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Injection volume: 20pul
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L9 9 2T 33 PAHs (TRV) 5 8 Cudwr o 0 2Ol -¥-1+ Jour

Water (ng/l) Sediment (mg/kg)

Naphthalene . AVE

Acenaphthylene NA NA
Acenaphthene i NA
Fluorene N %%
Phenanthrene v Y
Anthrancene as Y
Fluoranthene 9\ AN
Pyrene v /Y
Benz(a)anthrancene \niid /Yy
Chrysene v Y
Benzo(b, k)fluoranthene NA NA
Benzo(a)pyrene NF /vy
Dibenzo (a,h) anthrancene 5 R
Benzo(ghi)perylene NA NA
Indo(1,2,3-cd) pyrene NA NA
TPAHs NA ¥

NA= Not Available
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Sex Mean
Female 0/35725
Male 0.44755
Female 0/1164
Male 0/046
Female 0/0132
Male| 0/01315
Female 1/04265
Male 1/48035

SIS 3929 poe b 3929 (ow) ¢ y9t20 4 (Paired-Samples T Test) T Ogo3T cadd gl -¥-¥ Jous
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Metals P-value

<0/0001

<0/0001

<0/032

<0/011

<0/197

<0/0001
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Metal | Species Mean Std. Deviation
Jus’ 2/6341 2/66747
Pb
L 0 0
Jus’ 217/8123 196/2711
Zn
L 0/4024 0/45565
Jus’ 125/6455 140/6225
Fe
NV 0/0812 0/17153
Cd Jus” 0/6318 1/06609
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Species Std. Deviation
L 0 0

Jus’ 10/85 11/0416

NV 0/0132 0/00685

Jus’ 0 0

L 0 0

Jus’ 0/4091 0/83528

L 0 0

1/3016 0/15535

1/2615 0/75099

3979 PAe b 3929 (w3 st 4 4, &K (il slg 4 20 @ -T-0 Jguer
Alae S8l 50 T moowl Ol gwo o5 31 30 3590 puliur DI 1D o SV
Ol yxi 2o | Sum of Squares Mean Squares F- ratio P- value
s f Ola 247/753 35/393 22/466 <0/0001
P35 03 768/814 1/575

JS e 1016/567

Ciseo pole oo T19) (W) @ Sl Ogw g (SSmed Ll po T J9u
O g S golslh (B g 9 Mk (Blo S diged dlias SO 5O Al rexi

TL: Total Weight, FL: Fork Length, W: Weight
) Ck“)})b@”** ¢ .’.bck“)})b@”*



FE sl ga 8 9 0ma (S &l 38) (danas Sy (s 0¥ T oy

Cliseo pole oo T19) (w2 Sl Ogw g (SSed LIl po Y-V (J9u>
S ploge S il (S g JWT (Alo S g dlias Cb o 4B mex

TL: Total Weight, FL: Fork Length, W: Weight
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Minimum

Maximum

Mean

SD

Pb
Zn
Fe
Co
Cd
Cu
Cr
Ni
Hg

0
9.2
1408
0
0
43
15
1.8
0
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119330

61.7
0
86

12.6177
184.6802
33910.948
13.6031
0

32.3438
88.2778
41.2062
96.1052
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0
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PbSpring 5 52 22.7917 13.27953
ZnSpring 42 321 127.9167 69.34032
FeSpring 45809 27410.958 10443.8489
CoSpring 36 16.5 8
CdSpring 0 0 0
CuSpring 86 36 16.47924
CrSpring 451 76.2917 89.96351
NiSpring 114 52 25.5411
HgSpring 106.7 70.275 15.53384
PbSummer . 88 11.8458 17.57347
ZnSummer 631 278.5458 138.57737
FeSummer 119330 42845.625 23231.9512
CoSummer . 61.7 20.125 11.67555
CdSummer 0 0 0
CuSummer 81.5 35.0042 15.03311
CrSummer 3243 96.1375 75.07344
HgSummer 1515.5 101.0792 309.02169
NiSummer 60 42.8208 9.95891
PbFall 42.5 9.15 7.87274
ZnFall 336 99.95 66.15462
FeFall 93183 44492.583 20020.051
CoFall 19 8.2667 5.17247
CdFall 0 0 0
CuFall . 30.35 11.07791
CrFall 92.4042 4416451
NiFall 42.7208 9.26677
HgFall 98.1792 36.57057
PbWinter 6.6833 4.49934
ZnWinter . 232.3083 314.00865
FeWinter 20894.625 7666.34999
CoWinter . 9.5208 2.95517
CdWinter 0 0
CuWinter . 28.0208 9.59275
NiWinter . 27.2833 11.21535
HgWinter 114.8875 184.0524
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SIS 0 B! i & jao o P 9l U903l seaio 4 Kruskal-Wallis Og03T 4 gl -¥ -1 Jyus
Wl dilain Dliguw) 38 Aliswe polis xosxi ol d H Lalisee Jgad Ol

/n

Fe

Co

AP<0.05¢SNK 05057 (slis ) disil go I3 gime CoMast U biloss 5 adetio alie Y o5 b 87 S5

23.529

34.777

32.124

3

3

3

<0.0001

<0.0001

<0.0001

a

b
a
b

SP: Spring, SU: Summer, FA: Fall, WI: Winter

SIS o BN zmdds &5 oo o 8 ol Qs.ojT s8kwe 4 Kruskal-Wallis Qp}Tﬂ oW YAV oo
Wl dilin Dlguw ) 18 AlSw polie xosxi ol d 51 (818 9 digad S Fos Ol

SIS om0 B! g & ho o P pl Og0)T s9taio 4 Kruskal-Wallis Og03T 4 gubi -V -1V Jou>
4 2yl ) SWlke dikin Dlgw) 18 Ll polis xoz o7y 31 (5510 9 4ig0d Sledlus! Hlw
(P<0.05:SNK (39037 (Sluwo y7) il o0 310 cxo BT A3 cilowd F° jaskino wlio Wi B9 >l

Co

Cu

H

31.291

40.534

df]

7

7

P-Value

<0.0001

<0.0001
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Wl dilain Oliguy 30 48l xesxd O (S 09 5
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SN2 09 5 sabuin 4 (Sl Aligs WBT ol Foymin -V YV K
Sl dibuio Oligusy 35 4l oz Ol 316

J‘Ejjg\Uﬁjﬁ:‘LL.aLé)>u..,éjéLg.>JM9Ja.>'-;\SJJK@UMV—YV”M%&O:&;JE);Q

Bl o oot aih BB 05 5 s ol ple 0,8 o 515 e Sy &S Fe 58 43 8

S o YT vy

¥ Sbsd ST 33 PAHs -Y-Y-)

