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Introduction: In the past few decades, nitrate contamination in resources has become a global

environmental problem often caused by urban and agricultural agtivities. In the past two decades, the capital of

Afghanistan, Kabul has experienced rapid urbaniit'w. This ization has caused groundwater storage

ul Plain, groundwater is the only source of

rr@t%&ferent sources of nitrate pollution,

investigate the nitrogen transformation processes and estifate the proportional contribution of different sources

depletion and contamination to nitrate in the Kabul®lain.
r

aten, samples were collected from the Eastern Kabul Plain aquifer in

November 2020. hgsity para
temperature were me&lred

as electrical conductivity (EC), pH, dissolved oxygen (DO), and

Water Organi oratory of Tehran, Iran. Nitrate samples for isotopic analysis were shipped to the UFZ
laboratory in Germanly, where isotopic measurements were carried out to use the bacterial denitrifier method.

The proportional contfibution of nitrate sources was determined using the BSIMM model.

Results and Discussion: Kabul city does not have a central sewage collection system, and sewage is disposed
of mostly through septic and absorption wells. The groundwater nitrate concentration varies from 4 mg/L to
120.4 mg/L with an average value of 21 mg/L. The values of 5°N-NO3 vary from 4.8 %o to 20.8 %o and the
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values of 3'80-NO; vary from 0.7 %o to 18.6 %o. The composition diagram of §'80-NOs5 and 5'°N-NO;5 was
employed to determine the main sources of nitrate in the aquifer. Considering that most of the samples are
plotted on sewage and manure area, therefore, urban sewage plays a major role in increasing the concentration
of nitrate in the groundwater of Eastern Kabul Plain. Since chloride is a conservative ion and is not affected by
environmental factors, the diagram of NOs/CI~ molar ratio versus CI~ has been used to identify potential sources
of nitrate in the Kabul Plain aquifer. The plot indicates that urban sewage is the primary source of nitrate in the
aquifer. The high concentration dissolved oxygen and nitrate in the groundwater sam‘es indicates the

dominance of aerobic conditions in the aquifer and the absence of denitrification. Sewage plays jor role in

nitrate pollution of groundwater. Therefore, the rapid urbanization and population growth in t lainin
the past two decades have caused groundwater nitrate pollution. The uncertainty in nitrate so
has been quantitatively assessed using the uncertainty index (Ulgo). The resul® of this stud play a relatively
high uncertainty for the contribution of nitrate sources, particularly sewage an
nitrogen (0.44).

.49) and soil organic

Conclusion: Sewage and manure, soil organic nitrogen, and chemical fertilizers are potential sources of nitrate

in the Kabul Plain. The Bayesian stable isotope mixing model showegl that sewage and manure (69.5%) are the

main source of nitrate pollution in the aquifer. The ‘ults indica at ‘rification is the main biogeochemical

ugu

nitrogen transformation process in the Kabul Plain.
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Fig. 1- Location of sampling wells and groundwater flow direction on the geological map of the study
area



@5l 5 erdasder fore 5 ()15 p4 ges
sl 428,518 Jlowi g b)) 9y90 St Jad o B (B0 cdo plysl o Sl 4 ey glac] (Sl
Qg odis las a4 al bkl glaigSa ol adls VA aallas 5,50 05uS 0 (6410 paigad bl sl SaiSTy, ol
@lo S Sl ool b (mghy cnl 50 () Jgaz 5 ) JSE) bl cbs onl 50 (Sein) ol e A Sl

|
19SSl Calan 5 PH > a0 o sbes o] 6lo el (HQA0D, HACH, USA) Los i ligesboouiss <1

4B Cotd Soe &y Il wings bgels 4 claola 51 i o eS1, O 5l b llas a3, ol ST
b bl o 5o i ailfs slaogianl Lioim @y aaiges 3,5 6 Btipes 4 plalll o ot 2T
px> b ool b slacs sl jo (ol lagygsls g laggnl Ltoniw sl g L 5 (HDPE) YL J&
Gy, VY (S yoo B pae (LSS slo ol sloslainl b Sl s 9995 Agos o 6)91@? Fd ko O
Lol s o)l pdiaas gleolKius! e o

