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Introduction

Urban storm water has often been known as a major source of pollution influencing the surface water
quality in urban areas (Fu et al., 2009). The urban storm water and its economic, social and
environmental adverse effects can be predicted and controlled like other natural phenomena to
minimize both the induced damages and partial rehabilitation of that for water demand. If first flush
happens during the precipitation, in order to prevent the pollution entering to the vital resource,
control of the initial part of runoff is sufficient. In this situation, a large amount of the equipment and
costs of pollution control will diminish. The prediction of an event occurrence in the future depends
on the accurate analysis of the relevant variable in the past. Because the runoff quality data is random
and dependent on spatial and temporal variables, the analysis of such information requires using the
statistical calculations. One of the most used statistical methods based on the probability is the
frequency of the occurrence or the number of times that a given parameter takes place in a specified
time interval. Ni and Zn are two elements of the heavy metal group with harmful effects in
unallowable concentration on human health. In Hamedan, the urban storm water, alongside the route
and after getting out of the catchment outlet, has been used to irrigate the agricultural crops and
vegetables. The runoff enters the surface water and penetrates to the groundwater resources.
Moreover, the high ability of Ni and Zn absorption in some agricultural plants and vegetables
adversely influences the humans and animals. Therefore, the evaluation of the concentrations of these
two elements is so necessary.

Methodology

The study area is Hamedan, with the size of about 7200 ha that is located in the west of Iran,
approximately between 34° and 52° North latitude and 48° and 35° East longitude. In this research,
the quantitative amounts of runoff and sampling from the outlet points of three main urban
catchments (S1, S2, S3 respectively Khezr, Moradbeyg-Divin and Abasabad subcatchment) during
seven precipitation events were recorded. During the precipitation and after that, the sampling has
been conducted starting from the time of runoff output in 30-minute intervals, followed by the 1-hour
intervals after passing the flow peak discharge through the river using polyethylene containers.
Analytical procedures were based on standard methods (APHA, 2005). In order to calculate the
values of the elements such as Ni and Zn, the apparatus Varian SpectrAA 400 Atomic Absorption
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was applied. The obtained data have been sorted; then, for each event, the EMC was calculated.
EMC is the weighted average of the instantaneous pollution concentration over the whole period of
runoff in a single rainfall event, which is the ratio of total pollution load and total runoff. Fitting
forty-five distribution functions on event mean concentrations (EMC) and instantaneous
concentration series (ICS) of Ni and Zn carried out by method of moments (MOM), moment of linear
(MOL), maximum likelihood estimation (MLE) and least square error (LSE). For evaluation and
ranking of the functions, the goodness of fit Kolmogorov—Smirnov and Anderson—Darling tests were
used.

Results and discussion

The results of evaluating distribution functions on Zn data showed that the frechet, Error and
Uniform function were the best distributions for fitting event mean concentration of station S1, S2
and S3, respectively. In addition, Log-Normal, Dagum and Generalized Pareto functions were the
best function of Instantaneous concentration series of Zn. The results obtained from assessment of
these functions on event mean concentration of Ni using the Kolmogorov—Smirnov and Anderson—
Darling goodness-of-fit tests showed that the Wakeby is the suitable distribution in S1 and S3, and
Generalized extreme value function is the best distribution in S2. These results for Instantaneous
concentration series of Ni showed, the Wakeby, Johnson SB and Uniform were the best functions in
S1, S2 and S3, respectively.

Conclusions

Based on results presented here, it can be concluded that:

1. The probability distribution functions have been considered as the suitable tools to analyze the
frequency of the heavy metal pollution in runoff due to the precipitation in urban catchments.

2. The goodness of fit tests do not presents the identical results for function rating. Therefore, it is
necessary to utilize several tests to select the best probability distribution function.

3. The suitable distribution functions fitted for the studied data are different from each other, so using
a unique function for all data results in the large errors.

4. The investigation of the pollution distribution of Zn in urban storm water indicated that the best
probability distribution function for analyzing the frequency of EMC and ICS data are Wakeby and
Generalized extreme value, respectively.