Anthracene (Phenanthrene ¢ Fluorene Acenaphthene« Acenapthylenec Naphtalene UL’L:, PAH;, ;.:f 5\
«Benzo(a)pyrene«  Benzo(b)(k)fluoranthene  (Benzo(a)anthracene  «Chrysene Pyrene (Fluoranthenec
Bles! 5 Jsuad ;.,sT 3> TPAHs ¢  Benzo(g,h,i) perylenedndeno(1,3,3,cd)pyrenec Dibenzo(a,h)anthracene
23 PAHS SLS 5 o8 dades DL ¥=YA IS0 238 515 sy 3500 555 GLps osr o5 55 ol
i o 3l a8 Sl ST s (sl il 53 S 0dS T s c Sl el plas

304 s dalia b Sl 5 Blasl 1SS g 5 sl adl # OLS S e (ol 03 oK
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5 55 OLS 5 pl Cble anls Ll iy s g b KW 5 sl ys gl ad- 0 5 F LS 5 oS
»OLS S 3 5l sV obls sy
;f‘b)lﬁM)JfMJ:ﬁQW@w.(\?d}-*’,')C,w:‘oéﬁ]_&oﬁjﬁrﬁj&ND-48.95ﬁ‘ﬁ)%
Jed ool 55 (FVF Jgus) Gl os g (v m) b 5 20 00 G 5 Chrysene S 5 4 b e ,ldde

.u\iéjfoMLflwngffj&f‘f-‘jijPAHsjff‘ub-

Concentartion in water (ppb)

1P

7 8

Lines

O2rings B3rings @4rings B5rings M6rings W TPAHs
IWAY JW sl Jad 53 TPAHS o™ 5 (S91 9 Olwo —T —YA S5
37 Gbod 2> 039> SlpT G A Sl il 5o

Jw )@M}éTPAHSj@Mj;T%} 11 ca.bl:wfalg,n -V Jou>
(5 2P 950w )35 GLIS 292 035> Slal il Blas! 55 1FAY

b adl> sluss & gas Sl mo m). mo: EW )
(Rings)
Naphtalene 2 24 ND 9.10+0.00 ND 343
Acenaphthylene 3 24 10.2+0.00 5.90+4.53 14.65+0.00 13.82
Acenaphthene 3 24 ND 8.85+0.00 ND 3.34
Fluorene 3 24 16.2+0.00 39.40+0.00 4.30+0.00 14.86
Phenantherene 3 24 19.8+21.14 6.00+0.99 4.95+0.00 2.53
Anthracene 3 24 15.90+15.90 4.90+0.00 5.57+0.00 2.55
Fluoranthene 3 24 10.2+7.61 7.9845.27 15.55+12.66 4.41
Pyrene 4 24 10.3+7.51 29.80+0.00 13.47+8.58 8.12
Benzo(a)anthracene 4 24 26.1+0.00 41.92+31.50 5.40+0.00 26.33
Chrysene 4 24 ND 45.95+28.87 48.20+14.28 25.01
Benzo(b)(k)fluoranthene 4 24 4.6+2.64 8.45+5.27 4.40+0.00 3.7
Benzo(a)pyrene 5 24 10.6+6.04 7.00£1.28 5.80+0.00 2.3
Dibenzo(a,h)anthracene 5 24 ND ND ND 0
Indeno(1,3,3,cd)pyrene 6 24 ND ND ND 0
Benzo(g,h,i)perylene 6 24 ND ND ND 0

ND=Not Detectable



VW sl 93,58 95338 (S 0 58) lasas S sLa 0T cuuy 2

KoK bl by Calibes olg sle Kl s Glasl sla ke ANOVA (g LT o ulal
s bl 2 5 (p0.05) Sl 3 13 e O3V Lttt Blosl s o7 515 0L s oy 8 i
Gl a5 6 Cuin gl CSKl 5 o Ll (P20 Jsdar) Wil 45,8 1 5058 53 5300 510 Glesl (SSls

(p>0.05) 3,1 3 52 5 (1> gme CoDast] 48 4

iseo Sl SlgT S (1wSbo (s ANOVA ()bl 3J6T-Y —10 Jous
355 BLId 29 039> 13 \WAY Jlw slg hed

Sum of squares df Mean square F Sig.
Between Groups 3.46 2 1.73 476 0.032
Within Groups 4.45 12 0.37
Totals 7.9 14

¢Sz Oljpe ¢ PAHS Q%;;\&ﬁgfcwﬁuﬁu@pymmu@»cﬁwwuﬁ
Jols ¢ PAHsa Ly o HQs o 513 0L s i3 8 aulone 16PAHS I K 52 (sl (HQ) (S350
" S5PST SKy slls s LS 5 Gl 034 Jols Y31 e Benzo(a)pyrene 5 Anthracene

() s 0T s g J gl ) Ll 399 Sl
Ly Slolp Jold= 5 Sl asls TPAHS (w53 1y Slol 2 ST (ol adl g OS5 Okl fuabd s
Je2d 3 1S Ol b 53 TPAHs o6 V8 LS 5 5 alle jslie (Ya-F JS2) Conl bs (gl ail> # 4
Sl 83 9 Lz ys YY) L (Benzo (b)(k) fluoranthene) 4 b g 0 Clale ST s cpl 5ol e g Sl
croman (VP2 Jgua) Gl o ol 20 00 Gas 3 e ST Ol fuad 53 457 dads OLES o]

35 edalie 554U )3 TPAHs STd> fuad opl 5o
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1 2 3 4 5 6 7 8
Lines

O 2 rings B 3 rings & 4 rings 2 5 rings M 6 rings B TPAHs

IFAY Jlo Ol Lad 3 PAHS oo 5 (59501 § Ol w0 -1 —V4 S
2P Bbrd g 0ig SleT A Gl cuily 5o

Ol _had 33 TPAHs 9 &CilogyT cus” 311 cdalé puSile - -1 90>
(5 2 P 950 cws )33 SbIS 29 039> SleT calisee Slos! 4 JW \TAY

b adl> sluw Sl mo m\. mo- Lo s
(Rings) & go
Naphtalene 2 24 1.45+0.00 ND 2.35+0.00 2.81
Acenaphthylene 3 24 0.60+0.00 0.78+0.04 2.35+0.00 2.83
Acenaphthene 3 24 2.10+0.71 ND 1.954+0.00 4.55
Fluorene 3 24 1.00+0.00 0.80+0.00 1.90+0.00 2.47
Phenantherene 3 24 1.10+0.28 ND 1.60+0.00 2.81
Anthracene 3 24 1.10+0.00 1.20+0.00 1.60+0.99 3.29
Fluoranthene 3 24 ND ND 1.7540.00 1.3
Pyrene 4 24 ND ND 2.43+0.94 5.4
Benzo(a)anthracene 4 24 1.83+0.83 4.80+0.00 5.154+4.09 20.87
Chrysene 4 24 5.70+0.00 1.1040.00 6.20+3.18 14.21
Benzo(b)(k)fluoranthene 4 24 ND ND 15.75+0.00 23.31
Benzo(a)pyrene 5 24 1.80+0.57 1.20+0.00 1.95+0.28 6.55
Dibenzo(a,h)anthracene 5 24 3.20+0.00 ND ND 2.37
Indeno(1,3,3,CD)pyrene 6 24 4.20+0.00 ND ND 3.11
Benzo(g,h,i)perylene 6 24 5.20+0.00 ND ND 3.85

