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1.INTlODuc:tJON 

The couumpttOft. of water bariftsa htsh coaceat:ratloa of altrate 

in 0" of _Ill formula Wllna .ueh .ater 18 1'8p01'ted. to be the c ••• 

of "blue bald ... ", a coad:tcion knetm. tlld._patht." _themo.10b10 .. a. 
~. n1t .... t •• 81'8 1' •• '" co nitl'leea1n the .l.utl"e.,..t., ... eatel' 
the blood It!"_ to.lte with .... _qule1a. ""lIttia, til .i •• lot­

etion of the red bLood •• 11. aad in interference wlth ~Iec tr.aefer 
_,.011.1. tbilCODditlon may • .,. "eath of • ..,. _11 lalaat., but 

in many lnata.M •. ~. 41'e achl •• by lubatltutins Ilitrate-Ir,. 
wat .. (l). 

the curl'_t (It6ll U. S. PublloH •• ltb. Servlce 4r18ki .. wat .. 

at.a4atdeapec1fy all upper 1.,,81 of ·a1trate of 45 as./l. (as nitre,,). 
with hiahe .. nltrate level. eo.lder_ .... 1.(2) • 

Nitrates ftad th.lr .ay tato driakua wate!: via:. incluatl'tal w.atea 

<.,10.1 ••• , fert111_., aDd other ultt'atiOll ,1'.:. ...... ). ua. of aleratel 

to malntai" •• obl.1 •• tr ... and l.oou, 8r~tm4 water leachiag of 

fertiltzed fl$lde. _tei,al ••••• d',p08a1 proc ••• with IIttrate" 
aD ead ,l'odGot, _. miaeral .alt. leached from the earth '.. cnat. 
Genetderia, the tUfte.C .. futue •• sree of watet 1'8.88, it t ... lddt 

that aitrate 1.-..18 ,. drlnktDI watu w111 1 •• re.I •• 
At ,ruea, tt.. aitl'a'. health hazar. i. reatrieted to rural well 

lu,,1111 in the •• "1'Il portion of tbe Unit_ States ad to 10ealitiel 
dowetr .. fr_ pl_tedi.charltal Dit .. at" 1ft iadu.trial wa.t... As 

n1trateooatam1aatioa of water laoreal", lar.e seale lDduatrlal aDd 
. mu.10i,41 a1t~at ... ..,..1 method •• , be ... aec •••• y. 

"y of the d.,.liaatlon technique. eurreatly uDder inveeelsat10u 
for 8ea watu 01' brackish vat.- cou14 he used for rfl1lO91aa nitrate. 
Unfortunately. thea. ,"ou ... of 1o __ .chaase, ele.tl'odialyel., ell.till­

atloa, .aat fre •• l.s leem far too ., .. 1". for eoamoa "atel' 8u,pI18' 

suell .. lake'h .tl'eamI. and we118. I.emoval of aitrate from sewage 4urlas 
act1vflted .1uclaetl'.atmeat it po.sible br ,.:lodte restriction of aera.tloa 
80 that the m1aoogard ... utillae nit .. ate 48 an oxidallt (3) • 

Chemical zo"uccioa i. theoreti,.lly "'*th1 of l .... tlsatieD U • 

,rHe •• fo!' , .. aotleal removal of nitrate fl'_· .... tic water 1",pl1ea. 

!he ... e4uot1on tMh1d.4" of th.. •• l,i:l •• l ehad.ats are impractioal 



becaus. a 14rse exces. of r~a,ent.·a.nd'boLltas water tan,eraturel are .... ~d 
to foree the reactions tocomple.tlon. rer .·fea.tble proce •• ." complete 

remo"a118 not 're.uired. lit th~s' labotatot";y." l11!'e:l:ttrd.na:ry· : studies,found 

that:. a 'smaller: e.xce4s' of .reageatl' a,'t'reasonable ", temperat~re.$aver$duet,... 

ton of' nitra.te.' tn Y1elda~verj 85 per cent (4) • An. 'GXw:enlion,of these 

finding. 'seemed 'tA' order. ' 



.... tk04fe .. t'-.t'" of ,attt'atu4ul:tus acli"ate4 ,Iud •• t: .... tmtl\t 

_.,eo.atl, b •• 'r ...... by ..... ck ,,·lttin •• <3l. !h. ,Hee •• I, 
baaed oa Itawlqthe ..... , .. tn' .• , •• at on_ at •• of trutm.t '0 
that Ihe D:11~.t. t. ... I. ",utloa. '!be.' aitzoatel, ''''0. to 

atuo._,_ an4 "81eu" to the _ .. ,h... Althoush tllia ' •• "Ii 1 • .-.al.t ••. itt • ."lieU1._1yeo •• tth ella' po ••••• fOOd •• ,,11 
I. a1 ... ~._ .. ad .• t to .t118aa wate under .. ui tutfi.at.' .. . 

