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PREFACE

This hupk susunarizes cuprent mformation a mitrogen i the subyurfuce
cavirnment, with emphasis ghan to 2 psrad sources of piirates sod appro-
bath
aatertats however, it & realized thal such effors
¥ W, Accordingly, this hook should e viewed as
“spapshot” in time. related 1o the subject of nitretes o groundwaer. The wapor-
apce of fie subjoct i hest reflecied by the realization that nirases swe probably
the raeat abiguitous of ol chetpical contaninants i groundweater,

Nitrate conamination nf groundwater is typiestly a result of nlyogen mes.
wment ntes the msaturated {vadoser zone. the veeurreace o asfosmution p
cesses iy either the nrsatarated or <opirated gones, and nitse mmeeme with
gronmiwater. Following an introductory chaptor {17 tha bighliphts the vitrogen
cyele, sourees of muraies. e Teaith concerns refated W pitties in arpundwater,
Chapter X addrosses subsurface provesses. A nomber of
ricultural prsstices influence the concenmation of sitrates in grouadwates.
npdes of such Tactors aml praciiees iacinde precipitationnumofl. frrigation,
soif depih, geologival foatres (.2, karst arens, fertilizing iniensidy,
rap types. and fand usage. Chapir 3 hightights hese Factors and ey
throughy o series of case studies from the United Stales wnd Eovope

Vaberability magping of groundwatey TeSOUTES vepreseuts i dionrging tant
exeful i managemens decisions. Numgroos rechpigues R vuiserability sapplog
tave been deselopesd. with these sochupes generally wyolving the cormposie
comsideration of selecied factors desenptive of the Fvdrogeology m gham geo-
grophicat sreas. Vitmrability mapprig 1% she sabiect of Chapter 4. Chaper
presents o mitate pofltion thedex, which cun be psed in eveluating actual or
pesrential niirate pollution tron uericublaral asens, touiuded i Clupter 5 by infor
wation o e developoent and festing of the idex There are numers sl
creit that address the anspond aad fage o nitrog
L enviropments Chapter 6 provides @ somumy Cat
characterizatioen medels, e transport
sls. and mansgoment wndels or developmg poflution prevention ng of
PROETIHNG. Detaided ipfoermation 38 incinded on soveral ol HGEBEOR modets,

pahicnld trvnlving maess balances assaghted with the

prate proventing and frealment mewsires. Lfforts have beer made ty includs

historical and cugreat reforer
fregquemtly SHSS MRIOE W

yirogesiogival factins

ematical swdels and su

aned pitnges w the sybsarf

Hie wour

egnvios aldiesse

iy tho

satuvmed 2ones.
There am soveral ferfilizer std Manrgament easing posentintly useful
ivate poflution of groundwates ths rosafis fomn agricolamal pra

s
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sices Fnchudad wosach meastres 15 "Fest Mansgement Pawine” This measure
vk ether meesures are the subject of Chapter 7. Bxamples inchnde matcbing the
Tty of feritiver applwation o meer crop needs: maching Yerblizer apphcstion
ey crop aeeds, and Hinbing
ave vning e to pedlition. Thess messwes repr
approgcies thas could be used w oomm] nitrae
sgrentieral practices. The approaches can be used
combinations. Fmally, themn

itzer epplication mowell recharge wvas that
| &

venpedicn of
Fprossnchsader from
either sivgly or b various
are seversd feakment mwasares B von be used 19
FORERER eXCERI Ve concentratiuns of nitte from groundwater sysiems. The mea-
sures are priviarity for spplication o panped groundwater, and they are address
@ Chapter 8. Cost-effective treatment processes mctode ko axchange bwalving
enioate resins. and biclogical demiwification. fa site denitrification s also
adedragseat in Chapter ¥

FPhis book could be used e o specialized reading component of an upper
division b griduate course sddeessing grotndwater quality protection. The vonese
contd be offered theough the ausy of s engeering, gealogy, encionmentd
AL, of j.'{‘“;;l’ﬂi"h ¢ %
effort of several depart by pracviicing hydro-
IEEFS ONVETONMERE sCl
stsr satl seieeiists; geographers: and agrono-
e gronndsater quality seaes, I addition, the book would be
pospecialisis working mogoundwater protection prograim & afl

rmnwnial fevels

spswtimeit, or (coald be effered s an tenlisciplio

ments. The book coufid also be us

senlagisis agrnvalind, dhemial and cavironmentzl eng

extisks chewsisis and miembiologt

ks work:

wsiful e po

The aithor wisBes (o expess B appciation 1 seseral perons ssseerited

prners of s hook | Firs, Locune Mobkezaniof U Lan
2y Roane, Baly and B Givowst of the World Healtl Onganizatior
Liensnak provided an opgsor
grovmndwater poadiutng stedy velving op
ststy s aomducted i Tansa, Algenia, and Moroceo m North Afnc 8 was
it Mations Development Frogrng
1w wishes 10 express his g ugle i g numt
pared diecty o mdirecily in the asvsemblage of informshon rehied
tos this bonk . These inchade formey audents, such as Pres Robert Koo, Mohees
med Lahdou, amd Nadvn Farajalla, and aiso Kea Heingion, Setist Kaniet, and
Pactitie Rareoding, Thess students have conduviast sescarch or partivgsated in
variens refad projects s part of their gr se ek, di particuhar, Chispler
Boremn i dargely based on the thesis research of Ma, Runofine, The suport sad
assitiwe of vurret wid fovmer colleagues an e Unbeersity of (3% Liho
grateioily acknowis
D wd Sabutin, aoad L
jor imponance w g

ity tor the euthaor o work cn g
s oo seoculnal seees, The

The a

bapve g

er o individughs wha

w ulsn
hnchided are Brs. Robert Kaes, fames Ruobertson,
i, and Profossor Gomge Reed,

ithoy 1 the pasibive sititude and helpfulnesy of
Ms. Matte Durluoroand s, Gisgor Gois of the Eyncdnsmsental and Cronndwarey
B, Unbversite of Oklehoma, in conjuncton with typing st setyping arig-
parte o tus maseseript, Theis tectmical alnBiees and pleasart sttitude have
ke 1his ook possibde, The excelleat typing skitls of M. Geis s panicstarty
tor the femal copy.

ackuow ledy
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This antior sl cxprasses Bis granlwle 1o the College of Pagineering, Lini-

versity of Oklaboma for ies yepport durn
are Dr. Bonald Sack of the * hiood of !
v Crvnes of the Coltege af Uy
o cmspuragement and contimsed sapport W the process o

> preparation of this ook Tncluded

<11 Bagineenng wnd Eovironmenia
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FUNDAMENTAL ASPECTS OF NITRATES

1 IN GROUNDWATER

INTRODUCTION

hasic problems
deafts and dedliniug groundwater
cading 1o undesirable offects on usere or euptsHment of groundwaler usage.
Cirovndwater 15 the source of drinking swater 1 about SB% of the overall popu
faticn 10 the 1.5, and te over 908 af the mumal popalation (Offiee of Techuokogy
pundwater s aise essemial o agricokural pperations

Assarsmant, 19903 €
ey tegivns of the countey,
itrates ave one of e st prodlemnic and widespread of the vast nomber
of potertial groundwater conjaninats (Keeney, 1986), Nilrate 261 resulis can
b cxpressed 23 either niteate-wtrogen (N $3or as nisrate (40,3, The drieking
woter guality standard in the 118, for NO-N s 1 mgdl, whereas, for MO o
43 mgd {Changdter, 1989,

T systematically address fundamemal aspests of nitraies in groandwarer, it
B weeessary o0 (D understand the ritrogen oyale from & chernicalimicrobiologival

perspective; (21 recognize the pitregen evele as rebated to the <oil wnd groundwaier
eovironment; {3y delineate natral and mes refated sourees of it o growd

water; and 13) icently healk-related and eiher effocts of ercessive concepirations

of mirate in gronadwaes, This chapter ighlights tese foar opics acddiion 1w

swide sty that aeldressed, ameng other 1OpIs.

the resills of o recent n
ntrates in groundwater

THE NITROGEN CYCLE

Nitrogew can exist in many forms in the cnvironment. The meovenrent
rassformation of these afiregen compounds though the biosphere can be char
scterized by the nitrogen eycler this cyele s depieted in Figare 1.1 (LS. Eovie
ency, 19043, The atmospliere Serves a5 1 reservon ot
nosphere 1 9% nitrogen).

waral Protection /
rin thr form of nitogen gas (he o

o

R

i
g

B
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% G watar
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Figure 1,1 The nitroger cydle. (Fi
Contrd, Technome Pub

n ULS Envirenmental Protection Agency. in Ninagen
fishing, Lancaster, PAL 1894, pp. 1820

Aurnospheric nitrogen nust be comiined with hydiogen or oxygen before it can

fated by higher phas e plasts, in e, are consamed by animals.
xation processes and the targe
seption of mirogen-ising leguraes has plaved » significant role 1w alter
stewteal sitrogen sysle, The amount of nirogen fixed ananadly by these
twerr mechanisoms now geceads by as moch as 10% the amount of nitrogen fixed
b terrestvial poosvaeme
Protection Agency, 1994,

ore U advent of agriculiure (128 Environmental

Nitrowen e i e -~ : . N

Nutrogen car form & variety of omposnds dee t its differen oxidation
states. by the Blosphere, most changes Trom one sxidation 81e o anather are
banlagically indoced. The fallow tittogen forms are of nterest i celation m

dig seiliwater enwvirenment (118 Environmenat Protection Agency, 19354}

Nitrogan compound  Formala  Oxidation state

Areerorig [NEN -3
AHRONUT Kan [ XN -3
Miteogen gas 4,

Khfrt fan [N +3
Nityate wr 3, 5

The um-doszed. molecular ammmia exists i cqmlibrivm with the smme
alam fon, the distribution of which depends wpon the pH and empensuse of (he
biospheric systeas in Faet, very Htle smmenta exisss al pH levels less then
Travsformation of pirrogen compounds can occur throreh severnd mechay
including fusation, avmonticaion, syathesis, arifivanon. and denitnficatier

trad.

SeaEleianll Sl e i

b GROUNDWATER 3

PUNDAMEITRL ASPECTS GF MITHAT

fach con be provalgated By paricolan ROEOTZanEms with ety a net g
leratinus are basic o determuning which reactions

g vl 8 o oeieren

SRt t .
Fisation of nitrogen e 1o e Incorpor
sonica) congrusd sueh i i ean be used By plants and dabnals Pisarion
argantic piirogen is predorismly acconplisiiod by
and the aSnciationy hetwess such microargansnn
fixation

s of et gaseous nite

inta @i
ot #i
spectatized microc
and plams (LS Prwicoamental Protection Agency, 19947 Atmosphert
Dy lighipiag and industrisl Sxation processes {fentiliver ane other chemeeals) plavs
4 smalter, but signiBoant, tole ay & foxation metbod, The faflowing processes and

prodacts are refevant.

