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Table 1. Surface sediment sampling sites along an
orthogonal coatal line at depths of 10, 20, and 50 m

Location Station D(?I;h Latitude(N) Longitude (E)
T1 10 49°06'18"  37°31'18.6"
Sangachin T2 20 49°20'20.2" 37°31'19.3"
s T3 50 49°20'5.2" 37°31'43.7"
T4 10 49°00'54" 37°482.9"
Hashtpar  T5 20 49°2'4.3"  37°48'18.9"
T6 50 49°2'12.3"  37°4822.5"
——— e e
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Fig. 1. Surface sediment sampling sites along an
orthogonal coastal line at depths of 10, 20, and 50 m
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Table 2. Normal alkene concentrations (ug g-1) and the dependent parameters in the coastal sediments in Guilan

Province
Sangachin Hashtpar
Station T1 T2 T3 T4 TS5 Té6
Cp, 6.142.1 45.7+6.7 28.7+14.7 6.8+1.2 34.4+11.8 3.6+0.8
Cis 5.542.5 75.6+10.1 62.1+18.4 7.042.5 9.0+4.6 7.042.1
Cu 23.6+11.4 12.5486.4 108.6245.1 8.545.2 1.0+0.2 40.1£16.9
Cis 20.2+6.5 42.6£15.7 29.8+16.9 7.84+4.8 1.6+0.6 34.9+16.6
Cis 94423.5 196.9+55.3 169.5+56.1 17.0+6.6 1.3+0.5 133.1£54.6
Cyy 76.1£15.6 76.7429.5 53.7+17.3 7.843.2 52.0+10.2 70.5+14.9
Pristane 50.4+19.4 45.0£12.4 45.4+12.6 43.0422.7 40.8+17.7 231.1£16.7
Cis 187.0+56.1 269.4+77.3 246.4+38.8 83.7426.9 52.3+15.8 241.9+45.3
Phytane 222.5488.4 143.7+66.7 107.4436.4 107.5+45.5 144.2+43.7 108.167.3
Cy 77.4423.2 118.9+45.3 248.6425.1 30.1£10.9 30.7+16.8 88.5+16.2
Cy 176.0+67.3 327.1+65.4 50.7421.7 143.2445.3 114.9+44.6 228.1+34.9
Ca 54.0+14.3 178.2+13.2 245.5+98.1 43.8£12.9 21.449.4 65.8+12.4
Cn 162.5+54.1 180.6£77.5 53.8+15.7 128.5463.7 66.6+12.6 167.8+36.7
Cy 77.1£32.4 141.17+36.6 220.3+56.7 51.5423.8 8.6+3.7 83.9434.6
Cu 149.0+44.4 216.1+41.9 76.6+13.8 149.5+26.7 46.9+21.6 174.0+53.9
Cys 121.1245.1 160.6+89.9 220.4+45.7 12.9455.8 51.1%12.7 145.4+44.3
Ca 133.1£54.6 223.2477.1 153.7456.3 189.0451.3 46.1£13.7 214.6+65.3
Cy 101.2+45.7 212.3+43.1 278.3+69.7 170.6+34.1 17.847.6 224.0+76.9
Cy 98.0+37.8 197.4+76.4 273.0486.5 140.9+35.9 422+16.4 180.2462.1
Cy 113.5£19.5 233.6+45.6 259.9+47.9 166.5+32 25.4+16.9 244.5425.5
Cso 86.0+37.9 128.3423.7 338.3455.3 86.0+32.8 26.5+11.1 122.1437.8
Cs 61.6£14.9 203.5+88.5 200.6+66.9 170.2+45.6 45.0+15.5 216.6+37.4
Cs, 59.0+16.4 111.2437.8 521.0£65.7 81.9+£55.9 4494214 108.3+66.4
Cs3 10.843.5 23.049.8 510.0+12.7 23.048.7 110.9+48.9 51.0£12.5
CPI 0.82 0.79 0.95 0.76 0.79 0.77
YHC 1887.6+88.6 3583.14214.4 3899.5+182.2 2845.94210.1 823.8+76.9 1836.9+123.1
U/R 5.02 6.57 6.55 5.15 48.4 3.30
nC,;/Pr 1.06 1.70 143 1.63 0.61 0.14
nC,g/Ph 1.10 1.87 1.65 224 0.36 0.77
Pr/Ph 0.22 031 0.42 0.39 0.28 0.21

CPI= carbon preference index. U/R= ratio of unresolved compounds to resolved compounds in gas chromatography.n- C,,/Pr = n-
C,4/ Pristane.n- C13/Ph = n-C,4/ Phytane. Pr/Ph= Pristane/ Phytane.
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Table 3. PAH concentrations (ng g-1) in the surface sediments at the southwestern areas of the Caspian Sea

