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1- Fingerprinting Techniques
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1- Discriminant Function Analysis
2- Outliers
3- Multivariate Normality

Yo



WAL (V) o5lan IY) > S8 g O cblis glayingsy aloxe

ol 3l e o Ble alS o Ol T 5 e Laesls Jlexl w55 s ke S
Sl e 5 e Sl el S G e e (S IT K05 (s 51250
s ole 5l Ll chle
Lel sl S za Jy Llods wlyl & slaesls Lasets gl @3bs la b, 0pSE Sl b
5305 Sl & 3L T 5 (ol ot 53 (Y000 DL 5 g y) LI Sl O ke
e 3 Olmabl (gl ol pls dits 355 50 6,u16u)\p\¢;pwtm LB 5 azils 0k
ULl oy g5 ol s 5 S eslatal oy glaesls jaseii g, e Ol e i
Gl soi 581y 5 I ol 55 ol o Ciliss Gl Sy 40 &y glaesls 35

Al a0l 3T Ol 51 Sle Ol 1 3 wBls Lol 3 ad g 5l et (g sTmer S

W yg; 9 319
)_s)uﬂ)\.k_.ﬂa\_gg_éfi_ﬂﬁﬁ-gféuojy)’\ adllas 5 g0 adleie taallan 5 90 4B 5> Slasin
Ct_'pkj_;‘«_z,a_.m)b_; = Ol 3T Ol s Sl Ol g il 5 51 il i g
A SUA 3 ad35Y a3 80 B adlYY 5 adds 0F cam ;3 £ odgdoes 3 ab s> ul sl Loy ,m0
Ll ol o3l Sl 2,0 UTY 5 aids Ve a3 YA Ll 00 5 ¥4 3.5 J4b
53 el sl S il e o3 & Lo 0F o gre o 5 LS 40T L 05 Comle
Sldllas sl e ks YYY adlate VL (SUL Jas gro Bl o 03 Selys 5 5 Jal adlaie
D_.Ng\)ﬁ‘«_gjpj_.,fcuhj_;wyWu@dup\,uuv Ol ol e
31 IS8 (g5 5158 Sl ladaly ol 5035 (G518 5 (5 5 Loy 53) (wlidipnes
s e LIy as s bl Cobpe VS L e O

68 a1y WLM&M sladl (mala 3 C\y\ (2l 68 el axlllae ol s
5 (b 5 oy ke laphla b ol Jhlad plsl Al LAl 4y ab
Gldsly aih .l (Globtss, 5 laal )l (g gl hle 3) sdaw s gl il b
Ll G il il e 0ol 5 1SS (65518 Sl sl lels 5 la S
il 5 ol oS laaldl ag 53 el Sle 5 GalES Sl m Al 53 sl

e il 5 1S5 5 laaiis  olea sla o Se ETMT lojlsale slas 51 ilu

™



HRobuls deal g S aSs £ ol

ol )b C\J“\ (2l L;ﬂ)ksmu%s;)djlﬁvﬁw)gwlséu,\}bm.m oslal
ol Gty (415 U154 30 oS s S ag elia S gladsly

fooTi g ftoot g £0 0T g fo oA g $00r g fo0Ys g
1 1 1 1 1 1
oy o | ey oo
]
wox o | veen N
40 N [raov N
4% N [race' N
ey o Lo N
T T T T T T T
1 E 18%0¢' "E 1% E 1% " E & E H E 10°¢' "E

Ule ad o oLl i Canige 5 50 -\ JSS

e R S W P e P E PR RC R A LA VS PSR 5 K BPRP S PP po
Sle b b ls gladls 515 e Sl 10 Gas 5l St Gladisad (Lt 5 l43,5)
aﬁ“ﬂ,(t;ﬁsviﬁﬁ) SIS ltie @ baoyl s 1 ((lanl ol 5 gl o Sast) daw s
G yre oS Wlodd Cuils 55k badsas (0444 O 5 Slg) Ao Sl ol ands S
Lo god o 5 0 (IS dols a5l Laed gl sltad ddly o o 51 by o (IS Aoy i
4oy o 53 by w0 el atig Slisws Bl gl asel 0 sldad 5 ASL e ae £0

