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VB (GCxGC/TORMS ) { F — A E o BEdc R ey @i Bt - DLZSI A
Syl - AR S (IR R - VIR A (coelution) HY B - $EHCIEREEFAT
RG> R DUBPRZ I O A 1T B B BT (deconvolution) - J&15 & A SEFEHYE MEHIRE -
FENTATEH 2 T8 E - RRBRRA T E R (Atmospheric Pressure GC) 48 FI#Z
KR BRI A HET1L - VBT R B R e LS N BURE B E — 1 - 1 B
APGC A 3EEZEH iy » PRIIkE B2 fel U7 2 0~ g ] T 48 2 de i > ARVR T BE A
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and toxic contaminants in marine mammals: a troubling legacy concern for conservationists *
Dioxin and The AhR: The Beginnings and No End In Site ~ Environmental Forensics of
Persistent Organics Pollutants ~ Science and Policy of POPs through Passive Air Sampling *
The role of environmental chemicals in obesity * Contamination and human exposure to
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FyPOPs) BEAZFRERIVEAIE - 1995 4F » B S EIERIEZ T a R BRIESH I A AT S YR —
SLDNENATE) - 2004 AE 5 H 17 HEZEHCAEREEM 9 HF AR SHYME - 82 2014 F
CUEA 23 I POPs #IE » AEZEIRERHIER - FBIREIIFA LI 4T » (H R H Al
BURCA &2 A IERIGIE B EEEIH - [ R EIIE POPs EHIJ7 0 S fE Ry » 1F
2008 FHIERE " F AR SAYIETES R E AN B Eitia S ) (FRHEE&IH TIE 2
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= ERRACHE

ik NS KEEH (Plenary ) ~ R B (Special Events ) ~ 77 #HEE L15Hm L
HH( Oral ) M BEH R SCHIE (Posters ) ~ Mg 28 R ( Exhibits ) SFIEMEST - KErdH
HH 65 FreEELUES IR/ T35 10 (EPEERE RS & 39 B
REBLTE LT SO 272 18 S BE S SC e 261 7% »
(—) K& (Plenary ) s CIZEEEMT R

. Persistent, bioaccumulative and toxic contaminants i marine mammals: a troubling legacy concern

for conservationists (ERIZCREEFTRIFAVE Y TR ANME ~ AV ERBIBEEHI544Y))
. Dioxin and The AhR: The Beginnings and No End In Site ( # B 3=E2 4=t 01
. Environmental Forensics of Persistent Organics Pollutants ( BEREEF A MG )5 2455 )

. Science and Policy of POPs through Passive Air Sampling ( 225 £ A M H 15 2u Yok Ehir
BEHYEE T B )

. The role of environmental chemicals in obesity ( ERiE(EEEY/E(FHEREF/ER )

. Contamination and human exposure to micropollutants including dioxin-related compounds in

informal recycling sites for e-waste and end-of-life vehicles ( FEAE T EE T4 E R ol U
LR ER o Ve PPN - )

(Z) FFE B (Special Events )

FiE L MR prie 0t 2 s S R B A - EHAT ¢

. Dioxin, POPs and Emerging Contaminant Workshop: From Sample Prep to Data Analysis ( 552
3~ FROOCHE B 5 AR B 5 e s B AR T )

. DFS Magnetic Sector GC-HRMS (DFS i35 == it G AH @ e s )

. Dioxins & POPs: Discover the Most Comprehensive GC-MS Portfolio ( 27524 GC-MS 4H&
TR SRR A 5 24Y))

. Rapid and reliable determination of PCDD/F and PCB with automatic clean up and GC-MS/MS
(7010) ( FBE % Je ke B3 25 S s Bl 5 R ORI E B ff )
3



5. Cryogenic zone compression to enhance sensitivity in non-targeted mass spectrometry to
detect trace levels of POPs in blood plasma ( DMESE R4 S IE H A E 8 LS 5 Ei
AP EF A AR 52Y))

6. An Exposomics study of Canadian native populations utilizing Atmospheric GC coupled with

HRMS (RSRUBE SRR AT B s o o i R R R R R BRI )

7. Challenges of POP analytics in certified routine laboratories and GMP surroundings ( 52585

A GMP IR P RF AN AR5 2 T HIHEED

8. Quicker, greener and cleaner automated clean-up evaluated for any kind of matrix - the

responsible approach for current state of the art techniques of POP preparation

9. DEXTechl6: automation at its best — A clean up system that automatically runs a sequence of

up to 16 samples unattended (FRFAMEAHE TP 1 PER B B AT R BE R 10 )

10.Science & Policy of Organohalogens Workshop ( FE14&pd ZFHEEBLFLH )

(=) 43#E#E (Concurent Session )

ARG thA e fham G E R A SO ERE - BT S S H R B B e B i ks
Bk MRS E G LR BN N o oBERRE R 39 B IR
S 272 TR RBEE G G e 3 2601 R o sRREEEEAI T ¢

1. New methods of Analysis (Analytical)

2. New and alternate instrumental methods of analysis (Analytical)
3. Non-target Screening and Determination (Analytical)
4.Advances 1n Trace Analysis (Analytical)

5. Environmental Levels of POPs (Levels and trends)

6. POPs 1n the Arctic (Levels and trends)



7. Persistent Organic Pollutants (POPs) and Emerging Contaminants in Developing Countries

(Levels and trends )

8. Emerging Contaminants: Lessons Learned from Past, Current Practices and Future Trends

(Levels and trends)
9. Distribution, Transport and Fate of Organohalogens in the Atmosphere (Levels and trends)
10.Gas/Particle Partition of POPs in Air (Levels and trends)
11.PCBs 1n schools and Other Indoor Sources (Levels and trends )
12.Spatial and Temporal Trends of POPs in Abiotic Compartments (Levels and trends)
13.Spatial and Temporal Trends of POPs in Biota (Levels and trends)
14.Pet Exposure to POPs (Levels and trends )
15.Environmental Transport and Fae, General(Levels tand trends)
16.Agent Orange 1n Vietnam (Human Exposure)
17.Exposure to POPs in Urban, Indoor and Workplace Environments (Human Exposure)
18.Human Exposure to POPs , General (Human Exposure)
19.POPs in Food and Feed (Human Exposure)
20.Ecotoxicology(Human Exposure)

21.Absorption, Distribution, Metabolism and Excretion (ADME) of Legacy and Emerging

Persistent Organic Pollutants (POPS) 1n Animals (Metabolism and Toxicology)
22.Metabolomics and Systems Biology in POPs toxicity studies (Metabolism and Toxicology)

23.Neurotoxicity of Legacy and Emerging Persistent Organic Pollutants (POPs) (Metabolism

and Toxicology)
24.Toxicology, General (Metabolism and Toxicology)

25.From Science to Decision Making (Policy)
5



26.Risk Assessment and Risk Management(Policy)

27.POPs 1n longitudinal cohorts (Epidemiology)

28 Remediation, Best Available techniques/Best Environmental Practices (Remediation)
29.Formation, Sources and Remediation (Remediation)

30.Are PFASs a New Concern for Wildlife & Humans? (Compound Specific - PFAS)

31.Legacy to emerging fluoroalkyl contaminants in air to biota in the global environment

(Compound Specific - PFAS)

32.Total Fluorine Analysis and Total Oxidisable Precursor (TOP) Assay with Special Reference
to PFAS and Their Alternatives (Compound Specific - PFAS)

33.Perfluoroalkyl Substances - general (Compound Specific - PFAS)
34.Short and Medium Chain Chlorinated Paraffins (Compound Specific - PCAs)
35.Brominated Flame Retardants (Compound Specific, BFRs)

36.Alternate Flame Retardants: Environmental Presence, Fate and Exposure (Compound

Specific - FRs)
37.Polycyclic Compounds (Compound Specific)
38.Environmental litigation (Environmental Forensics)

39.Contaminated Sites and source tracking (Environmental Forensics)

(9 PEEm SR ( Oral )

£ 39 By DB SRS IA 272 1/ > BFREE R AT 6 g
a2 [FIRFET Ty - (PR RS EIMREE H oy - s ARS8 4 - T 502
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High resolution oribital trapping mass spectrometry measurement of persistent organic

pollutants i cow's milk

A GCxGC-HR-TOEMS with Enhanced Sensitivity: Targeted and Non-Targeted Analysis of

Highly Complex Environmental Samples

Variable energy electron ionization enhances the sensitivity and selectivity of brominated

flame retardant analysis by GC/MS and GC x GC TOF/MS

National and continuous DIOXIN Air Monitoring networj in Taiwan (2006-2016): Spatial,

temporal ariation and Emission sources apportionment via positive Matrix factorization

High throughput GC-HRMS acquisition methods for the analysis of PCDD/Fs and PCBs in

biological matrices

Integration of polybrominated diphenyl ethers (PBDE) and other brominated compounds into

the automated sample preparation for dioxines and PCBs

Organic and inorganic persistent pollutants monitoring: emission source identification

Target, Suspect and Non-Target Screening of Dioxin-Like Compounds in Sediment and Fish

Using A Sensitive High-Resolution Time-of-flight Mass Spectrometer

Comparison of International Quality Assurance and Quality Control Standards for High

Resolution Mass Spectrometry Dioxin Analysis

10.PAHs 1n Chinese atmosphere: Concentration, source and gas-particle partitioning

11

.Occurence and distribution of perfluoroalkyl and polyfluoroalkyl substances (PFASs) in
multi-environmental matrices around two fluorochemical manufacturing parks in fuxin,

China

12.Environmental impact of biomass and polyethylene waste co-firing: emissions of particulate

matter, PCDD/Fs and DL-PCBs



13.Non-target and suspect screening of organic chemicals in indoor dust from five countries

14.Screening halogenated contaminants in the marine environment based on high resolution

mass spectrometry profiling
15.Non-Target Analysis of Ambient Air Using Cryogenic Air Sampler
16.PAHs depositions in the environment of a waste incinerator

17.0rganohalogen pollutants in surface particulates from workshop floors of four major e-waste

recycling sites in China and 1mplications for emission lists

18.Medium-chain and long-chain chlorinated paraffin products predominate in Swedish coastal

sediment cores over the past 50 years

19.Short-Chain Chlorinated Paraffins (SCCPs), a Toxic Industrial Chemical Included for Global

Prohibition, Contaminate Children” s Toys

20.Characterization of placental transfer of short- and medium-chain chlorinated paraffins in

paired maternal and cord serum

(1) B am S e (Posters )

TR G B am I S BBLA L AE - R T AR ERIRGE « B &R R EYI R

o G H BRSO RE BN R IE NG H OISR RER - L 2601 fRBE G O3 2 DAER
R ERFHEIIE R R AECPPDRY T NEH - I BAEF RIS E R BB s (F B e mAl /48 H
CHYER L (mini-orals ) © S27 DABEEGER RS BLARM & > #Rm-CEHE R " The
Investigation of the Organochlorine Pesticides Residues in Soil of Taiwan | » K& 4m5% P161-E #Z2HE
TER G ERAZ S K N Poster Session VI 5% - [R5 E M ST R EiTE S

(HRGC/HRMS) » DA ZiFsEE Aot & 8 100 A g m T 20 A EEEE 2 51
HIEM - Br 72| ME 7 AREE S H R AR A R R B - W%sE HRGC/HRMS B4
ZERUEEUEN: - EERET] 0 R IRHEHRE L E EMRRE v i AV E TR - R Al S
AR A St EORSE Z FRRIVI T » SRR SN A R BERR B2 R — R = -
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1. Tissue-specific bioaccumulation of halogenated methylbipyrroles and long-chain perfluorinated

carboxylic acids in marine mammals stranded in northern Japan

2. Organochlorine pesticides in agricultural soils of the main agricultural valleys of Baja California,

Mexico

3. Lipid Loading and Elution Profiles for an Automated Cleanup Method for Polychlorinated

Biphenyls, Polybrominated Diphenyl Ethers, Dioxins and Furans Analyses

4. GC-MS Identification of Phthalate and Alternative Plasticisers in Medical Devices

5. An Evaluation of Federal and State Perfluorooctanoic acid (PFOA) Drinking Water Standards in
the US

6. Organisation of an international interlaboratory study as a first step towards a harmonized approach

to Analysis of Chlorinated Paraffins

7. Modified Sample Clean-up for Combined POPs Using Automated Multi-Column Fractionation and

Analytical Optimization



8. External Quality Assessment Schemes (AMAP and Dioxins/Furans) to validate POPs measurement
in human serum and a novel approach by APGC-MS/MS to increase the sensitivity of these

compounds

9. Characterisation of chlorinated paraffin profiles in sediment and biota by LC-ESI(-)-HRMS and

semi-automatic post-acquisition data treatment

10. Atmospheric Concentrations of some Stockholm Convention Persistent Organic Pollutants in

West Asia

11. Enhanced Removal of Perfluorinated Alkylated Substances (PFASs) from Aqueous Solution by

Mesoporous Graphene Nanosponge

12. Perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) concentrations in the

South Korean agricultural environment
13. PCNs Congeners in Ambient Air from Technical PCN and Unintentional Formation

14. Atmospheric pressure 1onisation for gas chromatography mass spectrometry: New perspectives for

the determination of persistent organic pollutants (POPs) in human serum

15. Short-Chain Chlorinated Paraffins (SCCPs), a Toxic Industrial Chemical Included for Global

Prohibition, Contaminate Children” s Toys

16. Occurrence and Distribution of Organophosphate Flame Retardants (OPFRs) in Soil and Outdoor

Settled Dust from A Multi-waste Recycling Area in China

17. Quantification of total Organohalogens (TOX) in environmental solid samples by using

Combustion-ion Chromatography

18. Contamination Status of Dioxin in the sediment of Indus River and Coastal Environment of

Pakistan
19. Research, communication, and action: PFAS 1n food contact materials

20. Development of Canadian Soil Quality Guidelines for PFOS and PFOA

10



21. Study on Optimum Treatment Conditions for Chlorinated Flame Retardant and Organochlorine

Pesticides Using Thermal Method

22. The new method for analysis of selected organophosphorus flame retardants (OPFRs) in indoor

dust

23. GCxGC-HR-TOFMS for screening of organohalogenated compounds in cat hair

24. Polycyclic Aromatic Hydrocarbons (PAHs) and Polychlorinated Naphthalenes (PCNs) in

Sediment of Hyogo Prefecture, Japan

25. Occurrence of persistent organic compounds in the surface water from the lower stretch of the

River Ganga in India

26. Persistent Organic Pollutants in Groundwater: Exposure profiles of PAHs and OCPs at an

agricultural site of a north Indian terai region

27. Characteristics of contamination for DDT in the Air and Soil in Republic of Korea

28. Assessment of the automated clean-up system DEXTech + for determination of PBDEs along

with PCDD/Fs and PCBs in environmental samples

29. Screening for Dioxin-Like Compounds in Sediment Using Modified QUEChERS and a GC-TOF

Mass Spectrometer with Atmospheric Pressure Chemical Ionization

30. Determination of short chain chlorinated paraffins (SCCPs) in commercial chlorinated paraffins
(CPs) products using comprehensive two-dimensional gas chromatography coupled with tandem

mass spectrometry

31. Passive sampling of POPs 1n the Black Sea

32. Levels of PFOS and the other perfluorinated organic compounds in Polish inland waters and

Baltic Sea coastal waters

33. Analysis of BFRs and dioxins and dioxin-like PCBs on a dual column GC-MS/MS system

11



34. Application of LC-Orbitrap HRMS with positive/negative 1on-switching for analysis of

Pharmaceutical and Personal Care Products (PPCPs)

35. Examination of Commercial Samples of Perfluoroethylcyclohexane Sulfonate: Another Source of

PFOS Isomers

36. Use of Passive Samplers to Monitor PCBs 1n the Effluent Water from a Waste Water Treatment

Plant

37. The occurrence of OCPs, PCBs, and PAHs in the soil, air, and particle deposition of provincial

and metropolitan Naples areas, Italy: Implications for potential risk and environmental cycling
38. Thermal desorption GC/MS analysis method for analysis of POPs in solid sample

39. Review of the worldwide concentrations of medium-chain chlorinated paraffins (MCCP) in

environmental samples and biota

40. New methodologies for the analysis of halogenated persistent organic pollutants using GC-Q-

Orbitrap

(73) M FEEsE R (Exhibits )

KRR EGBF T 2R MES2RE - RO EREEEL - BERIRE R - 22
SRERER 25 SO Tk Z =P o s - B S A R AR SE 1 5 T JE AR A 6 23
7 LECO A& Thermofisher 22 E]HY GCxGC/TOFMS » Agilent 2\ ] ~ Thermofisher
/NE] ~ Shimadzu A EHY GC-MS/MS » Waters 22 =] APGC/HRMS » Thermofisher 2%
H]iY GC-Q-Orbitrap %% - #R/E H RIERF AN 54803 H ARt FZE T A -
AR R AFTAR R R ES 5t IR 25 J710 » 5980 - SR BT ERTR I R4t 2
BRI ERS - Rl E RS M RS el - AR DR - 2
RS MBI HIES M T AR EM A K > R FFEBEEHY PMos st 2R R
ARG G A/ VIERE » B RPRIIR (e S ha I 78 22 B R & B AR BR R TR M
= BEFAME RN E T -
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AR SR E B EHE RN ST - SRAYIHRR R AR E &
BEEN © APGC Al ARETB1% - BB ER AERHEER - WAk
HEF PR HEURAYAE & - RERERSST 2L EVEUNIEINY R B/ VIt EI ZHA TR -
DRI P 2 i R B B — 1 > NG TR MS/MS 3 Ay pirsEsE TPk - (515
KRR Eitmd s E Al 1T -
FEFE HARPIE R IR o sk > b S G825 2 T RE R A (BB 2R (R ey

TR IR KM T SRRSO S - 5991 > Beb b R EN S B e &
EAEE H YR DA R SN R - C R B R E A A RE NPT R
RS ERIRF A R 2252 - BT DABEZAST 25 g pe 0 S8 Jeg tE B 7 B R YRS
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“WrEL5ZY) (Emerging Contaminants) ™ EFEy sl g B AIARMER |~
"ORZERIRRE ) T B AR A RRE A RS dEESEY) - I
BUSEWYRE S B ABUEE) (BFE © TR - B - BESAT - Bla £
— MR PEAEIETE ) FEL HA RGN T g - F B 5 AV p i &Y Ei [E TR
Wz BNEINVERESHY) - BNy ko5 - BAEEY) ka0 P
FAFES AN ZALE2YESE - BIg | 2 3 U5 Y B ISR SR
'E (OKEE ~ HERZER) T2 BAIBREE RS (BANDMTHEYIE EDCs » fil4 :
B AR EGR ] AR TR - TR ) - Y R E A RER
PPCPs ({540 : HiAEZR ~ FHERE ~ PiECHER] - BRERE) DU RE 2
HHERWE (B0 2 ORI - 7ORRE - “RbskEOREN S ) & e
o S VIR ELRE - =B EE - fLESk  DIIEET - 8K - WY - ADTH% - 2L
KRB 5 BRI 2 B B2 5 2 E RN R A R AR A Z 22 AT
FAREL/ BT IT N Z R ~ (REEREZ =0 T B - N E S EEYERY
HEES N EHATF AR B R EREIVR (7 - BN EE Y8 0 /A
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The Investigation of the Organochlorine Pesticides Residuesin Soil of Taiwan

Hsu YC, Wu CP, Sung Y'Y, Huang YJ, Weng YM
!Environmental Analysis Laboratory, Taiwan EPA, Chlijriraiwan 320

Introduction

Organochlorine Pesticides (OCPs) are hydrocarbompoands containing multiple chlorine substitutiofisey were introduced
since 1940s and have been widely used in agrieultas pest control. There are four main types of ©CP
dichlorodiphenylethanes, chlorinated cyclodienddorinated benzenes and chlorinated cyclohexanags bf the 12 most
hazardous persistent organic pollutants (POP<2tiddoy the Stockholm Convention in 2001 are OCBsasequently, residual
POPs might cause significant impacts on humanieald the environment. The health risk of POP<kas widely debated
globally in recent years and came to a consenseeagnt of the Stockholm Convention on Persistegafic Pollutants in
2001 that prohibit the production and use of theksmicals. Most of them have been banned or resdria the industrialized
world. However, some non-targeted OCPs such asdtifdo, Lindane and DDT are still employed in depéhg countries for
mosquito and malaria control. Organochlorine patgi such as DDT, BHC, Lindane have been bann&diwan since 1977.
In the same time, EPA Taiwan has been carryingaosystematic tracking on the residual concentradiborganochlorine
pesticides in environment with analytical toolstsas GC/ECD for the past thirty years. Recently;nittated the use of the
isotope dilution method with HRGC/HRMS to analyf d@ganochlorines and their metabolites in envirental samples so
as to determine the residual OCPs in a more aecway. We have collected 100 soil samples fromcsatel6 counties of
Taiwan. The average total concentration of 26 O@Psoil samples is 4296 ng/kg d.w. and the conegiotts ranged
164.8~39,183 ng/kg d.w.. The highest OCPs levehdoin the soil sample of Taiwan is still well beldke official regulated
risk threshold limit. The highest total concenwatbf samples 39,183 ng/kg is found in a site ledat Taichung. The highest
average total concentration is found in Taoyuam.afdose areas located in the east of Taiwan ssidfaitung and Hualien
exhibited lowest total average concentration. &t of DDT and its metabolites can be served disators for possible liable
pollution sources as well as the degree of degi@uathe ratio ot (DDD+DDE) /Y (DDT+DDD+DDE) in the 95 out of
100 collected samples were found to be higher €haa implicating that these DDT contamination il 86 Taiwan might be
accumulated from the aged pollutants in the lorg}.pa

Material and methods

(1) Sample collection, extraction and clean-up

Samples were collected from 16 selected countidaigfan. 100 sampling sites were chosen basedeosddie of agriculture
in each county. Sampling time were scheduled froandi to August during the busy agriculture sea$be.analyzed level of
organochlorine in the soil samples can therefofleaethe use of pesticides in the land field. sdimples were dried, ground
and homogenized before being spiked with 13C-ise#opf the target compounds and extracted by Sawrtheith
(1+1)Acetone/n-Hexane solvent mixture. Target conmabstandards and isotope labeled spiking solutiene purchased from
Chembridge Corporation. The extracts were conceatrep about 1 mL by turbo evaporation. Then wesstitie the residual
solvent with 1 mL hexane for subsequent pretreatrpeotess. The extracts were cleaned up with HIBRE column. Gel
permeation chromatography were used to removeitterholecular weight interference such as polymeraterials, humic
acids, lipids and so on.