Station T1 T2 T3 T4 TS5 T6
Naphtalene 167+11 168+18 1324.0+£104.2 143+15.1 265.4+87.4 265.4+87.4
Acenaphthylene 11.4+£2.4 123+12.1 139.24+43.8 6.5£1.5 0.74£2.6 7.0£2.6
Acenaphthene 16.4+3.6 12.7£5.5 172.5+£25.8 8.1+2.2 9.8+1.5 9.8+1.5
Fluorene 6.8+1.3 11.44+6.5 224.6+55.7 8.9+4.8 7.14£2.8 7.14£2.8
Phenanthrene 75.247.4 128.6+12.1 203.0+64.1 38.9+1.13 38.9+12.5 38.9+12.5
Anthracene 4.540.8 9.9+3.4 15.0+4.7 3.4+1.3 3.4+1.1 3.4+1.1
3-Methylphenanthrene 24.4+7.8 54.3+13.8 67.0+£21.8 33.4£15.5 13.8+4.5 13.8+4.5
2-Methylphenanthrene 28.4+7.9 65.9+£23.1 76.0£2.2 41.8+12.6 17.8£11.3 17.8£11.3
9-Methylphenanthrene 32.0+6.8 72.2+38.1 124.7+54.3 48.3+19.5 18.2+6.4 18.2+6.4
1-Methylphenanthrene 22.9+5.1 49.7+14.1 76.3+23.9 34.3+16.2 13.2+4.9 13.2+4.9
Fluoranthene 37.8+6.6 89.2+23.1 105.4+45.7 34+12.4 23.449.8 23.449.8
Pyrene 63.5£7.5 132.0+34.1 187.3+64.2 64.5+21.3 37.34+23.1 37.34+23.1
Benzo (a) anthracene 3.3+1.6 45.9+12.1 5.7+£1.4 13.0+4.3 0.4+0.1 0.4+0.1
Chrysene + Triphenylene 41.8+4.2 117.3x15.1 57.6x12.5 71.6+18.1 7.7£2.3 7.7£2.3
Benzo[b]fluoranthene 22.2+1.3 43.0£17.2 6.2£2.4 10.9+4.5 16.4+5.3 16.4+5.3
Benzo (k) fluoranthene 5.2+1.1 10.1£5.9 4.0£1.5 1.2+0.5 2.1+0.6 2.1+0.6
Dibenzo[a,h]anthracene 0.8+0.2 0.5+0.5 1.2+0.7 0.6+0.3 0.4+0.1 0.4+0.1
Benzo(e) pyrene 21.4+4.2 73.4+23.1 13.249.9 22.846.7 11.6£1.2 11.6£1.2
Benzo (a) pyrene 7.9+1.3 30.0+10.2 1.2+0.6 8.2+3.4 2.0£1.3 2.0£1.3
Perylene 89.7+6.5 172.0+34.8 23.244.6 86.5+21.4 23.3+6.6 23.3+6.6
Indeno[1,2,3-cd]pyrene 0.5+0.3 9.1£1.3 1.4+1.1 1.8+0.4 0.7+£0.4 0.7+0.4
Benzo[ghi]perylene 3.4+0.9 44.4+12.6 9.1£3.1 11.4£3.5 2.840.7 2.840.7
Total PAH 813.11+£35.6 1689.21+59.1 3965.65+102.2 852.3£22.1 626.95+49.8 626.9+49.8
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Fig. 2. An/An+Ph) and (BaA/(BaA+Chr) ratios used to
determine the origins of PAH compounds in the surface
sediments of the southwestern areas of the Caspian Sea
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Fig. 3. (Flu/Flu+Pyr) and (An/An+Ph) ratios used to
determine the origins of PAH compounds in the surface
sediments in the southwestern areas of the Caspian Sea

« (An/An+Ph) , (Flu/FlutPyr) glaceus (i AR
i3 b Dlse s PAH GLS 5 lite omd st 5550

237 sk e s

. (Azimi-yancheshameh et al. 2010; 5,5 Sl 55 55 wils S
Freydoni et al. 2013)
byl clia YoV Y Lo s 0, 5 e L

3V ) G e Sl 53 1, S50 5 Sy
S a8 B85535 s s ot o Sl 5200
(Nemati et s,ls 3w Lol gixs 31 ol @Lﬁ L gl
Jlo 55 0L e 5 (ters Gaiind 53 O gm s (sladi sus .2l 2014)
e 503 S>3 wilsnd wj@e ) Jlosle sls 5 5 VYAY