Firation process Product
- Biological - Organic Nititgen compounds
Ny gRs - Lagghtning -~ Mitrate

— Fcdusiriad — Amnonfum, aitrate

Ammonification refers ta e chapge fram organic vitmgen e the ammenium
scene, A mportant hydrolysis feacton bvolves vrea. o mitrogen compaoid frand

T Wnneg

{Nr L

Usea Ammemnn carbunaie

b goneral. ammentfication eccurs duieg devomposiio of anjmal and plant
tssue and animal fecal matter and can be axpressed o follows:

Organic sitrogen + Microorgonisms - NHINHS

Protein, anino acids, e

Ryathesis, ur assinilation, refers Lo blochemival mechaniseis 91l use ammn-
serpounds 1o foom plait prosein and other slioger-containg

sium ar nitrat
vonapounds as follows;

N+ L0+ Green plenis + Sunlight - Progis

NEGNH, & OO, + Green plants + Sualight - Progei

Ansrnals require profein from plants and other animals. With cortain exceptions,
shew are aot capele of transdirming inorganie slirogen Inte an organic piltogen
farmn,

Nitrificatiog refers 1o the biolugical oxtdativn of smmoeniwg tons (U8
Enviranmental Protection Agency. 19043, This is accomplished in twa sieps it




ATES I GAROUNDWATER

te the uitrste formi then 3o
bacteri

carbam de

anrate form. Two spocific chemomnoirophic
2eers ane Brvolved, using inerganic surbon as their sonees of cebulsr

sy

s NV 4 €3,

o = NG

The transtormation seactions are generaily coupled and proceed mpidly 1o i
aitrate form: nitvie Jevels at apy given thme are refatively low. The nitrase loraed
miay be used B osynthests 1 promote plant growth, or il ma\-‘ b subsequently
redneed by denitrlication, as suggeswd by Figue 1.0 (118, Boavirommenta] Pro-
wation Ageny, 19Uy

Depitriication refers 1o the biefogical reduction of nirate o nittugen 2as,
the reduction can procsed through severad steps in 3 biochemicsl pathway
fairly broad range of heterorophic bactiria are involved in the process, requiring
an crgandc carbon sourey Ty energy as follows (LS
Agoncy, 1994}

Envirnmmental Pratection

NOL 4+ Organie carbus - NOY 4 Orgapie carbon —» N, + 00, + H,0

it shotlid be noted that i Bothoxy
will preferontighiy tse o

zer ased witrate are presont the bacteria vpically
gom i the oxidation of the Drgaoi. matter becanse it
yechds more crergy. Thus, for denitrification o proceed. anovic conditions mus
wsstally exist, although this is oot seietly the case for @il bacteriu (U8, Environ-
saental Protection Agency, (994,

The amenoenificwtien, synthesiv, sitrification, and (e Teation ¢
the primary mechanisms cegoved i the woatment of contaminated sroundwater
for matiogen control andéor emoval, Adduional information an trassfonaation
provesses 1§ found i Chapter 20 Clapler 8 highlighss seatmen: technolagics for
contundnated groundwater,

T paport mechaniss priarily responsible for the movement of pitro-
gen duoug 'h the envaonmest inciede precipitation, dustall, sedinetaton in
wiser wysems, wund, provndeater movemnt. sieam flow. ovedand ool sl
velasibizarhon (LS Havlronmental Protection Agency, 19943 Althongh thave are
RIS ] (TR H

AACCHEIOS Q¥

winch ranstormgions ke place. they can cause 3 change
m the eoviromnent whereh

covdimns will force changes and ramlormations
wilf aecar Bavirmonase nditions that affect the above processes include
termperaitie, pH. microbial fove, oxidationdrediction potental, s she wailabil-
iy of substrate, nulvieots, and oxygen. Although transport sed tassforsmaiion
racchagisms are typically vonsid fered 55 individuat processes. it is imporion o

ewoghize that these comiprise & dynemie continunm and theve may be ne dictinet
boundary governing twe tmn:-ﬁfnm shon of specitic forms of mitrogen (U8, Bavi-
ronmeaal Protection Agency, 19943,

S S R R

NDARENTAL ASPEGTS OF MITRATES N GAROUNIWATER 5
prociananant Weslee o 0 e B st srmasghers

Gusktgit

uﬁ,mu,‘!ﬂm ERgH Gy | B
a.;nw ik 1 Nog

rganiets ¢

[N M3

-
i !

M

Brouml woter LB

soif s groundweariar (R LS, Envisommendal Frotect

i, Tocricemic Putdisiing. Lancaster, PA. 1994, g 1523

Figure 1.2 The niteagen cytie &
Ageney, o Nitingar

THE NITROGEN CYCLE IN SO AND GROUNDWATER

Faguee 1.2 delinentes the major sapecls of the ni(r(’-\.s._mu eyl &m‘imm‘i \‘flfh
i sotl-gragndwater sovironment (LS. Envirormental Protection Agoeney. 3 1994).
Nitrogen can eater the soil frem the application of wastewster of sewage teatnient
ptant offuent. commercial fertifizers, plant asd animal matier, precipitation,, and
dastfall. tn addition, nitrogen-fising bacteria 1 the sail convert nitrogen gus 4m(n
sitable to plant e Hemans have inceeased the wnonet of nifrogen fixed

fisrTes



|
|
!
|

[ NITRATES (N GROUNDIWATER

Hy by cultivation of leguminests ¢
sommsental Pratecton Agency, 1994),
Useally, more than 0% of the nitrogen presentan soil ganic, cider in
plants and animals or in ot ariginating from decomposition of plont
o i resicoss. The niteate contear is gonaratly Jow bovmuse i is 111 waken
g syntheas: (21 leached by watr perentating through the sl or {31 subjected
s denitrification acivity below the acrabic wp tayer of soil. However, sypihesiz
and devitrification rarely revove all nitrates sdded o the seil from fertitizers amd
piirtied wastewstes offfuents, Accordingly. mitrares tenched from soi anme @ majs
geoundwater quatity proflom i many areas in ke 118, arad alsewhere aroumd the
workd 1118, Enviropmentd Protection Agency. 1994

(e, peas wnd beansy (LS

SOURCES OF NITRATE IN GROUNDWATER

Sanrces of pitrate by groundwater con e considercd w four categones: {1}
nral sources, €21 waste materials, (3 pne grop sptcuitare, and {43 i

alture (Keeney . 1986, 1URGY Table 1.1 Hsts exaniples foy

he mor seurses inclide inkensve aniimig eperations, with nlirste

aver-apphication of animal e

v, and hvigated and row arop agoiculiun
snced minerahzation ot sail onganic siteogen and Fog
1oy Canter, 1YS7h, Septin wank svstems and other
landiills ean B of concern i ipcatized arcas, Additionsl IGHES

fon on mivake sorces 5 given o Chaples
for pHEE COMRE

sanplos of grovenion measures
stopcwater are found in Chapter 7.
Agrichemical ¢ both commercial tertibzers and postiiies. In 1986,
approsipately 7 s i the U8, were subjocted 1o fertilizer apphivi-
serys (OFTce of Technology Assesament, 1990, Farming operations thit any 8ot
e commmercial fertifizers include exiensive Hivesiock operanons, orgaiy fanns.
aned skl hobby farms. Nitraie-nioges (NGy N conceniranons in vadose e
wates helow agresttural iclds are i the range of § 1o VW mgst, with regqaent
desptions 1 e raope of 20t 40 g/l {Boawes. foiaty,

Tuble [ 2 sununarizes 1986 dese on fhe nations) averages of pilwoges fertifiacr
applications, B seloted Countiws 1 arable v and peemaners cop kend (Con-
way and Pretie, V13 Countries where more than 200 kg Nelwt was apphied ue
tisted in Table 1.2

Sepsic tank systems also reprosen a significam friction of the niroges oad
saer i the U S (U N, Environmental Protection Agency. 1994
Approximately 28% of the population s sepved by individaad home sewage
rspesits systems, Eflen: from rypival septic tank systen has a total nitrogen
content of 25 in 60 mgpl. OF deis. 20 10 55 mg/l exists as amuioni and less then
itrate. Cne specific study charactesired @ typical system effiueat

vaming approxiniely T mgd organic nitragen. 23 ragdl gramonian-nito-

gen, and 0.3 mgdl pitsie-nitrogen {0 S, Bnvirenmental Prajection Agency. 1994)
Septic apk feack fiekls axhitut rapid mitgification of ammonin-nirogen undes

163 grodpms

i mgdexases o

ERIORE
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Table 1.1 Examples of Sources of Nitrate in Groundwater

Maturatl sources
Geologic nitrogen which can be monlized dndl laached o grountvater via WiGatGR
atactices
unmanaged {natural) climar lotests ihat are nornaky s
tosses 10 grourdwates can oocu ot man-inflisted o
gistarbancas

RN CONServing: howaver, nifrogen
sanutting and ofer {erest

\ ry Tre concentrated 0 lage commercial poultry, dairy, hog. &l

ket OpErations

o municipat or fadusieal sasdge OF liquiet effiuent on croplangs, fomsts.
parks, goit courses, ex
Pispesal of househald wastes oF sl busiess wastas inte septic ank systems {septic
fank phag soil absorption field;
: oachates from sanitary or ndusidal landtifls o uptant dradged matenl disposal suas
w rop agriouuret
Nitrogen i0s5e8 10 1he subsitase SAVIONMIENS CAN DLOUT 36 A 7esUl of mmassive lediize
appication, inefioent uptake of altogen ty ciops, ard miperalizaton of sofl gtrogen
Nrogen losses 10 1he subsuriace ervitonmaent Ban ceour 8% a function of ferliizey
apatication raee. saasorel intal and famperalre pafterns, and tilage pracices
rigeted agricutinrg

o of ritroggan oM exvessve fariliver apohcation rates s inaificient
irrigge

Associetad inaching o nittagen fror soils p

2l 80 Hwt the soits 9o aol become safne

nally subjacies 1 leachiny to ramove
ungraductive

siors o annual croas. tllags of the soll ladhuding plawing or some other form of seedbes
proparaticn. and 3 fang pered whan e acil may be bhase, af weed contol Dy hasbicides
o guftivation; fleo Inchud saervabon itage (Keansy. 1889)

serobic eonditions within the leach fields. Armpmonim-pitrogen s easily
exchanged in many soils helow a feach fiehd. whareas nitrate remains soluble aod
s eusily sransprried 1 gproupdwater, 1 exchange sitos bovonw witprad, as m
sandy seiby, ammenism breaks through W grosndwater hefore it nitrifies. When
sepic tank loach flelds dey ot iy the surner, oF are abmadencd, previously
adsorbed amgaonium can be converted W mtrake, anid eventoally it to loaching
watwal feviary publicly owned treataent sworks (POTW) weadment systepns
sitizmg soit infiliration or overiand flow can typically produce & sitrogen loading
to prosadwater iy praamer sionlar 10 septic tank leach fiekds. & typicad fieal
offlucnt of this type hus @ total nittogen of 3 1o 14 wg/l (LS, Enviranmental
Protection Ageacy, 19945