Loo 85 ol Jbsu a celw cuin

a5 SIS Sl Jlrs 50 (6 pslae 5l g alolBL psisil slass
) ) e
ol s olEiaglejl 4 laaiges Jluol 51 L3 b o] 5 LW o

5 oy s e 5l alRiles] gla i | RO W SPVRRTRV AP KL SR PSS I

eS8y olaslesl 4y 55, les o b jeed Ollsl slos sk jo slaaiges «Sisel

oolaiwl b 8Ly (_;lmuy,s‘,x clale yioois 4 pladl g Jate LS 4 pow 4> o #3815 Green Tech
) .
odds (gAsls )Lols“‘uiv N Slrdisges (5,0 paiged JaSS 5l am sl 00l (5590 i b s

g 3] oSolesl &, @Fonl s i jolieas DHL J&5 5 Joor (Mollirn <8 75 alowg 43 9 0505

Ao Jie Gldl jeas Halle joi 0 2313 UFZ
&3S o oBiolej] b (Bhewsladl J31o 1o spme olKiule;l 09 cle 4 Lol (slayg 50T (6l oo (5 )5lae (sladiges
sftws 5l oolaiwl LKLl (! jo (HCO: 5> a) Lol slayye b Jate ols oliwl gladhie ol oS 0
59 0 anogs o lailul g, wluln (lon Chromatography System S 150-Sykam, Germany) Js (81,5 65lkeg,S
Shraeel el Bgy 5l eolatul L ledised Slu S o e cdale al o geww APHAL (2017)
s 50 &8lg UFZ dunge olfinlej] jo Ol s ailfge slacgign! jioww .ab ues (Stumm and Morgan, 2012)

bacterial denitrifier 5, 3 Gasbenchll/delta V plus combination (Thermo) s5cws ;I eoltl b LT 55 Halle



009y ool yo Ol alf e slacsisn! 6 S oslail cds i aias |,>1 (Sigman et al., 2001; Casciotti et al., 2002)
)| oolazwl L, (shlimul.oﬂ 9 (S")M ‘SLEW 8D SlSN- NO3_ ‘5‘).: ‘J—«.A)J /¢ E) 6180'NO3_ 6‘)" J.«.,c).: \t/#
slooliial b (gondgs) slagtonins &85 jobiren (28,5 )18 (2l 8590 65150 ladiges 5 (WLl 6)],55 Sladiges

o)...w...a 9o )|o5,<... ) )9.’4...94) ..LJ Cowdo 1y )|J..,°5 mebj.o.: u.l.C‘ ‘5‘)" C\Sg_aﬁ)f )‘)§ r Sy90 (51'@‘ O% L))‘?"

el s b 5 (a5 Excel (2019) 5 51 Ln Jsges ks g s

Sjie~ N (Aje- szk)

K goio | Rgigi! jlais S) 3, 0N 5i=1,2,3, N T jo a5 conl T oKl | wgignl jlade Xij o] yo a5
5l oolaiwl b as Kk <8 5 ot P (Gl Gyl 0k g uSols pik) ol Jlo 5 i b as k=1,2,3,....k
Syl T 5ol M) ol Lo @355 1o a5 K ae ] gl 32,85 )95 B Gl 05800 055 (e SIMMR ey
T (0 xSl 5 jho Jolas uSilis) el Jloyi 5 (sl a5 saile 3l (sl & (oo
a5 SIMMR a0 BSIMM o ol g 5o .l 00 03,91 (Parnell etal., 2013) ) oo § Jos )b Jawgs

ool glis Juily 5180-NO7 5 S15N-NO7 pyslie .ol 00l ploxil RSIUAIO Lames ;5 R s aliyy b /)

i ol s gignl 5Ll Jols Sl 0gdll mlie g 59l polio 4 az g by ole mlio (ulul 5 &l



7554 L BSIMM oo Coalab pae -l 00 iy o5 Jaa 42 (5999 sloyialily lyiees 5 sl JIS (G550 olael

F ol olis adale (BlS (B,0 cubs olgsul 5l sas cuils y sladises alBisle;] iomiw 5 olyo 6 pSojlal Gl