ND=Not Detectable

S L Okl s Calises olg sle <S5 5 Blas! s S0l ANOVA  (g5lT Cos bl
Cod ool 1 5(<0.05) Sl 0351 13 sme O3] Calibe Blasl o o7 515 0L gl A5 S 4y lie
G 4l 5 68 Cin gl Sl LMY i) Ll 4 S 5l 5058 95 5300 5V Blesl 5SSls

(p>0.05) 5,1 552 9 (5,515 sme D] & an



VO [slayga 8 9 pma (S &l ) (danas cusy (5L 0¥ T oy

s losl SlaT B (wSho (o ANOVA ()T 36T Y —1Y Jou>
37 BLIS e 03g> 33 IFAY Jlo sl b

Sum of squares df Mean square F Sig.
Between Groups 503.3 2 251.6  3.79  0.039
Within Groups 1395.3 12 66.45
Totals 1898.6 14

¢Sy Ol jpe ¢ PAHs Q%;;‘&ﬁgfcwﬂauﬁjo@upﬁmmdb,;uu'd‘awuﬁ
Jols O\ PAHs4 by HQs o 51> Ol gl > 8 alons 16PAHS I &S5 a5l (HQ) (S35 455
Jado) il 0355 ol s ¢S5 4871 6Ky hyls Ko DS 5wl 034 Jo-ly I e Benzo(a)pyrene

0O s
w by Slal s 5l d g ol ails PAHs Cp 53 1y Slolp ST (gl ais Hlgar LS 5 5mly Jusd o
53 osls adgl T w a5 b Jumd ol 53 SLS 5 cpl palie uimen (=¥ JS5) Sl 03 g (gl ail> 53
SYLO 5 F e Sl 5 )3 TPAHs Jltis Js 035 5 omlb (Ve ppb) albaT do Sldis 1 e &Sl 5 ST
g yomen 33 (PN Jgdr) Sl ol oy 20 0 Goe 3 e ST 55 b ol 55 ol 0k 3,57 5
b oawl JS™ 55 doys o i slols &SGlag,T oS 518 Ole 43 7 YF L Benzo (a)anthracene .S

s

(ppb)

Concentration in water

Lines

O2rings HB3rings ®4rings E5rings MDM6rings M TPAHs

IWAY Jlo 30k fad 30 TPAHS sy (5551 9 Of o -1 T SO
2P BLod g 0ig> Slel A Gy csuil 5o
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JW IFAY 5l b 53 TPAH § <ilogsT oo 511 Sl cpuilio - —1A 9ot
(5 9 P59 5m cw 9) ) Sb 1S 29 09> SleT Liliske @los! 4o

Sl Sl mo m) . mo- o yd

b dil> Gg0s

(Rings)
Naphtalene 2 24 ND ND ND 0
Acenaphthylene 3 24 ND 0.75+0.30 0.56+0.47 1.99
Acenaphthene 3 24 1.10+0.00 0.37+0.00 ND 0.46
Fluorene 3 24 2.10+1.94 3.24+3.45 2.75+0.00 7.09
Phenantherene 3 24 6.10+ 1.29+0.48 2.41+2.25 7.49
Anthracene 3 24 ND ND 0.70+0.25 0.32
Fluoranthene 3 24 2.20+1.87 0.51+0.38 0.62+0.00 3.89
Pyrene 4 24 0.60+0.00 2.43+2.34 4.42+5.74 7.37
Benzo(a)anthracene 4 24 7.10+4.23 4.80+0.21 5.85+4.15 23.89
Chrysene 4 24 2.60+2.03 1.15+1.06 2.88+2.56 9.52
Benzo(b)(k)fluoranthene 4 24 2.50+2.41 1.51+0.40 4.18+4.74 10.85
Benzo(a)pyrene 5 24 4.10£2.57 2.74+1.81 3.3442.42 14.69
Dibenzo(a,h)anthracene 5 24 1.40+0.46 0.97+0.74 1.25+0.97 5.36
Indeno(1,3,3,CD)pyrene 6 24 1.40+0.46 1.00+0.86 2.30+0.00 5.31
Benzo(g,h,i)perylene 6 24 1.80+0.33 0.72+0.00 ND 1.8

ND=Not Detectable

S el by Calitee 1 sle ESKil g Blesl gla ke ANOVA (g LT Cos plul
OVl 4w gla 4l 5 48 e e S ¢ Gl Blasl o 3ls OLE s A5 S alis
(>0.05) 3,1 555 (515 g

Sy Oljee ¢ PAHS SLS 5 5 8 o o Coran o3lae 5 5y huad 53 PAHS (aes CLLE lul
4 b g o HQs Oltsls oz Lilos 515 0L mls i3 5 aculonn 16PAHS 51 &K a (51 (HQ) (S50 55T
b s (S5 ST eS gl Ji.:.s OLS 5 .Cwl 035 A5 51 iy Benzo(a)pyrene Juls \PAHs
(O S g J gt ) Ll 0 5

Lspe Slslp Pl 5 Sl alls TPAHS (w53 1) Glsl 3 S M (gl dil 7y DS 5 Olin) Job o
ST b esls adyl T & 4 g b Olis Jozd 53 SLS 5 ol olis omen Sl (6l 4l 55 4
ol 3551 VLA CKl 5 55 TPAHs ldde Jyosg 5 ol (Ve ppb) sl do Sldie 31 s &Sl 5
g 53 (FV4 Jpor) ol o 0> 20 B0 Gas )3 e JSTs fuad cplys (F-FY IS8 ) Sl

AL o b ol JS7 53 des s o i gyl ¢S les,T oS 5 1% Ole 43 VAT L Chrysene oS~ 5



W Tsla) 9358 9508 (S &I 38) (anas cuas (5L 0sb¥T (a0

25
)
® 20 |
; -
= 15 -
c o -
S a 2
2 10
S 5
e £
o
(&) 0 -
1 2 3 4 5 6 7 8
Lines

B2rings B3rings B4rings &5rings D6rings MWTPAHs
IYAY Jlo by fad 38 TPAHS o (59501 9 Of a0 - -1 S
2P GLd e 0ige SlaT 45 A b el g0