(2) HRGC/HRMS analysis

26 organochlorine pesticides were analyzed by mottilution in according to the official standarétimod NIEA M905.00B
of Taiwan EPA with high resolution mass spectromé#RMS) (AutoSpec Premi€Y) coupled with gas chromatograph
equipped with cold injection system. Pesticidesemeinromatically separated with J&W (Agilent Tectowés) DB-1701
column (30mx0.25mmnx0.25x m).
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Results and discussion
The concentrations of 26 organochlorine pesticitlesoil samples ranged within 164.8~39,183 ng/kg. dThe average
concentration is 4296 ng/kg d.w.. All OCPs levelrid in the soil samples of Taiwan were well belbe official risk threshold
limit. The highest level were found in those samglsites of Taoyuan and Taichung, of which thel imtarage concentration
fell between 10,000~15,000 ng/kg d.w.. The lowgeleange between 5,000~10,000 ng/kg d.w. weredanrhose sampling
sites of New Taipei, Miaoli, Changhua, Yunlin arki#&yi. others The analyzed OCPs levels of otheasaaee under 5,000 ng/kg
d.w. as shown in Tab.1. and Fig.1.
Higher detection ratio are found than most previ@mports. Up to 81% Organochlorine pesticides atealed in all samples
possibly due to that HRGC/HRMS has lower detectiomit compared with traditional GC/ECD and GC/MS.
Pentachlorobenzene, Hexachlorobenzene, BHC, Chierd2DT and their metabolites are found in most@amof this study
as shown in Fig.2. As we compare the analyzedtaeen OCPs and their metabolites, the detediomaf OCPs metabolites
are very close to the ratio of their OCPs originafiéhe only exception is Oxychlordane of whichdiggection ratio is 18% that
is much lower as compared with the number of 90P&sh Chlordane and Nonachlor. Residual ChlordargeNonachlor in
soil metabolized to Oxychlordane generally toolorgl time, but the half-life of Oxychlordane is mugttorter than those of
Chlordane and Nonachlor. Oxychlordane in soil tendsetabolize into other compounds in a short tile observed that the
average level of chlordane in soil (144 ng/kg dwa)s higher than that of nonachlor(75 ng/kg d.@ne possible explanation
can be attributed to the slower rate of metaboti$ichlordane in soil.
As regard to the acute toxicity, carcinogenic agsldual level of OCPare shown in Fig.3. It is obvious that DDTs andrthe
metabolites have biggest triangleea, therefore their residual level in soil shdwddof more concern in Taiwan. The second
OCPs group that are worthwhile to be noticed inelaétirin and Endosulfans. Although the residuaklgid82 ng/kg d.w.) of
Aldrin is relatively lower than other OCPs anddttection ratio is only 67%, it is advised to kedgrt due to its potential high
toxicity and carcinogenic. Endosulfans has the sédoghest residual level (364 ng/kg d.w.) and &bse high toxicity. Though
Endosulfans have been banned by the Stockholm @tiowesince 2011, there is still possibility to ebge occasional discharge
of this chemical to the environment and impactgionsystem and human health need to be continuoonghjitored.
Some of previous research works revealed thatatfdibes of DDTs in soil are about two years onder. It is reported in
some previous research papers that DDTs will asjér than eight years in tissue before being noditadal to DDDs and
DDEs. In this study we found that p,p’-DDE and pQD were detected in all samples (%0Pwhile p,p’-DDT was found
in only less than 30% of collected soil samplemifir phenomenon are observed in the case of e)DE, o, -DDD and
o,0 -DDT family group. Residual data of these congeneflects the widely usage of DDTs in the past. &theless, the
average concentrations of DDTs (3,047 ng/kg d.eund in all soil samples of this investigation tmebelow the regulated
level for soil (3 mg/kg d.w.).
Foots is a frequently used indicator for the degree Dfflilegradation as show below:;

Foors=Y (DDD+DDE) /X (DDT+DDD+DDE)
For the fresh DDT, thedprs will generally fall within the lower range of 0.5@n the other hand, aged DDT contaminations
usually exhibit higher values. As illustrated i Hi, Foprs of all 95 samples are higher than 0.52. It imptieat little fresh DDT
has been founih these samplegs shown in Fig.3. The only two site that have ol than 0.52 are both found in samples
collected from sites in Kaohsiung. Further invedtiign is needed to confirm whether it is due tegdl use of the banned
pesticides or it is coming from other sources thie area via some transmission path.
The concentration distribution of the 26 targete@R3 in Tainan, Yunlin and Chiayi counties are \@ryilar-possibly due to
that the topographic features and their agriculbwtivitiese are quite similar in these three aremsvever, the average total
concentration of Tainan (1,035 ng/kg d.w.) is fivees lower than the other two areas (6,539 an83ng/kg d.w.). One possible
explanation is that due to Tainan is located inemewuth part of Taiwan. Average temperature inyde is higher and has
generally more sunny days. It is possible that namckfaster OCPs in soil will be metabolized. Therage total concentration
of Tainan is therefore lower and close to Kaohsi(h§11 ng/kg d.w.) that are both located in thetls@ends of Taiwan. The
concentration distribution of the 26 OCPs in theamples collected from sites of Changhua, Miaali Blantou varied from
each other significantly. We attribute these ddfezes to the complex agricultural product and pielets applcation patterns in
the past years.
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Table 1 Summary of Total OCPs concentration in soil of Taiwan

Area sampling Concentration rang A(Vr?g;alg(g Area sampling Concentration rang Agvsgra;geg
sites (ng /kg d.w) dw) sites (ng /kg w.w.) d.w.)
Taipei 1 4148~4148 4148 Changhua 8 1152~20932 6299
New Taipe 3 2312-1004¢ 539¢ Yunlin 10 601~2613 653¢
Yilan 3 2848~7873 4683 Chiayi 9 705~15302 6333
Taoyual 5 2431~2719 1154« Tainar 12 183~544. 103¢
Hsinchu 4 525~3336 2122 Kaohsiung 6 443~4709 1611
Miaoli 4 2308~969: 595¢ Pingtung 9 1060~340 197:
Taichung 6 3226~39183 10129 Taitung 6 174~2178 867
Nantot 8 225~422. 290¢ Hualier 6 165~94( 55€
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3.4E+004
3.2E+004
3E+004

-2.8E+004
-2.6E+004
2.4E+004
-2.2E+004
2E+004

1.8E+004
-1.6E+004
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1.2E+004
-1E+004

Taiting/ks d.w

Figure 1 concentration distribution of 16 Areas.
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Figure 2 Detected percentage of 26 OCPs.
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Figure 7 concentration distribution of 26 OCPs in Kaohsiung
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Persistent, bioaccumulative and toxic contaminants in marine
mammals: a legacy concern for conservationists

Ross PS!

!Director. Ocean Pollution Research Program. Coastal Ocean Research Institute, Ocean Wise Conservation Association,
P.O. Box 3232, Vancouver BC Canada V6B 3X8

The Stockholm Convention is a remarkable international treaty that was founded on good scientific research, concerns
about health impacts in aquatic wildlife and on the safety of traditional seafoods for aboriginal communities, and the
recognition that many persistent, bioaccumulative and toxic chemicals are travelling into remote regions of the world. Our
work on marine mammals in Europe, the Arctic and the NE Pacific has shed light on the nature of food web
bioaccumulation of POPs, and on the effects of PCBs on the endocrine and immune systems of different species.
However, most troubling perhaps is our prediction that the Southern Resident Killer Whales frequenting the waters off
Vancouver and Seattle will not be ‘safe’ from PCB-related health risks until the late 21¥ Century. This is one chemical
among hundreds of thousands on the market. Such findings are highly relevant to conservationists dealing with real world
threats to wildlife populations. but they also raise profound questions about the vulnerability of long-lived. high trophic
level species, and about the effectiveness of chemical regulation and risk assessment paradigms. Simply put. short-term,
lab-based toxicity testing with laboratory species fails to deliver the data needs of risk assessors, and we continue to
conduct large-scale experiments in the natural world. A more precautionary approach to regulatory oversight would better
capture such key considerations as trophic level, longevity, mobility and the relationship between endocrine disruption and
the traditional measures of effects (growth, reproduction and mortality) before chemicals enter the marketplace.
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DIOXIN AND THE AHR: THE BEGINNINGS AND NO END IN SITE
Safe S!

! Department of Veterinary Physiology and Physiology. Texas A&M University, College Station, TX 77843-4466

Otto Hutzinger — The Early Days

In the late 1960's, Otto Hutzinger was a newly hired Research Officer at the National Research Council (NRC)
Regional Laboratory on the campus of Dalhousie University in Halifax. Nova Scotia. His mterest in PCBs and
Dioxins resulted from a conversation with Vlado Zitko, a scientist with the Fisheries Research Board in St. Andrews
New Brunswick. Vlado indicated his concemn regarding organochlorine environmental contaminants and suggested
that environmental chemistry and impact of these compounds would be a "hot" area of research. I was also a
Research Officer at NRC and Otto persuaded me to get involved in this new area of environmental research which
would give us independence from our immediate supervisors and also be lots of fun. I reluctantly agreed. and from
1971-1974. we coauthored 35 refereed publications. at least 10 review articles, and two books. "The Chemistry of
PCBs" (Hutzinger. Safe and Zitko) and "Mass Spectrometry of Pesticides and Pollutants" (Safe and Hutzinger) and
founded a small company. Some of this early work described the first studies showing that PCBs could be
photodegraded and metabolized (1-3). and these collaborative studies were continued after Otto was appointed
Professor Environmental Chemistry at the University of Amsterdam in 1975 and I joined the University of Guelph
in 1973. One of the lessons I leared from Otto was his attitude toward senior authorship and credit — he always
favored his colleagues over himself.

After leaving NRC. Otto continued his studies on organohalogen pollutants and was the first to discover the
formation and emussions of polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurants (PCDFs) from
municipal waste incinerators. Otto was an original thinker and mentor to a generation of environmental scientists at
the Universities of Amsterdam and Bayreuth. and he was continually organizing research conferences (starting with
Dioxin 1 in Rome), editing journals (e.g. Chemosphere), and books (e.g. The Handbook of Environmental
Chemistry). Otto was one of a kind and 1s greatly missed.

Dioxin and the Ah Receptor

The combmation of several poisoning incidents due to occupational and accidental release of 2.3.7.8-
tetrachlorodibenzo-p-dioxin (TCDD) and contaminated PCBs in Fukuoka (Yusho poisoning). Taiwan (Yucheng
poisoning). and Seveso (TCDD) coupled with their widespread environmental contamination. stimulated scientific,
regulatory and legal concerns about halogenated aromatics. All of these 1ssues and their resolution were presented
and discussed during the annual "Dioxin Symposia". Although some occupational exposures and the Seveso
accident primanly mvolved a single toxicant, TCDD, other accidents and environmental exposures to persistent
organic pollutants (POPs) mvolved TCDD and many other individual PCDD. PCDF and PCB congeners. The
analytical approaches included development of high resolution separation and detection approach which are now
routinely used to quantity POP congeners from multiple sources at the sub-parts-per-trillion level. Since human and
other biota are exposed to complex mixtures of POPs. it was imperative to develop hazard and risk assessment
paradigms that could quantitatively assess mixture-induced responses. Pioneering work by Dr. Alan Poland (4)
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showed that the mechanism of action of TCDD and structurally related PCBs, PCDDs and PCDFs imnvolved initial
binding to an intracellular protein designated as the aryl hydrocarbon receptor (AhR). This was later confirmed 1n
AhR knockout mouse models where the characteristic AhR-mediated toxicities for TCDD and structurally related
compounds were observed in wild-type but not AhR-knockout (AhRKO) mice. Thus. it was possible to develop a
dioxin or toxic equivalents (TEQ) approach for risk assessment of TCDD- or dioxin-like compounds (DLCs). where

TEQ = X[(DLCy) x (RPy)]

the dioxin equivalents 1s equal to the summation of the individual concentrations of the DLC (DLC;) times their
relative potency (RP;) compared to TCDD (arbritarily set at 1.0) (5). This initial approach has been continually
refined and modified as new data become available and has been used extensively by regulatory agencies to reduce
emussions and environmental’human exposures to DLCs. The TEQ approach was invaluable for estimating the
potential toxicity of an important sub-class of POPs (1.e. DLCs); however. evaluation of the potential adverse effects
of non-DLCs 1s still a major regulatory problem

The AhR and Its Ligands: Health and Therapy

Although AhRKO mice are viable and reproduce. mmitial studies by Bradfield and others have identified an
increasing number of defects in these animals, demonstrating that the receptor may play a role in organ/tissue
homeostasis (6.7). For example, AhR-deficient mice exhibit a decreased liver size but only during development due
to defects in closure of the ductus venosus. AhRKO mice have difficulty in maintaining pregnancy, they have an
increased susceptibility to infection indicating a role for the AhR in the immune system function and the AhR also
plays a role 1n stem cell development. Moreover. there is extensive evidence from transgenic animal studies that the
AhR plays a critical role in intestinal health via mteractions with microbiota-derived AhR metabolites and the AhR
exhibits tissue-specific promotion or protection from cancer (8). Ongoing research continues to add to the growing
list of AhR functions in animal models and to a lesser extent in humans and this makes the AhR an 1deal target for
drug development.

Receptors such as the estrogen receptor are among the most well developed targets for drug development since
receptor-mediated adverse effects can be treated with receptor antagonists and receptor-mediated health benefits can
be enhanced by receptor agonists. Although AhR-interactions with TCDD and related compounds lead to well
characterized toxicities, the AhR also binds several endogenous biochemicals, health promoting phytochemicals,
AhR-active pharmaceuticals, multiple microbiota-derived AhR ligands and synthetic AhR antagonists (9). These
compounds are selective AhR modulators (SAhRMs) that exhibit tissue-specific AhR agonist or antagonist activities
and can be exploited for treatment of multiple diseases including cancer, inflammatory bowel disease, immune and
autoimmune diseases and expansion of stem cells. Development of AhR-active drugs has been a "cautionary tale”
due to concemns of "dioxin-like" side effects; however, some of the current AhR-based drugs 1n clinical trials include
Laquinimod for treatment of multiple sclerosis and StemReginin 1 (SR1). an AhR antagonist use for production of
hemapoietic stem cells.
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Environmental Forensics of Persistent Organics Pollutants

Gwen O’Sullivan. David Megson, Court Sandau, Donald Patterson

Environmental forensics is a fast growing field of science which incorporates interdisciplinary
knowledge to assess the source, age and timing of release of a contaminant(s). Environmental
forensic investigations are methodical assessments of multiple lines of information which may be
used in litigation. to allocate responsibility for contamunation Environmental forensic studies can
range in complexity; the simplest form may involve the identification of a source of contamination
based on the presence or absence of chemical markers. More complex cases may involve mixed
sources and environmental weathering which require advanced stafistical interpretation to detangle
distinctive signatures. Environmental forensics not only involves litigious matters but may also be
applied to publicly disputed 1ssues to support a particular claim or a position.

In toxicological studies it is important to separate the World Health Organisation 12 dioxin like
polychlorinated biphenyls (WHO 12). However in environmental forensics studies a greater
number of congeners are often needed to be separated to identify processes such as microbial
degradation. volatilisation, and biotransformation in humans. Advancements i analytical
techniques, including single and multidimensional time of flight mass spectrometry, has allowed
for such congener profile development at trace levels. The amount of data generated from such
analyses is vast and can require advanced multivariate statistical analysis techniques to discern
patterns/source, differentiate background influences. and apportion contributions/liability.

This presentation will examine the development of environmental litigation including key treaties,
statutes, regulations and case law pertaining to the control of persistent organic pollutants. A
review of the interdisciplinary requirements of environmental forensic mvestigations including
legal sampling techniques, analytical advancements, fate and transport, and statistical presentation
in court will be provided. The presentation will conclude with discussions on advancements,
limitations and recommendations for the development of the field of Environmental Forensics.
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Science and Policy of POPs through Passive Air Sampling
Tom Harner

Abstract:

Since its inception in 2000, the polyurethane foam (PUF) disk passive air sampler has greatly advanced
our understanding of the occurrence, transport and fate of persistent organic pollutants (POPs) and
emerging chemicals. The ability to collect spatial information on both gas-phase and particle-associated
POPs in a simple and cost-effective way has led to vast datasets for improving our understanding of
regional and global-scale transport of POPs through models. This integration of passive air sampling data
with models and emissions, coupled with the adoption of the PUF disk sampler by numerous research
programs around the world, has led to the promulgation of the sampler under the Global Monitoring
Plan (GMP) of the Stockholm Convention for addressing policy needs related to chemical risk
assessment and risk management. The Global Atmospheric Passive Sampling (GAPS) network, which has
been operating since 2005 at more than 50 sites on all seven continents, provides a unique global-scale
picture on POPs. This plenary presentation will be a historical perspective of the PUF disk passive air
sampler over the last 17 years. It will touch on the motivations for this technology, the early adoption
that led to widespread use today, and the intersection of the science with policy needs at the
international scale under the Stockholm Convention on POPs. We will also look to the future to some
novel and exciting applications and approaches of passive air sampling.

Tom Harner, Ph.D. P.Eng.

Senior Research Scientist

Air Quality Research Division

Environment and Climate Change Canada (ECCC)
Tom.Harner@Canada.ca

Tel: 416 739 4837

The role of environmental chemicals in obesity
Juliette Legler, Institute for Environment, Health and Societies, Brunel University London

The global incidence of obesity is one of the most serious public health challenges of our time. It is
increasingly clear that environmental factors early in development, such as exposure to chemicals, play
arole in the etiology of obesity. In recent years | have used an integrated toxicological and
epidemiological approach to research the role of environmental chemicals in obesity. My research
suggests that prenatal exposure to chemicals affects processes involved in obesity development,
including increased differentiation of adipocytes, altered energy metabolism, and elevated weight in
childhood. Current research in my lab is focused on unravelling the epigenetic mechanisms by which
chemicals may perturb metabolic pathways and adipogenesis using in vitro and zebrafish models. |
expect that by discovering novel gene regulatory mechanisms in obesity that can be disrupted by
chemical exposure, novel risk factors involved in the etiology of obesity can be identified in order that
preventative strategies be introduced to reduce obesity and the related drain on health care systems
worldwide.
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Contapunation and human exposure to micropollutants mcluding dioxin-related compounds m informal
recycling sites for e-waste and end-of-life vehicles

Shin TAKAHASHI

Effective management of electronic waste (e-waste) has become a major 1s5ue of the modem world from both
economic and environmental perspectives. Recently, end-of-life vehicles (ELV) has also become a matter of
increasing concem because of their trade and management for reuse and recychng. E-waste and ELV contamn
valuable and reusablerecycable components and matenal but requires appropnate handling and recychng
because of the high content of many hazardous substances, including toxic heavy metals as well as
polychlonnated biphenyls (PCBs), brommated flame retardants (BFRs) and other toxic additives. However,
informal recycling for e-waste/ELV using primitive techniques, which have been noted in developing or newly
indusmahzed countires, results in environmental release of not only hazardous substances contamed in these
‘modern’ wastes but also toxic secondary contamunants, including complex muxtures of dioxm-related
compounds (DRCs). polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDD/Fs) and their brominated and
mixed bromunated/chlornated analogues (PBDD/Fs and PXDD/Fs), as well as chlonnated/brominated
polyaromatic hydrocarbons (Cl-/Br-PAH:). Assessing the environmental and human health impacts related to
these pollutants from mformal waste recycling activities 15 challenging due to the large number of compounds
and the big data gap regarding thew toxic potency. For the last several years, we conducted environmental and
human monitonng m mformal recycling sites for e-waste and ELV m northem Vietnam and Ghana, to evaluate
environmental release of micropollutants including vanous DRCs and to assess ther human health nsk. I wall
present some details on the occwrrence and contamination status of micropollutants m the e-waste/ELV recycling
sites mn northern Vietnam and discuss toxic identification and evaluation m view of dioxin-like toxicities usmg
the dioxin receptor-CALUX in vinro bioassay. In addition, our recent results on targeted and non-targeted
analysis for DRCs and Cl-/Br-PAH:s mn soil from an e-waste bummeg site m Ghana will be reviewed.

Shin TAKAHASHI. PhD.

Associate Professor

Environmental Analytical Chemistry

Center of Advanced Technology for the Environment
Graduate School of Agnculture, Ehime Unrversity
3-5-7 Tarumi, Matsuyama 790-8566, Japan

Tel.: +81 89 946 9907

Fax: +81 89 946 9980

E-mail: takahashi shin mu@ehime-u ac jp

36



fif 7L 20 f LI AR SR

HIGH RESOLUTION ORIBITAL TRAPPING MASS SPECTROMETRY
MEASUREMENT OF PERSISTENT ORGANIC POLLUTANTS IN COW’s MILK

Hayward DG!. Archer JC?

1'US. Food and Drug Administration, Center for Food Safety and Applied Nutrition. 5001 Campus Dr. College
Park. MD 20740 USA

2 U.S. Food and Drug Administration. Office of Regulatory Affairs. 3900 NCTR Rd. Jefferson Ar. 72079 USA

Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs). dibenzofurans (PCDFs) and polychlorinated biphenyls (PCBs) are
classes of related environmental pollutants produced through diverse sources or industrial use and are known to
strongly bio-accumulate and produce multiple toxic endpoints in animals and humans!?. The 2.3.7 8-
tetrachlorodibenzobenzo-p-dioxin (TCDD) isomer has been classified as a group 1A human carcinogen by IARC?.
PCBs with dioxin-like properties are often measured with the PCDD/Fs. These three classes of chemicals are listed
as persistent organic pollutants (POPs) by the Stockholm convention designated for world-wide reduction in the
environment! The primary route of non-occupational human exposure to PCDDs and PCDFs is foods and animal
feeds®™ . Monitoring programs established are aimed to aid efforts to control contamination in foods and animal
feeds’. Central to these efforts are confirmatory methods capable of measuring these chemicals at low
concentrations 1n foods. We investigated an orbital trapping mass spectrometer for the measurement of PCDD/Fs
and PCBs at low concentrations in whole cow’s milk.

