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This study aims to identify the influence of natuead anthropogenic factors on
the chemical composition of drinking water sourteboth urban and rural areas
of Buin-Miandasht and Fereydounshahr counties fahln province. Previous
studies in Iran have suggested various potentiaices for the physicochemical
variables in drinking water. Therefore, determinthg natural background level
(NBL) and its range of changes for physicochemiealables is crucial for better
groundwater resource management and preventingtivedsealth impacts on
consumers. To achieve this, the study calculated\BL for 11 physicochemical
variables (EC, TDS, SQF, Cl, NG, HCG;, Ca, K, Mg, and Na) using the
Iterative &, computational distribution function (CDF), andrhtive Grubbs test
(IGT) methods. The data set was pre-selected bage#lO; and Cl levels.
However, due to the inability to create a normatrddution using the Iteratives2
and CDF methods, the NBL for SONO;, and Na in the Buin-Miandasht dataset
and EC, TDS, Ng@ and Na in the Fereydunshahr dataset could notloelated
with these methods. Instead, the deterministic owet{p5" percentile of the
remaining data) was used for these variables. Bheulations revealed that the
NBL determined by the IGT method was higher thaas¢h obtained by the
Iterative 25 and CDF methods. A human health risk assessnantsihg on N@
concentration, indicated that most of the samptedied were in the safe and
low-risk categories, demonstrating the high quadityhe drinking water samples.

Cite this article: Amiri, V. (2024). Determining the natural backgnalievel of physicochemical variables of drinkingter
resources and human health risk assessment. Joofnihtural Environmental Hazards, 13(41), 61-84.
DOI: 10.22111/jneh.2024.46862.1990

© Vahab Amiri Publisher: Univéysif Sistan and Baluchestan

DOI: 10.22111/jneh.2024.46862.1990

" Corresponding Author Email: v.amiri@yazd.ac.ir



99 Y -
(@ b e Of bl
G o L
~ FIV1-EFA0 K9 W01 bl FIVI-ETYY @ ol LS

Homepage: https://jneh.usb.ac.ir

VF+Y s FY o kel AV 0490 “;V.:..»Jo o ub.bl:u By gﬂ-l-c alxo

OT &lo 18 (3lowi 959 38 (S giio (> dino j g I O gk Aol (yunk

bl Coodw S y (30351 9 o g

5ol Slag

(st 005 93) 033 ol8ils ¢ owlids e 09,5 «(55506555,0um HLuils .

v

Ao OleMb|

ol b glowd w85 JuS 5o Sladl g ol Jolge (i Slolis wallas ool plxil 5l B
s ol Gledal il )5 sedign B g Claibe e Slaplio el (plies) 9 S 20
su;l).:l.u el 00l C).Ia.«o u).u u] L_;’wﬂil)"j LgL&b)M L§|)J (GO ‘S]Lo.&l GLwQ «Sladlas
Co e Sgue 50 Wlg co by (pl (NBL) orobs die) G cdale Olynss aals g lade s
Ol a5l 9o o ol Bran Bk 5l eiSlo bl sl JlsSL Clse S xSl 5 T e
Qyoﬂ 5 (CDF) gl o595 &b (lterative &) 1,55 &y, ools 23, OSA}T sl g, 5l eolazul b
«£a HCO; NO; Ll F SO, TDS EC Jolis oloapdsoind itie V) NBL (IGT) (5,1,55 5,5
sl» NBL jlaie (CDF 4 lterative &  sYloix! sla gy bawgs Jbo s aoje8 obol pas Jdo 4 .ol
Alwd yo Na 9 N03 TDS EC Lgl.b)M 9 w.}at.a*uu‘y osls aLws BN Na 9 N03 sSO4 ‘SLQ)-M
A0) (oxkad (g, 5l o pitio onl (sl el plis 0,5 dwlome Ll 5l oolatnl b olg5 i 1, yoiigan 8 ools
NBL ,olis a5 ano oo oylis Slowloee .canl oals ool NBL lgie 4y (oailedl slaoosls oo
b, ol CDFy lterative &5 slayog, 5l ol Cavsy polie 51 55,5 IGT g, Jawgs oo s
w3 oo plis ol cbile 5 aST b ey ooled 5 op8 Of Grae 3,k 5l Gl caodles S
25> ke SobeS Sl (nl g s 8 eSSl 0o, 50 asllhe 550 gla wiged il a5

gy Al o g4

VE-Y/S VY el 5o du,b

VEY 00 il g g sG

VEYPINY : opds &b

ioalS slaejly

ey o gl ey O
slo i (rlo

«sstel g, ot sS 3
bl dles Sty (213!

Ceadls Sy b5 5 ot O olie oleond s 58 Gl it s dine) (s Clale st el (pns ((VFY) Lolog g el 3L
DOI: 10.22111/ineh.2024.46862.1990A -7\ ,(FINY (el loe &l boles . Ll

©NOIS)

BY _NC ‘5}"‘“‘ “T’lhj ©

Ql‘;m?_ 51; 9 QLM' e oSy :}.JLLS

Email: v.amiri@yazd.ac.ir (Jgis 605 99) (S | g =7



ALEA NSV IA 4 [N S| - | S PP LNJ@@Q‘}G‘A 4]

doddo

lie 5l dgy e edlsn pogdle a5 ol oad crge e sl Ll g b ad drwgs 3] slaans o
'S JaSI Y- YYA S 5 5 5mel) 35 3)ly S g O aome 4 il 5 lsld slaeans¥T e
S5 s 50 Gl g (b e Jalse 4B Gl plle 058 O el Cenl 4 az g L (V-0
ghw @bl rld Gz 0 a8 SIS Ol CeleS Cupoe Ban b 355 el 4 Wl oo o (Sleand
slr Gl sbedld g bdlogil pad 5 iz oliardsSod slojeite (NBL) (ol aivn
(VYD )l 57 5815) ol (6900 sl (gions ) T @l oS dige Cupite

@l Jsbre S350 09790 lord oS5 b &S i Sy grb et aels 4 NBL (e ol ol o
- elbens ool s S0l LiiSes p asile b sl hug a5 0l 0 4S o)) ol wole
T ldpe) s95e S8 K5 ol slaesgs b i s g (6 yamadl slaoinl b iyl glslpd (i 5 (e
Tali] ke S5 4 ax g b obeend ddlge jn gl NBL o Y+ oY o San 5 *jaigesl ¥+ 18 L Sen
g ga o3l tea i o S 5583 (s sl polie ) (Ve 8 gl arsloul) 55,5 oo s (TV)
S 5 Slgasy 5 (e [ ol s lard oS5 J5S )0 Sladl 5 (oxmb Jolse (28 (s
Gl (e g, S5 (T10) GllSes 5 " Sy, el sad Sl ilise e g il
Glolime o oS yolic ane) s cdile ailss gl COMPSEC s cos (CS) 'leadse
el i sl BT 85, S5 (V10) )l 5 S 0, eslital hlie (Sujslsts,nen
55,8 ooliiul eip ol 4o semg s cdale Sl glaculed N8 5 oo 5 b i) e e
5osliiul b Sligesy 5o oS yolie dlo) (my Jlie et 5 (Sogll ()l & (V2T o Sen Mok
Slasgs el g Lol adge Julo ( Sogll Jale Tslinme; (Sl g pals T (Sais e Jule slags,
Ol 33 350 e din) ey Sl s sl e 5 5 )lel Sl slaiy, (V41 ) Plseid izl
Mojiia pals olalis Jols lal>jo w29, Ko 5 (V19 o)lKen 5 7 lss 05 auslia | (inein

1 Falkenmark

2 Natural background level
3 Gao

4 Molinari

5 Edmunds

6 Threshold value

7 European Community

8 Rotiroti

9 Component separation
10 Kim

11 Heuristic procedure

12 Yan

13 Enrichment factor

14 Geoaccumulation index
15 Linhua

16 Duan

17 Single index recognition



Y e boosd 3G 50 (Sl ke ands die ) I il kS 4lals S

O abiors slayiall (S die) i polie § S gl | (Kt pasli 5 eansS sgamme sla, gl
9,5 oolatwl o

ol 85 el oud il Tasly Jlade 5 Sygo 4 (aleond ailge o (5l oot (s NBL clallas 51 5 bons 5o
5 15 TV S 5 TESh) s ilaie iz g o leond S it Snle @ azgi b
Sl 5 rmb Jolse by goeip; ol olaond oS 5 Sl 4 azg b Koo Jle 4 (V0V -2 ] Ken
@90 4 NBL sl Vgl aiS oo s ilisee slale; 5 WaolSe 5o Jalge ol 1 58 Bk 5l 5 05ise S8
(Yoo ¥ oS 5 gSL) o9 a8, i s aly lade G & g Caals SO

5 259 &P g gwein; ol 0 09290 pliend OluS 5 Ol Sy e gl g anb Jelse i
Gl g, B (Y VY e 5 5 ldse Vo0 LKon o aday) el globis BB LT il o)
&g @b il JlimSd b Jlop @i 5l osls @ Cund (23 b So el slagty, el oSy el b e
5 s bl o ts, cnl S eed | NBL wiilgi oo (20 L 46" & 03ls 18, oyg051 (CDF) ¥ Slewlre
woon b (Vo) en 5 cdsials aiS o Joe Jloy aujer sbml 5 bosls atws 5l by Jlegil i
3 ooS Bldiges slasy s by, 4o a5 wisl las CDF 4 26 4o-outlier |3 I ks slo g,
Sgben Sygly Bly jlade 3l s Sl NBL e 5o Jile 4 5 058 0 B> aosls acgasns
CDPF) ;%05 (b 99 el Yo 5l flicn (oloondsSoind it 10 sln 99290 slaosls slaad aSidjge )0 nlple
s &l 6 5888 gl Wil o (20

(YY) en 5 5,09, (Yoo A) il 5 IS anle ikt ldlas ,3 CDF 3 6,155 26 sla g,
(V12 5 YA oen 5 sileglls Y VE) Llen 5 T smsiin o(VVY) Len 5 YLk il
NBL s sl (YYF 5 YoV)) San 5 smel 5 (VoY 0) ) on 5 olss (Yo Y0 o) Son 5 C gl

el 00l solazwl

b b ol e pleord oS 5 S5 50 Gldl 5 ganb Jolse 185 bl addllas cnl pll 5l Ban

7 Ve

1 Limiting factors

2 Synthetic index

3 Unique value

4 Nakic

5 Range

6 Wendland

7 Calculated distribution function
8 4o outlier test

9 Matschullat

10 Kelly and Panno
11 Rodrigues

12 Urresti-Estala
13 Preziosi

14 Saloméao

15 Bulut

16 Huang



\f"‘ﬁacf\ a)uc\fa)).\cgﬁbh:mbbb&s 7f

3 058 drabre 08 Ol mlie gloeardsSiped peie V) NBL ois il 5 e wced (IGT) 6,155 5,5
Ol wbord sloitte sl sounie Jlas! aibis ol oas ploxl ,525 0 a5 asracony; Slalllae L
5 oty ol @l e See o Wlise b yaie (aI NBL Jlake (poend ol by ol 00 5kae e
Sty ey e 23l Jge Sl Ol Bpae Gkl Gl cdls sl U Cllse I Sl
ool 00 dlore s s cdale p aST L g wled 5 0pd Of Grae @b 5l oludl coodl

L g, g ool

ou solaiw! glasols

CaHCO; NO; Cl F SO, TDS EC Jolis oliorisSsjud ailge V) NBL Cewl oads o asdllan ol o
oo ol j0 &Sl gl as CDF g lterative &5 sla oy, 9 Syt o0ls aws wlwl » Na Mg K
@l e 5 958 alxil Cl g NOz alos 5l solS sloadlge Lolul 5 (P T bl iy ol 3 Wil ol
0dguze 0 diged VYO o VFY iy a) ool Cud diged YVA 51 JSCae ool atws 0,8 NBL aculxs
() USK8) co,5 1,8 oolaiwl 0,90 VF ) BAYAY Sloj o3l jo (peidaay 8 9 Cudailiopden (slaliw o

50°0'0"E 50°30'0"E
1 1

~
S
o o
£ B
Water sample
Fereydunshahr
SO Kilometers C -
0459 18 27 36 B  Buin-Miandasht

