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7t 229 5 Qlrk B A7 ol ©Ale FRebEA sl Bl o3 30 HEE oEsl upH e AAs)
ok s AT FAH R Asle] HF TRUAE 79 F FEUCTSE ©2e)0] 0 97)527E (pollution
probability above the standard pollution level; PPASYS- 7-3k0 24 =1 92] Auia] e d xS v wshs ubis ¢ gE4e]
SAAE WskE FAs] H8ix 545710 K toxicity equivalence factor; TEF)S AMg-3H= HPH-S AA|sksich Al Tz
A friE 299 220 Al 167719 S AE 88 A3k 2 A= thsle] v EPASIA] A Al ub-& ALLs}
o 16%-2] theh a5kl (polyaromatic hydrocarbon ; PAH) A3 ¥-2] 58 BA3)7, ¥ ad7olx] AAE upig o] 4}
o 2 ZFE Mgt B A7ol4 PAH AAsEe} PAH 7+ A8 s%o] thalo] National Oceanic and Atmospheric
Administration(NOAA), Florida Department of Environmental Regulation(FDEP) S| ]3] A|gks] 7|&x w2 zvbsji kI
At o 2RE fFed Aol AP 242X 16714 A% 7HeH] b} (acenaphthene)? Wz@R
Ez}4ll(benzo(aanthracene)S- 2| FAI R0 2 T&algdr). =3k 7 2] 0o Y 7} PAH A ¥-E5¢] TEFE w&sl] 3
AR FER vebd 5 gIgler, o] & AM3le] 07| FaTet S TGS o TEFS AM83hA] e 2o} Ao fr
AsRTh. o2 Wl B Afaket 34wt wigRele] Bk ] REE A4, ma ghikA 4o)8ekEe] i) 2k
WY} 53t 7o) 2 vk o] WA, BT s} e 9] B AAE ) Sl s g8 & AUt

Abstract— Frequently, environmental samples are collected and analyzed in order to investigate the extent of pollution. The
resulting concentrations of pollutants at various sites are compared with the standard concentration levels in order to determine
compliance with environmental regulations. These methods, however, have drawbacks when the area polluted is very large or con-
tains heterogeneous structures. In the study, a methodology is proposed which is based on the extent of pollution by hazardous
chemicals. The method involved a statistical approach in order to obtain the probability density function, geometric standard de-
viation and the geometric mean for the collected data. As a case study, an oil-spilled coastal area was selected and 167 sediment
samples were collected from the intertidal zone. 16 different polyaromatic hydrocarbons(PAHs) were analyzed for each sample. In
addition, toxicity equivalence factors(TEFs) for 7 PAHs were used for estimating the pollution level. In the work, pollution pro-
bability above the standard pollution level suggested by National Oceanic and Atmospheric Administration(NOAA) and Florida
Department of Environmental Regulation(FDEP) were calculated based on the total PAH concentrations and the concentration of
each PAH component. Results showed that acenaphthene and benzo(a)anthracene could be two representative components among
16 PAHs for the typical pollution index in the oil-spilled coastal region. The extents of pollution in sites could be classified by
the one toxic concentration converted with TEFs of each PAH. The method suggested in this study could apply for the pre-
paration of soil pollution map or assessment of environmental impat by toxic release in a chemical plant or landfill area.

Key words: Statistical Approach, Environmental Impact Assessment, Intertidal Sediments, Polyaromatic Hydrocarbons, Pollu-
tion Distribution
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FHHA e HAGE RALo R sl Bk FEIEE
Agste] e dA A g HAY 7|&L Adslaat & A, A
et e AFEA FHDANAN EEs 32 fo1EES
T H BEEXEE dof FHo) X FF9Y¢E FrsteAl s
75, e sk A -7 rE 23t W Al F-FL
gol REF e sl A% 55 2ol AT A Hol| RES= Fr3l
3EtEA o &g B S HrIsl7] $l5le] JuA R A RE A
F, 2ajsle] 2 AAE 7|EH vlashs whe] A= 9l
o} o] A% AlE AH 4 FAu|Lo] AlgE 9l AHAY 5 slE
A& A7t Al 5= glow, EFesde] A dubd oz X
3} BT} BRI Eg ofzidt Aldtd £AAANE SRS
LdA wof Rt HEFOR AT Aol FFR) AFH G
2984 AR dAE 4= glck. Bowers S{11% $]814) B7}(risk
assessment)S- 9)3to] A} EoFe] 249 w5 E U1 o, dAkR]
A9 FEE PuoZ vehd o o]2RE] ALXlEE 29k A3}
o] BIR3HA 24 AAvich H4=E A9t gokn X484
t}h. Song} Lee[2]® 23H5-0] SAghEc] AFEZE wfSrin
7Hsl 7 S EEel didt 3| ExAES Tele F8 4R
LFEA Y o g AR d-g A sk WS AlAlstgd

