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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, log distance mobility, high
lipophilicity, and bioaccumulation. Accouding to many Sstudies, POPs can spread to
high altitidue areas following with current or wind. Yushan National Park is located in
the middle 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

(PAHSs ) and organochlorine pesticides ( OCPs) in the water and sediment samples

from the high mountain lakes.

Overall, the total PAH concentrations (t-PAH; including 23 PAHs ) at Yushan
National Park were not significantly different between Teng Lake and Tataka ( Teng
Lake: 11.19-21.98 ng/L, Tataka: 17.79 ng/L ) in water. However, the t-PAH levels
were higher on surface sediment at Teng Lake (95.03-518.92 ng/g dw ) than which at
Tataka (48.10-72.43 ng/g dw ) implying that human religion activities such as buring

“joss stick” may affect and elevate the PAH levels at Teng Lake. For the total OCP
concentrations, the levels in the water samples were similar at Teng Lake and Tataka

(3.95-14.62 ng/L and 6.38 ng/L, respectively ) . However, the t-OCP concentrations
on the sediments were higher at Tataka ( 3.91-6.64 ng/g dw ) than which at Teng Lake

(1.97-3.68 ng/g dw) . The results indicated that the t-OCP concentrations on
sediments follow the trend of altitidue distribution of high altitidue area ( Tataka )
may be higher than those of low altitidue areas ( Teng Lake ) . Both PAH and OCP

concentrations at the Yushang National Park are still under the level for the ecological
threaten. Long-term monitoring for the POPs in the Yushang Nnational Park is

necessary to protect the natural resource and health ecosystem.
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Fomd R LRGBS F 2P A BT LAY o L FIH LIEE R b
WEHE R e R A P R Rl YR ERAF RS B RE AR
SRS I R B BN H R EA R R g RpE TS 4
% # (Bioaccumulation) > { ¥ it 5d S 4a@ERF IR HAL LML > A2
4 2z~ (Biomagnification) - 3 ¥ E 54 {24 Py 2 L4 F
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MFd 2 REREE LIS DL Efed B 2 MERCATERDERT A 3
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#p et & 22 4 3% (Barron, 1990 ; Munoz et al., 1996 ; Kelly and Gobas, 2001 ; Blais
et al., 2003 ; Fernandez et al., 2004 ) e POPs F] & L4 14 ~ Mg ~ 4F A~ 4
PABERAE HEr RS M RS TRE Y 2 F ke b2
B 5 (8% @42 & L > 5 234 G eh5 44 (Klasmeier et al., 2006 ;
Bartrons et al., 2007 ; Van den Steen et al., 2007 ) » 35 % #7 7 48 & % 4p 4 POPs 7 4
FRLofed RHRARSAF Y mRFR B ZE LA BINAREREIET
#7;p] 1 e & (Luckas et al., 1990 ; Aono et al., 1997 ; Norstrom et al., 1998 ; Kuhnlein
and Chan, 2000 ; Chiuchiolo et al., 2004 ; Inomata et al., 2004) - P = 4p B #7 5 &g %
ORI A RN B SR E (RGN M
Bod = fi:E 4 B % ¥u(Wania, 2003 ; Wania and Dugani, 2003 ; Breivik et al.,
2006) -

POPs 7= g;{gd Fomd BITA SEREF BT B AR LZTH 0 TERF L
AR LAY RAE o F I LAFL A NPOPs 0 4ot § kS A% (Polycyclic Aromatic
Hydrocarbons, PAHs) ~ % # % % (Ppolychlorinated Biphenyls, PCBs) ~ 7 # % R
# (Organochlorine Pesticides, OCPs) % » &3 L@t ~ Kk % k¢ 4 Fgip
7 49 % % 2 Jk & (Fernandez et al., 1999 ; Barra et al., 2006 ; Meire et al., 2008) -
Fernandez% A #% 2% L R /p &K P PAHsA» 522 2 £ > B A® L B P
B " PAHsZ 5 BARE X2 M1LE0h (I 49 %) REZ £ 5 23t B
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FAROH A HE  HRFAVAEFILHFERABAR T M (Donald et al,
1998 ; Grimalt et al., 2001 ; Blais et al., 2003) - 27+ POPs® » &3] & &I % & i
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A% % %> 45 (Polycyclic Aromatic Hydrocarbons, PAHs ) £ 4 % &
B % (Organochlorine Pesticides, OCPs) % 1 & 2 47¥ % » A 42> T p|2 LR
BADIR S A R R AR R0 e 5 g
BUOERABETBALLT A MRS HI LR TS FP 2 G R R
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#F A3 #7324 (Persistent Organic Pollutions, POPs) F] & L 44 |+ « 3
PN FAR N AFAPEL S RARE R CREY > e BHRF TS E ,{sﬁ“
32 F ke P2 BFend 3 0F BIEFE R L 0 L AHAGHRGNE LS