Ol Jad 33 TPAH 9 <ilogyT cus™ j1 1 cdalé Sl - -1 J9us
()xﬁlﬁf}?g)igcwﬁ))}é SLd 29 039> él@T lisko Jlos! 53 1FAY

b dils> sloxs Sloxy mo m) mo- EW-ST
(Rings) 4god

Naphtalene 2 24 5.65+0.00 4.134£3.02 ND 6.95
Acenaphthylene 3 24 1.84+0.00 ND 17.60+0.00 9.73
Acenaphthene 3 24 ND ND 0.79+0.00 0.39
Fluorene 3 24 0.71+0.00 ND ND 0.35
Phenantherene 3 24 1.69+0.00 4.60+0.00 6.73£7.61 6.43
Anthracene 3 24 6.62+7.48 1.23+0.00 3.31+3.62 10.56
Fluoranthene 3 24 3.19+0.00 ND 1.24+40.82 3.12
Pyrene 4 24 0.61+0.10 1.15+0.00 4.22+5.05 5.13
Benzo(a)anthracene 4 24 2.67£2.18 1.32+0.26 4.54+3.05 11.24
Chrysene 4 24 6.03+5.60 2.94+1.20 4.43+3.07 18.42
Benzo(b)(k)fluoranthene 4 24 1.02 1.68+ 1.43+0.37 2.93+1.64 6.27
Benzo(a)pyrene 5 24 2.50+1.66 3.12+£3.04 1.89+0.88 9.07
Dibenzo(a,h)anthracene 5 24 0.40 1.09+ 1.15+0.75 0.95+0.13 4
Indeno(1,3,3,CD)pyrene 6 24 0.38+0.00 ND ND 0.19
Benzo(g,h,i)perylene 6 24 2.41+2.33 2.71+0.00 1.68+0.77 8.17

ND=Not Detectable

oAb Ol sy Cilibes g5 gls S8l 5 5 Blesl (sla :S5Le ANOVA (5 bT s bl

bl 5 5(p<0.05) Sl 05 90 45 gae OVl Calizee (Lo QSM\JJ O oS sls olis @Lu ..,\isjf dus e
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38 5 K es S 5o el 5058 SSKusA s Vo o0 TP gl oKl 5 o SSls s

(p>0.05) 3,16 355 5 (15 gme Ot 48 d (sla 4l 5 Ciides Blasl o Lol (F=Y+ Jgu)

Slos! SlgT Sl tawgio (s ANOVA (S kT J6T-F -V Jouo

2P SLud (29 03> 1 \WAY L slg fad Laliske
Mean square F Sig.

Sum of squares df

Between Groups 2.38 7 0.24 £, Y
Within Groups 1.13 16 0.081
Totals 3.96 23

&)Q‘}f‘PAHSQg}j‘&ﬁngﬁ}wjowj&éjprHsM%wu‘ﬁ
Jols (¥ PAHsa by pe HQs 515 OLi guls A5 S awls 16PAHS 51 &K a (sl (HQ) S350 S
sl M &SG5S Sy s s LS 5 el 654 15 31 i Benzo(a)pyrene s Anthracene

OV g Jgd) Ll o g
Aalin TFAA L lgs Joad 53 TPAHS 5ldie o s 4 dades OLE F=YY gl 53 okl oy VLo s
33438 5,18 eSly,T OS5 S SN A L Okl Juad 4 bgyjo 5ldie 0 208 5 ol oys S
CLl ST o das 0 0L YT o s Blas YOA 5VY,0 Ao ys ol Oteus 5 jly oo

.l 03 4 Chrysene s Benzo(a)anthracene .S 5 93 45 b o5 0 S bo g, T olS 5

S CLl 9 Jaad JO TPAHs cuf § cdald uSlo -V - o>
(5 2 P 950 s p) 3 SLIS 29> a}y@lg.gT;éWAY Jbv iz

il AY sl AY Ol AY b AY Obiuwo 3

) 61.08 + 12.59 6.84 = 1.08 8.57 = 1.04 412+ 1.62

Y 23.15+4.76 1.05 + 0.47 4.05+0.91 17.09 + 1.67

r 25.06 + 5.06 8.14+2.12 5.90 = 1.60 17.15 +2.06

¥ 33.98+ 12.03 6.70 +2.19 12.88 +3.00 17.27 £2.29

5 41.58 +10.86 348+ 1.12 12.24+2.04 17.42 +3.63

5 14.90 = 6.66 12.10 £ 5.41 401+ 1.15 11.64 = 2.02

v 22.43+7.73 13.01 £2.16 4.92+0.79 13.68 £2.39

A 10.00 + 0.00 425+1.17 5.58+1.05 22.19+7.37

Mean + SD 29.02 +7.46 6.95+ 1.97 727+ 1.45 15.07 +2.88




Ve sl 93,58 95338 (S 0 58) lasas S Lo 0T ouuy 2

Jlv il Jgad 10 (PAHS) <CilogyT Oilw™ § cdalé uSlbo Y -YY Jous
(5 2 P95 cw 2)) 3 Sbd 29 035> SlaTsd 1VAY

AY Sl AY Ol AY 500 AY Ol )
Naphtalene 1.14 +£3.22 0.48 +0.91 ND 1.74 £ 2.70
Acenaphthylene 1.14£3.22 0.48£0.83 0.41+£0.39 243 +6.16
Acenaphthene 1.11+3.13 0.77+1.10 0.09 +0.27 0.10+0.28
Fluorene 493+13.9 0.46 +£0.71 1.46+£2.10 0.09 +0.25
Phenantherene 0.84 +2.37 0.48 +0.68 1.54+2.30 1.61 +2.67
Anthracene 0.84 +2.39 0.56 +0.86 0.07+0.18 2.64 +4.22
Fluoranthene 146 +4.14 0.22 +0.62 0.80+1.16 0.78 £ 0.96
Pyrene 2.69+7.61 0.91+1.36 1.51+£2.92 1.28 £1.75
Benzo (a)anthracene 8.73£24.6 3.53+3.88 491+3.54 2.81+2.74
Chrysene 8.29 +23.44 2.40 +£3.27 1.96 £1.59 4.60 +3.20
Benzo(b)(k)fluoranthene 1.23 +£3.46 3.94+7.29 2.23+1.96 1.56 £1.07
Benzo(a)pyrene 0.76 £2.16 1.11 +£0.96 3.02+2.42 2.27+1.50
Dibenzo(a,h)anthracene ND 0.40+1.13 1.10+0.71 1.00 £ 0.45
Indeno(1,3,3,CD)pyrene ND 0.53+1.48 1.09+0.93 0.05+0.13
Benzo(g,h,i)perylene ND 0.65+1.84 0.37 +£0.68 2.04+2.16