oo} 7o) w2 A Aol digk gy rbEe 54 3744
B gt 3= 5 Aoighe A3 g mrche ofw A gd)
A AEF ARE o183l B4 R EAd Ot 297 5%
EF2 =58l uhge] AxpAole)

#744-314 240] t}o]2415(dioxins), PCB(polychlorinated biphe-
nyls) = v}3}8kEEr3)4=4 (polyaromatic hydrocarbon ; PAH) 5
3} zhe] oo ol AAAE E3EE S, LAY EE BABP] 9
gtod 3] 7 o] A A Y] S el 52 YehllEs Axc
= 7+ o] A A FA4E Hhedsled Yephd B ev) gl

AR 2 EL e g3 54 FRE A
ol 3le}. o @ 33tEAo] WA F FE & AUE 5 e I
AlEs7] Sside 1299 gei9) ulgx) 3-5:39] A7) 48%
v} weha, omgt el S AlgaA et Adrte] g st
< & w 729} FA 9] A (structure-activity relationships ; SARs),
a3 AR g 717ke) A gol o)A =) Ay k=
9] &, S, A, pH WZLE, AR ST So] H314 gl
F0% YRE ATV T8, T8 IAFEE BHGO A bl
A AAHE IET 5 gk GE B0 1409 gA wtEA s}
<l 87} WS olul 35hE &ale] 3| FAE uka glrh(the
Occupational Safety and Health Administration ; OSHA). SARs: 3}
oz Fgle BAES AHel B4L Frlshsd 483t
v 7 8 S S(EPA)0] 199430) 2,3,7,8 H ExlE 2 2rjylzvle}
t}e]$-41(2,3,7,8 tetrachlorodibenzo-p-dioxin)z} o]9} el 43l &
< BES} tulzslelrio]-8-Al(dibenzo-p-dioxins), T]#l=F2H(diben-
zofurans), 722 77 B3 ¥] 5 (planar biphenyls) S-of| tjs}ed AlA]
& ABWr= FA45710AHtoxicity equivalence factor ; TEF)el] 2]&3}
3 9AvH3]. TEF:= 48] S48 Al $x12 Jehil Ao g, of
2 71| FFEES I8 = EFE S (the estimated toxic-
ity of environmental mixtures ; ETEM)2 7z} 338 % (Copmea)ll
TEFE 53 %52 £322 vehd 4= 9}

ETEM = Y (C_umicar X TEF) @

aeft, o2l 71 SekEsel dal, 53] GUg AEeA ukg
& Ahgsled thot 54 342 A% BYL o 3ahe AL olge

stetast MI37AH Mi2E 19994 49

doln, g B3bHl 38, EelA Abaabgo] ZabE a A A
Al de3hd 4 AvH4)

E ATl EE A7t ek viAe e =48
7] 913t AR EAZ Afoll 23 9l= PAHE A3}
Sich. Sugiura 551 U] AEs] A Af ALl vt o2
At dubA e 2 A siEr o kS SR sivh A o
o 7] = L2 B asigict. 53] PAHR= ¥3=7] ofe]-¢-v,
WA, FA40] 9l el E Ao ¢ gl udebA] o] IE
o] AHg, Az H #E H3le 94T HrriEe] AAEY Ak
e, EiA Hrtel Astel] i 2EE FA L ofx] NkE o]
A $-& AAe)et[6]. Douglas 5-[712 ¢ 3ic]wl x| 2 3l (alkyl-
ated dibenzothiophenes)} = 2l (phenanthrenes)] #]= A A PAH
9] 98%7}F $loA wi7bR| = 4] &l (source identification)e] 7|&
22§43 o184 & o, dAshixgal, HdEsl, aw
2] 4l (chrysenes)?] H 71A] H]&-& 0|43, §-F o]Fe 715o]
FeEe ARE AAACE WU 5 ok Ans dasid
Maruya 5[8} #|\}E 2l (phenanthrenes)ol] t]&} vl 2 #\dE 2l (methyl
phenanthrene) ©]A3°d A 9] 3}e] w)E 7] =2 E (fingerprinting)ol] &
4% £ glthe d7Z2%E 2¢E3gir). Shorte} Heintz[9]= PAH
3 2dS Al B A E AEA Ao 2gE]9] 9l Exxon
Valdez +7-5 #)lsl= Q75 4335151, Sanders 510} =&
350l 48] PAH 75l A3 75 33l

