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Abstract

Phragmites australis, Potamogeton pectinatus, Potamogeton perfoliatus and Ceratophyllum demer-
sum were selected to study concentrations of PAHs in lotic ecosystems. Six sampling sites were
selected along Al-Hilla River and sampling was conducted in 2010 and 2011. Sixteen PAHs listed as
priority pollutants were detected in the samples collected, including Naphthalene (Nap), Acenaph-
thylene (Acpy), Acenaphthene (Acp), Fluorene (Flu), Phenanthrene (Phen), Anthracene (Ant), Flu-
oranthene (Flur), Pyrene (Py), Benzo (a) Anthracene (B(a)A), Chrysene (Chry), Benzo (b) Fluo-
ranthene (B(b)F), Benzo (k) Fluoranthene (B(k)F), Benzo (a) Pyrene (B(a)P), Dibenzo (a, h) Anth-
racene (D(b)A), Benzo (ghi) Perylene (B(ghi)P) and Indeno (1,2,3-cd) Pyrene (Ind). The results of
the study illustrate that the PAH concentration in macrophytes varies among their species. These
variances were as follows: P. australis 0.425 to 299.424 pg/g dry weight (Dw) for B(ghi)P and
B(b)F, respectively; P. perfoliatus 0.354 to 235.84 ng/g Dw for B(b)F and B(ghi)P, respectively; C.
demersum 0.996 to 162.942 pg/g Dw for Ant and B(ghi)P, respectively; and P. pectinatus 0.383 to
99.87 ng/g Dw for Ant and Nap, respectively. The accumulation potential of PAHs was also inves-
tigated by calculating the Bioconcentration Factor (BCF) and Bio-sediment Accumulation Factor
(BSAF). The ranges of BCF ratios were 0.05 to 5334.5, 0.08 to 1602.5, 0.01 to 536.6, 0.16 to 1882 in
P. australis, P. perfoliatus, P. pectinatus and C. demersum, respectively. The range of BSAF ratios
were 3.14 to 1041.6 and 1.5 to 2920.8 in P. australis and P. perfoliatus, respectively.
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1. Introduction

The race to build factories in different countries of the world increases environmental degradation caused by
various pollutants and one of these pollutants is polycyclic aromatic hydrocarbons (PAHs). PAHSs are a class of
organic compounds consisting of two or more aromatic rings [1]. Based on their formation, PAHs can be pyro-
genic, petrogenic, diagenic or biogenic [2] [3]. Pyrogenic PAHSs are derived from the incomplete combustion of
various fuels, oil and gas, garbage, or other organic substances like tobacco or charbroiled meat [4].

PAHs exist in the environment and are distributed in both aquatic and terrestrial environments. Due to their
properties such as low aqueous solubility and hydrophobic nature, PAHs are most likely found bound in soils
and sediments, and accumulated in the food chain, due to affinity to fatty tissues of organisms [5]. PAHs consti-
tuents of non-aqueous phase liquids, make them largely unavailable to microorganisms [6]. Of particular interest
in the environment is the acute lethal and sub-lethal toxic effect in freshwater organisms at very low aqueous
concentrations [7].

The uptake of large molecules by plant cells is difficult depending on the structure of the cell wall system, es-
pecially when they are lipophilic [8].

Prasad et al. [9] revealed that aquatic plants have the ability to uptake bioavailable compounds through their
thin cuticle. Rooted aquatic plants have a bioavailabitiy role [10] [11].

Most plant species are sensitive to PAHs to some degree since PAHSs can limit primary productivity and con-
strain total biological activity in an ecosystem [10]. Accumulation of PAHSs by plants represents an entry point
of hazardous compounds into the food web, initiating a biomagnification process [12] [13]. Plants can be used as
a guard species for PAH contamination detection in the environment [14]. Further, a rapid assessment of nega-
tive impacts of PAHs can be detected by using plants as a bioindicator [15] [16]. As an added benefit, bioindica-
tors reveal a great deal about the underlying mechanisms of toxicity [17] [18]. Plants that can tolerate contami-
nated sites can generate a large biomass to remediate PAHs [8] [19].

In aquatic systems, assimilation of contaminants by plants is rapid and efficient, even from sediment, and be-
cause of higher affinity of organics to plant tissues than the aqueous phase, the BCFs can be very high [20].
Plants can also assimilate organics following aerial deposition on the leaves [21], thus the contaminants received
in this manner can be highly toxic, and represent an important entry point of organic compounds into the food
chain. Plants grown in areas with high PAH loads in the soil or air have high bioconcentrations of PAHs [12],
because PAHSs are lipophilic and tend to accumulate in plants, especially in membrane bilayers [20] [21].