Materials and methods

Two calibration curves were constructed. One curve was prepared using Wellington Laboratory mixtures of all 17
native 2.3.7.8-substituted congeners and all 17 *Cy; labeled standards at concentrations of 0.1, 0.2, 1. 5, 10, 20 and
40 ng/mL for PCDD/F along with PCBs 77, 81, 126 and 169 at 1. 2, 5. 20, 100, 1000 ng/mL used only with
Maryland milks. The second curve uses the Cambridge Isotope laboratories (CIL) mixtures, EDF-9999-1-5, diluting
them 10 fold resulting in concentrations of 0.25. 1. 5. 20 and 100 ng/mL. PCBs 77, 81, 126 and 169 were added at
0.25,1, 5. 20 and 100ng/mL. Whole cow’s milks from 3 commercial sources in Arkansas, USA were fortified 6
times near the maximum level allowable by EU (2.5 pg PCDD/F TEQ/g fat) and 6 unfortified milk portions (90-
100g each) 2 each from the 3 sources were also analyzed. Whole milk samples from 3 commercial sources in
Maryland USA. were collected and measured. The Arkansas whole milks were extracted using a Gerhardt
Hydrotherm™¥/Soxtherm™ using 90-100g milk. 20 mL ethanol and 0.5g sodium oxalate and processed with 2M
sulfuric acid using a Hydrotherm™/Soxtherm™ system. Fat obtained was removed by GPC followed by multi-
layered silica columns. Final PCDD/F separation was performed with HPLC employing a 2-(1-pyrenyl)ethyl silica
(PYE) column. The PCDD/Fs fraction was reconstituted in 10 puL of nonane®. Whole milks from Maryland were
extracted using hexane/diethyl ether after addition of ethanol and sodium oxalate following a previously described
method* Whole milk extracts from Arkansas milks were measured using a Micromass AutoSpec Premier high
resolution mass spectrometer a double focusing instrument (sector) with an Agilent 7890A gas chromatograph(GC)
equipped with a 4 mm ID split/splitless liner with 1uL injections onto a 60 M x 0.25 mm ID DB-5ms column®. All
milk extracts from Arkansas and Maryland. USA were measured using a TRACE 1300 GC coupled to a Q-Exactive
mass spectrometer (QE) (ThermoFisher, San Jose, CA, USA). The GC column was a 40 M x 0.18 mm DB-5ms with
a split/splitless injector, 4mm ID Restek sky liner. Two pLs were mjected sphtless at 300° C. GC was programmed
from a starting temperature of 120 °C which was held for 2 min prior to ramping at 20 °C /min. to 200 °C. It was then
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ramped at 5 °C /miun. to 240 °C and held for 12 min. before ramping at 10°/min. to 280° C with a final hold time of 10
min. The QE was operated in full scan SIM mode with 6 quadrupole filters. Settings used were 285-340. 300-340,
335-354, 335-380. 369-410, 435-480 m/z. An offset of -2 V was set between the source and the C-Trap. Other
electron 1onization source parameters were default including 70 eV. 50 pamps emission current, 1EG target. AGC.
No lock masses were used. Transfer line and source temperatures were 250 °C and 300 °C, respectively.

Results and Discussion

Table 1 provides the TEQs measured by the sector and QE for PCDD/Fs. PCB-81. 77. 126 and 169 mn Arkansas
milks. The TEQs for the PCBs agree closely with a range of 0.05-0.08 pg/g fat for the HRMS-sector and 0.05-0.07
pg/g fat for the QE. However, the PCDD/F TEQs were lower with the QE (0.06-0.22 pg/g fat upper bound) than the
sector (0.19-0.38 pg/g fat). The sector identified PeCDD and 2.3 4.7 8-PeCDF 1n all milks, while QE found only 2
of 6 mulks extracts with these congeners identified (ion ratios within +£15% of theoretical). The QE did not detect
any signals for TCDD. TCDF or 1.2.3.7.8-PeCDF 1n the unfortified milk unlike the sector which measured these
congeners in nearly all milks (data not shown). Five of the six Arkansas milks by QE failed the upper bound/lower
bound criteria’ of +30% for the PCDD/F TEQ. For milks collected in Maryland. USA. PCDD/Fs and PCBs were
measured using the QE only (Table 2). PCDD/F TEQs were 0.19-0.54 pg/g fat the QE (Table 2) in a similar range
to Arkansas milks measured the by the sector (Table 1). All the PeCDD/Fs and HxCDD/Fs were measurable in all
Maryland milk by the QE with 1sotope ratios £15%, except 1,2.3.7.8.9-HxCDF(not detected). All these milks passed
the upper bound/lower bound criteria. All milk PCDD/F TEQs from the Arkansas or Maryland were 5-12 times
below the maximum limit set by the EU. The results from the two mstruments were comparable for the milks
fortified near the current EU maximum limit for PCDD/Fs (2.5 pg/g fat TEQ). Mean congener amounts were
between 76-116% of theoretical with 1-28 relative standard deviations (RSDs) using the QE while the sector was
99-112% and 1.5-13 RSDs. TCDD, TCDF 1,2.3,7.8-PeCDF amounts by the QE were lower due to evaporation
losses during and after multiple injections in the sector and APGC (Table 3). The mean amounts of PCDD/F TEQ
measured in the fortified milks were nearly the same using either imnstrument (9.3 and 9.9 pg) (Table 3). The milk
cleanup aided QE measurements in the fortified milks by maintaining low noise and interference in the TIC.
Nevertheless, HpCDD was observed co-eluting with an unknown compound that produced a 0.8 minute wide
response in the TIC of most milk samples. The peak was 1000 times larger than the labeled standard with a fragment
1on at m/z 423.17 close to the native HpCDD mass of 423.7767. The presence of this compound may be responsible
for a lower than expected result for one fortified HpCDD measurement increasing that congener’s RSD.

References:

1 http://chm.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx
Polychlorinated dibenzo-p-dioxins and Polychlorinated dibenzofurans; IARC Mongraphs on the Evalutation
of Carcinogenic Risks to Humans; IARC Press: Lyon, France, 1997 Vol 69.

Travis CC, Hattemer-Frey HA (1991) Sci. Total Environ, 104 97-127.

Hayward DG (1997) Chemosphere, 34 929-939.

Malisch R. Kotz A (2014) Sci. Tot. Environ, 49 2-10.

Archer JC. Jenkins RG (2017) J. Chromatogr. B, 1041-1042 70-76.

Malisch R. Baumann B. Behmisch PA. Canady R, Fraisse D, Furst P, Hayward D, Hoogenboom R,
Hoogerbrugge R. Liem D, Papke O, Wiesmuller T (2001) Organohalogen Compounds, 50 53-58.

N

N o s w

38



Table 1. Duplicate measurements for milks collected from three commercial sources (1. 2 and 3) in Arkansas (Ar).
USA. Toxic equivalency (TEQ) expressed in pg/g fat for PCDD/F (D/F) and PCB-TEQ shown separately. TEQs are
upper bound, split extracts.

Sector QE

Total Total
Milk IDs D/F-TEQ PCB-TEQ TEQ D/F-TEQ PCB-TEQ TEQ
Ar-S1 0.19 0.08 0.28 0.10 0.07 0.16
Ar-S1 0.22 0.09 0.31 0.09 0.07 0.13
Ar-S2 0.32 0.05 0.37 0.19 0.05 0.21
Ar-S2 0.32 0.05 0.37 0.17 0.05 0.20
Ar-S3 0.32 0.06 0.39 0.22 0.06 0.28
Ar-S3 0.38 0.06 044 0.16 0.05 0.19
Means 0.29 0.07 0.36 0.15 0.06 0.20

Table 2. Repeat measurements from whole milk collected from three commercial sources (A, B and C) in Maryland
(MD), USA. Toxic equivalency (TEQ) expressed in pg/g fat for PCDD/F (D/F) and PCB-TEQ shown separately.
PeCDD/Fs and HxCDD/Fs were measured in all milks with 1on ratios £15% of theoretical. TCDD/Fs were
measurable in 4 of 7 milks with 1on ratios +£15% of theoretical.

QE

Total
Milk IDs D/F-TEQ PCB-TEQ TEQ
MD-A1l 0.36 0.22 0.57
MD-A2 0.33 0.10 043
MD-B1 0.40 0.17 0.57
MD-B2 0.33 0.09 0.39
MD-B3 0.19 0.07 0.24
MD-C1 0.34 0.10 043
MD-C2 0.54 0.17 0.71
Means 0.36 0.13 048
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Table 3. Mean measurements for whole milk fortifications i pg. relative standard deviations (RSD) and % of
theoretical spike (n=6) whole cow’s milk from Arkansas. USA (90-100 g portions) fortified with 0.8. 4 or 8
pg/sample depending on the specific congener (see below) as measured by QE and Sector. For TCDD/F. PCB-77,
81 n=3 and 1.2.3.7.8-PeCDF n=4 with QE. Split extracts

QE Sector

Fortified
Mean™ RSD % Mean™ RSD % Amount(pg)
Theor. Theor.
2.3.7.8-TCDF 061" 1.0 76 0.83 1.1 103 0.8
1,2.3,7.8-PeCDF 35 17 86 43 22 108 40
2.3.4,7.8-PeCDF 43 44 109 42 5 | 105 40
1.2.3.4.7.8-HxCDF 39 3.1 97 43 2.3 108 40
1,2.3,6.7.8-HxCDF 39 34 97 42 38 104 40
2.3.4.6.7.8-HxCDF 42 17 104 43 2.7 109 40
1,2.3,7.8.9-HxCDF 38 5.0 95 41 28 102 40
1.2.3.4.6.7.8-HpCDF 40 11 100 42 2.2 104 40
1,2.3.4.7.8.9-HpCDF 4.0 25 99 44 15 110 40
OCDF 6.7 46 84 9.1 6.7 114 8.0
2.3.7,8-TCDD 0.64 7.7 80 0.86 34 108 40
1.2.3,7.8-PeCDD 43 54 109 - 5.3 109 40
1.2.3.4.7.8-HxCDD 42 59 104 43 38 107 40
1,2.3.6.7.8-HxCDD 3.7 15 92 42 59 106 40
1.2.3.7.8.9-HxCDD 41 74 104 45 5.1 112 4.0
HpCDD 46 22 116 4.0 38 99 40
OCDD 1.7 28 96 85 7.7 106 8.0
TEQ pg spike 9.3 99 9.1
PCB-81 41 21 102 46 43 114 40
PCB-77 40° 83 105 42 13 104 40
PCB-126 41 9.3 101 46 40 116 40
PCB-169 42 21 108 44 3.3 110 40
*Corrected for unfortified mulk

~n=41.2.3.7.8-PeCDF: n=3 for TCDD/F, PCB-81. 77
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A GCxGC-HR-TOFMS with Enhanced Sensitivity: Targeted and Non-Targeted
Analysis of Highly Complex Environmental Samples

Artaev V!, Lebedev A2

11 ECO Corporation, St. Joseph, MI, USA. 49085
ZOrganic Chemistry Department. Lomonosov Moscow State University, Moscow. Russia. 119991

Gas chromatography coupled with mass spectrometry provides one of the best analytical tools which
combine selectivity. sensitivity. reliability. and information capacity for both targeted and non-targeted
methods of environmental analysis. The GC-MS identification of known compounds of interest and the
structural elucidation of unknown compounds becomes considerably more reliable if accompanied by
accurate mass measurements while using High Resolution Mass Spectrometry (HRMS). When analyzing
real-life samples in a complex matrix. a high number of analytes of interest with a wide range of
concentrations are likely present. Consequently, a significant increase in chromatographic peak capacity 1s
required which can be realized by the use of comprehensive GCxGC.

A ultrahigh resolution TOF mass spectrometer with a Folded Flight Path TOF Mass Analyzer was used in
this study. This instrument has resolving power up to 50.000 and 1s capable of acquining up to 200 full
spectra/s, which matches the requirements for optimal GCxGC analysis [1]. The novel data acquisition
technique. Encoded Frequent Pushing (EFP™ ). was implemented to significantly increase sensitivity of the
instrument.

Several sample sets were analyzed. including Arctic ice and city snow. The environmental samples were
prepared 1n according to EPA Method 8270. The analysis was performed using 1D GC and GCxGC methods.
and the data were processed using ChromaTOF software which includes features such as High Resolution
Deconvolution, Advanced Spectra Analysis Tool and others which provide detailed and accurate results.
GCxGC allowed significant (~10 times) increase of peak capacity and improved chromatographic separation
of analytes, which are known to be difficult to separate by single dimension GC. But even when analytes
were coeluting. accurate mass information allowed reliable elucidation [2].

References:
1. www.leco.com/products/separation-science/gexge-tofms/pegasus-ge-hrt-4d
2. Lebedev A, et al. Analyst (2013). 138, 6946-6953
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Variable energy electron ionization enhances the sensitivity and selectivity of brominated
flame retardant analysis by GC/MS and GC x GC TOF/MS

Abdallah MA Fang T. Ganc1 AP, Salim A, Stark C, Hamrad S

University of Bumingham School of Geography, Earth and Environmental Sciences, Bumingham B15 2TT, UK

Introduction

In the last few years, several studies have reported on the identification. detection and gquantification of
several “novel” brominated flame retardants (NBFRs) used as replacements for the banned PBDE
formulations [1]. Quantitative methods for analyszis of PBDE: and NBFR:s mn different environmental
matrices are based mainly on GC/MS or LC/MS. Cumrently, GC/MS methods apply mainly negative
chemical 1onization (NCI) for analysis of a broad range of BFRs due to the inherent lack of sensitivity
associated with electron 1omization (EI) for the heavier, highly brominated compounds (e..z. BDE-209 and
DBDPE). Thiz mamly attnbuted to extensive fragmentation of the highly brominated compounds under EI
conditions resulting in low intensity fragments. However, the use of NCI for analysis of BFRs relies mamnly
upon monitoring the most intense bromine fraction (m/z = 79, 81) resulting in a lack of selectivity and
increased dependence on chromatographic separation. Moreover, this precludes the use of '*C-labelled
1somers as internal standards for the compounds monitored at [Br]™ [2].

To address this 1ssue, we investigated the application of vanable energy electron iomization accompanied
with enhanced 1on focusing to achieve softer (1.e. less fragmentation) 1onization of the heavier brominated
compounds using the EI source. The optimized source parameters were then applied for determination of 25
tri- to deca- brominated BFRs (including 12 PBDES:s) in standard mixtures and indoor dust samples.

Materials and methods

25 legacy and novel BFRs were analyzed using 2 ThermoFisher Trace 1310 gas chromatograph coupled to a
ThermoFisher ISQ mass spectrometer (MS) operated in electron ionisation mode. 1 uL of sample was injected
using a programmable temperature vaponser (PTV) onto a Restek Rxi1-5511 MS column (15 m x 0.25 mm x
0.25 pm film thickness). The injection temperature was set at 92 °C, hold 0.04 mun, ramp 11.7 °C /sec to 295
°C, hold 20 nuns. Injection was performed under a pressure of 0.19 bar until 1 min and purge flow to split vent
of 50 mL/min The GC temperature program was 50 °C, hold 0.50 mun. ramp 20 *C/mun to 250 °C, ramp 5 °C
/mun to 270 °C, ramp 20 *C/mun to 305 °C, hold 12 min Helium was used as a camier gas with a flow rate of
1.5 mL/oun.

For the GC x GC TOF/MS platform, samples were also analyzed on an Agilent 7890B GC equpped with a
Zoex ZX2 thermal modulator. The 1st column was a 30 m SGE BPXS, followed by a shorter 4 m SGE BPX50
column in the 2nd dimension. This system was interfaced to a Markes BenchTOF -Select platform. Data files
were processed using GC Image™ Version™ 2 5.

Results and discussion

1- Tuning source parameters

The low senativity of highly brominated compounds (i.e. more than 6 Br atoms) on GC-EI-MS was mainly
attributed to extensive in-source fragmentation resulting in low mntensity molecular [M] + or major fragment [M-
2B1]" peaks [3]. Such extensive fragmentation 15 dwectly associated with the electron 1omization energy set at 70
eV by default. The use of this default value 15 explained by 2 maximum total ion cwrrent (TIC) produced due to
the matching between the de Broglie wavelength of the electrons and the length of typical bonds mn orgamic
molecules (about 0.14 nm) leading to the strongest possible 1omization and fragmentation [4]. However, a high
TIC 15 not beneficial with multiple low intensity fragments as observed with higher PBDEs. Therefore, we used
the advanced tuning tools to study the effect of lower electron 1onization energy (70-30 ev) on the fragmentation
pattern. It should be noted that 2 decrease in the 1omzation energy 15 accompanied by an undesirable scatter of the
produced 1ons [4]. Hence, our method involved simultaneous adjustment of the applied positive potential (15-35
KV) on the focusing lens to improve the 1on path and enhance the overall detector gam.

Representative results for 4 compounds with various levels of bromination are shown m Figure 1. While no
sigmficant increase in the chromatographic peak area was observed for the tetrabrominated BDE-47 (momnitored at
m'z = 483.7), substantial improvements in sensitivity were observed for the higher brominated BDE-183, BDE-209
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and DBDPE. Interestingly, both BDE-183 and BDE-209 were monitored at the major fragment [M-2Br]", while
DBDPE was monitored at [CsH;Brs] . This allows for the use of '*C-labelled 1sotopes as internal standards for
improved accuracy of quantification of these BFRs in real samples.

The GC x GC TOF/MS platform applies preset values to adjust the lens voltage accordmg to the reduced
ionisation energy setup. However, simular results were obtained with an optimum setup of 35 eV and 30 KV for
all the studied BFRs.
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Figure 1: Companson of peak areas of four bromunated compounds (BDE-47, BDE-183, BDE-209, DBDPE) at
different electron energy and lens voltage.

2- Fragmentation pattern

A significant change in the fragmentation pattern was observed under the optimised source conditions compared the
standard setup. A representative example 15 provided m figure 2. At 70 eV, the sensitivity for the nona-brominated
BDE-207 15 so low that a mass of 5 ng on column was needed to obtain a clear mass spectrum (Fig 2a) showing
extensive fragmentation with a very low mtensity at the molecular 1on peak and higher mtensity for the lower
molecular weight ion clusters. However, at 35 eV, much softer fragmentation 15 observed with higher intensity 1on
clusters at the molecular ion and [M-2Br]" peaks with only 50 pg on column While the ion cluster at [M-2Br]"
was used for subsequent quantification, the molecular 1on peak can be used to confirm identity of the analyte. The
enhanced semsitivity 1s accompanied with improved selectivity which is beneficial for identification and
determination of NBFRs which might co-elute with PBDEs in complex environmental matrices (e.z. BDE-28 and
pentabromotoluene or BEHTBP and BDE-197). This provides an advantage over GC-NCI/MS methods which
only momitor the [Br]” fraction and rely mainly on chromatographic separation and retention time for
identification of the studied BFRs.
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Electron inonisation mass spectrum of BDE-207 acquired at (3) 70 ev and (b) 35 ev.

Figure 2:

3- Separation and determination of PBDE:s and emerging BFRs

The efficiency of the separation and determination of PBDE and novel BFRs using the variable energy electron ionization GC-MS
technique was examined using a standard muxture of 25 compounds. Simultaneous separation of the 25 compounds and the internal
standards was achieved in 29 mm. The dwell time parameter was optimized between 0.03 and 0.2 5 m order to obtain good
chromatographic peaks (with at least 15 points per peak) securing satisfactory semsitivity for all compounds. The results of
separation of all the compounds are shown in Figure 3. The confirmation of analyte identity was established from GC retention
times and the most abundant 1on cluster from the full scan mass spectra. The retention times, quantifier and qualifier 10ns (m/z) for

the studied 25 analytes are presented n Figure 3.
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Figure 3: Chromatographic separation and characterisation of 25 BFRs (250 pg/pL mixture in isooctane).
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The sensitivity of the developed method was compared to the more commonly applied GC-NCI'MS analysis via
companson of the peak areas obtamned for each target analyte. Results revealed comparable sensitivities for the
lower brominated compounds. However, the peak area of DBDPE increased nearly fivefold in EI mode compared to
NCI. For other highly brominated compounds, the peak area also increased more sigmficantly such as BTBPE, 8
times increase in the peak area. compared to twofold for BDE2S. Interestingly, the peak area for BDE-209 was less
(0.8) than that obtamed with NCI analysis. Nevertheless, the signal to noise (S/N) ratton was higher for all the
studied analytes in EI mode due to less background interference at higher masses compared to the low masses
momnitored in NCI.

The method was finally applied for the analysis of NIST SRM 2585 dust using a previously reported extraction
procedure [5]. The obtained results m generally in good agreement with certified and previously reported levels for
the target BFRs in this SRM (Table 1).

Table 1: Average concentrations (ng/g) of BFRs in NIST SRM 2525,

Alietal Sahlstrom et al Cristale et al. Van den Eede et al
n=2[6] n=S[7] n=4[8] B=6[9]
(NCI/MS) (NCI/MS) (GC-EI-MS/MS) (NCT/MS)
BDE2S 35 3 469
BDE47 568 11 497
BDE® 016 19 892
BDE100 139 3 145
BDE153 130 6 119
BDE154 95 - 835
BDE183 38 2 43
BDE209 2368 211 2510
TEB 33 - 40 36(2.4) 35(6) 26(2)
BTBPE 57 7 E3) 393 9) 763) 39(13)
TBPH 618 25 652 1300(94) 857(73) 574(49)
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NATIONAL AND CONTINUOUS DIOXIN AIR MONITORING NETWORK IN
TAIWAN (2006-2016): SPATIAL, TEMPORAL VARIATION AND EMISSION
SOURCES APPORTIONMENT VIA POSITIVE MATRIX FACTORIZATION

Yang YS*. Yang HY", Huang WS*, Hsu YC2, Tsai HT?, Chi KH

Institute of Environmental and Occupational Health Sciences, National Yang Ming University, Taipe: 112,
Taiwan; “Environmental Analysis Laboratory, Taiwan EPA, Chungli 320, Taiwan; *Department of Air Quality
Protection and Noise Control, Taiwan EPA_ Taipei 100, Tarwan.