50:(:'0"E 50'3:)'0"E
(S uT Al 3l o dngd gddiged g ‘Eal.vJUa.n 03 9uo Cauxdgo ) P&

NBL awwlxo
ool olionis oS 528 sloadlge NBL poss sl CDF g lterative &5 sla b, 5l laml asdlas 51 oo ol jo
dnle 3l o dterative B by, 50 ol ool aslia IGT iy, 5l Jol> ol b Ll e 5 Conl 00
Wgd Jloy ool aje5 a5 0ed 0,18 Gloy U Meantds aculxe daosls aws [Lae Blpdl (Kl
Gasmean £ 3 asls 5l (Jby a5l 7)) S sbosls olad s 5 cpl 4 (Ve oo () en 5 S ginlo)
835 ey 5 dmlone 2nld ighigo w8 )F L 50 Ll Jalge I Slie slaosls olyie 4 LT 5 ead Bl
S i mean £ 3 Jw) i 0,0 als o bosls des 4T 0ad oo )],ST g 08 oo Tag aslel Sy U nesls

1 Iterative Grubbs test
2 Pre-selection



#0 e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

o laie Glaie 4 aials oyl \&Yl{ A g oo aislil NBL lgie @ ool dcwloee aield [0 59550 (slaools
wdley 5 Sl @8 owin sl Ugbseld osasl S YT lKen 5 3509) Sy oo 48,5 L )3 s
T 7L odel Coway jlaie 5 oads osliiul T- StatistiCacslre (sly TESE 1 ol ogdle 35 oo oaliiul baosls
550 30 el 10 5 140 by i 4 liebl a5 @ Jlade «losls (nl 45 gd e anylia CrL.
Ot Gl Slawle g,y ol ccdle el 5o g canl Jlo 5 ool my5e5 caisl T-Crit. 51 oS T- statistic |luie
TV glsie a Olsics |, MEANED YU o> « gy ol 5o (V)Y lSes 5 Yook i ysh) ol cslie NBL
G axgi b g aius plp KoK LTV g NBL jlade dion 929 (ol L (Y oV () en 5 SL) <85 s o
XY hlSan s 5)ledse) 8.5 Sl 50 (lsiee |y (et alal) onel Cony polie

Sl Jloy zajer bosls diws s A (oo o 0 Silie 4 g WS oo e Iterative & alie CDF s,
8 sdice b i hlie 53 g Wigd e )l laosls atws I Pailis 5l ity ke b pladigal g, nl 55 g
a8 ,5 3 Sl slacdls 15t cou ol ailie 5 aneS o LT 0 a5 5500 el )b clile oS Lladiges
88 53 NBL lgie a1y owlendly polie plgor osp ool & (Ve Gl 5 Sdgale) ool
Ot g cawlin @l Jeas dterative & g, wilen 50 by, ol ;0 (YY) SKen o Yluk w4l
(VY e g Slgn) ol baools awss g3 aujsd 5l ol cilises yolis sl Joed b6 sWLNBL

Gl sie 5 5 o sl BiN Jlade b o3l (pess CDF g lterative 5 aculos sl 59,0 Sledbl 5l S
ol Loosls a5 daS (M) baaiges ol 5l cls a5 5, il il 51 asdllan ) o ol olion oSy 503
(YN e 5 siloglls) ol o ool BN lais asls (ol

1+3.222x(log1o n)
Max.—Min.

M
00y dpesles NBL lie L sl CDF g lterative 25 sla g, olol 51 cilies sloailye NBL (e 51 o

Bin value =

Loy sleosls olulis gl caslio 6,15l oSG el )l g, SO lgie a0 35,8 O3] o aslie 35 IGT lawes
o o5l i Z polie olgies g5 oebol cnl (T VA Len 5 ) canl T Z olie alore )l ooliul
Sy on odliiwl &y laools Slulis jlae olsie 4 0=) 5 s, (! 0 0,5 B> leesls atws i 1) asbisl

(VoY) LS 5 o))

G, — &= )

g

1 Upper limit

2 Lilliefors test

3 T critical value

4 Confidence level
5 Median

6 Exclude

7 Interval or bin value
8 Strurge’s Rule

9 Z-values

10 Li

11 Rahman



ALEA NSV IA 4 N S| - | S PP L@.:..b‘]a:}uos:)‘jlauu 44

a995) «hy cnl 50 Cal 1,5 eey] Gt g S eSie Hlade Xs ¢ jlare Bl ymul 6 ools atws il Wyl jo aS
g so S5 o0ls atws 1 Dy slaosls dan BA> U S

ol mé S (255

wlaglb w5l oo, Ve by oS Jate |y gla Sogll 5l as,o Ve b wilgs so JWEl Jole oy jiogo lgie & ol
i ol Glooau VT 1 ege 51 Olyis dss 3blis 51 (gyleas ;0 (Vo)) WHO) sas o 7, ol (Sodll s
W (VYY) 5 YoYe o Sen g gl )l ¥ o1 gl Lo FoV) o Sen o sail> Y)Y WHO) ol
(Y FUSEPAY - Y+ o San 5% ,6il8) wisd oylasl (sl | b o sl sbos)lons 55,0 wrgo olsi oo

OB 05 ;0 ohgr Wlgi co g 009 SUylas &l s & sogll lao] o SYob Brac il ooy oyl
"9 9 o3 TP K 5 semie) 395 ol 4 pg i b (MEtHD) TLainglsSsanin 5ol o0 wse
355 seits 2 prems oly B i | Wlgie ndy Pl s 0 o plyie @ Sl (V)]
ol sias g ol mlie (9,0 & Gl wlie 5l Sl g, Gl pésle (VoY o iSan 5 ' ols)
(VYYD e 5 6 peal) ool Slelllas odgomme 45 T @l alidl else s ot 51 6hyslcS

byt 5 S S lom j9n Joilly G sl oud ABLS Glal, 5l (S codle Sy (25
Joily s sl weplls (69,509, USEPA (V- Y+ f)See 5 (g5mel) conl )8 OF Sran a0
21 ops ol asle Su5lsST calizes badams Gy,b 5l el Condlos py cilidee lands SlaS 5 (6,38 1
el 0olo 18 Las

Sledl adad polie ol 5 a8 e ol 4 058 oo plonil alad g, elul p Bowe caadle Sy, b))
SpSisn yge Sy Joo oyl Ko by yolie plaed cbile wan¥T lasl (i Gozeen (53555
Sly g)lie Sy dolee ;3 (63555 Sl 5l o e (S (alad BT 0 (YAYYC ) Sen 5 (5 el
g mr Yol glen 5 TS5 wlior Sy Sy sl 9ol ke S i nl & g o ools ol

Sehon A Sy9m die) 40 (onhid (6T AT 4 e Seayy (onbid LT (YN TSl g J YN0 K
g go oolital (puSilia pyolie 3 oo lliul sy 4l 4 azgi Loy, cnl 4o (Yo e 8 o Kan 5 | Sl>)

Y T sy 5 s ans i sadly Lulpd Sl Siiis g Sugad |y bl Wl e e olies Aalne

1Jandu

2 Subba Rao

3 Karunanidhi

4 Noncarcinogenic

5 Kaur

6 Methemoglobinemia
7 Blue baby

8 Tian and Wu

9 Huan

10Zeng

11 Giri and Singh
12Li and Zhang
13Jang

14 Lonati and Zanoni



a4 e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

‘(Q..xﬁ.al..::—l) 00,55 Jolds a5 0 5 18 oot Qi OS5 (e o LsJ..al Gk aw 4 cwl (Sewe L]

gioom Q%Aufl b awslae o g i g Gl 3l lics] ppew (Jlo ol b ! Sy i g Glaaca!
o .'.’ . . Y «l. . s - \ 3 g . .

4 swogy bl 5 Gaeelil Gyl 5l alig; 590 uShes coplpln (Yoo ¥ ) San 5 BeSKe (69) Conl eS|

(VoYY 5n 5 5ol ¥ VY Len 5 Wales) 35 oo drnlons T o ¥ Laly) 5,k 5l ool

CwXIRXEFXED
Intake,rq = T BWxAT Ay
Cyw XSAXKyXEFXEDXETXCF
Intakegermar = AT )

cdale CF wug kgt dayh) (00,55 5 ool al @b 5l ailig, Bpas bawgie jlade INtaKeya T ,o a5
oe ED' (day year) Gyae Jlgls EF (day?) Gpas ol IR (g L) 01 1 35390 (aloowds oS 5
ey Cawgy Clus SAY (day) G pas ole; (EDX365 AT «(KQ) o (33 BW' (yean &ras ob;
a>ly CFT (h day) .83 Lome 50 oley ET'T aCm 1Y) cangy o pdudois ol Kp'' am?) gicds
Yl 5SaeS) Jlabl Jols g 00, F (gl s &l is gl (INtaKga) aljg, & ras lawgio jlade dwlxe 3l
ke (Y VV USEPA) (Lo V8 51 55,5 LS5 5 (Jlo V8 b 8) ollsrgs (Lo £ B Y) o555 (Lo
hralone 25 D3 4 (o5 5 pite (sl e (sl Sl Ll 59) VT pa (HQ) T il i Sl

Y+ 19 USEPA) 555 s

Intakeyyqp
H — ora
Qoral RfDoral (&)
Intakeg 1
H — erma ?
Qdermal RfDgermal *)

\#

iy 4 s RfDgemars RfDorar jlaie .ol 0o 8 (Mg Kg' day') g 1o jlaie RfDora o1 ,o a5

1 De Miguel

2 Average daily dose

3 Saha

4 Concentration of metals in water
5 Ingestion rate

6 Exposure frequency

7 Exposure duration

8 Body weight

9 Averaging time

10 Skin surface area

11 Dermal permeability constant
12 Exposure time

13 Unit conversion factor

14 Non-carcinogenic hazard guotient
15 Pathway

16 Reference dose



ALEA NSV IA 4 N S| - | S PP L@.:..b‘]a:}uos:)‘jlauu ZA

uj).: ).)‘ P A?ULO | )Ja) 3,90 R_JL«.:S)J L odjﬂ s_j d)aaao ‘-;,‘)QLE)AM).:.C kS.an) JML\) OMQULM:

. Voo . Z <
139800 dmlne ) Oy 4 (HD) s Guail 05 )18 b)) 3550 O 53 39250

HI = HQora1 + HQ4ermai )
e g b

Sl 959

0,00 92y ey ol j3 9290 calie olierd SLoS 5 NBL o ate) 0 &5 olagilly 5l (S
(Y10 Toslail 5 59,5 YNV o5en 5 silan) Canl SLudl Jalse 51 il sladigas comsd 5 alolids oS>
Feeh e fc_’;)'ba) ol g pSejlasl BB sy a4 a8 el Sl sleeas¥T o Szl 5l (o olps
o mlie (Sogll ololes sl s)bne lyie 4 o] 5 onste Sladllan o cplpln (Yo V8 o Ken g gamie
shls Glaigad «oldlas 51 2 j0 .l ouls solatnl baosls aws Q! w5 Sl Jolge lawss ooy
5 7)194.3) Kloads Bis laools atws i g oo a8 5 a5 1o 0ogll slaaiges flore 4 PPM Y+ 5l jiin &l s jlade
ui sl ;0 0490 Sl ke gg,les ol sleudls L (_édol...a 30 wezg pl L (Ve f o) Ken
sl el PPM Y v 385 Sl 0 (Jds e 4 g wbioe GRIPI Jpeme Sl Ced (o)
9 (R ) Se oo Solel amsl> W zalS g ladiges 3l g0l slaws Bl 4 e ooy atws Gl i
(Ve o) Ken