The present study dealt with the fate of PAHs in some macrophytes, in addition to their concentrations and
origin of some PAHSs in macrophytes.

2. Material and Methods
2.1. Study Area

Six sites were selected along Al-Hilla River (Figure 1) as described in Hassan et al. [22] and Salman et al. [5].
Table 1 illustrates global positioning system (GPS) locations.

The studied macrophytes (Phragmites australis, Potamogeton pectinatus, Potamogeton perfoliatus and Cera-
tophyllum demersum) were observed at all sites. Samples were collected between March 2010 and February
2011.

Table 1. Coordinates for studied sites.

Site Longitude (East) Latitude (North)
1 44°18'16.62" 32°40'52.32"
2 44°16'40.33" 32°46'26.40"
3 44°23'19.92" 32°33'13.57"
4 44°26'22.85" 32°28'59.81"
5 44°29'16.15" 32°25'18.51"
6 44°39'10.41" 32°22'17.77"
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Figure 1. Map of the study area.

Data pertaining to the physicochemical characterization and PAH concentrations in water and sediment of Al-
Hilla River was taken from Hassan et al. [22].

2.2. Macrophytes Sampling

Macrophyte samples were sequentially washed with river water, tap water, and distilled water, dried at 15°C and
wrapped in aluminum. Fresh samples were also wrapped, labeled and frozen at —20°C for subsequent lipid con-
tent determination [23].

2.3. Extraction of PAHs

Dried specimens were sieved (63 mesh sieve) and 10 g of plant material were well mixed in a metal blender
with 50 ml acetone for 5 minutes. The solution was left overnight in a dark and cold location. After shaking for
one hour, the solution was separated and the extract placed in dark glass containers. This step was repeated three
times [24]. The solution was centrifuged at 2500 RPM for 5 minutes. Then the supernatant solution was trans-
ferred to a flask with 50 ml Hexan and 100 ml deionized water. Upon separation, the upper layer was collected
and 50 ml KOH (20 ml aqueous solution in ethanol) was added. The solution was reduced to 10 ml by rotary
evaporator and transferred to a cleanup process [25].

2.4. Clean-Up Process

Because the extract contains complex components, the clean-up procedure was undertaken by column chroma-
tography using 25 cm of deactivated silica gel (60 - 120 mesh) packed in a glass column (250 mm x 15 mm in-
ternal diameter) and Tetrachloromethane for six hours, followed by heat activation at 250°C for 12 hours and
then cooled and deactivated with water (10%). After deactivation, the solution was stored in an air—tight dark
glass and used within 72 hours. The column was pre-eluted with 10 ml Hexane and the extract was passed
through the column and eluted with 50 ml Benzene to separate all PAH compounds [23] [26].
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2.5. Lipid Determination

In a pre-weighted round flask, add 10 g wet homogenate tissue and 50 g anhydrous sodium to 250 ml of acetone.
Allow to evaporate to dryness and re-weigh. The difference between these weights of flask referrers to lipid con-
tent [24].

2.6. Blank

Laboratory reagents and glassware were analyzed with each sample to check if any interference that may have
been introduced during the extraction and analytical procedure [27] [28].

2.7. Analysis of PAHs

Both hexane and benzene were evaporated to dryness by rotary evaporator and the residue was dissolved with 1
ml (90:10) Acetonitrile:Methanol. The extract was stored at —20°C until analysis by high performance liquid
chromatography.

2.8. Standard Solution

A standard solution of sixteen US EPA priority PAHs was obtained from Sigma-Aldrich Corporation in order to
compare the retention times and spectra of compounds in the standard with those in the sample. The standard ca-
libration contains the following compounds:

Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene [PHE], Anthracene [ANT], Fluoran-
thene, Pyrene, Benzo(a) anthracene [B (a)A], Chrysene [Chry], Benzo(b)Fluoranthene [B(b)F], Benzo(k) Fluo-
ranthene [B(K) F], Benzo(a) pyrene [B(a) P], Dibenzo (a,h) anthracene [D(a,b) A], Benzo (ghi) Perylene [B(ghi)
P] and Indeno(1,2,3-cd) pyrene [Ind].

2.9. Bioconcentration Factor (BCF) and Biosediment Accumulation Factor (BSAF)

BCF(l/g) = PAH concentration in specimen/PAH concentration in water.
BSAF = PAH concentration in specimen (ug/g)/PAH concentration in sediment (ug/g) x Total Organic Car-
bon (ug/g)/Lipid content (ug/g).

