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#F A3 5 44 (Persistent Organic Pollutants, POPs) £ % 7 % 44 f%2
PR F R RN RFEREB Z2RPAFS LY { FIEA YR £ 4
PARE FFFWAPUP 2 BB rE AR AL EAREERPF T
Ea2PFAF o LT R Ed SFATEAFBH AL > A2 Fns

(Biomagnification) e #3*F P ha "B A TH AL T BT L P X BB B
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SH2ERLFZIF DL FETE  DHFEHATAHE B k2 EE TR
ISP E R ER
b ghe

)J.%:!‘E_Lﬁ_ﬂ-i’gﬁ(i LI )—*5’/521?(1 L L )15‘4"%’!‘%
FRFE G T RRE BT TR

Lk TR R TR

ol FE SR #osa
WEkFEE=ZRFE > AucAffr B2 FHE&FEET
RPBprRaPAFLARSS S RE  REEVHBIAFI T FHZE o 777 1

FIASER B v 1t 2 kHE1S 0 £ IGCIMSA G S TR TR A L E -

Z~ERER
(Polycyclic Aromatic Hydrocarbons, PAHs ) £ 5 % R
% (Organochlorine Pesticides, OCPs) % i & i* £ 5 #7544 > H - & F R 7
SHASEERER (FRFEAREF) oA ARFRIFSE (FER) 2124
BAFERAASEEAL o FMA T AT ERE RERIREANTL SRS
J& /& (total polycyclic aromatic hydrocarbons; t-PAH) §= i : A-if % & A ft 4
6.60-712.59 ng/gww ~ ¥% {5 0.58-25.50 ng/g

VS o

D@ b
Fra
s= Y

% 4.10-247.98 ng/gdw ~ -k 24

ww ~ #E 5 4.96-57.86 ng/g ww ~ & %7 5= 1.88-44.03 ng/lg ww ~ & () B

1.87-115.54 ng/gww % & 4g(44L) 5 0.39-65.58 ng/gww  fx & B F 0 &k
23 4 27 ¥ & B % 4K A (total organochlorine pesticides, t-OCPs) i ] © /i

# AR AP 5 10.59-7447.57 ng/gdw ~ -k 24 & B 25.15-79.40 ng/g ww ~ k3 (&5
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1.03-92.59 ng/gww ~ #& 5 0.60-415.00 ng/gww ~ 4. #F 5 10.19-572.02 ng/gww ~
() 5 1.88-48.05 nglgww % & £4F(5eL) 5 3.51-917.07 ng/gww ° 7L ff 4
177 CPAHS R AR Ml # R R bR o R BB R P FEE RHRER > &

RETEFIEARF RUG]T O PAHS kR W EF o B R F
WiX L PAHS 4 A KM BN EH A GenbTE2 - > F - Vi md 24 %
LT 2 A B Rm 2§ B 0 13 & H s PAHS 2 a0 4 5 5 OCPs
RRMECAAHFFY 27253 HHEY S REFSTE T RN 2P
bﬁﬂ’u34aM%W'FW%Nﬁk&&$:OGE% DR R S R RE A
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Abstract
Keywords: POPs, PAHs, OCPs

Persistent organic pollutants (POPs) have been considered more important
because of the characteristics of resistance to degradation, long distance mobility,
high lipophilicity, and bioaccumulation. Through the food chain, POPs can
accumulate in the organisms and cause the biomagnification. Accouding to other
studies, POPs can spread to high altitidue areas following with current or wind (Daly
and Wania 2005). Taoroko National Park is located in the eastern part of Taiwan.
Because the topography, it is worth of abundance of animals and plants. For
sustainable management, we have to establish the database of pollution concentration
and reduce pollution to expand. The main purpose of this study was to analyze the
POP concentrations including the polycyclic aromatic hydrocarbons (PAHs) and
organochlorine pesticides (OCPs) in the sediments and the biota samples.

Overall, the total PAH concentrations at Taoroko National Park were as follows:
4.10-247.98 ng/g dw on surface sediments, 6.60-712.59 ng/g ww in aquatic insects,
0.58-25.50 ng/g ww in crabs, 4.96-57.86 ng/g ww in shrimps, 1.88-44.03 ng/g ww in
fishes, 1.87-115.54 ng/g ww in frogs, and 0.39-65.58 ng/g ww in tadpoles. The results
shown that the PAH concentrations on sediments of high altitidue areas (Little Qilai)
were higher than those of low altitidue areas (Sanjianwu and Shueiyuandi). The total
OCP concentrations were as follows: 10.59-7447.57 ng/g dw on surface sediments,
25.15-79.40 ng/g ww in aquatic insects, 1.03-92.59 ng/g ww in crabs, 0.60-415.00
ng/g ww in shrimps, 10.19-572.02 ng/g ww in fishes, 1.88-48.05 ng/g ww in frogs,
and 3.51-917.07 ng/g ww in tadpoles. The results shown that total OCP
concentrations in old farmland were higher than which in the other sites.