Slrdiged slass (o aS 18 4 azgi b bl g ddo e sl lre SO Glaie 4 Ol i cenlin laae Gl
Sl 5V 2) Gan g Jao wlppion s Glaie 4 Canl ppe Hlews 310 cols atns G o onilendl
&_J).«d s_j J)‘s.\JL».w‘ o yo Yo )‘ u‘ysn aS el 00l .)LQ,M.«J ).«.: .))‘yo L;>).: ) é; oolaiwl mg/l_ \- l; ).j‘).g
o)Sen g VQB)Q oy pl b o,S eolatwl el MO/L YV L ply a5 (V) )) WHO Lug ouls aog
GFE8s S0 4 iy oo aslllas 090 athain b conlisio g (oo 090 b Jlade G ol as sl oLas (Y+19)
u)f 9 oy Ry uuL»‘ » GAS SoS P ools dwo o..:l?w‘ 9 =) u_:‘ c.:l.o.o @LM )L~.9) )‘
ABL jlaae sllas cpl o 05d g0 48,5 a5 ;0 (ABL) R‘sl;u Aigo) e gaw lgie 4 dga ul (V00 0)
b s 5 csla, 3 oslisl b ol

1 Hazard index

2 Biddau

3 Cruz and Andrade

4 Masetti

5 Mencio

6 Muller

7 Parrone

8 Reimann and Garrett

9 Ambient Background Level



4 e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

ol 3l g oad ools Jiuled auiei gy ol 5l colaiwl b laosls aws 1o 99250 Ol s lade Q-Q' 0405
B> ools acgamme 5l g ool aSld Oy ools lee 4 Lol slawig, 5l z)l polis (mje alae blas
P

oy 3l ool b Flalllas o39ame 53 Sg2ge Syt e s 35 Ghay nl 53 HBW) TSy STy lges
g oo BA> adgl sosls dcgazs 51 &y sdosls g oals cols iulai BW

Sleizl adsl &y slaosls BW g, 5l osilendl slaosls jioles 1,85 L «(BWI) v(_;)l)i'; S g S L loges
lag dolol aools azws 51 &y sbvesls solas B> Loy U by, ol 098 o0 B> 5 olold 55 ouiledls
&S oo

)° Lt 9 0d d.u»l.?be laools dws (G) )L:.bo db.?u‘ 9 u...i)l.uo )‘..\.D.A ‘u:"j) u.)‘ o (MSD) f)l..f.’uo ;_B‘JJU‘ 9 u...i)l...a
ol @ ol Jade Gl sledises I cidu A e a0 05d oo g MEANED alal, 85 L
a Jpax B oaileudl slaosls 5l oolaiwl b Slawlore b 58 g, o) 50 008 B> brosls atws 5l wosgume

355 155 gllas

ooty ( ladllae sladiges ;0 0ol ol Sls gl ool poad Z polie ol 5 wyse ol 40 1,5 el
D9 oo RS 4..]9‘ osls awd )‘ PR (:LQL,..» Sp

9 03 4.....0[.790 laosls atws MAD )‘..\.D.a S 00 W ).u u“"j) U"‘ B (MAD) Ad,Ua.A db.?u‘ u...i.tl...a
g ¥ JSE 50 (YN LG 5 0y9,L) 09d i lmesls atws 31 /0 ailiw] ax 5l i polie gl)lo sladiges
2 25 o305l 9 BW Q-Q slologes 5l esliiwl b &l yis slassls oo plosl slaijle p o § 4 ST IS

ol 0o 08ls aled peiidann B g (e SO olgre ) cdailo puSgr 00gae 3l oals (5,910,5 (slaaiges

1 Quantile-Quantile plot

2 Box & Whisker plot

3 Box & Whisker Iterative

4 Mean and standard deviation
5 Mean absolute deviation



\F"‘ﬂacf\ a)u‘\“a))aggﬁbja:mb‘jb&s \Z

Q-Q plot (NO;) Box & Whisker plot
100 100
: 90 i

70
60
50
40
30
20
10

NO, (mg/L)

100

Quantile - Normal (24.33, 19.39)

-40
Concentration of NO, (mg/L) NO;

l% | ‘ /

4
3

2

; J|N H“a'r-

_1 ) "L J"'||||I|l||l'"III'"“I'II‘I

Z-score

-3
BMI BMI6 BM31 BM46 BM6l BM76 BM91 BMI06 BMI21 BMI36
‘Water Sample

$3319,5 saigns 3o 33,5 (9031 g BW (Q-Q POt sl gy 3l soliw! b & yius 0010 diwsd 43 &y soold o lwlbis ¥ S

Clodiboo— cpuigr 0090 3l ouds

o &V’J P9y 2 gy ool Ceny led ke deT il 5 i (imie (o S Auglie b aalsl o

I o 0ilandls 00ls atws @395« Sdl,S ioled 5 (g ko] Slawlos 5 o azsliz daig, 51 S, 0
ey Lgl).s b as S b s ol sae Glgie 4 el Cawdy Jlade oy i e Jlop Dygo a4 Dy glaosls
Ol e 30 (VAP0 Shgmg,mle) el oal colanul &Lj gyl g5l )l oXileudl slaosls atws alle
ABL Jlado (o 5l ol 4 ) i o ol 2i ABL lgie 4y ouilen8l ools anwo Y.w)o 0 ke g0
el Glacdled 5l ab ahd jghy oS Sladisel lae 4 5YL polie gol> sbodiges «lid glyp doxo
35 (C1> 200 ppm w1 lS" sl y 00l deog Jlade S 5l el s 5 ogdle Lol Bd> Lol ools aiws I as
2 odle 45 ol 3 aY (VNP o San 5 | o) b soliiul o3l (sladiges Sl wds bl sl

1 Shapiro and Wilk
2 95th percentile
3 Ducci



v\ e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

iy Al sl 1y (OXC) T gmlinST Sl i 2By, (Vo A) LSen 5 | sais S Cl g NO;
gl g dlire f D0 4 a5 WSS (8 yme adiged ol
Sl s Vuﬁ..mlf I o g xS JES! ey 40 5 Y colps g canl MeQ/L cans p laedale dalal, ol jo
‘S.T Lo 5l ceslio 050 Wilgi o0 OXC asls (Yo YVA ) Kan 5 Slgp) o)ls cd¥s FES 4 Clalgw g No «
oLes 4 fLo..:L%) Ao &)l o o arlannlST L oljen Sl pals sl o 1) oleandgiiy e layld
5 Sl ol Jg oS o palS wilg e Olps 5l ol (Sogll ( als slaas]d cpl ass o (141
dge b MEQ/LY jl yiiy OXC jlade aziliz 043 TDS il corge Wlgh oo Coym GgawlannsT & )b
—oe lrosgase 4y bgiye ool atws jo A v e lis mll ol Sl sleoan YT 5l );L..a BUESRRRYOS
bz ey pl 4 aee Meg/LY ;| xS OXC polie glyls aiges O o F s a4y iy ,d 9 Cudails
NBL slozel LB 5 385 acule Gl a5 058 o0 S>o5 lzsl sols atws ojlail wei solizwl L ol
Sy e L 1) soeiny ol CeiS et o Gl glaclled 18 gids; @ Az cnl o)l a9y
Ol Gy ool STl gz (nl b oyt BB (Sl 5 (ol gloanylp B (lie B S
s 03l BB Lo ylg5u] den 10 aiges Ol i sl asls oyl Lost iy ol A 0sd oL )]
b pidgns 8 g Cbaibio (pder sloodgame 5l oo (5,900,5 (slaoals atws ,o &l s ABL lade dwle gulis
7 Slwbre plodl 5 s onileBl slaosls 565 axiliz .l ool &SI1Y Joux jo bz sla g, 3l eolan
59 Ogd e 8,5 Hlas 8 ABL lgie 4y ain il Jbop Ojear Oy slaosls B> g el sl g, (wlsl
Dgd oo blod SIS ABL ol jlade leie o (95™) lassls Aoy A0 o lawgie bl (o cp! 8
9 BWI (g, Lawgi ouilendl ools atws cldailoopdgr 00gaome slaosls 0590 j0 aS was oo lis o ow)
Sl Jloy zo395 98 MSD g, Jawgs oailanBls ools dtws «jpuiigay ;8 odgae slaosls 0,90 jo 9 Grubbs test
A ooliiwl ABL pond (gl Ll aiion 5lacas i ol 4 i Jlo s e lylo o g, plos
ain L) bl S 0 Olps ob slacdale ool g adlaie ol 1o (65,0laS g slaclad axwgi 4 4>
Li> oogde ABL ol Jlase b o((eeitdony 9 9 cudaibo b9 sloosgasme ;o PPM VY 5 AV o o3
polie (285 Las 0 (Vo) o[ g cwg)p) Sl 5 dalate oxdly Loyl s (ghoS conly aiws sl ol
boge 5lplply b sl NBL jlade a8lg )8 esd g braiges 51 (ol olowy Bd> 4y e o5 ABL
A oolaiul Wosls Gl i lae g &lis ABL (lgie 4 calises sla yog, Jawgs ol caway polie

1 Griffioen

2 Oxidation capacity
3 Reduction

4 Postma



ALEA NSV IA 4 N S| - | S PP t@.:.lo Ja.?leJJabu

vy

gy 18 g Calidiboo— gy (oS g ;O oul Cud (Gl 0010 wiwd S| piew Wiyl yd Az ) Jgus

gy 8 Sl dilbo iy o)
\YA /(N £5/5% AYEIN) YAY Q-Q Plot
Y /(N Yy /ey 1va /(N SAIA BW ABL
. .») k_!‘ - l?r.n
Ve /(N Fa/5A VWA IS) B3/AY BWI A e )
ol 4w () Jloy e L (N) Jbo s
\YA I(N) /5 \WEIS) OFIY Grubbs test
osilodly sladiges olass/(onile Bl
VY /(S) YEIYY VY- I(ND YAV MSD
Yo /(N) YY/A YA I(N) YA/PY MAD
\d i fA PPM oz ks ABL
A 4 ol ABL
Y pPpmY- <) sk Cl (K505 3laad) Bi> jLxe
A \A (ol Cl § &5 ABL) 95 4
A A oad Bl djgad sl
\YY \YY 08ilodly diges Slows

03gae ;0 (el (b i sl Gl i al> e sl (CL> 200 ppm (5,550 x5l asdllas ol jo
EPMFA pl ABL) couss jlro 5l VL sdale sl 5l aiged SO a8 8,00 i colilB wigas ¥ cbailoo (S g
@ (505 YY) adgl sladiges olowd coad i cpl 4 .l Bas aools aiws 1 digad YV IS jokay ccplpliy o)l
5load 6,500 ,5 adgl sladiges sloss sols aiws ;o e et a4 (Y Jgaz) 0,5 log ielS aiges VYY
&lp Cl 9 NOs 3l aslllae ol jo aSol peyude 05 law alS dged VYV @ (ages \YO) gy 8 0dgumxe
bl 0g>g bosls aiws o conl (Sas 5 500 00gd] sladiges (S el 0als colainl ooyl sladiges Bi>
Sholss lawgs 0ol 039l LT mlie olulis ;0 NOg i solarul acils olulis b6 jLas 95 ol dliwgs 45 ol
oS ool 53 a3V Al dtedge Sxio g (FeSms Gblis Cluy dagluels w55)5liS (115 O (szmen
LNBL aule j0 w2y JB s cge Wil sos Ol s ABL I iy slacdale ¢l jls sladiges i
090 (lord laddlse plo g (D sloosls Bl Lol Jlxe Glyie ) Sl o (Aend (Saod |15 092
O 5 59,k) S8 ey sedign B edgazme odls wiws ;5 eadlge il 5 Cudailes (rdg 0dgume ;5 LS
5 Clidibeo pder 00gume 90 (gl (PY) bl iy al o 5l s 5 (ol (slo ools aiws (g Ll a5 (V-4
Sl 0ol BLIY Jgam o puiigny )3

Glizo (g o NBL acwlxo

sloig, 5l eolatwl b cuejp; ol olawd sloadlge NBL lade wolaiwl JB ools atws fpusd 5l
2259 &S 3gb o 2w CDF 4 lterative & sla ybg, ;o aSSlxl 5l .ai aculs IGT 4 CDF dterative 25
glterative & sla yog, cpl 51 G 2 ol)5 a0 oo Jloy Ceons 4 Sy sloosls Bds 5l ay aosls