2.10. Toxicity of Carcinogenic PAHs

Seven carcinogenic PAHs (c-PAHSs) were selected according to EPA (1993): B (a) P, B (a) A, B (b) F, B (K)F,
Chry, DbA and Ind (Table 2). The toxicity equivalency factor (TEF) was calculated (see below) to assess the
risks of a mixture with a related compound Method B cleanup level (EPA, 1993) relative to B (a) P).

TEF = Concentration of c-PAH x equivalent related compound.

Total Toxicity Equivalence Concentration (TTEC) = XTEF.

It must not exceed the method by cleanup level for B (a) P (0.137 ug/g) [29] [30].

The average concentration for each PAH compound and maximum mean for it were compared with standard
criteria in Table 2.

Table 2. Standard criteria for Equivalent c-PAHSs [31].

Compounds Equivalent

B (a) P 1

B (@A 0.1

B (b) F 0.1

B (k) F 0.1
Chry 0.01
DbA 0.1
IND 0.1
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2.11. PAH Origin

The PAH origin was assessed according to ratios (Phe/Ant, Chry/BaA, Flu/Pyr, Flu/(Flu + Pyr) and low mole-
cular weight/high molecular weight [32] [33].

2.12. Statistical Analysis

The results were analyzed statistically by SPSS (ANOVA, Mean and Standard Deviation) and Canoco for Win-
dows 4.5 (CCA) for the relationships among all tests in the current study.

3. Results and Discussion

Many studies have considered lower and higher plants as bioindicators and biomonitors [34] [35], and also the
usage of aquatic plants in wastewater treatment, detoxification and phytoremediation [36]-[38].

The results of quality and quantity of PAH compounds in selected aquatic plants are shown in Tables 3-6.
The characteristic values of selected molecular ratios for pyrogenic and petrogenic origins of PAHs in the stu-
died plants are Tables 7-10.

The mean range of PAHs in macrophytes were as follows: P. australis 0.425 - 299.424 ug/g DW, P. perfo-
liatus 0.354 - 235.84 ug/g DW, C. demersum 0.996 - 162.942 ug/g DW, and P. Pectinatus 0.383 - 99.87 ug/g
DW (Figure 2). The variation between aquatic plants may be due to the ability of P. australis to absorb the pol-
lutants from sediment and water [39] [40], and its high growth rate and luxury accumulation of major nutrients
in stems, roots, and rhizomes [41]-[43]. Other studied macrophytes exhibit lower values because these plants are
non-rooted submerged macrophytes, which depend on compound availability in the water column [44] [45].
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Figure 2. PAHs concentrations in the studied sites for P. perfoliatus, P. australis,

C. demersum and P. pectinatus.
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Table 3. Values of PAHs compounds in P. pectinatus during March 2010-February 2011 (S = Speing, S = Summer, A =
Autumn, W = Winter).

PAHs Compounds (ng/g)
Nap Acpy Acp Flu Phen Ant Flur PY B(aA Chry B(b)F B(k)F B(a)P D(b)A B(ghi)P IND

Station Season

S 7356 7126 ND ND 506 076 ND ND 1055 723 176 755 372 5291 8456 245
S 1475 16.71 103 000 ND ND 058 104 167 ND ND 182 0.16 1036 2247 0.96
A 79.93 7899 6.07 3080 ND ND 275 ND ND 358 333 7.90 3.00 5044 84.03 258

! W ND ND ND 115 098 101 730 398 781 7.69 ND 1131 305 ND 8248 239
Mean 59.95 41.74 3.69 799 385 044 361 201 501 462 127 714 248 2843 6838 209
+S.D. 30.34 39.72 3.74 1522 291 051 280 180 499 359 160 393 158 27.19 30.62 0.76

S 62.83 98.01 535 745 206 ND ND 527 1335 432 116 ND 396 88.13 6249 134
S 1255 ND ND ND 048 000 ND ND 201 054 ND 000 048 0.00 2501 0.55
A 6729 9728 ND ND 234 097 ND ND 1197 360 ND 444 200 8114 8427 155

? W  70.67 91.67 1011 125 ND ND 807 ND ND ND 131 697 ND 8417 79.66 279
Mean 53.33 80.10 7.73 217 166 038 382 252 683 211 068 285 161 63.36 6286 1.56
+S.D. 2337 3123 520 356 082 047 370 291 680 216 065 345 1.78 4233 2691 0.92

S 5422 59.78 333 ND ND 093 1239 769 6.34 ND 122 398 189 47.39 8166 1.03
S 1259 ND ND ND 046 000 000 289 026 0.00 064 038 ND 0.00 ND 0.73
A 6633 ND ND ND 138 191 1355 000 7.78 725 297 288 ND 47.78 ND 124