Purstant 1o Scction JUBT of the Clean Water Actof 1987 inthe U S each
state subrnits bienatally a water quatity report tw fhe 105 Cavironmental o
lios Agency. T a review of 42 sugh reports fry refation to public groundwater
supplies. 19 stares provided monitoring data on 2 wiad of 51 orgapic eud 21
osganic chemicals, Fraquontly detoted contamints incladed sitrates, wichlo-
rsthylene (TCE) volattle ergani conpounds (VOCS). arsene, and fluorides
The most frequensly identificd contaminant soprces were underground storage
tanks (35 sigtes), septic taak systems (31). surface impoundments {21, municips
tanditlls {273, agriceural activities (26, abandoned hazandous waste sis 241,
epalsted Tazardous waste sites (19), fand applicationdreatmen (18], imgeotion
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Tatle 1.2 National Avetage Nitrogen Fexlifizer
Applications to Avatte Land and Parmanent
trops in Selseted Countries, 1986
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NATIONAL SURVEY OF NITRATES (AND PESTICIDES) IN DRINKING
WATER WELLS

The spviromentad Protection Ageney (EPAT recentiy competed 8 &
year National Sur aefes amd Nitrmes o drinking woir wells, The
5 ipciude b or systarn (WS wikls and
¢ FPA dasigped the sy with Ben (nesipl
sponding (o its bvo phases . In Phase T the BFA develiped srional estinatas
tieides aud siirates m o g water
A tion Apeacy. (995, Ia Phase Hothe
£ condacted sisiptical analyses of the o ccted dura ns well sy information
from oiher datalumes o enbancs undersianding of nflrencig ors on the
sresenice of pestic sien To deinking water welis (118, Envieonmental
soetion Agenay, 19

The P o surviy Wi
sonrative oF the nations CWS wells. The EFA used statistical meibads o select
& marionalty sepreseutative sebset of CWS wells, The resulis ase not representative

¢ designed to yiehd vesals that are sitistically wepre-

of any state ov loval area, o the st stage, about 51 D) comumunty watr Sysiems
(0 Ws) wer dentified divughion the vountyy from the BPA'S Federal Reporiing

Dure System (FRDS), Then, the BPA sharacterized all e connties in the US
wnd rolakive grommdwer vl ity - the two
critiva] factors sifecting the prose o5 i drioking water, The counties
were categorized o hgh, moderaie. b 3
concentrating o agrieniluval pesticide wse Sroondwater vijnerabiliy scores
were determined using the DIRASTIC scoving system for vach of the counties
oo DRASTIC score was used to cotegorize the cotmiies wio areas of relatively
figh. moderaie, and Tow groundwatet vulaerabibiy. 1t should be noted that fur
titizer application vates sre welated o pesticide s, the characterization
approsach also has relevance to oitrades fom sgeicultural sources. The emphasis
Berein will be on the uitrates results. Additional information o DRASTIC and
alyer aguifer volnerabilivy mappiog of evalustion
5 amd 3
snple of TOR3 CW S5 was selectedd rdo freen the STOOD CWSs; the
sy was stratifiod by the pesticide usage and £ susdwater vaiporabilivy of the
conty in which each CWS was Tovated {see Tabie | LS. Bavironmientad
e ¢ the refiability © fmades made For the
cuhset tdonzin of CWS wells in the igh vulnembility strata. the survey was
dosigned t colleet satepes Teoms igher pereentagd o

chuigues is gives in Chagters

it

syskems o these st

tn the sceenig process, the B atprmated that to the WS,
B imately W00 CWSOwith geandsai welte, which together

o O A wels,

Telephone imersiows paing & "UWS S
with the Aesiataye somple of TOK3 CWSs The resubta of the sereeming produced
s frasme of 5600 eligible syatems from which the watls for waber sinple untlection
tectad. A sampte of 599 cligible sysroms was then selected, with probs-

< propestiomal e fheir uraber of wolls for eollecting wawmy samples {see

e

reening Quastiomiste” wene held
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Table 1.3 CWS Fist.stage Stratification Besults

Pestivide DRASTIC  Universe  Semple Sample
Stratunt usagY size® rate size”
266
F 1
E] 2
& Bk 3,
& Medium Low 2
7 e High 3
8 Low theciu FREL Qe
8 Loy Lo 5545 @42
10 Uneonanon 3472 .2z
i Lineons Madiven 2511 0.1 1,068
12 Lracanmon L iest 12 1.061
el 7083

Nuvner of systems

erta: Protestion Agency, "National Survey of Pesticides
i 1 Reprrt” ERA SFH/OG0-018. Nowambse,
1560, Cltice of Wiater, Wasnington, D.C.

by

¥

s number was

Table £4y 1128, Favirowmenral Protection Agency. uGy T
vuth ahhoseanees or smability to sample prorto gatnieat; te woRbR
destred xampk § wpoat was 364 The Nadoral Feshicide Survey { NP8
e b water samples from 360 sefected CWS wells. After technical review

sele

Her
af individual well plurabing systems aad sample colicotian procedares. sapnples
from S Cw B wells ¢ included in the apslysis of res fart o
¢ tomporal effect of the wse anl QUCIHTENCS of pesticides w the wells
1o sampling dates w0 the wedls rows

(3R L8]
v absts imsdetiaken by oty atloc
she dasa eoblpoton pedod. The supvey wak desigred so that e wamber ol
detpenens of apabvies in the 340 CWS

of the 94600 CWS walls in the 1S (LS, Fpvironmenial Profeciion Agency.
ey, b adddition o the CWS wells, 817 cusrad domestic wells (RIW Y were also

wells provided eStmales fepresentaive

sampled (Cndier, 3992) 108 st that there are approximately HLE milki
RDWs In the US (Colien, 19920

The well water samples swees fusted for the presence o 11 pestisdes,
e and bwo pesticides, DOUPA tedimethyl
feid st free
estivateid

pestcsde tegrleces, el iteade, Wit
weisackioie repbthabue acid ptainites sl asragine, wote de
guenily. A total of S24% (45 3007 of 20 the UWS wells (B4 48D v
o contain diteciable sitre, of which 4554 wes G wndy e pitrate, ol
wclided s siteate sad pesticides, Based on tho tesuits from the RDWs it was
bt 570 B derecwble aitrate (Cohen, Jouy A et of 125 (113
af the CWS wells was projected (o have uid ate-nitrogen concenirations ahove
the MCLATAL (Maxivum Coniamimimnt Level)tHealth Advisory Level), which
i equal 0 10 mpt The medin ceatontraiinn fromm the Phase | susvey was 1O
dation wes D3 el and the minsmam eporting Ly
Lo exceed the 10 mpd MCL e

eaBTREHR

ME g s hrn CORC
was .15 mgd. Nitrsto-sitrogen was projecied
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Talte 1.4 CWS Second-Gtage Stratification Resuits

Stratum  Pesticide usage DRASTIC scave  Design sample size®
¥ High e7
2 Medium kL
3 Low 14
4 High 45
5 uctium Kedam 32
1 Naiure Low 25
¥ Leay g 73
8 Low ‘edium 88
3 Low Low &3
W Ldncamnan Hige ¥
1 Unpermor Medim

12 Lincommon Low

= Number of systams seiected inchating afiowances for frability To sampie

prior 1o westment Miniwgn deshed sample sire after dropoul was 64
Erom UL, Environimental Frolection Acency. “Natonal Survey of Postichlsy
in Drinking Water — Phaae | Beoort” EFA §70:@-00-018 Novermhar, 1990,
Oifice o Water, Washington, DO

Phase i of the NPS deall seith statstionl analyses bo test the hypotheses
ahemt the welatian between indisiiual variables and pestiokle and nitrate dhatgitions
and the degree of asspciation between them The EPA used a coiterion of signit-
jeance Toat ensured that there was Jess thar 4 265 probability thal avy siegle st
resutlt vocurred by chance ajone. The Plase H analbyses foctuded fests of associ-
atien that used chi squars: analysis, Jincar and Iogistic pabvariaie regression, e
ot undersiond the ssaesation of pusticide and winie
el

sulsiple regreasion to be
wter welle with differeat variables. The varisbles g
sroppdwaler only ot piloo use, anspern meshanisms, pesticde
Chemistry, and well condit 15 Evisemental Protwection Agencey, 199200,
Vatiables nfloencing submsrfacy movenol of comuminants ave addressed in
Cliapters 4 and §, anid specit ted to subsurface Transsport ard fate o
dotinoated in Chapter &
e groupdseaier seas
of s agquiier (o conkunbation. Saasinity addrosses the edrogentoghe chames
uiter nd the gaerlying soif il gentogic i {115, BEnvee
tien Ageney. 1992a) The pestiitde wnd Tertilizer e factn
i en Fortibeens apphed

detestions i e
e v, s

mosdets ¢

o was defined & the intringic susceptiniity

ity fe

seristics of 1he
remmmental Pooles

fes orsl nae

epreents e sope and o o R
s sampled dumking water wells, sad o sivities, surh s catde rasing, that could
crtehate fo the prosenee of nirale i ploves whese they enuld be nansporied
wrniments] Protection Agency, ) Trans-
port mechunismy wore related 1o e factors that contribwe, either diectly o
indireotty. 10 the movemesds of i cide amed mitre By water, anciwling precip-
rrigastion, sucface wiser druinage ditches wear wells, ather bodies af wines
s rvers and lakes, and nearhy operating wells, Hewowr, wanepon denss st
nclnde vecharge or growndwaiey 80w Factors (108, Dnvionnentyl Protection
v 40926, The chenical charpcterintios irelude chareiristios of pestict

e deinking water wells (4

.

gaim.

sghes,

P
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el % orpapic partition coetlicients (Koot amd half-life, and CharpCieristies
sronndwater, such us Wler lemperatet, pH, and sonductivity, that conld affed
fac hehavior of pesticides or nitrtes (US Environmental Protection Agency.
1021, Finally, the physicat characrarishics of wells included age. depth, stae of
sair. ud protective devices, such as snncrte pads. that couid affect the presence
o chemiconts i the well water (UK. Ensironanental Pratection Agency, 1992a)