£ delAe e AGE AR st falsia S 9%
733 AR siste] Qoizl FAAIRS] HFgE AHe-ste]
B TAIR] oke] gl )4 B|ael o’ $3 e F G B o}
ehd 5 dle 2HE B3] 918l 9B Ao SAHcE
AMzlshe & AXZtgen, o)F o83l AP 2
FE TS 29T 5 e HES Aslarh

2. 0] 2

A Gl AHE the] A 8E FAR A, 2958 e
2 A5+ (log-normal distribution)Z- Vel = 7102 deiA] 9]
oH11]. 2oAFEEE $= C Al A2 28 33 nCE Y
L2 AFEIPTENE 2 £ ot 2aAFEIA o
ole] A3 Coll thdt FEL TP f(CO1F olefs} o] vhehd 5 9)
t}12].

f(O)=

(InC — Inp)?
exp':—w B C>0 (2)

1
\27CIne
A7) po} ok 247} A3k ) BEe IR SNehEF(he geo-
metric mean)3} 7] 3} E 50 XM(the geometric standard deviation)o]t}.

THEEZHS, FOF C7t - o8} C Aloo] £a18 52 A9
3, 2 97]F 2535 (pollution probability above the standard lev-
el; PPAS) ofe}} 220] vhehd 4 girt.

InCs
PPAS=1-F(O)=1-] fC')dC’ =% - % erf[ 1“%‘1:;“} ®)

24 Sk A2 g S ol T dlole] A Ao]
2Ashs Aoz, % dols A% TEAE 7 vlole]
x o] HBASE T}, o) 22E ol
AR ASZRE T dole] Yo7t A wsehe Are o 4
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itk & & A3 dlole Fte] Frskd ohE A dHoly =
F7REAICke ARAS), & A vlolH gho] tastd o
A doly %L SR (E AAR), F AY] dolE
el M2 o o] YA AT} 00l 77k E & 5 9l
ot A py e TR FEe] A2

- covX, Y) @)

Px,y o - Oy

o] AlellA ox%} oy 747 X9} Yo REEFHA] L, cov(X, Y)
< X, Y& F-#A4k(covariance)© 2, Ho18] 84 Zt7te] Fel|A] H)
o8] 847t HAES F¥ 3] FHolt) o] A% cov(X, V)&=
ohe3t 7o) el 4= i)

cov(X, V)= 1 T — i) ~ 1) ©)

o] Aol ne olele] j4olnl ot i EEHFoIc)
4714 ARAS py 7} 19 W) 5 djole] Z15e) ALRRAY} b
3] A5k AL 9w,

3. H Ak

£ d7edAe 2l agl e @A fFoll oste] 2R oA
2 27 Aol ARG HAE A8l 23 A=
%9 3hidl PAHR-E A9sigdcl. £ dAFelAE 16%2] PAH 3
ol T AR A4S AN, 24 Y 297 F x5S
AArstel on, PAHSF< o3t TEFE 23j3te] o] 5L f34d& o}
HllE A5V ER #ilele] 2 9r|EastelEg el u
< AAEAT). o]9) 7h& wPE 22 PAHF¢} Zro| od slstuAE
(chemical group)e] 37 f-ajAd At 2 24 A9, 7 QPR TAE
(representative chemical for pollution)S E&3=4] ]84 4= 9t}

31 HTCRARI M U AR RS

2 ATNE A2 47 FEo] AR HIAAE 4
Astol, f-7el T L] 518 FP5Ao] Q= TE A skl
oh. ZAFHAA L 712 6km, A2 45.5kmel sjgshe Aol oz,
ZAES 2do] AT Aoj3) FUARS] Aoz FRa o
9o A Aoz ¥ AY(C B APslglon, FUHE oo
ez A A (B, D, G ARSIt &, hxF2E An
Hezne] Aegow o 25kmel AAsL Qv FF 239
£Ho] $aLo R A e WA AASAG. 2 9ol A
A BIAE ARE ARt olsh BE A APz
167709) A28 ARSI 2k ARold A, G A=) A%
& Table 1¢]] Vehiigdch

Table 2. Characteristics of PAH compounds

Table 1. Number of samples studied from the various sites

Site A B C D E F G
Number of samples 17 23 20 17 16 48 26
u* 494 534 654 494 557 645 507
o** 038 122 286 072 180 189 1.03

*The geometric mean based on the unit of ppb.
**The geometric standard deviation based on the unit of ppb.