The concentrations of PAHs and OCPs in aquatic insects were significantly
higher than the other organisms, probably because of their high fat content. In the
amphibians, frogs had significantly lower concentrationsof POPs than tadpoles. It
may be due to the growth dilution. The main PAH components were 3 to 5 ringed
PAHSs in the biota samples while the ones found in sediment were 3 and 4 ringed
PAHs. OCPs found in this study mainly consist of HCH, Hept, and DDT. The OCP
concentration results shown that the historically accumulated levels of OCP still affect
the ecosystem greatly.
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PETHTe 2 FEv I agaad o 3R ELGE 3742 22 5> 2000 = &
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A LI SR N oY "’ff'/ﬁ
KR EEF BRI E OB o FlR A2 G ARE RHF O LRI Ff iR
A+ FIEFRPRFET LT EF LAY S HR Y G ks 01960 £ ¢
BORBEGS AL RFRER 28 m Bps LI R LEERBAL
B NEEA AT R P S AP ET R AP ERBEET 2 L Fn )
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Qll

/

EN
POt ARATOR BRLS B P2 B GRENE 2 BT HA L

¥ AT 85 24 (Persistent Organic Pollutions, POPs) i3 ¢ % % 4%
LF B EFT oL 2 A2 A M ES & 4T gd MIF S KL P
(delidP5l e ) ABFa k2 B2 Ao S PHFEBRL L L B iotyg
gk & ¥ 4 75 (Barron 1990 ; Mufioz, Ramos et al. 1996 ; Kelly and Gobas 2001 ;
Blais et al. 2003 ; Fernandez et al. 2004 ) - % 58 77 3 &1 POPs ¢ » &3 % L % &
AT IR PR ERROEEEL G I T A RS A GE D RS
ERBF AL WITAE G IILPBAHR ¢ TR R K 2
ENE A~ A Ay 4 T N R S M ed A ROR S B % IR % (Colborn
etal. 1993 ; Moran etal. 2007) - POPs jgd jf jid #R3T 4 S # o pes Gh1 /4
b2z % 2B ERM P EFFIFALH LD POPs» 4ot SRS 4G
(Polycyclic Aromatic Hydrocarbons, PAHS) ~ % # 2 % (Polychlorinated Biphenyls,
PCBs)-~ 7 # % B % (Organochlorine Pesticides, OCPs) % » &% JLijFin ~ &
Zok¥ A RPN ¥ 4pF F 2 k& (Fernandez, Vilanova et al. 1999; Daly and
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Wania 2005; Barra, Popp et al. 2006; Meire, Azeredo et al. 2008) -

AR A RS A AR SR A S BT
(Bioaccumulation)¥# & #» 4 ¢13c < {7 * (Biomagnification) » I8 ¢ 3 4 %‘r%g
d 24 hind S5 oRE A2 PP L RREIRA R R F AP
FEE S BT R 2 AL A BE R ER TS A 0 F IR
Pl RRERBREFRDECFREANFT(CR)? o EAPFWAIRRITERFE T
Fadd 2Bt AR MEId T R MR AR A HE G
BANFRFF(Blhr A dg) e § FEFAF kY RREHEIE A AT
RAZTELP B A A ISP EERFF AL AT AL EEE
AL eNTR B *gi“’ﬂftﬂ\°

ok

~3F 0 5 k> 4 %% (Polycyclic Aromatic Hydrocarbons, PAHS) £2 35 # %

B % (Organochlorine Pesticides, OCPs) % 1 & 2 474t % > A AE > TR~ & B
MBI 2R3 ER(FRREERE )0 G /éﬁvﬁhﬁf FT(AREER)
2 AL F BRI AP I FARTREFEAFIE AT LS 2 HTE
Mgt UDREBREEFREAAF RN T LR B2 GRB DA T
Had bz AN 8- B A7 0 R A BHBLEH S ERR TS

FIp 2 f ez et o AhF a7 g B i

z

ALAARAFOFAEL S B RLF 2 BB T BRI 2 A GHEN
FHBE B AF AT R KA h2 4 #%%F”

R BRI A2 Bkt T b RER

e AT ER A E S T Ty ﬁ%”’uﬁ#ﬁ $ 5%
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# A5 1875 44 (Persistent Organic Pollutions, POPs) £ L 3T 4 - 37y
B A 25300 PRI e BB e SRS TR E 0 B
ZHF ke 2 Ben 3 0Er BRI R L 0 5 25k A a5 4 4 (Dachs,
Lohmann et al. 2002; Klasmeier, Matthies et al. 2006; Bartrons, Grimalt et al. 2007,
Van den Steen, Covaci et al. 2007) = F]% % & 22 4 4 % f41+ > POPs i& » a $r4a
Vgl MIFGE A AR R AR AFEA TS BB PHERL L
4 7% B 32 (Barron 1990; Mufioz, Ramos et al. 1996; Kelly and

fox e B &
Gobas 2001; Blais, Wilhelm et al. 2003; Fernandez, Ikonomou et al. 2004) - POPs #t
PNIRBEY EFAFFBEANEFF (FFEF EBFEFAFLE) A
o hdle T 3 AR A 4p 1 POPs Bdli R chTR Bk fo g i 4ad o0 IR
Hd3H 2§73 tq;rs € %21 ¥ % “7R ¥ 9 & (Luckas, Vetter et al. 1990; Inomata,

