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Production of polychlorinated naphthalenes (PCNs) can be traced
back to the beginning of 20" century and they are widely used for
various industries such as dye manufacturing, wood, textile and paper
industries, crop pesticides, plasticizers, oil additives, alloy casting and
lubricant of graphite electrode. PCNs production has been prohibited in the
end of 20" century due to the hazard to environment. However, PCNs are
still emitted into environment via several ways including consumed PCNs
and polychlorinated biphenyls (PCBs)-containing commercial products
(PCNs are byproducts formed from PCBs manufacturing), waste
incineration and thermal processes and Taiwan is exposed to the high risk
of PCNs emissions. There are lots of potential emission sources of PCNs,
for instance, industrial production and waste incineration. Hence, to assess

PCNs emission is of urgency. Analysis method is developed and applied for



the measurement of  PCNs concentration/distribution in sediment
collected from the Fe-Tsui Reservoir. In this study, pretreatment methods
are developed based on the studies conducted in other international
laboratories. For extraction methods, we consulted much literature and
applied four common extraction solutions, including dichloromethane,
toluene, dichloromethane/toluene mixture (v/v = 1/1) and acetone/n-hexane
mixture (v/v = 1/1) to extract soil for 24 hours. Results show that the soil
sample extracted has an internal standard recovery rate between 41 ~ 89%.
For purification, 5, 10 and 15 mL of toluene and 60/5 mL of
dichloromethane/toluene mixture are used individually to investigate its
effect on PCNs internal standard recovery rate. Results show that 5 mL of
toluene and 60/5 mL of dichloromethane/toluene mixture have lower PCN
sample recovery rates because 5 mL of toluene is insufficient to wash out
all of PCN species while 15 mL of toluene need to be concentrated under
reduced pressure for longer time, leading to the reduction of recovery rate,
and 10 mL of toluene is the best. Hence, combining the above best
extraction solvent and the best purification collection volume forms the
most appropriate pretreatment process. For quality control and quality
assurance, 7 blank matrix-spiked samples have the average internal
standard recovery rate of 29-106% for mono- to octachlorinated PCNs,
analyte recovery rate of 63-98% and sample recovery rate of 54-91%.
Furthermore, the method detection limits range from 0.28 to 1.86 pg, and
the PCN concentrations in sediments range from 3.13 to 49.22 pg/g-dw and
downstream PCN concentration reached 49.22 pg/g-dw. For species
distribution, tetrachlorinated PCNs are dominating species, which coincides
with the literature. On the other hand, highly chlorinated species are of

lower concentrations.
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Production of polychlorinated naphthalenes (PCNs) can be traced
back to the beginning of 20" century and they are widely used for
various industries such as dye manufacturing, wood, textile and paper
industries, crop pesticides, plasticizers, oil additives, alloy casting and
lubricant of graphite electrode. PCNs production has been prohibited in the
end of 20" century due to the hazard to environment. However, PCNs are
still emitted into environment via several ways including consumed PCNs
and polychlorinated biphenyls (PCBs)-containing commercial products
(PCNs are byproducts formed from PCBs manufacturing), waste
incineration and thermal processes and Taiwan is exposed to the high risk
of PCNs emissions. There are lots of potential emission sources of PCNs,

for instance, industrial production and waste incineration. Hence, to assess



PCNs emission is of urgency. Analysis method is developed and applied for
the measurement of  PCNs concentration/distribution in sediment
collected from the Fe-Tsui Reservoir. In this study, pretreatment methods
are developed based on the studies conducted in other international
laboratories. For extraction methods, we consulted much literature and
applied four common extraction solutions, including dichloromethane,
toluene, dichloromethane/toluene mixture (v/v = 1/1) and acetone/n-hexane
mixture (v/v = 1/1) to extract soil for 24 hours. Results show that the soil
sample extracted has an internal standard recovery rate between 41 ~ 89%.
For purification, 5, 10 and 15 mL of toluene and 60/5 mL of
dichloromethane/toluene mixture are used individually to investigate its
effect on PCNs internal standard recovery rate. Results show that 5 mL of
toluene and 60/5 mL of dichloromethane/toluene mixture have lower PCN
sample recovery rates because 5 mL of toluene is insufficient to wash out
all of PCN species while 15 mL of toluene need to be concentrated under
reduced pressure for longer time, leading to the reduction of recovery rate,
and 10 mL of toluene is the best. Hence, combining the above best
extraction solvent and the best purification collection volume forms the
most appropriate pretreatment process. For quality control and quality
assurance, 7 blank matrix-spiked samples have the average internal
standard recovery rate of 29-106% for mono- to octachlorinated PCNs,
analyte recovery rate of 63-98% and sample recovery rate of 54-91%.
Furthermore, the method detection limits range from 0.28 to 1.86 pg, and
the PCN concentrations in sediments range from 3.13 to 49.22 pg/g-dw and
downstream PCN concentration reached 49.22 pg/g-dw. For species
distribution, tetrachlorinated PCNs are dominating species, which coincides
with the literature. On the other hand, highly chlorinated species are of

lower concentrations.
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% & Z5(Polychlorinated naphthalenes,PCNs)JE fH i {2 AY AR F1E A 1-8 [
fr BEHEEREAERIEEY (973 CuoHs: (m +n) Clim + ) © ZESHEILHF 75
T [EDEY) > HAEREAE 1-1 Fr - 2 &5 2015 4 5 H #ilri= 5F i L 2 4 (Stockholm

Convention)& A Ry 'E Tl A MEA 54 (POPs)

= X
Clyyv—T7— —Cl,
\ /
B 1-1 2 EZEEE
% GEEHVYIEIRREIERE (R A 2 AR S AR S8 - B fEEY) - Al
[ B fE 4 o T B E 5 T A B [E](Van De Plassche and Schwegler, 2002) - 24

ZHEGUKME B S BBV AR E M B AR AT AN K 22 Fh SR A 4838 14: (Falandysz et al.,
1998) - ZEEEA GIERK - (HANSINESE] - = 1-1 F|H 2SS LTS -
BRSNS 2 @855 A58 - (RRRE - B/ M RFHE BRI RE Kow f
Koa [HZEFFIME
* 1-1 28 LawzyeEE
. . - - Vapor Water Henry’s Law
Homologue Melt'?g Point BO'I'Q%PO'M pressure solubility constant IO%K"W Iog Koa
() () (Pa at 25°C) (rg/L) (Pa m¥/mol) (Ca) (Ca)
Mono-CNs -2.3-60 260 2.1 924 - 2870 36 3.93-3.97 5.93-6.02
Di-CNs 37-138 285-298 0.17 137-474 - 4.20 - 4.63 6.55-7.02
Tri-CNs 68-133 Ca.274 0.13 17- 65 - 5.49 -5.50 7.19-7.94
Tetra-CNs 115-198 - 0.048 3.7-82 - 5.14-6.10 7.88 -8.79
Penta-CNs 147-171 Ca.313 43x10° 11.9 5.67 - 6.49 8.79-9.40
Hexa-CN 194 Ca.331 9.5x 10™ 8.8 6.02 - 6.68 9.62 -10.17
Hepta-CNs 194 Ca.348 3.7 x10™ - 6.48 - 6.57 10.68 -10.81
Octa-CN 192 440 1.3x 10* 0.08 4.8 6.43 11.64

Ca.: calculated or estimated Water solubility, vapor pressure and predicted dimensionless Kow, Koa are adapted from (Jakobsson and Asplund, 2000;
Bidleman et al., 2010) and IPCS, 2001.




FAMF BT L KR FEF(1/2)

Wrge R~ 2 SR M MR B 2 & 2 A (L (Falandysz, 1998; Jakobsson and
Asplund, 2000; Van De Plassche and Schwegler, 2002) - Falandysz et al.(2014)f5 1%
FEEHOUN R EEY)  NEAREER A S N GEFRIGEE » 5515
FIAMEARE5AI(POPs) - EALUT 4 flRsE
(a) RIZHH

HRNEARAN  ZEEERRAT A RER XS - Wit - £5 5
R A Y ] A B 2 SRR AT - B R A AR S A A PR AR A
KSR (Mackay and Wania, 1995) » KSRV &R AN A 1505 1 ik i 6 (5
FIEAHE - RS L - Fr A5 A RE 2 SR E D UBAE K
TIENIE A o BRSNS A ERUE”  (Frank and Mackay, 1993) - &K
> BEAFER KT TR A ARSI K TR R G IR 24 A4
(Pan et al., 2013) -

(b) E¥IFER

FhEEL(log Kow) /B ERaT 4 2RI RAVE S8 7 H AR R A 1Y SRR 4H
SRERELHYVE S o L ST A AR TR B R IR T K - B EE R LAY
BT v log Kow BHER S 2 754 — Mt B AW BRERVRSME - &%
EREEMN log Ko REEAESNAEY RBUVEEE - 138 > TFRADEM A
HEGRIVRFTRE ST - 4132 1-1 fis s REL DI ZEZE E8ZE/\GEFEY)E log Kow
£ 5.14 5] 6.68 > fEE E(CIZEHNIEEE BHE -7 (Bidleman et al., 2010) -
log Kow [ERTA S » EA HEIRARN: - fEEWsh BAEYIRHES -

() &

il
W

Z @SR IR S A N R R b g - SURKE s TR BRI IR
SR NENEZZEZ 58 B B MM s s R S #
FEFIH H AU & B 3% (Hanberg et al., 1990; Engwall et al., 1994) -

AN ZEENEEY S FEELEY) - & RO SHEMRy 2,3,7,8-4
L HFA¥(TCDD) » ZEETTIE (ARG E LS - MEias: - AFalE - R

= EIRE > B MEAEE Y E(Fernandes et al., 2009)5F - SUIHEFIATEAVIRE



F-% E7FR

EHGEE /RN S @SR TR F i S R - BT - LPAAR
BN % REEFIRY) R A Ryt (Jakobsson and Asplund, 2000) > FHEHRZERT

E— BB T 2 S EEEE 2 GUBRERON R B A B DR R Y K EL B 2< Y 5 55 (Kannan et
al., 1998; Kannan et al., 2001) - % & 2561 2,3,7,8-TCDD 7 fH ¥ & 24H (relative
potency > ISO/TS 16780 ; Huang et al., 2015; Jonathan et al., 2012) &z TEF {HX% 1-2
A7 » Al Stockholm Convention >R IEAANE B ESE 2 TEF HHFEATER ZH
EAFAHE - SR EESS

#x 12 Z8EHEESME & TEF {H(ISO/TS 16780 ; Huang et al., 2015;
Jonathan et al., 2012)

4 REP RPF TEF
(ISO/TS 16780) (Huang et al., 2015) | (Jonathan et
al., 2012)
1x10™ 6.8x10° 6.8x10°
1,2,3,4,6CN(50)
1x107* 1.7x10™ 1.7x10™
1,2,3,6,7CN(54)
1x10°3 2x10°° 2x10°3
1,2,3,4,5,6CN(63)
1x107? 2.5x107 4x10°
1,2,3,4,6,7CN/1,2,3,5,
6,7CN(66/67)
1x10°3 2.0x10° 2.0x10°
1,2,3,5,7,8CN(69)
1x107 1.1x10° 1.1x10°3
1,2,3,6,7,8CN(70)
1x10° 3.5x10° 9.0x10™
1,2,4,56,8CN/1,2,4,5,
7,8CN(71/72)
1x1072 3.0x10° 3.1x10°
1,2,3,4,5,6,7CN(73)
1x1072 - 4.1x10°
1,2,,3,4,5,6,8CN(74)
1x107 - 1x10°
1,2,3,4,5,6,7,8CN(75)




F AT B L5k pIHRE 2 (1/2)

X =T A VEEA(REP) A {ar i BDS (BioDetection Systems b.v)/\ &|fEFf DR CALUX
(Chemical-Activated Luciferase eXpression) i afifa s 5 —fHE B 5] R Y)3HE
TR R I - W D S M E 2 N T ARV E AR R 2 S
[EIfE 2L 2,3,7,8-TCDD YA > H CALUX REP By 1 - (T3R5 2004 5 [T
#2005 ; Z<1FEH 2005)

(d) FAME

— ALK PR R M (E A > A I IR Y -F = A
ANEH > BT AR BAER AN - W5 2 @S5 E B ERYIR =80
HEEA e BRI RS R E AR RAEE - st TR HIE - BKh
T BCHA H H R HE T A T B 22 B — R — AR - 2050 - 2-BEE

N EZEFEHRd 38 K& 104 K A2 (Kincannon and Lin, 1985) - Jakobsson and
Asplund (2000)7 FFIFE 7S ST 2 A5 Lol (- B0 2,3,7,8 SASRAT LR - 52
HAMHE -

1.2 & ZEZ KR

12,1 82 R

ZESWARRIERE S - LHEEERSE - AU - ORI - &
PALEY) ~ AR ~ JeRlEEE KA RS (WHO - 2001) - 1910 £ 1980 fEZ &5
WA HILEL S H 22 DL g 44 F8 40 Clonacire Wax ~ Halowax - Nibren Wax {1 Seekay
Wax 8775 o FRAEARH FLE& B4R B T 49 15 EIEY % 525 (Falandysz et al., 1998) -
FEEE > ZEENEEEE 1977 R N - 1980 S GREAINE M - £V RE
M RAREEAERE AR AN ZSEMBONEIRIE % 112 SRV A EFITE
FH(Crookes,1993) - H A 1940~1976 L4z 7 4000 ZHMENTZ &% - M 1979
FEREEE (RHECTAN#SGE (Noma et al., 2006) - S {E 1960 FEUHHHIE R4 » 28T 5%
HIORREEDT » 1970 FARE/VENZ EERAE - HN TR 2 825 HRE R A fG
fERayERR - 20 tHAREREEILAERE - HAT  FREC A EREENBEELE
A (Meijer et al ., 2001; Baek et al., 2008) -