099y 90, b SO adlas 550 pie VYl aS des o plad s 050 s i Jby aaies ol o CDF
Qwd )0 it Vg Cudnilo g 00lo alws (o e A (gl |y (T- statistic< T-crit) Jlo 5 2595 ailes oo




vy e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

Iy emwlbin a2l (g, G Ll )lge By 0 a5 Cldils dxgr b Al (Y Jguz) oS ool 3 jetigay )8 ools
el Wmosls lslé a5 51 ol NBL o daslono 10 e, ol 51 s o S mo_so 1 L 4o
PPM s o b pzio plu g IJS/Cmm » EC) 2o oud Gl gvosls g adgl ool aws LS)L‘J s Y Jgu

Ol g 3 shol oold aiwd
Syl Sl Syl SHle B
Po Js o Jy!
Cbdiboo (pds
V-AAS Vf.- Fav NG fAA Yy ARRY W4 VA4 Yyy ba- faA Yy EC
FOY,0 I fry,y Y04,0 Ya-,0 ARYN FEO.Y V- AD o YFa,7 A VA TDS
1¥4.,4 YAA f0 \id'd AR A VEYLF YAA f.f YO0 'Y VA SO,
BAAT \,f- 0 LAYd Y0 Y < YA \,f- <00 EARY VY Y F
VEYLY AR\ YAA Yy, ¥ 'Y A4 VOFY fra O YY V'Y A4 Cl
YAY | over | vee | Ao AY \ sto | oavy | ovey | ves A ) NO,

VREY | RYex | YVAA | YRVE | YeAs [ Ay | ovrvy | fvey | oyvey | vesy | vevry | osyvy | HCO

RN 1Y9,4 a8 YAA £0, £F,) 110, 1Y9,4 9¥f,p A0 £0.Y £, Ca
Y4 \lg V) -5 <00 <0 .Y Y- \ e ce0 c0 K
YA £ A \YLY v.Aa VY YV.£ f-.4 V£.4 \Y.A AY VY Mg
VY0 VEO Yer 10,0 AY \ Y YSY Y- V0 AY \ Na
g
£00 q-Y ££A £y ¥4y Y4 yYYy 9.y fA- FAY \tz4 Y14 EC
YAy FYV YA YEV,Y YA 1YY A4 OVA Yay Yo+ A YY. 1Y TDS
Y¥.0 \rd \Y A A Ve YV.f Y, \Y A o \ SO,
V) Y.V - OA -, YY RN B V.o f Y.y -5 Sy RN o) F
V4, Y- 11,0 ¥ A Y Yo.Y o VY ) A Y Cl
AR ¥ Y¥,- Y0 0,4 \ AN AN Yo.¥ 10, £.¥ . NO;

Y.£y Yov,y Y¥fo,Y Y0 14Y,0 \YLY LY Yov,y YFV.¥ ARG Vav,a \YLVLY HCGO;

VoY, \YEY M £Y,9 oA \RAS \Y. \YeY IS £4,A av,A YV, Ca
VY Y, . - ¥ o) Ry VY v \ ¥ AR By K
VAN YV,A 1,0 7.0 £ Ve VAA YV,A UA Y A \,e Mg
\Y 8 VA A% \As Y <A V0 A A £.0 Y <A Na

3 NO;3 TDS EC slo e (gl g colsailoo pSg 00ls atws jo Na g NO3 SOy sla yoxio sl |, NBL oo
T- statistic lais « polic (pl (gl 0,5 amuloee g, 90 oyl 5l oolaiwl b o)lgs cad 1) peiigay 8 ools aws ;o Na

Jles g2 NBL ol & Sloalona Jaia Gidy by o) & i b % e & ol T 5] 2

1) 55 6o yite NBL sl Jod b gl ol cas b iy, o2l cmmsl dnlins I ey 0ilogdly (slaosls
aons s, ol il ol et ol sloadlse e aitiy 5 aieS (Aol 450,150 o Yool oS




ALEA NSV IA 4 N S| - | S PP t@.:.lo Ja._aud)ljlabu

V¥

Bi> cge ol 5 el 3b; L Laools Taw sl o 1 aams oo a5 NBL acule 5590 55 sonlie

(V¥ e 5 Sglg) d9b o0 Jloy @355 5585 sl aiges 51 gl slass
B yuiio ylw g US/CM s wEC)NBL § TV jluiio dmwlxo j0 CDF g lterative 2o sla g, 3 eoliw! A5 zuls ¥ Jgus

PPM cws
CDF Iterative 2¢
T.statistic | TCrt. | TV T. statistic | 7T Crit. | TV i
bl i

AN oA AYEY < FA A INAS EC
N oA oYY, oYY o Aq V-0 TDS
o AY oA 00,8 -,+20 RN o)y SO,

RN .Y .o A¥ -y F

) oA £0,Y -,-qY ,- 90 ARt Cl
EART A 0 AR RYN 4,0 NO;
< OA VA TYe,8 oA Yy FAYY HCO;,
<, VY ;o AN Y Py oo AY VoA Ca

VY . YE 1,0 AN o AY VY K
-+ ¥4 oA A0 N <o A¥ YAV Mg
)0 A YA ey .,eay ¥, Na

Hekigd 8

LA A OFAY LY .ar \RY Y EC
<o AY A YFE,A -,+20 -,y ve0,4 TDS
By YA VF,4 VA < AT VF,4 SO,

VY YA -0 <o AY LY -f F

<o AY LAY VEY <8 o Aq VY2 Cl
-eay YA YAD SARL! RIN Ya,f NO;
Y oA YAYY R Ll Y§. 8 HCO;
vy A LY oYY .,y AO¥ Ca

.,.\‘ ,.Vf .,ﬁ oo .,.Af .,/\ K
-,o09 -, YA \YLY o FA o AF ) Mg
< AY -, ¥a YA -,af -,.qy A Na

* Lilliefors test statistic ¢ = 0.05)

Sy o LS aS (g5 lse 4o ams oo Lii CDF lterative 2 sl by, bawsi ood arwls sLNBL e

Iy osls aws (gl oo arwlors diw) oy polie oYL 0> ol oo odiledl slaosls Jbo g e 4 ,oum
2 &S T-statisticglyls ;553 bs, 95, azibix ¢ blie ,0.085 L o paie ol NBL lsie 4 olg5 o

Cd,8 Gl yo ol NBL glae au |y (g, 90 ol (oYU s Jlade o i les oo canl T-Crit. b avglas
Iterative s CDF s, 5l oolaiwl L SOy g EC ooy avwlee NBL (F o ¥ sla JSo j0 (V- V) ), g (5 al)

! Mode




Vo oot 5 55 (s it s din )y e o5 il ks

bl cwl oad ooly ioles (Jle lgie ay) ppeidaas 8 5 Cudiaibooydg sbdosls aiws glp iy 4 20
Sl ool a1 S216 S2 sla IS (o e pusie ol dlxe

” / 1 0.0035
i / 80 0.003
<25
= / 0.0025
i 2 60
2
c / % z 0002
=13 40 g
o g
H] | 2 0.0015
‘é‘_ 1
; 20
=05 ‘// il 0.001
0 il il | ° 0.0005
R R X A NN S NCHONAASHEREN 0
EC (uS/cm) 300 400 500 600 700 800 900
wmm Background values Original values Background values
—Background values - cumulative (%) Original values - cumulative (%) —
— Normal cumulative probability distribution Nommal(576.500.129.560) |

5 —T 0.004
7 / - 0.0035
.
E 80
2 N 0.003
=5
g [ L 0.0025
§| { % z
=
s. 3 I 40 5 0002
g / =
3,1 l 0.0015
E 20
.l | l 0.001
0 ! 0 0.0005
Y% 5 % "% % % T Yo B M 7,70, .
EC (nS/e
(pem) 300 400 500 600 700 800
—=Dackground values Original values Background values
—Background values - cumulative (%) Original values - cumulative (%)
——Normal cumulative probability distribution [ —— Normal(538.687,108.734) ‘

Cadsiboo— cpdgs 0315 diws 4o (o) lterative 26 4 (YU) CDF (g, LEC (gl ouus duwlxo NBL =¥ i
F Jgaz j0 adlas 9,50 slo,sie lp Iterative &5 3 CDF sla oy, 5l oolaiwl b oads awlxe NBL jlads
&)l 5653 sla iy, 5 S o gl oo anwle NBL polie (0Kl g dicion @S lade Cuwl ool &3l
G s jehaien 3 F o ¥ o IS o b e ol 51 SO o (gl osd sl GLINBL s asals .ol ouls
ol 00 00l uled pl S giend & g0 4 S216 S2
et ol NBL o (T-crit. | aslie jo T- Statistic o, » g odileadl slaosls aws aidlbo g a4y axg5
sl» NBL jlai. (CDF 4 lterative & sYlix! slo iy, baws Jloys xojer ol pas Jdo 4 .ol oo
oals azws ;o Na g NO3 [IDS EC slo s 9 Cudaibopdgs ool aiws ;0 Na 4 NO; SO sla yusin
2053 A0) oabb g, 3l Olsice boyeite ol (sl imlplis 05 aslora Ll 31 aslisial U olgiions |y saetiss 9
YoV e g Dol Yo VY Lo 5 Yiiwk s jgl) 0,5 oolaiwl NBL lgie 4y (ouilondly (slaosls



\f'f,@.ﬂgf\ a)l.a.fu AY 093 c@?b.la:md;bbl:u \'24

=

b -

3

P

EN

-

Frequency per width of class

A |
11—

[« N NN NN N N I 8 SN
R I R R
SO, (ppm) 0 5 10 15 20
w—Background values Original values Background values
— Background values - cumulative (%) Original values - cumulative (%)
——Normal cumulative probability distribution ——Normal(7.660,3.623)
0.14
" 100

i, |
iy .

P I R R A NN AR I N R R SR NI AN N

Frequency per width of class

SO, (ppm)

0

5 10 15 20

= Rackground values Original values
N “ Background values

= Background values - cumulative (%) Original values - cumulative (%)

—— Normal cumulative probability distribution
Heiaigay 43 0315 diwd o (mb) Iterative 26 ¢ (YU) CDF igy bSOy (5l ouis dumwlxo NBL :F JsCis

3oVl Jll asle cwlildipmy Jolse Jdo a4 ©loS 5 50 NBL polie a5 conl (Sae 8)lse (S o
dogi i Sl ejns o @l Ko b (1Sem Lo g paen VL (Faall o g sla sl )b
sosls Lo a4y myjei giowie a5 a8lge )0 ) poogdle (V41 ] e \9:\%)1..4) 39, 1, WHO lawgs ouds
b anolio o Sslite gl ol Sion B ada o )s S & )go s NBL (aosss el oS ol 3 &y
IGT ) ) eslannl ¢ jolaie cnl slp yie SIal, K00 Bk 51V VA (LlSen g (19)b) was &l e by, Lo
srosls Jlgie B> 5l o beosls Jloy aje sbml gl o 58 (g, opl (wleol el psie ol (1
NBL aulxe glp &y sloosls B 5l s saileudl slaosls (g Lol aods 0 Jgaz o el gl &y
Ghls saile8l sladiges Z laie S23 4 S22 sla JSis jo el ool BLIIGT oy, wlwl 5 calizee sloadlge

el 00 ools quc.: JLc)J Ie3r Y

1 Sellerino
2 Skewed



v e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

(PPM o> 3 1 piio yylw g US/CM s 3 EC) Giliso gla yog ) 31 o0liiw! b (Flawlxo NBL 55l ¥ Jgu