: W 5724 ND ND ND 011 0.05 1093 9.11 1298 1567 162 322 ND 4535 8659 1.14
Mean 4759 46.13 170 7.81 049 0.72 922 492 684 573 161 262 062 3513 4206 1.03
+S.D. 3145 39.18 146 6.82 0.62 0.89 623 360 422 745 099 155 0.89 2344 48.60 0.22

S 8223 3681 ND ND 096 105 451 ND 962 561 232 417 ND 3241 160.61 ND
S 2336 1142 ND 134 025 ND 159 048 ND 089 014 196 083 ND 77.34 0.92
A 4416 4282 1058 840 177 ND 356 556 664 896 ND 232 234 581 10531 1.06

! W 2997 7725 1392 887 148 062 684 580 840 520 136 171 ND 3392 ND 159
Mean 44.93 42.07 6.12 4.65 111 042 4124 296 6.17 517 096 254 0.79 18.03 8581 0.89
+S.D. 2633 2711 720 4.63 066 051 217 314 428 331 109 111 110 17.64 66.85 0.66

S 14748 86.69 ND 278 359 ND 850 4.08 ND 620 11.32 1081 000 ND 170.38 9.45

S 3213 2157 ND 059 097 ND 126 020 ND 133 001 076 188 ND 3348 0.25

A 12101 9825 745 358 113 159 948 ND 1336 4.25 10.06 1215 948 ND 87.71 09.11

> W 9890 90.97 ND 4.73 0.07 0.07 839 510 1583 437 2432 1285 ND 8358 8853 ND
Mean 99.88 7437 186 292 144 042 691 234 10.68 403 1143 914 283 37.03 95.02 470

+SD 4934 3552 174 207 150 078 379 262 720 201 997 565 451 4346 56.45 5.28

S 39.10 7535 543 1223 ND 236 662 654 445 491 104 ND ND 2508 184.78 0.33

S 12.37 1855 348 226 042 ND ND 125 ND 132 ND 125 078 ND 2298 ND

6 A 28.71 5760 ND 1356 128 266 457 ND 555 378 ND 477 099 1959 108.70 ND

W 1163 39.99 8.18 1846 299 120 6.76 680 513 493 077 757 ND 6363 ND 115
Mean 22.95 47.87 427 1163 117 155 449 365 378 373 045 340 044 2707 7911 0.36
+S.D. 1334 2430 343 679 132 121 315 352 256 169 053 343 051 2663 8455 0.54
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Table 4. Values of PAHs compounds in P. australis during March 2010-February 2011 (S = Spring, S = Summer, A = Au-
tumn., W = Winter).

PAHs Compounds (ug/g)
u Phen Ant Flur PY B(aA Chry B(b)F B(k)F B(aP DbA B(ghi)P IND

Station Season

Nap  Acpy Acp F
S 108.53 107.13 36.19 ND 226 156 ND 1323 3351 2326 ND ND 1306 ND 469.30 11.34
S 4254 9745 ND ND 6.01 137 750 ND 327 952 164 234 1024 4151 15429 044
A 240.34 12352 1513 ND 1.33 151 1398 1071 318 ND 175 6.70 16.85 73.59 186.82 21.99

! W 4652 8251 192 1393 095 ND 1673 9.70 1365 9.03 ND 470 252 88.71 267.85 14.42
Mean 109.48 102.65 13.31 3.48 264 111 955 840 1340 1045 085 344 10.67 50.95 26956 12.05
+SD. 2932 17.20 16.67 804 231 074 745 579 1427 959 098 290 6.06 39.25 14145 8.93

s ND 14417 ND 111 025 026 062 066 075 011 145 449 280 195 10583 ND
S 2258 4502 ND ND 415 092 384 ND 343 1035 170 237 10.58 4397 121.09 0.37
A 20042 7109 1395 ND 1.14 1.37 1033 630 400 ND 160 6.3 14.82 7112 17852 22.70

? W 4593 8146 13.71 13.02 049 ND 10.38 14.11 1202 853 ND 470 116 6572 251.25 14.28
Mean 67.23 8543 692 353 151 064 629 527 505 475 118 442 734 4569 16417 9.34
+SD. 9075 4204 798 634 179 062 487 654 485 547 079 155 646 3143 6594 11.11