The Guia used for those vdshies ware prosured from both data generated
by the NPS and dats abngined from other soasces such s the LS. Genlogica!
Survey. Natonal Oceanic and Asmespheric Admiststration { NOAA L census data,
e, Statistical toste were condacied to determme the association of each variable
with pestivide or mitrate detection. Key cosplis for tests of sssociksion cume
i te fromthe analyses of nitrate detections in UWS well The velatively
sege nutnber of wssockaiom wnlving sitrate detections i partly die 1 the et

hat o wgnifantly buger oy

o of mithie detections Wen prsticide dewetions

s chrained . The $hase B anadysis also carried ot paultivarihy vegresRIet
W be sieengly
aesociied with the presence of mitrats and posticides in grounawaten
Coater sensitiviy an the consty and sobeouaty fovel was determied
vsmg e LTRA liord DRASTIC swetern seores. The satsion
shmvedd vars sociagion of eroundhwater sersitivity with that of i or
of niasie and pestisides in sooundeer. Highes DPRASTIC scoves
sageitly asauciated with mwore frasuon detectioms (the expecied sived
axsociaiiom or with st Feguent detections Differeri DRASTIC Tavtors wew
paare oitor associated with detectons @ CWX wells than with detections in
Lws, County lesel depth BOssor
ared sanaty teval hydsoudic Londnativite wig assciciated with avrste dinertions in
WS wells Subcatty DRASTIC sesuln showesd anridar neanciusive resuls
Again, stratilic sricaituznt DRASTIC sawes and cniry
cyopping paltens the sorapped and vsinerable” vl did nas

anatly ses oy ddetermive i partieudar combinations ol variables woul

LRTE

analyses

vt

s associnted wih peaticide detectiom.

ation besed on comiig

femonsitale @
selationsig botween <uuificabion variablex aml pesricide of pitrae demeions
LS, Frvirpmpentd Proeotinn dganey. 15971

avtews reliind o pestiidn wse and agronam activity were correlated
witly shetectiong of
pusdoaiorn. Beanifi celytions were found bepveen sules of ritogen fer-
Glizer aud mitete conentiations in bith CWE wells and REAWs, Howewer, i
arlysns ol e reltionship hetween witrogen feralizes sates and derections af
aitrate did not indicate @ association brtween dese s fables, Crop value, acreage
of eropland feditized. sod market valpe of Hvestock were st shown 10 Be asso
 shirate concentrtions shove 08T mgd e beth UWS wells and RIFWs

e posticides as welt as comcenteations of pitrge i

gl w
A carrelmion tetween the marker value of dvesiock sl Bt
v, Mugitvariae analyses further sepponed i witrats consenirations
wee aifocted by
ayronome stivity tha strcagly rehsed 10 postichie wnd nitvate detetions were
e market valie of voops wad acres ol foriized rangelaint (U8 Ervironuentsl
Agency. 1992a).

© dereciions was

aler ohs

frer use and agronomie acsivity, Two surrogale Mmessyres ]

R

e
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Analyses of variables relating 1 trapsport of chemicats 10 groundseater
ncluding several precipitation messures, indicated that noreased precipiation
was foversely related to detections aag cancentrations of nitrae. This result
sugeests that bigh fevels of ramindl ma the fentilizer o run off before
entering gronndwater, or Lo dilute 1he concentrations of piteate fo the point that
they Fall helow te detection limits vsed in the supvey, In contrast, Hood irigation
wis associated with 2 greater Tikelibood of detection in bath CWS wells und
ROWs. Nitraze detections were wiore Hkely in CWS welk drawing wales from
an upcosfuned aguifer. Some evidence also obtined that mittge deiections
i WS wells were associated with medst condinons UK. Bovirenmental Pro-
wetinn Ageney. 199

t3 8

Some of the chemical charcienstivs factors were relaszil weith detoctions sod
ermrentrations of nitaes. The Hietibooed of deecting yitrme s greater in ground-
water Wiy low temperzture or fow pHL Ao e tikeliond of detecting nitrate
e greater in wells delivering wo with o electricn] conductivity, However,
icher conductivity of well waer was found comespond (o mgher piltme

shliower wolis were found assoviatedd

<, aad with pesticide defes

vons i CWS wells (U8, Bnvivanmental Protection Agency, [RENEH
i addation

hipstans ol vark

ey pitrate dereciions iy both CWS wedt

3y an Dwhether wen-
te. Taltie 1.3

relited (UL

ng <ngle |

2D SO0

predicion of @

sk that several

aotors, when analy wgether, are SIS
Fvirpamenial Protecting Ageacy, 199N

ion of CWE Wells
Mitrate Coneentrations

Table 1.5 Factors iated with Co

Hitrate Detectians

Ferlfized pasturs ad rargsland Banthly peeciitation
Mo siraipitation Wail-vealer condutivity
Wehwatey pH Toial nitragen lediiizer sales

fd

¢ farmgd Wl depth
Fgimar grought ingex suve
taarkat valne of Crops

From LS, Envives
- tpoate and Sues
ji= 2 of Wat

“Mativmnat
Ba 88

1 Agency,
y s Koy
Washington, DO

P PROCESS, it Wan

rpreted aseonelusions
tian. The resuifs are suatisucal
rssnres of assecition o correlanon that were designed to test yporls
developed from severad scientific amd

spposted dia the veported resalls should pot he inte

Unwing o the many Higations Iy the NPS amd 2
R
from controfied experiments nras evidence o1 causd

v questions. It was noted that the results
should be wsed with cadion as indicators of topics that wiuy be suitabie for furtser

il investigation. The factors that dict aot show statistical ralationships shouald
got e assuined 1 be uaimportant, A

The Phase 1 sarvey report inciuded ostimates of national population expo-
s winl reseltan: health risks ddee o aiste for RIWs and for CWSs (ULS.
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omeatal Protection Agence, 19928). Estimates were provided of the pop-
eneral interost (e.g. 95t and Y9t pev

sharians coresponding o quantites of

centtiost, and of the pumber of mdividoal exposad sbove weahth-pased feveb.

Summarized helow e information edzpedd o CWSs, The resuls prosents

QL

maspd on e Tollowing nationwids daty

b Approsiotedy {36 000 peaple drbk groundwsgor T CWS welh
rtuenally
There are spprostadely GHO00 wells i 33 WO €W St provide grownd
wenter fos sivinkime Op dvorage. cach syvient sonsists of gpprovinutely 20

weils

tubles 16 ami 1.7 preses estionates af the pumber of people exposet ta
iteate i CWS wells (U8, Fawonmiitl Protection Agency, 19921 The fob
commenls ane pertioen

Iwi

COWS s tha evatiain SR
OF
1 e usp

poiapsely 3 milli peophe drak wikes i
a comemgation of a loet 10wl e 5L
approximmely 43
& of deveioping metmog lobisemia partivuduy e

¢ preple

> <316 b

s kv

saposed 10 mrLe abox

anfants at possible

water i also conmmnned with bictethe,
1o %8 puliion poople éruk sater from CWS welle Ut contam

itrate comventemion o which pusple a the Lhuted Stied are
prinmiely §63 mgd

Tabis 1.5 Estimates of Population Exposed to Niteate in Community Water
System Walls by Distribution Percaniite

6% Confidence interval
Lower poung  Upper bound
{mg/ly

Faaple Conceniration
axposed {mghty {mgst}

Q.83 .45
6.82 534

4 HWid

: tiationat S

o
W Report EPA 570091080, Jaruary.

¢ Wetis — Pl

3 Wb
spinshington, .G

ar, 3

Table 1.7 Estimates of Population Exposed w0 Nitrate by
Gonoentratian in Community Water System Wells

Concaniration

Population
exposed
o5 200, 91.500.600
1260600
rw\n'xv;éhut ¢ Protaotion Age ~Annthar Lonk: Nalie
cing Water Wells - PE 1 Rapot” EFA

January, 1982 Gifice of Water Washingion jaxe

i e

S
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HEALTH CONCERNS RELATED TO NITRATES

Tie concentration of mirates it groundwater i of primary cosoery due W
sotential hanan health fnpacts from gromndseptor usage Depending on the nse
o7 the groundwater, animals, crops. of industrial processes coukd alse be affected.
The wxicity of nitrate 10 humaps is due o the hody™s reduction of wirate o
giteste This meaction Lakes glace it the salive of humans of all spes and in die
sestrointestinal tract of miunts doring e first 2 months of Te, The tosicity of
itvite has beew demonstrates by vasodilatoryfeandio ular effeers af high dose
fevels and methemogiobinemia at fower dose levels (Fuderal Regrsier 19557,

Methemoglabinenia reters to an effect in which hemopiobin s oudized
methemoglebin, When amossts of methemoglobi in Moad increase. nxygen
fevels i blond dwindla. Cyaoosis, the iliness of oxygen starvition, rosubis, and
fhat particalar & 20 1o a% methornoglobineniia (Winnebarger, 1982)
However, the effeuts of nwthemoglobiner
werelore. oo enmulative gffects.

fants ap 10 3 wonths of age are the mest susweptible subpoputation with
rogard o mitrate. This is due 1o the Bt it about 1 of ingesied nitrate &
wastorsed o nitrite in the infant (Federal Register YARZ When nlirdes coms-
b with hemaglobin 1o form methemoghobin, the resulis i diesnished oxvgen
temsporttransfer capaiility i the blood. Thy infial then sutfers from celluha
anaxis sad olinieal cyanosis (urss blue, hesee the terms “blue Buby™ or “hlue
haby syndiome”). This phenomena can occyy m infants whew approsimately 10%
ol e total hemaoglobin hies been comvenied wethamogiohin (World Heslth
Organization. 19851 Additional seasons for concern include the fow activity of
the enzyme that reduces methemoglobin. higher susceptibiling of infant methe-
mogiolin to aoxidation, and higher pH in the stomach wd fniestines that promotes
haciesial reducion of mitate o it (Keeney, 1986)

fir the LIS, the cierent maxpnum cantaminant Tt (MOLY for nsrate-
itropen under the Priniy Drinking Watee Regdations is W mgd Federsd
Regisior, 19855 This level was based upon horsan vese stughics in whivh fatsl
poisonings in infants occwrred following ingestion of groundwiter containiig
sitrate concentrations greater dan 1G mgd pitae-nitogen. The Weald Headth
Organization (WHO) guidelines are 1 mgf for nitrate-titrogen and § mgdl for
wirrie-pittogen. The basis is that undesirable ineneases in smethemuoglobin kevels
i blood oecuy st levels Trom 10 to 20 mpdd nieate: the nigesting of nitrite leads
(o 4 more rapid onset of clinieal effeets, thus di guideting cnine is canespond-
i Tower {1 agds. Additional information on water quatity standints [ERIUE
teed in Table 18 (World Health Organaation. 19853
A arkditional public Sealth ssue of potestia

< B fe

a ave rapidly reversiblen and there are.

cespoar iy deat several stsdies
shown that simrlaneous ingestion of aite for mivate with rinesy resplis
e ameers of many o

sosvstoms. The MNonitrasa compounids are prsumed to
B (e Wlfispate carcinogenic substances (Tonnenhaum and Lireen. 1985). Several
ppidesriologicnl studics ave indicated signd
papesure to mitvate and canear risk: (v
B correluted with sasieic ©

ant positive correlmions hutwesn
sample, miteats in deisking water bas
risk i1 Colombia wd BEnglands and exposiye
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QOrganization Yoar
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e shiould be notified

ne. atinnuch a problent may not be apparent. phys
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©Wthin this ran
of e possible
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nagen, Math 58, 1884 Regional Office for Eurape, Gopen

on Wi Health Grgant
o WeRD Masting in O
hagen. 1384 pp A, 48

4y itrate-containing fortitizer appeared 1o be tinked 10 gasisic cances wariality
i Chite, Hovever, it should be reted that high risk Yor gestriv sty conelate
v soith nirate. Bt abso with seversd ather dietary or etvimnental factors,
and whether sy of these assouiations soteally ivolve causation 1% fas from clear
CTannerbaum and Treen. JORS Kleugans, et ., 1991),