1.2.2 ZEEEZ IR
% @ZE ¢ 3 FEEEAL Y 5 IR =0 A B85 1 (Van De Plassche and Schwegler,
2002)

1. BEEHZZEE
2. HEENRAEEHZ 2 R

3. REEYIECAIEANE R IR

BESEENEECLE L HBEEHNES S ENELNASRE TSR
SRV ATREARIR 25 @R AT B8 B F TP AV an 288 AT E BE R S AN B4R TE
JBC > TR 5 T Y B B B e i PR th TR BRI T S S R BE A -
ST Tt B A 2 SR 2 FRYIE B 3 2 2 SRR &) T LLEIEYIHIIE 20
{F1F(Falandysz et al., 1998; Ishaq et al., 2009; Bidleman et al., 2010) - Falandysz et al.
(1998)f5t Arochlor =t Clophen 25V Z &4 R &Y T e e A S EZE HER
ZRRIE 5 0.0067% > Fr KKy 0.087% - Liu et al.(2014) s34 B 2 Z &R &)
ZAZERE LR S @R RIEY) T 2 G E RS 120-169 - E{EEE /)
X Falandysz et al.(1998)Frf Y Bk 2SS4 B HY 0.1% - By HHEE FTHFiT
M2 EEEN R e E SRR - T AEE 80% HY% FE A AR HRT
(Bidleman et al., 2010) - —LEZNFRHRIR a6 B B2 SRV E AR - iE
JEEZE 7 2 (Noma et al., 2006; Sakai et al., 2006; Hu et al., 2013) » 5 4 /& & iETE
(Nie et al., 2011) » /{7 (Liu et al., 2010) & Zfig{ 7% (Jarnberget et al., 1997)<¢

% 1-3 HUR TR 14 (B [F LS8 2 S HRRUA S TEQ {H -

TR MAEGR E[EU 2 2 FEE PR R R LR R R HE R AR -
Falandysz et al.(1998)+5 Hit&{ Ll i A [FIHRIEIS B~ 2 SR FIURE A RN 2= 2
TERUE R RS R AR SRV BB R, > 5 B 25T 43 5 By 15000 ng / m® 1 4300 ng
/' m®> {Z g% HIE 13000 ng / m3(Takasuga et al., 2004) - Takasuga et al.(1994)££ MSWI
JEE sEAE T R EOHIE 2,3,6-Tri CN f11,2,3,6-Tri CN 4 » 78838 HAth 2 S 5[5 FY)
FIFFAE - Ba et al.(2008) b5 1 B 2 - $m - sRIEFEIUT TR E0FE 11 (8 TR ey
B EEEREELISEREY - REBZZEELTENYE > Hfh—&8%

A B SIUREARE S © Hu et al (013)tiSHI— B IIRAY S F2E R

iﬂﬁ



F AT B L5 pIHRE 2 (1/2)

BRI SR Y EZ [R5 - Noma et al.(2006)# 52 f 2 )2
flii - SEREEEEY TS EEN BB TR > [EHE

RERERI 2 RERY

1Y) - HHE

b FEthas B — LB R PR AR o 25 S SNk IR 2 TP R A B E HYAERR T (lino et al,

2001; Oh et al., 2007) «

# 1-3 TEA R TGS 2 @ZEFHR B (Liu et al., 2014)

Emission factor

Emission factor in

Annual emission

Sources L L ]
(Mg t) TEQ (ng TEQ tY) estimates (mg TEQ)
Iron ore sintering 14-1749 0.5-41.5 1390
Electric arc furnace 1970-4475 21.6-30.1 N/A
Cement kiln 242 3.7 N/A
Secondary copper smelting 141-9154 2.8-1989 860
Secondary aluminum
) 575-13610 33.8-316 390
smelting

Secondary zinc smelting 3431 126 10

Secondary lead smelting 1336 20.1 9
Primary copper smelting 11.2-69.0 0.2-13.0 N/A
Primary magnesium smelting 3329 32.1 16.1

Cooking process 5.1-50.3 0.77-1.24 430-692
Thermal wire reclamation 2715-8650 90-100 N/A
Municipal solid waste
o ) 71-53253 1.4-810 N/A
incineration

Medical waste incineration 981 17 N/A
Hazardous waste incineration 269-5763 5.4-27 N/A

NA: Not available.
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1.2.3 BINS 8& 2 BIEIR

B ARy 1 B o 20 @R AR A HAVEER - A BB LEYIERE FHY
REEIE - HE - AN TS EEENEY NS - P NS 82356
BRI RBIEAPRIORR - 2825 e blE - S s A HAth Bz T AE A
R o BRI PN i S AR AR AR T 2 SR HE AV AH R SORR - (B R IR A TR %
B - BETRAHRERE PP 2 252 A TR Y -

13 )Y M ZRER

SCRRER TSR TR Rt 2 TR A 212 & 250017 AE (Nadal etal.,
2007; Cetin et al., 2016 ; Terry et al., 2010) - B AHIBEARLL - T3 2 HIEAR S
WRIE > ZRSEREHEERE N.D.22 4.6 P g/g - Li et al. (2016)3H 2 H B & ok
ATH T BRI NI T 2 G2 2R AR - IR ARy 0.33 & 1249
ng/g &4 0.61 = 6.60 ng/g(dw) - I HLA=GEINUSAN 2 &S T - HALKIAH PMF 2
frEZRHSHACR > SRBURNS FEEEERE B TEE/LH) - Panetal. (2011)E
M EEFEILAONEI R Y 2 SRR R 0.12 % 5.1 ng/g(dw) » A SRS fy
1.1 ng/g(dw) » BRI SCRREL RS ER ML o)) (RR) o 2% SRR AH S - 11
EA— BB FE S RAR AT

Tian et al. (2014)6/1 58 LA LIEIT AT -9 2 @SS E & > 35355 dI-PCNs
FREIES Y 30.35 % 280.9 py/g \TEQJRFEA 7.7 % 130.2 fgTEQ/g » BT 57
TR % EEE T FAVAC I BE Ry B IR A2 () - Krauss et al.(2003) 52 (2R 2
(R EE AL H gpic i ERARAS L3 o 35 Fl % SRR T AUy HUREE /N 0.1 £ 15.4
ng/kg > FBATERSTRI/INGY 0.1 % 0.82 peg/kg » &RFHAEUR T B SR MENY)RELL
FEE = 771 BB ER MR 5 25 2 (e i (S A o

Brack et al. (2003)¢tHf{ERLAF &GN Z IV T =2 CANZ EZ

HET AT HEE SRR E = %S 2 R 57 751 7 880 nglg- 540 ng/g> 1120 ng/g(dw) -

EE Kannan et al. (1998){f 35 &ulp TREMTATATAISAVERER T 3 £ 14 & -
Lundgren et al. (2003)33 K EE AL EIRGHYI Y T 2 EE (WA E )R
[ % 0.27 = 2.8 ng/g(dw) » MARIRHEIBRAR HER ILHN & ARV 2 SR IR E ALY
Ry 91 kg - BASRE ~ HARSEHNE )RRV B dn P YR SR {EAHAT - Jaernberg et al. (1999)



PG B A kPR 3 (12)

TIATER PSSR Y 2 2 S 2R R 0.1 & 1.3 ng/g(dw) » Yamashita et al.
(2000) 7347t H A BR 5 8 S R 25 S5 RS £ 1.8 ngl/g(dw) - Meijer et al. (2001)
it 9% S I 9 {8 - SR PR AR B T 2 B R R FE B L B Ry Lt 2 SR BTN
Luddington Hl& Y 13845 it % EZEAV AR e 1968 4EHY 6000 pg/g(dw)FE{EZE
1990 i 420 pg/g(dw) ; Broadbalk Wifz Y1345 i th B 43 71 By 16000 £ 15000
pg/g(dw) - Wyrzykowska et al. (2007)F5 H 57 &8 e ith 1 1358 v (19 2 SR ZEMERIE K 350
% 1100 pg/g(dw) > &ERBURILEY SR OTRE SR 3 T3 AT Y 2 S8 250 -
W 1-4 Fis > DUEZE R TR T N ESRE -
xR 4 HAKBERERENE P SRE L RE R ESYE

EF

i
T

bf

Dominant Time of Reference
Location | Concentration(ng/g) congeners sampling
North TrCN and )
) 0.89-5.41 2003 Tianetal ., (2014)
China TeCNs
Turkey
i 0.05-7.07 PCNs 38/40, )
(Industrial 2010 Cetinetal., (2016)
) (32PCNs) 24/14,33/34
site)
Liaohe
River Tri-CNs and ]
) 0.61-6.60 2010 Lietal ., (2016)
Basin, tetra-CNs
China
Nd -0.3715
Soil Tarragona Tetra-Penta-CNs 2005 Nadal et al., ( 2007)
(TeCNs-OcCN)
Germany Nd-15.4
(urban site) (35PCNs)
Tetra-Penta-CNs Krauss et al., (2003)
Germany Nd - 0.82
(rural site) (35PCNs)
Pearl River PCN24
0.0095-0.666
Delta,south ] PCN33/34/37 2009 Wang et al., (2016)
) (Tri-hexaCNs)
China PCN28/43
Northeast Tetra-CNs and Schuhmacher et al.,
) 0.0069-0.0764 2002
Spain Penta-CNs (2004)
Liaohe
] River Tri-CNs and .
Sediment ) 0.33-12.49 2010 Li et al., (2016)
Basin, tetra-CNs
China




) PCN-32,
River
8.94-414 PCN-75, Mahmood et al.,
Chenab, 2013
) (39PCNs) PCN-35, (2014)
Pakistan.
PCN-39
PCN-42
0.23 - 252 Jarnberg et al.,
Sweden PCN52/60 -
(Tetra-heptaCNs) (1993)
PCN66/67

BT S RERE - BB K B ITA
BEINAFF BN PR - 0 LA B AT LR HE - EHRIA
ML SN - RIREGEBRRETNZESRRE R ER 2 o ITFEK
BESNEH — R EEHRAER » AGTEREEES 15 R BN 2 S ES R AR 5T
G 15 Frn o RIS T BUIE fe an NI & e 2 S5 RS /it 0.05-12.49
ng/g-dw; + B2 EZ5EEHIE /1Y 0.61-6.60 ng/g-dw; KEZEZEEE /1 3.5-800
pg /m® ; SRS EEEEE A HY 41-1400 ng INm® » STRRBERIERE ~ TR AR >
ZEZEREEEAR - PRty - LRI A S f - REEH
R PR s SR IE R A B B S B I IR A ST RN ER SR o RS A
{#5F GC-ECNI-MS/DB5-MS » HRGC/HRMS/GC-MS g fH &t/ = B VUtiRfF R E
R o RS TR A TE 0 A PCuo R AR Y S RSN (B
CN27 » 42 » 52 » 67 » 73 » 75)T &z &S R NAEAE LA E & - Cetin et al. (2016)H]]
{ifi FH 28 SR AT S (R Ry PUREEAE S > DI E B S EERIE - KEJTHA PCuolE
I LR 2 AR (B G CN27 > 42> 52 > 67 > 73 » 75) R fEAE L - HLE
H 1SClo(CN64)2%lEILl§Ufi—’.jéL%E% o FFHEEMEE RIS LS ERE - ZRYRER -
FEMEWIER - EEMEWBE - FEMRER MBS R o BICRE 7y TR
JETTIA 35-125% - KSR ELIEE R, 34-148% - T IEBLRIEZCHE Ky 10-20 57 -




0T

% 15 BYNSURMSESBRR (TR ~ RIRKZER) I ARE

o % 2 -
BER L swe PONER | AH&E | Fh 5 FRE | wEE | vkt | 3Eep
L[4
Sediments:
0.33-12.49
(4.42+3.63) ng/g-dw,
$TEQ:0.02-4.86 pg
TEQ/g
Soil upland: GCMS/MS
. . . 63%-146
stainless sediment and 0.95-3.55 (2.84) with B . . o .
. B Co-isotopic PCN mixed & %2 ;% 0.1-1.75 % (Lietal.,
steel grab | soil samples (top ng/g-dw, electron IR 13 10g .
. (2.0 ng, “C10-CN 27,42,52,67,73,75) pg/g-dw (i 2016)
sampler 0-5cm) TEQ:0.13-1.18 pg impact <)
TEQ/g source o
Paddy Soil:
0.61-6.60 (2.37)
ng/g-dw
$TEQ:0.06-2.58 pg
TEQ/g
u ineral PR EAL
ey | s [ TR
:4.5- 5 i 4Eg
pre-cleane v . MS ? F 1 85.6% (Xu etal.,
pg/g-dw; organic . 1 C-trans-chlordane 209
d steel tool ] With . +13.1% 2015)
horizon:11-190 Biobead(SX-3)
DB-5MS

pg/g-dw

B

g

T;T_ e

3 YO N

(m)sm %3



1T

# =7 iR el TR
L e e ECN-5178(CN27,42,52,67,73,75),
ZEr HEFBER 0.04-0.48 | 45.2%-87. _
48.5-80.8 pg/g-dw e "~ | ECN-2630(CN13),ECN-2653(CN54), ECN-2665(CN70), 10g (%1% ., 2013)
R | i F 4 pg/L 9%
. & ECN-5102, ECN-5260, PCN-MXA, PCN-MXC
¥R N
25m?(0-10 cm SR FBE
stainless . ( h 30.35-280.9 pg/g-dw " . F *1 13 .
steel indepth),7 STEQ:7.7-130.2 fg HRGC/HR defty H4pp ECN-5102(*C1-CN27,42,52,67,73,75),(1S) 35%-125 (Tian etal.,
Bagna- o ' MS o ECN-5260(*C1,-CN64)(RS) % 2014)
sampler ) ) TEQ/g .
i 2 kg t 5 P A 9
CN27:
93.7%
CN42:
90.5%
BAsA B E CN52:
HRGC/HR 5k P %E ECN-5102(**C4,-CN27, 42, 52, 67, 73, 75)(IS 72.09 Zhang et al.,
1.05-10.9 ng/g-dw PAET ("CurCN2 )5 059 % (ehang
MS WL R ECN-5260(*C1,-CN64)(RS) CN67: 2014)
1 55.59
CN73:
82.1%
CNT75:
67.19%