S 9538 187.16 030 070 0.06 ND 1043 017 1230 142 ND 012 ND 3525 262.65 1.11
S 4254 4240 ND 17.68 405 091 3.66 1340 425 1118 ND 239 ND 4479 20409 0.44
A 24234 9730 ND ND 208 589 1069 6.74 1213 1068 170 670 21.60 79.33 203.42 21.99

: W 5650 9037 13.71 1523 1.05 ND 17.09 528 1527 1070 0.00 470 931 47.66 101.85 19.38
Mean 109.19 10431 350 840 1.81 1.70 1047 6.40 10.90 850 043 348 7.73 5176 193.00 10.73
+SD. 9153 6038 6580 935 170 2.82 548 545 472 472 085 284 1023 1913 66.81 1154

S 11534 2987 027 200 062 ND 080 061 1043 975 ND 070 ND 4346 179.65 8.19
S 4653 9483 ND 4368 7.78 4.06 2557 17.81 1238 1035 ND 268 ND 47.26 170.89 051
A 22238 9704 ND ND 114 611 7.04 665 2026 1068 175 3.83 2092 7112 12042 21.28

) W 11778 133.89 16.07 32.52 477 ND 10.75 1500 20.15 16.86 2.11 1045 7.95 72.29 33425 ND
Mean 12551 88.91 4.08 1955 358 254 11.04 10.02 1581 11.91 097 4.42 722 5853 20130 7.50
+S.D. 7253 4324 799 2191 335 3.05 1052 7.86 514 332 112 422 987 1529 92.39 9.92

S 15526 21337 7.77 1501 248 ND 11.76 1827 1857 1807 ND 073 ND 59.87 262.65 29.42
S 8645 14726 ND 46.28 806 4.38 813 390 13.19 1118 ND 239 ND 4808 253.89 1.22
A 10398 14560 135 ND 1.69 051 1755 1371 139 ND 116 0.86 6.3 4226 223.15 1161

° W 28543 160.10 27.87 71.53 850 ND 14.40 13.24 28.28 1852 2.32 11.02 13.38 80.50 367.45 ND
Mean 157.778 16658 9.25 33.20 5.18 122 12.96 12.28 1536 11.94 087 3.75 4.88 57.68 276.78 10.56
+SD  89.96 31.85 12.86 32.00 359 2.11 399 602 1121 864 110 490 636 1688 62.77 13.60

S 17017 14444 ND 10.74 3.96 4.16 2306 ND 2222 600 ND 408 ND 27.74 364.64 047
S 8845 14988 ND 4498 7.87 411 667 826 994 1202 ND 271 ND 5629 21239 1.93
A A 14254 12326 ND ND 003 10.62 23.39 12.24 2400 402 070 1532 18.89 62.91 28642 37.91

w 24551 15748 24.33 67.62 840 ND 24.03 28.68 ND 16.86 216 9.30 12.02 78.86 33425 25.33
Mean 161.67 143.77 6.08 30.84 5.06 4.72 19.29 1229 14.04 9.72 0.72 7.87 7.73 56.45 299.42 16.410

+S.D. 6539 14.68 12.16 35.86 3.89 4.38 842 13.61 11.25 584 101 573 935 2135 66.35 18.30
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Table 5. Values of PAHs compounds in C. demersum during March 2010-February 2011 (S = spring, S = summer, A = au-
tumn, W = winter).

PAHs Compounds (ng/g)
Nap Acpy Acp Flu Phen Ant Flur PY B()A Chry B(b)F B(k)F B(a)P D(b)A B(ghi)P IND

Station Season

S 66.11 ND ND ND 214 ND ND 1328 1027 687 081 035 538 2404 157.07 134
S 2189 ND ND 2783 421 ND ND 083 791 1018 0.14 120 ND 1237 78.16 0.43
A 62.60 26.78 8355 1569 ND ND 19.08 938 ND ND ND 393 968 1517 11316 7.81

! W 5427 2861 ND ND 557 130 1957 831 11.99 13.69 5.03 512 ND 19.84 11342 4.65
Mean 51.22 16.16 61494 10.88 555 153 966 795 11.82 7.69 149 265 3.76 17.85 11545 3.56
+S.D. 20.17 13.86 4131 1350 344 156 1115 520 390 583 238 224 468 514 3231 3.36

S 62.12 ND 6424 ND 196 051 ND 445 214 771 076 0.06 470 15.83 130.60 15.83
S 1790 6.28 ND 2653 328 363 ND 028 7.66 11.01 0.13 123 ND 1245 67.67 114
A 70.61 24.42 90.35 13.09 933 ND 11.35 494 1629 ND ND 335 900 8.60 11054 7.10