Introduction
Polychlornated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are formed and released unintentionally from
anthropogenic sources, and may be transported long distances to other environmental compartments, so the
atmosphere is a major pathway for the transport and deposition’. Due to the reasons, it is important to monitor the
ic PCDDFs concentrations and evaluate the potential sources. The Environmental Protection
Administration of Taiwan established the ambient dioxin air monitoring network in 2006. The objective was to
determine the concentrations of PCDD/Fs of different regions in Taiwan. Recently. the momtoring of atmosphernic
dioxin 1s just in the representative areas, including the industrial areas and adjacent areas. Furthermore, the winter
monsoon and dust storm event not only brings cold air but also transports air pollutants and dust over long
distances from mainland China to Taiwan* >, Receptor models are statistical methods to analyze the relationship
between receptor sites and emussion sources. Positive Matnx Factonzation (PMF) is a multivanate receptor
method and 1t was developed by Paatero and Tapper in 1994* The PMF statistical results can be interpreted
quantitatively and estimate the relative confribution of the various possible sources. Applications of PMF receptor
modeling have been widely employed m air pollution and sediment pollution studies **. The objective of this
study is to determine the concentrations and congener profiles of atmospheric PCDD/Fs and to identify the spatial
and temporal charactenstics, moreover, estimate the relative contribution of various emission sources by applymng
the PMF receptor modeling to apportion of PCDD/Fs in atmosphernic in Taiwan.

Materials and methods

The Emvironmental Protection Administration of Taiwan established the ambient dioxin air momtoring network n
2006. Ambient air sampling was conducted from 2006 to 2016, and there are 86 air momtoring stations at different
regions in Taiwan (Fig.1), 26 stations in northem. 8 stations m northwestem. 14 stations in central, 12 stations in
southwestern, 19 stations in southern, 3 stations in northeastern. 3 stations in eastern and one background station in
Mt Lulin (2,862 m above mean sea level). Based on the Tarwan EPA standard method (NIEA AS809.11B),
ambient ar samples for both PCDD/F compounds and total suspended particles were collected using high-volume
sampling tramns equipped with quartz fiber filters for collecting sohd-phase PCDD/Fs. Polyurethane foam (PUF)
plugs were used to retam PCDD/F compounds in the vapor phase. In this study, the analysis tool was used to
reconstruct plausible contamination source of PCDD/F fingerprint patterns and calculate fraction contribution of
plausible sources with PMF that is a receptor model and a nmltivariate method. The PMF 5.07 was used in this
study which is provided by US EPA, to establish and analysis of the data set.

Results and discussion
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Amnual vanations (2006-2016) m atmosphenic PCDD/Fs I-TEQ concentrations measured at all stations in Taiwan
were shown in Fig.2. The mean concentrations decreased gradually. particularly duning 2010-2013. The annual
mean concentrations were 48.1=44 and 31.7=31 fg I TEQ/m® in 2007 and 2016, respectively, decreasing of 35%
in ten years. From 2006 to 2016, the annual mean concentrations of PCDD/Fs for all regions was shown in Fig 3.
At different regions, there was the highest and lowest concentrations m central Tarwan and background station at
Mt Lulin, respectively. The median concentrations of dioxin for other regions were 16.0 (n=193). 24.0 (n=116),
38.0 (n=165), 41.0 (n=190), 40.0 (n=147), 13.5 (n=38), 11.0 (1=69) and 147 (n=185) fg I TEQ/'m’ in northem,
northwestern. entral, southwestern, southem. northeastern, eastem and background station. respectively. The
average concentrations of PCDD/Fs at all regions in Tarwan were lower than the Japanese annual standard (600 fg
WHO-TEQ/nr’)® and the national Germany target value (150 fg I-TEQ/m’). The seasonality of PCDD/Fs in
atmosphenic in Taiwan, where the levels in autumn and winter were higher than which m spring and summer
(Fig.3). The mean concentrations were 31.5228.5, 26.5£23.0, 37.3233.2, and 61.5483 fg [-TEQ'm’ in spring,
summer, autumn, and winter, respectively. Due to the increase of industrial activities and the seasonal variations
were the likely causes. Fig. 4 demonstrated that the distnbution of OCDD, OCDF, 1.2.3.4.6.7.8-HpCDF at all
regions in Taiwan, which accounted for 50-60%. The factor numbers of PMF model in Taiwan and in the
different regions are presented m Table 1. respectively. The factor mumbers selected could adequately reproduce
the data set. The PCDD/F fingerpnint pattems of the plausible sources (factors) n Tatwan was generated by PMF
model. In Taiwan, the dioxin emussions from different stationary sources had been monitored by Taiwan EPA
since 1999. The results indicated that the high abundances of PCDFs in the stack gas were observed m sinter plant
and electric arc fumace (EAF). moreover, the difference between them were the amounts of PCDDs which were
significantly hugher in EAF compared to sinter plant emission. The difference between the mmicipal solid waste
mcmerator (MSWI) and the mdustnal waste incinerator (IWT) were the proportion of PCDFs. Generally, the
abundances of PCDFs in IWIs were higher than in MSWIs m Taiwan On the other hand the secondary
aluminum smelt plant (SAS) was charactenized by higher amounts of OCDD, OCDF and 1,2.3.4.6,7.8-HpCDD,
and the amount of PCDFs were higher than PCDDs. In contrast to SAS, the secondary zinc smelting plant (SZS)
was characterized by higher amounts of OCDD, 1,2.3.4.6.7.8-HpCDD, 1.2.3.4.6,7.8-HpCDF, and the amount of
PCDDs were higher than PCDFs™. The PCDD/Fs in stack gases from cement kilns (CK) wearcharacterized by
amounts of 1.2.3.4.6.7.8-HpCDF. 2.3.7.8-TCDF, 1.2.3,7.8-PeCDF, and 2.3 4.7.8-PeCDF, and the amount
of PCDFs were higher than PCDDs. Kuo'® investigated the characteristics of PCDD/Fs in stack-flue gases from
coal-fired power plants in Taiwan indecated that characterized by huigher amowmts of OCDF, OCDD.
1.2.3.4.6.7.8-HpCDF. and 1.2.3.4.6.7.8-HpCDD. and the amount of PCDFs were also higher than PCDDs. Based
on the previous atmospheric measurements dunng the long-range transport (LRT) events - such as winter monsoon
and dust storm event™", the similar features of the atmosphenic PCDD/F profiles can be observed. The results
indicated mainly domunated by the high-chlonnated PCDD/F congeners of OCDD. 1.2,3.4.6.7.8-HpCDD,
1.2.3.4.6.7.8-HpCDF. and OCDF. moreover. the fraction of total PCDFs were higher than the total PCDDs. Black
et al ' indicated the characteristics of PCDD/Fs from open buming and biomass burmning (BB). indecated that
charactenzed by hgher amounts of PCDFs and PCDDs, respectively. Considening these observations, n this
present study. those factors were hypothesized to describe the individual contnibutions. The result mdicated that
the major contributors were EAF (50.8%). LRT (25.0%), MSWLTWI (14.2%). BB (9.2%). and sinter plant
(0.81%) m Tarwan From 2006 to 2013, the major contributors were EAF (33.3%~67.5%), MSWLTWI (9.1%~
44.1%), LRT (1.7%~36.7%) m Taiwan_ In addition. the candidate sources conmbuted to atmosphenc PCDD/Fs at
different regions in Taiwan were listed in Table 1. For different regions, the major contributors were MSWI
(62.9%). EAF (60.1%), EAF(69.5%), IWI (62.6%), EAF (55.7%). LRT (51.9%), and co-combustion (86.1%) in
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northem. northwestern, central, southwestern. southern, northeastern. eastern and background stabon m Taiwan,
respectively. The PCDD'F concentrations tended to decrease, but there were high concentration observed
particularly mn central Tarwan. It is important to continuous momtoring at the regular and futher control m
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Table 1. The possible sources contributed to atmospheric PCDD/Fs at different regions in Tarwan.

Candsdate  Contribution i Candidate Contnibution
Regions  Factor . Regions  Factor .
source (%) source (%)
A MSWI 629 A BB 232
Northern B EAF 19.6 Southwestern B Power plant 141
C LRT 17.5 C IWI 626
A EAF 60,1 A LRT 519
Northwestem B MSWI 17.5 Northeastem B EAF 42
C LRT 224 C MSWI 337
A Power plamt 153 A Co-combustion 6.1
Central B EAF 69.5 Eastem B CK 54
C MSWI 15.1 C BB 53
A SAS 219 A - -
T 4 &
Southern ? [\l\; \l: Background B Open-B 254
D Sinterplant 12 il s B
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Introduction

Polychlornnated dibenzo-p-dioxins (PCDDs), polychlorninated dibenzofurans (PCDFs) and polychlornnated
biphenyls (PCBs) have been recognized as highly toxic and ubiquitous environmental contaminants. They have
structure-related toxicity at low exposures and hence sample preparation and instrumental quantification requires
determination of individual congeners at very low levels (ppb and ppt). For this reason sample preparation
involves sophisticated and delicate multistage steps. which can also require several days. In the last few years a lot
of effort has been expended 1n the development of high throughput methods to increase lab productivity and food
safety. in the context of enhanced capacity to cope with potential dioxin crises [1]. In this paper. two Gas
Chromatography coupled with High Resolution Mass Spectrometry (GC-HRMS) alternative acquisition methods
have been developed for confirmatory analysis of Dioxins and PCBs in biological samples (food. feed and serum).
The first method proposed uses a classical GC method and Dual Data Acquisition, a new system developed by
Thermo Fisher Scientific. (Bremen, Germany). The second method i1s based on Fast GC using smaller and
narrower chromatographic columns. Both methods increase lab productivity while maintamning similar
performance of our ISO17025 validated method for the confirmatory analysis of Dioxins and PCBs 1n biological
matrices. When coupling one of these acquisition methods with high throughput sample preparation already
available in our lab [1]. the quantitative analysis of one sample can be completed within 4 hours.

Materials and methods

Sample preparation in our laboratory provides two fractions per sample. one containing regulated PCDDs. PCDFs
and coplanar-PCBs (co-PCBs, #77. 81. 126, 169). here referred to as “Dioxin fraction”, and the other one
containing mono-ortho (MO-. #105, 114, 118 123, 156, 157. 167. 189) and indicator (I-. #28. 52, 101, 138, 153,
180) PCBs, here referred to as “PCB fraction™. Analytical methods were developed accordingly. Nonane puriss
analytical-reagent grade standard for GC. purchased from Fluka (Steinheim Germany) was the injection solvent.
A six point calibration curve for PCDD/Fs and co-PCBs. ranging from 0.05 to 10 pg/uL for Tetra- and Penta-
congeners, was prepared from the following standard solutions: native PCDD/Fs and native co-PCBs standards
were respectively the NK-ST-B4 and the BP-CP81 solutions. both purchased from Wellington (Wellington
Laboratories. Guelqh_ Canada); BC-labelled internal standard (ISTD) for PCDD/Fs and co-PCBs was the EDF-
4144 solution and “*C-labelled recovery standard (RS) was the EDF-4145, both obtained from CIL (Cambridge
Isotope Laboratories, Tewksbury. Massachusetts. United States). The EDF-4144 standard was also diluted and
used as spiking solution for the quantification of native congeners with Isotope Dilution (ID) mass spectrometry:
while the EDF-4145 was diluted and used to assess recoveries. An eight point calibration curve for MO- and I-
PCBs. ranging from 0.4 to 140 pg/uL. was prepared using the following standards: EC-4987 (native MO-PCBs).
EC-5179 (native I-PCBs). EC-4058 (**C-labelled ISTDs for I-PCBs) and EC-1414 (“C-labelled PCB 80 RS) were
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purchased from CIL. and MBP-MXK “C-labelled ISTDs for MO-PCBs was obtained from Wellington. C-
labelled ISTD solutions and “C-labelled PCB 80 RS solution were diluted and used to quantify the native
compounds and assess recoveries for this fraction. GC-HRMS was used for the identification and quantification of
all the congeners. For all the experiments in this study. a Double Focusing Sector (DFS) mass spectrometer from
Thermo was connected by two heated transfer lmes (270°C) to two GCs (Trace 1310 Series). each one provided
with Split/Splitless (SSL) injector and connected to a TriPlus RSH autosampler. The HRMS instrument was
operated in selected 1on monitoring (SIM) mode with mass resolution at least 10.000 at a 10 % valley. using
Perfluorotributylamine (PFTBA or FC-43) as the reference compound. The 1on source was maintained at 260°C.
Each chromatographic peak was defined by the acquisition of a minimum of 10 mass spectra. For part of this
study. Dual Data Acquisition modules were installed on each GC. A DB-5ms 60 m x 0.25 mm x 0.25 pm column
from Agilent (Agilent Technologies, Santa Clara, California United States) was used to separate PCDD/Fs and co-
PCBs. Injection volume was 1 pL and the SSL injector was operated in splitless mode at 290 °C. with split flow
70 mL/min for 2 minutes and purge flow 5 mL/min. Helium carrier gas was maintained at constant flow rate of 1
ml/min. The oven temperature was maintained at 120 °C for 5 min. ramped at 25 °C/min to 250 °C and held for 5
minutes. then ramped at 2.5 °C/mun to 285 °C for 16 minutes. and eventually at 10°C/min to 300°C for 5 minutes.
The total temperature program took 51.7 min. An HT-8 25 m % 0.22 mm * 0.25 um column from SGE (by Trajan
Scientific and Medical, Ringwood, Victoria, Australia) was deployed for the separation of MO- and I-PCBs. A
volume of 1 puL was injected 1n splitless mode at 290 °C, with split flow 70 mL/min for 2 minutes and purge flow
5 mL/min. Helium was used as the carner gas at constant flow rate of 0.8 mL/min. The oven temperature was
maintained at 140 °C for 2 min. ramped at 15.0 °C/mun to 220 °C held for 7.5 min, ramped at 6.0 °C/mun to 250
°C. ramped at 2.0 °C/min to 265 °C, and finally ramped at 28 °C/min to 320 °C, for a total separation time of 30
min. In this instance. mass spectrometric traces of two 1ons. for each native, BC-labelled ISTD and RS compounds
were recorded in SIM. For the Fast GC expeniments, both Dual Data modules were disconnected from the GCs.
An Rtx-520 m x 0.18 mm x 0.20 pm column from Restek (Bellefonte, Pennsylvania. United States) was used for
PCDD/Fs and co-PCBs. A volume of 0.7 uL was injected on the SSL injector in splitless mode at 290 °C, with
split flow 70 mL/min for 2 minutes and purge flow 5 mL/min. Helium carrier gas was maintained at constant flow
rate of 1 mL/min during all the temperature program reported in Table 1 (left side), for a total run time of 17
minutes. For the PCB fraction. an HT-8 10 m * 0.10 mm * 0.10 pm column from SGE was deployed. Injection
volume for this narrow bore column was 0.3 uL. SSL injector was heated at 290 °C and working 1n splitless mode
at 70 mL/min for 2 minutes and purge flow of 5 mL/min. Helium carries gas flow was 0.45 mL/min during the
temperature program reported in Table 1 (right side). for a total run time of 11.5 minutes.

Table 1: Temperature programs for the analysis of Dioxins (left) and PCBs (right) in Fast GC

Dioxin Rate Temp |Hold time PCB Rate Temp |Hold time
fraction | (°C/min) °C) (min) fraction | (°C/min) °C) (min)
Initial 120 1.3 Initial 60 0.35

1 60 225 2.8 1 45 200 0

2 20 232 1.6 2 5 215 0

3 30 245 0.8 3 7 235 0

- 2.5 253 0 - 20 255 0

5 20 283 2.5 5 40 300 0

6 80 310 0.5
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Results and discussion

Dual Data Acquisition: The Dual Data module consists of a switching valve where two columns are connected:
the chromatographic column and a restriction. where only Helium as the carmer gas 1s flowing. The valve is able to
divert the flow entering the 1on source: during method waiting time (from the injection to the elution of the first
analyte) pure Helium enters the 1on source and column flow 1s directed to the purge. As soon as the first eluting
compound approaches, the Dual Data valve switches and diverts column flow into the ion source for MS
acquisition (measuring time). and Helium from the restriction to the purge. DFS equipped with two GCs, both with
Dual Data modules. allows optimization of the acquisition rate. as the waiting time of one method overlaps with
the measuring time of the other method, and vice versa. As described in the Matenials and Methods section, in this
case, the DB-5 60 m column and HT-8 25 m column were used for the analysis of Dioxins and PCBs respectively.
The two chromatographic methods used in these experiments were part of an already validated procedure for the
analysis of Dioxins and PCBs in biological matrices in our laboratory with proved chromatographic performances
for biological matrices [2]. In particular, our Reference chromatographic method for the Dioxin fraction was
divided into ~15 minutes waiting time and 37 minutes acquisition time; while the method for PCBs consisted of
7.5 minutes waiting time and 17.5 minutes acquisition time. Thus the total run time required per sample (two
fractions) was around 76.7 minutes and 18 samples could be run per day. The introduction of the Dual Data
Module allowed the measurement of one sample in 54.5 minutes and 26 samples per day, with almost 45 %
productivity increase (Table 2). The Dual Data modules did not exert a discernible effect on peak shape and
calibration curves. while procedural blanks and Quality Control samples (QCs. prepared in house) injected when
modules were installed gave comparable results to our classical acquisition method. Full validation of the method
involving Dual Data modules was not carried out, but our results showed that this new technology 1s valuable tool
for faster quantification of Dioxins and PCBs 1n biological matrices.

Fast GC: Fast GC methods, using a shorter and narrower column, were developed for high throughput analysis of
PCDD/Fs and PCBs. No Dual Data module was installed in this set of experiments, because preliminary results
showed poorer peak shape quality for these sharper peaks. Chromatographic resolution with such columns was
lower in comparison with our classical acquisition method. but it was still fit-for-purpose. Possible MS
interferences were resolved chromatographically, making sure that all >C-labelled PCDFs were separated from all
native Dioxins. as well as co-PCBs (#126 from Tetra compounds and #169 from Pentas). GC separation of
1.2.3.4.7.8- HexaCDF and 1.2.3.6.7.8-HexaCDF 1somers was better than 25 % peak to peak. as required by the EU
Regulation for food and feed matrices [3] (Figure 1). The method developed for PCB fraction assured the
separation of tri-chlorinated CBs, like #31 and 28. as well as of Penta-chlorinated congeners such as #163 and 138,
and 123 and 118. Also the hexa-chlorinated CBs #156 and 157 were completely resolved. The DFS analyzer was
required to work with high acquisition frequency because of peak squeezing. To assure the acquisition of at least
10 ponts for each chromatographic peak. two 1ons were recorded for each native compound, but only one for the
BC-labelled ISTD and RS. as their concentration was between 5 to 50 times higher than native compounds in the
calibration range. Dwell times for each congener were optimized to achieve the highest sensitivity while retaining
good peak shape. Peak squeezing also improved the Signal-to-Noise ratio (S/N). allowing the detection of 19 fg
TCDD on column, with S/N 202 (Figure 2). LOD and LOQ calculation 1s still ongoing. but they are expected to be
lower than for our reference method. A six point calibration curve was injected for both fractions. and Relative
Response Factor (RRF) relative standard deviation (RSD) was lower than 15 % for all the congeners. as required
by EU Regulation. Fast GC methods allowed the analysis of a single sample, both fractions, 1n 28.5 min, and
hence 50 samples per day. Productivity increase using Fast GC could be up to 177 % (Table 2).

52



*C,, TCOF

C,, HxCDFs
TCDO Guant ion
| <25% overdapping
15C,, TCDD
HxCDDs
PCB 126

Figure 1: Chromatographic separation of Tetra- and Hexa-CDD/Fs using Fast GC
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Figure 2: Signal of 19 fg of TCDD on Rtx-5 column analysed in Fast GC

Table 2: Comparison between productivity using our Reference method. Dual Data method. and Fast GC method

Time/single sample(min) Number of samples/day | Productivity increase
Reference method 76.7 18
Dual Data method 54.5% 26 ~45 %
Fast GC method 28.5 50 ~177 %
* First sample of the series 62 mun (waiting time of the first injection, 7.4 min, cannot be saved)

Full validation of the Fast GC method 1s still ongoing. but these results show this technique could be used for the
confirmatory analysis of Dioxins and PCBs in biological matrices.
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Integration of polybrominated diphenyl ethers (PBDE) and other brominated compounds into the
automated sample preparation for dioxines and PCBs.

Introduction

Polybrominated diphenyl ethers (PBDE) are almost omnipresent persistent contaminants of the environment and
subszequently food and feed. Due to their physico-chemical properties, they have been used as flame retardants.
Dhfferent to other persistent organic pollutants (POPs) hike dioxins and PCBs, overall PBDE concentrations have
been increazing withm the last years. Histonically, the use of PBDE as flame retardants has tremendously increased
smce the early 19705 but thewr commercial production and use of PBDE mixtures has been banned mn the EU since
2004 by the EU Restriction of Hazardous Substances (RoHS). In 2008 the use of BDE-209 in electronics was
stopped. Although, the ban on PBDE and other bromuinated flame retardants (BFR) has been in place for some years,
the continuous use of brominated substitutes as well as the gradual disposal of old products contaiming BFRs ensure
a sigmificant source of these contaminants for the future years. The global matenal cycle mevitably spreads PBDE
and other brominated compounds into the environment. This subsequently lead to human consumption and
mtoxication of liver. thyroid hormone homeostasis, as well as the reproductive and nervous system [1, 2]. Moreover,
many questions regarding ecotoxicological relevance have not been answered vet [3]. According to the 2011
Ewropean Food Safety Authonty (EFSA) report [1] mulk and dairy products belong to the most contaminated food
categones, vet. also baby food contains a vast vanety of ingredients of different ongins and 15 under extraordinary
control. Although, the eight BDE-congeners are of interest, only four of them dernved a benchmark dose by EFSA.
As PBDD/Fs, the bromunated counterparts of PCDD/F, can be subsequent decomposition products of PBDEs further
surveillance 15 urgently required. Besides the analytical questions of accuracy and precision, also economuc factors
e.g. working time, solvent consumptions and consumables are important aspects in daily laboratory work. Hence, a
wide-range of matrices covenng and reliable but cheap method had to be developed, to analyse a broad vanety of
PBDE congeners and other brommated compounds simultaneously to PCB, PCDD/F but also PBEDD/F compounds.
The first step of developing an automated sample preparation system used a classical four column set-up (multilaver
sulphuric acid column, Flon=zil® column and two activated carbon columns) to clean-up PBDEs 1n addition to
PCDD/F and PCBs [4]. Although, all chlonnated compounds were cleaned up adequately. the approach showed a
rather msufficient performance for brominated molecules [5]. A replacement of the Flonzl® column by alumina was
tested. As the results for brominated substances improved. the alumina column method marked the starting point to
reduce the system techmically to a three-column approach as shown in fizure 1. This reduction of one column lead to
a vanety of advantages. Most importantly. high quality results were achieved, vet, the run-time as well as the solvent
consumption were mimimized. This automatically made the method more cost saving. too.