>
™

PR



4"

+ 5 R

Soil samples
(top 0-10 cm)

0.05-7.07 ng/g-dw

GC-MS

Alumina-silicic
acid column
containing 3g
silicic acid
(deactivated
with 4.5%
deionized
water) and 2g
alumina(deactiv
ated 6%
deionized
water)

PCBs surrogate standards

59

77£16%

(Cetinetal .,
2016)

Stainless
steel box

Surface
sediments
(upper 5cm)

490-3450 pg/g-dw
(Central Finland)
0.62-303.94 ng/g-dw
(Swedish)

6.73 ng/g-dw
(Baltic sea)

HRGC/HR
MS

Top to
bottom,layers of
Na,SO,silica
gel,H,SO4-impr
egnated silica
(44%),silica gel
and
NaoH-impregna
ted silica (33%)

13Cy,-labeled

20g

(Gonzalez et
al., 1998)

E:

\_;C“" BN

5 T W

(-



€T

FEAH %=
spkE | FF lpongr | AvwkE B 5 LU e —_— o
ing i 0 o iRI48 1T
id
SRR OE
L F 5 1 (Zhu
L . 6.77-25..90 . Cio- 3400 .
Bt F 4 | 24m°/h 3 HRGC/HRMS i1y i 48 3 0.081-3.12 fg/m 37%-117% etal.,
. pg/m CN27,42,52,64, 67,73,75 m*/20 uL
HHEE i 2016)
B
< F 3 P 13 i (vang
e e 0.24m 3.5-20.10 R T A Cao- 345.6 The internal standard
BiLE W . 3 HRGC/HRMS 3 etal,
. /min pg /m j=2 CN27,42,52,67,73,75 m*/20 pL 34.0%-91.0%
RE 2017)
*F ECN-5102(10.0ng, Xue
L 700L/ TTLY ; (10.0ng 1008 315%-148% (mean |
BiLE W . GC-QuqQ MS/MS C10-CN27,42,52,67,73), 3 0.014-0.858 pg/L etal.,
o min k= 1 m*/20 uL 71%)
B ECN-5260(20.0ng,*Cyo- CN64) 2016)
summer:8.2
gas:
2-102
jmS(mean 1036.8-5
" :61.3 Fivpg 184
. . = ™~
< F * F " s pg/m? (Die
b g 4001/ pg/m3) o Cio- 576m°%20 . summer: 41-93%
BorE . i HRGC/HRMS . particle . etal,
min winter: WGy Y48 CN 27,42,52,64,67,73,75 uL . winter: 58-105%
* 16.5-61.1 54 : 2016)
' /m3. ? 1382.4-4
Pa 147.2
(mean: 37.7 3
3 pg/m
pg/m’)
Japan:
9.5£1.5
3 TeCN: 97%+2%
- pg/m o 0.001-0. (Hoga
< F 3 . SR F SR PeCN: 93%+1%
o 3.5m% | China: 61+6 13 199.5 03 rh et
(S e S 3 HRGC/HRMS iR C12-PCN (ECN-5102,5260) 3 HXCN: 85%+1%
o day pg/m 3 m*/50 uL. | ng/sampl HOCN:125%45% al.,
< PR 2 =i = : +
W Korea: PEAE e P = 2012)
OCN: 125%+6%
16+2.4
pg/m®
<& chromatograph R X ECN-5102 PUF:0.14-1.19 pg /m® Li et
Pl g0 | 47.7-8327 oorap PREZE ) 283 | 00602 pa/m (
ECHO Hivol . 3 coupled with triple A (+C10-CN27,42,52,67,73,75),°D 3 QFF:0.03-0.63 pg/m 70%-130%, (unlabeled) al.,
min pg/m . m3400uL | fg/mL
sampler quadrupole mass FipE -CN2,PCN-MXA,PCN-MXC 2014)

R A i



vl

spec-trometer

s Average: 5 kw9 ECN-5102 2-3m*/20 (Liuet
V5 ; 9 % =R -
R 169 ng/Nm? P - uL ,
IS (3.983 HRGC/HRMS W E 4 (BC4-CN27,42,52,67,73,75), (each 0.1-5.0 pg/m 35-127% al.,
B R . o ECN-5260 (**C1o-CN64) 2012)
ng/Nm°), sample)
L F S REOBE .
T PR ECN-5102(“C1,-CN27,42, (Tian
Stack gas 68.04-1404. j=2
: . HRGC/ HRMS o 52,67,73,75), 35%-125% etal.,
sampling 34 ng/Nm iRy (48 13
ECN-5260(**C;o-CN64) 2014)
system =3
seCu:
41.3-1107
(547.2)
ng/Nm? R F
s seAl:98.9-2 k=
TR od5 sk ECN-5102 (Baet
LY 4172 HRGC/HRMS " P F (3C1-CN27,42,52,67,73,75), al.,
=
Rk s ECN-5260(**C1-CN 64 2010
#4 ng/Nm® HLF o 4E (Cuw ) )
sezZn: 8021 i
ng/Nmé;
sePb: 887
ng/Nm?
Cement CN 27:44%-83%
L kiln: ; CN 42:44%-81% .
T SRR 13 - (Jin et
o 88.3-379.1 ECN-5102(**C,o-CN27,42,52,67, solid: 0.01-0.48 pg/g CN 52:60%-94%
IS HRGC/HRMS H 3 9 al.,
i 4 (233.7) g 73,75), ECN-5260(*3C1,-CN64) gas: 0.53-1.92 pg/m CN 67:42%-94% 2016)
e ng/Nm?; FIEAE CN 73:39%-87%

CN75:39%-117%

%

SigE=TE

ERET

\..
3

@m)sm%E



1.4.1 ABREREE ST

FilpREE
MR ERFER BRI 2 &350 L RACH LB 5 Ay U575 - #atk

WY BB AT R PR B S A Wik P i S RE RS S HEYYE -t rT A SRR 5B (Xu
etal., 2015) - ZERAEAIAY T A G B2 AT E T (GPC)RE T R/ N RERT 25
b - AT FURIREE ARG - FEZEZ5F bR T - Al RS MR AL 7 AR 5 5
PR 37 S8 73 Bl - Krauss et al. (2003)$+ 35 B T 38 I TR TP HY S &
% ZERER IR E R ET N - &INEBARIZEEL AT mis i a bia-
W E % & ZREETHL  HEEGYRBERFLEEN
HRGC-HRMS 43#f1 - Schuhamacher et al. (2004)i/F2et i Bl <75 4% (5 1k, 1 158 B
PR BRI - ZEWER - ZEERE  BRmSRRENEFEEN L E
WIEH I URSE bs B8 - RN L - FRFE(EA 70 52 BioBead- SX3
HYEEE 2 @ E T E—2 9L - Fernandes et al. (2008) A1 I RAYEEMERY A
JEPERRE I [FIIRE I B o i 2 F S B B /R - Yamashita et al. (2003)B/15E H A
ROUBIMBIN X 82508 0 ohIERZREYRBEN - | bsnEHE - HHRME
JEMTHE > % U FE Kz PYE(Pyrenyl silica) » A3 s B 812 G - MDA
T SRAR T 31T - Reiner etal. (2010)$ ¥ 10 &R A7+ Z /KA(E A C18 £ [EIAH
Z=HU(SPE) » 3 AN EEEL TE C e SO R A R B R4 22 5 20T - 1FHEED
SHIERATE Z 3 EER (Cape Technologies, South Portland, ME, USA » G :5lE1E
W R E L 2% 2 SEVERRE ) R bR o
ZEHY
» BV R ZE SRR R R AT (T SRR 2 L 10-20 g fF Ry 22 HL
) R 13(:10 [ ZE i 2% G 2524 Y531 (ECN-5102, **C10-CN 27,42,52,67,73,75 -
2.0nQ)E Ry PNAEAE 5 » DLA AT (U833 (Tian et al., 2014; Li et al., 2016) - Pen et al.
(2011) L) — S F B RS B JERE i 24 /NI « Li et al . (2016)HII DATE U BN R 200
(B2fE1:1) Tianetal. (2014)LAIECHeBEN AR SR (HERE LI IIZRAEE IR dn -
Gonzalez et al. (1998) L FHAZZHYJEE) Bk ik 24 /)\A - Yamashita et al. (2003)HIJJ& LA
FREZSIEDR 7 /NRFREE DA S0% R & S GE 208 7 /Ny - Sl {sE Y IR PR EE
&r2 - Qivju et al. Q0L5) ¢+ FHEAEIAA] (IECHE » 5 - & HE - IEIFIH

15



AT T G P R (12)

B ) MIECKYHAR(LL  vIVEETREII BRI TR R I TEEHL - AR AER
[EICRFHE AR 2 S P EPIEIUCREER » & REUR e AR 90 H B
PR RHER 732 B AR TR R 2 P EEPIECRES - A RE R AEHL
HEPEREAER P LZEALEY) o [FAREEEIGE R N BRI R S R4S
FAHAT - FERATE R - JFARBE I TARR Z P EIBER A s 79£14% 10
66199 - 2% 2% jm 2 G R SCRL SRS ER AN BUS TR AT DL (@) IECbe : EE - (111,
viv) - (D)IECHE © —HEHFEEDCM) (L1:1, viv) (C) —FHE(d) AT 24 /NRFR IR
Z=H{(Pan et al., 2011; Xu et al., 2015 ; Tian et al., . 2014 ; Gonzalez et al., 1999) - AHf}
FesT U RAARUAR - TR » DIHMEE e 2 22 AU -

b

ZRECHEHL 24 /Ny » JRBRRAATR AP (E 22 JE iy I EAE (T THEL 2 © oK
Bz s - 19 BYHE - 89 44% HBREYHE - 19 BYHE - 59 33% @S LIYIE > 19 Wi2 -
29 10%%H Bz RV B 19 £5H) (Die et al., 2016) » & biaEfE (REEEETAE: ST
Jill By 2.0g /KBRS > 10.25g Ffbsn > 2.09 fE/KaiEESR) (L et al., 2016) - @i ERE
Y78 777540 (Die et al., 2016; Li et al., 2016) - SE T4 @ ATHELL 80 ZFH TE CUETENE »
TR - &M IECKORNE SRR 2 gttt - 1L 120 ZFFECkR
30 Z2FFECkHE S PR ER(95:5° viv) (RIS WER DL EEER ST B SER -
{EFH BER2 A EE(GPC)EHME LM 50 ZTHIEC ke ' & OREE AL viv)
HEBHEIZIBEN » R - KPRl Ei B 2 TRAC TR R4 S 22 5E
BZAEN » MR 70 2IREEAENE - RHIVAEERTEYE - EXE040%
RREE(E ] 50 Z2THE &SRR ER - IEERILER R - BRI AR R i
T EHEDSAM B AEE - KR PR R RGE £ 1-2 Z 71 WA SR - =
4% 50 puL /£ 4 (Huang et al., 2015) -

Reiner et al. (2010) DA€ 25L& FE (Cape Technologies > South Portland >
ME » USA - fEBEMENY IVE LB 2% 2 TE MR E )P bk - BB DL &8 H
BUFChOR &RTAZE » IR4E 2 /KA BUR RIS 2 BSE B My IR B TR E
b o FRAMRIT BB MRS BB - W PR C o e i A S M E A - 20 2
JHECKE > 10 ZFECheBl S 2R EK(15:85)8 10 ZF1ECberf i BE-48
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{ir 2 2 @ AR 8 2 AT AR G Ve E A TE R R PR EYIEE 7D > S T8E)
RSB EALEIELL 30 2SI IE 2 2 8 BRI - 2 8251 E
B PEERCPEEAYIESY) - L E vial JFFEREE 20pL » FINE e -
BT -

Eljarrat et al. (1998)8I[ikF =< /RS 22 TF oty HR A R R PR B A0S L - B A
e LRI N e AR - W REBE " E(bh (44%) - WIBELSEIBESA
{B#RZ —FEALAY (33%) - I AR Cberf e R R4 2 EfE B - Bt B(W % TIE T
£ 600°C TRERIEIL) 7 HIPAIEC e — S B bedt - — (& 2 8 les s —E RS
ZE R AR L&Y SRR BRI E 10l £ Rr b
PRI -

valiil

ZEEMIHTTZ B BROFIRGIE % - IBEHFERZS R R BT E T &
HIFE(GC-ECD) B s Rk HET(HPLC)ME - AR E RS « SHg i Az
FUFERYS AR EY) - MRFEE TRl RE - 2EETTET
RIESUE » H RT#E B2 2R 0 i 2 858 2 H 25 K i JE i - 1 AT B Bl 8
(HRGC-LRMS)ELSEAH e fT- & T E S (HRGC-HRMS) » % & EHYHIE J77A R
RN o A R B TR B TR (B ) B T E R A R (ECN DAY E RS R
HATEN - St s IR 2% S ST — s E & 8000-10000(M/M) -

Horri et al. (2005) {5 FH —4E5RUfH M /E 54 (2D GC-IRMS) it 2 &5 » Horik
SRBLE BT B RAT - Sty BAE R B ELRE R 2 SR ERYA
BT > (5 EREE & © Jamberg et al. (1994)bFFEA FEIRKMEATIGE RS B4 E
JEATTIE - S5 3R 5% — FHARIRHY S e et ¥ 25 S Z5n B R i BRI
RVEAE R RIS IRV R - (B — S E T A E R A e 2 o0 - Hdr o
NEZEFEYH 3 BIRBE2HE 7375 F(CN-66/67 ~ CN-64/68 ~ CN-71/72) » 74
i HXCNs-66/67 EA# S AEY BiErE » WL HEA S B blE 8 HY)fE -
Williams et al. (1993)sE [ PYE &A1) F HPLC i 24 fa S #4757 8 » Helm et al.(1999)
RIJFFH Restek 2\ &]HY Rt-BDEXcst @17 1 IEF PeCNs ~ HXCNs F1 HpCNs
TR BB A RO BE - & 2R EE Ry CN-66 1 67 73k - (E2 AR
T BT RIRCR © 49 120 S -
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AT T G R B (12)