(Dach et al., 2000; Klasmeier et al., 2006; Bartrons et al., 2007; Van den Steen et al.,
2007)c F12 5 A fEE 4 F A fE o POPs i » s 4-4a¢ €d MK a k2 5 (4oiF
PR ) ARF SR AP @ ARFEA R AR FERLE kB o
Mpenik g 2 4 5 P4 (Barron, 1990; Munoz et al., 1996; Kelly and Gobas, 2001;
Blais et al., 2003; Fernandez et al., 2004 ) - POPs F]H 4 i* 31 » € 4% 38 F Ak
P2 A57 (BERFFF OWHRFREFETE )EF S F 4 on B3 A MITF

T (‘/'E))iﬁlf’ﬁf" e rﬁ FREFE 1= b F rﬁ L fv) I o

WEF S AL A 4y POPs 0 4e 3 3k % 4 % (Polycyclic  Aromatic
Hydrocarbons, PAHs) ~ % # % % (Polychlorinated Biphenyls, PCBs ) ~ 7 # & B %
(Organochlorine Pesticides, OCPs) % » f@8 Lijidip ~ Kk 2 K¢ 2 5 HP) 3 3
1P % B 2. Jk & (Fernandez et al., 1999; Daly and Wania, 2005; Barra et al., 2006;
Meire et al., 2008) - 1999 # Fernandez % % #2 3 2 & M L % @ Jp Xk » PAHs A i
SR BB EY AL RS AR Y PAHSZ F BB IR LR A (T 4
WE) RIEZEARE oA e B ROY RIS LRGP A AR Y PAHsZ 3
g #E—Frzg %2 P m e BT KR 2. 7 ¥ 4p1T (Fernandez et al., 1999) - %A
BoLPp A A REHMAPOPs: BEF AR TH AR E HRFIV L EE
b E R R BR %5 B (Donald et al., 1998; Grimalt et al., 2001; Blais et al., 2003) o
AAGPREFAMGBAILY LRI ANFRAME RR Y DL G R (Daly
and Wania, 2005) - 877 POPs® » &3 3 L% BB AFY > 2P P H 2 kB
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- A RERABLFREES? F LG BE R H 0L R

( Daly and Wania, 2005 )

lake (elevation,? mountain region, country)

Water
Cakin Laks (1219 m), Emerald Lake (1300 m}, Annette Lake (1019 m),
Maligne Lake (1671 m!, Bow Lake (1940 m)}, Rocky Mountains, Canada
Inferior Lake (6057 m), Sagarmatha National Park, Nepal
Lake Tahoe (1899 m), Marlette Lake (2384 m),
Sierra Nevada, CA/NV, USA
eight surface waters {116—3322 m), Sierra Nevada, CA, USA
Estany Red¢ (2240 m), Pyrenees, Spain, Gossenkollesee (2417 m),
Alps, Austria, @vre Neadalsvatn (728 m), Norway
Bow Lake (1940 m), Rocky Mountains, Canada
lakes in parks across the wastern United States

Sediments

Sagamore Lake (586 m}, Woods Lake (615 m),
Adirondack Mountains, NY, USA

L ake Hustad (3380 m), Lake Louise (3365 m), Lake Haiyaha (3109 m},
the Loch 12109 m), Rocky Mcuntain National Park, CO, USA

Dasener See (2270 m), Central Alps, Austria

Superior Lake (5213 m) and Inferior Lake (5067 m),
Sagarmatha Mational Park, Nepal

Grosser Arbersee (935 m), Bavarian Forast, Germany

Moab Lake {1204 m), Cabin Lake (1219}, Emerald Lake (1300 m),
Annette Lake (1019 m), Beauvert Lake (1021 m}, Bow Lake (1340 ml,
Rocky Mcountains, Canada

Escura {1680 m), Serra Estrela, Portugal, Cimera (2140 m), Sierra Gredos,
La Caldera (3050 m}, Sierra Nevada, Estany Redo (2240 m),
Pyrenees, Spain, Noir (2750 m), Alps, France, Schwarssee ob Solden
(2799 m) and Gossenkollesee (2417 m), Alps, Austria,
Dlugi Staw (1783 m) and Starolesnianske Fleso (2000 m),
Tatra, Poland/Slovakia, @vre Neadalsvatn (728 m), Norway

Estany Red¢ (2240 m), Pyrenees, Spain, Dlugi Staw (1783 m),
Starolesnianske Pleso (2000 m}, Lake Ladove (2057 m)
Tatra, Poland/Slovakia

Lake Planina (1430 m), Alps, Slovenia

Chungara Lake, Andes, Chile

wetland and lake sediments, Tibetan Plateau

2 Elevation given in meters above sea level.

compound(s)

toxaphene

PCBs, OCPs
PCBs

OPPs, endosulfan
PCBs, PAHs, OCFs

OCPs, PCBs
S0Cs

PAHs
PAHs, PCBs

PAHs
PCBs, OCPs

PCBs, PCDD/Fs
toxaphene

PAHs, PCBs, HCE, DCE

PCBs, DDTs, HCB

PAHs
PCBs
HCHs, DDTs

Year

1994

1894
1995

1997
1996—1598

1998
2003

1978
1981

1387
1992

1993
1994

1893—-1¢956

not given

2000
1999
not given




¥ = & % %> 4 % (Polycyclic Aromatic Hydrocarbons, PAHSs)