5. The best probability distribution functions to analyze the frequency of the Ni data in runoff
obtained for the city of Hamadan are Wakeby and Johnson SB for the EMC and ICS data,
respectively.
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Type Name functions
Bounded Beta, Johnson SB, Kumaraswamy, Pert, Power, Reciprocal, Triangular, Uniform
Unbounded Cauchy, Error, Gumbel Max, Gumbel Min, Hypersecant, Johnson SU, Laplace,

Logistic, Normal

Burr, Dagum, Erlang, Exponential, Fatigue Life, Frechet, Gamma, Generalized

Non-Negative

Gamma, Inverse Gaussian, Levy, Log-Gamma, Log-Logistic, Log-Normal, Nakagami,

Pareto, Pareto 2, Pearson 5, Pearson 6, Rayleigh, Rice, Weibull

Advanced

Generalized Extreme Value, Generalized Logistic, Generalized Pareto, Log-Pearson 3,

Phased Bi-Exponential, Phased Bi-Weibull, Wakeby

Blloys olsly Ggpmonl —BgSolsS geil b))
ol (6 pSejlul ysolde 9 595 &Y u';l?l)é o AMA Oy
ML’ZA 2) Cygod u}@j b)Lo] (BaCk, 2001) .)9.\»‘;0 Fbul

P9 s

D=max(F(xi)—i_Tl,%—F(xi)j,1sisn (v)

oy oS 31utas T o aBly ma65 oannd gl 8 F(Xi) <o jg5 o lo D &S
.(Malekinezhad, 2013) b o b iuaiedy JS sl N g

b byl 123 A liselol pdanw 3 n el
ot 3 ool 2 o)l el i el el plosl )
Godd) geme L DS (GILAS) 9 CIpe ((p Pewlel U

05 Sg0 Sl S e
s29 Vel g el ple )3 ilise cla by pogad cul 52
ol ) (onlg b SVl lo e calio 3,50 gl 01
b sl demge slrodly Lol bily pye oS oS
] i slbodls oS ol 4 4n45 b (Malekinezhad, 2013)

&3 &b g 9 Jee 3 oul 53 it dtgy (Solal yie
(Y Jsia) sl 00 o3lil ESYTitS.5 158l p 5 lace 45 dtwsge

Sobl g ;T

@i @y by (Bolas laosly (655w 33l (2955 0]
(Sharma and Singh, 2010) sas e ;1,8 it 3y90 (2,55
—ogesl g By el — B9 S 5adeS (igail 93 51 Simgg el
o &l 5 599y Cladod 4o Lasoyo)"l Ol s ealatw] iyl
[(Caldeira et al., 2013) x,ls (¢l 5,18



DOI: 10.22055/jise.2018.22563.1613

YA

333 g0 S5 3 JSG 5 56 (oI o g e 5 Ol 5

slooau¥Y (5ily lp (2005) Shahbazi et al. cligss
5 oy So) 5 ales dol8 b aus 3l oolizl by lgio! o5 s,
& elyb 93 Jloy 59 2 oS by L5 (2000) Adams el
2 oS Sl ke gla Sl (3l sl @l e LB
Gl Slaasiio gy @iy S SbSy @ig ol b Uy,
)l (a8 sladasiio o5 5 slagiy 4 Cund nlnle
I &b gl (sume cayyai )y odls b (6 yiiiy (g pyillasl

aolre (woSxe ygody batd oo S 4 9 5,105 2959 sLSg
(Malekinezhad, 2013) cuul ca a5 LG5 (¥)

F(X):5+%(1—(1—F)ﬂ)—g(l—(l-F)*") (%)

Slotasin 85 B X uito g8y Jlotol pUF ibes ool
Lol Cbgo duasilio ¢y il (sladiaseis 70 (S5

P S Gy pj Oygot JBo b cul dgaoal YU oS
(Soukissian, 2013) ¢l cubse dasuie

2 X-¢&
SR )| iE—

0= o) eXp[ 2[”5|ﬂ(1—z)] J A
(@)

P S8 g polde «umdye sladiasutie dige polis @l
o3 03,91 (F) Jsi 5 @38 ol os—ile 5 S1Ses i
259 &b b s dad o Luis (V) S clial i .ol
s b bolas ) IS0 clale 1 Ske (sbodly gl sbSs
Yoo ) olSius] o 1Sk slrodly J&s o b b oo 0auiiS
I (55 3 35290 Al ] (©3gm0 T o] 13 9 Jo3
&b U dasde by OUE] coge ¥ ol )3 (bSoy i
Ol &b gl oo .l jglre crolSi] & Cos (B)
Ay ) S ldisd gl (o sloodly gl o]
e 0yl oduiST S odly  SuiSly, cleay g yrie olSiu
o&iuns) dus yb )d @i il S5 g b cuxBse (slbdasuine
(F Jys2) 55 o 6 ol