Z APES o E S<b 2 F702 #HQlgls o edo] ARt
A8, F74el A8, 290] HX] o4& A8E oF 3:2:12) HEE A
EE AAsch AN EE T34 oF 15-20em H =¢c) 2%
H AgE 2 238l 2dE A QAo AFS o]4-5te] 250mL
el 74 g2 dgo] £ olelanbkre) Yoy AFPA R 24319
o} A A4 A5x4 °CollA] YA A3}

3-2. A|IZ2E2N

FA )4 B39l PAH(polyaromatic hydrocarbon)i= 4] 7<) 4l
A7 EZ o]Feix] ti3h}ekE w3lL4RE Uehie, 718 A
£ 7R P E2e 2 05 AAEAE ot WA
Aol FAdo] 73 BAE T dFME fF 29X
ZAH] 2H4AA] SFER TPAZICH B A7l BAEsgER A
A 1652 PAH JEE2] 78 54§ Table 20 gokaisict.

£ d7elxe Alge] A2 E 3] EPA ubyell uls] w2 A%
2E & 5 3= CEMALY mlo] a2 9554 A ]l (Microwave Exrac-
tion System 1000 ; MES 1000} A}8-3}o] B-AJ3lgicth & Alg o)A
F7HH Al AAE v o2 Ala} el AMdle] 2E AR 2 F
Ado] 7k B4 HA AHslgon, AA- AR &g AL}
H|SAQl PAHRRS: #2lslc). o]2jdh Axe] WL 34 uke
AYE Falo] 319-& U PAH ol J5o] ghao] SR1E F A8
=ich £ Ado)4] PAH A 8- HPLC/PDA/Fluorescence(Waters Al-
liance System with 474 Fluorescence Detector)Z AM-3}led #JAdElq)
¥, ARl 2E7]E UV/Visible Detector(34 : 254 nm)e}
Fluorescence DetectorS- A-4-3}3t}.

FA3he](quality control; QCY= A 85 107 B4 wwlc} 53
2R ARSI, 7 AIGEE) W38 £ 2R percent ro-
lative standard deviation}Z 7-8}¢] 2 gho)] 10 %S J= #A$ Ak
A& Tl Agelsich AR 28] 18 s ARge DL F
2ES] FEHE Ao AF Angre s syt

A AA 7R Bd A5l e -4 (surrogate) 3|58
< At HEAAZL Bkl Hgsbgdct. 22928 (sonication)
=2 u-g Ad-435F EPA Method 831044 & 3484 12-199%
2 AR 9o, B Ao Ade AAel2 3)4g0] o4
g mlo]mRaE AMslgl e me o)nr) 73R 60-140 B2 A

4 o

Molecular Molecular weight Molecular ~ Molecular weight

Name CAS No. formula (g/mol) Name CAS No. formula (g/mol)
Naphthalene 91-20-3 CsH, 128.19 Benzo(b)fluoranthene 205-99-2 CyH;, 252.32
Acenaphthene 83-32-9 C,Hy 154.21 Benzo(k)fluoranthene 207-08-9 CH,, 252.32
Fluorene 86-73-7 Ci:Hy 166.2 Benzo(a)pyrene 50-32-8 CypHy, 252.3
Phenanthrene 85-01-8 CuHy, 178.2 Dibenzo(a,h)anthracene 53-70-1 C,H,, 278.35
Anthracene 120-12-7 CiHjo 178.2 Benzo(g,h,i)perylene 191-24-2 C,He 268.36
Pyrene 129-00-0 CiHyo 2023 Acenaphthylene 208-96-8 C,,Hq 150.2
Benzo(a)anthracene 56-55-3 CsHy, 2283 Fluoranthene 206-44-9 Ci¢Hyo 2023
Chrysene 218-01-9 CiH;, 2283 Indeno(1,2,3-cd)pyrene 193-39-5 CyH;, 276.34
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Fig. 1. Comparison of the theoretical probability density function(p.d.f.)
curve with the calculated p.d.f. based on the experimental
data(site F, Inu=6.45, Inc=1.89).