PHRFALLIEBY A DG WIS LP R B B aF RS
foR R E AP R FRERFFRII AR R A SHEEF 22000
PR PRI ANRAFRETI R OHRB ISR TG R LFECFTH
TA-O6RNFI BT ATEFREMERBIE 23N RTZ T ERN DTN
£ 3 2% 13 & (Fernandesetal., 1997) - #k#® $H > {4 5k A7 A 5 % X
KiRdbo etk Lol LB A L kR ded N L AE L p R A R A
RIVEE S TS pacE (Pageetal, 1999; Yunker et al., 2002) ° 784 p ki
M R S BT AN R ARG R T A SRR R R B IERRIT
HRRG P RS ORFLA T LRGP FARMET ] T S R A AR
7 B R AT (Douben et al., 2003 )

S IV E

a n—\#ﬂl’fil v & Ef i b R Y rg BEART R R ),’L’%”Téi 1% i%\:‘:—é
M ARAFIERUI B RN RITE L R ARE § AR Lok
BB E P REATA A SN E AL I EERVER TS P 4 R R
B R E A g d 973k (Fernandes et al., 1997 ) -

e LI Y

BIBR>AGNA2 RFA R AP MASR
/El] J‘#F@ﬁ.‘?f—h"r‘l‘:l\‘m’—,—,f"g#';”*i"l‘iéz-:;%i\‘ %ém;%*‘l;;lo
Kihe 7701 ¥ iFAz 8 %Jﬁ%iw./g’ F AR AT o

BOGE T TR ¢ A 2T

i

Nl N1
o

AP Rk

B ARTRE fﬂ*""‘p’ﬁ}g *o S TR A Aokt i Y hip AR £
(terpenes ) ¢ 5= # i¥* (diagenesis) #& it = retene 472 F phernanthrene &
chrysene (Douben et al., 2003) ° Perylene® % L2 1+ 5 ¥ 45> H 4 =

BT doAE s RRE BB EH A L i i52 (Venkatesan et al., 1988)
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B AEREY S RF RS ER e AP0 TR SR S E T R

B RIR SR A GT R A NIRRT AR
¥= & 3 % B # (Organochlorine Pesticides, OCPs)

FTWEFRBEA- AR ARPERL AR AR BB NGk
Poc £ P A AM g FALR Y AR ¥ F et 1 ¥ o8 11962& M5

$enk x| Py DDTeE o ¢ SHEHE A B BB 5T KL o
m o 43 FEEaR g (Carson, 1962) o @ 5l R%E L B4 ERTFF
FREHNIRE S G o £1970-1980# R'%E & WE 42 % 2 3{”}5 WEE o

2001 5 & BT BI04 2 2 h12f6POPs? » § 15§ R E AT A E0E 0 ¢ 5P
% (Aldrin) -~ 2 (Chlordane ) ~ j#i## (DDT) -~ # ## % (Dieldrin) ~ %
¥ % (Endrin) ~ & % £ (Heptachlor) - = # 2 (Hexachlorobenzene ) ~ j&* ik %
(Mirex ) ~ # # % (Toxaphene) > H*"3f1 & Z ¥4 1 ¥ &2 L34 &>
¢ 7 # 2% (Dioxin) ~*%tws (Furans) %2 % % 3% (PCBs) (UNEP, 2002)
FWERESL SR ISR € ARE A BT FH oS FaR
L33 TH RBESRBE L LG &4 Fepl it ghd 2 (Welsch-Pausch et
al., 1995; Blomgpvist et al., 2006; Carriger and Rand, 2008) °

e

SAEN1950~ 1974 BRI £ fEd s slie R Y S A s BES 3
## (DDT) ~ &7 (HCH) ~ %2 (Lidane) ~ P # & (Aldrin) -~ 3 3573

‘%’8{ ’ﬂé*

(Dieldrin) ~ # @ £ (Heptachlor) -~ % 7 # (endosulfan) % o {335 - % B #
IEREDERY A TEFFF DR B 21970E S0 SR FE

é
P E R d g AL

ERE I B N N SRR ¥ I
P2 AT AREY JUBEEF LRGN B R EL PR £ K

J_éﬁ_&,ﬁ‘;aul‘}%;ﬁ‘,J;ii%_,ﬁifiii%éﬁf%}%’ﬁppbg.&ﬁ?%%ﬁ@(wang
and Liu, 2000) « Flo*§ #& B E S 5 b5 A4 0 7 mBms 0 4
%i&véw’%”% FHEAAF KRR IERER



- FRtRE R
HERERLIaF XA~ A -Bazh B %2 C-DE=zzko

Ll
—_

. —
BELLACE BT

PU -

L]

Bl- ~3# 2 B LR (ASNB-C-DFrE )
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FLRFOFS E A KB EARBRFAFAGEAF LA R
g g s g il
APE 20 2 40 e FR A REHRE T Y PEONERE S L E R L