The guestinn of whmher pitie issell s o cazcipogen v currently UnaEwRL-
ahle owever, resensch 15 ongaing s (Federad Regisios, 19853 The
wle of sldle a3 @ precursss avcinogenic nitrosamines and other Nenitross
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prosided by Life Systems, fne. (19873 Topiu aebidressed imehude insivokinetics
& eliects of mitvate and neviie m bumaes and saisals
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eelated informasion s given by Dabiab and Bogardi (195903 and the World He ST
aranteation (1983
Foxcessive niratey in groundwiter buve also vamsed problems with ruminants
cppid-chewsng annnaks with divided stomachs). Sheep and carste can be sericusly
sfected by nitrates from birth tiough adulthowd, Monogasirie single stamach;
pfants suclt as hovses pigs, And chigkess are aisa candidutes for health probloms.
Ao phickens and pigy mature, they are much less affecd by the pres
sitratos, Boweser i Sun Iw affzes rough acultiond {(Chandler, 1989
Symprons of nirale -aiie posenmy in bivestock inclwde cyaposts g and
abt mg non-pigmented areas imouth and ceesi shoriness of breath, vapud
heartbeat, staggend gait, freguent wination, and collapse. In severe vases, con-
vudsions. coma. and death may result within s, A toss of milk production in

ce o

cows and aliortod calves are alse signs of possible aitrate polsenisg (Chandler.
19893,
SUMMARY

Nitrates i1 groundwater reprasent o widely diswibated polintion concem:
are perbaps the most ubiguilous of all groundwater contaminants. Nawral
{ ppancindiced sources of pitrates W groundwater are w reswldt of waler uxage
for inigadon; excessive appiicanons of commercial fertibizers or mamure; and
waste disposal practices assocrated with land application of sindges oy wassewiter
cHfiaents, muicipal or ndosteial Tandfills, and septic taok systoms. The key
ding usage of prowndwater Wwith excessive copcentmtions of nitreies
particafarty sl ogard to infants, The mnjor
es in onygen gapsporttanster capabilisies in e

COIETR l\lf"‘
i refoled fo buman walth o
sfects are assnciated with o
Elood,
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2 INFLUENCE OF SUBSURFACE PROCESSES

NTRODUCTION

Nitrate contaminatioss of groundwater i hplc'«I!H a result of nitrogen move-
apent inte the anssturated pendime) zome, the cecurresce of transformation pro-
sosans i elther the arsatarsied o senarated 20nes, andd nirate povement with
ndwates. This chapter wilf summanze ourogen sranstormation. sid bassport
and Fate processes i the sebsurlace orvironiments fadton mflucncing miroges
iwaching trom fenilizers: und the wse of laboraory studiey for oxamination of
ol the transforpion pracesses and leacking,

"

o

NITROGEN TRANSFORMATIONS

Tabde 21 oot -
0t um‘\fnmx alons in the subsarfoes environament. Only seleated infe FTisb iR
fihe 14 peferenves wil] be eludsd hereat The tansport an wl fute
siengen fn the subsorface gavivonment depedds upun the farmy of ontering
awdd physicochensical processes Hpvahwed in
sae fovm of pitvogen o another rm.
cor can onter the subsarfice enyirarnent 3 either organic vr inrgane
i upon the surree. Organic sirogan Consist :xt campatpds from
suiae achis, amines, proteing, and e compouats W h o nitrogen doitent
v and Parick, 19% 1, fnorganie sltrogen cons oumddisn, e, and
Corrre. Nitragen fros watreated or pariially tesded wastowaey d;s.ninurgm
s human waste fertifizen asdy be in eltber orgasic 6o ammoenn; fon. while
fron cheasics forilizers will typically be in anymonitam or niteate fors.
‘ur‘x!nnmtm; progesess in e sebsurface include: (B smomondication, {2}
smmonia volatilization, {33 nifiicetion, and (31 denitrification. Traasport pro-
cesses that may be weelved in subsprice movzieent nf various formns inelude:
1 diffusion of apmeniem foruss, (21 diffesion of nitre forms, and 3) agse-
et of eitier form with the sater phase. Abintic processes such as adsorpaian
wil cation pxchange may canie reiention of some swmeninn forms e

Mg ey commen s on b orelaences dealing with

ey d varous hochomt

S8

chirate
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1 :
Table 2.1 8 ¥ SRt " f d in the Subsuriace i
Envivanment HO
- ‘ fg ;O NH, ,2
” . ! chemical
£hse m‘rr’ ot Nﬂ
in three man hmn\c#n Qa \‘d‘ sa)sl !yp& AR dncarnposition
Pehnke (19755 orishty of nittoges }
A e gr ungiunias 1 BN oot g~ SHINC,
.47 A
Beadtey. Anbon, i Yrobie Sty of faclors aflecting de ZoN 1 sedmeol WATER t “Wm%ﬂ 3
o wilks JP <4 et fuet
Claps, and Schmvidh (1982) F*lecis of trated municpal weetewater effuoms on -
mneis-cridizing bacignia Rl .
Dervith, e B (1076 f o gractioes o0 rtales .
i the «Lb»udac‘e k
Howard {1985} i ”mmreﬁ of davigrifioasion an nittate cormentralinas 158!
ingstons anuiley E
ary {1 i
Gy {108¢ Hevaoe of ma chamigal pr
1t oy (g ,uj 1y rranerakz
woand
Lowrance ar Feviow m whysical, b A
i
AGL ?sts
Lowtance ared Btk ¢ ’\‘8d‘§ul9"'\9!\' of derdtiitontion Kisses of ila0gen. LoD
st avadandity of
L prenigive vag Srop
fmm Hon & sudy soit
Reddy and Patick {1061 Bevigwd of e & g«,rom« alegic signficanc
NVERHE L L are a6 in foodd 7
TS .

Bolsion wes Broadbent (1

ol studies of denitification in he susurtacs i
i .

ERrle iy
Belston ot al {1888 Fiotd studies of the afiecta o frrigaticn ipguency i
sensalication in ine submwiace ervironment

wrPorgan el & (1B Examinaton of mizeobinl da geadahcrﬂ paitevays and
Segragation algs, urdsy bota asrotic and ANAGsOIc

conditiona, fr rilraies in Long islang growt ‘r:water« |
- P . - . L
sabsarface; o adiditon, rstic processes such 25 ineorpuralion Bt0 srbisd o [
plast Bronsss cat oo Figure 2.) snnpmanizes the mitroges cyele s e sub- © v Km0t Pathek e
} - sricdy. 16 B B g -
st srvirnnment {Reddy and Pa CtsLy As saggesiest in Figare 2 Tiohe Ly RO \)zdi Sevigns in Brvsonmeetsl Cantrol, Vol 13, Re. 4, 1981 i

0L

wrenve of soram oAl prooesses is R fuaction of the presence of §
sndizing or nolucing con ditions.

Ammositicaton is the firs step b de m ma&i’mlim; of oTEanic ATOECR.
Arpmonificaiion is delined o the bictagical conversion of vrganie vitrogen ©
anpnoniure-airogen (Reddy and Patrek, 981, 4 m!u anpcrebic suil congitions.

Ammonia volatilization & a physicochemical process where amponium.
fitrogen i knewe to be i equilibrim between the gasecis and yiroxy | forms
as Follows (Redkdy amd Patrici. 19811 )

ampmeni o Rl ogen aceamyiption cesurs werdise of Tho Supprossion af

NH, tag) + HyG > NH) o+ OH

nrification




B o ik
L
L
an MITRATES 1M GROUNMDWATER . HEFLUENDE OF SUBSURFACE PROCESSER 23
Reaction (11 is pH dopendent. with an alkaline pH Bvering the presenes of es 2 moles oxyveen o oxidize sacit mole of ammonTEm-REROERN ;
auneeus forys of NH, o sodution, while at acidic or rentral ptl, the amwmornun- Hewpetrivaily, e OTEamEme Rt 457 ¢ Gupy e of armno- i
aueen i 8 2 . N B i
piresen 18 predominantly in the tonic farm, Freare 2.3 shows the offect of pH idived (Reddy nod Pairick, 19815
sl ;«vmssmv o the distebubon of amimonis cyt armGnnag fons i waer Spverat kingiio rale cygations have beer proposed fo aitrification, welndng
chXurh: Y7 soro arder. frst ovder, and the Munod eguaion of populisiun dyaamics Table
2.2 contains somw Hrstorder hinetiv gaie crwificients for piriication in soils
00 (Reddy and Patrick. 1981, Epvirommaorntad s inthuenctng the mimficstion
e ieciude: (1 termperature. 123 pHL G albatimty of swater, (4 mazade va
s, 131 mierobiat populatian and (97 SREORIGHE IRITGZER CONCOITRLNG.
80 0., . . . E
S Table 2.2 Fiest-Order Kinetic Rate Cogfficients for Nitritication in Solls
- |3 jlie - e S
k4 3 Fhst-order
g . a0t Tope of systemand  Temparature  rate constant
g. E process g o] ik day "y Remarks
b AT O z
3 Q& B € 24 taboratary neubkation
K] 56 2 6.22
- 35 H 92
% & bttt 22 Labowatory nnubation
< ao‘ é fae, o NG, 9.14
20 . $0), > NEY, 9.00
29 0.503 Labosatary incubabor: &t
Naryng Bmneraturag
“100 Steacdy-state shrough soit H
- o 0 2 ! > NG 0244110 SEIMA tERtainey 81 -85 om 5
. i :
Figure 2.2 Sitecs of g el temparature on tha WSIOLUton of AEMONE and SMMEnIuen iGN s forg sanly bna: 075341 Sready-atate How Frougs soll
) otor. (From Behrhe, d., Journal of Hydsology, Yo 27 1675, pp 155187 . o MO colmns, using ‘
with nermisson of Gisevier Yaance, Amgterdam.) . 88 0052 Laboraiory inoubation stutly :
. with 35-tay rcubalion ¢
X of SRIMERIINT-GIEOREN g &5 G048 !
35 vy 1N ¥ : ake S S
1o RE R RITOEes s and Patrick, 1981}, Muniteaion B mm\»?n 1\\1 take phwe % Colo sty oiy lossm
i pwe stiges i & wesilof the aweivity of chemoantotrophic bacieria of the geer : [NETEES . EN G051
e (RHLS e NOLY and Ninobaetey (N, ~ DO Both oiganssas % Hemons il ;
N N g ’ s 5 2
e acerobic, chensaatatropiie ros. These nitrifiers deve on 3 )
..g,;x“m! o RGPS 10 i e e = % S, - MO, 14 n.047
sevr the oxidation of anunoninie-nirogen ;m‘ m(‘mu ~—mn<.s§.fu.. TN &y ] Qrunely =it st
i FegEI £3. d fg EruonTe '.ih’f};:t“'!\ axidatinn 10 pivHe-Bikn W NEt, - RO P2 o072
e pen sxidation to Rirae Titrogens. Aanmenigm oxidation of nitvite can Syatem Field study conductad an 1he
fe swrittet as (Rendy and Parick, 1981y e Slintor Rives betwaun Fontiag,
L L > Ay 3190
N4 e WO e 2 H e RO fa
) oBNIratic