Sy Oljoe PAHS SLS 5 51650 o o Com polie 5 VWAV Jlo )3 D755 PAHS Chle ol
PAHs S 5 ¥ 4y by 0 HQs 45 515 0L gl 5 8 alowe 16PAHS 31 &S 2 (51 (HQ) (S35 55)
S8 OS5 s by e HQs bl .l 03 5 =g 51 2o Benzo(a)pyrene s Chrysene cAnthrancene ol

() g J o) Sl 03 5y d1 g
tslie Ko b Calben 1y la oSl 5 5 Blesl 6Vl sla 5 S5le ANOVA (6T Cs ol s
035 I3 gxe (oDl Benzo(g h,iperylene oS 5 ulul 6 4w gla 4l oo oS ls 0L = s KY
D5 K055 538,84l 5058 K3 65 5 o >y s S elul 5 (p<0.05) ol
S bl Gl Blesl o & sl Ol mb Cpees (Y Cagy Jlar) S35
oVt 50 Blasl (SSls s bl 5 (p<0.05) Sl 03 35 513 gae 3D TPAHS 5 Benzo(g,h,i)perylene
5 Calen gl Sl o Ll (P PO Sy Jgd) 5 S 15 5055 53 el Ges 5058 &Ko

(p>0.05) &Il 3 g 9 (5415 sme 2D

¥ Sbyd Obgwy s PAHs -Y-V-¥
(s S SIAY Jlo fead Hlg b e Ve Ges 6ls 4ged el FY sliad ¢ ob s Obguy o s 5o
Cjﬁg ML@&}))\:TJ:A‘ cj...l;\.: g "«J‘"Lg‘; 39 yhlw ‘ujj" cb[‘;.wT J.AL& J>-LWJJJ}.«.GL>

R g ISR VRN
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(a,h)anthracene Benzo (b)(k) fluoranthene «Chrysene ¢ Benzo (a)anthracene «Pyrene QL:_; 5ol J..,a% BE)
Jas ol 5 (XY S ol a3y i 035 p S AS oS ke VAY STus (gllsDibenzo
i d 5 gl Chle 5 CAIL 3y b i ges 53 S, T b SLS 5 gl all> £ 5 Y LS 5
SRSV 58 gl oSl s (TPAHS) ¢Slog,T (o SLS 5 IS Ol iomad Coml 03 90 oKt
205 e TP ENS Lo UND-YIY wls (s TPAHS pslie .ol 03 o8ty oot do

KXY Jgds) Sl o 5,57 eSKist 0 pfjl;

CYYEEYLY Sl 4 Ghe s 6 o 4 5o (TPAHS) &SGbes)T (b SLS 5 IS Ol
el 03 g $SKE (5 p?,l;”;dp Ve RY 5 Y)Y R

Sy Oljoe PAHS SLS 5 51650 o o Com p0lie 5 )l Joab 55 PAHS Jases CLIE ol
Jols @ PAHsa b g o HQs 45 313 Ol gl ki3 8 aculons 16PAHS 51 & a2 sl (HQ) (34055
el 034 dolg 5l ,iw Benzo(a)pyrenee Dibenzo (ah)anthracene«Chrysene (Benzo (a)anthracene Pyrene

AV G Jgda) 5 8 3557 OV &K 51 i oS o ol 53 TPAHs@ b g 0 HQs pioman

2.50

2.00
1.50 -
1.00 |

(mg/kg)

0.50 -

0.00

Concentartion in sediment

O2rings B3rings ®E4rings HE5rings D6rings M TPAHs

I ITAY Jlo sle Jad 53 TPAHS o8 5 (59891 9 Ooliwo -1 1Y IS
I3 SbS e 0> Aol yio e Dlguy S A Sl Sl 5
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Naphtalene 2 8 ND 0
Acenaphthylene 3 8 ND 0
Acenaphthene 3 8 ND 0
Fluorene 3 8 ND 0
Phenantherene 3 8 ND 0
Anthracene 3 8 ND 0
Fluoranthene 3 8 ND 0
Pyrene 4 8 0.22+0.00 4.37
Benzo(a)anthracene 4 8 0.73+0.08 14.17
Chrysene 4 8 1.43+0.00 28.79
Benzo(b)(k)fluoranthene 4 8 1.00+0.79 19.57
Benzo(a)pyrene 5 8 1.49+1.57 27.48
Dibenzo(a,h)anthracene 5 8 0.29+0.00 5.61
Indeno(1,3,3,CD)pyrene 6 8 ND 0
Benzo(g,h,i)perylene 6 8 ND 0
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Naphtalene 2 8 ND 0
Acenaphthylene 3 8 ND 0
Acenaphthene 3 8 ND 0
Fluorene 3 8 ND 0
Phenantherene 3 8 ND 0
Anthracene 3 8 ND 0
Fluoranthene 3 8 1.17+0.00 17.32
Pyrene 4 8 0.00+0.00 0
Benzo(a)anthracene 4 8 1.16+0.00 11.82
Chrysene 4 8 0.63+0.00 6.48
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Benzo(a)pyrene 5 8 ND 0
Dibenz(a,h)anthracene 5 8 0.90+0.00 5.15
Indeno(1,3,3,CD)pyrene 6 8 ND 0
Benzo(g,h,i)perylene 6 8 ND 0
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Naphtalene 2 8 ND 0
Acenaphthylene 3 8 ND 0
Acenaphthene 3 8 0.91+0.00 17.8
Fluorene 3 8 0.70+0.00 13.59
Phenantherene 3 8 ND 0
Anthracene 3 8 0.13+0.00 2.57
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Pyrene 4 8 ND 0
Benzo(a)anthracene 4 8 0.83+0.00 16.14
Chrysene 4 8 0.53+0.00 10.27
Benzo(b)(k)fluoranthene 4 8 1.26+0.31 24.64
Benzo(a)pyrene 5 8 0.67+0.00 12.98
Dibenz(a,h)anthracene 5 8 0.46+0.00 8.93
Indeno(1,3,3,CD)pyrene 6 8 ND 0
Benzo(g,h,i)perylene 6 8 ND 0

