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Abstract 

In this paper sixteen Polycyclic Aromatic Hydrocarbons (PAHs) are estimated in sediments in 

five locations along Diyala River where entering Baghdad city until flows into Tigris River, (PAHs) 

are organic compounds that contain two or more fused rings. Some of these compounds are 

classified as carcinogenic and mutagenic pollutants. Soxhlet technique is used in this work to 

extract PAHs from sediment samples with using methylene chloride as extraction solvent. High 

Performance Liquid Chromatography (HPLC) with UV-Vis detector is used for determination of 

PAHs. According to the results the maximum of total PAHs concentration in the sediment are found 

in the location No. 4 with1211.22mg/kg in summer and 211312 mg/kg in winter, while the 

minimum of total PAHs concentration are found in location No. 1 with 44342 mg/kg in summer and 

14322 mg/kg in winter. Locations numbers two three and five record values of total PAHs 

concentration with (141311, 122341 and 011322 mg/kg) respectively in summer and (11340, 

122342 and 121311 mg/kg) respectively in winter. Naphthalene, Fluorene, Anthracene and 

Fluoranthene are the most dominant compounds in summer, while Benzo [k] fluoranthene, Benzo 

[a] pyrene, Benzo [ghi] perylene, Dibenz [a,h] anthracene and Indino [121cd] pyreneare the least 

compounds presence in all sites. 
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Introduction 
Polycyclic aromatic hydrocarbons, also 

known polynuclear aromatic hydrocarbons, 

contain more than one fused rings without 

hC:\WINDOWS\hinhem.screteroatoms or 

substituents [1].United State Environment 

Protection Agency (USEPA) and the European 

Community [2-1]are classified sixteen of 

PAHs as priority pollutants Acenaphthene 

(Ace), Acenaphthylene (Acy), Anthracene 

(Anth), Benz [a] anthracene (B[a]anth), Benzo 

[a] pyrene (B[a]py), Benzo [b] fluoranthene 

(B[b]flan), Benzo [ghi] perylene (B[ghi]per), 

Benzo [k] fluoranthene (B[k]flan), 

Chrysene(Chy), Dibenz (a,h) anthracene 

(DB[a,h]anth), Fluoranthene (Flan), Fluorene 

(Fln), Indeno (1,2,1-cd)pyrene (In[121-cd]py), 

Naphthalene (Naph), Phenanthrene (Phe) and 

Pyrene (py)[1-1]. PAHs classified as important 

environmental pollutants because they have 

high stability [1], and their accumulation 

action in food chain in fatty tissues [4]. High 

molecular weight of PAHs such as B[a] py 

have carcinogenic and mutagenic action [1, 4], 

low molecular weight PAHs also have  

toxic equivalence factor [2]. PAHs introduced 

to the environment from natural and 

anthropogenic process essentially from 

incomplete combustion of fossil fuel such as 

(coal, petroleum) in power station process, 

vehicular emission and domestic heating [1,1]. 

Diyala River is important tributary of the 

Tigris River [0]. Diyala River Enters into the 

city of Baghdad from the east passing through 

areas where the sewage water are thrown into 

River this increse the pollution, then the River 

enters the Rustumiya area, where that is the 

largest sewage treatment plant in Baghdad, the 

outlet of these big plant run into Diyala River 

after treatment, then Diyala River run into the 

Tigris River. The information in literature 

regarding PAHs levels in Iraqi environment 

are very rare. The aim of this paper is to 

determine the concentrations of priority 

sixteen PAHs in Diyala River sediment in 

Baghdad at several locations. 
 

Experimental Sample collection and 

preparation 

Samples are collected from five selected 

points in summer (between 22-12 July) and in 

winter (between 22-12 January) along Diyala 

River sediment in Baghdad according to 
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APHA [12] The samples sites are distributed 

in such a way that three of them before  

Al-Rustamiya sewage treatment plant and two 

sites after the plant, as shown in Fig. (1). 
 