Frnen Py, e vy Envimnmipniat Conteol

Wi 1A Mo 4

wen as tReddy and Petdck, J9R1R

apife oxidation R pifrate oan hre wris

4y - K1) . . . . .
+ iy WO, Denitrification 15 defined as the biodogiond revlucton of nirate 1o gaseols
end-products sach as malecutar N or 800 A commanly wes sted pathway for

Biological denitrification is 1Ke

.
|
&
{
|
3

£ e £hy yickis

Combinig Yl

ML+ 30 e MO, 4 THO e MO i NEY, e 50 e NGO e M0 e N %3}
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Under aoserobic or axyges conditinns and in noe of avatfatiie
arppnie substrate. e demitritying organsnss Car Use pilrete as s cleoiron e
jr doring resplation. Goners pyvaly tenitriftcating pracess wwlnde

Peenstonsonas, Avingisbocier, Buciitis, Mic Cifurmpbacien, Aonli-

i, Paracoccis,
fhiese OrganisiTe

pertes. Hainbiacter inees, Tivusbacilivg, Xembrwiopo, Moruxe!

Spivilin, und Risodopseadeanonas. Whes pYygea s avadable
onitdize 2 carblydrate substrate to TQ) and H.O as follows (Reddy au Pateck,
jURY

CHLO, + GGy = b TO, + 6 HO 5

pren-free Comdiions  some microorganisms oxidine a spelyyidrate
awistrate 1o (O, sad O nsing nifrate sttt of oxygen as an election acceptyy
and converting fhe pitrste o Ny gds, a8 shaver by the following overadl seaction
ifteddy and P LN

SICHL + 4 NGy + S 1 ACO, ¢ 2N T H.G 5

rate equations have also been proposed {or dendieification,
ordger relmiomships, Table 2.3 conngns some frsi
feation tn soils and sediments (Reddy and Pa UricK
e e rate of denitaication, gither

ey and 4

Several factars are knowit o ted
Ameng these sre the absence of e vges, presence of veadily
nce of donitrifiors, and soil

ar mbect]

v, temperai, ot mwisture, pHLpe

avatkalile B
wstare

A an esample of the nfluence of deni ifieation 8
10834 deserihes! G impartance o this transtormaion prw.s:x» [ am]()x
wifer. Vhe Cidk squifor of castern-ven tral Bngland s sevicaisly affecied

by mtrates 10 achad from agricaiurat kosd and, Tike many 81

¢ Howard

lime-

ALONE
Ly

wee deprads an e oature and s of dengniication
The vigrional disrintion nt pitrale suppEnts @ viewpoint biped on thermoidypom
coiteria that deprifaation i aciively eoourmg A  tha the problen will be shor
fived . More detaifod consid ssed o rgesog ad ey onmnentad sotope
taaa, hewenee, indicate thit deastritication i et signifiozm sl that e ;npp;w.:ul
toworag of the nitrate conetatation Hom iy NO
divection of ﬂmn is privsarity due o moier Betscen wvers wl ditfzeent un:‘

funre as o potahle

pons

o

b

suced nitvogen species s possible < rilepee ¢
Howaed (H9R5) conchded i denpniioa

iy s ofuler i oy RG] b
ee e upon wreduen e h vated conmentrations of nmaxu fap pvoeiern rechiege Walees

Rolston et s, {1980
Geatian on the pitate i gation tethrs watens Absolute smounis and raes of
denitrification Toue & Yobo ! field profife @ Davis, California, wire stadied
10 velation 10 the nfinese of irrigaion fguency 4 sl incorporation of crop
st Applicasion froguencies of three nvigations per week, wm wrgation per
wepeks were cetablished o arcas cropped with

crined o atudy fosmsed on the mihieace of denityi-
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Tabie 2.3 First-Order Rate Canstants tor Denitrification in Soils and Sediments

First-ardar
Temperature rate constant
Soifeadiment {0y {k day-) Hemarks

Paat soif 538 4105 Laboratory neubatise study
punducted at varc
Yernparatires; rates based o
NG foss

s Grganic sals 0 DA-15 Orgarie soils obdained lrom seenal

i sediey lecations o south and sentral

Erida, sois woubaied e
anoxe canditions, and stired
continanusty: rates based on
NOG- ks

Hawon soit 30 St ontatred from cropisd field
{sHY lay ey R
W0
30 Boll ypes 35 Bois collecten om severs
incatons in ta U5 rates arg
infiuenced *w diffusion of NO,-N
teom fiontwater: raies based on
- HC~N l\)‘:}S
2 Selt lypes G 0.03-0.78  Soils colianted from sevens

£ ¥ ihe U8 solls
irsubatad ahder anogic
sondifions, and stired
sontinuously: riss based on
NO-N loss

if sincubated to an D-iee
atmsphans, with NO N gresent

sy afit loam 3
DeiwalSY %

I}«:m coiwsier L in both Feodwater and underiying
Ao HoOTWRIRT 13 4 rates based on NO,-N )
Handarg sandy leam FO-RE par

Cotuniiia 5 (SR
SAnger Cigy WM GOR
g
o foam Laporatery B [FiN]
plie iaa F Labos ooy §
240
wilh organ
undaryent
[Eeiiides
ONs-0 75 Seuiments oblined b
} * ,w\ il fimias during sessons:
o m\mwif wsedd o daternting destelhs
rates measured based on M,
praduction

:‘:r;rn ey, K. B, ardd Palick. W, M in CRC Oriical Reviews i Ervimamantal Control,
4ol 13, Mo, 4. 1681, g 873303,

perennial sve grass. Fevtifizer was appiied o the rame of 30HY kg N opoe hectare o5
KNGS, enriched with 56 10 589 YN o Lw? plogs, The s of volatide gases at
the §<’1K surfce wis measired from e accumualation of NG aud N, beneath
atrdight covers plaved over the el surfice for 1y 4 1w y

ars ar several tmes
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immediately after irngation and st fess frequent intervals & dgenitrificution flaxes
Jecreased, Small rakes of 1ot deniirification were mensnred it ks well-drained
altyial soil wder normal cveliv applications of irfigation water, For piots & Hhont
of the spplied ferhizer

carbun wldition, the Targest depuification of paly 1.8

win facaswed i the most frequently irrigated plot. For the least fregquently
3 weeks, only 1076 of the applied fertifpzer
o wear-zere salues within Lor 2

rgavied plot of one Brigetion every
weas dendirtiied. Denitrifivation vates decre
davs afier Frigation

The epphcation HRquency of theoe irrigations pe
concenitatinng o< neasared by brab soit salution ang soil samples withi ihe woot
sone of the crop thay those of 1he othey e Jerigation froquenicies (Rofston @
Ly Thus, frequent, ol g < tended 1w result in less aching Tosses
W, darge i jons, D
wsing @ ¥ ematical mndel hat incinded ranspod and plane uptake ol waker
and aitrogen in soil The rate of des b cation swas demitstrited 1 be o function

waion, degree of sol-watey

werk gove higher NO,

cation of nitrate tersilices was siplziod

aiteale cancentration, availaile carbun poncer

canration. and wiperanac
T 1075, (he Iosy af ehow 3000 gattons it fuel vesudtat in contam-
ctort. South Caresting {Bradley, dclion,

vowas then comducied to sxamme

it of 7 shatiow agfer sear Clin
4 Vroblevky, 992y, A steespentin s
mbencimg faciors foly e 1o s o i bioremedinlion pregram voiving niate
additians The fate uf the amended pitate the effess of pHL wirae, and phosphule
sility of desiritication i sedinents cedlonivd W

o denisification, and the o
the site were exuined, Denitritication {39,001 produttion) i comted for ¥R

anaerone conditions . Both war

of the depletion of nitrdeirogon nade
lomyritication wales increased asympiotically with mereesing
appracioately b mdd nitele Addion ot apte L nmdd
aly ineresse the D03 and €O, produciion. Deni
opwer w pid A4 than those phserved
rees of hydroGrbon conmmpation

piineraiizmion sou
irate L § THRX IV

didd not sigml

phiospha

cadion patos ware al jpast 3

Compartwns ol sarples with dhffering de;
ndeated vt feast o tenfold vanation i sediment dentinificatinn accurred @

e comaminated ste Siadley. Action, aad Yrablegky, 19923,
NITROGEN TRANSPORT AND FATE

s-pribrogen and piele i the SulsUTFAUE 3y DSt

Eyiftfnsicn of amumnn
© trassprort along wilh ahiotic provesses suchias adsorplion
quantity of anEnURIE-RITOEER wansferred by diffusion
5 per unit e s proporticnal i the diffasion coctlicient

havs oty in suba’
sl jon axchange. The
phenomena per unil

s the concertration gradient. At the soll/vaater interface . concentrstion 2 fients
can e relatively large and, honee, diffusion of ammmaium-pitogsn from the

usion is sssumed o foilow Fiek's
gion cacthoicnl

ansernhic liver can be rapid. Moleoular [ii
Jaw and 38 expressed 0 tengs of - whole 3031 or sedimen diff
i, whieh meludes the effects tortansity Bt nat those of adsarpiion. Data n
Toble 74 shesy the D vluesd RN NIDER ROV IE N several arracrobic

Gt

G

R
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Té?ie__fa.d Diftusian Coelficients Tor NH,~N Movement in Soils and Sediments

Diffusion
Temparature coefficlents
Soit'setdiment ("] {eday) Aomarks
& l:;)fmeu & Exgpericnant sopoucied with an
Crowdey it pam 306 0218 irutial amymonium-M
Migtand sili foaro 3¢ Gav2 gunceriration of 200 gl solf;
Manon silty ciay ioam 36 0459 incubstion peind of 2 days
fdacine sedurenls 20 850 Sedimenis with andiiorat
iy dstard Sound) amonium-N added; diffusion
cogficients adiusted for
adsarption, neunation pedod of
. 5.9 days
Yoiumednic Walsr Experiment oonituctad with soils
oot fomPom’y traated with 143 megdt of
lerbaas o 0.0 {MH,0,80, soluton, and

Q%

Aujsied 1o % water

contents. suils were glentiz
using y-radiaion bstnie us:
wicasation pedad of 517 days

LRE]
Q.20

Frogriman: contucten with an
antial ammoriun i

wiay Gl R 30 cancentration of 200 ngfy so,
33 ssication spbdor was used
R pl 7 armmaniem-B ovidation:
) inpusbaton period of 7 1w 15 days
§ ! :ﬁ{.aq*ms oy - o Laboratory Shucy conductard
P RN 2] {419 HIRE W i S0
Hoper grandda urea 0.0 nevbation period of 7 iy

Subur-costed vrea

G618

From Fieddy, K. 7. ang Patrick, W, M., in CHC Gniga? Reviews Envirprrnental Confit
Yt 13 No 41981, pp. 273303

sob} 0f %

sons systeas (Reddy and Patrick, 19811 Nitme diffusion contlicient
duts e underl ving anacrobic seil 15 sunusarized in Table 25 (Redily and Parsich.
Js 13, The T2 values for aitrate are typieaily greaser thant those for FNINONILIT-
altrogen sipoe altrate s an amen and is not adsorbed anto the substrface exchange
COmpieR.