g e 4 a2 b () Jouz) WS oo pt 08 e VY (nS0lee oo b i )3 05 (e v 3PS sk

Skl Ol jlaslinl 5l jrann L WI2 diged j0 a5 IS 5,8 cudd (o)) ool yo il s cdale Ol s

el 53 a8 e YV 51 Jshome 5emST Cile 28,5 S5 o 0T (sl |, il gl s Y (WHO, 2017)

olsul 2 @Sl garaST bl yd Siloy ey ol (sladiged Jolomo (y5mS] oo . e S e AL

JU (B s (S5 sl (g9l po 959 b (sl ol s - Jgur
Table 1. Physicochemical parameters and c&tios of the Eastern Kabul Plain
1))
S | ol ol Bt ol s " i P Sligel
s ST A - aoly ooyl oW olilgw ol gy g
Jolxo Sl

o Depth DO Temp pH E Ca HCO: cl SO, NO; NO. NHs
(m) (mg/L) (S () ‘u‘n) /L) (mg g/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

W12 104 69 170 7.0 21645 63 86 14.2 466 108 111 1204 022  0.12
W13 80 55  156gEe 2 5 105 175 11 183 390 391 159 019 005
W14 100 46 174 Y2 455 865 12 329 1232 3005 199 050  3.03
W15 70 2.1 216 684 3014 74 840 2582 4573 111 023  3.34
W16 119 55 81 85 170 10 462 166 212 155 280 001
w17 99 4.4 111 72 9 8.7 415 171 101 27 116 0.30
W18 20 47 81 138 108 8.5 767 203 101 186 051 0.2
W19 40 23 65 107 153 36.2 728 201 154 146 084 501
w21 20 6.2 67 113 116 6.3 549 149 207 186 088  0.02
W22 25 47 62 112 114 7.4 622 132 122 12 057  0.04
w23 30 5.6 54 103 226 6 592 186 271 239 078 002
W24 45 4.0 727 407 2353 508 305 3997 3062 3.9 027 224
W25 20 34 65 106 99 11.3 677 138 117 8.3 020 001
W26 30 46 70 119 121 6.8 683 157 122 9.7 051  0.02
w27 30 33 60 170 210 8.3 774 269 180 261 096  0.02
w28 28 38 78 134 163 75 445 248 327 9.3 029  0.02
W29 20 3.2 76 51 71 5.2 391 82 109 19 056  0.04




Ll it gy s (sladas sblie ol (65 g5 atile it Jalge 4 bl Ol glacly jo olis cdle
clale (Wheeler et al., 2015) s)ls S 95 (Sdgyond s Sy 5 (o)) ol o o gmlidyao) s Sg
Sl (Sogll asis o oole e g0y Sl gl glie e 4y IS cds (3,5 sl (seins ol Sl

S olole lawgs ool pmed jlre v Sl iy WI2 o8l o ols cdale polas (Y JS‘) Al o atie

(Zaryab et al., 2023) wgd S5elem 2loyol i

511000 516500 522000 527500
1 1 1 1
7 ——
~,
™, S R i
A W4 - e \\
{ w15 S
|\ \\.,f-‘\
w26 N -
Av13 w18 - P
i O ~, / 1 =
\ b © w27 Ssg _wgs | S
-
N 12 @ e ," z
r.._ w25 /
~ @) w28 /
SO W17 F g
: 19
ool modle o % w24 s
“o O s
ot iy /
ML) ol cdake N - W23 P S
i / — I~
@ -0 \ ® v 2
N
O #- ) o
- w22 ’
4
Q- \ ®
v
N\ ”
@n-r ) B -
/ ” —— 0 175 35 7 S
.YA—W~ L I N km - Q
o
- . N R =1 o
LI b cadd olgsl

LR SO N P RN JE T RN 11 P L PRCH JUUES P T i L
Fig. 2- Map of spatial changes of nitrate concentration in eastern Kabul Plain aquifer

Ol i Il Bogig ! 3 eoliiwl b ol yius Sogll lalive oo



3180-NO3 blis o 815N-NO3"‘5,.,,S)5 Soged 31 LS (Bpd il Qly‘q—l S ol 5 ol ol alie s 6l
0595 8y S s Lice dus 3 addllas 890 0,8 5 S ) ol Sl Xa Ko 4 axgi b ol colaul
(3> 9 Sl OISl 009050 ;0 lrdiges s idu (yi8,5 | B axgi b.ogh oo U olonds slasgS g S I
2on! Hloged (Ya JSo) wiyls bl Byd cubs gy ol Sl cdale jmolidl jo Glodes a6 OB