NBL
%95 . CDF lterative 26
NBL) ol
ks lterativ
0 o
A% B IGT . e Site | Sl | s o
CD Iterativ ol s . ol ) .
F e X CDF.2¢ dneS dneS
IGT n %) ° O °
o5h,
Cbslede:
Yo,Y Ya. VY AYY INEZN AYY Ty AOYAY Yoy Ty EC
YAY | VEEA | fEVA AYY O9,0 AY) YaA ¥ A2y VaA | TDS
£F,0 Yy \Al 4.y o .y At d OyVY VA AR 0,0 ), SO,
YEY .Y - "% - f % <) - -y <) F
Y,
N \¥Z FA vY YL f fYLY Y5 A% vY \d Cl
Ay V5 YAY | YYF ¥V A VA0 \¥Z \ %4 YAY \ NO;
o4, N \£Y,
7.7 Yy, f YYV,» YYV.f YYV,» YYV.f ARRIA HCO
q Y Y 3
0,8 [ &M V-8 YA Ve, | fYY Yv,Y IRAN IR aAx Ca
fo.Y .5 ),4 1Y -5 VLY . <0 Ay . K
1,0 VA Y. YA VLY YA VY 1,8 Y),0 VY Mg
A4 V1LY YAS | YEA AR Y£A 10,0 Y44 \ 11,0 Yy \ Na
Hebigd B
V£, AV £Y4 OFY AP OFY f.v N2 YEY fv.a fa¥f YY- EC
) \¥Z Y5 YO T YO YEV,Y | YEYF VO YEAS | V-0 | Ay TDS
ffy 7.5 Yy, f VEA \AY VEY \ AN VEA \ SO,
Yo,” Y 5 -0 Y 0 Y ¥ F
Yv,Y Yy 10,Y Y0 .y \YWLY o q,Y Y0 14 Cl
0,4 q.f YOA | YEO YeY Yoy \Y,0 Ye¥ -5 A Y4, e NO;
Y44, VY, \£Y,
0,4 V2V YAY V-0 YAY Yvey | Yooy HCO
A q Y 3
4 £.f VY8 LY A1 £Y,4 LY A1 va,Y [ZAT A¥,Q £Y,0 Ca
VY,
-4 V.2 <A -f <A <) EAY <Y .50 K
v
fy.Aa [N A 'Y 7,0 'Y \ O,A W) \ Mg
\E P .5 .7 Y A Y f.¥ 2 \ Y.$ 14 \ Na

5 9,0 ool alws ojlail 4 (g0l y (Swwly cewsl (IOR) \c)ﬁ odls (6,1, B> sla by, 5l &S gy ol 2L
OHle g w8 YooV LSKen 5 zSL) wil adgl eols atws olail 51 peS eal Bds slaosls slawi wub

! lterative outlier removainethod




ALEA NSV IA 4 N S| - | S PP LNJ@@Q‘}&B‘A YA

WXl g 0gaze Ho adgl ooly atws wiges VYV 3l aes o lid eniledl slaosls cwyyp (V4NO
oanline HCO; 3 Ca g Na lp sy 4 (g slrools Baz) cols aiws ojluil mals (o ieS g 0 yidieo
oo Ve b)) o IGT by, 5l eolatwl b aslllas 9,90 slaadlee NBL aile sl X0 g)le 4y 050 o0
4.&.194 L)"‘ 6‘)" od.ac—‘ Cowdo ).:»)LM ).«.:Ju ~.\39) WOg>g u.g“ L: ol o0l BA> 09.4)1 k.g‘)" el J>‘)A g LQAA}‘»
0old s wiged VYV Slicud 5 pmed 4y .0l CDF g lterative &5 sla s, 5l Jol> zuls b ool cppliv b
s F lp cudy @ (Op sloools Blx) sols atws ojlail malSs p meS g 0 yidon «puiidgdy 13 0dguzma 4o adsl

g oo 0dalie NO;
IJS/Cmm » EC)IGT o9 Uol.wl 5 NBL duwlxo ‘5|).3 Oy ‘Slhcob i o™ oilousl ‘Slbcob 6)MT s 8 Jouo

(PPM w5 o pudio L g

S digos Slaxs
Jlro Sl il bawgio ] oS I oo
ouiledly
bl den

YYYF FYA,- VEe . Y-, VYA, EC
1YY A YAY A ISR VaA, VYA, TDS
YAY YV Y0 1,4 Y, SO,

Y - f R \Y- F

Yy YAY Y, At d Vo, Cl
1,4 VAL £5.% \,e VYA, NO;
OY,) YA, £Y-Y 10V, YN, HCO;
Y8 YAA 1Y4,4 £F,) YN, Ca

-0 -5 1,4 -, 110, K
#A \Y,. AR VY \Y- - Mg
9,8 \0,. £.0 \,e av,. Na

Ay B

ARLW FYVA .Y, Y14, Y, EC
g YOF¥ fYY,. Y, AR TDS
AL q,¢ vey \,e VYA, SO,

.,Y .,Y .,\/ ., \‘\,. F
Y, 9,0 VAL Y, Y, Cl
Ve ¥ V0,8 £1.5 . \YE,. NO;
£0,0 YAVY YOV,Y VALY 114, HCO;
VALY V.8 \YEY \NAT \YY, Ca

- -0 Y, ) 114, K
O, v.» YV.A \, AN Mg
Y5 £,Y VY, <A 114, Na

9 Celaileo pSgr 0old ais g0 ;o 0 IGT g, 3l eslaul b glawloes NBL polie dan a5 aoo oo olis mlis
Joges b Sy (F Jgux) <l CDF g lterative & sla oy, lawgs ool &l polie 5l jias ,euidgas 8




va oot 5 55 (s it s din )y e o5 il ks

©515,5 sloosls arws o1,y IGT § CDFterative 2 sla s, 5l oslicasl b losles NBL yyolie (glanslis

Sl 00 43‘)‘ J‘Q"“""ﬁ"‘")ﬁ 9 WAJL.A—U.J}' dbodgm )‘ W)

1000 120 10000 120
112.50 0
1
100 1000
100
80 80
100
= X o 60 X
= 10 60 °< = <
“ 36.56 - 10 % 3594
10 40
4294
1 4 ; ;
1
20 20
11.07 5 3
591 6.63
0 0 0 - 0
EC TDS SO4 F Cl NO3 HCO3 Ca K Mg Na > Q¥ <=
&
~——Iterative 26, CDF, 95th  —@=IGT A% —4—[terative 26, CDF, 95th =@=IGT A%

9 () Culbniloo— (rdgr 0010 diwd (5l tlitin (sl gy b (2 Lo oS 58 (sloall 9o (gl (Flawlono NBL jlutiio dunylio :0 JSCi
(k) Aeiigas 9

holb yw e Sy 255!
L osls aws o3l cunl (Koo dasl s oz j0 sl ool solawl YU o oals S8 sl g, (wlal  ddiges
03gaze dslllas 550 (sdises VYT [0 Ol s Sl5ols ju e Sy ) dlors gl il Oglae Lol ools asws
Sras glp sl coaS) V5l S HE 6lls (ao,0 TY 0g00) aiges B0 a4 wod oo lis sl e
S lem 39, sk sV 5l 55 0 HE L bdges ple a5 cwl Jb jo ) (S24 JSLo) aws (JLabl
dw dy Glgs oo 1Y 5l GYL polae a5 wols Las (Y2 VY) Lo o (S ol aw 00y (pl $lp Sl yw e
20,8 Gapendd (Vo 5l S HI) Gl 9 (Ve GO o HID lawgio Jlas (O ) o HI) a0 S oogue
Vg Gl o) 06 o HIE lase slls aiges VY ) 5l 55 5 HI L diges VY 5l a5 oy oo Hhas a5 cqulaol (0l
s Jawgie s gl 0 5l 55 L HI L 50 dges
HI gy g0 oyl Gran sl aiged 5l (g i olasd CuheS 05uge 0oLl (lgiee (s sloos, GRal8l L
ol g e o) 5l S HIE Glhls (oo TA sgu,0) diges B a5 s oo lis 506 gl oo aruloe
FE plo a5 cl b o cpl (F JS0) conl Ol s 0g2 g 5 35U sbas Lo 590 Hka3 5l sl oo e o Sk
WS oo 58 a0 S 00, 0B U Y o HIE L (o )0 OF 0505 ,0) axlllac 5,50 diges
Vo plo gyl o s25 05, )0 (Moo AY 4 SGop) aiges VoV a5 oS cdalive (lgs so llszgi (g 09, o
S 03y el S ek & Cawlgs] 09 St S Kl ol g e0e YUY o HI Glhls (aoys VF) diges
(2o )3 AY) @gas VoV (g 03, cpl lp e )l Bras sl S dged i sl (YLS 5
(S24 JS5) 005 o0 )18 oS a5 00 10 (0o, VY) aiges V&l o (e o) ) 5l S HIE (6l yls



ALEA NSV IA 4 N S| - | S PP L@.:..b‘]a:}uos:)‘jlauu A+

(20,0 PO VF (aoy0 PV VY o b a5 aeo oo Lad peligay )8 edgaome ools aws (gl HI aculore gl
J8 s o S 08,y YL )5 g llgz g () sS (Jlabl gl diged (oys A0) VYY) g (o0 AY) VLY
(S25 JS5) 0iyS o0 )18 Jhas 05 00 j0 iy ) 4 g s 0 5 seS HIE 6l 55 badigas ple ad)ls
38 o 518 langie Jlas b jlas oS 0o j0 e pw sbes; gl aS pladiged JI B aS Cllls axgr WL
Cdbo ai> a5 5l J98 BB glacdl e ol pln sl oud (6,5 gl 4t 50 Ll @8 3l g 0sd 215 e
Ll 48 5 590 adlllac 550 gloj o3l o Gs..x,,otiﬂ ol

& 35 A

52l lie e d5ue 0 Wlgios b O @lie (liardisSy 58 (sloyeie NBL Sl i ol g o (yeens
NBL aslllas ol jo coplply 0l Jao o ol Bras 3,k 5l Sl Cds gl p 1680 Cdlse 51 (6,5 gl
sl bg, 5l eslasl L Na Mg KK «Ca HCO; NOs Cl F SOy TDS EC Jolis olaorissssjud psiio V)
losls aws Gl s anl)d sl o0l dwls IGT 5 CDF dterative & Jolis (5,155 &y ools &8, (y305]
g Iterative & sYlaix| slo s, lawg Jloy moje ol pae o 4y .l o slxil Cl g NOs ulusl 5
5 NO;3 [TDS EC sl psie g clidibio pdgs 00ls aws ;o Na g NO3 SO, (slo xio 5l NBL lade .CDF
b gy 5l b yaite ol gl ecnlply 0,8 acule Lyl 5l eolaul b oylgs cad 1) adigay )8 ools atws ,o Na
O NBL j0lie a5 ams o lias Slowlors .l ool oolaswl NBL lsie 4y (oxilodl slaosls asys 10)
| CDFq lterative 25 sla g, 5 ool Cawds polie 5l 55,5 IGT ig, lawes oo

4 am3 go ol Sl Sl ST L gy (eled 5 b ol Bpae bl Gl e Sy )
Slp baiges 0o Jlows CudsS Slo cnl 5 wjlo 13 s 5 Jlas o 00, )0 axlllas 590 (slo aiges e
SAFY oy a4 a aes o plis culaileo b g 00ga0me ools aiws (gl HI dilows gl .ol ) B pas
bzl g aijle J13 has o a8 s, j0 YL )5 g llsgs () 80gS (Jlabl (gl ddigad 5l asys AY 5 AY
iy ol g aiiie O 51 S HE lls 50 ediged plo (Jlabl o 00; lp 0 51 28,5 HI L 6ges SO
a5 aed oo Hlis ppliany 3 oagasme ools aiws lp HI aculows zmlis (03,5 oo J13 lawgio s U jlas (S oo,
I e ot S 03, 3 LT, 5 iyt o855 JUbl (sl Laaigad a0 5 AT D F) i 4

555 o 3 gt a5 o5 0, ;5 s ol 4 3 5t O 31 e HE (615 5o laaigas sl i

&l

Amiri, V., Ali, S., Sohrabi, N. (2023a). Estimatinthe spatio-temporal assessment of GRACE/GRACE-kE@ved

groundwater storage depletion and validation witksitu water quality data (Yazd province, centnan). Journal of
Hydrology, 620, 12941éttps://doi.org/10.1016/j.jhydrol.2023.129416

Amiri, V., Sohrabi, N., Lak, R., Tajbakhsh, G. (2)2Estimation of natural background levels of heaetals and major
variables in groundwater to ensure the sustainableply of safe drinking water in Fereidan, Iran.viEsnment,

Development and Sustainability, 26, pp 19807-1988ps://doi.org/10.1007/s10668-023-03438-z




A e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

Amiri, V., Ali, S., Sohrabi, N., Amiri, F. (2023bHydrogeochemical evaluation with emphasis on t@tend fluoride in
urban and rural drinking water resources in westsfahan province, central Iran. EnvironmentaleBce and Pollution
Research, 30, pp 108720-10874fps://doi.org/10.1007/s11356-023-30001-0