 
 

Fig.(7) Sites of Samples at Diyala River in 

Baghdad. 
 

2kg of sediments took from both River 

coast in each site, mix for homogenization of 

samples, then the samples dried in oven at 

42oC overnight. Weight 12 g from dried 

sediment as a test sample, mill the sample 

enter passing through 41 micron particle size 

sieve. Extract the samples by soxhlet with  

212 ml of methylene chloride as an extraction 

solvent [11]. 

Concentration the sample by using rotary 

evaporator to less than 1 ml, complete volume 

to 1 ml with methylene chloride. Samples now 

are ready to test in HPLC. 

 

 

Materials 

PAHs Standard Kit is used in this study 

was supplied from SUPELCO Analytical and 

Sigma-Aldrich GmbH/ Germany. The mobile 

phase solvents used in this study is a mixture 

of (Acetonitrile, Methanol, and Water), all 

solvents are HPLC grade supplied from 

(sigma-Aldrich, Hi Media Laboratories 

(England) & J.T Baker (Netherland) 

respectively.  

 

Instruments  

High performance liquid chromatography 

(HPLC); type Shimadzu (LC–22 AD) was 

used for separating and detecting PAHs 

compounds with Column type (EC 14264 

NUCLEOSIL 122-S C11 PAH) Stainless steel 

made, Length 112mm, I.D 434 mm, the 

column specially designed for PAHs analysis 

according to USEPA. Specification of the 

Stationary phase are as follows, support Silica, 

polymeric coated, spherical Particle shape, 

1µm Particle size, bonded phase with Special 

high-purity octadecyl-modified silica phase, 

and Pore size 122oA.  

UV-Vis detector are used (Shimadzu SPD-

22A Prominence). 

A special syringe made for HPLC type (M. 

SYRINGFE, 122F-LC) was used for injection 

22 µl of samples into the mobile phase to the 

column. 
 

Results and Discussion 

HPLC Analysis 

Analytical chromatography was performed 

with a flow rate of 132 ml/min at room 

temperature. The injection volume was 22 μL. 

The column was stabilized for at least 2 hours 

until uniform zero baseline before tests. Many 

conditions are carried out and studied for best 

separation. Best separation condition found 

with isocratic mixture mobile phase prepared 

from acetonitrile, methanol and water (41, 11 

and 22 %) respectively at 242 nm wavelength. 

The output signal from the UV-Vis detector 

was displayed continuously on the computer. 

Each PAH are tested alone to detect retention 

time then test mixture of sixteen PAHs 

together for five concentration (1, 2, 1, 4,  

1 mg/l).Calibration curve was constructed 

from the relation between the concentrations 

of each PAHs and its absorbance area of 
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HPLC chromatogram using UV-Vis detector, 

equations of calibration curves are listed in 

Table (1). 

Chromatogram of sixteen PAHs shown in 

Fig. (2). 

Retention time (tR) found from HPLC 

Chromatogram while Capacity Factor (K'), 

Separation Factor (α), Resolution (Rs), and 

number of Theoretical Plates (N), all these 

factors are calculated from HPLC 

chromatogram peaks according the following 

equations [12], PAHs concentrations (mg/kg) 

results are calculated according the equation 

below and listed in Table (2). 

 

 

 

 

Table (7) 

Equations of Calibration curves of PAHs. 
 

PAH Cal. Curve equation R4 LD × 71-3 mg/mL SD 

7-Naph. y = 164.4X + 16110 16911 761.1 16100 

4-Ace. y = 76917X - 16001 16990 76347 1407 

3-Acy. y = 1641.X + 1643. 1691. 1693. 16100 

4-Flo. y = 16117X + 161.1 16993 16074 16177 

0-Phe. y = 16709X + 16111 1699. 16414 16179 

.-Anth. y = 16107X + 16773 16914 7614. 1617. 