BRI S S 2R E R N AW T
(DA AE B EDR AR R U - RS S50 H A 2 SR FAH E
Y RF{H -
(2)(s B i &0 T 38824740 Halowax 1014 LR HE= Halowax 251 S 7E By
275 STREEREYINEVERF - WA GC-FID HIELUE &% S5/ RE -
At = EEEMH HRGC-LRMS #2544 DB-5SMS &1t (60 mx0.25

mmx0.25 um) 32 EZEERY) -

o' B PREE M E B

Jetdn (IR IREGE] fy 1.0-17.5 pg/g > BEAE (AR ST 35%-146% : ZE5

MR EEIE By 1.0-30 po/m® (PREERSRE S

HITTHE - SORETR T 3E R E
SAB I

/&% 200-1000 Nm ) R T [ SR ER
7> 31%-148% ] F LABsEE H A4 2R 2 HE i
# 1-6 TR KERFSEERATTE

LGSR T IT BRI 1-6

. Instrumental Surrogate Internal
Extraction Cleanup technigue standard Standard Reference
Using silica columns, which 2,4,5,6-tetra
. packed with 3 cm pre-rinsed chloro-mxyl .
Soxhlet with DCM il | (3% deactivated GC/ECNI-MS ene Quintozene Panetal .,
(24 h) silica gel (3% deactivated) (TCmX) (PCNB) (2011)
and 1 cm anhydrous Na,SO, and PCB
on the top 209
soxhlet-extracted ¥C,-CN .
with silica column and alumina 27,42, 52, C-labled .
n-hexane/acetone column GC-MS/MS 67,73 and CNs Lietal., (2016)
(1:1) (16 h) o 75
agif::g?itgg f}g\g’é? t Sulfuric acid-treated silica | HRGC coupled 27%102',(:5':, y Tian etal.
. gel, multilayer silica gel and with a DFS C-CN-64
(Hexane: basic alumina columns HRMS 67,73 and (2014)
DCM =1:1 75
multi-layer column
containinganhydrous Na,SO,,
neutral silica gel (3%
deactivated) and neutral
. alumina (3% deactivated 13
Soxhlet with DCM | ¢, top t(g bottom, foIIowzed GC-ECNI-MS C-trans-ch - Xuetal,
(24h) b D 0 lordane (2015)
y a column containing 50%
(w/w) sulfuric acid silica gel,
florisil (2%deactivated) and
neutral alumina, and finally a
6 g Biobead (SX-3) column
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Soxhlet with toluene

Top to bottom,layers of
Na,SO,,silica
gel,H,SO,4-impregnated silica
(44%),silica gel and
NaOH-impregnated silica
(33%)

HRGC/HRMS 3¢, ,-labed

(24h)

Gonzalez et al.,
(1998)

7 1-6 BRIHZERUREED o3 AT L A SR ~ & HGe ~ AERELE C bR &R (1:1) »
CEHEE SR AR (L) 25 S A 16 /NEF 2 24 /\EF(Pan et al., 2011 Li et
al., 2016 ; Tian et al., 2014 ; Gonzalez et al., 1998) - %% 1-7 LLf VUFE A% POPs 22
U Z (Bikh - HEEERTHEEMEY E - BITERZZEYBER - f/tmErtF
(BAES, - EARAIFRAN 1-8 » £ 1-9 B3 EFEFF((Huang et al., 2015 ; Reiner et al.,
2010 ; Eljarrat et al., 1998) - 4323 A5 F GC-MS &, HRGC/HRMS » H A [&]fd#

B2 ERZEERE -

xR 1-7 WUEERIEAR POPs ZXHZ (BHERRS

B 3 FAR/Ee s | Z &7 %/1e
rx LAt |[LgeFey | LBER3 IR
# POPs 2. 1t | Fmit &4 A BT o
EfApig - 2. A2 | F 2.7% f&4 5
2.7% %4 % | P
3. Ji IR A
[
i 2k L& BCEH |14 13(sd Lwijorey iz [ LFR*342-
2.F V4 % | %) 2.AF W FH | F 7%
) 2. Frpsie® 7
2. BE 0 &
A
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F AT B L5 RpIHRE 2 (1/2)

* 1-8 IMEEREZRR

BEFBFE | FCETR TR SAPRYR | R

" ARG HT | ARERY | ARER | A REREE | ST G

(do:d i | BEsp | iy ER R0 s
") i ¥

= 1-9 A EEEEE 7 3B (Huang et al., 2015 ; Reiner et al., 2010 ; Eljarrat et

al., 1998)
e 4 Huang et al., 2015 Reiner et al., 2010 Eljarratetal., 1998
Jiiﬁiﬁe%) CEH#) (J%iﬁﬁ&e%)
& 7 E g% CAPE ¢ (7= %7 % i A 3P
e PR L 2R A R)
FE(80 F A e tmitkik) ‘., T e b e E 4 A(Y
b e AR ORR | P 2T K 7 AR
e T <3 B R AR -
1202 pe=z 304 (2022 p ez 102 |5 L@ (44%) 5 & Wiz
Delr o g PRRER | DB F TRIRER |FiEEF 2§
(95 : 525‘* e (15:85)i" i # (33%) Bk HF 3
*.V %4 B
Yo g bR e (AL a) |12 10 2 12 ek H R
‘ 2 5 FERF N SATER| ez - 59 UzR
M0 EAL L RS T L L O RS SLEX B-N: (g
Y2 B R (L) iR R % B %)
3 wig AR g T 30 ‘.,
AW FHRATG 2 S AW e h st bk EERR
Ra R BEGFES IS | ¥ B3k~ 55 F 2 Jekvd 2 i EiR
mw’v'ﬂo%‘*‘ (L5 2 1 & 4) . -
SRS T RRER - R E 2 10ML T % ¢
(955)‘%’ E’mw‘i B vial 5P F 0 F F R
Sy o kHED 20uL 4~ wofcHR
S L
”50%—_4 ;JJ»‘:;;%—%‘FJ
R L ,gigs B)it ik
wRE S 1"3 1-2 x4+
&A% 3 vial g F 0§ F
R0 RHEL S0p L4
S R i
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1.5 ZREEmRE T E

TEEJETE
Lega et al. (2017)LLSAAH i/ s T sl #(GC-HRMS){s il i 5% [F] iz e

TR 2 SRR R T0% - LUAE R AR S gt 2 8 ET - RIEREaLEL 7>
PRER B2 RESIS - 0 s PR IIEE#E i PCN-MXA ~ PCN-MXC ~ CN-13(f% 5
Wellington Laboratories /\&]) k. CN27,42,52,54,67,68,70,73,74,75(f H Cambridge
Isotope Laboratories /A 5]) » J7ARIRIR 5y 0.46-1.2 pglg » AEHEE K AH¥HRAE (R 7=
(RSD)73 731 Ry 104% Jz 12% - FEAE Sm[aU 48 £y 60-100% (SF39{H £y 70%)

Li et al. (2017)FRE  ER=0m) IR JEe))e S o 26 SR R S 4R Ry
JEERESE AN " Cao [FIfir ZAE: > P S, > T A DGR (MDL) B P22 M 8
AILE 3 AR (RS - SRR AL Z [ Ry 81.8-90.9% >

Li et al. (2016)iH5% T & a2 Lt /I /KAS LI 2 25 2 3 e > DA
5 i ZMFEE - RN PCuorisotopic PCN mixed f§2348 75 7% (2.0 ng, “Cio-CN
27,42,52,67, 73, 15) T HRZREE » BT Z AR (LOD) &% S5 ik
/NS Z 3 5% SIN > EEMIR(LOQ) K22 ki 10 f% SIN » LOQ £y 0.10-1.75
pg/g-dw - TFSHEEDUEAE SB[ Ry 63-146% -

Xu et al. (2015) FHEFEHILEFMLIEF LA EE - JEFEIERR K
0.03-0.40 pg/g-dw - 7SR 5 CN-42, 33/34/37, 36/45, 28/43, 27/30, 51, 49 > i
AMFHEEERF 85.6 £ 13.1% -

Tian et al. (2014)BF7e & RS SRS (L PR ik & SR8 >~
IR SR P Co [F1ir AR 7 25 S 2SI i EN-5102(CN27,42,52,67,73,75)
Ml H 3£ Cambridge Isotope Laboratories /\&] » 245 5 B[R Ky 35-125% o

Zhang et al. (2014)Era B 57K HE G < 75 2 FE R B 52 R 22 [ ATk
W Rk TR ECN-5102(7U% /\ B % B 258 &) K. ECN-5260(**C10-CN64)
53 HIVE o LI ASEAE o R [ S AE2E i > (P 15 5[] Cambridge Isotope Laboratories /)
T2 SR 2 (A 15 SIS B S E AR AL L SIN K 3 % > LOD /&y 0.68-27.0
pg/g-dw » I FEAEEkE 5L CN27,42,52,67,73,75 =7 [EIUG 2353 Bl 5 93.7% ~ 90.5% ~ 72.0% -
55.5% ~ 82.1%#1 67.1% -

2% (2013) LI R AL 2 2 S [FRY) RN AEAE i T [E i Z R R
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AT T G P R (12)

M/ = E DU BB L Rl - MEREEmP L E8ZEFIRY) - B PIRJE
5y LUTR IR B A - SRhn °C [E i Z AT % S S ke i, ECN-5102
ECN-5260 Fij#itiZ4E b 51 5 2558 Cambridge /2 &](Cambridge Isotope Laboratories) -
It 24T R 2 828 (ERY) 2 tHE EUER -+ (Relative response factor » RRF)Ff{S:
SR B E R 7= (Relative standard deviation » RSD)F/NiA 13% » #5% 1F 4R R 1
14 0.5-200 pg/m® - LPEMHRE A8 R? S0 0.99 » E EAFARMERA (% - HEAEIR % &
257 LODs 5 0.04-0.48 pg/L > LOQ % 0.13-1.60 pg/L o 58 BB A L3 45 1) - 158
Bmh R AR RBFAEAEE NS SRS E 1 ngke K& 2 ngkg
RECES > » HO|% by 45.2-87.9% » RSD % 0.4-21.2% -
ZER

Zhu et al.(2016) HFEILHARR P L EZE 2 REMMHER - HZ 83N
(3 C10-CN27,42,52,67,73,75) [EIEAT 37% %2 117% 7[5 > bL 3:1 AL L st &t
JHIRRPR(LOD) » 2 & 25 i MRS 5 By 0.081 % 3.12 fg/m® » 52 {4 /U F 5%
HYBHEEY LOD -

Yang et al.(2017)£RE 106 IR A SR, HH 38 B = B R IR ~ 25 8 fe 20 S 25 R R
i o H2 EEEPIIEAE SH(PC10-CN27,42,52,67,73,75) [EICRAE 34% % 91% 7 K -

Xue et al.(2016)i 5T AL st 25 R 2 SEERAVRIE » HARSHERR mn 2K T &
AEHIE ECN-5102(*C10-CN27,42,52,67, 73)fE3te i » DIFEf 5347 775k 2 St
R R [OUCREE R 31.5% & 148% » SEH{E By 71% o feoHiiGIR © 25 R e
b By 3 Rt E 2 S5 2 RIS - fgofilfiiR &y 0.014-0.858 mg/L -

Liu et al.(2012) 9T i a4t imi2 v 2 A PEBORTE - HNE A &
(ECN-5102(*3C1o-CN27,42,52,67,73)[A[UTRAE 35% % 127% [ » % & ZE M HIfHIR
B 0.1-5.0 pg/m® e 4 NELAt R 2 4 (85 F§ ECN-5102(3C10-CN27,42,52,67,73){E B i
R ARG o B 0705 2 S - 3% 1-10 s B R R AV S 2 B Bl
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¥-F A AR
= -0 BEEEEER - TBEER) 2 EERMR
. e | CEEE SR
R g By &
ik %2 | PCN-MXA,PCN-MXC,”C1,-CN13,27,42, 60-100% 0.46-1.2 | Legaet
X 4 52,54,67,68,70,73,74,75 (X3 70%) | po/g-dw al.,
(2017)
13C-labeled internal standards 81.8-90.9% - Lietal.,
(2017)
ECN-5102 (*°C1-CN27,42,52,67,73,75) 63-146% - Lietal.,
(2016)
3C,0-CN42,33/34/37,36/45,28/43,27/30,51,49 | 85.6+13.1% | 0.03-0.40 | Xuet
po/g-dw al.,
(2015)
EN-5102(**C1,-CN27,42,52,67,73,75) 35-125% - Tian et
al.,
(2014)
ECN-5102(**C1,-CN27,42,52,67,73,75) 55.5-93.7% | 0.68-27.0 | Zhang
po/g-dw etal.,
(2014)
ECN-5102(*C1,-CN27,42,52,67,73,75) 45.2-87.9% - HES
ECN-5260 (**C1,-CN64,RS) (2013)
Z 5 ECN-5102(*C1,-CN27,42,52,67,73,75) 37-117% | 0.081-3.12 | Zhuet
fg/m? al.,
(2016)
ECN-5102(*C1,-CN27,42,52,67,73,75) 34-91% - Yang et
al.,
(2017)
ECN-5102(**C1,-CN27,42,52,67,73,75) 31.5-148% | 0.014-0.858 | Xue et
(L 35 71%) mg/L al.,
(2016)
ECN-5102(*C1,-CN27,42,52,67,73,75) 35-127% 0.1-5.0 Liu et
pg/m® al.,
(2012)
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AR BT 4 Rl 3 (12)