W(Cxp)~mspt L E Lo (Db) 2 iRk L8 g L
Bk 447 o

1 AkE (k) ief

Z~ERIHEFR

A% B: ¥120°55°8.03” #23°16°48.99”; C: % 120°53°3.92” 5 23°28°22.127,

D: 5 120°53°14.82” 4 23°28°33.617; E: & 120°53°35.74” 4 23°28°30.85” -



¥ 33
i FERERED R

- kB

PR (A2 Bib) £5020 22 2 R REZ H AL 0 F
THRFETHRS LRSI FRA B lum IS R R AR o Bk P
A4 POP fx g A b > 7% 248 POPs | XAD-2 s+ 2 # a7  hp tjc
Z2oo LR 2ZBE (C-DYExp) R 74 > M7 dhdn¥ndh 8 20 o2
PORFIEEARES > RV RTEERREE AT E R §E R R K
KRR HE 1 um FU AR 2 IR R 0 Bk Y RER AR POP BN R A o kB
2.4 R E XAD-2 g+ 2 aa St E He B o e F R E A 1903 R4
POPs -

Rk 5

Jofk 4 2 e LR RIBPZ AR KRR AN KT R RS MBI

g EW20CE 2 AL e

TR AT e 45 FP Bt RS 2 REAH 0 P £F (Ko & Baker,
1995)“ B 4 2 A LG 1 £ A2 2L g5 21 8 (Koetal, 2003 ;
Ko & Baker, 2004 ) > 3§ & & »c 5 e 2 47 2 2 0 WO RS 472 2 b B T

k& (38 R amAaE XAD-2) # % % N F B (Soxhlet)
.uﬁﬁj)%aﬁ z %%,Eé‘. prt4 (gé‘rfug 1: 1) ’ ;‘;‘3’»244\];;_250;%;/:“5«:\,;;;]1“%%4“@

% % 3 P2 (Accelerated Solvent Extraction, ASE) 12 = #% ? ¥ ( Dichloromethane,

11



TLRFSFle KA KBFALRR AP A FEAH2DE

- B A

FPRA R L R FRIEFWREFEI OSmL 8 > i R e
feomm e =it F 0 2 RRIEGFIRSGEL N 2ml 1§ Fex# 2 0.5mL >
# o~ 1 314 &g (vial)s 71 GC-MS A 45 5 %5 47'c (PAHs) % § #4 & L &
(OCPs) »

E LR & 2

LA RS UEREESEEZ T LB TIRE

17 B2 % F PR (retention time ) #Z_; 4c » p &% 7. (Internal Standards) '/ 4p
LB RPRR B o

B2 wp REEESd REAITRE DL e o EAAHEHE BT

5N\ .
"’:‘L_E, = q,\‘ ’!1\':'—[ .

¥R & 7]+ (relative response factor, RRF) i& {7

Arear, X Mass
RRF = TA IS

Area;g X Massty
Areara * #Fip|4 (Target) & & & #
Arears © P %% & (Internal Standard) R & & ##
Masstp - Fipl4f £

Massig - P &8 2.8

12



R = iz

¥
1
Sl

A4 B RS § £ (QAIQC)

- Nk

AR EE B 4o » @ vk B DR 104 % 5 (Surrogate Standards ) 0 5B F
S AT AR R T HE w e F 0 5 RE A T2 # &7 e & (Surrogate Recoveries )

dodk = Ao o

22 IBRFAGLENERL LT R RELFF (%)

Cd Cp Cs
D8-Naphthalene 50.2 62.8 533
D10-fluorene 90.2 67.8 127.1
D10-fluoranthene 67.0 101.5 78.9
D12-perylene 71.0 165.6 69.0

Cd: #ipl-ki3 #PAHs M XAD 5 4 &
Cp: & RISFAKPAHs 1 pLH 4 RN 5 4 FF
Cs: BipIR&L ¥ 2 PAHs 1 @ RERpesph 5 4 F

13



FLRFAWS A RS ARBRFAF L GHRFHLDE

=~ BREE

EREETRAEREFEEL S - K50 B S AR
PiEse P BARR L chz 2 5 BRHR*UE (Method Detection Limit, MDL ) 1 i

AR FTEARY ZFF B o drR =~ L AT o

Az 0 S R¥ {52 dRELE (ng)

Cd Cp Cs
Acenapthylene 0.20 0.04 0.26
Acenaphthene 0.63 0.17 1.13
Fluorene 1.17 0.20 3.51
Dibenzothiophene 0.13 0.11 4.47
Phenanthrene 1.07 0.44 11.74
Anthracene 0.43 0.06 0.67
4,6-dimethyldibenzothiop 0.05 0.06 0.30
Fluoranthene 0.08 0.13 2.54
Pyrene 0.26 0.16 0.99
Retene 0.15 0.05 0.24
Benzo[a]fluorene 0.01 0.01 0.13
Benzo[b]fluorene 0.10 0.02 0.24
Benz[a]anthracene 0.10 0.01 0.04
Chrysene+Triphenylene 0.09 0.03 0.06
Benzo[b]fluoranthene 0.05 0.09 0.12
Benzo[k]fluoranthene 0.11 0.07 0.06
Benzo[e]pyrene 0.12 0.09 0.18
Benzo[a]pyrene 0.11 0.13 0.08
Perylene 0.02 0.05 0.05
Indeno[1,2,3-c,d]pyrene 0.27 0.03 0.01
Dibenz[a,h]anthracene 0.03 0.02 0.03
Benzo[g,h,i]perylene 0.02 0.01 0.04
Coronene 0.03 0.01 0.03