1497 Jlu P aglods

ORI [ AL S [V SR Pt PRV ERRE: -t
(Chen et al. 2005) sl sy S 51 5YL

o 5T ()55 o YYA (JShe o2 b SLS 5 0ln )
ssbeds (BaA/(BaA+Chr) o5l S ablsl 4l 5l (1) 950 &
2il /Y 5 S ) &S 5 a5 e ealizal SLLis
slitce w sl /Y0 5l ity 45 S50 53 5 S n slie
O 5en 45 45 55 L (Silva et al. 2012) was go ol |, K550
Lize e vaadllan sy e ailate Sy 55 o /VY b+ /48
PORPIENCUNEIE SPy BTV Y L EI I AT o P
o2l (=T YY) sl Cons el oms s salizal
Sl () 35 LS @ 02l (60 = VT 4Y) Sl 6 seme
Gyl /00 b /Y i el /Y e 5 2aS slie S
Gl /00 51V sl 5 ple Sl slois o 25 5
lasl&nl 53 Comed ol Ol e w30l JL 5 5 5 35 5
ozxed (Zakaria et al 2006) 55 +/VA G+ /VY o ks 5
S ghlise 53 S (MP/P) o5l 4 ¢ mld foe Sos
slite So 51 58 m 5 (5 s sLdite 51 S slie s s
r\—o—T ;3 (Zakaria et al 2006) wns o ol |, S5 ,%
S dol st S 5l 585 S ol 6ol pd ges laeKas)
sl ddbaie o s S5 eliie S 1 gaSU 5L
Lo 51 (gt ams 0031 ool s bateas oLz 51 5k
S Lo sol, LS5 ool i slacs PAHS
i iy 5 il (slagyss Ladly cpl 55 S sl SO,
Coul PAHS i —ols Laesazmsglis o 51 G L ol
o=l 3l a5 i F LY sle | S& 55 (Chen et al. 2005)
03531 18 S a5l 8 wslizal 5y 5o Es osba SO,
el Lady s sslital 5550 (gl alad ol s
o) 5 s gm0 ol aled s 1, 355 5 ol
slie g SV ¥ Lo s 0LlSen s L ol b s
F o 3 = 503 00 1 ol ) sleelasl 55 S5
syl cilan ca sl g o oS u ot L Lal&e )
Slallan U el Cnsay st crezxes (Tolosa et al. 2004)
Jlw 03 oL 5 S 3 5 Vo Ve Jla s aeiopl ooibie
Sl 5 e elite it slacans 5laslizal L S Y\
OIR S55 4 055 5o Sl rbe Dlse, 53 |, PAH

ulsligal A



dx.doi.org/10.22093/ww;j.2016.40789

e g Jloyi slo I g PAH Sl S35 Glojon 5,15

35S 5m) sas T o b 5 (05 e SN 0
L¢s (Baumard et al. 1998) 5,5 . I 3 (pf,g rjfjsls\ coe
L bl arus 53 0w 5 5 St (6,200 Gos oK) 53
Jla s a3y 5 S8 o3 as T aio Gblie (SifT
35500 5> 68 plple (sl sy S S Sl s YooY
.g;_“\g.x_.zw_:,:rj_fﬁrﬁ};u\ow PAH oS 5
bl S 5 oy e b3 (5200 G sbnlSay)
slagslbon S il Sl wilg o Sls | ol 5l zis
oleale aty o ize s il BT 5 e u g Yt gu S

{(Johnson et al. 2002) s 3& 534S
pas g aibia PAH OL.S 5 Sasdl e s L5 s by
L clio 0l ) s b gy kS GLos gt 355
PP CINCNJ SU PO N Lo Sl s S (5 gt
35 oy gy el s i ns 1880 L s o Lo sl o)
s aseta e sze SUT el 5" il T el wile]
o oloslw gy CodS s s ainy slie LB s S ol
25 (F Usaz) el TS0 (g5 5 i o) el

30 1
25 | 4 Sangachin
@ Hashtpar
20 -
=
< °
£ 15 °
% o
*
10 4
5 A
0 T T |
0 0.5 1 1.5

FI/Py

Fig. 6. (Flu/ Pyr) and Phe/An ratios used in the
determination of the origin of PAH compounds in the
surface sediments of the southwestern areas of the
Caspian Sea
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determine the origins of PAH compounds in the surface
sediments of the southwestern areas of the Caspian Sea
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Table 4. Comparison of PAH concentration (ng g-1) in the surface sediments of the southwestern stretches of the

Caspian Sea and the Canadian and US guidelines for sediment quality

Component Max Min Average ERL ERM ISQG PEL
Naphtalene 1324 143 444.6+463 .85 160 2100 6.34 391
Acenaphthylene 139.2 6.5 65.25+63.37 44 640 5.87 128
Acenaphthene 776.3 8.1 165.96+305.84 16 500 71.6 9.88
Fluorene 224.6 7.1 51.65+86.43 19 540 221 144
Phenanthrene 203 28.9 109.89+61.85 240 1500 7.86 544
Anthracene 15 3.4 8.245.3 85 1100 9.46 245
Fluoranthene 105.4 23.4 54.3+34.06 600 5100 113 1494
Pyrene 187.3 373 96.92+61.48 665 2600 153 1398
Chrysene + Triphenylene 117.3 7.7 5271.96+1163.88 380 2800 108 846
Benzo (a) anthracene 30 1.2 9.2+10.57 260 1600 8.74 693
Dibenzo[a,h]anthracene 13 0.4 0.95+0.49 63.4 260 22.6 135
Benzo (a) pyrene 30 1.2 9.2+10.57 430 2800 8.88 763

ERL = Effects range low

ERM = Effects range median

ISQGs = Interim sediment quality guidelines
PELs = Probable effect levels
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