while congener
profile of PCDD/Fs in Hochiming city is mostly related to industrial sources, those in Da Nang city
demonstrated an important source of 2,3,7,8-TCDD which is suspected to be from the nearby Agent
Orange hot spot.
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PART 2. DIOXIN AND HEALTH IN VIETNAM
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Introduction

Between 1962 and 1971, the United States Air Force sprayed approximately 107 million pounds of herbicides
in South Vietnam for the purpose of defoliation and crop destruction. During the course of this operation,
hundreds of thousands of U.S. service personnel and millions of Vietnamese were exposed to the chemicals
in the air, water, and soil and through food raised on contaminated farms. Agent Orange is known to affect
immune system, reproduction, nervous system, and changing steroid hormone levels. Most studies on the
adverse health effects induced by herbicide/dioxin have been focused on American veterans, whereas there
are few studies concerning the relationship between dioxin and health effects in Viethamese. Since 2002, we
have been continuously researching the dioxin and health in Vietnam. Recently, we have focused the steroid
hormone as an early indicator of dioxin-induced health effects:. The aim of this study is to evaluate the
endocrine-disrupting effect of dioxin levels on adrenal steroid hormones in children from 1 to 7-year-old
children in a previous herbicide-exposed regions in Vietnam.

Materials and methods

Three regions, namely Phu Cat, Binh Dinh Province and Bien Hoa, Dong Nai Province (hot-spots) and Kim
Bang, Ha Nam Province (non-exposed region), were selected for study. Breast milk samples were obtained
from lactating mothers aged 20 to 30 years from both regions between 2008 and 2011, who had given birth
to their children aged from 4 to 16 weeks. In the first cohort study, in 2011 saliva samples from 3-year-old
children and in 2013 and 2015, blood samples from grown-up 5 and 7-year-old children were collected in the
morning each time in Phu Cat and Kim Bang. Finally, 78 children (34 from Phu Cat region and 44 from Kim
Bang region) participated in this cohort study. In the second cohort study, since 2011 saliva samples from 1-
year-old children and in 2013 and 2015, saliva and blood samples from grown-up 3 and 5-year-old children
were collected in the morning each time in Bien Hoa and Kim Bang. Finally, 52 children (26 from Bien Hoa
region and 26 from Kim Bang region) participated in this cohort study.

Three salivary hormones (cortisol, cortisone, dehydroepiandrosterone (DHEA)) and 6 serum hormones
(cortisol, cortisone, 17-OH- progesterone (p4), progesterone, androstenedione (A-dione), testosterone) were
determined by liquid-chromatography/tandem mass spectrometry (LC-MS/MS); dioxin levels in breast milk
were measured by gas-chromatography-high resolution mass spectrometry (GC-HRMS).

Results and discussion

Dioxin levels in breast milk were significantly higher in hot-spot than non-sprayed region. In the first cohort
study, on comparison of steroid hormones in saliva of 3-year-old children between two regions, DHEA was
significantly lower in female of hot-spot than those in non-exposed region, while other steroid hormones
showed no significant difference. On comparison of steroid hormones in serum of 5-year-old children
between two regions, testosterone showed significantly lower concentrations in both sexes of hot-spot rather
than those in non-exposed region. On comparison of steroid hormones in serum of 7-year-old children
between two regions, progesterone and A-dione showed significantly higher concentrations in both sexes of
hot-spot rather than those in non-exposed region, while testosterone showed significantly lower
concentrations in both sexes of hot-spot rather than those in non-exposed region . On the relationship between
dioxin levels in breast milk and steroid hormones in serum of 5-year-old children, testosterrone showed
significantly negative relationships of both sex. On relationship between dioxin levels in breast milk and
steroid hormones in serum of 7-year-old children, progesterone and A-dione showed significantly positive
relationships of both sex and testosterrone showed significantly negative relationships only in male.

In the second study, age-related change in DHEA, cortisol and testosterone levels are given. Levels of DHEA
increased from 1 year of age to 3 years of age, and decreased from 3 years of age to 5 years of age in Bien
Hoa. Levels of testosterone decreased from 3 years of age to 5 years of age in the hotspot district, but
increased from 3 years of age to 5 years of age in the non-sprayed district.

Our recent study showed dioxins effected the synthesis of dehydroepiandrosterone in three-year-old
Vietnamese childrenz. From this study, we could confirm dioxin affected some steroid hormones till seven-
year-old children. Dioxin exposure through breast milk might reflect the body burden of fetus and suppose a
critical period of 35 dioxin exposure to disrupt endocrine at least in the childhood. Levels of testosterone
decreased from 3 years of age to 5 years of age in the hotspot district, but increased from 3 years of age to 5
years of age in the non-sprayed district.
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