£E FEEERAE
RIS E R ST TN - MR -

2.1 SrEEE

TS ERERERAT R M A S A IR TR 38 (1/2) , R TR s E
A At N TR

(—)BE% 2 EZE(PCNs) LAJEI iy SR R 2 ATl -

(Z)EEE % S Z5(PONs) LA E i 2 IR FR IR AT 2 S i -

(=) BFFES S8 25(PCNis) B i 22 R R S TR 735 B 5

2.2 SFEZ TERE
At e LTRSS B E A IR AT - IR RS S R SRR
B HLEA BRI E M TR T AR o DUT Y As s
QR TAFPIA
— BB ~ SMNBEHRERITOBE /D 10 B o SEATROIRIRE B -
=~ B % S ZE(PCNs) LURI i B FRIE £ 2 SRt (IR 5 fEll )
o RFEEILEIES 18 S ESEIRYIET T -
= - EE % E 25 (PCNs) DUE i AR R 175 2 S MR FE GERAARE 7 i Bl e
FE  JTEE IR )
®  SIYPIMEAE FEIUCER - 22 (I EVE R NIERERE K 7 A IR S Ty
HHH -
55 % 25 (PCNs) L [EI i I R S0 Ry B/ VB 2 P (3L
015 EBL L)
FEREREE | INIERUKEE Y b b ~ TORPREEES - SRR it
16 (R «

T1. ~ MRS SR (PCNs) LAIR] i 2T R S A A d I T A 2
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b
1
et
he!
o
J
i

B=E WIFRGA
3.1 R PREEAE

FHFKEEALFORT S E ORISR Nl - 1TE e £ 58 S IR e 4l s FEARAT
HeltmBUFelldsf KEEHBEEHEE - RellmREZR/KE  SKEEE
EREIUVKFERER - MR elUKREREHEZE§EH - haEHAIE
— KGR E I - 3532 /K B I el ) 8 S R R A L - YR 68 FEBHA
B > 76 SERSERL > KEEBARE 4 (BILTAR > /egltEsKE - KEDHRE
Fo4a7K ~ S5 - DS HEE I - BRIt RIE [ E st - AN AR
HERE - /K FEZEIIRE Ryl & Bt A 480K - fUKEEFH 345 EIir7A AR
HHFUK ISR EREE ERAUTN Nt B - 5 RIEMS | SEERIFKR R
REL NEEFKGREANA > fUKBEEEILT ~ BrdbiiZ®E ~ Bl xR
= YIRS ERREE 334 SPITAE BT 346 B o I5FUKE TS A
=0 EEE S SRR R AT S S 1225 AR WIERE SI0 AR W T A
RO 1% 1725 AR > 172 1979 4 8 HE)T. » 1987 41 6 H5E T « #ilHsA /U kit
i > DIVPRPIZERIBER - skt PR E ) 9870 I AR - S EEA =%
AR ERE L - 855 LI EE R S A PR RE A - R et g C ot E -
RIGAER e T 2 AE S TH S ds - Al S UGy BE ST ~ TR BUR/KE I -
KIGHIG A — R A% /KH s TE7KKSE 33 AR DARHEFEI % KAy Er s -
A ZIE - JKESPKEZHIK > AR HIISEER > wEEmEE o A
IKEEEKEREREFTIIIRE - BLAEIRI AP TKEE R AR i S8 2 B —

e
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AL 5 % RS 5 (12)

AR SV B R

¥ s -

e mumuam.g £

“ﬂﬁnli!b&

‘zh#&a!@if- HRAKE

W 3-1 FRKREAITH T 64 YD 2R R H R
S5EUKEA AT A 6 JE RTUER T N IR B RE (40 1E] 3-1 FiR) » (RIS B IE
PRtGERF L SR IS R R PN i IR A Bg (1992 4F 1 H IEZCAEE) # )
H TR AEBRE(1994 £ 12 H IEFUEE) ~ ARHIFES fit (bR (1995 4 3 HIER
) ~ RPRED TR AL (1995 4 7 HIEFCHEE) - ALFCET mith A (L (1999
F 5 HIEFCEE) DU\ AT N A B (2001 4= 7 H IR - a5 /KEEnl
J> 1987 FRIEE K - RILIEZR/KE 2 R IERE i 7] F DASTAL B I AR B b A2 L
W25 20 AR R AL ER K 2 825 2 g VB e & -
PREE IR
Rk E IR 5K ER e E U bR bR RS 2 R > ASTE(EH Garmin 24
&) A2 GPS 100 SURVEY I BUfFEEALFE - BE ARG EEAHRS - K& - B

BOE FOoEPEERE > KRR (EHE ][RI BT A R 2 SR - TR Sm
3-2 y b~ th ~ NI ZPRAERL - K 3-1 Ry PRAREEZ A -
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)
I
i
A
&+
!
3

Bah:® (- =% £ 3)

3-2 b~ o TR ERERRS

= 3-1 PRAREE 2 AR
A %E 23 13 TM2 X | TM2_Y Ll il 3
e AR 318312 | 2758307 | 121 A 40 4 354 | 24 B 55 & 52 )

P | Lz e g | 313934 | 2757998 | 121 & 37 4 594 | 24 & 55 &~ 42 %)

Syl
L=

A=
&%
2k

309003 | 2756379 | 121 & 354~ 3#; |24 & 54 » 51 %)
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FT 185 2P R RIFER B (12)

JEREAR %

AT IIATRRT—EEEARR I A EKE S pH B MR/~ S(EE R E AL

AoE WA EEE LIRS IS G AR - SRAE AR 3-1 R -
* 3-1 RREAR

% e T
2 okF 1.20 (% > m/m) 1.25 (% > m/m) 1.53 (% > m/m)
pH 5.4 5.5 5.4
ol ol > 8 (mesh) 8~16 (mesh) < 20 (mesh)
FERT > -201.3 (mv) -302.6 (mv) -203.4 (mv)
§28 82.9 (mg/kg) 68.9 (mg/kg) 92.4 (mg/kQg)
" B 21.38 (g/kq) 31.76 (g/kg) 18.52 (g/kg)

% 31 BUR NIFHE/KRESS - ATRE R pR BRSO 2 - pH EHEER 7

Rgglelt - ATRE

IRIJES e A TR BB TR R T A

RAEHY AR R EE T

2SS > N NIREA R - SUEEIERELE Ty - QSN B

AR R ARy N E(LEIREL - T BRI AR SR
Y NENEBE T2 ERS - AR REEIEDFIR %
FRIZ TNIEA S280.62C | 138 K JEfe /Koy
EATTARI S501.1B | - #3fi ig {E (pH {E)ME 774 B A N E -
BRI IR/ » S BB R EA AIPIE LB R B IR - &

W407.51C | 7K o &8 A I 05 0% — BN g SRR B A E - A IR R E oy

Walkey-Black ;5 SRR AR E AR AT 1 84 2 -

FUALTENE -

eRMEEEREN

AREE AR ZIVH
FEEHVAERK - B7KERA]
EZENE
M o341 AF FH B de
G4 BHIZ2NIEA

AUAT A

7J</\A$ WH o(%(m/m)) (ml m2/m2 mo)*loo% (/\QE 1)

mo : ZEMEMEE (9)

1 B E R R R e HE &K T EE (g)

28
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m, : SEMEREEZFELE (9)
10 x (1 - Vs/Vb x 12/4000 x 1.3 X 1000)

2B A # (ghe) = W x 100/(100 + Wyy0)

Vs: 1158552 0.5N Fe*? 2 fs(mL)
W: B #7215 B &(Q)
V. 22 5tEs 0.5N Fe' > B&fE(mL)

n
o
ht!
bt}

(A32)
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BT 4855 4 4 4 R R (112)

32 BREBETTA
B RERBEIERETT 5

FBEREREE 7 E T H S IB AT NIEA S102.63B 2 N4 » (i FHE 1A%
{ECANIE] 3-2 o) SRR kE fn > L 4 1E V8 /KR E R o] DA N &
HEFHIG e B RERek i - ARFEREEC 50 A 2R E - frinir ek
RIETT 2 HEZRRE T AR (REB S SZE S 2 il v AR ek MY mE -
BB R FEPERIAE-60°C DL R MG 4ERF HZZEFRAE 2x10° % 25107 Torr 2] » AfA 72
IINRF N SE B % SREZIRAE Y - HoAR AL RHR a2 B0t B 2 @R B 2 (AR
HEFTEEAL > LUK —fan 2 e 2 B8 20 A%l k-

I

ASSSNSSS \\\:

— i
; ]
IS S

ICHS

[ 3-3 EJTAE PR

L RER AR T A

Hogarh et al. (2012) DA% J@ B+ RS Mot [FIRE 7 i 2 8 - 25
IKEREESN > tPPERSRE - ey R - BEVERY AN IR0 B T 2 B
H CAPE EFEBLEM IR EFEIEFE L. - INEEAHHFEEH CAPE Bt SUS MR ETE
LI 2 @255 ETT74 » I ERR P AINZ RIS 2 S A R B BRI Y F B AR
BT - 2ZHELF RSB T:

I DIRERE S RGeS 2/ 18 /Ny - Nl F R DA OR BB/ N A2

aRLLE -
Il A0 Ing PUREEESE » IfE("°Cio-CN-2,6,27,52,67,73,75) » i LA G HIEAE

E=)

° H
7%

*&w
n B
&
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HUZ/D 24 N -

ZEHUT% > SRR (50°C 0 700 mbar) EFI=4r2 —1% 0 R0 60 ZFIE
obe > R EHORE - HREBZ 8% A HHE 8 R
R ZEHUY) i 224 250uL -

IV. {#/H CAPE EftBLEM R EN —FFLHED 544 - DL 30 Z2FHHVIEC ke
e CAPE BAL » B RIEMELRAESE 2 CAPE B4 > DL 10 2AHIIEC
ek - BEEHIECKE (89 3 271) RzHWiER 2= CAPE Bt - &
ERELL 40 ZFHHVIECKEHE o INE2RE 2 A/ R EMEREFETE CAPE L
STEEERZFHVZEERE DL 30 Z2FHVIECi B SO RS AR (T5%IEC
Be » 25% " @ BE) AR THEVIE o &i% 0 R 10 2T -

V. fEi& - EEEEE RS (55°C > 100 mbr) REREEUT R A4S £ 47 250l
GRS 2 vial HEFRFEMCE(60°C )JRRER R4E 42 20l -

VI 3HrZ Bl REZEEWIIIA Ing [BIEEAE fH (ECN-5260-0 - CN-64) DIEE
AR 2 [A i

% 3-2 Rt ENT 2 L EZEE IRV miEH
PCN congener 3C,¢-labeled internal standard
2-MoCN(CN2) *C10-2-MoCN
1,2-DiCN(CN3) °C10-1,5-DIiCN
1,4-DiCN(CN5) °C10-1,5-DIiCN
1,5-DICN(CN®) ®C10-1,5-DIiCN

1,2,3-TriCN(CN13) C10-1,3,5,7-TeCN
1,4,6-TriCN(CN24) BC10-1,3,5,7-TeCN
1,3,5,7-TeCN(CN42) °C10-1,2,3,4-TeCN
1,4,5,8-TeCN(CN46) °C10-1,2,3,4-TeCN
1,2,3,5,7/1,2,4,6,7-PeCN(CN52/60) BC10-1,2,3,5,7-PeCN
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BT B 4 R HEAE H (1/2)

1,2,3,5,8-PeCN(CN53)

13C16-1,2,3,5,7-PeCN

1,2,3,5,6,8/1,2,3,4,5,7-HXCN(CN64/68)

13C10.1,2,3,5,6,7-HXCN

1,2,3,4,6,7/1,2,3,5,6,7-HXCN(CN66/67)

13C10.1,2,3,5,6,7-HXCN

1,2,3,4,5,6,7-HpCN(CN73)

C10-1,2,3,4,5,6,7-HpCN

OCN(CN75)

13C,,-OCN
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5 HREBAFRE
KHZEEF HRGC-LRMS #EfT43H7 » R4 IR BE 40 T

(a) 3745 HRGC-LRMS

(b)SEAR AT BE R (T

DB-5MS & 14:(60 mx0.25 mmx0.25 pm)
JEHTEE:260°C
JERTESE:20 uL

R A 55 (He),1.0 mL/min

B2
I

e

gk

BEFUREE90°C (1 min)LL 15°C/min 75 2 180°C (2 min)ZA1& LL 4°C/min R 2

280°C (1 min)FLL 10°C/min Ff75 2 300°C (5 min) »

R 3-BAERFEERF
Level Rate ("C/min) Temp (C) Hold time (min) | Run time (min)
Init 80 2.00 2.00
1 20.00 180 1.00 8.00
2 2.50 280 0.00 48.00
10.00 290 5.00 54.00
& 3-3(BYEREAES
Level Rate (*C/min) Temp (C) Hold time (min) | Run time (min)
Init 90 1.00 1.00
1 15.00 180 2.00 9.00
2 4.00 280 1.00 35.00
10.00 300 5.00 42.00
T A BT IRERI BT RER - o THE Ry 54 38 - 3R B /AT FE(E A
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F AT B L5 pIHRE 3 (1/2)

ZEMTFRGE - 275 1SO/TS 16780 2 28 » W EE Ao - HHE
THRREFELZ ARG 12 5388 > mRC oA

* 3-4 ERMERRT

fa37 & (/M) : 1000 (10% , % &)

BF it 2:70 eV

B+ R R 270°C

B 2 3R A 290C

xS a2 (BD i E RS £ RN (SID
* 3-5 ZEEEEL
Catalog NO. Compound Labeled PCN
ECN-5217-0(IS) 2-MoCN 2-MoCN(**C1p-CN) CN-2
ECN-5520-0(1S) Di-CN 1,5-DICN(**C10-CN) CN-6
ECN-5102(IS) Tetra-Octa PCN 1,2,3,4-TetraCN(~Cyo-CN) CN-27
mixture
1,3,5,7-TetraCN(*>C1,-CN) CN-42
1,2,3,5,7-PentaCN(*C1o-CN) CN-52
1,2,3,5,6,7-HexaCN(*C1,-CN) CN-67
1,2,3,4,5,6,7-HeptaCN(**C1;-CN) | CN-73
OctaCN(**C1-CN) CN-75
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3]
I
+

PR

ECN-5260-0(RS) | Hexa PCN mixture 1,2,3,4,5,7-HexaCN(®C10-CN ) CN-64

ECN-2622-0(native | 1,5-DIiCN
solution)