Material and methods

Chemicals and Standards

PBDE-Standards (EO-5320-A) and solvents were obtained from LGC (Wesel, Germany). Basic alumina B for dioxin
analysis (Cat No. 04569) was delivered by MP Biomedicals (Eschwege, Germany). All columns for the DEXTech
Plus device (silica gel with sulfunc acid, alumina and active carbon) were provided by LCTech (Obertaufkirchen,
Germany).

Fat-Extraction

To recerve the fat fraction the breast milk samples were separated by centmifugation. This procedure was repeated
twice with the aqueous phase. The collected fat fractions were mixed with sodium sulfate and extracted by n-
hexane/acetone (2/1). After dryingz and weighing the obtained fat mnternal standards were added for the determunation
of PBDE and PBDD/F.

Clean-up
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Automated sample preparation was done by using a DEXTech Plus device (figure 1a). The automated clean-up
method was originally developed to analyse polychlonnated dioxins and furans (PCDD/Fs) as well as
polychlonnated biphenyls (PCBs) in food and feed [4]. Besides mono-ortho- and ndl-PCBs, PBDEs are eluted in
fraction 1 by a n-hexane/Dichloromethane-mixture (1/1, v/v). (figure 1b). Recovery standards were added to extracts
for analysing by GC-HRMS (see figures 2a (*C12-labelled PBDE-Standard) and 2b (native PBDEs)). The second
fraction contaiming non-ortho PCBs as well as PCDD/Fs and PBDD/Fs (figure 1b) was only partly taken into account
for this study.

2) b) —

Multily yer Sulphurc Acdic Column

Alumrene Column

Non-ortha-FCB +« PCODUF ]

M

Actnated Carbos Column

o

Figure la: The current Dextech Plus system. Figure 1b: Flowpath of the Dextech Plus. The Sample 15 loaded wath
hexane on the alumma column after lipid degradation on the acidic silica column Degradation products go to waste
while interesting compounds are trapped on the alumina column Mono-ortho-, non-dioxine-like-PCBs and PBDEs

are separated from the planar compounds and collected as Fraction 1 by a 1:1 mixture of dichloromethane and n-
hexane PCDD/F and coplanar-PCBs are retained on the top of the carbon column and collected in backflush elution
with toluene.

Instrumentation

A Thermo DFS 2-GC/HRMS in EI+ mode with MID at resolution 10,000 was applied for measunng all fractions,
using FC 5311 as internal mass reference. One GC was fitted with two columns (Rtx-Dioxm?2, 60 m x 0.25 mm x
0,25 pm to analyse PCDD/Fs, non-ortho-PCBs and PCB-11 as well as DB-5ms, 15 m x 0.2 mm x 0.1 um for PBDEs
and PBDD/Fs). The other GC was used for measuring mono-ortho- and ndl-PCBs with one column (SGE-HTS-PCB,
60 m x 0,25 mm). All separation columns are provided with a 5 m deactivated guard columns with next higher
diameter to ensure better evaporation, to avoid contamunation of the separation columns and to maintain retention
times. The MS-source had the inlet of three columns all the time. If one column 15 active, both others are in a stand-
by-mode with less camer gas flow. All mnjectors are PTVs.

Quantification

PBDEs and PBDD/Fs were separated on a short column (15 m), to reduce nisk of on column degradation of higher
brominated diphenylethers, with thin film (0,1 pm) to obtain sufficient separation. The PTV-injector 15 also essential
to avoid degradation especially of higher bromunated diphenylethers. As most intensive ion M+ 15 used for Tn- to
Penta-BDE and [M-2Br]+ for Hexa- to Deca-BDE as a function of GC temperature [6]. It must be pomted out that
the blank values of PCB-11 have to be subtracted from the measured sample-values.

Quality control

In general each sample is spiked with *C12-labeled internal standard solutions at the beginning of the fat-clean-up.
At the end of the sample preparation a *C12-labeled recovery standard solutions was added to determine the
recovenes for each congener. According to Commission Regulation (EU) 2017/644 [7] recoveries were m the
screening range of 30 to 140%, almost all of them in the confirmatory range of 60 to 120%. To ensure correct
measure conditions a diluted cahbration solution was embedded in every sequence.

55



LOD/Q
LOD level was defined as S/N 3:1 and LOQ as S/N 10:1 and automatically determimed by Thermo TargetQuan
software.

Results and discussion

The complete approach was run with vanous samples and matrices. Besides the results for breastomlk preparation
and analysis in this study also bovine nulk and infant food was tested in another study (Bernsmann et al.,
unpublished data) focussing on mamx-specific difficulties and subsequent overall comparability of achieved results.
Looking at breast milk, the recovenes of PBDEs we reached are comparable to the recovenes for PCBs and
PBDD/Fs (table 1).

Table 1: Average percentage recovenes from all internal standard congeners over five breast milk samples
from one analytic senes determined in each particular DEXTech Plus-fraction.
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Moreover. also lower chlormated PCBs as 3.3"-Dichlorobiphenyl (PCB11) were recoverad in a range smitable within
the screenmg level [7]. Figures 2-3 show distinct peaks for spiked internal standards but also for native congeners.
They proof the cleanliness of the sample fractions after preparation, thus, successful implementation of the alumina
column nto the three column approach of the DEXTech Plus system. In summary, this mstrumental and methodical
setup allows to provide brominated flame retardants PBDE and their thermal decomposition products PEDD/F m
addition to chlonnated compounds PCDD/F, dl- and ndl-PCB for measurement via HRMS.
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Figure 2a: HRMS-chromatogram from internal PBDE-
standards
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Fizure 3: Framed PBDD/F-chromatogram from HRMS-measurement with 5 recorded functions
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Introduction

Air quality and human health are closely bound: among the exposure paths, the inhalation of contanminated
air and dusts 1s probably the major route of exposure to xenobiotics, second only to diet [1]. Air pollution 1s
the result of the contribution of different emission sources and anthropogenic activities and 1s of hugh concern
for mternational. national and local governments. The potential hazard of some toxic elements such as
PCDD/Fs, PCB, PAH and metals (As. Cd. Cr. N1, Hg and Pb) 1s well known [2.3].

In the present study, ambient air samples were simmltaneously collected at six locations in Brescia, a city in
the North of Italy whose large scale industrial development has resulted in an impact on the sunound.mg
environment. Seven l)omts were chosen m the proximity of a chemical fact nly Italian
PCB producer operating from 1930 to 1984 - indicated as the principal responsible for CDD’F s and PCBs
soil concentrations- that are higher than legal limits in swrounding areas [4]. The purpose of this study 1s to
identify other source emissions different than the chemucal factory that are accountable for air pollution mn
the considered site, using Principal Component Analysis (PCA).

Materials and methods

Heavy metals (As. Cd. Cr, N1 and Pb) were quantified on one tenth of each filter \m%o an atomic absorption
spectrometer equipped with a transversely heated graphite atomizer fumace (Analyst Perkin Elmer, MA
USA). after microwave acid digestion [5]. PAHs, PCBs and PCDDFs were extracted from the filters and the
PUFs as previously reported [6]. The extract was injected into an automated clean up system consisting of a gel
permeation chronnto%}ph} (GPC) module (AccuPrep™! I2 Scientific, Columbia, MI, USA) coupled to an
evaporator (AccuVap™ ) and three solid phase modules able to manage the acid silica’'neutral silica, basic
alumina and active carbon columns SPE purification The extract, at a volume of 5 ml, was injected into the
GPC system using dichloromethane as the mobile phase. The system used a 5 mL sample loop and a flow rate
of 5 ml/min. The GPC column was calibrated according to US-EPA Method 3640A. The eluate was collected
between 23 and 45 munutes and concentrated to a final volume of 5 ml. Ten percent of sample collected was
than concentrated under mfrogen flow to 100 puL and submitted to instrumental analysis for PAHs. The
remaining 90% was concentrated to 0.5 ml and then diluted with n-hexane to 5ml. The sample was submutted
to an automated clean up using acid silica/neutral silica, basic alumina and active carbon columns [7]. PAHs
were analyzed using a HRGC-NICI-LMRS equipped with a fused silica capillary column. PCDD/Fs and PCBs
were quantified using a TRACE GC2000 coupled with a Mat 95 XP Mass spectrometer (Thermoquest. Bremen,
Germany) operating in the electron impact ionization (EI+) mode.

Results and discussion

Ambient air was sampled (58 samples) at seven sites: CR, CR30, SPG, SK_ IVC, QIM and SE. Table 1 shows the
pollutants air concentration. Mumicipal solid waste incinerator (MSWI), chemical, metallurgical and steel plants,
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cement factonies, thermoelectric power station and vehicular traffic are the main emission sources in the study
area. They have direct relationships with the analyzed contaminants [8.9] as reported in Table 2.

Table 1. PCDD/F, PCB, PAH and metals concentrations
Hg Cd As Pb Cr Ni PCDD/Fs' PCBs® PAH?
ngw’  ngm’  ngw’ ngm’ ngw' ngw’  pgm’  pgm’ g’
CR 29.76 386 18.29 6.56 2863 20.54 0.04 0.02 0.06
CR30 2303 3.15 29 66 13.54 19.68 14.18 0.04 0.02 0.17
SPG 27.67 181 13.15 2444 2080 2094 0.04 0.13 0.06
SK 40.77 321 23.06 14.07 2303 21.35 0.05 0.02 0.08
VC 3144 205 944 17.04 18.79 10.98 0.03 0.03 0.11
QM 2406 289 2033 2863 16.77 2137 0.05 0.14 003
SE 211 220 69.38 212 4786 19.22 149 0.01 0.09
1 I-TEF WHO 2005; 2 I-TEF WHO 2005; 3 B(a)P EPA equivalent

Location

Table 2. Relationships between emission sources and contaminants

Emission source Tvpical emissions
Thermoelectric power stations Ni
Municipal solid waste incinerators Cd. He. PAH PCB. PCDDF
Vehicular traffic Pb. PAH
Metallurgical and steel plants As. PCDD/F
Carbon combustion plants As. Cr. PCDD/F
Chenucal plants He PCB

PCA techmique was used to identify the different pollutant sources in the seven considered sites. Table 3 descnibes
the analytical results. Four PCs have been calculated, identifying four different emussion sources. PCs accounted
for 69.3% of the cunmlative vanance. PC1 show a high positive correlation with As, Cr and PCDD/Fs, PC2
presents high positive comrelation with Cd and PAH. PC3 “saturates™ Ni, while PC4 1s positively correlated with
Hg and negatively comrelated with PCBs. Pb shows a low negative correlation with PC3. Some of relationships
between onginal vanables and PCs are graphically represented in Fig. 14

Relationships shown in Table 2 and in Figures 1-4 suggest four pollutant’s emussion typologies:

PC1: Carbon combustion plants, charactenized by Cr, As and PCDD/F; PC2: Municipal solid waste incinerators,
charactenized by Cd, PAH; PC3: Thermoelectnc power stations, characterized by Ni; PC4: Chemical farm PCBs
producer, characterized by Hg and PCB.

In addition. a score plot of the sampling sites with respect to PC1 (Fig. 5) shows that carbon combustion plants are
the main emission sources for the SE site, while the other six locations are subjected to multisource atmospheric
poliution
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Table 3 — Principal Components Analvsis: rotated component matrix and variance explained

Element PC1 PC2 PC3 PC4
Hg -0.310 0,214 0,072 0,769
Cd 0,055 0.836 -0,004 -0,021
As 0,760 0322 0.001 0,025
Pb 0,312 0,054 0,633 0,144
Cr 0,766 0,082 0,341 0,147
Ni -0,025 0,044 0.861 0,190
PCDD/F 0,836 0,233 0,067 0,141
PCB -0,368 0,229 0,010 0,729
PAH 0,018 0,764 0,006 0,012
%o variance 244 17,2 141 136
% Cum. variance 244 41,6 35,7 69,3
2 L - o oe - .
adl . s S

1

Fig 1-4 Component plots in rotated space: PC1-PC2; PC1-PC3; PC1-PC4; PC3-PC4
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Introduction

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and planar PCBs (pPCBs) are highly toxic
and present at very low concentrations (ppt-ppq) in environmental samples. Highly sensitive and selective gas
chromatography sector high-resolution MS (GC-HRMS) systems have therefore been the gold standard for
measurement of these compounds. In the last decade, GC triplequadrupole MS systems have become
sufficiently sensitive to offer an alternative to GC-HRMS. Recent developments in 1on source, analyzer and
detector design of high-resolution GC quadrupole time-of-flight MS (GC/Q-TOF) systems has resulted in
improved sensitivity and resolution. Such instruments may now be feasible alternatives to GC-HRMS,
offering high sensitivity. high selectivity and verification of identity through full-spectrum EI spectra. The
performance of such a system was evaluated in the current study for the analysis of both biotic (fish) and
abiotic (sediment) samples.

The utility of the GC/Q-TOF systems extends beyond trace-analysis of target compounds, such as
PCDD/Fs and pPCBs. The entire full-spectrum data i1s written to disc and is available for various post-
acquisition tasks, such as suspect and non-target screening. To illustrate this we have screened a sediment
sample for dioxin-analogues such as polychlorinated naphthalenes (PCNs). polychlorinated
dibenzothiophenes (PCDTs) and polychlorinated thianthrenes (PCTAs) and polybromunated dibenzo-p-
dioxins and dibenzofurans (PBDD/Fs). We also used non-target screening workflows to find additional planar
halogenated compounds.

Materials and methods

Samples were spiked with *C-internal standards and extracted by Soxhlet (sediment) or column extraction
(salmon) in Umea. Extracts were cleaned up using sulfuric acid treatment and carbon column fractionation
using ISO/IEC 17025 accredited methods. The planar halogenated aromatic compound fraction from the
carbon column was shipped (coded) to Agilent. CA: data were acquired using a novel 7250 GC/Q-TOF system
equipped with a novel ion source. The GC analysis was performed by split-less injections (1 uL) onto an
Agilent DB-5MS column (60m long. 0.25 mm ID. 0.25 um film thickness). The oven temperature program
was 90 °C (2 mun). raise at 15 °C/min to 190 °C, raise at 3 °C/mun to 300 °C. Helium was used as carrier at a
constant flow of 1.2 mL/min. Electron 1onization was used at an electron energy of 70 eV. Centroid and profile
data was collected over the m/z range 50 to 1200. The mass resolution was 25.000 or better.

To aid the data analysis. an accurate mass library containing spectra of PCDD/Fs and pPCBs (natural
and 13C-labelled analogs) was created 1n a .cdb format. The data were processed using MassHunter Qualitative
Analysis Find-by-Fragment screening workflow for quick detection of the target compounds. which were later
quantified using MassHunter Quantitative Analysis software. The quantification was based on calibration
curves and internal standard normalization.
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Results and discussion

The accurate mass PCDL (Personal Compound Database and Library) that was created using spectra of 46
native and labeled PCDD/Fs and pPCBs proved highly useful in both qualitative screening and quantitative
workflows. The new Find-by-Fragment screening workflow was effective in extracting target compound
features from the complex data and provided a comprehensive overview of the results.

The sensitivity was good with the lowest point of the calibration graph generally below 100 fg (even lower for
tetra- and penta-congeners). Two sets of comparison data were available: one small set from GC-HRMS
analyses of the sample extracts prior to shipment to CA, and one large set from previous analyses of the samples
(in-house reference materials. RMs). There was good agreement between the GC-HRMS data and the average
RM values (Table 1). The GC/Q-TOF data for the toxicologically most relevant congeners (PCB126, 2,3.7.8-
TCDD. 2.3.7.8-TCDF, 1.2.3.7.8-PeCDD. 1.2.3.7.8- and 2.3.4.7.8-PeCDF) were within = 25 % of the GC-HRMS
and RM values. Similarly. the dioxin toxic equivalency values (TEQs) were within = 19 % of the comparison
data. Larger deviations between the GC/Q-TOF and the comparison data were observed for hexa- and hepta-
CDD/Fs and octa-CDD/F that were present at levels close to the limit-of-quantification. All congeners with good
signal quality. 1.e. a signal-to-noise ratio equal to or better than 10, were within +/— 40 % of the RM values.

Table 1: Comparnson of GC-QTOF-HRMS and GC-Magnetic Sector-HRMS results.

Congener Sediment Salmon
QTOF Sector RM mean QTOF Sector RM mean
PCB-77 32 37 36 1125 900 910
PCB-81 3.5 1.8 18 23 23 26
PCB-126 8.8 8 73 464 410 430
PCB-169 3.9 1.8 1.6 53 53 58
23.7.8-TCDD 1.8 1.5 1.5 23 2.6 2.7
12378 -PeCDD 3.2 3.2 2.8 4.7 4.4 4.6
123478 -HxCDD 6.4 1.8 21 04 0.3 0.3
123678 -HxCDD 14 11 11 3 1.3 1.9
123789 -HxCDD 82 7 6.8 0.2 0.1 0.2
HpCDD 40 34 36 0.7 03 0.3
OCDD 137 100 113 19 09 12
2378 -TCDF 13 14 17 26 23 23
12378 -PeCDF 4.7 4.1 4.2 4.2 54 5
23478 -PeCDF 11 10 94 29 26 25
123478 -HxCDF F 7.1 8 | 13 09 0.9
123678 -HxCDF 10 5.1 45 23 1.2 12
234678 -HxCDF 85 6.1 6.1 1.5 1 0.9
123789 -HxCDF 3.7 1.9 23 ND 0.2 0.2
1234678 -HpCDF 95 76 77 0.2 03 03
1234789 -HpCDF 8 3.1 34 ND 0.1 0.1
OCDF 130 94 105 1.6 02 03
TEQ 18 15 15 67 60 63
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Suspect screening revealed PCNs, PCDTs, and PBDDs in the sediment samples, with PCNs as the most abundant
class of dioxin-like compounds. The PCN levels were slightly higher than those of PCDFs. Non-target screening
showed that Polycyclic Aromatic Compounds (PACs), incl. PAHs, dominated the dioxin fraction, and also
revealed many halogenated PAHs (halo-PAHs) (Figure 1). The abundances (area units) of halo-PAHs were about
100-fold lower than those of the parent PAHs, and were declining with increasing degree of halogenation.
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100
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Figure 1. Abundances (peak heights) of parent PAHs and their halogenated derivatives in Baltic Sea sediment.

No PCTAs were found in the sediment, but an interfering signal was noted durning octa-CTA screening. Its
spectrum displayed a tetrabromo 1sotope cluster at (monoisotope) m/z 492.730, and another tetrabromo cluster at
[M-15], likely corresponding to a methyl loss (Figure 2). Molecular formula generation returned C13 H7 N Br4 as
the most likely formula and a ChemSpider search returned only one candidate. 1.3.6.8-tetrabromo-9-methyl-
carbazole (TB-Me-CZ). A likely onigin may be in-situ methylation of an halogenated natural product 1,3.6.8-
tetrabromocarbazole (TB-CZ). which has been reported in Great Lakes sediment [1]. TB-CZ was also present in
the mnvestigated sediment at about twice the abundance of TB-Me-CZ (as expected at a slightly shorter retention
time, 51.21 min).
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Figure 2. EI-MS spectrum of C13 H7 N Br4 unknown.
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Figure 3. Abundances of bi- and tri-cyclic dioxin like compounds detected in the Baltic Sea sediment sample.

The relative abundances of the bi- and tri-cyclic planar halogenated compounds that were detected in sediment are
summarized and compared in Figure 3. The halogenated natural products (TB-CZ and TB-Me-CZ) was the most
abundant group of dioxin-like compounds. They are N-analogues of PCDFs, and their total abundance was similar
to the combined abundances of the anthropogenic compound groups PCNs. PCDDs, and PCDFs. The S-analogues
of PCDFs, PCDTs. was much less abundant than the TB-CZs and the PCDFs. Least abundant was PBDD/Fs of
which only two early eluting tetrabromo dioxin congeners (TBDDs) were found. likely corresponding to 1.3,6.8-
and 1,3.7.9- TBDD. These are considered to be of natural onigin. just like TB-CZ. Further work 1s needed to
positively identify the TB-Me-CZ and mvestigate if it 1s of natural or anthropogenic ongin.
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The analysis of polychlonnated dibenzo-p-dioxins and polychlonnated dibenzofurans (PCDD/Fs) m
environmental media. foods and tissues by high resolution gas chromatography-high resolution mass
spectrometry (HRMS) 1= frequently used as the reference methodology agamst which other candidate
analytical approaches are measured. Official methods based m this technology, emploving 1sotopically
labeled standards for recovery comection have been established in the European Union', the United
States’’, Japan* and other nations for decades and international standards for such methods have been
estabhished by ISO (Standards 13914 and 18073, for example)**.

It 15 perhaps the working assumption among data users that all methods employing these powerful
mnumhlandquanntm\'etechmque will produce data of similar quality and that data sets from
vanous countries with robust regulatory requirements may be mtegrated with mimmal conzaderation
given to differences m analytical method quality requirements. However a formal companson to venfy
the bazis for the assumption of data coherence has not been conducted to the authors’ knowledge.

In order to 1dentify achievable best practices and to understand differences in the precision. accuracy
and quabitative certamty for data produced from wide-ranging sources. an examunation of the
requirements of these methods 15 being conducted. A concise review identfyving cntical differences and
areas of agreement with regard to qualitative cnitena, precision and accuracy will be presented. along
with perspectives on the degree of impact differences may have on the application of data from
researchers conducting analyses under different protocols.
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PAHs in Chinese atmosphere: Concentration, source and gas-particle partitioning
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As we known, polycyclic aromatic hydrocarbons (PAHs) have been received frequent attention in the past decades
m the world due to their potential hazard to ecosystem and buman health China is one of the hghest PAH
emissions countries due to the rapid economic growth and energy consumption In addition to local and national
mmpact over China, the outflow of PAHs emitted from China can reach the neighbor countries and regions through
long-range atmospheric transport. Therefore, the national study on atmospheric PAHs in China has regional and
global significance to understand the large scale atmosphenic transport of PAHs.