3 b plojol s ..»ﬂje Sz ol 3l ced plas il Sen l)lo a5 Sai o£ (Ya 1 s A8 g

ezl 4 W27 3 WIS W17 W15 sladiges sz 0 .aiily sod az g5 bl 553 u‘ymi 0 g 2SL oy ol

03 ool ool ;3 Jgloo (5T ol cdale . (Y2 3 ¥ sledSs) conl i3 5 T Llssel s TS e o5 L

ol ololis 3 Ol a565 p» Sojelem anl,d g LW Kbl olsicar jiHao etal., 2018) NOCI™ Ygo s

ol adale ol polie glyls oland ogS IS jobas. bl LS 8,8 cubs lgzal jo &l s egall
e

sl NOTCT (yaly Cos 5 IS clile ool s Lo axdly oo NOTCI (oYl o

.
(SN) S JT 33055 slo3hail b 5 (S&M) (5 s LS 5P 5T 5 i sies gaie b IS5 4 g

- -—
32
(a)
- ;
] i Agriculture
10 '\/ SipksS P " T — Denitrification linc
pot 22 - . eyl b
A { NOs in fertilicer |
> i ol 868 A A ,\" (B4
~ ; - 22 F ‘__ &{4/_
= 01 e g AR )1-/’ \ Ao
= Ba Aﬂ Sewage & manure Z : \ A P v
g vy 3 7 % | A Ash - ke .
£ A f il 355 5 LML s : A - AA _~% |
= A s N & . ! i, e Ta
— ¥ Vo 9 : =z - I
< A A 2 i &
|j Soil Organic Nitrogen N N / g | p A |
S 004 S J s LA e z ferlizer | j
) B 1 and precipitation | H 4
N, 8 by pesse 05 1 Sail Organi:: N |
~ ' = B " o
A Groundwater sample 4 , ! I L 1P R TYCR Manure and Sewage
1 \ \ / s 055 g NGB /
oty o diged CE N A S -
0.0 -18
0 1 10 100 -15 -10 -5 0 5 10 15 20 25
CI(mmol/L) N-NO; (%0 Air)

19903 ¢(2) JlS (B b ol ylgtul (S 0 (Gladiges 9 Ol yis 0l aulo 4590 (Lagigi! Hloges ¥ JSi
(D) B By udd Sy 3 o WAiges NOFCI™ Jslio 4o CI™

Fig. 3- Diagram of dual isotopes of nitrate potential sources and groundwater samples from Eastern
Kabul Plain aquifer (a), diagram of CI” vs NO3/CI” groundwater samples from Eastern Kabul Plain
aquifer



PPN T5 S POV E RGP BT

Sl 2 oS s Ll 0ass LS o5 (DO) Jylons (y50mT S (il (5 S5l ol &, 425

it 45 ad oo pLis 5 Fa JSE Ll S Bh oo ,o Jelone ol s JuSlas Lol anlp oliel s sl
FN-NOT (oS 5 Jgmd & i L o 250l w8 5] ol 9500 s (a2 (slatiges ol oac

5B Cou s )3 Cis 655 e sl it 4o s a5 W25 5 W19 WIS sladises (ta JSM“\I /C1™ Llis o

o @ Cons Jabe ST g Ol s cdale i3S sl s ol sladiges .l 48,5 1 3\ o s a8

ilie 5o BIN-NOT lsgas 5 LSl 5 olsjel g slooanT b slas ) cuy s B comioros (IHEO>) Conl badigos

s W16 (W14 W12 (¢l aiges blis .(Wong et al., 2018)
L)

Ol Sligasy o9 dils il jo g s Al o lmol%‘w\ :

s o b ol clals Yoans ailag, slaglosal ;o aum o ail oo baplsse]