ECN-5558(native Mono-Octa PCN native
solution) mixture unlabeled
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F AN P05 4 PR 3 (1/2)

3.3 ZEEREB LI E R
FHIPS B RS B e R et BRI o 2 S BB i 0704 - BOAGTE
% @SR iR M EHB R i A 2B R AF R IRT A S Z NIEA M801.13B K
NIEA A810.13B #HE-FEMHAITTAMEITEE - ElEE A 1% 825 LI EM I Z AR
BOtA SERE > SHETTAEIREIR - EICREEHIE B ETEE - MR
K 2 G ZEH TSR 2 S - DU BB R 2 (i - R ORanETH
H @12 3-6 ffit

|45 38

[ v
2O R RARRR v
= % 1§ 4% *(MDL) v

(a) i’ AR AL
® PRSP E R E QB R FE R A R S AT I A — R
HEHWEAME S BEZ @R FEELT ZEE  FERFEHEEZA - #t
KT iaie 2 3 - VU 22 T @ PSR (i 27 [ECEERIFTEAE 30-130%:EE( Y » /X
Z NGNS EICERAIZEE AE 40-130%#E [E A -
® ZEHAEINIIR AR SR RPN Z BRI SAE 70-130%:EE ]

7 o

(b) i B PR

® HtIEE 10 {Efkan 2/ VT —RITIAZE B R ZE BN INREI) oA sl i
AR

® IRHEHE—EE R LAEE ZEEE - AORMALIZE B BRI IR
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*V
i
Sl
k!
o+
A
W

S PCao-[FI A EATMAEAE S 5 BERSBESRIRIN ©Cao- [l fir ZATMATAE S 53 AT T
15 > Aipm BRI 3.2 BFATHETT -

T = R « TREENERR L ITEER > AR
3.2 HifTHE T -
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BT 5 4 R FE AR (1/2)

3.4 1 AR H A4
A ML BB ~ SR -~ TH H REAIE RN 3-7 O -

& 3-7 RETHETRE Mo AIERIRE /1E BEAHRH A B A ER

#p 7 BBAF #E & 3T P =P gk #r

EHE - RS | & &- = FRAAE SV T | ] REREER

FRFES 2L

2. 541716 B E
F RS

AN
vy
#H
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I
+

P

35 BRI EMHEER

AW FEAIR AT 2 SIREIL 2 FER B BE B 75 > N = HE— 2 &
el BT AR B
% R FIRYHEE L EAIEAE - 28 E 7 S PUE AR RRAE fn Ry AR - 3
MEH 2 G250 H R (R 2 SEEERYE A R A S R T - % 3-8 R &
¥ TR R AT TR SRR (5 A 2 [

o

% 3-8 ZEEEERY)R R A D S E (AR 5E)

Time window (min) Homologue m/z
10-13(M;M+2) MonoCN 162.00;164.00
MonoCN(**Cyo) 172.00;174.00
13-17(M;M+2) DiCN 196.00;198.00
DICN(**Cy0) 206.00;208.00
17-21(M;M+2) TriCN 229.95;231.95
21-26(M;M+2) TetraCN 263.90;265.90
TetraCN(**Co) 273.90;275.90
26-30(M+2;M+4) PentaCN 299.85;301.85
PentaCN(**Cyo) 309.85;311.85
30-35(M+2;M+4) HexaCN 333.85;335.80
HexaCN(**Cy) 343.85;345.80
35-37(M+2;M+4) HeptaCN 367.80;369.80
HeptaCN(**C1o) 377.80;379.80
37-42(M+2;M+4) OctaCN 401.75;403.75
OctaCN(**Cyo) 411.75;413.75
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PG B A kPR 3 (12)

40

Abundance

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

13000

16000

14000

10000

2000

000

4000

2000
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NOOUON-¢

e

NOIQ-¥'T

NO!Q-S'T

NOIQ-2'T

TIC: 170823_04.0

18.08

10,18

20.84

NOML-9%'T

2578

30.64
2483 |

NOUL-€2'T

NOel8l-/'S'E'T
b

NO®8L-8'G'Y'T

NO®d-/9v¢T/LSECT
NOeX8H-/9G€2T/L9vECT

NO®Uad-8's'e'2'T
NOexaH-8'9'§'€'2'T

|

35.88

s NORIOH-L'9'S'VET'T

NO®0

Time—>

12.00

14.00

16.00

1B00 2000 2200 2400 2600 2800 3000 3200

B 3-4 AHAFCE 2 % SEREH

3400

36.00

3200

40,00



YR Ey

MJZ: 229.9457

M/Z: 2659038
PCN 36

YR M\m

jk/ /'u\ ml,\f\ N"L A

27.50
koo MJ/Z: 3338258
roTen \ 1 PCN 73/72
PCN 70
AA A 4
28,00 37.00
] PCN 73 M/Z: 367.7868
az \)/\ S
ol
37.60 39.60
: : 403.7449
cls PCN 75\ ﬂ M/z
1
40.00 T . 45.00

B 3-5 > %8B (Lega et al., 2017)
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PG B A kPR 3 (12)

BEtEHEEERTRRAE » AHASHKRIESE - WESH
CN-2,3,5,13,24,42,46,52,53,66,68,73 F1 75 >~ % & 25 5% (ECN-5558) K &FA
CN-6(ECN-2622-0) % & 2555 - f2#E 5 (ECN-5520-0, ECN-5217-0, ECN-5102)
RIEH Clo CN-2,6,27,42,52,,67,73,75 LI &7 °C101,2,3,4,5,7-HexaCN(CN-64,
ECN-5260-0)7 &% sk B4 {H TR /AR » 5 TERE 2 AR imdH ek 3-9 Fir
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* 39 AR EGR EEEAR
#i#l¥ (pg/p L) 1 2 3 4 5
2-MonoCN 10 20 40 80 100
1,2-DiCN 10 20 40 80 100
1,4-DiCN 10 20 40 80 100
1,5-DiCN 10 20 40 80 100
1,2,3-TriCN 10 20 40 80 100
1,4,6-TriCN 10 20 40 80 100
1,3,5,7-TetraCN 10 20 40 80 100
1,4,5,8-TetraCN 10 20 40 80 100
1,2,3,5,7/12467-PentaCN 10 20 40 80 100
1,2,3,5,8-PentaCN 10 20 40 80 100
1,2,3,4,6,7/1,2,3,5,6,7 10 20 40 80 100
HexaCN
1,2,3,5,6,8-HexaCN 10 20 40 80 100
1,2,3,4,5,6,7-HeptaCN 10 20 40 80 100
OctaCN 10 20 40 80 100
s
2-MonoCN (*°Cy) 10 10 10 10 10
1,5-DiCN (¥Cyo) 10 10 10 10 10
1,3,5,7-TetraCN (**Cy) 10 10 10 10 10
1,2,3,4-TetraCN (3Cy0) 10 10 10 10 10
1,2,3,5,7-PentaCN (FCyo) 10 10 10 10 10
1,2,3,5,6,7-HexaCN 10 10 10 10 10
(**C1o)
1,2,3,4,5,6,7-HeptaCN 10 10 10 10 10
(**C1)
OctaCN (**Cyg) 10 10 10 10 10
¥ iR &
1,2,3,4,5,7-HexaCN(*Cy) | 25 25 25 25 25
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F AT B L5 pIHRE 3 (1/2)

SMTSERR RS o 8 A TU(3) B PRt S A S 1 B St o A R
T-(RRF) » A 20(4) B /AT(5) By B R > AR TR, > WA (6)FHE
Her R TE A AR A PR > ST R T -

B4

A =SBRSBI | B R I T TR R S E A

A SRR o PR | ARSI TR T AR S E A

A= B IEERE R - ERES | A T T B E &
A= | TEERERIEERESE T - Y | AR T T B R S E
il -

Aci*=5 | ARSI B IEREE AR - PUREAE S | AR B I T A T B o (A
o

Avs= ISR S S B SR T T B R S 2 A

M’ =S > OREAES, | 2 RIIE 0 pg -

M o=t B R E R - PR | 2 RIIE > pg

M= Bl 3k A 28 B & » pg

Meoj = 4 | RS R B IEAEASR T - FEHIW) | S ABEESHIE R > pg -

RRF=/ S IR S A S PO At > SES A SRR T -
RRF1s=PUAE4E AT S (] S et s > AT TR T

W=t Lo & (R e tE) -

() PIARE A S [ SRR 4 et 2 A ST R LA 1

RRFis= 2 o M=
As M*aq A3
(D ZEEZRE
Cim Ai M*;
A*i RRFi w A4
(=) HE I Z YRR
R*zamA;ﬁTﬁm*i”]ﬂﬂ % 235
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(VU) i ML IEATAE A A S PR i PP A S R LN

1 3 Agi M *n
RRFi=-% ——— 256
=1 AF* iy ["\-1n_|

% 3-10 DIAEMRERGRE( 2 SETFANEERT - e EE AR RE

) PHERTS | BEGL | T ’f"‘ﬁ/ﬁ o L
2-MonoCN 1.223 0.065 5.0
1,2-DICN 1.228 0.061 5.0
1,4-DICN 1.045 0.042 4.0
1,5-DiCN 1.309 0.083 6.0
1,2,3-TriCN 1.053 0.072 7.0
1,4,6-TriCN 1.188 0.067 6.0
1,3,5,7-TetraCN 1.058 0.037 4.0
1,4,5,8-TetraCN 0.745 0.038 5.0
1,2,3,5,7/12467-PentaCN 0.996 0.039 4.0
1,2,3,5,8-PentaCN 0.770 0.023 3.0
1,2,3,4,6,7/1,2,3,5,6,7 HexaCN 0.989 0.056 6.0
1,2,3,5,6,8-HexaCN 0.710 0.027 4.0
1,2,3,4,5,6,7-HeptaCN 0.988 0.055 6.0
OctaCN 0.988 0.071 7.0

PR i

2-MonoCN (**Cy) 1.395 0.076 5.0
1,5-DiCN (¥Cyo) 1.966 0.117 5.9
1,3,5,7-TetraCN (**Cyy) 1.555 0.077 5.0
1,2,3,4-TetraCN (**Cyq) 1.490 0.094 6.3
1,2,3,5,7-PentaCN (**Cyo) 1.278 0.041 3.2
1,2,3,5,6,7-HexaCN (*°Cy) 1.125 0.023 2.1
1,2,3,4,5,6,7-HeptaCN (**Cy) 0.765 0.029 3.7
OctaCN (BCy) 0.450 0.034 7.7

AHZE i AR ERE = - WETHE M RER T HAHEHE

Rz S/ R 10% > B ERICE R > "THUCESEERE -
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BT B L5 R FE AR (1/2)

FUIE SRR

4.1 ZFEUER]
K72 HE LR LA UR » SralFaz AUSE A LU (@ IEC ke
A (1:1, viv) > (D)IECHE - & HHE(DCM) (L1:1, viv) (0) I Be(d) FHERE T
24 /NEFZL L FEHY(Pan et al., 2011; Xu et al., 2015 ; Tian et al., 2014 ; Gonzalez et
o 1999) - BN B2 VIR BUSBIETERET - DI E S 2 BUSH - &
4-1 Ry VR L BUATIES 8 i T 25 SR A fn 2 [a [ -

\

R 4-1 TURERERUATRH TRk T S KSR M 2 [FKR

75 - % "z PEREret | ZF P LY
- (N=3) R L% (1:2) e vz ;E L% (N=3)
(N=3)
2-MonoCN(Cyy) 40.66+6.11 57.66+11.6 34.25+23.4 7.00+2.82
1,5-DiCN(*Cyo) 55.33+15.2 74.00£20.0 48.25+32.4 1.00+0.00
1,2,3,4-TetraCN(*Cyo) 51.33+17.0 44.66+14.8 44.75+18.0 22.00+2.82
1,2,3,5,7-PentaCN(**C10) 58.66+19.0 48.00+16.3 51.50+21.4 33.5+3.53
1,2,3,5,6,7-HexaCN(*°Cyo) 67.33+23.0 54.66+21.0 59.50+28.3 78.00+1.41
1,2,3,45,6,7-HeptaCN(**C10) 76.00£29.1 51.66+28.3 68.50+36.0 95.50+3.53
OctaCN(®Cyo) 89.00+35.1 60.66+28.7 73.00+26.1 45.05+5.65
R DB HER AN WIS E O o R e P R RS - —&H X
2 BEEFEN SR bOARIE RS 2 BUCE - &FEIEER 0 8 R i

EREHUAT
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>

Frd BERoHb

4.2 e R R R
5 ZFHHZE ~ 10 ZFFHE ~ 15 ZFFHE ~ 60 27+ & HEi 5 =T -7
ORISR E A SR BT o SEAIEER AR 4-2 A
R 4-2 K EIRREER 2 B

R 4% (ML) [ hEAey L j0xdey | 5Ty | 60FL-§
(N=3) (N=3) (N=3) " b & 4
g T pap R 2w gz & (%) moy
(N=3)
2-MonoCN(®Cyo) 39.3 49.0 38.4 57.0
1,5-DiICN(*Cyo) 44.8 55.9 46.5 61.9
1,2,3,4-TetraCN(*Cyo) 29.8 45.6 23.0 45.9
1,2,3,5,7-PentaCN(*Co) 32.4 485 26.1 32.7
1,2,3,5,6,7-HexaCN(**Cyo) 23.6 49.7 29.8 29.4
1,2,3,45,6,7-HeptaCN(**C1o) 9.3 48.7 30.1 9.2
OctaCN(®Cyo) 425 67.1 28.8 63.6

BRI 5 ZFHRARECREE - AR B BEUEMRIEEAR
BUTEES @EE - 15 ZEFTHZERPIAER S BB A > HE— » H
5% o [HEHEEWCRREE - HiE 10 2FHFE B e/ bR - &5
EEZERUEE — A il e B PR Ae I 10 2THHF » Rl E 2 S55A 1R
B -

vft
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ARG T G P R (12)