Ammoniusenitregen ray no! be rosporied through the ynsitnrated 2one
,sI:‘x,i s gronndseater due o adsorption, cation exchange. Ipcorporation infe
micrnhial biontss, or release e the amaosphere in the gaseous form. Adsorption
i proiably the major wechanism of rovel s the subs
Ender apacrobic comdiions in the sithsy

10 enviionmen,
) e environment, posidvely charged
ampnaium sons (NH,”3 are readily adsorbed onta negatively charged sod parti-
Gles. Since anacroble condit ’ ) ¥

; < i soils are wsually asscomted with saturated
sgils, some movement of anmonia with sroundwatey can aceur. Hovwgver, this
privee will be stow sinee adserption will continse W oceer on soil particles
instise aguifer.

o To serve as ap example of te influesee of adsorption, a study comlucred
by Sparks (19R75 will be sumpnarized. Nitran refention as L affech é\wundwmcz
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26 MITRATES (N GROUNDWATER

Tﬁh\e 2 5 Diffusion Cneﬂvciems o1 NO,-N Movemam in Soiis

‘Dittusion
Temperature voeihcients
Type of system (¥~ Lcm/day; Rﬂwfrks
36 1A%
kit 154 mah w::sr od
fend Q.46 ated soif
a £$.25 Sxperiment conduciid withy an
28 344 rtial nitrate-M connerdding
s 00 nepml, inewl
ol 78 hy
water content £xgariment o
sofis armndent wit
Urizrae foam 910 21 2.04
DEQ 21 847
028 2% 032
sheantn sard Q.68 &t 118
010 pal

G5 a1 34
[ 2% G -
cated NtEn Expanimant condusted el sl
Rt m s cantent sand, or glass beads salurated
043 kil LR gath 0.1 W NaNG,
Sand g.4% 30 20
Gaszsheads 0.5 30 Eca |
Flocded sl )
eyl 5 [y ratrata diffusion from flocs
Flaridana fine sand 533 water inte the underking soit
Asior sand 058 ed;
Supeancy sano 1.8C ¢ )
b 1.7¢ aitrate-N were measren,
k 2y 031 uging the changes w chioride
Rivigie fine sand 138 c:s(‘c»:nlréx!‘?cn of Hioog watar
Detray fine sand 120
Chastalr sl any .58
& RIET x
ravia ey chay Ak
bos fing sandy b 2.38
ime sang yl 2] ¥z
Q&S

fad

e wid-Atlantic sotl types. The soi

pollniien war {ee siigatad on wine @
t arganic matter., chiy, and oride conteat. Charge propaties el
cehage eapacity (AECY and point of zero salt offeny (PASE were

2 wide v
g amon
deternined, The PZSE valoes wore fos, sndic aviag Birke amom adsorprion capac
iy bowever, the AEC velues were often signiBicant aud increased with profile
(E;p(;] a5 eide and lay voments morased, The Rinetive of titvaie setention and

sobease wod the effess of
af o A0, S5, amd T Niate rotention Was Tighest at phh &8 and was sysongly

competitiva guions on BRI Y stemsion wewe imvestigated

nE wm,rw vl Control Mot

A
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caprelmed with clay and oalde contents. The adsorption kinetivs were rapid and
comyierely reversible. indicating that the nitrue adsorption mechanism was el
crositi, Whenever sulfate sas present, nittse retention signilicumly decreased
anid was ever deprossed when chlonde was aded {Sparks, 195

Cation excisange may b pvolved, alung with adsorpsion in th» retention of

amonii fons i soils, However, just as (he adsorption capacity of a sofl can
be exeeeded, e cation exchangs capaeity san abo be exhausted. Under these
conditions, the caston eschange sites w the sl be
sonroe wonld become eguitibraiod with the cat

woukd then move 0 the gromdy

neath an srnomie g

it deachate. The feachate
rowith s sution composition sssentially
yuchanged. Anvonisitrogen can b InCegR mm‘d tnte microbiat oF plant bio-
snass in the substirface crvinonment: however, this s probably ot s major removal
rpeciantsmm relalive ) niiragen in the wrizee. Fmally, as moted waclier, mnao-
s gas o be eleased o the atmosphere 43 o tunction of O soillguid pH
conditions. When the pH is neatsal or below. most of the nitrogen 38 s g
grnosium ien form. Asthe plilxmnm asic. the ammiosiurn ion i< ransformed
(oo sromonin and can be refeased T the soil s a gas,

N i tepivally more mobite in the subseriace epvironnent than amma-
pius-nittopen, When piwogen m e form of sileste rachos grovndwaler. it
hecomes very mobile becavse of its solubitity and aniortic form. Nitrates can
move with groundweter with misieal tanslormation. They Can nugrate long
sistances from fopul areas if there are Fighly pormeahle sabsurface materials that
comtain dissolvad osygen. The only condition that can afiect this provess i
geckine in the redox potential of te groundwaier, [ this vase. and ax noted eartier.
ihe denitrilication process can seour

EACTOHS INFLUENCING NITROGEN LEACHING FROM FERTILIZERS

Nitrogen leaching from applied fentilizers is the precarsor event 0 the
wanstormating processes deseribed i the previous section. Table 2.6 contuins
samary comments an {7 referenves deating with factons inflaesing the leeching
of aitogen wio the subsurface environment, To serve as cxampies. the amout
af feaching and hosoe the amopat of witrates in groundwater bave been fouad to
e a function of dw mmng of fertilizer application, vegetative cover, aml suil
prvosity (Bomelf and Adabe, 1973} fertilizer spplicstion reethiod amd amou
sdded (Gillings. 1972); fertiizer amount added anit drainage volume fron vaious
swater freatments {Letey ot b, 19TH) and fertilizer amount added and forigation
rite (Ludwink, Reuss. and Langin, 18763,

Fornefl gnd Adube (197 X descabed a 2

sy x‘;xmpli:r' pmumm at H4day
vals, Tor three wells i the Maire, West Gzemany, ares. The highest amaunt
wl nitrate insoif wy

1 fnund b the vicglity of o o e M"h

aned Wy w wene.
e Jertitization pornd Gnee wnd Julyr A
MIHOBIN gmoins was recorded i the wintor Groundwater abstiacted from wclla
axtubited the highost conceutratinns of nivato & mombs afer fortipzation. Nivrate
fhucraation in the third well sitanted in & fruge mnd vegetabl

frevng ares and corresponded

MY QIR WaR
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Table 2.6 Pef

Ralated to Leaching ol Nitrogen inta the Subsurtacs

Environment
Authoris) {year) ’ o Commenis
Aroryeains (1esn Sumsnari apers prasentsd

SRS $OR gl with rdl &
of efipsls of pitwing and woother sondl
4 faching fro Sedtilizer ap figif 10 apnLl
wrvnal Ops
uenne stz Aps
op ypE On Mregen
seibution of NOIGR:
Swetes:
af i covtribation rl fand applicaton of
sewzge plant efiluent 1 niales i et
Riynett and Adebe (3973 b s mftuer rifrogen leaching it 2 fartdizet
agricubiural amma
Nitnate ipactng rough the vadose zona as 8
henction of kngation water apploatine
of tisstueder me corstent for the
Teaching of ammona and pivate fiom he slorage
o ot & fertiizer plard
fined aouiter zongs yuineable to rifroger

arn {1987

i3

Bergaronm and Brink {1388y et aticn 13 on, and
aching 10s:

5 &
agsogen in sol in cantoal

Barngi {1020

Bouwet {1983)

Burids et &l (1980}

Dsprez. Landrami and Voot (19627 L
Gitbngs (1873 semert on nitragen eaching as @ luncken
of aormai agreullurg! practices )
Fielr expariments an ritrate lpaching 41 SAMIBITIR:
farming sifes in Catilbois
Soul nitrat i
applicat
Campasles 1
Aroger and Wi

Letay at 4 1

tadwics. Reuss, and Langn 114 as & fanetion of fertilzes

farih ot (1982)

! for studying the nteraniion of
mANAgeMEnt O Com

ard
1Gm pRng I

Moo, Ged and Rolbvan (16955)

Horlptzanon ate O DO
At IS

Fal aed Broadbent (119G ng of ritragen

zation e un

Spicg and € Y (10885 ererination of i
cose-zane nil
optad

Fisht sludy of wabst and TOEES

1 Kans

Folnan [198% ae

At

tor, even though the fertiii-

Jess v hdenls bt concentations were somewhig
7alim Wi Bt 18 Inbomse ok thal b3 the wine
cesver and e porosity of W <oii were abo foosnd 1o be decisiie tactors for the

~HPORN R wip of vegelabiye

pandwater, The legehing of nat-

fevtiiranon-dependent nurae cmcoriion
formed nivan o the soi ]

SEORE VN

wans also o

Hirgs (1975 described ap experiment i which nitratz ond ammoniem
forsitivers ware apphied fo feld plois containing sorphum and beots Suc‘}nn
Pesimetars wore used 1o ~amuke sl at the 1o 8, nd -0 dapths, and swriace

it e

e

AFLUEHCE OF SUBSURFACE

&1

ranofl s slso sampled. Nitrzie, pitrite. and anuroniao wes dererminggd in
tase saraples. More nitragen was lost 1o bath surface runnff and deep leaching
feorn broadeast fertilizers than from drifled fertii
fevels of ittogen {mtrate plus smmaondum? i
aiteate and atomcnigm foeaiivers, The largest deep jenching of pirates sevnned
in the fall and in the spring. The smbued leached propostionad ©0 the amount
of gitrogen applied. When 173 kg N was applied, the average tof three rephi-
corions amount of pirae fowad I osort water @ the 9-f depth was €10 9 wigd
w5 nitdle-mitrogen. At the $-ft depth, nivmie-nitpogen varied from | w9 mpsd
when reatment ranged from ao ritrogen 10 173 kg N,

The ammunts of leached aitrates for 1 goen time perind were deiermined
v Letey et al, (19781 ot vastons comamenvial taming sites m Catifornia, aml wm
a carefully comrelled esperimental plet receiving vartoss winer and fornilizer
application troatments. Some of the ugriculinral sies nait tile dratnage systems
and offrers il “free drainege” e the groandwater, Ligear regression analyses
were conducted on the data, Simiblae results weve observed for the tife and free
we svstenns, The highest correlation coelficient was of the dratnage volame
and fernilizer nisogen application. The next wighest correlation coefficlent was
¢ snonnt eached versos drainage volume. followed by mvw
featitizer pitrogen &y

. Little difference in the
water was ol belween

W3S

it eached versus
sptication. A significant linear relasionship between snotst
of leached nitrate wng drainage volnene was also oblained at the experimental plol.