Amiri, V., Berndtsson, R. (2020). Fluoride Occurcerand Human Health Risk from Groundwater Use eMitest Coast of
Urmia Lake, Iran. Arabian Journal of Geoscienc8s9P1https://doi.org/10.1007/s12517-020-05905-7

Amiri, V., Nakhaei, M., Lak, R., Li, P. (2021). Aintegrated statistical-graphical approach for dperaisal of the natural
background levels of some major ions and potegtidbxic elements in the groundwater of Urmia aquife
Iran. Environmental Earth Sciences, 80, 48#s://doi.org/10.1007/s12665-021-09733-0

Amiri, V., Sohrabi, N., Li, P., Amiri, F. (2023croundwater Quality for Drinking and Non-CarcinogeRisk of Nitrate in
Urban and Rural Areas of Fereidan, Iran. ExposndeHealth, 15, pp 807-82Bttps://doi.org/10.1007/s12403-022-00525-w
Biddau, R., Cidu, R., Lorrai, M., Mulas, M.G. (201 Assessing background values of chloride, sulfatel fluoride in
groundwater: A geochemical-statistical approach eggional scale. Journal of Geochemical ExplonatidB1, pp 243-255.
https://doi.org/10.1016/j.gexplo.2017.08.002

Bulut, O.F., Duru, B., Cakmak, O., Ginhan, O., Bjl&.B., Yetis, U. (2020). Determination of grourater threshold
values: A methodological approach. Journal of Gidean Production, 253, 120001.
https://doi.org/10.1016/j.jclepro.2020.120001

Cruz, J.V., Andrade, C. (2015). Natural backgrogndundwater composition in the Azores archipelaBorfugal): a
hydrogeochemical study and threshold value detextiain. Science of the Total Environment, 520, pp7-135.
https://doi.org/10.1016/j.scitotenv.2015.03.057

De Miguel, E., Iribarren, I., Chacon, E., Ordonéz, Charlesworth, S. (2007). Risk-based evaluatibthe exposure of
children to trace elements in playgrounds in Madri@Spain). Chemosphere, 66, pp 505-513.
https://doi.org/10.1016/j.chemosphere.2006.05.065

Duan, M., Du, X., Peng, W., Zhang, S., Yan, L. (201A Revised Method of Surface Water Quality Eadilon Based on
Background Values and Its Application to Sampleslle€ted in Heilongjiang Province, China. Water, 11057.
https://doi.org/10.3390/w11051057

Ducci, D., De Melo, M. T. C., Preziosi, E., Seltej M., Parrone, D., Ribeiro, L. (2016). Combiningtural background
levels (NBLs) assessment with indicator kriging lgsia to improve groundwater quality data interptien and
management. Science of The Total Environment, 588-pp 569-584https://doi.org/10.1016/.scitotenv.2016.06.184
Edmunds, W.M., Shand, P., Hart, P., Ward, R.S. 3200he natural (baseline) quality of groundwatetJK pilot study.
Science of the Total Environment, 310(1-3), pp 85k3tps://doi.org/10.1016/s0048-9697(02)00620-4

European Community (2006). Groundwater directive6Z018/CE. Directive of the European Parliament #xedCouncil on
the Protection of Groundwater Against Pollution &wderioration, OJ L372, 27/12/2006, pp 19-31.

Falkenmark, M. (2005). Water Usability DegradationWater International, 30(2), pp 136-146.
https://doi.org/10.1080/02508060508691854

Gao, Y., Qian, H., Huo, C., Chen, J., Wang, H. @02 Assessing natural background levels in shajooundwater in a
large semiarid Drainage Basin. Journal of Hydro|dg#4, 124638 https://doi.org/10.1016/j.jhydrol.2020.124638

Gao, Y., Qian, H., Wang, H., Chen, J., Ren, W., ¢/dn (2020b). Assessment of background levelspmfidtion sources
for arsenic and fluoride in the phreatic and caadilgroundwater of Xi‘an City, Shaanxi, China. Eonimental Science and
Pollution Research, 27, pp 34702-347#ps://doi.org/10.1007/s11356-019-06791-7

Giri, S., Singh, A.K. (2015). Human health risk essment via drinking water pathway due to metataromation in the
groundwater of Subarnarekha River Basin, India. iferwnental Monitoring and Assessment, 187(3), pd4l-
https://doi.org/10.1007/s10661-015-4265-4

Griffioen, J., Passier, H.F., Klein, J. (2008). Gmarison of selection methods to deduce natural dracikd levels for
groundwater units. Environmental Science & Techgwl@2(13), pp 4863-4868ttps://doi.org/10.1021/es7032586

Huan, H., Hu, L., Yang, Y., Jia, Y., Lian, X., M4,, Jiang, Y., Xi, B. (2020). Groundwater nitratellption risk assessment
of the groundwater source field based on the iategr numerical simulations in the unsaturated zonksaturated aquifer.
Environment International, 137, 105582ps://doi.org/10.1016/j.envint.2020.105532

Huang, G., Pei, L., Li, L., Liu, C. (2022a). Natubackground levels in groundwater in the PearleRiDelta after the rapid
expansion of urbanization: A new pre-selection meéth Science of the Total Environment, 813, 151890.
https://doi.org/10.1016/j.scitotenv.2021.151890

Jandu, A., Malik, A., Dhull, S.B. (2021). Fluoridend nitrate in groundwater of rural habitationssemiarid region of
northern Rajasthan, India: a hydrogeochemical, iwauiite statistical, and human health risk assessmperspective.
Environmental Geochemistry and Health, 43, pp 39@26.https://doi.org/10.1007/s10653-021-00882-6

Jang, C.S., Liu, C.W,, Lin, K.H., Huang, F.M., Wai®gW. (2006). Spatial analysis of potential cangienic risks associated
with ingesting arsenic in aquacultural tilapia (@ekromis Mossambicus) in Blackfoot disease hyperend areas.
Environmental Science & Technology, 40(5), pp 1701-3.https://doi.org/10.1021/es051875m

Karunanidhi, D., Aravinthasamy, P., Priyadarsi, D.RPraveenkumar, R.M., Prasanth, K., Selvapravegn,
Thowbeekrahman, A., Subramani, T., Srinivasamoothy2020). Evaluation of non-carcinogenic riskeedo fluoride and




ALEA NSV IA 4 N S| - | S PP LNJ@@Q‘}&B‘A AY

nitrate contaminations in the groundwater of anaarpart (Coimbatore region) of south India. Envinemtal Monitoring
and Assessment, 192, 102tps://doi.org/10.1007/s10661-019-8059-y

Karunanidhi, D., Aravinthasamy, P., Subramani, Rumar, M. (2021). Human health risks associatech witultipath
exposure of groundwater nitrate and environmenfaliyndly actions for quality improvement and susédle management:
a case study from  Texvalley (Tiruppur region) of diln Chemosphere, 265, 129083.
https://doi.org/10.1016/j.chemosphere.2020.129083

Kaur, L., Rishi, M.S., Siddiqui, A.U. (2020). Deteinistic and probabilistic health risk assessmenhniques to evaluate
non-carcinogenic human health risk (NHHR) due teofide and nitrate in groundwater of Panipat, Haayalndia.
Environmental Pollution, 25%ttps://doi.org/10.1016/j.envpol.2019.113711

Kelly, W.R., Panno S.V. (2008). Some Considerationépplying Background Concentrations to Groundt®veStudies.
Ground Water, 46, tttps://doi.org/10.1111/j.1745-6584.2008.00467.x

Kim, K-H., Yun, S-T., Kim, H-K., Kim, J-W. (2015)Determination of natural backgrounds and thresholdsitrate in
South Korean groundwater using model-based statisdpproaches. Journal of Geochemical Exploratid8, pp 196-205.
https://doi.org/10.1016/j.gexplo.2014.10.001

Li, S., Zhang, Q. (2010). Risk assessment and sahsariations of dissolved trace elements and yeaetals in the Upper
Han River, China. Journal of Hazardous Materiad,, p 1051-105&ttps://doi.org/10.1016/j.jhazmat.2010.05.120

Li, X. et al. (2018). Evaluation and determinatioh soil remediation schemes using a modified AHPdehcand its
application in a contaminated coking plant. Journaf Hazardous Materials, 353, pp 300-311.
https://doi.org/10.1016/j.jhazmat.2018.04.010

Linhua, S. (2019). Calculating Environmental Backgrd Value: A Comparative Study of Statistical \WersSpatial
Analyses. Polish Journal of Environmental Stud&§1), pp 197-203.

Lonati, G., Zanoni, F. (2012). Probabilistic heaftbk assessment of carcinogemmissions from an MSW gasification
plant. Environment International, 44,80-$itps://doi.org/10.1016/j.envint.2012.01.013

Masetti, M., Poli, S., Sterlacchini, S., BerettaPG Facchi, A. (2008). Spatial and statisticabasment of factors influencing
nitrate  contamination in  groundwater. Journal of viEbnmental Management, 86, pp 272-281.
https://doi.org/10.1016/j.jenvman.2006.12.023

Matschullat, J., Ottenstein, R., Reimann, C. (20@¥ochemical background Can we calculate it? Bnuiental Geology,
39(9), pp 990-100https://doi.org/10.1007/s002549900084

Mencio, A., Mas-Pla, J., Otero, N., Regas, O., BRoura, M., Puig, R., Bach, J., Domenech, C., Zamardl., Brusi, D.,
Folch, A. (2016). Nitrate pollution of groundwatei| right..., but nothing else? Science of the T&alironment, 539, pp
241-251.https://doi.org/10.1016/j.scitotenv.2015168

Molinari, A., Guadagnini, L., Marcaccio, M., Guachay, A. (2019). Geostatistical
Multimodal approach for the assessment of the apdistribution of natural background concentradian large-scale
groundwater bodies. Water Research, 149, pp 522H://doi.org/10.1016/j.watres.2018.09.049

Muller, D., Blum, A., Hart, A., Hookey, J., KunkdR., Scheidleder, A., Tomlin, C., Wendland, F. @00inal proposal for
a methodology to set up groundwater threshold waineEurope. Report to the EU project “BRIDGE” 20@&liverable
D18.

Nakic, Z., Posavec, K., Bacani, A. (2007). A visbakic spreadsheet macro for geochemical backgraoalysis. Ground
Water, 45(5), pp 642-64Https://doi.org/10.1111/].1745-6584.2007.00325.x

Parrone, D., Ghergo, S., Preziosi, E. (2019). Atinméthod approach for the assessment of natuicidraund levels in
groundwater. Science of the Total Environment, §§9884-894https://doi.org/10.1016/j.scitotenv.2018.12.350

Postma, D., Boesen, C., Kristiansen, H., Larsen(18991). Nitrate reduction in an unconfined sandyifer: Water
chemistry, reduction processes, and geochemical elimgd Water Resources Research, 27, pp 2027-2045.
https://doi.org/10.1029/91WR00989

Preziosi, E., Parrone, D., Del Bon, A., Ghergo(2B14). Natural background level assessment inrghoaters: probability
plot  versus pre-selection method. Journal of Geovote Exploration, 143, pp 43-53.
https://doi.org/10.1016/j.gexplo.2014.03.015

Rahman, A., Mondal, N.C., Fauzia, F. (2021). Arseanrichment and its natural background in groundwan the
proximity of active floodplains of Ganga River, Nuwern India. Chemosphere, 265, 129096.
https://doi.org/10.1016/j.chemosphere.2020.129096

Reimann, C., Garrett, R.G. (2005). Geochemical giamtknd-concept and reality. Science of the Totalienment, 350, pp
12-27 .https://doi.org/10.1016/j.scitotenv.2005.01.047

Rodrigues, A.S.L., Malafaia, G., Costa, A.T., Jinte.A.N. (2013). Background values for chemicaneénts in sediments
of the Gualaxo Do Norte River Basin, Mg, Brazilvi&ta De Ciéncias Ambientais, Canoas, 7, 2

Rotiroti, M., Di Mauro, B., Fumagalli, L., Bonomil,. (2015). COMPSEC, a new tool to derive naturakigaound levels by
the component separation approach: applicationwim different hydrogeological contexts in northetaly. Journal of
Geochemical Exploration, 158, pp 44-bdtps://doi.org/10.1016/j.gexplo.2015.06.017