Montone et al. 1996; Aono, Tanabe et al. 1997; Norstrom, Belikov et al. 1998;
Kuhnlein and Chan 2000; Chiuchiolo, Dickhut et al. 2004) - p =% 4p i 77 7 %2 71 f&=

e AMAE R REALS 0 R A GBS 2 CEER A
B B & P& 4 L% % (Wania 2003; Wania and Dugani 2003; Breivik, Wania et
al. 2006) -

v

FALFWEAF G Food BT EAA SFEERFRRHEIF LR
ErFLFRREALAAFTEFIALHER N BELE LG LB
Bk R R A RPN Y 4§ B 2k & (Fernandez, Vilanova et al. 1999; Barra,
Colombo et al. 2006; Barra, Popp et al. 2006; Meire, Azeredo et al. 2008) - Fernandez
(1999) 24y 2% L RPip &KLY PAHs ~ & 2 & > #REF ¢ il ®
LR ipRE? PAHS 2 $ B R 2 M1 L% 0p (128 %) REZERE
moEate B R GY  RINA LRGP R Y CPAHS 2 Z s R &ame %
z @ik v KR 2 7 £ 4piT(Fernandez, Vilanova et al. 1999) « &% L ip 4 5
SN B E R E R AR A LR REIT RS LRER
¥ & %1 3 B (Donald, Stern et al. 1998; Grimalt, Fernandez et al. 2001; Blais,

3
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Wilhelm et al. 2003) - %7+ POPs = » &3 3 L% 2 HBEMF? - 2 v PHA R
BBEAFDREEREEL G .
% - % % %> 4% (Polycyclic Aromatic Hydrocarbons, PAHs )
PAHs % &5 ¥ ’EIEJT? l’ftrh)i WEIgy o 52 Fa - P m?ﬁ%gﬁ’;\‘
mﬁiﬂ@%’%%i@&%%ﬂ%ﬁm&ﬁﬁpmﬁﬁﬁ$'mmiﬁ A A

716461 & 4 o BB L R A 5 R EIE 05 % (WHO 1983) - PAHs i 3 ¥
T2 oo B2 DB TG L LR P T 4~6% TPAHSE B

betd

R R 2~3%k GPAHSE iR % 5 & B «h4 4 (Fernandes, Sicre
etal. 1997) « T3 ¥ PAHseHk AT A 5 % SR KR dodpth 2 Lol LR
KiRodoF it 54 d i A B B 28 2 = 2T 88 2 (Page, Boehm
et al. 1999; Yunker, Macdonald et al. 2002) - #% 2 p 5 ¢ #7733 . aPAHs+ 5 5 <
REd it FlA L RO ERASIERRIT R P RE DR TER T
;%;ﬂ’#Bﬁﬁ%ﬁf?%@Nﬁﬁk%?ﬁﬁﬁ%meMQWQ2

kL U

AR EpRE AP AERTY FERATT 0 3 R 2RENE L D
PAHs(Neff 1979) e 2 & & 4~ 5 43k 11 + 3 ~ + £ dPAHs > # kiR & 7 FlEik b &
Fol LB B p RRMEATA S 0 R A S 1 ERER RSP T L TR s L S

BTN B R E & s $ #r5k (Fernandes, Sicre et al. 1997) o
ZLFRN KR

EWPAHSA 2 R FIA R A2 F AR BB (~150°C) TR 4
)R F b NF REARTAE A B A L 2~3k & B A PPAHS G 4 -
HRife ¢ 1 FR B THEARIE W ¥ Bz c(Boehm, Page et al.
2001) -

. AP Rk

Ak S g £ - W PAHS e a8 AT R £ P



(terpenes) ¢ 5 = # i¥* (diagenesis )& i = retene s 472 4 phernanthrene &
chrysene(Douben 2003) - Perylene £ % R 04 47 |4 PAHs: # 2 & R Flw 7 i3 § >
e fF BB £H 4 2 g5 § iE 2 (Venkateasn 1988) -

Fd AR Y PAHS G B e S i Tk BRI E FENT L5 %

iR o EPAHST B 4 #

*m1
T
P
-’qj&-
@
4.“..
o
E

¥= & 3 ¥ 4% B % (Organochlorine Pesticides, OCPs)