In this study. based on one year momitoring data from 11 urban sites across China, atmospheric PAHs on the
national scale were comprehensively studied. Air samples in gaseous and particle phases were simultaneously
collected from August, 2008 to July, 2009 using high volume air samplers. 16 US EPA pnonty PAHs were
analyzed in more than 500 pairs of gas and particle phase samples. The average total concentration of the 16 PAHs
was 239 = 329 ng/m’ and 165 = 164 ng/m’® for the Northem Chinese cities and the Southemn Chinese cities,
respectively. For Northem Chinese cities, the atmosphenc PAHs concentrations were in the order of winter =
autumn > spring = summer. However, the seasonal vanation in Southem Chinese cities was not umiform The
different seasonal vanations of atmosphenc PAHs across China was mainly caused by the influences of residential
energy consumptions in winter. Identified by principal component analysis, coal combustion and vehicle exhaust
were the major sowrces of atmospheric PAHs m northem and southem cities of China, respectively. The
temperatures dependences of atmospheric PAHs were different between Northem China and Southem China,
which were caused by the different influences of ambient temperature on identified sources. The sub-cooled hqud
vapor pressure (logP;°)-based model and octanol-air partition coefficient (Koa)-based model were applied based
on the monitoring database. The results of both models indicated that atmospheric PAHs had not reached
equilibrium between gas and particle phases based on the theory of equilibrium state.

To our knowledge, this is the first comprehensive study to report the difference with concentrations, seasonal
vanations, sources and gas-parficle partitoning of atmosphenic PAHs in China on the national scale. The results of
thus study presented a whole picture of the occurrence, spatial and temporal vaniations of atmospheric PAHs over
China, which will be helpful for further studies on large scale atmospheric transport of PAHs.
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Introduction

As a class of good-quality surfactant, perfluoroalkyl and polyfluoroalkyl substances (PFASs) have been widely
used in numerous industrial and household products such as textile finishing agents. leather treatment agents,
coatings, and pesticides [1.2]. Due to their wide use, PFASs, including ionic perfluoroalkyl sulfomic acids (PFSAs)
and carboxylic acids (PFCAs) and neutral fluorotelomer alcohols (FTOHs) and fluorotelomer iodides (FTIs), have
been detected in vanous environmental media, including air, water. soils, dusts, sediments. wildlife and human
beings [3-7]. Due to the ubiquitous occurrence, along with the persistence. global and national legislations have
been established to control the manufacture and use of long-chamn PFASs (C=6). especally C8-PFASs and some
long-chain PFASs were gradually replaced by short-chain (C4-C7) congeners [8.9]. However. the manufacture of
C8 substances had shifted to Cluna [10].

Multiple processes have been nvolved in the distnbution and fate of PFASs, and many of processes are still
poorly understand. It has been revealed that once released in the environment. fluorotelomer-based precursors (e.g..
FTOHs and FTIs) can be degraded to metabolites including PFCAs wia (photo)chemical and biological
degradations [11-13]. which is recognized an important source of ionic PFASs in the environment. Besides, the
transport way of PFASs 1s still unclear, and 1t was recently found that outdoor dusts play an important role in the
global transportation of 10mic PFASs (1-PFASs) [7].

Since 2004, two fluorochemical manufactunng parks (FMPs) have been developed in Fuxin, which makes the city
as a fluonne industnal centre in China [14]. Both electrochenncal fluonnation and telomenzation were implied to
produce PFASs products. Previous studies reported that short-chain PFAAs were the predonunant PFASs m FMPs
[14-16]. In thus study, nmltiple environmental matnces, including air. precipitation, surface nver water, shallow
underground water. outdoor dust, soil. nver and reservoir sediment and leaves were taken around the two FMPs.
The objectives were to mvestigate the occurrence and distnibution of PFASs in nmilti-environmental matrices
around two FMPs, to discuss the transportation of PFASs via air and water, to make comprehensive understanding
of the PFASs fate around the two FMPs, and to evaluate the potential exposure risks to local inhabitants.

Materials and methods

Air (p=8), precipitation (n=3), surface nver water (n=15), surface reservoir water (n=2), shallow underground
water (n=4). outdoor dust (n=12). so1l (n=21). surface nver and reservoir sediment (n=13). leaves of the willow
(Salix babylonica. n=T), leaves of the maize (Zea mays, n=7), and needles of pyranudalis (Sabina chinensis, n=2)
sanples were collected from the ambient environment around two FMPs m Fuxin China in September and
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October 2016. Air samples were collected using passive air sanplers employed sorbent-impregnated polyurethane
foam (SIP) disks. The SIP disk samplers were deployed from 1st September to 15th October 2016 (45 days).
Precipitation samples were collected using stainless steel basin and stored m 500 mL PP bottles. Shallow
underground water samples were collected from the hand pressed well and stored in 500 mL PP bottles. Surface
water samples were collected from niver and reservoir using a 5 L organic glass hydrophore and then stored in 500
mL PP bottles. At the same time, surface nver and reservoir sediment sanples (about 0-5 cm deep) were collected
using a grab sampler and stored i 500 mL PP bottles. At each sanpling site, outdoor dust sanples were collected
from out wall surface of a bullding 1 m above the ground using a disposable wool brush and a polypropylene (PP)
tube. Surface soil samples (0-5 cm) were collected with a stanless steel trowel and sealed in polyethylene bags.
Leaves were collected using stainless steel scissors. wrapped in alununium foil and stored in polyethylene bags.
All sanpling tools were precleaned with MeOH and Milhi-Q water.

After being spiked with mass-labelled intemal standards (10 pL of 500 pg/uL: containing mass-labelled 8:2
fluorotelomer unsaturated carboxylic acid (8:2 FTUCA), PFSAs, PFCAs, FTOHs, perfluorooctane sulfonanndes
(FOSAs) and perfluorooctane sulfonamidoethanols (FOSEs)) and the SIP disks were Soxhlet extracted by ethyl
acetate (S1) and methanol (S2) each for 24 h, successively. The extracts were concentrated by rotary evaporation
followed by gentle nitrogen blow down to 0.5 mL and cleaned up by EnviCarb (50 mg. 100-400 mesh Supelco,
USA). A 100-uL aliquot of S1 was analysed for neutral PFASs (n-PFASs). Another 100-uL aliquot of S1 was
evaporated to dryness by gentle mtrogen and dissolved with 100-pL aliquot of S2. and this combination was
analyzed for 1-PFASs [17]. After being spiked with mass-labelled intemal standards (10 pL of 500 pg/pL:
containing mass-labelled 8:2 FTUCA, PFSAs and PFCAs), the water samples were solid phase extracted (SPE)
using Oasis weak anion exchange (WAX) cartndges (6cc, 500 mg, Waters, USA). After being spiked with mass-
labelled internal standards (10 pL of 500 pg/uL; containing mass-labelled 8:2 FTUCA. PFSAs, PFCAs, FTORE:,
FOSAs and FOSEs) and the outdoor dust, soil, sediment and leaves were sonicated using methanol [18]. The
analytical quantification of the samples was done using gas chromatography mass spectrometry (GC-MS; Aglent
Teclmologis GC 7890A senes coupled to 5975C Tnple-Axis detector. Palo Alto, CA. USA) for n-PFASs and
hgh-performance hqud chromatography coupled to tandem mass spectrometry (HPLC-MS/MS; Aglent
Technologies LC 1260 senes coupled to 6460 Tnple Quad system. Palo Alto, CA, USA) for 1-PFASs.

Results and discussion

FTOHs and FTIs were the predominant n-PFASs i air with the sum concentrations ranging from 122 to 7870
pg/n? and 4.48 to 922 pgins (Figure 1a), respectively. Perfluorobutanoic acid (PFBA), perfluorobutane sulfonate
(PFBS) and perfluorooctanoic acid (PFOA) were the predominant 1-PFASs in air (Figure 1b), surface nver water
(Figure 1c). surface reservor water (Figure 1c), shallow underground water (Figure 1c). outdoor dust and
sediment. PFBA (0.228-131 ng/g) and perfluoroheptanoic acid (PFHpA) (0.0293-135 ng/g) were the predominant
1-PFASs m soil. PFBA was the predonunant PFASs mn leaves from Fuxin (50.5-99.5%). Downstream of the
effluent from the FMPs, PFBA and PFBS concentrations up to 11900 and 5810 ng/L were detected in the River Xi.
Short-chain i-PFASs (C4-C7) predonunated in the surface nver water (14.8-98.7%), while long-chain PFASs (C8-
C12) prevaxled in the surface sediment Field-based sediment-water distnibution coefficients of PFCAs increase
linearly (R*=0.99, p=0.01) with the chain length increasing from C4 to C12, while decreased from C2 to C4.

Tnfluoroacetic acid (TFA) were detected in all environmental matrices. TF A concentrations were 1 or 2 orders of
magnitude hugher than other individual 1-PFASs in most samples. The levels of PFASs m surface nver water, air
(Figure 2), and outdoor dust decreased exponentially with increasing distance from the FMPs (significantly in the
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first 5 km), thus, FMPs were the point sources in the studying area. Concentrations of 8:2 FTUCA m air and
outdoor dust sgnificantly correlated with those of long-chain PFCAs (C9-C12) and 8:2 FTOHs. suggesting the
degradation of precursors (e.g, FTOHs and FTIs). For residents around the two FMPs, potential health risks
existed, due to high concentrations of PFASs in air, outdoor dust, water and soil. Adults around the FMPs were
exposed to 2.73x103-0.177 ng’kg/d of FTOHs and 5.97x103-0.143 ng/kg/d of PFOA through air inhalation, which
were significant higher than those via dust and soil ingestion.
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Introduction

Biomass 15 fuel denved from organic matenals, a renewable and sustainable source of energy used to create
electnicity or other forms of power. It 15 a CO;-neutral fuel which offers an attractive renewable alternative
for power plants. Biomass generally has a lower heating value than coal and this 15 due to its higher moisture
and volatile matter (VM) content. High moisture content of biomass is one of the predomunant factors mn
affecting the energy output and combustion performance [1, 2]. Rice husk is the most prolific agncultural
residue 1n rice producing countries around the world. It 15 one of the major by-products from the rice mulling
process and constitutes about 20% of paddy by weight. Rice husk and rice straw are an attractive source of
energy due to their chemical and physical properties [3]

Co-combustion of biomass with solid waste offers a number of economical and environmental benefits, such
as alleviation of the problem of solid wastes disposal and recovery of their energy content [4].

The average EU recycling. reuse and recovery rate of plastics 15 about 20%, markedly lower than for other
matenals [5]. Polyethylene (PE) has the highest share of production of any polymer type; the percentages of
non-recycled PE waste 15 allocated between three disposal options: landfill, incineration and mechanical
biological treatment. In a study done by Enksson and Finnveden [6]. the swedish scientists concluded that
burning plastic can give off less carbon dioxide equivalent than burying it in landfills.

The combustion or mncineration of various wastes or natural matenals contamming chlornne can lead to the
formation and emission of polynuclear aromatic hydro-carbons (PAHs), dioxins (PCDDs), furans (PCDFs),
PolyChloroBiphemls (PCBs), chlorohydrocarbons and other species [7].

In this study, the emussions of particulate matter, dioxins and dioxin-like PCBs from a thermal power plant,
feeded with biomass residues (1.e. nce husks). partially substituted by polyvethylene waste . were mvestigated.
Material: and methods

Weekly tests were camied out in a 4-MW thermal power plant, that uses locally-obtained nice husks as feed and
an Integrated Environmental Authorization allows the plant to use polyethylene waste for energy recovery. The
power plant includes a bed combustion system with moving grate technology incineration furnace and a boiler,
and a system consisting of a steam turbine, condenser and generator for the production of electncity. The plant
15 equipped with: 1) a system of control of NOx emissions through proper temperature control and the injection
of a solution of urea (SNCR). 1) a system of injection of sodium bicarbonate upstream of the dust collection
system for reducing emussions of acid, and 1) a high-efficiency dust collection system (bag filter).

Particulate matter, PCDD/Fs and dl-PCB= were investigated: tnplicate sampling followed UNI EN 13284-
1:2003 and UNI EN 1948-1:2006, UNI EN 1948-4:2007, respectively. Before sampling the fumes at the
emussions, the lineanty of the continuous monitoring system at the plant was venfied for macropollutants (CO,,
CO. 0,, SO;, NO, NO; HC1, TOC).

Orgamic micropollutants were analyzed according to EN 1948-2, -3 and -4. Bnefly, they were 36-h Soxhlet
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extracted with toluene. Clean-up was performed by an automated system (J2 Scientific. Columbia, USA), based
on Gel Permeation Chromatography, followed by an in-line automated concentrator and alumina column. as
descnibed by Rossetti et al. [8, 9). The extracts were then concentrated and PCDD/F: and DL-PCB: were
analyzed by HRGC-HRMS on a GC 8000 senes gas chromatograph (Fisons Instruments) coupled to an
Autospec mass spectrometer (Micromass, Manchester, UK) in SIM mode. The GC-MS identification and
quantification were made by the 1sotope dilution method. The particulate matter was evaluated via gravimetric
analysis.

Rezults and discussion

The amount of plastic waste introduced into each campaign was defined taking into account the lower heating
value (LHV) of each fuel (in consideration of moisture of the material). since the percentage of PE 15 referred to
the energy content. Table 1 shows the average concentrations (n=3) of particulate, total PCDD/Fs and total dl-
PCBs, refemng to 11% oxygen. and the amount of PE waste added m each campaign.

An analysis of the distmbution of the congeners of both PCDD/Fs and DL-PCBs, shows a simular fingerprint for
each sampling campaign, with Tetra- and Penta-chlonnated furans and PCB-126 and PCB-169 predomunant
contribution on the total TEQ concentration (datz not shown).

A comelation between PM and total TEQ chlonnated pollutants has been mvestigated, taking into account the
contribution of PCDD/Fs and PCBs in each campaign Fizure 1 shows the mean distmbution of PCDD/Fs and
PCBs with respect to the PM concentration. It can be observed that the contmbution of PCDD/Fs 15 predomiunant:
70-80% up to 10% of PE. DL-PCB: contribution became 50% when nice husk 15 substituted wath 15% of PE.

As a further step, the determined concentrations were combined with data of consumption of plastc waste (kg
over 24 howurs total) and flow rate on days when the samples were performed, provided by the plant owner.
Therefore, 1t was possible to estimate an "emission factor” (EF). defined by the Italian Legislative Decree 152/06
as "the amount of pollutant emutted referred to the production process considered m its totality and m its
technological phases, expressed in terms of mass of pollutant enutted. compared to the mass of product or raw
matenal, or any other parameters suitable for representing the production sector concemed”. Figure 2 shows the
average emission factor of each class of pollutant, expressed in pg TEQ/kg PE, in each expernimental campaign. It
can be observed an inversely proportional trend: the emussion factor 1s lower with PE increasing rate, and 1t 15
more evident with PCDD/Fs .

Conclusions

The study allowed us to outlme the environmental impact in the use of polyethylene waste 1n a biomass (rnce
bhusks) fueled plant, aimed at energy recovery. It 15 reasonable to assume that concentrations of pollutants have
remained almost unchanged by introducmg PE in feed for low halide halides and metals contamed in the waste
itself.

The combustion of polyethylene waste presents a profile of environmental sustamability higher that of the other
plastic compounds (eg PVC). as these matenals are made up of straight chain hydrocarbons free of halogens.
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100% 1

80% 1
TO% 1
60% 1
0% 1
40% 9
30% 1
20% 4
10% 1

78

76

Figure 1 — Average conmbution of PCDD/Fs and dI-PCB to the PM concentration
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Introduction

Indoor air quality and human exposure assessment of chemicals have become subject of multiple studies during the
last decade, because people reside for a large part of thewr life indoors. People in Europe and the US spend on
average around 90% of their ime indoors (homes, workplaces, cars and public transport means, etc.)'. The role that
dust plays i human exposure assessment 15, therefore, of paramount importance. Previous studies have shown that
dust can camry organic contaminants® such as brominated (BFRs) and organophosphate flame retardants (OPFRs),
perfluormated compounds. phthalates. polychlorinared biphenyls (PCBs), polyeyclic aromatic hydrocarbons
(PAHs). pesticides and drugs®. Most of these chemicals are released through evaporation, leaching and ageing of
common consumer goods present indoors such as electromic devices, furmiture, textiles, cleaning and health care
products and building matenials. A combmation of various analytical techniques in combination with suspect and
non-target screening and multivanate statistics approaches made it possible to 1dentify a large range of chemicals
including flame retardants, pesticides, plasticizers, drugs, and perfluorinated compounds in indoor dust. We applied
this approach to dust samples from five countrnies (Norway, Sweden, the Netherlands, United Kingdom, and Japan).

Materials and methods
A total of 48 dust samples from vacuum cleaner bags were collected in Norway, Japan, the Netherlands and the UK
between 2014 and 2016, and mm Sweden in 2008. The collected dust was sieved with 2 250 um sieve.

A sub-sample of 100 mg of sieved dust from each sample was spiked with an internal standard mixture and
extracted with n-hexane/acetone in an ultrasound bath Samples were then centnifuged and the supematant was
transferred mto 2 clean glass tube. The extraction process was repeated two times and after addition of 1500ctane
evaporated under a gentle steam of mtrogen. The extracts were evaporated to almost dryness and re-suspended m
100 uL 1sooctane for injection in GC (not reported here), or methanol for LC analysis. The methanol extracts were
analyzed using the ESI source and the APCI source. both in the positive and negative mode. A high resolution time-
of-flight MS (Compact QTOF, Bruker Daltonics, Bremen. Germany with mass accuracy <2ppm and resolution
=22.000) connected to an LC was used for this analysis. Internal mass calibration was used resulting in an accuracy
below 5 ppm. For the LC analysis a Kinetex core shell LC C18 column was used with eluents H;0 and CH:OH.

The software Data analysis 4.0 from Bruker Daltonics (Bremen, Germany) was used to process data. Internal
calibration was performed on all the spectra with the enhanced quadratic mode and chromatograms were processed
with the Find Molecular Feature (FMF) algonthm which combines isotopes, charge state, adducts and common
neutral losses belonging to the same compound into one feature. Retention ime, m/z value and intensity define each
molecular feature. Parameters were set as follows: SN = 5, comelation coefficient threshold = 0.8, mimimum
compound length = 10 spectra. The molecular features were then ahgned by retention time using an algorithm (non-
linear retention time shift), processed in bucketing and normahzation with the software Profile Analysis 2.1 (Bruker
Daltonics, Bremen, Germany). The generated bucket table was imported to SIMCA-P+ 13.0 (Umetrics, Ume3,
Sweden) and processed for multivanate data analysis (MVDA). Principal component analysis (PCA) and Partial

75



Least Square discrimunant analysis (PLS-DA) were performed using Pareto scaling (the mtensity of each vanable
was scaled by the square root of that vanable’s standard deviation).

All calibrated spectra were also processed with the Metaboscape 2.0 software (Bruker Daltonik, Bremen, Germany)
using 2 self-bwlt suspect database of around 9,000 compounds. Results from the Metaboscape and Multivanate data
analysis were combined in order to identify chemicals including identification of unknown compounds based on
exact mass and 1sotope pattern. Multivanate data analysis was also performed for the non-target screeming using all
molecular features.

Rezults and discussion

Samples were sorted by source and iomization mode. Hundreds to up to more than 6800 molecular features were
found. About a third of the molecular features found i APCI could be identified as suspects (Table 1). For ESI this
was only roughly 10%. Partial Least Square discniminant analysis (PLS-DA) was performed on all molecular
features to evaluate the clustenng of dust from different countnes for each 1omzation source and mode. Two score
plots of the samples analyzed are shown in Figz. 1. Loading plots in which the PLS-DA of the compounds (not
shown) together with the score plots were used to further investigate the chemical profile of compounds in the dust
from the vanous countries. Analyses are ongomg to identify as many as possible compounds. Figure 1 shows three
main country groups in the APCI (+) PLS-DA score plot, whereas the ESI (-) PLS-DA plot shows a2 much more
scattered picture. Interestingly. all four plots (APCI (-) and ESI (+) not shown here) show a distinct clustenng of the
Japanese dust samples. Some Dutch samples overlap with the Swedish samples in both pictures in Fig 1, while other
Dutch samples can clearly be distinguished from the Swedish samples.

Table 1. The number of molecular features and the number of suspects found in the dust samples analyzed by LC-
TOF-MS with positive and negative APCI and ESL

Source'mode Number molecular features Number suspects

Table 2 shows only some examples of orgamic chemicals tentatively 1dentified such as flame retardants, plastcizers,
stabilizers, and drugs. Many different types of organophosphorous flame retardants were found. Interestingly,
common drugs as Lovastin a statin drug used for lowenng cholesterol levels, and non-steroidal anti-inflammatory
drugs such as Flurbiprofen were found This 15 probably due to the fact that human skin cells are part of house dust
and 1t seems that the drugs levels are igh enough to be detected.

The combined approach of molecular features and multivanate data analysis 15 an interesting tool for identifying
chemicals in dust samples. It appears that chemical signatures in dust samples are highly complex. The software
packages are extremely helpful in the identification of the chemical compounds. A confirmatory analysis based on
analytical standards can further help to elucidate the identity of unknown compounds. This multivanate approach
also offers possibiliies for makmg correlations with information from questionnaires when recorded duning time of
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samphng. In addition, an mteresting combination 15 also possible with the results of direct probe analysis of
consumer products, which already has shown the presence of a multitude of chemicals including flame retardants,
their degradation products and by-products*®. Therefore, this approach will further help to fill the gap between the
vast number of chemiczls in consumer good and human exposure.

Table 2. Examples of tentatively identified organic chemicals, including flame retardants, plasticizers, stabilizers,

and drugs.

Suspect Mol. formula | Use/Application
Tripentyl phosphate C15H3304P | Flame retardant
Tris(2-butoxyethyl) phosphate C18H3907P | Flame retardant
Diphenyl Phosphate C12H1104P | Flame retardant
Tri(isopropylphenyl) phosphate C27H3304P | Flame retardant
Triphenyl phosphate CISHI504P | Flame retardant
Cresyldiphenylphozphate C19H1704P | Flame retardant
Diizodecyl phenylphosphate C26H4704P | Flame retardant
Phosflex 418 C26H3904P | Flame retardant
Fyrol 6 C9H22NOSP | Flame retardant
DOPO C12H902P Flame retardant
1-2-3-Propanetricarboxylic acid- 2-hydroxy-tributyl ester (Citroflex 4) | C18H3207 Plasticizer
Diocty] sebacate C26HS5004 Plasticizer
Irganox1076 C35H6203 Antioxidant/stabilizer
Lovastin C24H3605 Drug
Flurbiprofen C15H13FO2 | Drug
Acknowledgements

This research was funded by the Ewropean Union Seventh Framework Programme FP7/2007-2013 under zrant
agreement n° 316665 (A-TEAM project). The authors thank Dr. G. Suzuk:, Prof S. Hamrad, Dr. L. Smastuen Haug

and Prof. C. de Wit for making dust samples available for this study.