5ol oS Osla G a5 (BB les 5 35T (glan o 0 Sl e ek pad S il

Yy



WAL (V) o5lan IY) > S8 g O cblis glayingsy aloxe

S o3Il gl S5l eds s, 3 s ekLAS S5l 0 S W 5 i 058 1 (gl
oliial da A= e 5 (1444 O 5 Ky D49 OLKes 5 2 J8) sl lacbs,
NI

b 55 ol YY1 5 VY e STl pobe Jols Cls, T asdllas ol 5o
e (S5 e oS (LS (3l o @Y e dal e e o e 0D sy o
w5 oS s (@t (eSS «@23bls oo, tmjg e S ‘(’M}ﬂ ‘&“T ‘S
Slallae iy a5 b ol W6 jind 5 IS 035535 5 I S 5 e 5 oS 25 pala o5
Has bl (Yoo vV oKl 5 58 91449 O 5 Kl V40 L 5 5 JI) adlS
b s 333 oS 5 3l eslial b placd 5 obie Clale s 5 AT & s
i s Bl et ik Sl ] 5 b 5 o Sk sl e
G b a5 sl i) 4 odes JuB i HCL 5 HCLO; HNO; HF ool & Law g
) ol 0 plonil JIAnS 25, a IS 05555 5 SO 5 Sy gy I en S omincid
5 SIls) (6o 2Kl LalS oy 4 STty ol fens 55 .0044Y ol Sleg 5 oL
Aol (5 ,Se3l Ll (Yrew () S
Yoo Ol o 1y o slaesls yasels gla by, Erome 5310 p slaosly jasels sla by,
30 aria s o aie S yaski S Jold La 2sy ool (VAN O 5 2le) 58 ks iz
S35 rlals S e U3 s 20 0 it ss Jalgs addllas cpl o O ASL e e e
Slaesls o, e S sy Sl sl o g, 558 o0 (o3 abg e aiS gla B,
Gla0 sl 5 auls oy S Y w Iy Ll Olg oo a5 Lls 3m s (uite SO i 31 & odaline) &
aals S 5 ol lmesls 5ol o p Sldalin w55 aisls Slahs) 55 38 el sl
Sl odinl azals s LU ol s § 525 it Asde DDy els Dlpea pns
AT Glge b wlsl 4 (X)) (Khe g0 ool 55 (few L5a ol O glaedls 03 S el
OLLSan 5 SOl 1994 OLKan 5 s 984 OLKas 5 K15 wil o (S) Slae Sl

le_e_,‘,d w{:@)\ﬁ&ﬁ)}bﬂ k_ﬁ\fu\j‘fv @u\mwﬁgﬂ)\ j:S)j" LsLAeb\bJ(Y"v

1- Inductively Coupled Plasma Mass Spectrometry
2- Inductively Coupled Plasma Atomic Emission Spectrometry
3- X*vS
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1- Median + 3BMAD

2- Box Plot

3- Whisker

4- Interquartile Range (IQR)
5- Grubbs' Test
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1- Mahalanobis Distance
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1- Distance of Sample Scores
2- Quantile-Quantile Plot
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Abstract

Selection of the suite subset of tracers, capable of discriminating sediment
sources, is the first and the most important step in the sediment fingerprinting
method. Selection of the suite subset is carried out by Discriminant function analysis.
The presence of outliers affects the suite subset selection and prevents entering the
important tracers into the model, hence reducing accurate classification percent of
Discriminant function analysis. Therefore, the outliers must be detected and
corrected or omitted, if enough evidences were present. In this study, different
univariate and multivariate outlier detection methods were used to assess the
presence of outliers in geochemical and organic elements and radionuclides of soil
samples collected from Ghara aghaj watershed, Makoo township. According to four
univariate outlier detection methods, no observations (samples) were outlier on a
sufficient number of tracers. The [Median + 3MAD] and box plot procedures showed
better performance in outlier identification than the [Mean + 3S] and Grubbs' test
methods. Also, based on multivariate outlier detection methods, namely squared
Mahalanobis distance, separate box plots of squared Mahalanobis distance for each
of sediment sources, principal component analysis and plot of the squared
Mahalanobis distances against the quantiles of the chi-square distribution, no
observations were detected as outlier. From perspectives of each of the two group
methods, there was no sufficient information and demonstrable proof about true
outlierness of any observation. The advantages of the approach adopted in this study
are the simplicity and computability of the selected outlier detection methods with
commonly used statistical softwares, and the condition that an observation is
regarded as outlier if its uniqueness is confirmed with several methods.

Keywords: Outlier detection, Gharaghaj watershed, Mahalanobis distance, Box plot,
Tracers
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