• lIilcal,e4 •• tlcm of Dltat_te lOa ha." ... ,.sled •• 11 ... , for 

... ttt.~i ..... .,.. leduetloll.e ,b.. lilt_at. tOU'llll)rda perm1t ..... ur • 

• , the .... 1., t. 41.tll1a,.. by ti:tl'atl ••• 

1t .... 1' · .... Sbaw(S) .tate that.it,ate it ~Dl)' .at.bin" by 

.... etto. to ... ,_ ...,tDI .. alatu,.. •• flt •• ".ull_te act., followed 

",,,utill.lion -'thalkalt to I'ele... the ..... 1.. 'tae, ' •• 1'1.. a 

,,'float' •• w1:d.e.8.tltute. •• pe h4\lctas .pat 'e""'''749S''. 
, •• ct,ltate4 with map •• l.......Quantltatt'. ~"_ttoa ., .left.ie 
.cnt. at """,.4t ••• ft ..... iSh, .. 11o._la .comr8,· ._.-diffusion 
urd.t • by lMttltas f.t.tDi~ty mUtat ••• 

Sa.o .... 1.~tba(6).i.eUl. a n't~.' ••• ay Gllna fu.u. by_.ide 
wtth.tlvu •• tAly.t AIM'&ill.~IQdH.. .. ..... uotion take. f111. 
to'ift.n •• ut_ ad the ImOUl\t ofalttate i. __ .e4.y tltltatiu8 

the u._141." ·t.s:_ lo., with pot_li_ ,--us--_ .. 
•• p1 .... ".11 .. (7) •• ed tl'. l.ou1iu .. l ••• "tlt .&1&11 '.111· 

SSt'S- J to 1'tJ4u;ce ftlt"4te .ad .b....... • ... , low yi.ld of .... ta. ..ell 
thoush the t: .. _tion stature,howed DO ""fro.en at the fi.t.h. Tae us. Of 

..... ' .. on .. ,.I£U1't ••• 14 , ... co ',,"Meat 1& the ...... U. ,teld. 
An ••• .,t.-..'. _thocl £ol'1:b. _Ild.natlo •• f vat... 0 .. wut.atet 

.ltt.tatul "'ttate' i. b.... upon ".auotion w1th .,l.unum in .tl'oQS1,. bQte 

.oluttoae !he _a 'd .•. 11e14 1.. •• '_t'-11, fIlWlDtitatlve (8), • 

Subo ..... ertba(') poetulate the ••• haui_ .fnitrate 1' .... '1." by 

letn. hy4nua. M' 

(1) PO, +2f. (IB)2 + ,~2..... 1N'2 + 2f. (8R), 

(2) D'2 + 61. <.), .... SHa'..... ere (11),. NBS .8. 
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Step one takes place wlt:hout CU)talytis while.tap .two lsslow and is 

c.a.taly,uldby silver ot' copper.' Metallic ailveria present in a finely 

ciis,erae4eQllo14alstat~wb08e'.tabi11zat;1Qn 1a much enhanced by the 

al1t811u$lIM1Wli. Thecaealytle ef~ect:ls la;rglyd.epan4antQntbepartl.cle 

size of the ,{.I"el:. tnereaction1. strongly,. dependent partly as a 

result of colloidal ek_1atry effeeta. the activity of the ferl'Oua 
bydroxide 18 not peganent; the active centers are destroy.illy excess 

of base andtheybecomeaet1veagaia only ata very blgh pi. These 
au~hol" feel that twokindsQf re4uctioll proea.a occur _tmult.ueoual,..; 

Xu one cae., aettveferrou. hydroxlde·reduces directly,and 1n the otb.er 

a.chant..mehe fine s11ver 01' copper sol takes the electton.·ftoDl theles$ 

aetive ferroUS hydroxide ·ano t.raQferi them to nitrate. 

81'0'6111(4) aohieved Gltcellent. reduction of ftitrateuains e)tcesa ferrous 
hydroxide at blgh pH w1thcoppercatalYlt neal:' rOQmtemperature. ·the 

1Q()larratio used was approximately twice the theO,:etiealratio ctlf eigbt 

to one (£e"Ol1& ion to nitl'ate 1(11). Uncal' thea. coodlt;loSl' the r.itrate 

reductionwa. ao toSS per eentJ.n fou.t houri with 1'D.Qlt of the nltl'.!lte 

being reduced .. ~o ammonia. 

Summing uP. b1010sieal nitrate reduction i. possible but's uot widely 

applicable. lapld.,uantltattv •• hemical rMu4tton of nitfate iOD he, been 

reported only at bolltns temperature. $ but reduction aciaquatefor a wa.te 

Olf water treatment ptoceal.i. po •• tble in tealoDable ti_ intel'vals. 'lhe 

reported 1'0_ temperatute methodre,u1xes a iarae molat' ratiO of reduc.ing 
asent 'becaUI. of t.he valencecbanges b£there,pectlye.ions. 
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III. OBJECTIVE OF INVESTIGAtION 

the objeetivea of the present investigations were to extend Brown t .(4) 

findings conceruiug the l'f)du4tion of nitrate with ferrous hydroxide and to 

explore other methods for chemical reduction., the parametera of intereat 

were: 
1. the minimum 4uantltles of reagents ~.qull'ed for adequate reduction, 

2. the optimum pH for the reaction to proeeed. 

3. The cost compal'110n of alternate ,rocadure., 1f any. 



" 

D. . MI'tHODS A'NDMADI.:tALS 

, ieagentl(a) 

Ast'icASii,99.7;pereent (Fi$her). 'Uted toadjuat'pH" 

Dali' ' M'. f (",her). :Veed! to 're~id.veammon1a 'in i' the~nia 

find , .1'1f.~1!',t. i,.,eay,. 
S¥ar\.c ,Sull.t., euS8 •• 5R2-, (Iak.).' Used a.a ;cia~Yl{'e. 
'moM s,t,.,e, Pde4t71i21,(Allf.et.1l., :Utied .'. 'redijotn, iaaent • 
...... __ ~_, .. ...,'DiiiI!jIi; ... 2G me.h'(laker),.'Vse(1 i as a're4Uclnl aa_t:.' 
l.ren~px4~*ed.l.duCed oy<hYdl'Oleu.(Baker).U&a«l'.s 'redUcing -aent. 