References

1. Hilton DC, Jones RS, S)ddin A. (2010). J. Chromatogr. A, 1217: 6851-6856.

2. Mur DCG, Howard PH. (2006). Environ. Sc1. Technol , 40: 7157-7166.
3. Mercier F, Glorennec P, Thomas O, Le Bot B. (2011). Environ. Sci. Technol, 45: 6716-6727.
4. Ballesteros-Gomez A, De Boer J, Leonards PEG (2013). Anal Chem 835: 9572-9580.
5. Ballesteros-Gomez A, Brandsma SH. De Boer J. Leonards PEG (2014). Anal Bioanal Chem 406, 2503-
2512.
ES1_neg M2 (PLS-DA) n APCLpas M3 (PLS-0W n:
Colored accorging Lo classes in M2 .: Colored according 10 classes in M3 |
- . =
® ' e
300 e
o S —Oup.= .'." o g: v
e g
’.. 3 ‘“\ Y :" 200 .:.x
= ° st. x5 - e B
o ®”
3300 o
LB o
ox L B
] o

Figure 1. PLS-DA score plots of APCI (+) (above) and ESI (-) (below) results. 2: Japan, 3: Norway, 4: Sweden, 5:
The Netherlands, 6: UK.

77



Screening halogenated contaminants in the marine environment based on
high resolution mass spectrometry profiling

Léon Alexis'#, Cariou Ronan’, Munschy Catherine', Tixier Caline', Dervilly-Pinel Gand’, Le Bizac Bnmo*

'Laboratoire Biogéochimie des Contaminants Organiques, LBCO, IFREMER_ F-44311, Nantes, France
*LUNAM Université, Oniris, UMR INRA 1329 LABERCA, F-44307 Nantes, France

Introduction

Polyhalogenated chemicals constitute 2 wide sub group of organic environmental contaminants and many of them
are subjectad to restmictions or bans due to the nsks for the environmental and human heszlth. Monitoring
environmental contaminants is 3 major scienafic activity supporung nsk assessments. Highly specific and sensitive
targeted analytcal methods involving chromatography and mass spectrometry couplings are available for a wide
range of known substances. Most of the time, however, only the pieces of information required to maximize the
specificity and sensitivity for the targeted substance(s) are acquired With the broad vanety of polyhalogenated
compounds, unknown substances (¢.g. umidentified substances, transformation products) are likely to occur in the
environment as additonal potential contaminants. Investigating unknowns proactively and efficiendy is
challenging targeted available methods being unfitted for this purpose.

Based on two specific physical-chemical properties of bromune and chlorine, we previously developed an
innovative analytical strategy using high-resolution mass spectrometry (HEMS) data fingerprints to seek unknown
polyhalogenated substances in complex matrices'. The first property takes advantage of the discriminant mass
defect (MD) engendered by heavy hetercatoms such as bromuine and chlonine compared to usual stoms composing
organic substances, typically C, H. O, N. An elegant way to visnalize and interpret the signals is to plot the mz
fractional part versus m/s (MD plot). In 2010, Taguch: et al [1] suggested a mass-scale based on an exact mass of
34 00000 for the substitution of a hydrogen by a chlorine, -H/+**Cl,. Thus, polychlorinated homologues series (as
well as polybrominated senes) exhibit the same fractional part and are alizned horizontally on an H/Cl-scale MD
plot. The second property involves charactenstic isotopic pattern, due to the presence of two namral and stable
1sotopes with specific abundances for both halogens. Isotopic patterns allow determining the pumber of halogen
atoms in the 1ons, which decrease the number of potential chemical formula.

Acquiring data in HRMS full scan of complex samples leads however to a buge number of sigmals. In order to
support and facilitate the data processing step, bioinformatics tools were developed under the open source
programming R environment. It involves two main steps (i) the automated integration of chromatograms using
xcms package and (ii) a script, which pairs signals according to retention time and MD between C, Cl and Br
150topes.

In the present work, we applied the approach to two selected samples, a sediment and mussels from the river Seine
mouth (France). Sediment is known to act as a reservoir for environmental contamunants, hydrophobic ones
binding strongly with it. Mussels are filter feeder orgamisms that accummlate contaminants present in the water,
often considered as a sentinel species for the marine environment.

Materials and methods

Sampie preparation
Sediment sample was collected in 2002 and mussel samples in 2017, both from the niver Seme mouth (France) a
highly industrialized and urbanized area. Lipophilic compounds were extracted from 1 g freeze-dned matter by
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Pressurized Liqud Extraction (ASE, Dionex Corp., CA, USA) pending two consecufive exwractions, using
dichloromethane, at 100 °C and 100 bar. The organic extracts were evaporated until 3 ml with 2 rotary
evaporator. The extracts were mansferred mmto hexane (5 mL) by evaporating dichloromethane under a gentle
stream of nirogen. Activated copper was added to the sediment exoact to remove sulfur-containing compounds.
The mussel extract was treated by successive liquid-liquid partitioning with concentrated sulfuric acid (2 ~ 3 mL)
to remove lipids. The organic layer was neutralized with 2 ~ 5 ml ultrapure water and dried with anhydrous
sodium sulfate The purified extracts were spiked with 2.5 ng of “H,:-p-HBCDD in toluene, evaporated to dryness
under a gentle stream of nitrogen, reconstituted m a MeOH/H;0 1:1 mixmre (v/v, 50 uL) and were centnfugad
prior to analysis.

LC-HRMS data acquisition

Extracts were analyzed with an UltiMate 3000 UHPLC pumping system coupled to an Orbitrap Q-Exactive mass
spectrometer fitted with a heated Electrospray source (Thermo Fischer Scientific, San José, CA, USA). Instrument
control and data processing were camied out by Chromeleon Xpress and Xcalibur softrwares (Thermo Fischer
Scientific). Chromatographic separation was achieved using reversed phase chromatography on a Hypersil Gold
analytical column (100 mm ~ 2.1 mm 1.9 uym) (Thermo Fischer Scientific) kept at 45 °C. Mobile phases consisted
of 10 mM ammonium acetate in water (A) and in acetonitrile (B). The gradient began with (AB) 95:5 (v/v) for
"mn.thmm:pedlmarl)noSOSOovalOmandmOIOOm'er’mmbemmmedfotSmandremrmd
to 95:5 over 2 min. The flow rate was set at 0.4 mI min~' and the sample injection volume to 10 uL. HRMS data
were acquired in negative mode in full scan mode over the m/z range 120-1000 at a resolving power of 140,000 full
width half maximum at m/z 200.

Post-acquisition data trearment

The open access msConvert sofrware (ProteoWizard) was usaed to convert raw data (raw) to the open format
.mzXML. Datasets were then processed by the xems package using centWave peak detection algorithm to extract
chromatographic features. Peak picking parameters were as follows: method. “centWave™; ppm. 5; sothresh. 10;
prefilterstep, 5; prefilter level, 10000; peakwidth, 5-60; noise, 0; mzdiff. 0.001. A table report in .csv file format
was created where each features was defined by an exact mass (m/2), a retention ome (min) and an intensity (area).
Feamres were paired according to @ method developed by Cariou et al [1]. Paired isotopic clusters were manually
imvestigated (pattern, extracted ion chromatograms) allowing to deduce the number of halogen atoms. Elemental
composition assignments were performed wia Xcalibur, considering usual elements (C, H, O, N, P, §, Cl and Br).
Then, structural hypotheses were suggestad.

Results and discussion

Sediment

The cemtWave function resulted in the detection of 11,940 feamures, among them 775 paired clusters were

suspected to exhibit at least one chlorine or bromune atom A total of 183 paired clusters were mamually

mmvestigated (Figure 1a). It resulted in 111 elemental composition hypotheses (61%) and 77 chemical structure
propositions (40%). External standard mass deviation was 0.80 mmm Pamicular attention was paid to two
remarkable senes.

e On Figure 1b, senes potentially comesponding to hydroxylated polychlonnated biphenyls (OH-PCBs, 3
occwrrences), hydroxylated polychlorinated diphenyl ethers (OH-PCDEs, 6 occurrences) and hydroxylated and
methoxylated polybromunated diphenyl ethers (OH-PBDEs, 2 occwrrences; MeO-PBDE, 1 occowrrence) are
presentad m orange. blue and purple, respectively. Some of these compounds were suggested as potential
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biotransformation products of the related parent compounds

e Three clusters exhubiting the same H'Cl-scale fractional part and being separated by the characteristic vector
-H/+Br were suspected to form a series of homologous polybrominated compounds (Figure 1b, in red). The
chemical formula suggested was CsH,,..Br.N;, with x € [4-6] (Figure 2). Exracted ion chromatograms show
a logical increasing in retention time with bromune increments as well as possible presence of 1somers for Bre-
and Brs-containing compounds.

Mussel

The centWave function resulted in the detection of 6,416 feamures, among which 385 paired clusters were

1dentified. A total of 34 clusters were manually investigated. It resulted in 28 elemental composition hypotheses

(82%) and 4 chemical structure propositions (12%). External standard deviation was 0.23 mmu. Particular

attention was paid to two remarkable senes.

e A set of three series of homologous polybrominated compounds with a general formula of C¢H,..Br,0;, with
x € [5-7] was suggested. Only the pentabrominated cluster appeared with several isomers. The formula may
match the tetradecabromodiphenoxybenzene (C:Br4O;) pending debromation and hydroxylation. Further
investigation is needed to confirm such hypothesis.

e A group of 11 clusters, possibly mixed halogenated compounds (-Cl<+Br, -H/<Cl and -H/+Br wvectors),
appeared to form 3 series, penta- to heptahalogenated, with chemical formulas being C;Br,CLO (4 clusters),
CHBr,Cl, (4 clusters) and a C;H;Br,C1,0 (2 clusters), with x € [1-4] and y € [2-6].

Conclusion and perspectives

The analyncal strategy succeeded in highlighting - in both biotic and abiotic samples - numerous polyhalogenated
compounds representative of different class of contaminants, confirming the relevance of the proposed strategy to
offer global detection of emerging contaminants. Such approach fully answers current nisk assessment expectations.
Further experiments, including MS*, derivatization and/or standard injections, will be necessary to gain structural
information. Complementary analytical approaches such as gas chromatography and'or Atmosphenc Pressure
Chemical Iomization could also allow investgating different sample fractions, thus increasing the ramge of
compounds properties. Finally, a homemade fmendly-user application is being developed to manage efficiently the
complete post-acquisition data treatment processing.
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Introduction

Non-target analysis using Time of Flight Mass Spectrometry (TOF-MS) seems to be the recent movement of
analytical chemustry. Several reports attempted to establish this concept with modem development of the instruments,
application of data analysis and with relatively simple sample preparation. Unexpectedly, the last one is most
important, because different standard operation protocols (SOPs) of sample preparation may only extract “selected
chemicals™ to be measured in the whole sample. Water, sediment and biological samples might be possible to use
for non-target analysis because of their well reported sample preparation procedure, such as solid phase extraction
and others.

On the other hand. the most difficult part in non-target analysis of ambient air is the air sampling devices that are
generally specific to their target chemucals. Many adsorpion cartndges for most common volatile organic
compounds are Benzene/Toluene/Xylene. acid gas, styrene and so on. These VOCs are collected using specific
commercially available sampling tube. However, there is no such single sampler for sampling both particle and
gaseous phases in air. In spite of numbers of sampling devices for undreds of chemicals in air, it is supposed to be
impossible to develop non-target analysis of ambient air, because till today sampling devices like adsorption tube
can only analyze “Selected Chemicals - target™.

New technology. the Cryogenic Air Sampler (CAS), 1s a breakthrough on this issue. Concept of cryogenic collection
of air has already known for non-selective collection of mitrogen and carbon dioxide using liquid helium (-269 °C).
However, there is no such technology to collect wide variety of organic gases including ighly volatile compounds,
volatile organic gases, semi-volatile and non-volatile (partly particulate) organic chemicals in ambient air using
cryogenic collection because of several industrial limitations to manufacture this sampler.

AIST and Sibata Scientific Technology Ltd innovated a cryogenic moisture sampler (CMS) for collection of water
soluble gas and particulate matter in ambient air in 2013 [* 2] After the industrial innovation for the last five years,
most comprehensive cryogenic sampling device, namely cryogenic air sampler (CAS) for POPs (CAS-02) was
manufactured and mtroduced to market at the Pittsburg conference (Chicago, USA) in March 2017. CAS-02 is the
first available instrument to enable comprehensive collection of wide varnety of organic chemicals in ambient air
using single sampling device.

In this report, preliminary trial of non-target analysis of POPs in ambient air using CAS-02 and TOFMS 1s descnibed.
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Materials and methods

The Cryogenic Air Sampler for POPs (CAS-02) is a device to collect both gases of lugh/low boiling points and
particle matters in the air sinmltaneously. It is also designed with a new concept which 1s effective for sampling of
Fluonnated organic toxic substances (such as PFOS, which was the linutation of collection rate by the conventional
methods) and light/temperature sensitive Brominated flame retardant (such as PBDEs) at the same time.

CAS-02 can collect different types of chemicals ranging from high & low-boiling gases (e.g. VVOC, VOC and
SVOC) to particle matter (e.g., POM., PM10 and PM2 5) in work environment and ambient air. A comprehensive air
sampler when connected to a classified impactor, it can collect hazardous air pollutants including both high & low-
boiling gases and particle matters simultaneously. Specifications and dimensions are shown below.

After sample collection by CAS-02, liquid sample were analyzed using TOF-MS scan and Information Dependent
Acquisition (IDA) by TripleTOF*4600 system equipped with Agilent 1100 HPLC.
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Figure: 1. Specifications of the Cryvogenic Air Sampler for POPs (CAS-02).

Results and discussion

PFASs were chosen as test chemicals to evaluate the performance of CAS-02 because of their specific
physicochemical properties. Figure 2 shows the results of recovery experiments using glass traps (simular to
conventional air sampler such as high volume air sampler) and polypropylene traps used for CAS-01 (previous
version). Glass traps showed poor recovenes; in contrast, polypropylene traps showed good recoveries for most
PFASs. This is remarkable and indicates clear adsorption of PFASs onto glass surface as expected. Very low recovery
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of longer chains compared to C4 (PFBS and PFBA) suggests “umswitability of glass apparatus for atmosphenc
sampling of PFSAs and PFCAs™.

On the other hand. some of volatile precursors showed better recovenies for cold trap and must trap of glass apparatus
compared to polypropylene. Although the reason for this is not known. CAS-02 can be useful not only for
atmospheric sampling of PFASs but also enable useful “chamber study™ that may provide some insight into
environmental kinetics of PFASs at various temperatures and lumidity in the environment.

., |A)Glass traps Conventional Sampler

(8) Polypropylene traps  CAS-01 (15! Prototype)

N-MeFOSE

Sulfonate Carboyiata

Figure: 2. Recovery results for PFASs using "CAS-01"
for glass traps (upper) and polypropvlene traps (below).

Several parameters for TOF-MS were optimized to obtain the higher intensities using comprehensive analysis of
most PFASs in liquid extraction of ambient air collected by CAS-02. The parameters of Ion Source Gas 1 (GS1
(pst). Ion Source Gas 2(GS2 (psi)), Curtain Gas (CUR (psi)), Temperature (TEM (°C)), lon Spray Voltage Floating
(ISVF (V) and Declustering Potential (DP (V)) were optimized After optimization. intensities of selected PFAS
were 7.4 to 43.8 times higher than onginal values of parameters. In brief, iquid sample collected from ambient air
using CAS-02 contained not only well-known PFASs but also several unidentified chemicals in air. mcluding CsHF
(mz 2809830 as [M-H]). proposed stuctore was 1.12.3.3.4.455.6.6-Undecafluoro-1-hexene,
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undecafluorocyclohexane. CeHaF100: (m/z 2949822 as [M-H]-). proposed structure was 1.2.3.3.4.4.5.5.6.6-
decafluoro-1.2-cyclohexanediol, 2.2.3.3.3-pentafluoropropyl pentafluoropropancate, 1.1.1.3.5.5.5-heptafluoro-4-
(mfluoromethyl)-3-pentene-2.2-diol or 2.2.2-mfluorcethyl heptafluorobutanocate. This result showed that the
combination of CAS-02 and TOF-MS identification seems to be very useful technique for non-targeting analysis of
chemicals in ambient air.

Conclusion: CAS-02 has several features suitable to “non-target analysis of ambient air” as below:

A) Comprehensive sampling device — capable to collect both particulate matter and gaseous matenals at the same
fime In one compact equipment;

B) Highly accurate fine analysis - by using a functionalized resin, the CAS-02 is capable for sampling of
fluormated organic toxic substance and brominated flame retardant, which seems difficult to collect with current
glass or Teflon based sampling methods;

C) LC-MS analysis ready - direct measurement is possible without further extraction. because ambient chemicals
are collected in freeze/liquid sample;

D) Convenient to use at different sites - the cooling part doesn't require optional coolant such as hiquid-nitrogen;

E) Applicable to humid environment - the CAS-02 does not require the removal of moisture from the atmosphere
and can work in humid and foggy environment. but conventional samplers cannot; and

F) Compliance with ISO methods - the CAS-02 complies with ISO25101 (PFOS/PFOA) and on-going
international standard of ISO method. TC147/SC2/WG74 “PFAS LC-MS/MS™.

References

1. Nobuyoshi Yamashita, Eriko Yamazaki, Sachi Tamiyasu, Kunmthachalam Kannan (2013) Application of
Cryogenic Moisture Samipler and recent technologies for perfluoro alkyl substances analysis.. Organohalogen
compounds, 75 1299-1302.

2. Enko Yamazakil, Nobuyoshi Yamashita, Hu Ge, Sachi Tamyasu, Kodai Shimammra, Naoto Suzuki, Man Yin
Chung, James C.W. Lam, Paul K.S. Lam (2014) Trace analysis of PFOS and related chemicals in atmosphere
using Cryogenic Air Sampler (CAS), The 11th Interational Symposium on Persistent Toxic Substance 27* -
31% October., Hong Kong.

84



PAHs depositions in the environment of a waste incinerator

Arkenbout A. Behnisch P

:Arkenbout, ToxicoWatch, Harlingen. The Netherlands, 8862 VS
“Behnisch, BioDetection Systems BV (BDS). Amsterdam, The Netherlands, 1098 XH

Introduction

In 2011 the most modern waste incinerator of the Netherlands was built in Harlingen Several studies
show this so called “state of the art’ incinerator as an unexpected important source of emissions of
Unintentionally produced Persistent Organic Pollutants (UPOPs) to the environment, not only during
failures (shutdowns) but also under normal operation conditions (1). A risk for human health and an
ongoing pollution of the surrounded environment. including the UNESCO Wadden Sea, to which the
waste incinerator directly is located. In this research a screening test for analysis of PAH is applied to
estimate the amount of PAH in the environment of the waste incinerator.

Methods

Samples were taken from different outdoor objects; installations, roofs and window framework.
Scrapping multi-increments composite sampling from these objects; dust 1- 10 gram/object, and roof
dust 100 gram/object. The analytical test is performed by the bioassay PAH Calux. BioDetection
Systems BV (BDS). Amsterdam, the Netherlands (2).

Summary

The analyzed dust samples are collected from buildings (some located directly near the waste incinerator) in
Harlingen region. PAHs have been analyzed in significant amount by PAH CALUX. This indicates that further
investigations are needed to know more about which kinds of PAHs does play a significant contamination role,
about the potential sources and the risk assessment for environmental, wildlife and human health.
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Organohalogen pollutants in surface particulates from workshop floors of four major e-
waste recycling sites in China and implications for emission lists
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Because of the primitiveness of e-waste recycling activities, the environmental effects of e-waste disposal are
attracting increasing attention[1]. Concerns focus not only on the volume of e-waste generated but also on the list
of e-waste-associated contaminants. Organohalogen pollutants (OHPs) are one of the most concerning classes
because of their significant levels in e-waste[2]. Thus. the pollution status of OHPs 1n the e-waste recycling sites 1s
particularly concerning. In addition. the levels and patterns of OHPs found in e-waste largely depend on the type of
items being dismantled[2]. However. little 1s known about the types and possible sources of OHP contamination
associated with the dismantled e-waste items.

The surface particulates on workshop floors can provide information about the concentration and distribution of
contaminants in e-waste because a large number of OHPs may end up concentrated in the surface environment.
China appears to be the largest dumping site for e-waste because of the dual pressure illegally imported and
domestically generated e-waste. Therefore. the primary objective of the present study was to gain an overview of
the levels, compositions and congener group profiles of OHPs (including short- and medmum-chain chlorinated
paraffins (SCCPs and MCCPs), polychlorinated biphenyls (PCBs). polybrominated diphenyl ethers (PBDEs), and
several other halogenated flame retardants (OHFRs)) in surface particulates from four major e-waste recycling areas
(Taizhou. Guiyu, Qingyuan and Dali) in China. An effort was also made to characterize the types and possible
sources of contamination present in the particulate matter found on workshop floors in e-waste recycling sites.

Generally, CPs were the predominant OHPs i the particulate samples. followed by PBDEs, OHFRs (including
decabromodiphenyl ethane, dechlorane plus (DP), 1.2-bis(2.4.6-tribromophenoxy) ethane. tetrabromobisphenol A.
hexabromocyclododecanes (HBCDs), polybrominated biphenyls. hexabromobenzene, pentabromotoluene, and
pentabromoethylbenzene.), and PCBs. The composition of OHPs varied depend on the e-waste items processing in
different regions. Guiyu and Dali were typical sites contamnated by HFRs and CPs. respectively, while Qingyuan.
and Taizhou were representative PCB-polluted regions. Different DP 1somer and HBCD diastereoisomer profiles
were observed among different regions. The evidence produced by this preliminary study indicated that electronic
devices and plastics may account for the high content of HFRs and the metal products are likely the major source of
CPs 1n these e-waste sites.
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Introduction

Chlonnated paraffins (CPs) are complex muxtures of polychlonnated straight alkanes. They have been
commonly used as lubnicants, plasticizers. flame retardants and metal cutting flwds for decades. CPs are draded
mto short chain (Cie.13. SCCPs). medmum chain (Cye.17, MCCPs), and long chain (Cis., LCCPs) products,
according to the alkane-cham-length range [1]. SCCPs, MCCPs and LCCPs are considered toxic to many aquatic
orgamsms such as invertebrates [2]. SCCPs were proposed to be mcluded m the Stockholm Convention hist of
persistent organic pollutants (POPs) [3]. MCCPs meet the cntena for substances of very lugh concem as defined
by REACH [4].