ND=Not Detectable

(a,h)anthracene y Benzo (b)(k) fluoranthene (Chrysene Benzo (a)anthracene LS 5 Oltws) Jud >
SLils o5 4 oS oler ol Sl o3 &S 055 p S AS 0 8 st VF STas (s1ls Dibenzo
oY OS5 s pls (FYF pda) s edalie Slgwy 53 Loys YIFY IAYS AAL FY 9
il 035 o Laomds do 5 T Chle 5 CBIl s g s b ses 5 $Sles,T b LS 5 (ol il
b CSl 5 e 30 5 F gl oSl L 4 (TPAHS) &Sl T L SLS 5 IS Ol Cpimean
£14,99 Lo g0 LND-2.68 atels (5l I3 TPAHs slis .(F-¥0 JSK&) ol 03 90 o&Kis Lo do | a8
Sl s,T by DS 35 S Olen (F=YF Ugdor) ol o 3,57 2 oSt 035 p S AS 50 8 o o FF
oS e T MER 658 e 4l 3 5 o et A I S B8 5 o8 4 s (TPAHS)

Wl 03y 6 035 0,8 S
S5 Oljen PAHS LS 5 51655 8 a o S p3lin 5 Oliwss Jozd )3 PAHS James L ulal
PAHs S 5 ¥ 4y b gy 0 HQs 45 515 0L s 3 S awlows 16PAHS 51 S5 0 sl (HQ) (34055
L g 2 HQs poomen .ol 054 U1y 51 i Dibenz (ah)anthracene y Chrysene Benz (a)anthracene  Jol

Y g J9) 5 8 3557 5 (44)) &K 51 2aS” Jub ol )3 TPAHs4,



A sy 9358 95338 (3Sian & 58) lasas Suasy sLa 0T ouuty 2

1.40
1.20
1.00
0.80
0.60
0.40
0.20 +
0.00

Concentartion in sediment
(mg/kg)

Lines

O 2 rings B 3 rings B 4 rings B 5 rings M 6 rings H TPAHs

3 IFAY Jlo Sl b 33 PAHS Ol 5 (5991 9 Ol jmo —F —1'0 S
2P SLId (29 0> (ol Slgw) S A Sy Cil

S § B 002 § (TPAHS) eikog,T Ol § Cdalé pSile -F -Y1 Jau
2P SLyd 29 0jg> (Jdols Olgwyyd IPAY Jbo Qb)) fad 50

Y Sows Mean = SD %
s dil> G903

Naphtalene 2 8 ND 0
Acenaphthylene 3 8 ND 0
Acenaphthene 3 8 ND 0
Fluorene 3 8 ND 0
Phenantherene 3 8 ND 0
Anthracene 3 8 ND 0
Fluoranthene 3 8 ND 0
Pyrene 4 8 ND 0
Benz(a)anthracene 4 8 0.74+0.00 41.63
Chrysene 4 8 0.34+0.00 18.99
Benzo(b)(k)fluoranthene 4 8 0.33+0.00 18.26
Benzo(a)pyrene 5 8 ND 0
Dibenz(a,h)anthracene 5 8 0.38+0.00 21.32
Indeno(1,3,3,CD)pyrene 6 8 ND 0
Benzo(g,h,i)perylene 6 8 ND 0

ND=Not Detectable
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suw Min. Max. Mean+SD Variance Percentiles

Ggod 0 Yo 0~ oY 0
Naphtalene 32 ND ND ND 0 ND ND ND ND ND
Acenaphthylene 32 ND ND ND 0 ND ND ND ND ND
Acenaphthene 32 ND 091 0.029+0.161 2.6 ND ND ND ND 0.32
Fluorene 32 ND 0.7 0.022+0.123 1.52 ND ND ND ND 0.24
Phenantherene 32 ND ND 0.00+0.00 0 ND ND ND ND ND
Anthracene 32 ND  0.13 0.004+0.023 0.05 ND ND ND ND 0.05
Fluoranthene 32 ND 1.7 0.053+0.30 9 ND ND ND ND 0.6
Pyrene 32 ND 047  0.022+0.09 8.2 ND ND ND ND 0.31
Benz(a)anthracene 32 ND 1.16 0.13+0.32 10 ND ND ND ND 0.94
Chrysene 32 ND 148 0.093+0.295 8.7 ND ND ND ND 0.93
Benzo(b)(k)fluoranthene 32 ND 542 0.39+1.05 109.2 ND ND ND 024 314
Benzo(a)pyrene 32 ND 321 0.15+0.58 34 ND ND ND ND 1.56
Dibenz(a,h)anthracene 32 ND 0.9 0.075+0.20 4.1 ND ND ND ND 0.69
Indeno(1,3,3,CD)pyrene 32 ND 0.46 0.014+0.081 6.6 ND ND ND ND 0.16
Benzo(g,h,i)perylene 32 ND ND ND 0 ND ND ND ND ND
TPAHs 32 ND 8.02 0.99+1.69 280.4 ND ND ND 1.26 546

ND=Not Detectable
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Naphtalene \ Y ND
Acenaphthylene v Y ND
Acenaphthene A3 Y ND
Fluorene Al Y ND
Phenantherene v Y ND
Anthracene s Y ND
Fluoranthene v Y ND
Pyrene A Y ND
Benzo(a)anthracene ¥ Y ND
Chrysene f Y 0.24+0.25
Benzo(b)(k)fluoranthene f Y 0.53+0.57
Benzo(a)pyrene b Y 0.50+0.41
Dibenzo(a,h)anthracene o Y ND
Indeno(1,3,3,CD)pyrene 4 Y ND
Benzo(g,h,i)perylene 5 Y ND

ND=Not Detectable
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Naphtalene Y WV

ND
Acenaphthylene ¥ \V ND
Acenaphthene Al v ND
Fluorene ¥ vV ND
Phenantherene v WV ND
Anthracene Al WV ND
Fluoranthene \ WV ND
Pyrene \d A\ ND
Benzo(a)anthracene £ 1% ND
Chrysene \i WV 1.59+0.002
Benzo(b)(k)fluoranthene £ WV 0.29+0.04
Benzo(a)pyrene o WV 0.34+0.08
Dibenzo(a,h)anthracene o vV ND
Indeno(1,3,3,CD)pyrene & WV ND
Benzo(g,h,i)perylene 5 Y ND

ND=Not Detectable
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aldrin, Jlg.} 3 SH el d ST LT g u.‘.f 5 > a—endosulfan, heptachlor epoxide, u,.f 5 > aldrin,

&% 3> P-endosulfan, S 5> B-BHC, bl > B-endosulfan, J 3!