Cd: #ipl-ki3 #PAHs M XAD: 4 &
Cp: ® RIBEFIRPAHs M aim A 5 4 F
Cs: BipIR&L ¥ 2 PAHs 1 @ REipesph 5 4 F

14



Cd Cp Cs
Tecnacene 0.91 0.83 1.59
a-HCH 0.91 1.06 0.60
HCB 0.42 0.19 0.10
B-HCH 2.26 0.61 3.69
v-HCH 0.81 0.71 0.93
0-HCH 1.68 1.26 0.57
Hept 0.58 0.51 0.57
Aldrin 0.20 0.19 0.30
cis-Hept Oxid 0.89 0.16 0.28
tran Hept Oxid 1.75 2.23 1.08
o.p-DDE 0.10 0.15 0.19
p.p-DDE 0.16 0.08 0.13
o.p'-DDD 0.83 0.36 0.30
p.p-DDD 1.13 0.19 0.42
o.p-DDT 0.34 0.48 0.63
p.p-DDT 1.18 0.64 1.71

Cd: & ki3 ##PAHs XADZ 4 B
Cp: ® RIBEFIRPAHs M aim A 5 4 F
Cs: Bip|RR ¥ 2 PAHs 1 @ KEipesph 5 4 F

1

i

L 2k
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FLRFEFle A4 KBEFALRRFEF LA GTERHZAE

= ~ %3 5415 (Spike Recoveries)

EARBEEPEATERE T AR RE S A R kAR S R
FRAGLFWELERES SRS - RPEPR O RLBIEEFRS L F Y o

S B L

271 3R R PR RE (%)

Cd Cp Cs
Acenapthylene 60.5 61.0 66.8
Acenaphthene 64.6 83.7 78.3
Fluorene 63.6 82.3 81.4
Dibenzothiophene 68.7 84.9 84.2
Phenanthrene 70.4 86.9 94.3
Anthracene 72.1 73.5 78.7
4,6-dimethyldibenzothiop 77.1 97.1 88.9
Fluoranthene 66.3 77.8 79.5
Pyrene 71.5 82.9 81.6
Retene 77.3 90.9 88.1
Benzo[a]fluorene 73.2 81.6 78.9
Benzo[b]fluorene 77.8 80.1 73.0
Benz[a]anthracene 74.9 80.8 84.3
Chrysene+Triphenylene 65.6 82.1 79.0
Benzo[b]fluoranthene 81.7 95.4 92.2
Benzo[k]fluoranthene 74.1 87.1 88.7
Benzo[e]pyrene 78.3 94.2 94.9
Benzo[a]pyrene 76.9 56.4 82.5
Perylene 74.0 59.4 82.7
Indeno[1,2,3-c,d]pyrene 91.9 85.7 89.4
Dibenz[a,h]anthracene 84.3 94.5 90.5
Benzo[g,h,i]perylene 78.1 87.5 91.3
Coronene 79.8 85.6 88.3

Cd: £ #]-k31#PAHs M XADZ /A
Cp: ZiRIFEARPAHs Mgt agi s i
Cs: £RI&E P 2. PAHs ™ & -KEifadp 5 4 5

16



2 P BIRFLRETRF (%)

Cd Cp Cs
Tecnacene 88.0 63.6 73.3
a-HCH 76.4 79.4 66.7
HCB 68.3 83.3 81.4
B-HCH 83.0 91.7 77.9
v-HCH 78.9 90.6 81.6
0-HCH 62.2 63.3 25.9
Hept 68.3 90.6 114.6
Aldrin 76.4 82.9 87.5
cis-Hept Oxid 92.4 43.3 117.7
tran Hept Oxid 58.4 94.1 68.9
o.p-DDE 78.6 90.7 101.0
p.p'-DDE 83.7 91.3 110.1
o.p'-DDD 90.6 91.7 99.6
p.p-DDD 70.6 99.2 97.0
o.p-DDT 115.3 98.4 93.2
p.p-DDT 84.4 114.4 104.9

Cd: & ki3 ##PAHs XADZ 4 B

Cp: & FIAARPAHs M b B4 SR M 5 i F
Cs: £ RIAF P 2 PAHs @ KA 2 AT

1

i

e S

17



ALRAFEFle A #A RBFABRRFEASFAGERIMZAL

B TR

FWA A PAHs B Y b b B R OIS X R KR e
S A eV LR R 8 AN 3 B2 PAHs R EA S KR 4ot B O
FA G AP RAIRA A R DU S TP e s (Page et al, 1999 ;
Yunker etal,, 2002) > F]4* PAHs 3 * 818 chE R dgih v 75 4 4 > J5d ~ 415k
Btes? PAHs e 2 &gl 2 b 8- HhBFEFMHET L5 %