Compared to SCCPs, MCCPs and LCCPs have recerved less attention However, recent studies showed that
MCCPs and/or LCCPs were predonunant CPs i sewage sludge [5]. soil [6] and mdoor dust [7] in many
countnes. Whether these CPs, especially LCCPs, are “new” contamunants i the emironment 15 unclear. In thas
study, we measured CPs wath alkane-chain lengths ranzing from € to Cs m a sediment core collected from the
Baltic Sea coast for a lustoncal profile of CP pollution in Sweden.

Material: and methods

Wastewater treatment plants are typical sinks and sources of CPs.[8] Sediment cores from the Baltic Sea were
collected in September 2016 near Himmerfjarden wastewater treatment plant (59°04'03.6"N 17°42259"E) ata
depth of c.a. 20 — 50 m usmg a gravaty corer with a diameter of 58 mm The wastewater treatment plant serves
about 340 000 persons of the sourthern Stockholm's metropolitan area. One core was used for analytical method
vahdation and prelmminary testing. Then a 1.2-m core was used to rebuild a lustonical profile of CP pollution.
The cores were cut into 2.5 cm slices and stored in Whirl-Pak® sampling bags in a -20 °C freezer before dating.
The sediment cores were dated by "Cs and *'"Pb analy=zis [9]. The average sedimentation rates were 0.82 - 0.98
cm per year. The extraction and cleanup process for CP analy=is was adopted from previous studies [7, 10].
Bnefly. approximately 10 g of freeze-dried samples was spiked with ''Cys-1.5.5.6.6,10-hexachlorodecane as the
internal standard and extracted using accelerated solvent extraction (ASE 300; Dionex Ewrope, Leeds, UK). The
extracts were blown to near dryness with nitrogen, sulfur was removed using activated copper and then cleaned-
up on a multilayer SPE column The eluent was reconstituted m 100 pL 1500ctane. 20 ng Dechlorane-603 was
used as volumetnc standard.

Instrumental Analysis: Samples were directly mjected mto APCI-QTOF-MS (QTOF Prenuer, Waters, UK).
Instrument settings have been descnibed previously [11] and were applied with several adjustments [12]. The
observed resolution was 8000 — 9000. CP congener groups from C5Cl; to C35Clis were considered to form a
congener group pattern.

Quantification: CP congener group patterns of a set of CP techmcal products (n = 65) were mutially analyzed,

and a sub-set of 16 products were selected for quantfication m this study. consisting of 5 SCCPs, 6 MCCPs and
5 LCCPs. The CP congener group pattem of each sample was reconstructed by a deconvolution algonithm from
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CP pattemns of the selected products. In thus study, CP patterns i the sediment samples were satisfactonly
reconstructed (R* = 0.80). Relative confributions of the products were then used to calculate mstrument response
factors of SCCPs, MCCPs and LCCPs: in the sample A detailed deconvolution procedure has been ziven n
Bogdal et al [11]). The lmuts of quantification (LOQ) was defined based on the blank plus ten times the standard
deviation (SD), which is 1.4 and 6.5 ng/z dry sediment for SCCPs and MCCPs, respectively. LCCPs were
undetectable m the blank.

Results and discussion

Total CP concentrations (7 CPs) in the sediment core are shown in Figure 1. 7CPs were above LOQ in the
sediment section representing the year 1960 and increased to the maximum concentration of 48 ng/zg d.w. in
1991. T7CPs decreased to 15 ng/g d w. mn the surface sediment (representing the year 2015). YCPs were, m
general lower than in sediment from Swatzerland [13], China and Japan [14], which may be due to comparably
lower use of CPs m the studied area. The histoncal trend of 7 CPs m the sediment core 15 consistent with
statishies on imported amounts of CPs to Sweden. wiuch showed that the lnghest annual import of 7CPs was
4800 tons m 1991 [15]. Smee there 15 no CP production in Sweden [15]. the import amount mndicates the
amounts of CPs m use.

LCCPs were the predominant CPs before 1991, making up ¢ a. 60 % of total CPs. After 1991, MCCPs became
predomunant, making up c.a. 70 % of total CPs. The results were also supported by a recent study m which CPs
n dust from Sweden were predonunated by LCCPs [7]. In all sections of the sediment cores, SCCPs were less
than 20 % of total CP: with an average of 10 %. This is consistent with the importof CPs in Sweden where
SCCPs were on average 10 % of total CPs inported between 1990 — 2014 [15]. CP compositions m the sediment
core show that large amounts of MCCPs and LCCPs have been emitted into the local environment for a long
fune.

Figure 2 shows a congener group pattern of CPs in a sediment section representing the year 1960. Cy - C5s CPs
were identified in the section, wath Cy4 a5 the domumnant alkane-chain-length zroup. These CPs, consisting of
SCCPs, MCCPs, LCCPs and C, CPs, appear to have persisted m the sediment for c.a. 50 years.

Thus study indicates that CP pollution in Sweden 15 predominated by MCCP and/or LCCP products. Whether
MCCPs and LCCPs pose a nisk to the environment, in particular manne sediment ecosystem, 15 not clear, and
requures further study.
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Introduction

Short-chain chlormated paraffins (SCCPs) are widely used as industnal lubnicants and coolants in metalworking
applications. However, they are also present in consumer products when used as plasticizers and flame retardants,
especially m polyvinyl chlonde (PVC) plastic, as well as in rubber, textiles, and polymers. Additionally, they are
used as plasticizers in such applications as sealants, adhesives, and pamts [1]. According to a recent scientific study
“no other persistent anthropogenic chemical has been produced in such quantities [as chlormated paraffins]” [2]
Production and use of SCCPs 15 mereasmng [3]. In 2016, a Stockholm Convention expert committee recommended
listing SCCPs 1n the treaty for global elimination [4]. The expert committee noted that SCCPs are ubiquitous in the
global environment, wildlife, and humans [5]. They also fulfill key treaty characteristics as they are persistent,
bioaccumulative, and transported long distances to remote locations, including the Arctic and Antarctic. SCCPs
were listed under provisions of the Stockholm Convention for global elimination with the allowance of time-hmited
exemptions for certain industrial uses at the 8* Conference of the Parties in April 2017 [6]. SCCPs are toxic to
aquatic orgamisms at low concentrations; adversely affect the kidney, liver, and thyroid; and disrupt endocrme
function [7. 8, 9). SCCPs are classified i the 13" Edition of the Report on Carcinogens by the U.S. National
Toxicology Program as “reasomably anmticipated to be human carcinogens based on syfficient evidence of
carcinogenicity from studies in experimental animals [10].” SCCPs are found in fish, seals, walrus, and whales of
the Arctic that serve as traditional foods of Indigenous peoples [11, 12, 13]. SCCPs are also found in the breast milk
of Arctic Imut women [14]. The Stockholm Convention review of SCCPs found reports of contamunation in
consumer products — including children’s products and food contact matenals. This study investigated the levels of
SCCPs mn children’s toys purchased m 10 countries and m hand blenders used to make baby food because we
hypothesized that they are ubiquitous in a range of consumer products, including toys.

Materials and methods

One gram of sample (cryogemically milled) was extracted by shaking with the solvent mixture n-
hexane:dichloromethane (4:1; v/v) for 3 h. The crude extract was punfied using gel permeation chromatography in
the Bio-Beads S-X3 column with the muxture cyclohexane-ethylacetate (1:1, v4). The fraction corresponding to
elition of SCCPs was evaporated, residues were dissolved mn cyclohexane and transferred into the vial for final
nstrumental analysis. The mstrumental measurement was performed on an Agilent 7890B gzas chromatograph
coupled with a 7200 QTOF mass spectrometer (both Agilent Technologies, USA) in negative chemical 1onization
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(NCI). A capillary column DB-5MS (30 m x 0.25 mm x 025 pum. Agzilent Technologies, USA) was used for
separation of target compounds. The following instrumental settings were apphed: He flow (camer gas) - 1 ml/mmn;
Inlet temperature - 280°C; Injection - 1 ul pulse splitless (206.7 kPa, 30 ps1); Temperature program - 140°C (held 1
min) - 30°C / min to 310°C - 2°C / pun to 325°C (held for 2 min). total analysis time 162 min; Transferhne
temperature - 280°C; Reaction gas — methane; Ion source temperature - 150°C; Acqusition rate - 5 spectra/s; HRMS
- 12,500 FWHM . The quantification method 15 based on the calculation of the chlonne content within the SCCPs
fraction. Six standard muxture (technical mixtures) of the same concentration (10 pg/ml). but with different average
chlonne contents. were measured. 48 masses (24 quantification and 24 confirmation 1ons) corresponding to [M Cl] -
10ns representing individual congener groups (each charactenzed by the compound formula) were monitored. A total
response factor (TRF) was calculated. This quantification method 15 based on a study by Xia et al 2016 [15].

Rezult: and dizcussion

Laboratory analyses of 60 toys and other children’s articles from 10 countries (Brazil, Canada, China, Czech
Republic, India, Japan, Kenva, Netherlands, Russia, and Umited States) found that 45% (27) of the samples
contained SCCPs at concentrations ranging from 8 4 to 19 808 parts per million (ppm). Toys and children’s articles
analyzed in this survey included plastic animals, jump ropes, sandals, rain boots, plastic balls, pendants, and swim
gear. A majonty of the labeled products contaiming SCCPs were manufactured in China. SCCPs are pervasive n a
broad range of household products that may contribute to human exposure. Children are more vulnerable because
their physiology and behavior may cause higher exposures through skin absorption, inhalation, and ingeston This
study found a hand blender which contained SCCP contamunation. with a level measured in leachate of 3.3 ppb. This
product can contanunate prepared foods and 15 commonly used to prepare baby food. None of the product labeling
indicated that they contained substances of current global concem.

The levels of SCCPs found in this study were similar to those observed m previous studies. SCCPs exceeded
permitted levels in children’s products tested in Norway. with concentrations rangmg from 1,600 — 107,000 ppm
(0.16-10.7%) [16]. When conducting tests on household articles, the Swedish Chemicals Agency found that of 62
articles tested, 16 contained SCCPs m huigh concentrations: and 11 of the articles contamed lower concentrations of
SCCPs that were thought to have resulted from contamination m the manufacturing or delivery process [17]. In
Germany, 19 of 84 plastic products contained SCCPs, with concentrations ranging from 440-50,000 ppm [18].
Levels of SCCPs rangmg from 4,000 — 69,000 ppm (0.4-6.9%) were found in mats tested in Austa [19]. In
Sweden. 2 recent study demonstrated that hand blenders used in food preparation for babies and infants are
unexpected and serious sources of exposure to SCCPs. Eight out of twelve hand blenders leaked SCCPs imnto
prepared food. The scientists concluded: “the presemce of chlorinated pargffin: in household appliances that
contaminate food during preparation is unacceptable and actions have to be taken immediately [20].

In 2015, the Euwropean Commuission set a weak regulatory limit of 0.15% by weight (1.500 parts per million) for
SCCPs m articles [21]. Six of the toys in this study (10%) sigmficantly exceeded this standard wath levels of 4,376
ppm (2 baby bib purchased in India), 4.866 ppm (2 baby bib purchased in Kenya). 6,918 (beach ball purchased in
Kenya), 9.715 ppm (a gym ball purchased in the Czech Republic), 13,973 ppm (a plastic duck purchased in Brazl),
and 19.808 ppm (a jump rope purchased in Japan). Several countries where SCCPs are banned (including Austna,
Germany, Norway, and Sweden) have taken enforcement actions when inspections revealed that SCCPs exceeded
permutted levels in household products.
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The Stockholm Convention expert commuttee (known as the POPs Review Commuttee or POPRC) recommended
listing SCCP: in Annex A of the treaty for global elimmnation The Conference of the Parties of the Stockholm
Convention listed SCCPs in Annex A of the Convention in April 2017 wath specific ime-hmited exemptions [22].
Listing SCCPs in Annex A of the treaty prohibits production, use, mport, and export of SCCPs, except for pwrposes
of environmentally sound disposal in accordance with Convention provisions. The Stockholm Convention also
includes measures to address releases from stockpiles and wastes in Article 6. This includes establishment of
hazardous waste limuts known as low POP content levels (LPCLs). These Limits define the value at which wastes are
considered to be POPs wastes and therefore must be “"Disposed of in such a way that the persistent organic pollutant
content is destroyed or irveversibly trangformed” (Stockholm Convention Article 6.1 d 1) Thus, LPCLs are crucial
for defiming which wastes are hazardous according thewr POP: content. The provisional LPCLs for most POPs hsted
in the treaty have been set at 50 ppm However, lower limits have been proposed for some substances [23]. For
example, PCBs have had a provisional LPCL of 50 ppm, but a it of 10 ppm has been proposed. If SCCPs are
listed in the Convention. then an expert group will study the matter and make a proposal for LPCL for consideration
at the Conference of the Parties in 2019. Uszng 50 ppm as a “typical” LPCL for companson reveals that a
sigmificant proportion of the products i this study would be considered hazardous waste. Eighteen toys (67%)
exceeded 50 ppm SCCPs. If a lower LPCL of 10 ppm 15 used for companson, then 96% of the samples (26 of 27)
exceeded this imit and would be classified as hazardous waste and subject to treaty waste provisions.

SCCPs are substances of global concern and now included for world-wide elimination under the Stockholm
Convention. Swpnsingly, SCCPs are widely present in children’s toys made of plastic. Ninety-six percent of the
toys with measurezble concentrations of SCCPs contained levels of 10 ppm or greater. These results compare with
other studies that found SCCP: in consumer products, even though they are banned—often in high concentrations and
above permutted levels. Products contaiming SCCPs are likely to be a signmificant pathway for human
exposure and particularly harmful for infants and children. It wall be important to monitor levels of
SCCPs in consumer products as a measure of the effectiveness of the Stockholm Convention.
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1.Introduction

Chlorinated paraffins (CPs). or named polychlorinated alkanes (PCAs). are a class of complex mixtures
containing thousands of different isomers. enantiomers. and diastereomers [1]. According to the carbon chain
length, they can be subdivided into short-chain CPs (SCCPs, C,4—C,;). medium-chain CPs (MCCPs. C,4—C;7).
and long-chain CPs (LCCPs, C=;7). Considering the potential for long-range transport [2]. persistence [3].
bioaccumulation [4] and toxicity [5]. SCCPs have been listed as persistent organic pollutants (POPs) in the
Stockholm Convention in May 2017. Although multiple studies have demonstrated the occurrence of SCCPs
and MCCPs in environmental matrices, including air [6]. water [7]. soil [6] and sediment [8]. studies about
human exposure of SCCPs and MCCPs are very limited. To date, only a few studies have investigated the level
of CPs 1n human milk [9. 10]. and just one study has focused on the human blood [11]. More data on internal
exposure, including human blood concentrations and congener profiles. are needed to access the health nisk posed
by CPs.

POPs have been reported to also penetrate into the fetal system. despite the protective role of placenta. In fast
growing stages of life. fetuses are more vulnerable than adults to the potential harmful effects of chemicals. The
prenatal exposure to chemical contaminants via placental transfer may even result in irreversible adverse effects
on growth and development of fetuses. The potential toxicity of the compounds in this case highlighted the
necessity to understand CP contammant levels in umbilical cord blood. placental transport mechanisms as well as
health effects of prenatal exposure. However, to the best of our knowledge, there has been no related study due to
the difficulty in analytical technique of CPs.

In this study, SCCPs and MCCPs were analyzed 1in fifteen paired maternal and umbilical cord serum using two-
dimensional gas chromatography coupled with time-of-flight mass spectrometer (GCxGC-TOFMS). The
contanunation levels and congener group profiles were investigated at the first step to gain a better understanding
of the mechanisms of the placental transfer and neonatal exposure risk of CPs.

2.Materials and methods

2.1 Sample collection

15 pairs of matemnal and cord serum samples were collected from women and their neonates in 2012. From
February to May. volunteers of the pregnant women were randomly recruited. For the aim to investigate the
prenatal exposure in Beijing general population and to exclude other influencing factors, volunteers were required
as healthy local resident women who gave birth to a single live-born child without congenital anomalies. These
women agreed to participate in the present study at Haidian Matemnal & Child Health Hospital in Beijing, capital
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city of China. For each participant. information such as maternal age. BMI. maternal previous live births. neonatal
sex, neonatal type of delivery. gestational weeks. neonate’s birth weight and birth length was collected from
medical records since 13—16 weeks of pregnancy. Cord blood samples were collected immediately after delivery.
while matemal blood samples were collected within one or two days before delivery. Then the sera were
transferred to prescreened 3 mL polypropylene containers and stored at —80 °C for analysis.

2.2 Sample extraction and cleanup

Each 1mL of serum sample was spiked with 2.5 ng of *C;o-trans-chlordane. and then extracted with 10mL mixed
solvent of n-hexane and dichloromethane (1:1. v/v) by ultrasonic for five times. The extract was evaporated to
about 1 mL. and fractionated on a multi-layer silica gel column containing 3 g of Flonsil. 2 g of neutral silica gel.
5 g of 30% acidified silica gel, and 4 g of anhydrous sodmum sulfate from the bottom to top. The column was
ninsed with 50 mL of n-hexane. Afterwards. the sample was added and eluted with 40 mL of n-hexane as well as
100 mL of n-hexane/dichloromethane (1:1. v/v). The second fraction was collected. concentrated to near dryness.
and solvent-exchanged with 50 pL of cyclohexane. Before analysis. 2.5 ng of e-HCH was added as an injection
internal standard.

2.3 Instrumental analysis

Analysis of SCCPs (Cy0—Cy3 with 5-10 chlorine atoms) and MCCPs (C4—C;7 with 5-10 chlorine atoms) in the
serum samples were carried out by a GCxGC-TOFMS instrument. Briefly. each 1-uL sample was injected in
splitless mode. and the injector was set at 280 °C. The GC oven temperature started at 140 °C for 1 min. then
increased at 10 °C/mun to 200 °C, increased at 1.5 °C/mun to 310 °C, and finally maintained at 310 °C for 5 min.
The modulation period was set to 8 s. The mass spectrometer was performed in ECNI mode with methane as the
reagent gas. Twelve groups of ordered structures were shown on the two-dimensional chromatogram, and those
congeners with the same number of carbon plus chlorine atoms (e.g.. CyoH;3Clo, C1;H;6Cls. and C1H;oCls.
C13HxCls) were divided mto the same group. The two most abundant [M—Cl]” m/z were selected as the
quantification and qualification 1ons. The calibration curves between total response factors and chlorine contents
of prepared CP solutions were established, so that differences of the chlorine contents between the experimental
samples and referenced CP standards can be corrected. The GCxGC data were processed via GC Image® R2.5
Software (GC Image. Lincoln. NE).

3.Results and discussion

3.1 Occurrences of SCCPs and MCCPs in maternal and cord serum.

SCCP and MCCP concentrations 1n collected serum samples were all reported basing on the wet weight (ww).
The concentrations of SCCPs in the maternal serum ranged from 20.1 to 178.3 ng/g ww. and the range for the
chlorine contents was 60.7—61.6%. The MCCP concentrations ranged from 5.6 to 24.7 ng/g ww. and the chlorine
contents of MCCPs were 54.9-56.6%. The concentrations of MCCPs were lower than those of SCCPs 1in all of
the investigated samples. Compared with one previous studies of CPs in human blood [11]. the concentrations in
the present samples were lower to those found in a general population from Shenzhen. China. Concentrations of
total SCCP and MCCP 1in cord serum were estimated to be 6.2—40.5 and 3.2—-8.7 ng/g ww, respectively. The
findings clearly demonstrated that SCCPs and MCCPs can cross the placenta and accumulate 1n fetal blood.
Besides, concentrations of these compounds studied were all ordered maternal serum > cord serum, suggesting an
effective placental barrier and possible dilution during fetal growth.
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3.2 Congener group profiles of SCCPs and MCCPs in maternal and cord serum.

The homolog patterns of SCCP and MCCP 1n maternal and cord serum were both analyzed (Fig.1). For SCCPs in
the matemnal serum. C,;-CPs was the most abundant. followed by C,;-CPs. The dominant chlorine homolog
groups were Cls- and Cl;-CPs. For MCCPs, Cl;- and Clg-CPs were the major chlorine homolog groups. and Cy4-
CPs was the main carbon chain. The homolog patterns of SCCP were different from those found in Shenzhen
[11]. 1n which C,;-CPs dominated most, followed by C;,. C;,. C;; compounds. The reason may be the different
contamination source between different places. In addition. the congener patterns of SCCP and MCCP in cord
serum were similar with that in maternal serum. but with an increasing percentage of long-chain compounds.

3.3 Placental transfer of SCCPs and MCCPs.

Average concentration ratios of SCCPs and MCCPs between maternal blood and cord blood were calculated and
shown in Fig.2. All values were less than one but varied among different homologs. In particular, the ratio
increased as carbon chain became longer to a certain extent. and the value was highest for C,4-CPs. Simularly. the
ratio was highest for Clg-CPs not Cl,,-CPs. It has been reported that passive diffusion often governs transport
mechanism for drugs crossing the placental barrier. Important properties of the chemicals that determine the rate
and extent of placental transfer by passive diffusion include molecular weight. 1onization, lipid solubility, and
protein binding. Toxic chemicals that are lipophilic and not protein-binding transfer more easily through the
placenta. In this case. CPs with longer carbon chain are more easily to cross the placental. Obviously. the actual
process was more complicated than only this based on the above data. There are other possible transmission
mechanisms at the same time. such as facilitated diffusion and transporter mediated transport. The process of
placental transfer of SCCPs and MCCPs may be governed by some different factors concurrently.

To our knowledge, this 1s the first study to report the occurrence of SCCPs and MCCPs 1n cord serum and the
maternal-fetal ratios of each congener. While the sample size in the present study 1s relatively small, the results
can provide insights into the placental transfer behavior of these chemicals. The mechanisms elucidated by which
SCCPs and MCCPs are transferred from mother to fetus through the placenta could give us important implications
for assessing infant health risks associated with maternal exposure to the compounds.
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Fig.1. Congener group profiles of SCCPs and MCCPs in matemal and cord serum

1.2
=
= 1 mCls
=
= 08 mCI6
£Zos uCl7
é - 04 ECI8
T 02 ECI9
(=
O 0 - mCl10
Cl0 €Cl11 Ci12 Ci13 Cl4 C15 Cls C17

Fig 2. Concentration ratios of SCCPs and MCCPs between maternal blood and cord blood
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