'Heth d:, (Allied). Used as ,the 1ndicaltorll1 'the'-.t. and' 
,nitr,ate.O,I'. ' 

:: r.·.·" . " " 

N:.I.EEO.~tl, llott,led. (lndU8trlal)~ Us. to'ma:l.ntalnarutarOblsm. 
'itlft1"I&srltt.(Allted),.Uteduthe source of n:l.trate':Lon. 
s94,_,!ltdrfll&4.,llectro1ytie,tali.ell ,'(Fisher), Used to adjust pH 

: !..' 

and to r"'" metal tous 'from .olut'ion, 
Sldium'i~lf"!h (rt.hert). iUaed as 'areduelul alent. 

IslfuriC . AC14~ i ".0 P.f ~.Dt. (rllhe~). 'Used t~ adju.t 'pH_clfof 

b.,it t.'tra~'o. ,of .n14 ltn the 8mmOat,a and nitt'ate ••• a78,t 
line !ylt, (Will). ' :Used .... 'i-eductnlaleat .• 

AI,arICM 
SgtriiUe. ,SO.~. HOdelGL, (ll1te1:nat101l81). 

pI!:.':" .; ••• 1.'1 ~(B.ckman).' : 
!fAa.!&! :S'ttrl.I~'· -J'utiior t ('ieber) •. 

'eon-Yo,.,. 'StilE.'~ ,'(.uJrb«oh)'. 

'Ihg,':'.l.'., HOd~l;GS;:<N_'B~lck). 
J:1!AdlhlS£111. 6 un.it. Wall ',!!yp., '(ft..ber). 

A\li.: '-ncaral Chemical Divtsion, Allied Ch-.1cal and Dye-~rpo.ati.on, 

New ,York ,N., 'Y, 

Ililr= J. "'J.."la~.r'~~c,al~a.y .. 'Phl111pJ.,lJuJ:'a,~. :J_ 
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1e.!1sY: BeckaalJlnttJ;Um$Dts. lnc:., South Ja.adena. f:a11f. 

Ib,Dylulbel'baobCo .. potrtltion. Ann Arbor J Hieh. 

'tgher; Fltdlel' $c1,antlfteComp,n:y •. · '.1·1' Lawn, H. 3. 

'I!VlUSt1!1; XtlduatrlalCa. al1At $u"lyCosnpany,.Bluefte14, W. Va • 

. lnte :!at.rnattonal "uip.at Company.loeton, •••• 

1_ltu8w:i.C~t liew Bren8wiek$e1entlflc"'any. lew Bm~l.k, R. I. 

Will: 11111 Corporatlol'l.:'''ehe.ter; R. Y. 

. .. 

Two .a.a,fh ""1\1 •. and nitrate, ue.,el"foraed. in tb1..~ inveet'l,ation. 
;Th. a ••• ,. p,oc.4ure4evl~t •• sufficiently ·from theatandat4metbod(l) to 

ju!,lfya 4.ta11ed.4e.et:L'~toll~ 
_ft'.A!.ax=ro40.1~f .ample wal adde4l0mloi 1.1. ,o~l_hldroxi.de. 

an4.oentJ'ifu,atlon removed the reduci318 alent Q\fhe h.ydroxide"a. super .. 

nat..lltwa,411\1ted witthdtat!11ed watetto 200 mI,' of whieh lOOm1 was 

41a.tl11eduiingJOtlil G·f bot!c .t':l.d solution (40, .• /1.) to collect the 

ccnde"a.~... A.ny·amutonia pre •• nt combined· With t.he·boric actClto form· "'n!;- .nd borate iou, •• follow.(lO): .3 t-Do,-...m¢ +- BOi.· the 
ammon!. v •• detet'lllned.by haektltl'atloaof the t'.~.1.1n.!.olutt101l .With 

.ulfut.i.e .ctd to the moth,.1 ,e4 end~int. A .ultable blank was uled to 

correct for tr:.eesof amm.oniainwater and .... eagene ... 
litgte ' ••• If the UI) III of solution not dt.t111ed. in the4molonia Assay 

v'lmlxed with Imt of 2.S. 'O(U.um hydroxide (wbieh rat.ed the "Ul1t of 

b •• eto 1S ml)and th.ml:1itt\lre was added to .. Neisler tube containtRa a 
.t~Lp of atwalnumfoil. thebydrosea evolved by the reactioa of alwn1:m..ml 

with '.04iUlil hydroxide.bubbled through the lolutioD.andextted thlrough a 

water trap to the at •• ,het'e, Thtsmaintained a lmallpo.ittv. p~e8.tlre 

'oathe • ."arat.. to inJure uhat DO· ablo.ph_ric oxy&all va. admi tted.'fhe 

'tiToD,ly I'eductng atmol,hero of aluminum and. evolv.ed. hydroa.a. reduce. 

l\ltl.at.$ loa to amntOnla.. After reduction ,e'"tod raaatngfromaix hours 

to o.ern1aht. th.~nia(a,nd thuS the nitrat~) w.edeteJ.'$ined by the 
4i.ttl1attea techni,ue alttead.,. de,crtbed. 

'tn thls la'b±oNtt)l"1, th. nitr-at. a'.ilJy,.spres,ent,ed. mea lured 90 to 
M ,. cent of the nieratepresent intU::andar4. and" •• con.ldered ad..quate 
for theprepoaed.ntttate l"educt.ionetu4tes. 
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fb. ,p., •• ~,lel'a.. ,ofi ... tl.,tt..oa altl'ate re4uotloa v .... : 
I.. ae.ctiol1 with f.l'ouebydl'oxlde4';'lkaltae __ 1ttOD, with '.". 
,c.t.~11". 