? W 5227 826 8847 ND 462 085 1592 789 874 1203 513 570 ND 20.66 105.56 4.44
Mean 50.72 9.74 60.77 990 480 125 6.82 439 871 7.69 151 259 342 1438 10359 7.13
+S.D. 2313 1040 4221 1268 321 162 808 313 582 544 244 248 432 512 2627 6.29

S 6731 11.70 9744 ND 221 112 1461 749 ND 7.04 081 064 ND 3225 156.81 3.46
S ND ND ND 3043 430 377 ND 028 710 1185 0.19 129 ND 1319 13059 1..14
A ND ND 11335 1322 9.61 ND 1098 920 1637 ND 266 3.93 10.36 9.42 136.75 7.17

: W 7755 26.87 121.70 26.03 0.88 0.70 15.00 10.42 6.92 797 073 914 ND ND 227.62 8.63
Mean 59.82 9.64 8312 1742 425 140 1015 685 760 6.71 110 3.75 259 1371 162.94 5.10
+S.D. 2433 1274 56.32 13.71 3.83 164 7.00 454 671 493 107 386 518 1354 4454 341

S 100.88 ND ND 4332 ND ND ND 1178 382 530 046 ND ND ND 15195 141
S 5193 ND ND 483 328 ND ND 301 742 852 019 ND ND 14.01 5195 051
A ND ND 11995 1582 ND ND 2244 1053 ND ND 282 9.67 17.15 50.46 139.37 7.17

) W 11751 2451 130.00 13.03 0.87 061 2427 954 6.11 805 079 ND ND ND 253.84 10.04
Mean 9519 1291 8541 1925 3.67 095 11.68 871 855 547 106 6.13 4.29 16.12 149.27 4.78
+S.D. 29.63 1149 5920 16.71 478 127 1350 334 573 391 119 376 857 2382 8268 458

S ND ND ND ND ND ND 2145 2436 1588 1626 1.79 ND ND ND 17230 3.43
S ND ND 3357 ND ND ND ND 1033 807 1351 087 416 523 46.02 7816 ND
A ND ND 13145 17.12 11.47 098 3354 ND ND ND 3.08 9.67 1029 5210 179.86 9.29

> W 155.88 ND ND 52,06 ND ND 36.65 19.39 1751 10.73 0.83 ND ND 121.18 172.13 15.13
Mean 38.97 1423 7438 2523 437 124 2291 19.09 10.37 10.12 164 529 3.88 54.83 150.61 6.96
+SD 8258 2846 6790 22.09 502 188 1661 6.18 804 7.11 105 371 493 49.97 4843 6.66

S ND ND 99.04 3117 246 110 1767 194 929 813 ND ND 1140 590 14380 3.30
S 25.65 0.91 ND ND 426 ND ND 16.12 989 469 203 ND ND ND 39.09 0.73
6 A ND ND 9825 1452 961 094 21135 ND ND ND 271 910 1036 51.28 144.61 7.88

W 18592 ND ND 447 ND ND 2263 056 125 240 031 ND ND 129.39 139.51 8.06
Mean 13294 1151 5890 1254 4.27 100 1541 7.06 511 380 142 565 544 46.64 116.75 4.99
+S.D. 9351 2242 4848 1382 383 0.79 1048 7.24 520 345 113 469 6.29 59.73 51.82 3.59
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Table 6. Values of PAHs compounds in P. perfoliatus during March 2010-February 2011 (S = spring, S = summer, A = au-
tumn, W = winter).

PAHs Compounds (ug/g)
Nap  Acpy Acp Flu Phen Ant Flur PY B(A Chry B(b)F B(k)F B(a)P D(b)A B(ghi)P IND
S 5042 ND 109.02 1821 0.0 0.14 1891 ND 267 266 024 832 ND 4337 26784 721
S 37.88 12.02 2785 2741 ND ND ND 3.05 17.17 6.21 ND 2727 6.21 67.31 4491 416
A

Station Season

57.84 27.65 101.05 3391 450 224 ND 1470 2367 538 ND 286 6.61 73.05 4543 9.83

! W 10968 ND 11352 5898 152 111 17.06 1682 1004 ND 118 393 ND 26.93 16853 581
Mean 6396 9092 87.86 3463 153 087 899 864 1339 356 035 1059 321 5266 131.68 6.75
+SD. 3157 1311 4033 17.46 209 1.03 1041 835 006 281 056 11.36 3.70 21.43 107.80 2.39
S 5030 ND 9736 183 001 001 11.01 ND 104 183 023 812 ND 4255 262.60 7.28
S 5185 1122 2125 2871 301 097 ND 322 822 ND ND 231 410 37.76 3494 7.09
A 5385 2412 9615 3261 422 187 ND 905 1554 121 ND 280 546 7059 40.19 12.75