43 R I5F

A A 43 AP [ U B 63-98% » (IS NIEA MB0L.10B /345>
BB 327 (5 HE I R A S DI SR A 70-13006 © PIAEEE S [ By
29-106% - L2157 (2013) 5 - [EIUE3R 45.2-87.9% » AHEHTHE(R 22 0.4-21.2% - 575 (A
SRGIR AR S NIEA-PALO7 77355180 VOB R RIS = e (R 22 H Ry U7
ECHIRRIRAE - 7730 0.28-1.86 pg » JECIEEL BPRE 5 T4 PR S [
54-91% - % 4-3 FyfEAANRS RS T aeR RASER - 32 4-4 F 5 A AR K 2%
4-5 By TE B BT P PR S -

R 4-3 FEORE R AR (R

e FrRER [ TEvF )| BERL
(ng/sample) %)
ERIEL
2
2-MonoCN 86 o
2 63 4
1,2-DiCN
2 63 5
1,4-DiCN
2 64 5
1,5-DiCN
2 80 5
1,4,6-TriCN
2 85 4
1,2,3-TriCN
2 85 3
1,3,5,7-TetraCN
2 95 3
1,4,5,8-TetraCN
2 86 3
1,2,3,5,7/12467-PentaCN
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>

Seg 2%

2

3

98 2
1,2,3,5,8-PentaCN
1,2,34,6,7/1,2,3,5.6,7 84 2
HexaCN
93 2
1,2,3,5,6,8-HexaCN
86 3
1,2,3,4,5,6,7-HeptaCN
85 5
OctaCN
PR S
2-MonoCN(*Cy) 29 8
1,5-DICN(**Cyo) 50 7
1,3,5,7- TetraCN(*°Cyo) 57 6
1,2,3,4-TetraCN(*°Cyo) 59 6
1,2,3,5,7-PentaCN(*>C1o) 65 6
1,2,3,5,6,7-HexaCN(*>Cq) 77 7
1,2,3,45,6,7-HeptaCN(*°C1o) 93 9
OctaCN(¥Cy) 106 9
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BT 5 L R FE AR (1/2)

& 4-4 JIAERIERR

18 % &Fiplp IR EN BE
(P9)
CN2 2-MonoCN 0.35
CN3 1,2-DiCN 0.65
CN5/7 1,4-DiCN 1.86
CN6/12 1,5-DiCN 151
CN25/13 1,2,3-TriCN 0.65
CN14/24 1,4,6-TriCN 0.28
CN42 1,3,5,7-TetraCN 0.32
CN46 1,4,5,8-TetraCN 1.57
CN52/60 1,2,3,5,7/12467-PentaCN 0.58
CN53 1,2,3,5,8-PentaCN 1.48
CN66/67 1,2,3,4,6,7/1,2,3,5,6,7 HexaCN 1.00
CN68/64 1,2,3,5,6,8-HexaCN 0.96
CN73 1,2,3,4,5,6,7-HeptaCN 1.29
CN75 OctaCN 1.67

* st AR RIE - etk Z (L NEIRE -
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s 4L b 21 2,
5 T 5= 5% J;'E’ ;:f} izé\‘?

e

% 4-5 REEERM YRR E R R (=

m AR 5 T 3wz (%) i L (%)
2-MonoCN(¥Cy) 54 8
1,5-DICN(**Cyo) 65 8
1,3,5,7- TetraCN(*Co) 79 9
1,2,3,4-TetraCN(*Cyo) 84 10
1,2,3,5,7-PentaCN(**C10) 89 12
1,2,3,5,6,7-HexaCN(*Cy) 91 13
1,2,3,45,6,7-HeptaCN(*C o) 77 34
OctaCN(*C1o) 83 14
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AT 5 % e Rl 5 (12)

4.3 e E RS
Froatfr2 16 {EEJekkin 2@ YiE IR HESAYE - H A2-2 DI=85%
Ry o REJTIH - —FEZF(ND-5.5 pg/g-dw) - =FEZ5F(1.73-9.47 pglg-dw) - TUE
25 By (1.40-23.00 pg/g -dw) > 7525 5 (ND-12.43 pg/g-dw) » 75 & 25 B (ND-2.22
Pg/g-dw) - — G ZEAEER /AR Sn Bl SRR EA T & i E B s PR SN DA B -
- NEEHEAAREREAAS R - J1 L2 RN 2 &RZZ2H ND.
[l 4-1 £ 16 {Eik < 2@ ESYE 1 -

P ol i

9% . 10% 7% 9% o &% 5% 6% 3

80% i | W 1 i 1 E & s, 2 g.y 8%
60%

40% I

20%

0%

Al-1 Al1-2 A2-1 A2-2 A3-1 A3-2 B1-1 B1-2 B2-1 B2-2 B3-1 B3-2 C1-1 C1-2 C2-1 C3-1

100%

=)

=)

o

o

o

EDICN mTriCN mTetraCN PentaCN m HexaCN

& 4-1 16 {EikmZ SESRYIRE T i

4-1 BR C3-1 B A3-1 BgfinZ & G5 SRS EER » 735l Fy 29%81 30% » =
FEEE A2-2 GRS (55%) » PUEGAERRIRES AL-1 81 B2-1 HELE%(54%) © LA
ZRAEAE B3-1 S LA = (31%) NEZ EEAE A2-1 B C2-1 HLEfR % B Fy 9%- AL-2~
A2-2 ~ A3-2 ~ B1-1 - B1-2 ~ B2-1 ~ B3-2 {2 /NEEEE By ND » Hor A2-2 7 HE
BiNZEZEE 2R ND » ¢fdE 7B Li et al. (2016) &% Eljarrat et al. (1998)4H7T - [&E] 4-2
F 4-4 SRt B ARNE L S E RV A
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Fr R BEEEH

% 4-6 16 IR T < ZE SR (pg/g)

# &
| Al-1 | Al-2 |A2-1|A2-2|A3-1|A3-2|B1-1|B1-2|B2-1|B2-2|B3-1|B3-2|C1-1|C1-2|C2-1|C3-1

DICN | 445 | 1.79 |1.19 ND |4.81|1.89|3.26|2.44| ND | 3.60| ND [0.70|2.61|3.82|0.95|5.45

TriCN | 1.96 | 2.48 |5.01|1.73/251(291|7.69|9.47|4.89|4.74|4.12|3.99|8.95|9.02|5.86 | 3.56

TetraCN| 14.6 | 4.13 |5.71|1.40|6.92 |5.29|9.25|9.87 |1 9.71|9.78 | 7.60 | 9.33 |23.00/13.11|10.49| 7.07

PentaCN| 5.25 | 0.85 |1.78 | ND | 1.02 |1.16|1.44|2.03 |3.36|5.11 | 5.86 | 3.68 |12.43| 3.72 | 1.99 | 1.59
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* fffzF:DICN:CN3 > CN10 - TriCN ; CN24/14 - CN23>CN25/13 ; TetraCN ;
CN33/34/37 - CN40 - Penta ; CN52/60 - CN61 - CN62 > Hexane:CN66/67
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5] o AT AR E A Z AH M RS BB - N ok 5 A TPy 48 - 40
FAEHERLE > THEENFHEERER -

(Z) ESOERERERREEEREL - ER RN K E 81
HEMENE - {£ LRMS djgirE i B - ERRE - I - EITHRE - 8)
M BRI B - & TRER BT SR R e B

(—) tSEBFEHEH: - 258 500 mL > [PIEEZSERm A N -
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oy

(Z) HejffshamAEME - 500 mL -

(Z)pH EtpHE 1~14 -

(1) EfEL -

(1) EICP)ERE:Pyrex #15 » 250 mL > 24/40 sL[E&H bh

(N) SmAEA -

(t) RHIRFEHUE Pyrex #'8 » T gkt 24/40(mm) > FIgkS 50/50(mm)E[E

(V) EEAJA SRS
(1) PIEE R 9 T & -
(+) JEfE:43x123 mm ~ 25x90 mm BEHSAEAE - G4 A E B4R o
(+—) K=
LR AR AIkERES 0.1 mg -
(+2) SRRBREEE MR 2% -
(+=) JRERRGETE BER - PERR 2 ThAE
() RAERETEAEE S NYIESY
LR BE R BB AR P AR IR RS » 32652 /) 40°C/min Z 1R R
20 E R BB RS ~ ISR ER CURRE1C
BB LM REE T E ARG LU ERE S - RHS RO R R
4. F4HE BT BB R :60 mx0.25 mmx0.25 um DB-5MS & 5[ 4K
(-F71) BB AETE 1000 DA E
N~ Bl
(—) ABIK ARSI EBET7K ST ERTsS <~ 4K -
(Z) ECHEEER -
(=) HHRFEELR -
(lU) —&HbeRER -
(71) Bty BBEAL T & 2 9+ B 1 (Cape Technologies - South Portland - ME » USA) -
(N) JEMERRE R T B 2 7L E 1 (Cape Technologies - South Portland » ME » USA) «
() ER(N2):40E 99.99%L | -
(V) ZFA(He):4li/E 99.9995%L/ F -
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AT W5 L P RpIHEIEEF(1/2)

L) LRI
1. AfEE T /B & (Internal standard solution):ECN-5217,5520-0,5102
(Cambridge Isotope Laboratories, 7\ &])
2. [ R T /E 7548 (Recovery standard solution):ECN-5260-0
(Cambridge Isotope Laboratories, 7\ &])
t -~ RERRF
(—) T8 JRIE VTR ~ AR 2B AF NG T HIBEREETTA) T
FEEYIREE A ~ T IRIEBRER DT e T BRI EAL IR T | S EAMAHRAER
BITEDRE: > P Z e A RN > fREFAE 10C MEEEFRE
(D) ERERURR - FELE 30 RASEREERL » ZH1% 45 KA SERIHT -
UM% B 5E T AR - FERF AR HUR I 2 i 2 & b, e e R B MR -
A7
FEREC HE - RIR - BEEY) * A ~ BREEIK ~ UK - BX
FI7K ~ BRFACOKIR ~ A=WaR sk ~ BRI & R B AR S ik FERR an 22 AT > 28R
Fobg iR M TR em e ~ &0 ~ W ~ AR B B B DU S AR MR o > 2400k
Ay -
(—) BeinTHER
T3 JRIR  BEEY) - OE - A MR E R E 2
ea L HPECEnThAR_ BB FEIE - S b a i B Y B AAEEZ(ZIFE 7
10 R)slim BFANE o sz R 75 % R I DR (AR IORS 15 mm)REY > DLoR EIREER
anRHOK TR HBES - WAFPER A - BEZ5eRi - DIORSESE S TR
FI 2 mm( 10 mesh )FEAEARAE 3 A - FF BTG EEM 18 mesh(HIFL{E= 1 mm)
TR - R EI IR A RRAN > T ERUREE R © SRR A
AT E/KRMEL &R FE 2 fFanbl 110 £ 5°C HE 12 /N B ABZIRFE Pm 4l -
WETHEICL STREHE/KER - stEaT

Hl
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Ww-Wu
Aﬁ\;:r('$. O = TX 100 % -g.l__ﬁ_i'{_l

W

W ko iR E Wy thobic ¥

() FRbnZ AR
1 DIRSREC S TR E R /) 18 /NG » 0 55 B DARE Or AR 1N
FEFELT 4 AL -

2. 7RAN Ing PUREES: » FU3E (T Clo-CN-2,6,27,52,67,73,75) » LA G
BEAEHL /D 24 /N -

3. ZHU%  REEELE (50°C 0 700 mbar) ZBE=4r—1% 0 7RA0 60 =
FHECK: - R EHOAR » (HREEZ RS A 5HE_EH K —[F
3 RIS HWIRAE 247 250uL -

4. {#FH CAPE EfEEUEMREN—FIF BS54 - (HH 30 27149
IECEH %k CAPE B » AR MR S5 2 CAPE &1 » iDL 10 =7+
IECKORZE - BEHEHIECK (89 3 Z271) RzH#EiiE £ CAPE &
o RFERER 40 2TV IEC KR < fEH21E 2 B RS TR E TETE CAPE
EFEDEERFZFEEM - (E/ 30 Z2FHVIECKHE “EHREEER
(75%IECE  25% — FAHGe) EFRTHEVIE - fx 1% - (£ 10 Z T FEZRIEE -

5. 3F{L1% iR L 4E( 55°C » 100 mbr EFEE R R 4E E 4 250Ul
A% 22 vial JRFFAECE(60°C )k BR R4 2 200l

6. i Z Rl AR Ing [EIEAE s (ECN-5260-0 - CN-64) LA
JE B PR i 2 [

(=) It
1. RAHET R R
DB-5MS #4%(60 mx0.25 mmx0.25 pm)
IR 260°C
T ARG 20 UL
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F AT B L5 PR 2 (1/2)

Hom A 52 A (He),1.0 mL/min

EHDERE90°C (1 min)lL 15°C/min F1EZ 180°C (2 min)#Ri& DL 4C
/min 715 % 280°C (1 min)EFLL 10°C/min 718 % 300°C (5 min)
2. (RAEMTIE BT

i AT FE£:1000(10%, K7 7+)

b= B 1 % (B

HiEFRORE:270°C

BRI = B MR 5 H] (Selected ion monitoring) - &5 RITEE

Ju~ 25308

1. Tian Z., Li H., Xie H., Tang C., Han Y., Liu W. (2014) Concentration and distribution
of PCNs in ambient soil of a municipal solid waste incinerator. Science of the Total
Environment, 491-492, 75-79.