2. i.lt.eniq..,.tmGmt.wttk ".toWJ,,44uci"$ •• _te. 
3,. '011"'."00 .th.·,ueen1DI .,.,tmGmt. Ulba • ·,~Otd.1DI· , .. actte. 
w,ttb •• t4111 •. ilton at.o'4,H. 

!he '-.tdled , ... ,c .. ur.' .... 'u· the ·t:hreetut •• te ....... fol1.,: 

"EO. S,lC.'·.RlIJ 
1. 72 .... of ,.t .. _t_ altl'ate (lOG .... uN) til •• lutle. Val .wed' to 

• ..,1. efcll,atille4ut •• 

2. 'arlout 4 __ ttt'.. of cup.'c lulfaea t. lolutio •• u. "'ecl. 
3. 33.1 a. of f.~l'.u'.ulf.t. (I"I •• 7HSO) In •• lut! •••• a44. to 

,rovide ISO p. cent .f the 'eftou' ~., ntedttl for ... lCJtettd.uctl01le 

4. lb. _xtUf.V. ,lac. ta " 1500 '.1 .eakB and 411u •• to on., liter 
with4t.ttl1.ct w.to .... 
S.Mlt, •• _ .ueoatll\UOUily .,pl' __ del' thenria •• of the r.a~tlllS 

mixtUI'G tAro"l_ a po" .tf._.: -a. the _HC ••. yea a,t.l'ed - .. _,tcally. 
6. a.pH waa _nltored an4 OO1\tin .. l, a4jUlfte4to •• alected vatu. 
with 2.,1 ••• ,_ h,4teld .••• 

1. ....,.,. aa. a'"at. "Iloeatre.ttoa ••• 1'. d.~.nd.a" at 81 •• time. 

of ten _l".ta, on_ bo_. ,,'ou't boUI'I. 

11""'.&. 
1. 360., •• 'pot.,t_ nit.ate ('.ms •• , If)· In'''''l,,tl_ WU 444. t_ • .,1. of 4t.tilled"ate.-. 
2. ~e • .,l ••• re 4tluted to 5. aJ. wtth tI,.tlll_ water ami plac .. 
ta HI.1 h1eam., •• fla.b. 
3. '"'ttle 1 ,i." the teduclaa .,ut fP:l4 cat.~,.t _.e.a'~.t'oq u,.4ia .......,1 .. 
4. I •• mbtu'. w. ..ju.teG to it l.l,ctedpH with 'N ,u1£_'0 •• 14 Oit 

2_.11 to,t_ hyclroxt'e.'lb.e •• ept, •• belas tllat oae.-.l. conta1atill 
,.4 ••• item. aU .-thell •• taint .. pow4.1:ed at.o. each with 110 .. rio 

,uliete ,~ •• ent •• we " .. _ted to • 1_ ,B with 4cette •• 14. 
,. 'ach • .,l. w ..... , ... aha. twenty-f,. 'bn"1 afto whloh th. 
pH .0 .... _ "".henitrate con ••• ra.ttoD 4etel1Dtne4. 



tablE! I 

Make-up for Screening. Run. 

Reducing Concentration 
Run Agent Reducing Agent euS04·SH20 

1 to 7 Powder .• 'lton 2.0 g./1 •. none 
i. to 14 fowder~d Zinc 2.4 g.ll. noue. 

15 t,o 13 Powdered Iron 2.0 &./1. 0.1 g./l. 

l' to 24 Sodium Sulfite 4.0 g./l. .OO2g./L. 

KetalllclrOll Series 
t~ "'_'~ 

.1. 120 mg. p&t8$sium nitrate (100 mg. as N) 11.\ solution was added to 

Sanlple$ of distilled water. 

2. Var1ou.$ quantities ofpotvdered or coarse (20", me.h)1rou were added. 

3. The mtxtut'$'W8S placed. tn. 1$00 till beaker and :di'lut.d toone liter 

witb distilled water. 

4. Nltro,enwascontinuously applied under the ,urfaceof the t'ea~tilli 

mix.ture through a porous diffu*H~rand the m:gture was $tirred mechanically 

in 'lit v1gorol..ts fashion to keep the metallic tron suspended. 

5. The pH wasmonitot'eQ and CQntinuou.ly ad.ju$te4 to a ,elected value 

with .2N sulfu.ric aci4. 
6. AtnmQn1a and nitrateceneentrati()ll$ were determined at.elected time 

inte,l"vat$ up to six hours., 
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,~ BDIltnmN'EAL ,BRaULT!, 