Chle S Lo IS S8 DS 5 o i e Ve Gee 4 Sl gy slealal 3 ctads DL (3 3550
Wl 0353 Ol g 3 pdily oy | U (a8 5 oGl 51 p S S s 0 Ko 1/ ylie il G YPF/5F

Sy Ve Gos Obgws 38 0 I gl 5 P gows Ol ki Ol a0 -T-0F S
mg/kg —AY ;lg (o5 5 6 HbwT) 533 Sbyd 9 09>

NS % TesE. % F oz gr £
=l T = =2 = = 2 8 =2 2
5 & a a s a s =] & E
Iyl n.d nd n.d n.d n.d 16.01 n.d n.d
I n.d n.d n.d n.d n.d 4.81 n.d n.d
555k n.d n.d n.d n.d n.d n.d n.d n.d
S n.d n.d nd nd n.d 1.88 n.d n.d
s n.d n.d n.d n.d n.d 1.01 n.d n.d
sl n.d n.d n.d nd n.d 9.41 n.d n.d
LTl n.d n.d n.d n.d n.d 131.34 n.d n.d
oS 5k n.d n.d n.d n.d n.d 264.64 1.11 1.11
] =4 = =] o &) = & o —
HlewT n.d n.d nd nd n.d n.d n.d n.d
Sl n.d n.d n.d n.d n.d n.d n.d n.d
35y n.d n.d n.d n.d n.d n.d n.d n.d
P& n.d n.d n.d n.d n.d n.d n.d n.d
s nd nd n.d n.d nd n.d n.d nd
el n.d n.d n.d n.d n.d n.d n.d n.d
LTl n.d n.d n.d n.d n.d n.d n.d n.d
oS ks n.d n.d n.d A n.d n.d nd n.d

n.d= not detected
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o 2 T T
w 2 ® @ e¥ o2
g \§ & N 2 < 2 gF 2
<) T an = an 8 = = 2 2
= 7 Q @! =) @) & =} < Z
3 - =
\D/
T n.d n.d n.d n.d n.d 0.47 n.d n.d
Syl n.d n.d n.d n.d n.d n.d n.d n.d
395k nd nd n.d n.d nd n.d n.d n.d
P8s n.d n.d n.d n.d n.d 28.78 n.d n.d
g n.d 0.11 A n.d 0.22 4.64 n.d n.d
b n.d nd  4.43 n.d n.d 25.18 n.d n.d
LT ! nd nd n.d n.d nd 5.12 n.d n.d
oS 5 n.d n.d n.d n.d A 2.62 n.d n.d
Q = e o > ©w
=NEf 8§ & 2z £ g £§E g 8
8 \& " 2 5 2 © & =
c
HlwT n.d nd n.d n.d nd nd n.d n.d
Syl 1.01 1.01 nd n.d iy 0.11 n.d 1.63
553 321 321 nd n.d n.d n.d n.d n.d
S n.d n.d n.d n.d n.d n.d n.d n.d
A 074 074 nd AR Y n.d n.d 0.76
el n.d n.d n.d n.d n.d n.d n.d n.d
LT el A iE n.d n.d n.d n.d n.d 0.13
oS 5 242 244 nd n.d 0.23 n.d n.d 1.87
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s 2 3 5 g 3 < 5 Z® g
HlwT n.d n.d n.ilL n.d n.d 3.11 n.d n.d
Sl n.d n.d A n.d 0.14 n.d n.d n.d
PRI nd n.d 0.17 n.d 0.14 0.91 n.d n.d
PSs n.d 0.14 nd n.d nd n.d n.d n.d
g n.d n.d n.d n.d n.d 4.01 n.d n.d
kil n.d n.d n.d n.d n.d 32.71 n.d n.d
LT el nd nd  0.07 n.d n.d 21.41 0.11 n.d
oS 5 n.d n.d n.d n.d n.d n.d n.d n.d

w

fs g £ £ ¢ g £z iz ¢
S\g ™ 5. =2 § o Z & 5= —
HlwT n.d n.d n.d n.d n.d 0.22 n.d n.d
S5 n.d n.d n.d n.d n.d n.d n.d n.d
395hiie n.d n.d n.d n.d n.d n.d n.d 0.05
s 0.4 0.85 n.d "y A n.d Oy 0.89
N n.d n.d n.d n.d n.d n.d n.d n.d
kil n.d n.d n.d n.d n.d n.d n.d n.d
LT el n.d n.d n.d n.d n.d n.d n.d n.d
oS 5 n.d n.d n.d n.d n.d n.d n.d n.d

n.d= not detected
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Ll 0y 3 S otalie p go SLS 5
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£ g ® @ ey 2
g \§ & & Q @ =t % =i 2
<) s s e aw 8 = =2 S
= 172 (@) @) = @) = = < &
& - =
2
lwT n.d n.d n.d n.d n.d 8.39 n.d n.d
S n.d nd 0.13 n.d 0.18 0.61 n.d nd
PRI n.d n.d n.d n.d n.d 26.62 n.d n.d
PSs n.d n.d 5.86 n.d n.d 32.12 n.d n.d
JEaN n.d n.d N n.d A n.d n.d n.d
el n.d n.d n.d n.d n.d n.d n.d n.d
LT el n.d /\ n.d n.d n.d 5.82 n.d n.d
oS 5 n.d n.d n.d n.d n.d 21.94 n.d n.d
w 9 = e o > %
2 8 & & £ 3 EE EE ¢
S\R ™ 5. B 2 S & F= =
T e /) n.d n.d n.d n.d n.d n.d
S n.d n.d n.d n.d n.d n.d n.d n.d
PRI n.d n.d n.d n.d n.d n.d n.d n.d
SSs n.d n.d n.d n.d n.d n.d n.d n.d
JrEaN n.d n.d n.d n.d n.d n.d n.d n.d
b n.d n.d n.d n.d n.d n.d n.d n.d
LT el nd n.d n.d n.d nd n.d n.d n.d
oS 5 n.d n.d n.d n.d n.d n.d n.d n.d
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FeFall 18895 93183 44492.583 20020.051
CoFall 0 19 8.2667 5.17247
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ACENA Between Groups 6.625 2 3.313 0.454 0.636
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ANTHRA Between Groups 15.222 2 7.611 0.501 0.608
FLOURAN Between Groups 24.303 2 12.152 0.88 0.418
PYR Between Groups 12.402 2 6.201 0.268 0.765
BENZANTH Between Groups 36.395 2 18.198 0.214 0.807
CHRY Between Groups 13.309 2 6.655 0.064 0.938
BENZFLOU Between Groups 18.429 2 9.214 0914 0.404
BENZPYR Between Groups 0.934 2 0.467 0.076 0.927
DIBENZ Between Groups 1.69 2 0.845 0.499 0.609
INDENO Between Groups 0.937 2 0.469 0.277 0.758
BENZPERY Between Groups 5.123 2 2.562 2.39 0.097
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Sum of Squares df Mean Square F Sig.
NAPH  Between Groups 3.674 2 1.837 1.107 0.335
ACENA  Between Groups 10.482 2 5.241 0.723 0.488
ACENAPH  Between Groups 0.666 2 0.333 0.345 0.709
FLUO  Between Groups 22.925 2 11.463 0.59 0.556
PHENAN  Between Groups 16.271 2 8.136 0.521 0.596
ANTHRA  Between Groups 53.242 2 26.621 1.8 0.171
FLOURAN  Between Groups 15.623 2 7.811 0.562 0.572
PYR  Between Groups 19.046 2 9.523 0.414 0.663
BENZANTH  Between Groups 124.373 2 62.187 0.741 0.48
CHRY  Between Groups 155.926 2 77.963 0.761 0.47
BENZFLOU  Between Groups 16.988 2 8.494 0.841 0.434
BENZPYR  Between Groups 0.476 2 0.238 0.039 0.962
DIBENZ  Between Groups 3.987 2 1.993 1.194 0.308
INDENO  Between Groups 6.029 2 3.014 1.844 0.164
BENZPERY  Between Groups 7.052 2 3.526 3.355 0.039
TPAH  Between Groups 1298.424 2 649.212 2.46 0.091
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Naphthalene NIl <\, SK <y, <y, SK
Acenaphthylene NA - - - - -
Acenaphthene NA - - - - -
Fluorene R SK <y, >9, <, <,
Phenanthrene NN <\, <y, <\, <y, <y,
Anthrancene N <\, <y, >\, <y, <y,
Fluoranthene NIRY] <\, >9,. <\, <y, <y,
Pyrene N >, >, <y, <y, <y,
Benz(a)anthrancene ofovY >4, >, >, >, >,
Chrysene ./e0Y >\, <y, <y, >Y . >) .
Benzo(b, k)fluoranthene NA - - - - -
Benzo(a)pyrene N1 >\, <y, <y, <y, >,
Dibenzo (a,h) N <y, >, >\, >, >,
anthrancene
Benzo(ghi)perylene NA >\, <y, <y, <\, <y,
Indo(1,2,3-cd) pyrene NA - - - - _
TPAHs ¢ >1,. <y, <y, <\, <\,