OCPsfr= st A ~WEFR I~ 2R * G AFis» d 3 TE G ~ Pt

MEEIRMRFRB]ERLRY AR E s paex 1 £ o8 21962% T mgFam
I #ﬂ I DDTeifs* » 2 S¥RE A L2 B2 dofrd Kl g o
H 2 R R e 4 (Carson 1962) i @ 5142 B & B 4o £ 4RL3= 5 OCPs$>t k35
4 B Sz 51970~1980% B E B 4s 2 % i5 2t OCPs o %2001 # 5 & &
T InAr o 4 n12f8POPs? » OCPs#a g % 2948 > ¢ z R4 & (Aldrin)
(Chlordane) -~ igifg# (DDT) ~# % (Dieldrin) -~ % # % (Endrin)
# v i (Heptachlor) -~ = # = (Hexachlorobenzene) -~ ;@i#%% (Mirex) ~ & #%
* (Toxaphene) » #*3#1 & 3 3 WF 1 EF E2HBAS ¢ 7123
(Dioxin )~ =% (Furans) %2 % % % ¥ (PCBs )(USEPA 2003)- 4l # i & POPs >
OCPs .ig ~ 2 3 4A 2> € bIREA LY FH  Ggapant L3321
RFHE~REE IS L &G &4 Fepidit end (2 (Welsch-Pausch, McLachlan et al.
1995; Blomqvist, Berg et al. 2006; Carriger and Rand 2008) -

SR FIR LRI AT R R ﬁéOCPSs 7 ¥ ##% (DDT)
A27 (HCH) ~ %2 (Lidane) ~ P4 & (Aldrin) -~ # 3 & (Dieldrin)
@ i£ (Heptachlor) ~ %7 % (endosulfan) % o 1345 s R &1 £ % o ¢ 53t

3.

(\

(\

FEFFFORY EE L AR L EREE S DY E Y OCPs ) d 3t
OCPsMATF M ~ 2 2 A2~ gk B2 H AFML - PnivA T Y > 9
WA LA dp B 2ROCPs o - e #% £ 230# b oofe fgF iR s KR
kA2 s 25 e 8d 5 ppb % h0CPs# ¥ (Wang and Liu 2000) o o

OCPs & Jf ¢ fdpthis S tr - P 7 Jd BAIRS Y i P22 22045
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fefe A 47 & 45 0 B2 it S RSE R REAT 0 T £ (Ko & Baker,
1995) B2 A MG BB TS E LSS K
Ko & Baker, 2004 ; Koetal. 2011) » 372 B2 F ie® 2473 2 » A 453 2%
T e

2 1 ¢ (Ko etal., 2003;

- ~ 4o 3 A X3~ (Accelerated solvent extraction » ASE)

BTy RORSEFEBRECEF AR G2 2 OR SR E (S
LB a KRR R BT K,f T ERISE L L= 'MT ko B kBT
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Bar e R 0 FPOE Y R F RN SV 7 bl A F B2 (ASE) F B o
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EBd iR “f GBI GBI R Py mende (F S HARZ R RERF Y K
(Acetonitrile) 2 . 4% 2 K,% Pgdm o @ fs L 4R E L 2 K,%J#E;Hfri;@:
FoARS SR LR s BRI AREL > Vi M gp i mie 55 (L4RE
i iRt BT E TR BRSNS k¥ 0 B (84 » PAHSP R & > 11 GCIMS
& 15238 PAHS -

A G BERELS

#-447 PAHsSHR & 0 4 » OCPsp 4% 518 2 GC/MS3K 2 1648 0CPs 4~ + & gsa
7~ #7OCPs -

B s R A

ARG S AR RS RE L TR B g BT
1T B2 F PR (retention time) #_ 5 & p S AP ¥ E R 715 (Relative
Response Factor, RRF) & {7 & 5 185 44 T & » irdp e wFRF £ 2 ¢ op 83
SE OV ENRETI I REFLAF I E o Sd REATRIEOR B ff o BT

FEAPHERFF o R o e

Areag, X Massg

RRF =
Areajg X Massta

Areara © FiR|4 (Target) & & o F#
Areais : p 1% & (Internal Standard) & &% f#
Massta : FiRl4# £

Massis © M ¥ &%
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SRRE L,

WF A AT oA Se @ drik R ehg 0245 2F & (Surrogate Standards) o 14 B
T AT ARY R Fehw Jo g o PAHSZ k&% fo 5 (Surrogate Recoveries ) 4r# 3-2

i 7
~ fé: ‘I‘Elj*ﬁ‘q

tReea e > F10B R S5 P2k P TR 0 wair (Blank) » v gis &
BT 2 F R o 0 IR A RE ) £ B R B L KA L

RO RECELSPF I RS- PREEFEAERHRIAL LT AP RELTEES

H= 2% L 5 @ RH&*LE (Method Detection Limit, MDL) - 2% ¢ > % %%
EH st E L2 (R U E o4 3-3 ~ 3445 o

= ~ % 3 #5415 (Spike Recoveries)