'crQut'SylClte . ,s&el 

The 'objective of thi. test sett1 .. : was' to invat.:lpt.e th. r,eO.uction, 

of aitr'ate atroomtempe1:4tureby fer:rou.jftydtoxiCleaa,reportedby 

Biowa(4).,. BtownJ
• i fldings': 1Ddicaued' excellent nitt:ate· .• "uctlon. 4t 

pH: leY.l. _ •• t •. Uf tlla," twf.Jlve ustng. ttd.'ce th_ amount· of ,·f.roua: ioni 

theoi'etLcal1t required., The· preseat 8eries: Wlad • lS0' p. cent ova­
dOih' of £e"ou,' ton and .,!i;ntained constant pH, :Ln, the .tldly alka1tlt. 
ran,_. 1.'180 t the effect of dt·ffel'Gt concent~ation.: of c\J,.te aulfate 

ea:taly.'t wat;ev41uate4.: 

trie •• "". The ,ltoeedure emplo,edt. stated ill the' ""e,ta_tal hooed­

ut:'. j.ettan. k,'Grim_is- one throu.gh Iteven wet,e perfo:na.o a~ v.rioue 

eoltstaat p. leVel. all with la;O Still •. CuS84c'SHat'_ Ixper1a'Q~s ell~t 

through tea were periotmeel at coutant pH and varJi11l tot,1 ",pet: 
concentrations • 
• tlIS'- ·the result. are tabulated. in table 2'. A pl'el1mlJlary fer;:oul 

sulfate-sodium hydx-oxlde titration ind1eatedt,hatfel'rotll 8ulfate 

po .... au bufferiDS capacity at pH. 8.,0 and 10.3. In t~e eQ~.r;.e of the 

~putment' it waa noted that tbe pH kept continuou81y dropping and was 
difficult to Mintain at pH level. lower than pH 10.3. It wa. allo 

DOted that the $cd1_ hydroxide demand wae &r8&t .. t.1n the first thi'ee 

to ten minutes of tbe reaction. 

BlasI. ion. the reaults indicate nitrate reduction iil all ten experi­

mente.Tnetrpa is that the reduction proceeds more alowly'and 18 les. 

complete at the lower pH levela. this could be ,the result of greatel" 

,.olubil:1ty of ferous hydroxide at deerease4pH. OJ:' the catalytic 

propefCies9f the cop,ereol may be affected adver.ly at the lower. pH. 

levels. 

The ar •• teat reduction of 90 pel: centis aeen to occur: at pH 10.3 

(lx,er.7). The bufferiftl capacity at pH lO.3wa. adequate to min1mize 

the pH fluctuations. In the lower pH apel':tmentl the pH was difficult 

to control (lnclu41nl the pH 1.0 buffer raDse) and th1a could explain 

why the results of Experiments two, tlu:ee. ~d four are not in better 

agreement. 

Experiment. eight, nine. and ten were performed at pH. 10.3 to 
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tabl. a 
_", .. ate la4uotioawtth·r.uu. HYdh.t"e(a) at 

'art.. ',u Lefell .... '.1,..~ tonoentJ:ati ... 

~4· .... 11. • N 
. (It) . " ••... lnttlal 'fa HUNt .. 0. ..... 'OUI' 1kN~. 

lap. ,1 ··3 
~----,,.....~-- ~--,-T"'---- ---1----(a./1.) -31 ~ ·Itt, .,. HIs I HBJ 

I 

I I 
1 7.' 1'.· 100 M I 3 71 14 S1 14 9, ' I 

2 ,.0 .. u 56 
I 

23 35 
I 

31 13 I 3. I I I, 
I I 

S· '.0 it I. 5t I 24 32 I 33 17 I It, 
ft .. ·68 I 11 

I I 
4 a.o I 58 I 15 56 I 17 , a.1 It .' it I 3' I 30 11 I 

J' I I I 

6 '.0·· II •• 17 I 9 57 I tl 35 I " I I I 

1 to.' f1 
. 

H 

" 
I 

3 21 I )1 10 I 4.,i I I I 
a It.3 •• 10 •• 6' I , 58 I 15 10 I 36: I I 
9 10.J 1.11 , .. 61 I 6 57 I 6 5J I 1,· 

). <I I I 
10 10.3: • u 68 I J " I 9 46 I 

, 
' .. r 

" 

a. 23.' •• /1 •.. ' .. i,-1sIO .. "" ."4ed;~o't.i4' IS9 p. ceat.' ferreu. 
., ........ 1 ... for:"'lec ..... ~et'oa. 

lJ.I.J •• I •• 'w ... e4·f ... pH _jutJaent. 



evaluate the effect of cupric aulfate. The results :i.ndicate the 

catalyst had little effeet in the inltial~edu.ctlonafJ indicated by 

the ten minute assay. HOwever, i.ncl"easedteductionwith increased 

ca.talyst oceured siteI' ten minutes. The exper1.mentsindic;ated that 

80 per cent reduction takes place with 0.lg./1. ,catalyst and that 90 

pet' cent' r84uction takes': place with 1.0 $. fl. catalyst" both' after four 
, ' 

hou~s react,lontime. 

'file fact that' the tel\ minute nitrat~ a.says; f.eli in a nar,row 'tange 

'indicates that the short 'tem reaction ia not dependent oatheeatalyst. 

It seem. that the two mechanisms postula.ted by Sa.bo and Bartha(f) are 
independent.lnitia.lly, the surface of the ferrous hychroxlde pteetp!'" 
ta.t'. t:educea directly without gatallcic lid; and that adsorpttolh 

e08sula.tiotl. or eome other process changes the surfa.ee' of the ferl'()us 

hydroxide'particles rendering them less active. !hi. pha •• \takes place 

in 'ten mnutes or le"h Tb.en)thereaction pi:oceeds at it slowerr,te 

with cata~lytlc ald. 

thediscr.pancy between the ammonia production and Qlti'a.ter~val 

1ncU.eates that inter:mt4iate oxidation states of nit:aroaen are also produ.ced. 

EXQep,t for~tj:rite lOti,. \;lhicb: is und(tsiri\ble in1taelf and, Which may be 

S:$Ol(id1.ed,j:'· the ,inter:me~1a,te~:ddat,1on .'state, are desirable .because£ewer 

ferroll. loDa wou14 needed to,upply electrons ,than for tr,an,'otution 

to ammonia. 