S Il a byw (ANOVA) b sl 3 BT cwd -Y-0 Cmign Jou
(\YAY) 535 SLsd 2ei 039> Caliso Jgud 33 (Wgwy) SwilogyT

Sum of

Squares df Mean Square F Sig.
NAPH Between Groups 0 7 0 0
ACENA Between Groups 0 7 0 . 0
ACENAPH Between Groups 0.182 7 0.026 1 0.455
FLUO Between Groups 0.106 7 0.015 1 0.455
PHENAN Between Groups 0 7 0 . 0
ANTHRA Between Groups 0.004 7 0.001 1 0.455
FLOURAN Between Groups 0.631 7 0.09 1 0.455
PYR Between Groups 0.052 7 0.007 0.889 0.53
BENZANTH Between Groups 1.43 7 0.204 2.94 0.023
CHRY Between Groups 0.556 7 0.079 0.89 0.529
BENZFLOU Between Groups 6.631 7 0.947 0.835 0.569
BENZPYR Between Groups 2.078 7 0.297 0.84 0.565
DIBENZ Between Groups 0.187 7 0.027 0.581 0.764
INDENO Between Groups 0.046 7 0.007 1 0.455
BENZPERY Between Groups 0 7 0 . 0
TPAH Between Groups 16.189 7 2.313 0.77 0.618
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Abstract :

Recently, the ecology of the Caspian Sea coastal has undergone with increasing development of human activities
and industrial wastewater discharge. Therefore, considering the current situation, evaluate of pollutants issue in
the Caspian Sea is very important.

Results of this study showed that levels of heavy metals (Cd, Cr, Cu, Fe, Pb, and Zn) of water had lower than
standard and also acceptable for aquatic life. Significant accumulation of metals such as Co, Cu and Cr in the
sediment was observed at transect Sefidrood and Anzali in comparison with six other transects (Turkmen,
Amirabad, Babolsar, Noshar, Tonekabon and Astara) and for Ni at transects Sefidrood and Astara compared
with six other transects (Turkmen, Amirabad, Babolsar, Noshahr, Tonekabon and Anzali) (P<0.05). The amount
of Zn in fish muscle Liza saliens was maximum and then metals such as Fe, Cu, Pb, Cd, Ni, Hg and Co were
recorded (P<0.05). In the north of Iran, two kind of bony fish, such as R..frisii kutum and Liza.s have maximum
catchments as compared with other bony fish in the Caspian Sea. Based on calculation of risk of Target Hazard
Quotient (THQ), we obtained THQ was less than one for all metals in young and adults human. Thus,
consumption of R..frisii kutum and Liza.s per capita with 6 kg will not be at the risk for young and adults.
Among of oil derivatives, polyaromatic hydrocarbon (PAHs) is hazardous compounds in the environment.
Environmental Protection Agency (EPA) was announced 16 compositions of PAHs as an index. The results of
this project showed that concentration of two and three rings of PAHs was lower than 4, 5 and 6 rings of water,
sediment and fish at most stations and seasons. Among of 16 PAHs, only Benz(a)anthracene, chrysene,
Benzo(a)pyrene and Dibenz (a, h)anthracene compounds were contained with ecological risks (HQ) more than
one in the water and sediment. In addition, three compounds such as Chrysene, Benz(a)anthracene and
Benzo(a)pyrene were observed in the edible fish tissues (Liza.s and R..frisii kutum) which have high ecological
risks in the water and sediment.

During four seasons (spring, summer, fall and winter), maximum concentration of organochlorine residue in the
surface water (5m depth) were belong to (-Endosulfan (Turkmen), Dieldrin (Babolsar, Tonekabon) and
endosulfan sulfate (Astara) and at 10m depth were y-BHC, Dieldrin compounds (Tonekabon), DDT (Turkmen)
and Aldrin (Babolsar). This values at 50m depth were belong to y-BHC (Anzali), 5-BHC (Tonekabon), Dieldrin
(Amirabad), and heptachlor (Amirabad). Maximum percentage of organochlorine pesticides residue in the
sediments was belonging to only Aldrin compound at stations Turkmen, Babolsar and Tonekabon. In addition,
maximum

concentration organochlorine pesticides residue in fish tissue (Liza.s and R..frisii kutum) was DDT and Endrin
aldehyde compounds.

Mean surfactant concentration (LAS) of surface water (5, 10 and 50 m depths) at eight transects was
0.017+0.049 mg/l. The maximum concentration of LAS were 0.084 mg/l and 0.082 mg/l in spring and summer
(Anzali transect), respectively. This value was 0.035 mg/l and 0.060 mg/l in autumn and winter (Sefidrood
transect), respectively. As a conclusion, the concentration of surfactant in the Caspian Sea basin is not critical as
compared with standard level.
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