1-Flan. y = 16119X + 1611. 16990 16447 16171 

0-Py. y = 16773X + 1610. 1699. 16307 16173 

9-Chry. y = 16977X + 16170 16991 16301 1690 

71-B[a]anth. y = 164.1X + 16177 1699. 1639. 16100 

77-B[b]flan. y = 1637.X + 16140 1690. 16140 16117 

74-B[k]flan y = 16390X + 16197 16901 7641. 16704 

73-B[a]py. y = 16340X - 16149 16904 16037 16103 

74-B[ghi]py. y = 16700X - 161.4 16990 16470 16143 

70-DB[a,h]anthr. y = 16779X - 16179 16901 160.9 16134 

7.-In[7,4,3-

cd]py. 
y = 16044X + 16191 16903 16193 16791 

 

Conc. of PAH (mg/kg)= [Conc. from HPLC (mg/l) × Vol. extracted (l)]/ Weight of sample (kg). 
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Each prepared sample were collected are 

carried out with HPLC at the best conditions to 

separate and detect concentrations of sixteen 

PAHs. 
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Fig. (4) HPLC Chromatogram for 7. PAHs(0mg/l) at 4.1nm, flow rate 7 ml/min, mobile phase 

(Acetonitrile .06, Methanol 706 and Water 416) 

7-Naph. 4- Ace. 3- Acy.4- Fln. 0-Phe. .- Anth.1- Flan. 0- Py. 9- Ch. 71- B[a]anth. 77- B[b]flan. 

74- B[k]flan. 73- B[a]p 74- B[ghi]pyr. 70- D[a,h]an. 7.- I[743-cd]py. 

 

Table (4) 

Values of Retention Time (tR), Capacity Factor (K'), Separation Factor (α), Resolution (Rs) and 

Number of Theoretical Plate (N). 
 

PAH tR K' α Rs N 

7-Naph. 7639 46.. 7601 7613 31. 

4-Ace. 4641 4691 7634 764. 704 

3-Acy. 4694 .6.0 7634 4610 4199 

4-Flo. 3619 0691 7674 7641 4499 

0-Phe. 4640 7164. 7670 7601 0131 

.-Anth. 4691 74610 767. 76.4 9991 

1-Flan. 0617 74613 767. 7604 407. 

0-Py. .600 7.634 7603 4604 4470 

9-Chry. 9601 44691 7674 7614 40.1 

71-B[a]anth. 77643 40600 764. 0613 77719 

77-B[b]flan. 7.644 476.0 7644 3670 .440 

74-B[k]flan 79690 07601 7670 460. .740 

73-B[a]py. 43641 .1600 7644 .614 0013 

74-B[ghi]py. 33607 01670 7613 16.. 0314 

70-DB[a,h]anthr. 3460. 09690 7671 3614 0113 

7.-In[7,4,3-cd]py. 41604 71060.   9473 
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Acynaphthene has a very small area at  

242 nm chromatogram because it has very 

poor absorbance at this wave length as shown 

in Fig. (2) 

 

 
 

Fig. (3) UV-Vis scanning spectrum for 

Acenaphthene (7, 4,3, 4, 0) mg/l, acetonitrile 

solvent. 
 

Higher wave length absorbance area of 

Ace. was obtained at 221 nm. So the HPLC 

detector set at 221nm to detect Ace. as shown 

in Fig (4). 

 

 
 

Fig. (4) HPLC Chromatogram for 

acenaphthene at 440nm 
 

There are no enough information in the 

scientific literature for PAHs concentrations in 

Iraqi all environments for comparison with this 

study. The concentrations of the sixteen PAHs 

in sediment samples of Diyala River in 

summer and winter seasons are listed in  

Tables (1). 