InaUmm8r1. 90 per cent nitrate ~ed.uct1on at pH. 10.3 wit~ fer,rous 

hydroxide a~ cupric sulfate catalyst 1$POS8ible. It may be feastble 

to elim1natetbecatalyst active fet::ro~8 hydroxide can be maillt~111ed 

by formation of small quantities of ~resh precipitate ,e1"10410,11y. 

,Screenl1.la ,·$e.ries 

Scre~lld.ng W$. perfomed to aeetfothert:iaducing agents showed 

p~om1sefb:rn1t1:aterenlO\tal. An ,arbitrary time of twent)1~four hQu!;'. 

v;as seleeteclbecaujeapromisins ag¢cntmu.st show aome reduction within 
this inte,rval. A$erie.of pH levels was studiedfot each aystenit but 

there was noatt.-ptto'oouitor or contrcl pH after the ltd,ttaladjust­

ment. 

lroce~u~~ fhe,rpce4u;re used~~ 'pte,ent.d tnthe ,Expert.ental Procedures 

s,ection. TheititJ'4te. a.s~1wa8 modified in the case where sodium ,u~fi te 
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was used aa the reducing agent by attemp'tlngremoval of the redu,clng 

agent prior to distillation by a.erating the sample for one hour. 

!$slAlta 4ad. DlsauSSl.Clll. The ret\llts are in Table 3. 

Samples in wblch pll was adjusted wii:h sulfuric acid or sodium 

hydroxide'sbowedinslgnif1cant nitrate reduction. The pH in these 

s'kmples drifted' and in many case. went from acid to basic conaitlons 

or vila-versa. It was suspected tbat sodium sulfite would act as a 

nitrate reducing' agent under any conditlonsbut this was not' the case'. 

The a a.ples of Inte,rest are those ,with fille iron and fine "zinc 

brought to: a low pH with acetic acid. these samples remained acid over 

the twen,ty~four ,hoUr reaction tiMe and ~cellent reduction was ,attained 

, as shown by the 94 per cent reduction with iron andSS per cent reduct;'" 

ion with Z:tllC. Evolved hydrogen was obsenedw1tb thezin(vbut~()t:· 

with the iron. 

It wai decided that fu~,"her investigatiollof iron uuder acid 

co!ldit1on$, would ',be undertaken. 

Metallic Iro!f.h.~Fle8 

flbe objective of this te.t s'erles was' to develop the most promising 

lead from thes.creen:LBg e~periment •• 

lfocedure. The procedure employed. is stated in the Experimental !roced-
, ' 

ure8 section. lilltla:lexperimente were performed to flndthe 9ptimum 

pH witb 2 g./l. powdered iron preaent(vs. a maximum 1.59 8./1. theobati~ 

cally required). Subsequent experiments were carried out at pH 2.5 to 

d'.tennine the_GUIlt of' iron requir'ed for reduction and the effect of' 

usins coarse iron rather :t'nan powder~' iron. ane experiment was per.,. 

fowmed. using primary llettled sewage as dilution water. 2 g~ll. powdered 

.iron, and an1roD. nail (to check corrosion). The results the sewage 

Gperiment were,()nly fair and furthe):' worko'Q,this t,pe of waste was 

4.a.-edbeyon4 tuseope of this project. 

lesul,ts. The rdultsof tbe nitrate reducti.on ~er:1ments \1ai'Ag 2 a./1. 
'powdered iron at varlou.a pH 1 e.ve ls are tabulated in Table 4. The 

calculations shown in ,igure 1 indicate 94 per cent aad ,93 ,per cent 

nitrate reduc,tion in five hour. at 3.0 and 2.5 respectively. 

The r_.u1t8 of the five hour nitrate red\u:t.ion experiments using 

various concentrationS' of·iron at pH 2.5 are tabulated in Table 5. The 

data shown in figure 2·indicate the following reduction of nitrate in 
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Sample 

1 

2 

3 

4: 
S 

6 

7 I 

8 

9 

10 

l~ 

12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

17 

table 3 

24B.ourN1trateleductioDwitbVarlous 

lteducing·Agents'and.pll Levels 

( 
'pH : Initial 

Redue1ng Agent Ad jus tmellt pH 

Fine Fe (2 g.ll.) Ha8M 11.0 
It NeON 10.0 
it NaEll{ 8.0 
If HaSt4 6.0 
n H2SO4 4.0 
n H2SO4 3.0 
n Acet:Lc Acid 3.0 

FineZn (2.4 g.ll.), Ha@M 11.0 
ti NeOR 10.0 
II NaOli 8.0 
u H2SO4 6.0 
It H2SO4 4.0 
It U2SO 4 3.0 
u Acetic Acid 3.5 

CuS'!~~R~&fa. ,·,;,1.) 'l~aOH 11.0 
u 8.0 
If H2SO4 6.0 
It H2SO4 3.0 

:t~a2S03 (4 a,/l.) 
Cu8~.5R?O (.02 g./l.) 

NaOH 11.0 
VI NaUlt 10,0 
It HaGli 8.0 
n 

H2SO4 6.0 
u H2SO4 4.0 
n iiZS04 3.0 

a. Nitrate concentration at start =: lOll mg./l. as N 

I 

llU:trate 
final Beductf.dn 

pH (%) 

10.4 13 

9.3 10 

8.9 15, 

9.0 18 

9.0 16 

1,9 11 

5.2 94 

12.0 14 

11.1 14 
10.2 12 

10.1 17 

10.0 12 
6.3 13 

4.3 85 

11.0 10 

9.7 11 

9~8 18 

9.7 26 

lO.O 14 

'.3 lZ 

7.3 10 

2.7 

2.5 11 

1.8 13 
, 



Time 
(hr.) 