sk,

4. AlHT O U EE

ARl Tl A = & Aol AABR: vhEe A4sh) st 7+
AN AHE A8 $431] 2 PAH A EY F=9 AAF
= AAE o83l ZHte] Wit REUAE el HEUEd
TE 73 BAFAE A3 71E7E A4AA 1 @ 238
255 Tkt

T Aoz e] HHE A 57} 402 7P 2 A F(Table 1)
ol ¥k AA PAH F=5 th} o2 sl 1 X EAS 2}y
o}. 2 A7} Fig. 1ol Vel ok 2364 o) 24 (2)d] 2% &
EUEYS Fe|(Fig 1o4] AA)e} Aoz v Axkd 887
E3rp(Fig. 1o AAl)ye 25 H33E $A0R 2aAFEE &
& 7ML ek 7R S olh. olw), FUI FQellAe] o]2
Aol I S8, 5 U4 olhel WA o] 094347013, Akl I
BE, 5 FHA olfle) WAe] 1.00.7, 5.65%2] 22 et u}
244, 7 A ellA] 298] PAH/} 2aAFEE EAS 714
2 ok vt o) BEAAE Fehn 224 4] 3)e
ARl @ 97|29 ehE-g el

Al PAH A ¥l i BoF 2 B o digh U 71E3ke] o
o} 259 71ERES AHEsIg T} £ AFelxE NOAASA #)A)
3}= Effective Range Low(ERL)®} Effective Range Medium(ERM),
22|53 FDEPo|A} | Al8}= Threshold Effect Level(TEL) 2 Pro-
bable Effect Level(PEL)E 7|52 2 sl 7|&27)8-8-2 AAbslg
o 2 Aol AM8-E PAH A8 9 A PAH Fxof tigh ©
Y= 7|E<S Table 3¢ vrehfigict. o] 712-w] A4 PAH F=o]
& 7152 AEA N A A Q] B4 G Fgo] Jehlx] 9= PAH
PAE=3k &, ERL(effective range low)S 7]&gko 2 AR33lgdch.

7} A3 ellx] A PAH “s%o S ERL 7| 52785 (PPAS)S
A 7 A o) AT 7| ERAAE ALk (Table 1) 7]
Atslglen, 7 A7HE Fig 20 Jehgl}. o] 23} A4 C9} Foll
A1l ERL 7|F23 297158-80] 242 oF 033} 0.2¢] Aoz 1}
ehton], AH A, D9} G 2971540 9= Aog vehgr}.
ARt e R Faghe] LRFE VFRT Z o A Ge] 24w
Aotz & & Qlek. weld, 71229 85o] 0.58 ) 2 o 7 2y
ol 24HAE 7FsAe) Eoha & 4 ok zeh, E A4
ERLS 7|£22 & 7$ 2971F278E0] 058 238} AA

S8tEs M3TH M2& 19994 48

A

pid

% 1733 - ol5y

Table 3. Standard pollution criteria of PAH components for sedi-

ment matrix[ug/g]
NOAA” FDEP?

Compound ERL> ERM®  TEL’  PEL®
Naphthalene 0.160 2.10 0.0346 0.391
Acenaphthene 0.016 0.5 0.006 0.0889
Fluorene 0.019 0.540 0.0212 0.144
Phenanthrene 0.240 1.50 0.0867 0.544
Anthracene 0.853 1.1 0.0469 0.245
Pyrene 0.665 2.60 0.153 1.398
Benzo(a)anthracene 0.261 1.60 0.0748 0.693
Chrysene 0.384 2.80 0.108 0.846
Benzo(b)fluoranthene NA NA NA NA
Benzo(k)fluoranthene NA NA NA NA
Benzo(a)pyrene 0.430 1.60 0.0888 0.763
Dibenzo(a,h)anthracene 0.0634 0.260 0.0062 0.135
Benzo(g,h,i)perylene NA NA NA NA
Acenaphthylene 0.044 0.640 0.00587 0.128
Fluoranthene 0.600 5.10 0.113 1.494
Indeno(1,2,3-cd)pyrene NA NA NA NA
Total 4.0

"National Oceanic and Atmospheric Administration. *Florida Depart-
ment of Environmental Regulation. “Effective Range Low. “Effective
Range Medium. Threshhold Effect Level. ®Probable Effect Level.