W (e ik B) B 5B L RE L FR v ek o

11



CABBARBANE RGBT AP AP IR ER

232 SBRFERLFEUFFRLT FHRELZTRF (%)

ey £ AR

Napthalene-d8 32.0+21.1 33.5+10.9

Fluorene-d10 70.3£28.6 59.9£16.2

Fluoranthene-d10 03.1+31.8 49.7+£9.6

Perylene-d12 192.5+£79.1 82.5+47.0

%233 $RFTH 2 dREUE (556 E+3 RFEEL > ng)

FR¥AD M it ¥
Acenapthylene Acy 0.10 0.59
Acenaphthene Ace 0.21 1.80
Fluorene Flu 3.38 6.71
Dibenzothiophene DBT 4.48 3.63
phenanthrene Phe 2.96 10.05
Anthracene Ant 0.52 1.09
4,6-dimethyldibenzothiop 4,6-DMDBT 0.17 0.42
Fluoranthene Fla 1.02 1.33
Pyrene Pyr 1.01 0.89
Retene RT 4.51 6.30
Benzo[a]fluorene BaF 1.14 1.40
Benzo[b]fluorene BbF 2.62 1.00
Benz[a]anthracene BaA 2.30 1.30
Chrysene+Triphenylene Chr+Trip 2.13 1.73
benzo[b]fluoranthene BbF 2.05 1.07
benzo[k]fluoranthene BkF 0.36 1.16
benzo[e]pyrene BeP 0.53 0.69
benzo[a]pyrene BaP 1.40 2.08
perylene Per 0.86 1.16
Indeno[1,2,3-c,d]pyrene IP 0.33 0.25
Dibenz[a,h]anthracene DA 1.53 1.60
benzo[g,h,i]perylene BP 0.68 1.17
Coronene Cor 0.61 0.65

12



:):'::_q.

>

P g

£34 3 BELF2L GRHETE (L3526 E+3 %L o ng)

TBETLE ¥ Eid 2
Tecnacene 4.05 0.61
a-HCH 5.38 0.35
HCB 6.88 0.42
B-HCH 2.70 1.07
y-HCH 2.97 0.81
8-HCH 0.59 0.38
Hept 0.22 0.30
Aldrin 0.41 0.26
cis-Hept Oxid 0.39 0.08
tran-Hept Oxid 1.36 4.13
0.p-DDE 4.94 0.53
p.p-DDE 6.91 0.74
0.p-DDD 4.74 1.04
p.p'-DDD 0.63 0.34
0.p-DDT 1.20 0.31
p.p'-DDT 0.83 0.38

PES
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yri $58HB
¥- 8 FAMLFBIFTEPF (POPs) 2 2 )

AP FEFEIARRFFFLEREY LA 2 ERLF B2 H O 'Pi’ﬁ
Wiigsy (¢4 PAHs 2 OCPs) 2 2R 4 A1 FL FEL AL RIHF AR
LKA AP EREE B E RIER VRO IR X EFRROFR L
BREAERALRLF I P Al BAL P RASGE BETH-FT R
FRTOFABIRIALFIEEF FRETEPFHLE LR ARFRAAPY
ARRE o BRI A 2 > S & B w 23 8 PAHS 3k & (total PAH; t-PAH) (% 4-2): A
WA KA 5 4.10-247.98 ng/gdw ~ k4 B B 5 6.60-712.59 nglg ww ~ &% {5
0.58-25.50 ng/gww ~ & 5 4.96-57.86 ng/gww ~ 4. #F 5 1.88-44.03 ng/gww ~ & &
#g(3+) 5 1.87-11554 ng/g ww % & E#E (L) 5 0.39-65.58 ng/g ww o A Ff - ¢
PAHS 3k B 1 3 Kemk R dd 5 243 5 » Blri-k4 B B2 ke PAHs JEAE
BB o 245974 452 16 46 OCPs & 455 % (% 4-2)> OCPs ik & jo ] © Aif 4
At # 5 10.59-7447.57 ng/g dw ~ -k # B # 25.15-79.40 ng/g ww ~ & &5
1.03-92.59 ng/gww ~ #& 5 0.60-415.00 ng/gww ~ 4. #F 5 10.19-572.02 ng/gww ~
147(3E) 5 1.88-48.05 ng/gww % & £ &E (L) % 3.51-917.07 ng/gww o LA 4 ¢
OCPs kR M & Fho 58 % » 10% 2 o 1 PAHs 2 OCPs & & f84 +
e 2R Bk E R M S PAHS AR R B R 0 0 3 fRAFH P 9 OCPs
ARERES - o 257 P PP DERPER TR AR T R ERER
PR S ARG M

B ET FAR TR AP e PEA R AR F ARGV N T AR
PAHs%~ % 37 (Acy -~ Ace ~ Flu~ DBT ~ Phe ~ Ant) ~ 43 (Fla~ Pyr~ RT ~ BaF ~
BbF - BaA ~ Chr+Trip) ~ 5% (BbF -~ BkF -~ BaP -~ BeP ~ Per) ~63% (IP~DA-
BP) ~ 73k (Cor) s #Aff# %4 2 1 end Fi F L 4~6IRPAHS: 1 vt > H B8 F
A8 Y L3R ArAkPAHS: A5 4 e RERA A CREE: 3 sbenzo[e]pyrene?t » H
Atk JU3~B5PAHSE: i > TP X F &R EA ¥H o AO0CPskES 2 g o kB
BAE o2 F 50 % ZHCH ~ HeptfeDDT 4 7 5 2 & 2> » 245 8 7 4