3,5 Qlal mjer @b op ke olgisds wgs odly (olaidl g3 o

&IF @lg sbaasuin 3557 »
alllas oyl 5> @i @l sloaasuis olio 9 clasiy
ks sleyoluis (Method of moments) b ygbuis g o Jolis
Maximum ) slocw, Sl (Moment of linear)
(Least square error) <l e J8lis 4 (likelihood estimation
S0 bey ke iy o 1y EaSYRItS.5 Jliile 5 o

leige 250 1y @i b slodasiie g 03ga (i

S g @l

oK) dus 53 Olm (S QUI” 899 J.gw clale
OBk 2l Cidn A Sl g plin 3 g (Lol ddge (295
clale ola 1Slo 4w 93 )3 odel Cawday (clamodld .4 (¢ pSo Il
~GS el slaigesl lolyy 4 (g el dmosly il
dy90 oyd A0 (gl dze pdaw ;> Sidyls = gm0l 5 355 sl
43,5 aseiio oliugl 40 i @l g cauas, b8 )8 b
slaas) ggerme @3> (Gyw o > Syide iy @b QL gl
259 &b oppcmlo g dunle oSl dw o b 3y90 milos
(et glaygliiss dapsliiS glasgy Jl (o plely B e
4ol 2 .b.))f Ml}m ul:u)o JB]J} .))5%{ 9 u.g.LQJ'C—wJ).) ).af‘b

lodd 035 S 4 (555 9 JS5 4 bgrye

JSB (T Jliot @59 @l

Lol dod IS5 slaodly Moz (Y) Jgio zls wloly
55 05 0oLt dmodly (SaniS (392 (e g (29 oplite Sl
Sy Goilp 295 ogesl sl pSibe Glbl y> aedls
sbogesl ooy haea s SUlyy JSs (Sl )y
g 3o L Syl — gyl 5 B pransl — B9 5 galsS
Uil At gdlgn aST Slaedly jd ayly (g gt (5 pdsBllanl &S
P b i gbcy @b (Y JS8) cutls walgs 1) s poulie
P2 &b e ol opels @b g chle glapnSle
ol (F Jois) cusl S5 cbind cloclle gy by



Y4

\"\"—ﬂ"up\\"ﬂ JL.»“‘:)L;.Z?V‘:J}: L;)l:;TngW)r}J&

Olnod yai Sbl9y (yud 10 p 57 o) IS8 cdalé Loyl Skl Sl sl -Y Jyus
Table 2- Descriptive statistical indicators of Ni concentration in urban runoff of Hamedan (mg/l)

Data Station Mean Middle SD* Skewness Kurtosis
1 0.052 0.035 0.028 0.384 -2.46
2 0.039 0.028 0.024 0.473 -0.93
3 0.054 0.066 0.030 -0.23 -2.26
1 0.059 0.055 0.031 0.230 -1.16
2 0.047 0.042 0.028 0.114 -1.10
3 0.058 0.062 0.031 -0.069 -1.09

*Standard division
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Table 3- The results of fitting probability distribution functions of the Ni pollution

Station .
Data 1 > 3 Total stations
EMC Wakeby G. Extreme Value Wakeby Wakeby
ICS Wakeby Johnson SB Uniform Johnson SB
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Table 4- Parameters of probability distribution functions for Ni pollution
Station EMC ICS
Wakeby Johnson SB
1 ¢=0.013 6=0.000 »=0.000 p=0.385 ¢=0.054 ¢=0.009 6=0.618 y=0.217 1=0.113
2 £=0.000 6=0.369 y=0.047 p=26.63 a=0.142 ¢=-0.002 6=0.713 »=0.119 1=0.107
3 £=-0.005 6=0.000 9=0.000 pB=1.340 =0.140 ¢=-0.004 6=0.734 =0.074 1=0.122
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Table 5- Descriptive statistical indicators of Zn concentration in urban runoff of Hamedan (mg/l)

Data Station Mean Middle SD Skewness Kurtosis
1 0.110 0.075 0.072 1.250 0.996
2 0.078 0.076 0.041 0.017 -2.20
3 0.072 0.085 0.041 0.068 -1.90
1 0.111 0.100 0.108 3.470 15.36
2 0.086 0.081 0.062 2.670 12.05
3 0.081 0.085 0.042 -0.129 -1.46
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Table 6- The results of fitting probability distribution functions of the Zn pollution

Station
Data Total stations
1 3
EMC Frechet Uniform Wakeby
ICS Log-Normal Dagum G. Pareto G. Extreme Value
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Fig 3- Distribution function curves of Wakeby and G. Extreme Value for EMC and ICS of Zn
respectively
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Table 7- Parameters of probability distribution functions for Zn pollution

Station EMC ICS
Wakeby G. Extreme Value
1 ¢=0.033 6=0.141 9=0.066 $=0.000 «=0.000 ¢=0.065 =0.043 p=0.332
2 ¢=0.002 6=0.000 »=0.000 p=0.991 «=0.150 ¢=0.060 ¢=0.042 p=0.022
3 ¢=0.002 6=0.000 »=0.000 p=0.831 ¢=0.128 ¢=0.067 0=0.045 p=-0.351
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