? W 6977 ND 9052 71.98 059 021 1276 540 028 ND 003 1.06 ND 231 89.88 12.89
Mean 56.44 911 7632 3378 196 077 594 442 627 076 006 357 239 3830 106.90 10.00
+SD. 900 1156 36.83 2891 199 084 689 380 7.4 091 010 3.11 281 28.02 106.70 3.25
S 5429 ND 11636 313 011 003 1481 ND 267 266 044 1386 ND 34.34 39367 8.70
S 5385 1350 39.52 3001 303 093 ND 278 839 ND ND 263 478 5417 4019 7.30
A 6368 2529 11755 56.02 6.75 409 ND 6.02 1083 1007 ND 272 614 78.80 66.40 8.72

: W 7993 ND 12033 5550 ND 698 1430 4.33 1507 11.26 515 1129 ND 63.50 262.33 11.58
Mean 6394 970 98.44 3616 247 300 728 328 924 600 140 7.62 273 57.70 190.65 9.07
+SD. 7048 1219 39.31 2514 317 316 840 255 518 551 251 581 3.20 1859 167.76 1.79
S 5828 ND 12719 326 022 007 2300 ND 348 283 050 11.08 ND 3598 396.29 10.82
S 7381 1232 5425 1831 405 142 ND 698 351 257 ND 165 356 4843 4019 ND
A 17360 2401 15725 57.32 6584 413 ND 1646 1164 1090 ND 280 627 81.26 92.62 8.64

! W 26035 ND 11652 6548 059 968 21.71 1448 17.36 ND 523 1255 ND 67.98 273.38 12.89
Mean 14376 908 11380 36.09 292 3.83 11.18 948 900 4.08 143 7.02 246 5841 200.62 8.09
+SD. 9808 1152 4328 3004 313 425 1291 752 676 472 254 559 304 20.13 164.30 5.66
S 7294 ND 16733 ND 183 905 2948 219 927 796 992 ND 126 52.86 39565 1.66
S 7780 ND 3255 2351 414 097 000 953 359 ND 106 1.68 ND 47.61 4543 ND
A 18961 ND 14855 6651 7.87 10.00 000 21.61 1253 ND 1159 1742 ND 9044 202.72 ND

> W 18931 ND 10822 66.78 7.52 10.14 30.28 20.24 18.17 ND 10.48 1456 ND 86.18 299.60 19.96
Mean 13242 14.44 11416 3920 534 754 1494 1339 10.89 7.07 826 842 041 6927 23585 541
+SD 6590 1837 5973 3311 287 440 1725 921 610 7.78 484 885 059 2215 149.39 9.73
S 6428 ND 17716 150 006 003 ND 1091 6.11 307 7.66 1091 ND 3561 21809 ND
S 2990 ND 3255 1051 042 007 ND 070 440 099 001 168 ND 3940 97.86 ND

3 A 3389 2311 17425 11.94 051 008 21.94 726 ND ND 9.02 11.97 14.29 31.19 103.10 16.70

W 96.42 50.91 14055 057 041 ND 2098 3.08 ND ND 864 1244 ND 60.93 258.70 40.19
Mean 56.12 1851 131.13 6.13 0.35 0.04 10.73 549 263 102 6.33 9.25 357 41.78 169.44 14.22

+S.D. 30.90 2419 6778 592 019 0.03 1239 452 311 144 425 508 714 1319 8130 19.01
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Table 7. Characteristic values of selected molecular ratios of Pyrogenic and Petrogenic origins of PAHSs in P. australis dur-
ing the study period.

Phe/Ant Chry/BaA Flur/Py Flur (Flur + Pyr) LMW/HMW
Pyrogenic origin <10 <1 >1 >0.5 <1
Petrogenic origin >15 >1 <1 <0.5 >1
Station Results of of the present study

1 2.373 0.779 1.135 0.531 0.606

2 2.362 0.939 1.194 0.544 0.663

3 1.065 0.773 1.636 0.62 0.757

4 1.406 0.753 1.101 0.524 0.75

5 4.236 0.777 1.055 0.513 0.913

6 1.072 0.692 1.568 0.61 0.793

Table 8. Characteristic values of selected molecular ratios of Pyrogenic and Petrogenic origins of PAHSs in P. perfoliatus
during the study period.