(Suetal., 2020) sl o L2olS Cod 4 olsjel s ol

35
(b) 9, A Groundwater sample (a) A Groundwater sample
30 - 2 sz Ve 25 4
» .’f’/,'% iRy Pl dged ) 2) ol 4gas
25 IS
e o204{ M
20 4 A - y=-0.037x + 13.294
o " & g & R2=0.0475
R e e i "o { A
g ity i1 Sewage/Manure | & = A Ad »
7 109 Nitrification A M, A st oz | T e
%. e el e ot Z 107 4,4 T e, A
N ity themfcal ferifzer, % A,
e B I ialeeblonss | 5 @
-5
-10 T T T T T 0 T T T T T T
0.000 0.001 0.010 0.100 1.000 10.000 0 20 40 60 80 100 120

NOs /CI” (molar ratio) 1/NO; (mg/L)



o1 baiges () NOFTCI™ ,¥ g0 Comai Jsliio 48 85N-NOS 405 3 (a) 8°0-NO3 o 4o V[NO3] 1o gui -F Jsoio
B (B o ylgtal (o

Fig. 4- 1/NOs vs 8¥0-NOj (a), and §*>N-NO3vs NO3/Cl~-molar ratio (b) of groundwater samples from
the Eastern Kabul Plain aquifer

ergp! LU Jae 5l B 305 cuss olssul g p) oot jo olps dilie slalice B o s 6l

T s &l osilly glie 3BO-NO7 5 315N-NOF alie .o osliciul g oo a2l BSIMM e by

Sl sbaiged ignl S 5l Jol> Sl 0sill glie (g5ignl polie 5l ooldical b asllas'Puglle oS (oo n;
Yang etal., 2016; ) ab < pa5 Joe 4 (53959 sloyall lyieas g ot oole S50 05 (St
(Torres-Mrtinez et al., 2020

Lol ool Ll

ol S 8,5 et plssl 43 ol esill @M&&

a9
bl ool ools ylid 0a S 0 addllas 3,50 ylezul Sl :::1,...; 05l arin ;o Ol i Sgu> aes oo

) gJ KA G?%ﬂ)ol 'lﬁﬁp@!}?,@ul Ml (o ol 4 4z

Wl 0 (1,3 VY) slonds FBOSS

.
=5 <! é‘fé‘fﬂo !
RV RES PY S IPR ﬁf W) 3 o i e g ez i3 )J.JL oanas ylias pl .oyl addllae 8,90 olgs]

S5 g Comazr Gl o a4 IS s a5 ol jo @l s (Sogll 09, e el
3,00 257y priians Nlly (foin ol mlaw il g Slzs clle alS o stz e wl GllBl spd b
.(Zaryab et al., 2021b)

)0 Calad poe s pardigiine slanl B g Ol mle an ggisnl polie o Slises
@l 65y 2 soedSam Sanl B g sl ol jo Sligran Skl pas oS Ol 5l g0l 5l 09 oo Sl 0sill

poe Ll slaazil (O JK5) Cod 48,5 13 w550 (Ulag) conbd pus asls 5l 5,4 L BSIMM o

5 (+/FF) S gsﬂ 359558 (4 1F) Slenm g Glusl OB (Ulgo) condad pie alis polie a5 ano oo i Conlad



¥on b jleslatul 4 Lo eignl LUWS slo Jow caslad pae pals jghatedy .ol (/YY) olod slaogS
ke ds 0 85510 s ey ¢ IS ooty el gl LS (sla o o anlllan 3,50 oS 15 0l slie
Slaalie 5 ol s alSes Glacsisnl 5 Jodod 5 452 b i sl @oignl LM Joo bwgs ol o5l
oj9 el dblise gl i wozylr olel 2 5 Sl (55lel g, Ko a8 BISMM . Jao ijls (055 Slyseen ol o
H 35, S BISMM e calply 3525 o 8 oolicial 3,50 Sl 05l gl s oteos 0o (6l @iy sbot

e Slas 4 Sl (Sogll Gloj g S Slpis (b5) 5 Sl 058l gl (oo ot Nzl Sloe!

wh
1
L ——————— o)
- -

E . " /', s

= / =

i 0751 . / /'/ -'E 5 ]
:‘,; E :_.'" / ; g

z q / / % S .
N £ Y ! IS .
= 3 054 iy / = ¥ 1
Y g il ! , 8 ° | !