0 

% 
1 1, 
2 

3 

4 

5 

6 

Sample 

1 

2 

3 

4 

18 

Table 4 

Nitrate Beductionwltb Powdered Iron 

at Various pH Levels (a) , 

mg./l. .s N 
NO, at N03 at N03 at N'3 at 

pH .. 2.5 pH ., 3.0 pH ,. 4.0 pHo 5.0 

100 100 100 100 

68 93 

25 85 

14 IS 

10 15 '4 
11 IS 49 84 

1 6 40 81 

S 39 19 

Table , 

Nitrate aeduetion at pH 2.5 (a) with Variona 
Concatratlolls of Iron in flve Hours 

: 
tDil./l. as N 

Iron (,./1.) hittal Ftnal "lnal 
NO~ N03 Ni~ 

1.06 (t)owdered> (b) . 100 36 47 

1.59 (powdered) (c) 100 14 66 
2.00 (powdered.) 100 7 

2.00 (coarse-20 me8h) 100 43 43 

a. H2S04 used for pH adjustment 
b. $uffflclent, for;. Feo... ;1'.+3 as He] -... ~ 
c. SuffiQlentfor:;reo~ r.+2 .s,NG3 ,~, .U13 
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Figure 10 Nitrate Reduction va rime at Various pH Levels 
,'~ith 2 g./l. Powd,ered Iron 
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Figure 2. Nitrate Reduction vs Starting Quantity of Powdered 
Iron at pH 2.5 in 5 Hours 
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ftve houJ!' ee40tl,,., ... 1048: 
1. 1.06 a.ll. p0w4 •• iron, tuff:r.,_te,,!: for 
&3 ,yte14ed .. ,ercat reduct-lou. 

a. 1.59 ,.}l. 1K*d_ed 11'0.", lufflcient 

° 3, ylelde. 16p_ centred".,! ••• 

3. 2.'" •• /1 • .".481'8 lron., an _0.,., "e1414 '" per e.~ reiuctloD. 
4. 2.. s./I._areeirOD (20 .. mesh),. aa exee." yteldM 57 per cent 
I:eductd:,on. 

Iltraee .~e.tu.tiDn· In ·thelettled,.age was .25 per unt aft.1: ftv. 

bouta. !he. Iron DatI placed ie the run' wlth •• age "tt __ l10 .taaof 
••• 10,11\, a protutive. coatiDa aad' •. S1l.1111q _.face replaced ttayl'Ult 

'potl. At end of this .,.tmenttook_ 2.41 8./1. of lime 

(ee(Oll) ) to aeutraltBe the ,olution pH , ani ,rHl,ltate the 41.'$01 •• 
iton. 

1. all _, .. 1meatl, the inn. ~_v.l.~ep of the nlt~at.e aflsa, 

(oeutralilatlonwithlOdium by4tex14,)re&u'lte4 in a peeu,tec1,ltate. 
lJ.!-SII.'I..th ... Mult. d8D1ll_tl"at,e that. dtftate 1'''''4,100 'ual1l11t:on 

un4at" ac,clcoQiltioM i.quite Ift .. a1as. At pH 1 •• 1, ~f three or 

1... _eel1_t cltr:ate .-Huetion .ccea ill fl". hours. 
The , .. lne'pal,oxtdattoa-reduction medumlam aeau to bet ,.0 ..... 

,.+2 a. I.;...... &,_ fillslt1suppoz;tea 'b, the atean fer:toua hydro"lde 

,~ .. t,lt:.te fo~ ia··the ir.n .. r~al· step of nltrate usa,.' Ai.o, toe 
th.,ectca1 4u_t.lt ,. of ir,-on for i,5'... ,.+2 '(l."loll.r a1v ... 
nttrate "educt.leu of 86 ,filr cent· "b.__ th$ iroule1: reO"'" :r.+) 
(1.0'1./l~)sl~e8 64· pe1:':centl'eauoti()ll. both after five hoUJ:aJ 

v.otion. '~ni.a Q..;tbe,riacl,al enopl.1)ducttn eacheaee with 75 

,ercat of' .,ttate i'edUce4 plDS. to ..... Dia. 

£o&1"8.'&1:ort.( •• meah)ca be fernitrat.e ~eduetlon a1ellOuiil 
an ae._ lal!'etuf.l'ed.'twc 1./l.~.. ir;. at pH. 2.5 1"8Iu.lt~ in 
" pel' 4tent uttate teiuction tn flve._.. It ·il •• ~ tbttb1l 

eKce •• 11 Da._ bequl. of tbG d .... 'ed .ur1! •• earea wlth 1ncreu'" 
,artlol •• l...fhl. l..ta di.a4".i,~q.beo_.ethe exce,a re,utred 
for r.ptd,t:e4uctl0.'.uld"e added a' coutinttOWt procus aad _ul. 
be ,u"l-..ted. Q thelron4i."olvee. fbt,' 'a f ••• lble becaul. tbe 
•• ~fac. of latl8 iron,articl.. Goel .,. beamte £01.11_ u4emoutrate. 
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by the l~o1l aall in the tettled '-as8 .periment. 