Phe/Ant Chry/BaA Flur/Py Flur (Flur + Pyr) LMW/HMW
Pyrogenic origin <10 <1 >1 >0.5 <1
Petrogenic origin >15 >1 <1 <0.5 >1
Station Results of of the present study

1 1.752 0.266 1.071 0.517 0.758

2 2.5498 0.121 1.345 0.573 0.971

3 0.822 0.649 2.218 0.689 0.683

4 0.763 0.453 1.179 0.541 0.973

5 0.708 0.648 1.115 0.527 0.821

6 8 0.386 1.954 0.661 0.801

Table 9. Characteristic values of selected molecular ratios of Pyrogenic and Petrogenic origins of PAHSs in P. pectinatus
during the study period.

Phe/Ant Chry/BaA Flur/Py Flur (Flur + Pyr) LMW/HMW
Pyrogenic origin <10 <1 >1 >0.5 <1
Petrogenic origin >15 >1 <1 <0.5 >1
Station Results of of the present study

1 8.73 0.923 1.799 0.642 0.998

2 4.325 0.309 1.518 0.602 0.983

3 0.673 0.837 1.872 0.651 0.942

4 2.659 0.837 1.393 0.582 0.779

5 3.467 0.378 2.946 0.746 0.975

6 0.754 0.987 1.23 0.551 0.668
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Table 10. Characteristic values of selected molecular ratios of Pyrogenic and Petrogenic origins of PAHSs in C. demersum-

during the study period.
Phe/Ant Chry/BaA Flur/Py Flur (Flur + Pyr) LMW/HMW
Pyrogenic origin <10 <1 >1 >0.5 <1
Petrogenic origin >15 >1 <1 <0.5 >1
Station Results of the present study
1 3.628 0.65 1.215 0.548 0.824
2 3.847 0.882 1.552 0.608 0.873
3 3.044 0.883 1.482 0.597 0.779
4 3.88 0.639 1.34 0.572 0.994
5 3.514 0.976 1.199 0.545 0.951
6 4.289 0.745 2.181 0.685 0.988

The high PAH concentration in all studied plants, dominated by B(ghi)P indicates the source of PAH pollu-
tion is likely to be municipal and medical/pathological waste incinerators [46] and can also be attributed to high
levels of automobile emissions (known to contain high levels of it relative to other PAHS) [47] [48]. B(ghi)P is
strongly adsorbed to sediment organic matter as its high molecular weight (HMW) renders it resistant to micro-
bial and photo-degradation [49]-[51], so it is expected that greater concentrations of HMW-PAHSs are detected
during the hot season.

There are significant differences in the concentration of PAHs among studies macrophytes (Figure 2). These
differences may be related to the nature of the growth substrate for studied macrophytes, tolerance to environ-
mental conditions for each species, lipid components of plant and surface area that affect the rate of interception
and accumulation of PAHs [52]-[54]. Elevated temperature and photic levels (such as during summer) contri-
bute to elevated PAH photo-degradation and can affect the uptake of pollutants in plants as a result, higher con-
centrations have been recorded during the cold season than the hot season [55].

The PAH origin in the aquatic plants is pyrogenic (Tables 7-10); Al-Hilla River is surrounded by oil fields
with flared gas, and crude oil residues and automotive exhaust. Petroleum spills were not evident during the
study period. In addition to pyrogenic origin, Al-Taee [56] and Hassan et al. [22] identified petrogenic.

The accumulation of environmental pollution in living organisms is estimated by BCF. The BCF in the aqua-
tic environment is calculated as the ratio of the xenobiotic concentration in the organism to its concentration in
the medium [57] [58]. BCF depends on the presence of other organisms or pollutants in the medium and on the
contents of lipids in living cells [59]. A greater content of lipids in the organisms causes an increase of the BCF
for hydrophobic hydrocarbons and also increases the cytotoxic activity [57].

BCF ranged from 0.05 - 5664.5 for Acp and B(a)P at Sites 4 and 1, respectively for P. australis and 0.01 -
1241 for Acp and B(a)P at Sites 6 and 2 respectively in P. pectinatus. BCF ranges in P. perfoliatus 0.08 - 1602
for Ant and B(a)P at Sites 6 and 1, respectively. BCF in C. demersum ranged from 0.16 - 1141.3 for B(b)F and
B(a)P at Sites 5 and 2, respectively. The BSAF ranged from 3.14 - 1041 for Acp and Acpy at Sites 6 and 1, re-
spectively, for P. australis, and in P. pectinatus ranged from 1.51 for Phe at Site 6 and 976.7 for Ind at Site 6.
The differentiation in results may be due to a combination of plant species, lipid content or surface area in con-
tact with water and sediment [5] [60].
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