Saha, N., Safiur Rahman, M., Ahmed, M.B., Zhou,, Ngo, H.H., Guo, W. (2017). Industriaietal pollution in water and
probabilistic assessment of human health risk. niurof Environmental Management, 185, pp 70-78.
https://doi.org/10.1016/j.jenvman.2016.10.023




AY e g boosd 3G 50 (Sl ke ands die e I il kS 4lals S

Salomao, G.N., Dall'Agnol, R., Sahoo, P.K., Junb§.F., Silva, M.S., Filho, P.W.M.S., Berrédo,. JNflascimento Junior,
W.R., Costa, M.F. (2018). Geochemical distributiord threshold values determination of heavy metattream water in
the sub-basins of Vermelho and Soror6 rivers, lta@s River watershed, Eastern Amazon, Brazil. Giedica Brasiliensis,
32(2), pp 180-198ittps://doi.org/10.21715/GB2358-2812.2018322180

Salomao, G.N., Figueiredo, M.A., Dall'Agnol, R.,h®a, P.K., Filho, C.A.M., Costa, M.F., Angélica, R.(2019).
Geochemical mapping and background concentratibirsroand potentially toxic elements in activeestm sediments from
Carajas, Brazil —implication for risk assessmenturdal of South American Earth Sciences 92, pp 16d-
https://doi.org/10.1016/j.jsames.2019.03.014

Sellerino, M., Forte, G., Ducci, D. (2019). Ideit#tion of the natural background levels in the aRgrean fields
groundwater  body  (Southern  ltaly). Journal of Gewsical Exploration, 200, pp  181-192.
https://doi.org/10.1016/j.gexplo.2019.02.007

Shapiro, S.S., Wilk, M.B., 1965. An analysis ofigace test for normality (complete samples). Biotkat52, 591

Sohrabi, N., Kalantari, N., Amiri, V., Saha, N., Bdtsson, R., Bhattacharya, P., Ahmad, A. (2021)prababilistic-
deterministic analysis of human health risk relai@dhe exposure to potentially toxic elements iaugdwater of Urmia
coastal aquifer (NW of Iran) with a special focus arsenic speciation and temporal variation. Ststhd&nvironmental
Research and Risk Assessment, 35, pp 1509-158.//doi.org/10.1007/s00477-020-01934-6

Solgi, E., Jalili, M. (2021). Zoning and human hkaisk assessment of arsenic and nitrate contdimman groundwater of
agricultural areas of the twenty-two villages wighostatistics (Case study: Chahardoli Plain of &oyKurdistan Province,
Iran). Agricultural Water Management, 255, 107028os://doi.org/10.1016/j.agwat.2021.107023

Subba Rao, N., Srihari, Ch., Deepthi Spandana, Savanthi, M., Kamalesh, T., Abraham Jayadeep, 2019).
Comprehensive understanding of groundwater quafity hydrogeochemistry for the sustainable developwiea suburban
area of Visakhapatnam, Andhra Pradesh, India. HummanEcological Risk Assessment: An Internatiomairdal, 25(1-2),
pp 52—-80https://doi.org/10.1080/10807039.2019.1571403

Tian, R., Wu, J. (2019). Groundwater quality apgmbby improved set pair analysis with game theeogightage and health
risk estimation of contaminants for Xuecha drinkimgter source in a loess area in northwest Chinanah and Ecological
Risk Assessment, 25(1-2), pp 176-1Bfips://doi.org/10.1080/10807039.2019.1573035

Urresti-Estala, B., Carrasco-Cantos, F., VadilloeRel., Jimenez-Gavilan, P. (2013). Determinabbbackground levels on
water quality of groundwater bodies: a methodolalgiproposal applied to a Mediterranean River Basifournal of
Environmental Management, 117, pp 121-18€ps://doi.org/10.1016/j.jenvman.2012.11.042

USEPA (2011). Exposure Factors Handbook, 201 1cediti.S. 2011 Editi. Ed.

USEPA (2014). Human Health Evaluation Manual, Seppntal Guidance: Update of Standard Default ExgoBactors-
OSWER Directive 9200, vols. 1-120, p. 6

USEPA (2019). Regional screening levels (RSLs)-gen@bles. https://www.epa.gov/risk/regional-seieg-levels-rsis-
generic-tables. Accessed 20 February 2020

Wendland, F., Hannappel, S., Kunkel, R., Schenk, \®igt, H.J., Wolter, R. (2005). A procedure tofide natural
groundwater conditions of groundwater bodies in n@ery. Water Science & Technology, 51(3-4), pp 289:2
https://doi.org/10.2166/wst.2005.0598

World Health Organization (WHO) (2011). Guidelinfs drinking-water quality, 4th edn. WorlHlealth Organization,
Geneva.

WHO (2017). Guidelines for Drinking Water Qualitifourth Edition Incorporating the First Addendum. NdoHealth
Organization, Geneva.

Yan, Y., Han, L., Yu, R-L., Hu, G-R., Zhang, W-Eui, J-Y., Yan, Y., Huang, H-B. (2020). Backgroudetermination,
pollution assessment, and source analysis of heztgls in estuarine sediments from Quanzhou Baytheast China.
Catena, 187, 104328ttps://doi.org/10.1016/j.catena.2019.104322

Zeng, G., Liang, J., Guo, S., Shi, L., Xiang, Li, X., Du, C. (2009). Spatial analysis of humanltfeask associated with
ingesting manganese in  Huangxing Town, Middle ChinaChemosphere, 77(3), pp 368-375.
https://doi.org/10.1016/j.chemosphere.2009.07.020




| ™ ]

B Journal of Natural Environment Hazards

R s Print ISSN: 26764377 Online ISSN: 2676 - 4385
E\ Homepage: https:/jneh.usb.ac.ir
References

References (in English)

Amiri, V., Ali, S., Sohrabi, N. (2023a). Estimatinthe spatio-temporal assessment of GRACE/GRACE-E@ved
groundwater storage depletion and validation witksitu water quality data (Yazd province, centnan). Journal of
Hydrology, 620, 12941éttps://doi.org/10.1016/j.jhydrol.2023.129416

Amiri, V., Sohrabi, N., Lak, R., Tajbakhsh, G. (2)2Estimation of natural background levels of heaetals and major
variables in groundwater to ensure the sustainableply of safe drinking water in Fereidan, Iran.viEsnment,
Development and Sustainability, 26, pp 19807-1988&ps://doi.org/10.1007/s10668-023-03438-z

Amiri, V., Ali, S., Sohrabi, N., Amiri, F. (2023bHydrogeochemical evaluation with emphasis on tet@nd fluoride in
urban and rural drinking water resources in westsfahan province, central Iran. Environmentale8ce and Pollution
Research, 30, pp 108720-10874fps://doi.org/10.1007/s11356-023-30001-0

Amiri, V., Berndtsson, R. (2020). Fluoride Occurcerand Human Health Risk from Groundwater Use ettfest Coast of
Urmia Lake, Iran. Arabian Journal of Geoscienc&s 9P1https://doi.org/10.1007/s12517-020-05905-7

Amiri, V., Nakhaei, M., Lak, R., Li, P. (2021). Aintegrated statistical-graphical approach fordperaisal of the natural
background levels of some major ions and potegtiabxic elements in the groundwater of Urmia aquife
Iran. Environmental Earth Sciences, 80, 48%s://doi.org/10.1007/s12665-021-09733-0

Amiri, V., Sohrabi, N., Li, P., Amiri, F. (2023croundwater Quality for Drinking and Non-CarcinogeRisk of Nitrate in
Urban and Rural Areas of Fereidan, Iran. ExposndeHealth, 15, pp 807-82Bttps://doi.org/10.1007/s12403-022-00525-w
Biddau, R., Cidu, R., Lorrai, M., Mulas, M.G. (201 Assessing background values of chloride, sulfatel fluoride in
groundwater: A geochemical-statistical approach et¢gional scale. Journal of Geochemical Explomati@1, pp 243-255.
https://doi.org/10.1016/j.gexplo.2017.08.002

Bulut, O.F., Duru, B., Cakmak, O., Giinhan, O., Bjl&.B., Yetis, U. (2020). Determination of grourater threshold
values: A methodological approach. Journal of Gdean Production, 253, 120001.
https://doi.org/10.1016/j.jclepro.2020.120001

Cruz, J.V., Andrade, C. (2015). Natural backgrogrdundwater composition in the Azores archipelaBortugal): a
hydrogeochemical study and threshold value detextioin. Science of the Total Environment, 520, ppr7-135.
https://doi.org/10.1016/j.scitotenv.2015.03.057

De Miguel, E., Iribarren, I, Chacon, E., Ordonéz, Charlesworth, S. (2007). Risk-based evaluatbthe exposure of
children to trace elements in playgrounds in Madri@Spain). Chemosphere, 66, pp 505-513.
https://doi.org/10.1016/j.chemosphere.2006.05.065

Duan, M., Du, X., Peng, W., Zhang, S., Yan, L. (@01A Revised Method of Surface Water Quality Eadlon Based on
Background Values and Its Application to Samplesllgcted in Heilongjiang Province, China. Water, 11057.
https://doi.org/10.3390/w11051057

Ducci, D., De Melo, M. T. C., Preziosi, E., Seltej M., Parrone, D., Ribeiro, L. (2016). Combiningtural background
levels (NBLs) assessment with indicator kriging lgsia to improve groundwater quality data interptien and
management. Science of The Total Environment, 588-pp 569-584https://doi.org/10.1016/j.scitotenv.2016.06.184
Edmunds, W.M., Shand, P., Hart, P., Ward, R.S. 200he natural (baseline) quality of groundwateiJK pilot study.
Science of the Total Environment, 310(1-3), pp 85k3tps://doi.org/10.1016/s0048-9697(02)00620-4

European Community (2006). Groundwater directive6Z018/CE. Directive of the European Parliament #wedCouncil on
the Protection of Groundwater Against Pollution &wderioration, OJ L372, 27/12/2006, pp 19-31.

Falkenmark, M. (2005). Water Usability DegradationWater International, 30(2), pp 136-146.
https://doi.org/10.1080/02508060508691854

Gao, Y., Qian, H., Huo, C., Chen, J., Wang, H. )2 Assessing natural background levels in shaiosundwater in a
large semiarid Drainage Basin. Journal of Hydro|di}4, 124638 https://doi.org/10.1016/j.jhydrol.2020.124638

Gao, Y., Qian, H., Wang, H., Chen, J., Ren, W.,¢/dn (2020b). Assessment of background levelspafidtion sources
for arsenic and fluoride in the phreatic and cagdilgroundwater of Xi‘an City, Shaanxi, China. Eorimental Science and
Pollution Research, 27, pp 34702-3471#ps://doi.org/10.1007/s11356-019-06791-7

Giri, S., Singh, A.K. (2015). Human health risk essment via drinking water pathway due to metataromation in the
groundwater of Subarnarekha River Basin, India. ifdnmental Monitoring and Assessment, 187(3), pd4l-
https://doi.org/10.1007/s10661-015-4265-4

Griffioen, J., Passier, H.F., Klein, J. (2008). GQumarison of selection methods to deduce natural dracikad levels for
groundwater units. Environmental Science & Techgpl@2(13), pp 4863-4868ttps://doi.org/10.1021/es7032586

Huan, H., Hu, L., Yang, Y., Jia, Y., Lian, X., M4,, Jiang, Y., Xi, B. (2020). Groundwater nitratellption risk assessment
of the groundwater source field based on the iategr numerical simulations in the unsaturated zowksaturated aquifer.
Environment International, 137, 10558@ps://doi.org/10.1016/j.envint.2020.105532

Huang, G., Pei, L., Li, L., Liu, C. (2022a). Natubackground levels in groundwater in the PearleRidelta after the rapid
expansion of urbanization: A new pre-selection meéth Science of the Total Environment, 813, 151890.
https://doi.org/10.1016/j.scitotenv.2021.151890




Journal of Natural Environmental Hazards, Vol.E3uke 41, October 2024 2

Jandu, A., Malik, A., Dhull, S.B. (2021). Fluoridend nitrate in groundwater of rural habitationssemiarid region of
northern Rajasthan, India: a hydrogeochemical, iwauiite statistical, and human health risk assessmperspective.
Environmental Geochemistry and Health, 43, pp 389Z6.https://doi.org/10.1007/s10653-021-00882-6