15



CERBARBRAR RS AE T WITAPAF AFAER

FR;r gL (HCH B & 255~85% a-HCH ~ 5~14% B-HCHZ 8
~15% y-HCH ){DDT#- + - H = % Aldrinf-Heptachlor- i¢ * & *2,2 % = ( Lindane,
99%¢y-HCH ) # & (34# ) @ Heptachlori® (11# ) - gt &~ 472 % &+ » OCPs
FEE AR T R L AE 2 OCPsenid * -3 4p B2 4% ~ (Wang and Liu

2000) -

16



241 AEFBRATLIRT4L I PILE L

ey KA RA * 1 4. R X B e AL
POPs f& 47 ® ¥ (ng/gdw) (ng/gww) (ng/gww) (ng/gww) (ng/gww) (ng/gww) (ng/gww)
PAHs = 247.98 - - - - - -
P F R 175.84 6.60 - - 14.47-27.07 1.87-2.21 1.93-3.31
@ 15.17-77.52 233.34-293.81 - - - 115.54 20.41-65.58
E 4.10 29.27 - - - - -
EaPES o 84.63-203.73 11.18-173.73 - - - 1.91-47.03 47.30
K ik 33.73-113.59 712.59 0.58-2.18 - - - 3.29-10.41
Ptk 9.60 - 2.70-25.50 4.96-57.86 1.88-44.03 - 0.93-47.05
OCPs ] E R 41.37 - - - - - -
[ FuRePr 10.59 25.15 - - 147.66-228.3 2.78-9.41 20.64-22.05
o 13.03-43.86 28.82-79.40 - - - 21.42 3.51-13.13
s 186.09 48.92 - - - - -
EIPES o 28.56-118.12 7.33-69.63 - - - 1.88-48.05 230.42
K ik 17.21-25.35 79.40 4.06-18.87 - - - 17.01-46.28
Ptk 36.52 - 1.03-92.59 0.60-415.00 10.19-572.02 - 43.23-917.07

% acenapthylene ~ acenaphthene - fluorene ~ dibenzothiophene ~ phenanthrene - anthracene - 4,6-dimethyldibenzothiop ~ fluoranthene ~ pyrene ~ retene ~ benz[a] fluorene -
benzo[b]fluorene ~ benz[a]anthracene ~ chrysene+triphenylene ~ benzo[b]fluoranthene ~ benzo[k]fluoranthene ~ benzo[e]pyrene ~ benzo[a]pyrene ~ perylene ~
indeno[1,2,3-c,d]pyrene ~ dibenz[a,h]anthracene ~ benzo[g,h,i]perylene ~ Coronene

*aldrin~0,p’-DDD-~p,p’-DDD~0,p’-DDE+p,p’-DDE +0.p’-DDT+p,p’-DDT~a-HCH ~B-HCH-y-HCH~8-HCH-heptachlor - cis-heptachlorepoxide-trans- heptachlorepoxide
HCB - tecnacene

T R

Ynglg dw: 4

° nglgww:

keric €
kiR
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o8 S RT ANz A EN
AR

AP G R X BB RIR RS SAM S 2 t-PAHs k& # B & 4.10-247.98 ng/g
dw > AFFFPAHSE B g M3t H s 7sr "B pAFEY PAHSER E s Mpo @ &2
cAERRER Y ARPPAHSER FERIAPIT (£4-2) B wW BB {okiRE 5
BEFERF(BAL)Y P FRLFATRITREREF HPIT B F @i B
PAHs SEf in i@ 448 B @iEa A ¥ oo | 3 FLRAHF BB 3
Ro(Sil) 1% FAHT RGBT RISy R 5

K,% TR AT s KA Y - #1242 >4 47 (Principal Component Analysis,
PCA) 47 & fatk &7 > PAHs chle = & % > ;ﬁu |8 H 54 KRz 4p ko &
BAF 2 M o Bl 42 B % BB E BAMSS PAHS B £ kR 3 Tk

PAHs % i (Boehm, Page et al. 2001) » # ¢ 14 phenanthrene 5 & % » @ r&E— & *F 5
TER RAZ I EFZ e R REFR TR ERERE LR 4~6 & PAHs

(Fernandes et al. 1997 ) H R F1A P » A H H|E 2 B HE L » 2L KR &4
17 FE % o PAHS b "% 3E R 2 5 BlzbAff 4 PAHS 7 £ % i 1130 £ B NOAA

(National onceanic and atmospheric administration) #7437 71 PAHS f f# 4= $H57 &
P f 4 P oenko KB Pk & (Effect Range Low ; ERL4000 ng g 5 Long et al. 1995) -
HAX4RF A RAF 2 ARFPAHs 2 B BE 250