* &k (Yunker et al., 2002 ) o
- ~ 4 = 445 (Principal Component Analysis, PCA)

i = {» 4 #7 (Principal Component Analysis, PCA) - %{#—ﬂtﬁ% iR FL
it SRS BFEEpE Y AEETR TR SRR A S AT
G Mt Rl AR S BB e A it end B A - A oA p B iR A g .
%%’t“év\%‘r“’ E e fefE B AR NP HRANT w25 G KR

= ~ - 845 ® g% (chemical fingerprinting )

PR RET RS TRIES AR R RS 2 A
£ E"*#’EI’%}%" AR LGN NPA N s s LN *iﬁ*ﬂr’t*"ﬁél rH v o a5 4
Ko P 538% A 53R 405en5 L h#F T > 2002 # Yunker % A F324p

I R WG ) EEE = - I L &
1. Fluoranthene / Fluoranthene + Pyrene ( FI/F1 + Py )

FI/F1 + Py W @& 3 04 P > 2 3 %k 5 FI/FI + Py - (& 4> 0.4~0.5 2
5 2 SR g R0k (& 3 708 8 #qe s 20 ) FIFL+ Py wt i 4 0
0.5 FFR 5 242 R (b FToiE) -

2. Indeno [1, 2, 3-cd] pyrene / Indeno [1,2,3-cd] pyrene + Benzo[g, h, i] perylene
(IP/ IP + BghiP )

IP/IP + BghiP +* &/ ** 0.2 BF 5 g 5 /130 0.2-0.5 FF 5 7R & £ b 2l vk

18



AL e =iz

¥
1
Sl

Kk <305 pF L ERR -

R AR

ek

/% »+ & (LMW/HMW )

AR 202 AAREL H LMWHMW L@+ 1 L oW kiR F 2
LMW/HMW 1 &30 1 5 2 ik o

P EfEER

o
[EEN
[N

1 (e p 1|2 |3|4|5|6|7|8|09]1 12

~ e B ©
54 B
R o
il

ez RipL
BT A RIEL

©|©
©|®| |©

©|©|0|©
©|® |©
©|0|0| (O
©|©|0|©
©|®| |©
©©® |©
©|® |©
©|0|0|0| |©

©: = =30 a
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Yr® BEEME%H
- & FAEF BT (POPs) 2 3 £4

AFHFAHEHILIRFOF s F X B kB2 Rk A5 HFAPERRGT L
# (¢ 3 PAHf-OCP) Affz B~ A B 2 HgF a2 $itH TRERR
FWAFALT A RREHILERES BN L R T o AT 0 s R
PokE R e P REAMIRESLFZER RO RPETRNRFIZEFEK
MAEom ANBEZ B 2P R F v d 3 X gjwl%]% ex BE B G ERw M 1,800
TR P EREERE S ACBA R IETG20 2 (Bl- ) Fl k&
PSP ER R B LB ARE o AT o 3 X B RBAA T 23
PAHs %%k & (total PAH ; t-PAH ) -k % 11.19-21.98 ng/L ~ & ;& 5 95.03-518.92 ng/g
dwe @ 16 8 OCPs %k & (total OCP;t-OCP )>-k 5 3.95-14.62 ng/L~ & i % 1.97-3.68
ng/g dwe g3 4r b % AR 3B 972 47 e t-PAH oK 5 17.79 ng/L~ & & 5 48.10-72.43 ng/g
dwe @ t-OCP > "k % 638 ng/L ~ &k 5 3.91-6.64 ng/gdw ° 47 # & $7\ o a § X
KRB E R A L Rk B 0 BFIR-KP t-PAH 22 t-OCP z £354piT 0 @ &KL ¥ 2

BRARF Y > 3 H X2 kB2 PAH 2 EM AL 5 > B LR KB RL Y OCP
TRV LB R F ISk LFEPAH 2 OCP ok ® 2 Rik - 3598 hB > F % 0
PHERE (22 42 ) BAi LRFLFA LR kST POP AAME » sk s
7z & 7 <3t £ B NOAA (National Oceanic and Atmospheric Administration) #741]37
s PAHS fiiff = a0 #» f8 4 b KR 58k & (Effect Range Low ; ERL4000
ng/g; Long et al, 1995) > #H A RM7EF2 BEP > AFEREREA, > 137
AFZLAPERDLEIFEBFER IR EES R o

21



LLRFA R A kS FABRRS AP A GE RN A

EE S T R i A
3~k
- CEREAG

Bl= A7 > s 2@ 28BS LR kFavk? tPAH EARF B Z 11.19-21.98
ng/L > & 45k # i ek B (Cp)o M2 kP Bjajiank R (Cd)o #¢ > <38
A PAH R R 5 Go il i (1350 75% ) AR engd ap 4 e 0
B (wrt) kY Rk e X okY t-PAH 2 > 3
PR - RS FE R o XA o e T PRRER S FRA S
PHETTARRSBLFIS & 4ot d s k% E - A2 gy o 4
MMEPZTE- HAEET > LD EETREARBED L2 B o FE AL
Fok#? tPAHEA (17.79ng/L) A3t x5 k9 3@ rGERPRF >« #F 0D
T LRFOFE L FRokE? o t+-PAH 3 RHEARR o