Jang, C.S., Liu, C.W,, Lin, K.H., Huang, F.M., Wai®gW. (2006). Spatial analysis of potential cagienic risks associated
with ingesting arsenic in aquacultural tilapia (@ekromis Mossambicus) in Blackfoot disease hyperend areas.
Environmental Science & Technology, 40(5), pp 1201-3.https://doi.org/10.1021/es051875m

Karunanidhi, D., Aravinthasamy, P., Priyadarsi, D.RPraveenkumar, R.M., Prasanth, K., Selvapravegn,
Thowbeekrahman, A., Subramani, T., Srinivasamooihy2020). Evaluation of non-carcinogenic riskeedo fluoride and
nitrate contaminations in the groundwater of anaarpart (Coimbatore region) of south India. Envinemtal Monitoring
and Assessment, 192, 102tps://doi.org/10.1007/s10661-019-8059-y

Karunanidhi, D., Aravinthasamy, P., Subramani, Rumar, M. (2021). Human health risks associatech witultipath
exposure of groundwater nitrate and environmenfandly actions for quality improvement and susadle management:
a case study from  Texvalley (Tiruppur region) of diln Chemosphere, 265, 129083.
https://doi.org/10.1016/j.chemosphere.2020.129083

Kaur, L., Rishi, M.S., Siddiqui, A.U. (2020). Deteinistic and probabilistic health risk assessmenhniques to evaluate
non-carcinogenic human health risk (NHHR) due teofide and nitrate in groundwater of Panipat, Haayalndia.
Environmental Pollution, 25%ttps://doi.org/10.1016/j.envpol.2019.113711

Kelly, W.R., Panno S.V. (2008). Some Consideratiomnépplying Background Concentrations to Groundt®veStudies.
Ground Water, 46, éttps://doi.org/10.1111/j.1745-6584.2008.00467.x

Kim, K-H., Yun, S-T., Kim, H-K., Kim, J-W. (2015)Determination of natural backgrounds and thresholdsitrate in
South Korean groundwater using model-based statisdpproaches. Journal of Geochemical Exploratid8, pp 196-205.
https://doi.org/10.1016/j.gexplo.2014.10.001

Li, S., Zhang, Q. (2010). Risk assessment and sahsariations of dissolved trace elements and yeastals in the Upper
Han River, China. Journal of Hazardous Materiad,, p 1051-105&ttps://doi.org/10.1016/j.jhazmat.2010.05.120

Li, X. et al. (2018). Evaluation and determinatiofi soil remediation schemes using a modified AHPdehcand its
application in a contaminated coking plant. Journaf Hazardous Materials, 353, pp 300-311.
https://doi.org/10.1016/j.jhazmat.2018.04.010

Linhua, S. (2019). Calculating Environmental Backgrd Value: A Comparative Study of Statistical WersSpatial
Analyses. Polish Journal of Environmental Stud&1), pp 197-203.

Lonati, G., Zanoni, F. (2012). Probabilistic heaftbk assessment of carcinogemmissions from an MSW gasification
plant. Environment International, 44,80-$itps://doi.org/10.1016/j.envint.2012.01.013

Masetti, M., Poli, S., Sterlacchini, S., BerettaPG Facchi, A. (2008). Spatial and statisticabasment of factors influencing
nitrate  contamination in  groundwater. Journal of viEbnmental Management, 86, pp 272-281.
https://doi.org/10.1016/j.jenvman.2006.12.023

Matschullat, J., Ottenstein, R., Reimann, C. (20@¥ochemical background Can we calculate it? Bnuirental Geology,
39(9), pp 990-100https://doi.org/10.1007/s002549900084

Mencio, A., Mas-Pla, J., Otero, N., Regas, O., BRoura, M., Puig, R., Bach, J., Domenech, C., Zamardl., Brusi, D.,
Folch, A. (2016). Nitrate pollution of groundwatei| right..., but nothing else? Science of the T&alironment, 539, pp
241-251.https://doi.org/10.1016/j.scitotenv.2015168

Molinari, A., Guadagnini, L., Marcaccio, M., Guachag, A. (2019). Geostatistical
Multimodal approach for the assessment of the apdistribution of natural background concentragian large-scale
groundwater bodies. Water Research, 149, pp 522H@#://doi.org/10.1016/j.watres.2018.09.049

Muller, D., Blum, A., Hart, A., Hookey, J., KunkdR., Scheidleder, A., Tomlin, C., Wendland, F. @00inal proposal for
a methodology to set up groundwater threshold gaineEurope. Report to the EU project “BRIDGE” 20@&liverable
D18.

Nakic, Z., Posavec, K., Bacani, A. (2007). A visbhabic spreadsheet macro for geochemical backgranalysis. Ground
Water, 45(5), pp 642-64Https://doi.org/10.1111/].1745-6584.2007.00325.x

Parrone, D., Ghergo, S., Preziosi, E. (2019). Atirméthod approach for the assessment of natucdoaund levels in
groundwater. Science of the Total Environment, §§0884-894https://doi.org/10.1016/j.scitotenv.2018.12.350

Postma, D., Boesen, C., Kristiansen, H., Larsen(18991). Nitrate reduction in an unconfined sandyifer: Water
chemistry, reduction processes, and geochemical elimgd Water Resources Research, 27, pp 2027-2045.
https://doi.org/10.1029/91WR00989

Preziosi, E., Parrone, D., Del Bon, A., Ghergo(2814). Natural background level assessment inrghaaters: probability
plot  versus pre-selection method. Journal of Geoate Exploration, 143, pp 43-53.
https://doi.org/10.1016/j.gexplo.2014.03.015

Rahman, A., Mondal, N.C., Fauzia, F. (2021). Arseanrichment and its natural background in groundwa the
proximity of active floodplains of Ganga River, Nuwern India. Chemosphere, 265, 129096.
https://doi.org/10.1016/j.chemosphere.2020.129096

Reimann, C., Garrett, R.G. (2005). Geochemical giamind-concept and reality. Science of the Totalienment, 350, pp
12-27 .https://doi.org/10.1016/j.scitotenv.2005.01.047

Rodrigues, A.S.L., Malafaia, G., Costa, A.T., Janid.A.N. (2013). Background values for chemicaneénts in sediments
of the Gualaxo Do Norte River Basin, Mg, Brazilvi&a De Ciéncias Ambientais, Canoas, 7, 2




3 Determining the natural backgmd level of physicochemical ...

Rotiroti, M., Di Mauro, B., Fumagalli, L., Bononil,. (2015). COMPSEC, a new tool to derive naturakigeound levels by
the component separation approach: applicatiorwm different hydrogeological contexts in northetaly. Journal of
Geochemical Exploration, 158, pp 44-bdtps://doi.org/10.1016/j.gexpl0.2015.06.017

Saha, N., Safiur Rahman, M., Ahmed, M.B., Zhou,, Ngo, H.H., Guo, W. (2017). Industriaietal pollution in water and
probabilistic assessment of human health risk. niurof Environmental Management, 185, pp 70-78.
https://doi.org/10.1016/j.jenvman.2016.10.023

Salomao, G.N., Dall'Agnol, R., Sahoo, P.K., Junb§.F., Silva, M.S., Filho, P.W.M.S., Berrédo,. JNflascimento Junior,
W.R., Costa, M.F. (2018). Geochemical distributiom threshold values determination of heavy metatream water in
the sub-basins of Vermelho and Soror6 rivers, ltazes River watershed, Eastern Amazon, Brazil. Giedica Brasiliensis,
32(2), pp 180-198ittps://doi.org/10.21715/GB2358-2812.2018322180

Saloméo, G.N., Figueiredo, M.A., Dall'Agnol, R.,h®a, P.K., Filho, C.A.M., Costa, M.F., Angélica, R.(2019).
Geochemical mapping and background concentratibirsroand potentially toxic elements in activeestm sediments from
Carajas, Brazil —implication for risk assessmenourdal of South American Earth Sciences 92, pp 1A-
https://doi.org/10.1016/j.jsames.2019.03.014

Sellerino, M., Forte, G., Ducci, D. (2019). Idemi#tion of the natural background levels in the aRgrean fields
groundwater  body  (Southern ltaly). Journal of Gewsical Exploration, 200, pp  181-192.
https://doi.org/10.1016/j.gexplo.2019.02.007

Shapiro, S.S., Wilk, M.B., 1965. An analysis ofigace test for normality (complete samples). Biotkat52, 591

Sohrabi, N., Kalantari, N., Amiri, V., Saha, N., Bdtsson, R., Bhattacharya, P., Ahmad, A. (2021)prababilistic-
deterministic analysis of human health risk relai@dhe exposure to potentially toxic elements iaugdwater of Urmia
coastal aquifer (NW of Iran) with a special focus arsenic speciation and temporal variation. Ststhd&Environmental
Research and Risk Assessment, 35, pp 1509-H5@8.//doi.org/10.1007/s00477-020-01934-6

Solgi, E., Jalili, M. (2021). Zoning and human hkaisk assessment of arsenic and nitrate contdimman groundwater of
agricultural areas of the twenty-two villages wighostatistics (Case study: Chahardoli Plain of @orKurdistan Province,
Iran). Agricultural Water Management, 255, 107028bs://doi.org/10.1016/j.agwat.2021.107023

Subba Rao, N., Srihari, Ch., Deepthi Spandana, Savanthi, M., Kamalesh, T., Abraham Jayadeep, 2019).
Comprehensive understanding of groundwater quality hydrogeochemistry for the sustainable developwiea suburban
area of Visakhapatnam, Andhra Pradesh, India. HummanEcological Risk Assessment: An Internatiomairdal, 25(1-2),
pp 52-80https://doi.org/10.1080/10807039.2019.1571403

Tian, R., Wu, J. (2019). Groundwater quality apgsbby improved set pair analysis with game theegightage and health
risk estimation of contaminants for Xuecha drinkimgter source in a loess area in northwest Chinaah and Ecological
Risk Assessment, 25(1-2), pp 176-18fps://doi.org/10.1080/10807039.2019.1573035

Urresti-Estala, B., Carrasco-Cantos, F., VadilloeRel., Jimenez-Gavilan, P. (2013). Determinatbbackground levels on
water quality of groundwater bodies: a methodolalgiproposal applied to a Mediterranean River Basifournal of
Environmental Management, 117, pp 121-18€ps://doi.org/10.1016/j.jenvman.2012.11.042

USEPA (2011). Exposure Factors Handbook, 201 1cediti.S. 2011 Editi. Ed.

USEPA (2014). Human Health Evaluation Manual, Sepgintal Guidance: Update of Standard Default ExgoBactors-
OSWER Directive 9200, vols. 1-120, p. 6

USEPA (2019). Regional screening levels (RSLs)-gen@bles. https://www.epa.gov/risk/regional-scieg-levels-rsls-
generic-tables. Accessed 20 February 2020

Wendland, F., Hannappel, S., Kunkel, R., Schenk, \Rigt, H.J., Wolter, R. (2005). A procedure tofide natural
groundwater conditions of groundwater bodies in nGery. Water Science & Technology, 51(3-4), pp 2892
https://doi.org/10.2166/wst.2005.0598

World Health Organization (WHO) (2011). Guidelinfss drinking-water quality, 4th edn. WorlHlealth Organization,
Geneva.

WHO (2017). Guidelines for Drinking Water Qualitifourth Edition Incorporating the First Addendum. NdoHealth
Organization, Geneva.

Yan, Y., Han, L., Yu, R-L., Hu, G-R., Zhang, W-Eyi, J-Y., Yan, Y., Huang, H-B. (2020). Backgroudetermination,
pollution assessment, and source analysis of heztgls in estuarine sediments from Quanzhou Baytheast China.
Catena, 187, 10432Rttps://doi.org/10.1016/j.catena.2019.104322

Zeng, G., Liang, J., Guo, S., Shi, L., Xiang, Li, X., Du, C. (2009). Spatial analysis of humanltieask associated with
ingesting manganese in  Huangxing Town, Middle ChinaChemosphere, 77(3), pp 368-375.

https://doi.org/10.1016/j.chemosphere.2009.07.020