& s ! g 4 i
i £ i/ A S&M S 3

50251 / ; ISy

H s /! —:=SN 5

S / v e

3 / A CF

0= r_.—.--—----——-"‘";— ———————— §’
0 0.25 0.5 0.75 1 S&M SN CF
e e e
Proportional Contribution Source

03958 «(S&M) Glgre g (Sl
(b) Kis Juad 43 & ,w‘o,l,
Fig. 5. Proportional cemtribution

and manurel(S&M), so
distribution of they@ropogti

x5 2395 (@) (CF) (o1l (50355 5 (SN) S T

three potential sources of nitrate estimated by BSIMM. Sewage
nitrogen (SN), and chemical fertilizer (CF) (a). Cumulative
ntributions of three potential nitrate sources in the dry season (b)

ol e ol Lo (oo ol (055 5 (gorgiism ran] 3wl Lace ololis gly (ipsyy onl 4o

13 Ol ol glie a5 ol i by el 00 o0lil 1¥AQ (olo L) (i b 10 wigas VA sl s5uz
u.ll.c ..\.».»—‘)5 (5")")‘)""' w‘ S J] U)B)-‘-‘-’ 9 @L..o.:.w ‘_gl.cwjf s@‘}.} 9 (S’LM“"‘ uy@b J—cl.w axJlas S99 o).:.mf

byl i 4 axg bobb e ala>de LB ezl s Slosal g ol as Jb 0wl oluls olssel o cadisiion

Ol s oo ol g0 Wlg3 e Vab lasul jo Ol pis eaVT (6B aile loj candllas 8550 (ylg5u] 5 (WS> (g0



D S R cags anlip (45 SIMMR aiis ;0 BSIMM oo 51 eolitul b aalllas 8540 0 8 olssul cuejpy ol 5o
i 2l Dl (Sogll 1o 00,0 FUD (5 Kile b o (i S ted LB a5 ol (L5 BSIMM . Jus b
LY Jow coshd sae alS Coge ‘}/w adllas 850 0 5uS molio o o993l zli 5l eslatuwl .o )ls axdllas 8,90 0
¥

J.'lfwogs).e‘_.»u‘}:uT)ou‘)Mu.L:lsdbyﬁdabw&lfu?ym|ysc6,@ru s 5 sl p cowlio

Dgls

dlosoo o595 Gloizuw b 4 Knoeller :5s o5 oLl UFZ
References

America Public Health éss
Federation, Washingtgh, DC.

Bohannon, Ri‘&Ob.

Afghanistan: U.SBGeo

oxygen is position of nitrate seawater and freshwater using the denitrifier method. Analytical
Chemistry, 74(18), 4905-4912. https://doi.org/10.1021/ac020113w.

Fewtrell, L., 2002 Drinking-water nitrate, methemoglobinemia, and global burden of disease: a discussion.
ealth Perspectives, 112(14), 1371-1374.

Grimmeisen, F., Lehmann, M.F., Liesch, T., Goeppert, N., Klinger, J., Zopfi, J. and Goldscheider, J. 2017.
Isotopic constraints on water source mixing, network leakage and contamination in an urban groundwater
system. Science of the Total Environment, 1;583: 202-213. DOI: 10.1016/j.scitotenv.2017.01.054.

Han, D., Cao, G., McCallum, J., Song, X., 2015. Residence times of groundwater and nitrate transport in
coastal aquifer systems: daweijia area, northern China. Science of the Total Environmental, 538: 539-554.
http://dx.doi.10.1016/j.scitotenv.2015.08.036.



http://pubs.usgs.gov/sim/3137
https://doi.org/10.1021/ac020113w
http://dx.doi.10.1016/j.scitotenv.2015.08.036

Hao, Z., Zhang, X., Gao, Y., Xu, Z., Yang, F., Wen, X. and Wang, Y., 2018. Nitrogen source track and
associated isotopic dynamic characteristic in a complex ecosystem; A case study of a subtropical
watershed, China. Environmental Pollution, 236, 177-187.