The purpose of the study by Ladwick, Rewss. and Langio (1975) was 10
evpfuate 5o atteate scconmlations following 4 years of contiineus cam grown
with different altrogen and brigation regines. and to compare these resulls 1o
preseit nitale concensrsions tound in srigated farm fiehds o consral and castern
Calomdn. Soil witrde coptent 1 the 300-com sampled profile was signilicantly
wiffuaend by both fari wen and freigahon reatments: the geegler acow-
salations were assaciated with the two iipher fenilizer nirogen application rates
and the two Tower rigating raies, Mitrae content merased hovarly i relation
fr fertifizer atiragen butween A7 and 260 ke Néha amd could be desoribs

foor simphe Tegrassinn aquations seprarating the Igaion i

v

el ayia jow g

<
andd Bigh rages,

USAGE OF LABORATORY STUDIES

§aberatory stuchos can aid in e develeprent of wformaten en ganstor-
ration and Traraport and fale processes, and on factors ieleencing mbtregen
feaniing Froun Tortilivers. Tuble 2.7 containiy swmnary COMments on fen references
deseribing polentizlly relevant faboratery stugies. General mittogen tansiuma-
e were e fonns of pvo studies {Lingley, Dale, and Mannedsg, 1H240Wilitend
ot ah., 1969), and deniuilivation was emphasized in fonr wadiss (iswas sad
Winnok, 1985, Daveapart, Lembke, and Joses, 19730 Schwan, Kramer, and
Givricke, 19M4: Willardson snd Meck. 19690

Lindley. Dale, and Manneriag { 1974 described s taboratory stuly of iitso-
pen rnstormasen in wistewster perealating thipugh soil columns. The stedy
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Talde 2.7 References Beiated 1o taboratory ies of Nitrogen
the Subsuriace Environment

By hor:s) {year)

Lomments

Liser guide for 4 mathamatical model LTV
developed lo describe ransport and tale
orecesses. ncluding Jenitrifization, in
norBOMBEEAACYS faharsiory soate-motel
aniters

g8 ise of fmboraary Sod eotumng &8 denitrying

reactors subyectsd 0 varying uathon-o-niicgen
FAHGE

Dgvenpor, Lambie and Jones Study of ceniyitivation in taboraiory sandy Golurmns
IREDE with mothanol added Be & Sarbon SeWRE

Bl Erreity 2o Lasdsiout (1988} Lige of colbrmng of undisturbes 10ess sl 1o study

the movement of itinted water, chinricy, ang

nitrate as ralated o ihe franstar of nitate toward

ERR-DII

Escneion st al. {1381}

and Wk

ry stuy of niooEn ranslmatiens
h goit potumrs
rathematioal
WA

n, singla-teyer

sy, Dale. ant Marogony (19743 Laborat

wastowslgr peroolating irong
r and Dosrsiie (1980} [aLUE Reo-dirien
metid & ke
FNOMNGENGOUS 1RlOratery §

(314
£i18
sirom ot @l (1841 Sty of We niugnce of ycdralics, Qe

Mgy T a
FOFRCITIOLENEONS 1B altry
acquiter. ani Lsg of moded vy Ling
Boarsna (18994

ment of mathamatizal modet o

Sctesan, Kearer, godd Garcks {1984)

Witipredsor aed Meek (19E9)

et ab [Y96R}

o, Witliioed
11569 ropodted on a study of B mestinen of witrates in soil sysienss by
Pwters masde of wohite Tiber glassy pipe 1510 @ diarneter and 6.7
he lysimeters were filled with four tsjor scil types fror the west
side ol the Jougguin Valiey Cafifornia. The volumes exiracted 1o the
prehes s el o the Yeachires were recorded. The samples were amlyred
for chiorides. anumoma, iotal aliroger, and aiom percent prauss pitiogen The
apsrate fovels in keachaes enfiecied during initial Jeaching avd betore fentidizstion
anged fram 20,000 mgd in oxalis clay 1o 2300 mgdt i panache fiue sandy Iy
Theese high pitrate levels indicai ow retatively kow fevels of native nitrates can
e coneontrated i the goundwater by teaching. The highest pregenage of fer
Glirer sitrogen was leached from sails to which KNO, was apphied. Ie panochs
fse sandy o and feathent sandy clay foam, respeatively, 82 and 63% of the
coral puropen eoltocted in e sl wxtract was fenilizer sirogen. By conmparise,
of the aigopen i the eXUOST Wiy fertilizer nirogen when
- Much of

aridressed varying appiod wistes sl imosstere contents, and soit 1y

it

asing 14 1y
1t fengthn

1
by,

opiy 143
aepnaniany suifae and sulfor-costed wea were e g s
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the added mnmonism-pimogen was tied ap by the clay complex of the soil near
the soil surface,

As neied i Chapier 1. owplic tank sysicrs may be a sowrce of nitates in
groundwater systems. Biswas and Warsock (19831 conducted 8 Inboratory study
related to dentivification of septic tuk sysiem effinents in (e subsirfige onvi-
conment. The sindy was comducted ssing kitchen saste as e sovree of vrganic
cacbion for denitrification in an arached growih system, Seil columns were usedd
a5 denitrifying reactors, with the teed solutions composed of 4 sitrifed solution
snd kitchen waste, Pive ditferent carbon (expressed as methasol) tr sitrogen
ratios ranging from 2.2 w61 were applied w0 20 sail columns. A high dogres of
denttrification was obtained from CN ratios of <0 or higher )

[sevenport, Lembke, and fones (19751 found that nitrate was effectvely
sedcad when methanal was added as 2 substrate material © @ stowly mnvin%
sotutios in porous colimes. Applied airate exbibited 87% reroval during 24
dus at 24°C and 62 revwwal foliowing 27 days at 13°C. The passage of nitrute
and cidoride throngh the colmmug was sccompacied by an incrsase i mEON
potentiisl and
entaye of BT

e

atively
cas nirate from sl water #
e sonddd favolee a

e pore wRINCHITY WAN SHCOU

for the

S HE N
i (o water table
o upPHOBTIGE B

at mtroduced by suef.

controt with sdditions of subsrais
deup plowiog

‘Schx an, Keamer, and Ciericke (1984) aisa studiesd denitrificetion usmg e
reavtion vessels 1wy i sire, The vessels were Bed with coarse sand or fine
graeel. The pare vohune {wate? saltrinian) was 22T e 260 likers, Anacmbio
conilitions were esisbiichied by the addition of & g ghoose. The resctons wese fed
s water witl S and 200 mgd mitee from KNG, n sicha way that o vedurebriv
e af flose of 8.2, 04, and 0.5 Fd was created. The wolumety
spprosimatind die natursd recharge of groandvater, the teeharge of growadvater
wnder conditions of rigation, sad the echarge conditdinns of an intensive waste:
wairs fand trestrent sysiein. The efftuent Troms the reacsion sessels wore moni-
e for abre concentration on g momhly bess, The congendrabion was sta-
tiesery fronn the Tih to the 35t month affer the beginning of the experimen.

Witiardson and Meek (1950) described some labortory studies on farge sel
columas vath a controlled warer bl and submerged drabis. These ;“L“L“a
dumonstrgen that very Jow nitrate contened water cim by deliveyed from agnicul
;z}rt;i sranss. A Geld experimant on draly subnprpesos thish ety Qs‘«;\unzi\ v
High in nstive nivrate indicated that denitrified water from vigated sgriveliure
cuil reduce nitraty concentraticns in desinage waler by di t(ir»;\t‘ ig:lxrb:mvj::'mi
comditions un Be csuablished (ncluding exygen ﬁh(\r'u;gc.: adeguate organic (\‘ e
e s enorgy source, v a bacterisl poputation). anaerobie conditions develop
andt result tn deni s, Boserd an the resuls obtained in thy columng, @
‘ m’ﬁ’ic-vm{mgcn content of SO0 mgfl inthe groundwater would reguire o surfacs
*/‘fff’miﬂf')n of 1000 pounds per acre Ritrogen as a nitrate fertifizer i a single
apystication,

> rates af flaw
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Fraaily, Lidstion and Boersies § 19 deseribed @ tvo-dimensional wach-
emarical mwdel Too simularing the ransport ang tase of organic chemicals
gory-suste, swale-layer aguiier Toen large {4 f1 wide 4§t fiigh. and 16 11
3 physicad sgusfors were wedw ah each aquiser somaoting three horzontal
corpes] to be bumogesons and satrapi with

sovs of materiul. bach fayer v
o flew, The systems were aszed for the sl of fransport aad fat
of chremicals . and for evaluation of growia characterisiics of udigenous microbtal
pulagions, T physrd aopiters czn whe be ived fer the study of proposed
wsicil and bistepicad remediation schemes, The developed matheraical madel
and advection.

|’£’.‘«I\'}L‘! 151 A8

accoiare Tor the major plivsical groesssy of stopage, disp
RO 5= ¥

ot for lincar cynitibrium sorption, thiee Arst-opder 158 R

sorption andier dinelition

and san alse poce
cesses {inchuding mi
Tl the arganic phase. metabolist i the sorbed sinel, and frst-oier

W

ohial digradation. freversit

NS {1 the

sorbed state, A braa sange of ramedation wenarkss may he considored by the
sgavetnent of injeaionodneuon sdls 1o ivduee

e effeuts of rogions of varying fivdinglic

pse of e model, nchuding

phune spreadiog of L
candaciivity an the shape of G slumes

SUMMARY

Cherpnical and miviobiological processes van influgnes the mnvemenst of

e W subsuviace eowironment, Niovification and dent
ng with other mierehiod, shiatic, ad Bydrodynamic phe-

5 forms ot it
sl abion POCCARCS,
Botona, ituesie pirsie conoeiralans m geoundwater, such nfhuences can be

esaverbured spatially, vertieatly, ansd wpuadly. A suderstanding of subsarface
prowvasses s fuadamental fo fenmifying namrd and manmade Sees af wiirate
costanviaiion, cvaluating influcacing factors, modzling transpot and Fate, delin-
agting APRIOpTIAIE profection measwes., andd seleciing it s sites sempeidiation

andica pap ahed tozatment cleapup schepms,
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