Naphthalene, Acenaphthene, Fluorene, 

Anthracene, Phenanthrene and Fluoranthene. 

are the most dominant PAHs in summer 

season, while the concentration are less in 

winter season for all PAHs compounds. As can 

be seen in samples, location No. 4 record the 

highest of total PAHs concentration in summer 

with 1211322 mg/kg, Anthracene (1-ring 

PAH) record the maximum concentration in 

summer season in location No. 4 with 242 

mg/kg. Naphthalene (2-ring PAH) record high 

value with211321 mg/kgalso in location No.4. 

Benzo [b] fluoranthene, Benzo [k] 

fluoranthene, Benzo [a] pyrene, Benzo [ghi] 

perylene., DiBenz [a,h] anthracene, and Indino 

[121-cd] pyreneare records the lowest 

concentrations in both seasons. 
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Table (3) 

Clay sample PAHs Conc. (mg/kg) in eight site at summer season. 
 

Comp. 

Summer Season Winter Season 

Site 

No. 7 

Site 

No. 4 

Site 

No. 3 

Site 

No. 4 

Site 

No. 0 

Site 

No. 7 

Site 

No. 4 

Site 

No. 3 

Site 

No. 4 

Site 

No. 0 

7-Naph. 
776.

7 
7.67. 00674 473613 41.647 4679 0634 06.1 70630 9634 

4-Ace. ND 4603 47619 446.4 40611 7643 463. 0634 .670 4690 

3-Acy. 36.4 9640 1161. 710619 37631 364. 0671 0630 77670 .647 

4-Flo. .694 43607 
77064

. 
71767. 40061. 3633 1639 74611 01614 49610 

0-Phe. 3647 79641 496.7 43674 .0640 1604 ND 4617 716.7 0670 

.-Anth. 
7.60

1 
30601 04604 4.1610 49607 7610 77670 79630 44630 74630 

1-Flan. 46.1 71604 1063. 799609 700614 7647 73694 79611 34611 47614 

0-Py. 7604 4634 7.614 44607 .9614 7630 0613 77641 7.603 7064. 

9-Chry. ND 4609 34610 .16.7 79640 ND 1634 1600 736.9 0639 

71-B[a]anth. ND 7463. 44614 13603 41644 ND 1640 7613 40630 73604 

77-B[b]flan ND ND ND 17613 3604 ND 7610 764. 40673 ND 

74-B[k]flan ND 4679 ND ND ND ND ND 4604 ND 40699 

73-B[a]py. ND ND ND 7600 476.4 ND ND 4614 1613 4677 

74-B[ghi]per. ND ND ND ND 7610 ND ND 3604 73644 3609 

70-

DB[a,h]anth 
ND ND ND ND 0641 ND ND 7614 0647 4679 

7.-

In[743cd]py 
ND ND 70670 7609 1610 ND ND 7649 46.7 4671 

Total PAHs 
4.64

4 
740630 

01164

7 

747361

4 
900641 

7.61

1 
006.9 

71164

1 

40367

1 

71760

0 

 

 

 
 

Fig. (0) Total PAHs concentrations mg/kg in five sites studied at the  

Summer and Winter seasons. 
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Pollution of the river sediment due to 

deposition of pollutants on both sides from 

running water in the river. Accumulation of 

deposits gradually in the sediments leads to 

significant increase in the PAHs concentration 

because the half-life of PAHs compounds 

much longer than half life in the water because 

PAHs degradation mostly occur by radical 

mechanism depend on the access of ultra-

violate from sun. 

The results of PAHs in the summer 

sediment concentrations shows that the 

maximum of total concentrations values are 

founds in site No.4, with total PAHs 

concentration of (1211322 mg/kg), this level 

of PAHs concentration is very high. Minimum 

of total PAHs concentrations values founds in 

site No.1 with (44342mg/kg), then total PAHs 

concentrations increase to (141311mg/kg) in 

site No.2, this increase due to thrown of 

untreated sewage and industrial water into 

river, a significant increase of total PAHs 

concentrations with (122341mg/kg) in site 

No.1 before sewage treatment station, another 

increasing of total PAHs concentration in site 

No.4 with maximum level concentration with 

(1211322mg/kg), then the total concentration 

decrease in site No.1 to (011322mg/kg). 