Herms, 1., Jodar, J., Soler, A., Lamban L.J., Custodio, E., Nifiez, J.A., Arnd, G., Parcerisa, D. and Jorge-
Séanchez J. 2021. Identification of natural and anthropogenic geochemical processes determining the
groundwater quality in Port del Comte High Mountain karst aquifer (SE, Pyrenees). Water, 13, 2891.
https://doi.org/10.3390/w13202891. °

JICA and Sanyu Consultants Inc., 2011. The study on groundwater resources potential in | Basin in

the Islamic Republic of Afghanistan.
Kendall, C., Elliott, E.M. and Wankel, S.D., 2007. Tracing anthropogenic inputs of nitroge cosystems.
Stale Isotopes in Ecology and Environmental Science, 375-449. .
Khodaei, K., Mohammadzadeh, H., Nassery, H.R., Shahsavari, A.A., 2

nitrate in the Dezful-Andimeshk aquifer using isotopes of 15N and

ining the source of
National Conference on
the use of stable isotopes, May 2013, Ferdowsi University of Mash
Landell Mills, 2020. Regional groundwater model, TA 8969. AFG: Kabul Managed Aquifer Recharge
Project preparation.

Minet, E.P., Goodhue, R., Meier—Augenste%&.,
C.E., 2017. Combining stable isotopes with contami

- Featon, O., Richards, K.G. and Coxon,
di‘c‘:‘nethod for improved investigation
of nitrate sources and dynamics in aquifers wi ed nit*gen inputs. Water Research. 124, 85-96.
https://doi.org/10.1016/j.watres.2017.07.0

Moore, J.W. and Semmens, B. X, 2008. Incofgoratiggtincertainty and prior information into stable isotope

mixing models. Ecolagy Lett
Nejatijahromif‘ﬁss

Groundwater nitrgie co i in an area using urban wastewaters for agricultural irrigation under arid

10.1016/};
Nejatijah assery, H.R., Nakhaei, M., Alijani, F., 2020. Estimate proportional contributions of
multiple nitrate\sources in groundwater of varamin plain using a Bayesian isotope Mixing Model. Journal
of Water and tewater, 31(1), 25-38. Doi: 10.22093/wwj.2019.170201.2821 (In Persian with English
abstract).

Paiman, Z. and Noori, A.R., 2019. Evaluation of wastewater collection and disposal in Kabul city and its
environmental impacts. Modern Environmental Science and Engineering, 5(5): 451-458. DOI:
10.15341/mese(2333-2581)/05.05.2019/012.

Panno, S.V., Hackley, K.C., Kelly, W.R., and Hwang, H.H., 2006. Isotopic evidence of nitrate sources and

denitrification in the Mississippi River, Illinois. Journal of Environmental Quality, 35(2), 495-504.


https://doi.org/10.3390/w13202891
https://doi.org/10.1016/j.watres.2017.07.041
https://doi.org/10.1111/j.1461-0248.2008.01163.x

Parnell, A.C., Phillips, D.L., Bearhop, S., Semmens, B.X., Ward, E.J., Moore, J.W., Jackson, A.L., Grey,
J., Kelly, D.J. and Inger, D.J., 2013. Bayesian stable isotope mixing models. Environmetrics 24(6), 387-
399. https://doi.org/10.1002/env.2221.

Parnell, A.C., and Inger, R., 2016. SIMMR: A stable isotope mixing model. R Package version 0.4.1.
Parnell, A.C., Inger, R., Bearhop, S. and Jackson, A.L., 2010. Source partitioning using stable isotopes:
with too much variation. PloS ONE 5 (3), €9672. https://doi.org/10.1371/journal.pone.0009672.
Pastén-Zapata, E., Ledesma-Ruiz, R., Harter, T., Ramirez, A.l. and Mahlknecht, J., Z(H. Assessment of
sources and fate of nitrate in shallow groundwater of an agricultural area by using a multi-tr
Science of the Total Environment, 470 (471), 855-864. https://doi.org/10.1016/j.scitoten
Rogers, K.M., Raaij, RVD, Phillips, A., Stewart, M., 2023. A national isotope survey to d the sources
617, 129131.

approach.

of nitrate contamination in New Zealand freshwaters. Journa@of Hydrol
https://doi.org/10.1016/j.jhydrol.2023.129131.
Schullehner, J., Hansen, B., Thygesen, M., Pedersen, C.B., Sigsga . itrate in drinking water
and colorectal cancer risk. A nationwide population-based cohort . rnational Journal of Cancer,
143 (1), 73-79.