18
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242 LtRAPEPHLZAFFY IRFTATRRZEZI VR

t-PAHSs Jk &

g (nglgdw) A
¥+ rE 9.60 AR
LN 1 175.84 e =Ey
i 4.10 hET g
S 247.98 I ZEy
o 15.17-77.52 Y
K i 33.73-113.59 rEE g
* i 84.63-203.73 g
B BE 8-356 Doong and Li (2004)
S DI - 61.9-840.5 Guo et al. (2007 )
B ke pmgrer 4-924 Zakaria et al. (2002)
LRI R SR 180-1100 Fernandez et al. (1999 )
BB AP 13000-18000 Fernandez et al. (1999 )
F R B ip 100-1100 Fernandez et al. (1999 )




4 $ 4k 5 t-PAHSs ek B ok 4 BB B F (6.60-712.59 ng/g ww) 0 =t 2 A KR
(3+) (1.87-115.54 ng/g ww) ~ ¥ (4.96-57.86 ng/g ww) ~ = &g (4p-ed) (0.93-47.30 ng/g
wWw) ~ 4. %7 (1.88-44.03 ng/g ww) » & 4 e 5 i3 {#(0.58-25.5 ng/lg ww) > 4o & 4-1 #75% o

WTFA L B IRA RS ST B IR A A RHHIES R

HRER BT R A P LG

=
W

R

(g

- k3 RY

K2R QB ke fok § S RER A TATRELF G FETRE
R R T B RHEEIREZEA o FEINAR R FEE{oL ) Rk
FH g ok ¥y PAHS JERE Mt ke > K §F2-ke Rp 97 7 t-PAH Jk & §
A w] % 6.60-11.18 ng/g ww fr 29.27-712.59 ng/g ww > ¥ -k § A F e o F K2 E L
AEET B 43 Hoooke A% FE RATZER  MRRF ZEEBF (71259 ng/g
WW) > ik BB PAHS 7 & 3t 2 45 88 7 9 e 8¢ chgkd2 (Froehner and Maceno, 2009) »
FIRRE 2K MR s 5 B S RE BB R F o PAHs 2 4 b B fE 8 v
7 R4 oPAHS Bk d Ry 2 des St B P SR4E 4R 070 12 5 Bk £ benzo[e]pyrene
3 (Bl4-4) BRFI2P o BFE- HEFE o
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= > B,%;:;:{F‘

PRGBS SN R B BB ORI F R e o AP Rl
WApFmr R2 KRk FHRED T BEHRS ¥ KRR BEE B E B
t-PAHs 7 £ # F1 5 0.58-25.50 nglgww > o ¥k 4 B f o B RiRE RS A 1T H 5B
R A EG-PAHS 7 B # Bl 5 4.96-57.86 ng/g wWw o 1B EEEILE R BT AL
WA S BT PAHS ER R B o @ e BT SRR ARERIARF > T 52
B 48N PAHs 7 £ 4% B (B 4-5) - i&- #H A 478 7 HuE P t-PAHS JER & i %
BE R SE AP (W 4-6) > T PAHs Z BMEA SR E R em LR o @ AT

STER IR 2R AT R L PR R o e kR R BT PRI S 0 BT PAHS &7

7;,, 7f;1,\—,— él"“'](%&é‘)“ﬁ' w“ﬁ’{’\ NS A rtx;??f’g'} d —"s"_:\‘_ Fﬁ%—s}%n?’% ’

:ltt W
Hk
*mx
m@

AEFERAPAHS AAER R A A2 T B A HIERRM IR L

4

A AT R BT kR 3 TR PAHS LA & A A () 4-7) o
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i

t-PAHSs (ng/g ww)
g & 8

N
o
1

10 -

1
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o
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t-PAHSs (ng/g ww)
H
o

%
el
&
1
=1
1
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t-PAHSs (ng/g ww)

w N (8] D ~l
o (e») o o o
1 1 1 1 J

1<

)
o
L

y = 35.842x70662
Rz=0.8011

18

t-PAHSs (ng/g ww)

[
~ o
1 1

[ e
o N
1 1

¢  y=-5835In(x)+20.191
R2=0.6115

o N B OO ©
1

2% (9)

25
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TRIERM G
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30%

20%

10%
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=~ BN

BRI EA SRR R ke T AT O B PAHS R R R A Y 5
1.87-115.54 ng/g ww ~ 0.93-65.58 ng/g ww % 3.81-5.70 ng/g ww( ] 4-8) - PAHSs Jk &
FFARLEMED R U R E DR RR S R REERELE
1 PAHS JER Rk > = BRI P2 bl R B AR BT A A7 (R
4-9) FWNFFREFD I HERE IR o d 3 Bz il F PSSR
B G  a B a g S EFFEE RS E > ki PAHS A H P ER RS (DL
ﬁf%);i}_ﬁﬂ%ﬂ&E‘J%E‘J%%ﬁﬁ%ﬁi‘]ﬁﬂ%%%ﬁ Vot EdRE BTN