V’\“J

B0 o HEptr B F A

25~
g 20 A
215 -
T _
< 10
!
- 5 4 .Cp
01 =Cd
C
February April July
XM EE R 4

W= ~ k¥ t-PAHER

22



Srd o BEEih

i

- 447 -PAH ok ¥ Akt kR (Cping/g) (B2 ) B EX#9P (#
FAHEE B 2 P2 kRN e P2 RRBE BT AR E
2ok P AR kY PR GIRE U K A o @ PAHSCRIET A 0 LR G
MILEOCP2 %% (BL=)e ¥ob s Ble - 0 ke s (TSP) M3t e
Ty HIRER t-PAH Aok andER e P g (Bl ) FRETSP Y ¥
HMPAH s it (Ble ) 2 dadhd B 4e 2 AT % Apre & 0 BB e L T ki ¢
TSP % & 70 mg/L > @ H -k ¢ 3 PAH B & (190 ng/g dw) #&ig*t X 2 7 i
z kR (150-200 ng/g dw) -

1000 -
900
800
g 700
s 600
& LI
2 500 “A
Z 400 mx#sB
?E 300 .fgfg‘ét C
200
100
0
February April July
W= ~-k¥ 3 t-PAH ER
80
70 -
60 -
g 50 -
€ 40 - mEEA
a Exs B
2 30 - -
W4 C
20 -
10 -
0 .
February April July

Bz ~ k¥ 3 TSP
23



ILRFAFE A kS FABRRS AP A G E RN A

=~ R ok AR ki A fe (logKg 2 logKow) 1

PAH 75 -k @ 3pfett (Cp) &okigtt (Cd) kAR 2 v & (Ke ) =3 & @
PAH “* M Fa 2 > - ¥ 11 Koy B AH I Ea-RaFtd > gom 37 b pF ke
PAH 7 £2 Kg B¢ Ko AR o h3h g 2 % B84k k ¢ PAH F
logKy-logKoy ' & 401 B » HAn kb 48 (R®) % 0.6-0.75 (BT ) K7 s i
TP R AL FokE o kY PAH iR H I B EREE o Stk 3Ek > d BT
Wil PAH 22 KgfE > »t 2 P P B e P x> ew ¥ (X k¢ PAH 3% %>
=0 (W= ) d B Cp-Cd &~ i (] ) > 4ol = 7 2 -k ¥ 3t PAH &
G ERRE  RAETRT e Ao Y 2ok d Cp RIT A AAERE e »

!
L2

Poz2o AT OBk IR EE A L R R PAH 2o m MoK R BER kR H Ky EA TR
Mt E s 2 8 2 KgfEa i E AR BAE KY e e i F30 %5 o Jaipls KIF

BEfpbREILIFTAAAETFE ) FREDD ARG TRy L6 o

8 -
“'"\
7 -
y=0.560x+2.476
6 - R?=0.634 5 & AFeb. A
=]
4
Eﬁ ~Feb. B
> Ppre ® Apr. A
y=0.375x+2.680 8- - Apr. B
4 Ri=0.604
*Jul.C
Y=X
3 i-I ‘ T T T 1
3 4 5 6 7 8
logKow

C’LJA::.H ‘fgo:ln \;5<>
P AT B Bd g Csbo
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s AR

- EREA G

X kiEY tPAH ER R B4~ > 2§ F 5 95.03-51892ng/gdw (B= ) &
e b iz AsbRE tPAH PEF Y B b BB B REEE 2 DRSS
BN LR Ak C-DEftHEHRE RE? tPAHERAP L 7 3% -

§ORE R H §6 0 5 48.10-72.43 ng/g dwe 13 X 4R AR TR 2 5 AR R o
Bt ok ER A HEA 0 AxEE BrRR ¥ e ) (e tPAH 78§20

Vi R AR L ) P AL AR tPAHERPAESNH @ L5k P T

N,

AL RP R R T R KRR SRR RIFE AT

- H L ITRIERIE A )T 2 fﬁﬂ‘ff_if‘_ﬂ’ | (R~ )R & B2 7 PAH A 45
d Bl- #FRe ¥ rehR @ RAEHESET 0 PAH JEE A 304 3 st il (<0.297
mm) K E EEL A ATIREL BHmAp 4 D SRR R R RS ek G ff ' PAH
g HERERE ARm 2 P ek SPAH ER A B Ara PE - X % KL P PAH
ERE AR KIS 2 BB 5 FLSAFFRSUEY c BHE LR KRB AREL
Frifote o A AT H T 230004 0297 mm o @ 2 -PAH JE R 3 KR E o BT S

B OF AR P PAH B AR X 5 1o

600 -

500 A
% 400 A A
L0 miB
Z 300 - a
T P 4 C
= £ T
j‘; 200 - HEEE e D

Ii?i?h E
100 A
. | a1
February April July

Bl ~ RF t-PAH BB
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KEEARRES AP A GEIHLN G

1,200 ~
1,000 -

800 -

t-PAH(ng/g dw)
D
S
S

1 <0.297 mm
H(0.297~1 mm

H>]mm

400 -
200 -
. i
A ‘ B
Feb.