Sigman, D.M., Casciotti, K.L., Andreani, M., Barford,
method for the nitrogen isotopic analysis of‘trat
73(17), 4145-4153. https://doi.org/10.1021/ac1008
Shroder, J. and Ahmadzai, S.J., 2016. Transbou
and Land-Use ImplicationsyElsevier Inc.
Su, C., Zhang, F., Cui, X., C
using hydro-geochemigal an
China. https://wﬁw -020-08347-6.

Torres-Martinez@A., nappett, P.S.K., Ornelas-Soto, N. and Mahlknecht, J., 2020. Tracking

ugu

sulfate pollutioMsources and transformations in a coastal aquifer impacted by seawater intrusion-A multi-
isotopic approachicombined with self-organized maps and a Bayesian mixing model. Journal of Hazardous
Materials, 41 6103. https://doi.org/10.1016/j.jhazmat.2021.126103.

Wheeler, D.C., Nolan, B.T., Flory, A.R., DellwValle, C.T., Ward, M.H., 2015. Modeling groundwater
nitrate concentrations in private wells in lowa. Science of the Total Environment 536, 481-488.
http://dx.doi.org/10.1016/j.scitotenv.2015.07.080.

WHO, 2017. Guideline for Drinking-Water Quality: Fourth Edition Incorporating the Frist Addendum,
fourth ed. Geneva. https://doi.org/10.1016/S1462-0758(00)00006-6.



https://doi.org/10.1002/env.2221
https://doi.org/10.1371/journal.pone.0009672
https://doi.org/10.1016/j.scitotenv.2013.10.043
https://doi.org/10.1016/j.jhydrol.2023.129131
https://doi.org/10.1021/ac10088e
https://doi.org/10/1007s10661-020-08347-6
https://doi.org/10.1016/j.jhazmat.2021.126103
http://dx.doi.org/10.1016/j.scitotenv.2015.07.080
https://doi.org/10.1016/S1462-0758(00)00006-6

Wong, W.W., Pottage, J., Warry, F.Y., Reich. P., Roberts, K.L., Grace, M.R. and Cook, P.L.M., 2018.
Stable isotopes of nitrate reveal different nitrogen processing mechanisms in streams across use gradient
during wet and dry periods. Biogeosciences, 15(13): 3953-3965.

Wu, H., Dong, Y., Gao., L., Song, X., Liu, F., Peng, X. and Zhang, G.-L., 2020. Identifying nitrate sources
in surface water, regolith and groundwater in a subtropical red soil Critical Zone by using dual isotopes.
CATENA. 198, 104994.

Xue, D., Bottle, J., Baets, B., Accoe, F., Nestler, A., Taylor, P., Cleemput, O., BerglunﬁM. and Boeckx,

P., 2009. Present limitations and future prospects of stable isotopes methaods for nitrate source

in surface and groundwater. Water Research, 43, 1159-1170.

Xue, D., Baets, B.D., Cleemput, O.V., Hennessy, C., Berglund, M. and Boecks, P., 2012.
isotope mixing model to estimate proportional contributions of multip‘nitrate sour
Environmental Pollution, 161, 43-49. DOI: 10.1016/j.envpol.2011.09.033
Zaryab, A., Nassery, H.R. and Alijani, F., 2021a. Identifying sou ater salinity and major

a Bayesian

surface water.

hydrogeochemical processes in the lower Kabul Basin aquifer, n. Environmental. Science.:

the Kabul shallow aquifers, Afghanistan.
02445-6. ugu
d Mi%[, E. 2022. Determining nitrate pollution

sources in the Kabul Plain aguifer (Afghanistan) usingistable isotopes and Bayesian stable isotope mixing

model. Science of the Total ironment, 8
Zaryab, A., Farahmang, A.,
isotopic evol@i*gr

Environmental GBochergi Health. https://doi.org/10.1007/s10653-023-01734-1.



https://doi.org/10.1007/s10653-023-01734-1