Anthracene, Fluorene, Naphthalene, and 

Fluoranthene are record very high level PAHs 

concentrations in sediment between (100310 to 

242321 mg/kg) in sites No.4 and No.1 

respectively. 

Benzo [k] fluoranthene, Benzo [a] pyrene, 

Benzo [ghi] perylene, DiBenz [a,h] anthracene 

and Indeno [121-cd] pyrene are mostly not 

detected or low concentration in all sites in 

both seasons. 

Other PAHs record different values of 

sediment concentrations in all sites as shown 

in Table (2) and Fig. (1). 

In winter the PAHs concentration of 

sediment is much less compared with their 

concentration in the summer season; due to the 

significance difference in flow rate of the 

River. Site No.4 also records highest value  

of a the total PAHs concentration with  

211312 mg/kg, while a minimum of a total 

PAHs concentration with 14322 mg/kg is 

record in site No.1; the rest sites record a  

total PAHs concentration between (11340 to 

121311 mg/kg). 

 

Conclusions 
Diyala River is a toxic environment for 

more than 22 years ago and this toxicity 

increased day by day. 

The results of this paper indicate that 

Diyala River sediments show very high levels 

of PAHs pollution, total PAHs concentrations 

found high level before and after Al-

Rustamiya sewage treatment plant in about 11 

km, then concentration decreased in Diyala 

River sediments before entry into Tigris River. 

Al-Rustamiya sewage treatment plant thrown 

high level of water polluted with PAHs into 

Diyala River, so it is very important to study 

the coefficient of this plant to remove these 

pollutants and maintain the ability of sewage 

plant to remove the PAHs pollutants from 

thrown water into Diyala River. 
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 الخلاصة
في هذا البحث تم تقدير ستة عشر من المركبات 

خمس  الاروماتية متعددة الحلقات في رواسب نهر ديالى عند
مواقع على طول النهر عند دخوله مدينة بغداد حتى يصب 
في نهر دجلة، المركبات الاروماتية متعددة الحلقات هي 
مركبات عضوية تحتوي على اثنين او اكثر من الحلقات 
الاروماتية. يصنف بعضها كمسببة للسرطان والتشوهات 

استعملت  الخلقية. الاستخلاص بتقنية السوكسليت
باستعمال كلوريد المثيلين  لاستخلاص المركبات من الرواسب

كمذيب استخلاص. كروموتوغرافيا السائل ذات الاداء العالي 
المرئية لتقدير -استعملت مع كاشف الاشعة فوق البنفسجية

حسب النتائج المستحصلة كان الحد الاعلى  المركبات.نسب 
لمجموع تراكيز المركبات الاروماتية متعددة الحلقات في 

ملغ/ كغم  1.3121.مع  4الرواسب سجل في الموقع رقم 
ملغ/ كغم في الشتاء، بينما كان  1131.2في الصيف و 

الحد الادنى لمجموع تراكيز المركبات الاروماتية متعددة 
 مع .في الموقع رقم  الحلقات

كغم في  ملغ/ 4122.ملغ/كغم في الصيف و  44141 
سجلت قيم لمجموع تراكيز  5و 3و 1الشتاء. المواقع بالارقام 

 .52214 41135.المركبات الاروماتية متعددة الحلقات هي 
 55140كغم على الترتيب في الصيف و  ملغ/ 051112و
ي الشتاء. كغم على الترتيب ف ملغ/ 2.155.و 22142.و

 ,Naphthalene, Fluoreneالمركبات تراكيز

Anthracene and Fluoranthene  كانت الاعلى في
fluoranthene,  [k] Benzoالمركبات الصيف، بينما

perylene,  [ghi] pyrene, Benzo [a] Benzo

 cd].13[ anthracene and Indino [a,h] Dibenz

pyrene هي الاقل تواجدافي كل المواقع. 
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