Apr.

W= ~ &2 BPRERESTE 2 t-PAH kR

Feb. A Feb. B
| >1mm | >1mm
m0.297~1 mm m0.297~1 mm
W <0.297 mm W <0.297 mm

2%

Apr. A Apr. B
| >1mm | >1mm
m0.297~1 mm m0.297~1 mm
W <0.297 mm W <0.297 mm

BN~ 2REP R

B2 RREERT AN




4

PR BREHEE
= ~ v F 5 ® g (chemical fingerprinting)

Bi(A)2(B)3 PAH 2 it Fapad 2 Lo k& B4yt @ (isomer
ratios) * B4 (A) #7i& Tehit & 1+ £ ¥ 4p4k & FI/ (FI+Py) & 1P/ (IP+BghiP)
* L3 ST PAH 07 i kiR oo BB X8RP IERE RIE Y 213 PAH < A %
B kR @ SRz pER TR E S HEPsE XA Y APAHF L 0 A
B KRRV a5 G F BE ML PAHs > #%4 SR 514 PAHs 0 & ¥4 LR AL &
LR AR PAHS 23 o dE @AW KRR P PAH Z A T > s X B 2
FWIAY R BB R E NG R OFL ) AR RAFELA LS

PR E o HF T LB RN RTA ko A AR KRR

i

combustion

etroleum .
P [ petroleum

combustion

0.8

1 A I
07 combustion
0.6 - Y

A T

0.5 O

0.4 1 combustion

[ petroleum

IP/{IP+BghiP)

0.3

a1 - petroleum

0.0
0.0 0.1 0.2 0.3 0.4 0.5 a6 0.7

Fl/(Fl+Py)

i ~(A) ke 3k Rk 2 i Bl 47 H

L I8 NS Tt S S
?:Q:A\C\D\E:&\E‘G:Bf’,&';
O:Cp~A:Cse
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ILRAFS TSRS RSB ARRES AP A G ARG

i (B) f 2sndgth i KA+ £/3 45 2 (LMWHMW) > 425 £ 202
2 PAH % A % 22 LMW/HMW b &+ 3 | 4 73 k ik & 22 LMW/HMW
B LRIZI A kR e BRI T R e 1 P e R RIR
A B A A IR R P AR R KRR P 0 g PAH PR KRV A R
BB FHREAT LKA REE LB RE T LIS EEE LS PAH TS
A& KRS 3 F BRAE VYN PAHs 0 %4 58 £ 1 PAHSs

ARG RRR (o RENRE) LRk L S 4 kR
;*’wﬁﬁﬁﬂs“W%Mi@’w“*?%*ﬁﬁA%&T’d%iﬁm@
FPOPI BB RZHZ AT LRFEOFL R EFF 2 HIFE 1 POP

ARz W a R AR REF YU B

2.0
1.8
1.6 -
petroleum
1.4

1.2

1.0

0.8 -+

LIS H W

0.6 A .
[] L] combustion

0.4 4 &

0.2

0.0

Bid ~(B) k¥ Mdest R 2 1 £ 35 A 5

Ld i NS T S LS
Fo AC~DE#~ %2 w 1Bz

A:Cp‘D:CS"
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4

Fri BREH
= ~ i %44 (Principal Component Analysis, PCA)

iAo R S? 23 PAH 2 e 2 2 H 5 4R BRI § PCA
B &8 -+ 2 PAH pattern f%ﬁ;ﬁ:}ﬁﬁ"ﬁ’@ 2GR REUREEFRZ A SR - KR
BlL 52 288 XA 49K - PCl 2 PC2 2 H 42 5 1 358%%
214% » * 4 F = 2 %FH (1) k¥ 33k > Cd;(2) k¥ 3k »Cps 2 (3)
Bk 2. PAH > Cso -k ® 3 f2 4 PAH (Cd) 7 & H i* £ - 7 5 e b ks
+ & PAHs > @ PAH f & & (Cs) 22-k7 3g (Cp) ¥ 7 F pattern » & 77 ¥ ¥f3¢
TP Aeig gt kR 2 PAH » &2t kP SE 2 PAH 52 FE > 7 it 5 KR72 F

BAFEREREN S PR N TR A TR SR N R RKE BRI

e
40% 4% 4%
30% 30% 30%
20% 20% 4 20% -
10% - | I 10% - 10% - ”
Progs i EY Illlllllllll_l_ll 0% - ..I--_Ill._.ll:l.lllll 0% .l“ A I s R
135 7 9 11131517 1921 23 1L 3 5 7 9 11131517 1921 23 135 7 9 111315171921 23
5— A
Fy
4 — a 1
1
1
3 — i
1
3
2 — 1
1
1
1 - @ !
R® A a !
h [ QU IR S N A é ........................... S AN — e — Y BRSSO
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