2. Yang S., Reiner EJ., Harrison RO., Kolic T., MacPherson K. (2010) Determination of
dixion/furans (PCDD/Fs) - dixion-like polychlorinated biphenyls (dI-PCBs) -
polybrominated diphenyl ethers (PBDEs) and polychlorinated naphthalenes (PCNs)
in clean water using the cape technologies cleanup technique. Organohalogen
Compounds, 72,1788.
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s RIMEREIFALAT RA
Rl TR B Bk T A BT AR RIHEE F (1/2) % %

106 ZEE

o
il
K

H
i

EFA RAW

A0 e |dm dat
B ||
o [
M || =

R ATR 5 A s o Ba 5% (1/2)
FBERER

EERREE

L EB-m B fBiE i AR 12 BiER
o R R B A

D. 45 k20t g FRFE L GO/NS/S - 23k
T R TALGLE Bk Ak g v

LEMLEAL o %P riEs ¥
15 2 16 F sminm o
QLRBERLL  © wB AL R

172 18 T kit 2 o
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4

HF 1805 4 4tk R HEE o (1/2)

1. 22+ 3% 2 8 p >N plpsanBE 3 5 32
o 4 X EEBW LB & POPs 74 1

*a«

A0 R Sk 0 FP AR PRV BT
2. R HEE L HMRF > et 2 oA
B

4o oy
’&&ﬁﬂ

B IR IR TR R

FRF P o

LE#HZAZLR -
AL R AP R S H
o deRET S 22 B TISO/TS
16780, -

SMME R AL MY Lk
R i R T U] fd 5 4R

TR B aAREEL BT BERELER Bl A R
b LR FEET % - LRk 4. F AP K AT REAI* 245 A -
Pl h o ER - RELONE - iR ER JBE e AR &~ fBn B e 4p
B oo G CE R s W I SN T+ 43| AR A2 gt rd
4. oA 450 PCNs ¥ 0 $H#e g A3 82 PON R s R ER LRIy
ABAR Y REL A EQIC) L g Py (A RS RER
a2 Rl o G e

LRz Lzt he et 15 &AM 387 b REAS 74

T3 ARBHMBELEL P HY AKER
FHRE L SERP S ER DR R RS

Mo E A REE I 2 247 PONs 8

HRMS #jts» & 1405 148 =4

2. FF =

R TR Y LS

3.PCNs A % ik B iE 4 £ 75 gk & & & * TEF

1. g #r% B & L > HRGC/HRMS 2. g2t
B fRITRGLR DT LRI TR 2
DR AABEL 2 A B o GOMS/MS B
Bp 5 AL R R L F AP
Ri7/= £ w lsis OB R 2

LR AT

2@ﬁi§%i,aﬁﬂiﬁ%%
36 F % 37 Fihit > # 5/ 5 #i
Bip koA 6 48 3 51 Tihib 2 ¢

AL kE L T5 R
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R AH 247 PCNs 1878 > m s 13 =% 3 6

B RN AR R R A N R

B gE o

LEMHLELR > = WP AL H

18 Famt2 -
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AT 5 A kR 5 (12)

4=
WL LR LHEL

FEEBREE

2
4 o

BN LD Al I ]

0. toven 2 EiEER TR o ¥ o PR EE SRR
5 2.5C/min £ R F AP o BE WP o ¥ bs FAY

ZFEHE>2.5C/min 2 <2.5°C/min 2- B 2 b o
B v A wARY o E R E R 2 ARF R E o E
2 B B A R FIATE Ae PV BRE ST 2 R
AT AR

4.

PEA BN EREICES P B E 2 R T

R TV ERD REALPALIRRE LR
FPERELAEATAFAE T LR AT
LA A LS AT R -

D, & 7L PCNs 2. 2 & k/R2 - > black carbon £, 7

W R TR 2 M| ETET o

SIW-F =8 BN TR TN

A T B2

TK%’]/F#’”E?&%/HﬂO

BT Y P
o
15
2

B2 FFE w;%
HihZ o EFEV R EF AR
ZiRF Moo
2% 30 F R 2

5o B PARITS

T EP A

;\:yﬁ»

4B HAR R o A EH 0-15 24

O ol %\é] [BIRAPANEELIESN |
D ERE R S AR KR f
Kig7m e 35 * Halowax A &2 4_%

FE2ZASY AL KR F HE

LR 5 A

)

black carbon # & ;= %

e
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Y

LE#HLRARL

Ph PR B AT 2 R S R R
S T LA IERTEET o 2ZEMARLA o 71l I3 ¥
FRI4 PCNs % 7 7548 > 2 3% POPs i AL~ 3 <
?}'F%" -r‘;rfg‘;ft%;‘%ﬁ%‘ RS PCNs v st ek i » %

& PCNs 2. TEF » #& i I it 5 frs b chiFipld i

31 E % REwP o
SESE AL e WAFL T 30

2 3] i 2

E o

LEMLRLL > & kwdEits s

S5 2% NIEA MSOL. 13B 2 A810.13B > # 5] 4 2+

I T I S ey \

Ey "HAR k SR AL R LoD arpEe 3
A2tk T * HRGC/LRVS A4 45 - ©

POPs 2_ 7 # ©

\\\?{.r

A

g

N
[O%]

B A kAR EY ,
r, o
AR S AL 2 \ “ biEAeH
4.PONS 3 R & 4ifid ie 7 2 PONS S POBs ~ fedl v |0y
BASAS > ¢ BROBEIESL AT

H i % woPOPs 4ok ik ¢ 9 PBDEs ~ PCBs »

5.p. 11 % =

75



AT T G P R (12)

m

PR RS N VAR S
% 4P, 35 - o

2.

o

YIRS - 5 o & o R

3. {@?;@wgw I B EE S ik ) A
1 A o

4P AL % 1l ke 15527

¥ ire*

SEET

o

T

T:"fi&{}ﬁ

b, & k4 5 3P i 4 CuClag 1€ PONs &0k B 3 4 5

EHERLL > e gL
2LRWA R A R iBeNA
2 fe 5t e
SEHMELARLL D RFE S F R
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e

£ 21
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A
AT S
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ERANSEX L
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or

1. 5 & % (PCNs) e e fhp¥ o § &
BV PR R 22 5 (bl

ISO/TS 16780:2015)

2.5 2 E 18 PCNs pihtr K73 2B g » b

18 7% p.13 % 1-2 ¢ ¢% TEF 2 18 fak fdr

LF A K PONs & 5 g & R R e o 7

E k3% TEQ- 7

P52 fo

& H TEF

aH v prdamo e L PCNs

lLR#E A3 2 > ~2+% %% [SO/TS

16780:2015 = i

2. *3+% %% ISO/TS 16780:2015)

A=
4\‘_/,

7_ REP & - bt’?lf%l’é?'i
TEF & » > #p 23R 2 % 3 F #hat

7 o

“~

SEHMHELfdpE ML HREEIF
AR o Z 4o 2 p 34 AP
3.P.22 % 3-1PCNs #- % 55 16 (18 B i- £ 4 ) » &2 2RI o
p.18 % 1-26n 18 g Aplr o ¥ A3+ F AL T 23R
ARRHY 2 RS AR L S
o LE-F1Fp3REF2FFAT 2 318 BEH (LR MLA L {1 0 Bma i

RARH > B R R

CE AR AN R 2R AEP PONs 2
B RRRIE > AT ERS
A S

3. 4 CUCL i 4 B R > 330 1 % it AR < o2 T

¥

2 P.38 fitgr iz p iR o

ERMELARL L ML E BT 2

45 TR 2 o

3. 4F S F B4 XNKE B OEFE LA
2 & ’%17524%?%5? TE R &
BIPERET R R FF B4
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ARG PS5 RS RRIEES (1/2)

s
THARTBFEAFHRABEFES (1/2) 3P AFL35 ¢, ¢Rusr

VERE FEER FEEREREE
Lo W2 2 S 5500 gyt R AL o A3 & e @ T NIEA
PR T2 F 2 ye01 13B, PCDD/Fs He bl i 2 5t ie 7 2
TSP FR s poarwpe- ¥ 66 TER L -
FEE (2T 57 8BF2 \ ,
w5 ( 77.%. 2. RHELEBERL - LEP WAL FEF I
Isotope dilution
AN rg;_w_ PES B2 }'} ¥ Ié B ’Eﬁ“q\lfxé‘.
18- method ) o
D PON & e walary oA SRRAART L5 EF N
. F" ——if"i“ \; - A= v , = 4 , 'y
t I EESE Y S i AR R 2 Y

TR R A A
(relative potency) -
OctaCN z. = ;2 @ pl4& 2
% 1.67 pg/g> < H
Ll NI N e
¥ F "% 14 OctaCN 2. = ;2.
R R?
3. S ERATR Y 2KRE L
HRGC/LRMS > 372 ¥ 1
S #-i * HRGC/HRMS 4~
oGt RERPH R
o
4. F‘&zﬂ B2 W e
28 S A SIEFSS T
NP 4 WA Y e X
Tk goent 2 RS
. AP E S EAHZES
A s TRE
VR P T A
A
6. *=&#AAH7TARPINZ
PRfvERZSE T E
SAR AR PON 2 T s
KR 27 PON 2 kR T
T TTEQ, B AR R 4 77

[@9)

[S]

¥
*%3_6'
LA

AR IS -

E#% R &2 o 7 HRGC/HRMS 247 & i3

(10000 v+ )2 ¥ vt { HHFERIEE FFENT
5 R o

RN RN R S
AFPRE o AR RTFG E-60CT E 340
FoEBRS T2 P PR 0 TR MG T2
' B 7 5 ondrE SRR e

E#HETARLRL - 2HEBAARZAFT ARG
PoolR RRE GRS G &G

et

EHEZRLL 23 F 857 HF 80 H

Lyt o ARP AL EF ML
Se— i 2 i g 0 TEQ 27 0 AR 7

BER LD AELEITUELET o
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TG B L wpIEAERE(1/2)

Fi b
s F 2R AEPFHREE Fiv

5% 2S5 5% 2R ARF i
CN1 1-MonoCN 162;164(M;M+2)
CN2 2-MonoCN 162;164(M;M+2)
CN3 1,2-DiCN 196;198(M;M+2)
CN4 1,3-DiCN 196;198(M;M+2)
CN5/7 1,4/1,6-DiCN 196;198(M;M+2)
CN6/12 1,5/2,7-DiCN 196;198(M;M+2)
CN8g/11 1,7/2,6-DiCN 196;198(M;M+2)
CN9 1,8-DIiCN 196;198(M;M+2)
CN10 2,3-DIiCN 196;198(M;M+2)
CN13/25/26 1,2,3/1,6,7 /12,3,6-TriCN 230;232(M;M+2)
CN14/24 1,2,4/1,4,6-TriCN 230;232(M;M+2)
CN15 1,2,5-TriCN 230;232(M;M+2)
CN16 1,2,6-TriCN 230;232(M;M+2)
CN17 1,2,7-TriCN 230;232(M;M+2)
CN18 1,2,8-TriCN 230;232(M;M+2)
CN19 1,3,5-TriCN 230;232(M;M+2)
CN20 1,3,6-TriCN 230;232(M;M+2)
CN21 1,3,7-TriCN 230;232(M;M+2)
CN22 1,3,8-TriCN 230;232(M;M+2)
CN23 1,4,5-TriCN 230;232(M;M+2)
CN27/30 1,2,3,4/1,2,3,7-TetraCN 264;266(M;M+2)
CN28/43 1,2,3,5/1,3,5,8-TetraCN 264;266(M;M+2)
CN29 1,2,3,6-TetraCN 264;266(M;M+2)
CN31 1,2,3,8-TetraCN 264;266(M;M+2)
CN32 1,2,4,5-TetraCN 264;266(M;M+2)
CN33/34/37 1,2,4,6/1,2,4,7/1,2,5,7-TetraCN 264;266(M;M+2)
CN35/48 1,2,4,8/2,3,6,7-TetraCN 264;266(M;M+2)
CN36/45 1,2,5,6/1,3,6,8-TetraCN 264;266(M;M+2)
CN38 1,2,5,8-TetraCN 264;266(M;M+2)
CN39 1,2,6,7-TetraCN 264;266(M;M+2)
CN40 1,2,6,8-TetraCN 264;266(M;M+2)
CN41 1,2,7,8-TetraCN 264;266(M;M+2)
CN42 1,3,5,7-TetraCN 264;266(M;M+2)
CN44/47 1,3,6,7/1,4,6,7-TetraCN 264;266(M;M+2)
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CN46 1,4,5,8-TetraCN 264;266(M;M+2)
CN49 1,2,3,4,5-PentaCN 300;302(M+2;M+4)
CN50 1,2,3,4,6-PentaCN 300;302(M+2;M+4)
CN51 1,2,3,5,6-PentaCN 300;302(M+2;M+4)
CN52/60 1,2,3,5,7/1,2,4,6,7-PentaCN 300;302(M+2;M+4)
CN53 1,2,3,5,8-PentaCN 300;302(M+2;M+4)
CN54 1,2,3,6,7-PentaCN 300;302(M+2;M+4)
CN55 1,2,3,6,8-PentaCN 300;302(M+2;M+4)
CN56 1,2,3,7,8-PentaCN 300;302(M+2;M+4)
CN57 1,2,4,5,6-PentaCN 300;302(M+2;M+4)
CN58 1,2,4,5,7-PentaCN 300;302(M+2;M+4)
CN59 1,2,4,5,8-PentaCN 300;302(M+2;M+4)
CN61 1,2,4,6,8-PentaCN 300;302(M+2;M+4)
CN62 1,2,4,7,8-PentaCN 300;302(M+2;M+4)
CN63 1,2,3,4,5,6-HexaCN 334;336(M+2;M+4)
CN64/68 1,2,3,4,5,7/1,2,3,5,6,8-HexaCN | 334;336(M+2;M+4)
CN65 1,2,3,4,5,8-HexaCN 334;336(M+2;M+4)
CN66/CN67 1,2,3,4,6,7/1,2,3,5,6,-HexaCN 334;336(M+2;M+4)
CN69 1,2,3,5,7,8-HexaCN 334;336(M+2;M+4)
CN70 1,2,3,6,7,8-HexaCN 334;336(M+2;M+4)
CN71/72 1,2,4,5,6,8/1,2,45,7,8-HexaCN | 334;336(M+2;M+4)
CN73 1,2,3,4,5,6,7-HeptaCN 368:370(M+2;M+4)
CN74 1,2,3,4,5,6,8-HeptaCN 368:370(M+2;M+4)
CN75 1,2,3,4,5,6,7,8-OctaCN 402;404(M+2;M+4)
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