CARERTT o P AAREETE 4 24 iﬁﬁaéﬂﬁ%ﬁ*ﬁvi%%ﬁ% (%
WAAE S WP 9T 7 PAHS JRAR M > F 2 o AR RIRE N #7F PAHS Jk &

%0 B 4-10)0 3% p AT 4 PAHS B & (17.17-115.54 nglg ww)id & 04 <
ig;- A(L1.87-1.91 ng/g ww) « ] 4-11 4 77 ;4 $4 B & 21 il o0 5 2. PAHs DR R B 1% 0 %
BrAR3REARGPAHS n R 4 > I @ 8 Ap B -

d 3 AR PAHs 2 ehi 2 A4 (B 4-12) RIS FEREP 49
§5E M 3R PAHS 531 > RAFMH B LB A ¢ PAHs 2 B4 R E R 4
%2 5% PAHs 22 » RSP BHFEF A R FTFLEERH AR B2 kG A S
PAHS « & #p A 74pdl » T &P aB R B e 25 b3 ~ 2o b

53 A 47 chag g B (Anestis et al. 2007; Hamer et al. 2008 ; Fisher et al. 2000 ;
Barreira et al. 2007) « F]¢* > & 245 ¥ PAHs 22 & ff & 5 Frindga & & F B0 ¢

THAPHAFS RS EFEPERB L (Fang et al. 2010) -
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=~ A

*Ffﬁ’ﬁﬁﬁ%“iﬁ*ﬁﬁﬁ(Iﬁé~ﬁ$$~3ﬁé)ﬁ€@ﬁ$
S A AR t-PAHS R B % 11.59-13.73 ng/g ww ~ 4 -k 4% 11.30-31.43 ng/g
ww ~ = & 1.88-5.31 ng/g ww ~ & #% £ F % 14.47-27.07 ng/g ww ( ] 4-13) > k3%
B Atk CPAHS St A M) AR HANFREZEMNM - B 414
BT AP TS tPAHS R B H AL ] A F LR A HA R RN LA

RPN AR A > HR A AT E -PAHS kB RE -

)b REEMERE G o A 8EHTE tPAHs v LB 1% A At (B
4-15) FIPAHS 2 ‘e X (x4 HfF2; > ¥ A 2 A3 1 % - ¥ (groupl) 5 T 5
%o IRk 5% (groupll) A SR R2ZIRRE KT AR
PO F U 3THPAHS A it G bt Ao BB H A Glip LA R LT
PR TR ARRRET G AR FE- HEPEREBEERG Rk

R R L R
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X BB ARREAR

% ‘}*uﬁiﬁ'

Afhd 2 83 84 L% (t-OCPs)k & # ¥ 5 13.03-186.09 ng/g dw (] 4-16) -

o Pufh deooripl 17 ek B B % (186.09 ng/g dw) 3Rl iE L IS B R 2 B B
BB BieipM BT OCPs 2 EX B EH B BE BRI RPM IS < -

PR RAF T 2 OCPS kB> ted F B L8 KRRk ¥ it FERARE >

L 2 BB F o fE P t-OCPs = BgzF 02 Hept k5 5 4> @ &% 1

Vi

fﬁt

PR

ST
L
Th

x

Job
oS

HCH 2 DDT ss|chP & 5 3 (B 4-17~4-18)> H ¢ ~ 7 (p AT o1 @

~

v plEEFE " ]2 DDT 47| R % o & F o 2238750 #75 OCPsER %+ £ 4 4
EBEBE AfH&H5? HCH - Hept & DDT 45| R %5 * 500524 >
3 & d (XDDD+XDDE)/ZDDT s 583+ 5 » H g% 3+ 0.5 (B 4-19) > &7 A 5
%‘rﬁﬂDDTﬁ%J% T BB R ELETRLEI LAY -
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LABPRARBEAR TR A ST BIAF S AR E R
180 -
160 -
140 -
%\ 120 - | | J % R
E 100 =0 ¥
=5 mE PR
g 80 miEes
9 60 - 7 R o
40 - moK R
20 -
0 i
Aldrin ¥DDTs HCB >HCH YHept
418 REARF T BEILERI L7
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0% - —— »
TP A
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e

AP HRET A ag 2 sl t-OCPs Jk & % (3.51-917.07 ng/gww ) » #
= % 4% (10.19-572.02 ng/g ww ) ~ ¥ (0.60-415.00 ng/g ww ) ~ 4 (1.03-92.59 ng/g
WW) ~ k4 BB (7.33-79.40 ng/g ww) o @ 12 G HeAE 2 sE RN 5 B B (1.88-48.05

ng/g ww)

v

T s BIRG-

|
“'_\‘ﬂ
o
]
X

A3 REEE G A u3tH t-OCPs &

sl
i Y T EAR

k
F AP SR SR
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