0.4
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0.3

PPAS
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0.0
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Fig. 2. PPAS for total PAH concentration.

< lit}.

TR, Table 3¢ viehd gh5-& ARg-sbo] 2 X3 ol 21 2] PAH A&
W 297|275 (PPAS)S T3l9ich. PAH A3 047]F%
Fahgo] 0585} ¥ AL 2971E 557} 74 Y& TELd o s
ARk el olEd HEC 28 A, B, D, G X149 vpxekal, C,
F 2149 Wlz@rtEeiAl Soln) 1 o) olalxel, 204 syt
E4, =, slolzl, F2)A, Wz(a)stol=l, tlulFE (s bt}
Al opvtz e, 203t 52 B E 727154 disle] 2937)
TE2HEE] 0580 2 Aoz Yehgel A A3 71 2
H71E2AgEo] Ao B Ao Jehd vz g} vz
(2)2tE2}H4l (benzo(a)anthracene)l] i3t ATE Fig. 35} 4o v}ehy
e,

PAHF-9} 28 S3ET-2 e oA S x5tz g7 o)
ol AA PAH 5%, = 742He] 31320 93t 5 wisls B

A4S Frishke vl s w8g 4 glk

5, & A7l 2709 4 A A17k] Ade) me} PAH
F= AL, T 2= o2 3HE29) 30 (conversion) Sof] 2]
slo] 7+ o] Fxs} wWabl bk dle S vl AR e o
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Fig. 3. PPAS based on the concentration of naphthalene.
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Fig. 4. PPAS based on the concentration of benzo(a)anthracene.

Table 4. TEFs for PAH compounds

Component TEF
Benzo(a)anthracene 0.1
Chrysene 0.001
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Benzo(a)pyrene 1
Dibenzo(a,h)anthracene 1
Indeno(1,2,3-cd)pyrene 0.1

7} & = PAH A 8- whe) Baj7} Ho] 1 557} Zhagic). dub
o2 FAo] At Ralgmrl w7l Aoz odelA gio) wet
A, 4% PAH %7} A|zbo) wle} zhashs Aeke noluate
AA A deiMe & WskE BolA gAY B2 ghukel Zha
g B S 9lch B o= =457}l A (toxicity equiva-
lence factor; TEF)} A|AJE 77}2] B st (Table 4) Z7}d)
E|A ol 2] 2] Ajztel] w2 PAH ¥% W3lE 7}y, o] TEF|] £]
s Aghd FEQ 545 sEe) vwsigio) oln) S E e R
A ()& AH8-3te] 73l4iTh A, B, D, E, F, G 5 94 %)% A= 2
dEde] F=e} TEF| o3 A8 EAS/1 w7} gaket A7
W3} A3 el SoH ) : Fig. 5). 22U, Fig. 69 Lyehdl ule} 2+
o] C A M E A7do] Anglel] wle} M2 v} Wsjopare 24
ool L FEAY S sl FIe Mo, FATEE
© 7} ol F 2Rk 7ha A S Molw it} wekA], A whA) &
= A 27 AR2A FAS TosiA] @ pEake vy A
T 23E HE 247 ok o) AY 29 EAY] e Wiy} o)
AR e SAWse} YA Y AR gloma ole} Fx
ATE B RAETEY] SAS mBsi] Aaw F87} Qi)

=, TEFE 223 5457550 disld = 4] (3)e ALgste] &
dEI R o drFaaeEs Pelgion, $A 0 71E3 7

3500

>
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o B N
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£ 15001
f =y
8 1000}
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o
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—6— 7PAHs ---E1-- 7PAHs converted with TEFs * 10

Fig. 5. Seasonal variation of the concentration and toxic concentra-
tion converted with TEFs for 7 PAH compounds(site F).
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Fig. 6. Seasonal variation of the concentration and toxic concentra-
tion converted with TEFs for 7 PAH compounds(site C).
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Fig. 7. PPAS of acenaphthene and total PAHs.
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Fig. 8. PPAS of benzo(a)anthracene and total PAHs.
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Cremicat : concentration of each chemical compound

cov(X, Y) : covariance of X and Y

C, : environmental regulation level

F(O) : the cumulative distribution function

f(C) : the probability density function of the distribution of

group C

1) : the geometric mean

M My : the mean of X and Y

Pxy : correlation coefficient

c : the geometric standard deviation

Oy, Oy : standard deviation of X and Y
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