The ,d.tl'.t8 I'eduetton in tettled ,.age wa. a dlsappoiati:A8 15 

per cent after five hour. ueinl powdered iron at pH. 2.5. Somehow, 

perha,' by ..,et1DS oK1dat:1on·~edu.t:1on .ystems. orsanic matt_ retat:cled 

the reduction. 
To .~1zeJ en. resultl tJ,1d.t.te rapid nitrate reduGtion ull08 

iron at pH 3 01' le... The.is. of the 1:rem ,.tiel.. i. importaatal 

the rate of ait ... te .. eduction ,. woelatedto surface area of the 
tron. &08 'lAl'tiolM can prohably be recOVel"e4 and 1'._. linee their 

surfaee t. net fo~le4. Nittate r~ctioa in Dewage hat been demoaatr4ted 
but 18 In..,l.t.e,,. Dee4t further layutisatioRe 
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, .... lntetett .toe the nitrate f'eductlon "Z'eactiou ulns f8r ... u. 

h1fb:oatdeun4. baet. eonditions and metallic t"em. undelt actdte_n4t· 
I:lou. A nttl"ate r-Kuctioll of '0 percent at pH 10.3111181800\1. 

hy4t>o.tde.dcu,1ft. 81;11fate catalyst Val obt~t and .11shtly better 

than 90 pc cent ,,"uetten tfas demonstrated Wltllapowder. at 3. 

In the £.I'n. by4rox'Ge apermeut" the ml_ ratIo 01 'ettOlll tou 
to nitrate,., •• tv.lveto one (theth~retlcal l'atlo ,. etahe to •• e) • 
• 1. ,. .. ... tati •• l,. larg. amount of 1 .. on _d . the volumioou. ferti~ 

hyoroJdcle ,r •• t,itate "-1 pruent a $el"I.od problem. 
The ...-at tn wbt. the fel'~CN.bydhX!d. ·Rperimeut. wet'. p.fo .. ed 

na.olita". the ofeop,ft tOll at catalyst. Hew.er. it wal _ted 

that eutiDltlle fitst f ___ t .. aftaf the ferl'OUI hy4rex14e Wal ff.U1me4, 

tbe "eduction pr«)eee4. without '$tal,st.tht. 'Wa. • •• 'Wl'le4to be the 

relult .... d1.t. activit, of thefeftoul hydt'oxlde precipitate. 
i'llttial reauotloD, if the pH was Ie.. tua 18.3, 

•• control. Al.o. the r.ult. of duplicate hOt at 

aid aot G01DC-"... A ptd.tble aplanation for the DOD-coinciden_. 
S.O .euttivit, of the fe1!'lfoU8 hyd'tolt14e .,..ta1 .stro.1:11. 

and activity " emall 41f.ferenee$ in ~.tm.entalcon41t1ou. Itt 
10.3 a huff.... *Op,e._ere._ th_ •• ,fflcultles. It ie thoulht that 
earefully ... trolti-as the fe.4t10a of fre.h f.,.oua hydroxide tb.I~OUJ~h" 

out the •••• of the r:eaettOlllood "eduction belew pH lO.S _Illt be 

'realised withoutt Gat.a1.,st. 
Apo.sible lolution to the_cfaast •• 11ll4ae problem ... 1i be 

I'adutt!.. 0' f_*,!c ien to fei'"l'oue ion. whi. would,etmit re,yellDI 
11'0DtO.. luU'd.ttykh. i1nd Iom.$hte1n(11) ,r_.t the re.otion 1d.net1cl 

1nvol •• t.l"eAtIUC;lag feui •• lfate to fet'DU sulfate With 'ulfer clos1de. 

ruz-ttl_ is requlJ"e4 te find if this ,Z'oe •• can be applied. to 

the fer~ic hy4roxtde. 
~.II" •• 'il!1OUi""', •• W"'V pt: ••• t tn thef\UToUl b.yeexi4. teaetton a~e 

~"!II •• "'J""'.1fiI!' tl'01). reaction because drift va .1ow _nel adjust­

l_ell. Below pH 3 the reduction i,excellent WU."10~9 

1f •• tion 1. l!ower:. Additional adva:ntqel at 

1ron 't .ffui two ele¢troD$ to the oxldation-1te4uctloD r:.ilOt;~~On 

wtiC!llPiUlA 'fjU!'r4~UII. touoffel'$only one and any undiesolve4 1r<»n would 
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I'.UIled. It. dteadvaGtase i. welultant dissolved iroD which . ..,. 

co.tltut.·. 4i.poa .. l· PI'Obl-. 

tb.uI 1ft .wtt:ioli to .,.-tug B1tcw·.(4) tlDdtn't OD 'funu, 
h,droJd.4e. til1& r ...... h bas ',awn that _t.al1io 1,.0. CaD be _at for 

suo .. aftJlldttraCer:eduet1on.ild'thet:'lretea.-ca 011 fcnu, hyd1:oJdc.te 
COUld ,aclUde: (l) __ .... l:t_ol f.rt, te i_reus loa. (2)1e4,,0,. 

t ••• f •• tul· lIitl""4te wu,tu..'.tn.researeb Oft _t.l11Cl···1~OD _uld 

$.aclu4.. (1) U,. of' r.tlulta"tferz-oUi t.. futtber reductio.. (2) 

le4ucttoa actual Dlt2ete waetel. 
4. _UI' db .. ".,a._· for' both ,fto ••• t. the Deid for pH _ju,c-_.t aft_ 'the r.actlOa. 1.1.0. ,toeQ'. ·t ...... laltni',. 
ike dit. '.i.Qte th&tfuith_tte8lN~cb .Y tat"",e reduetioa with' 

fUn •• ,4t.xtde a"pir 1 •• tbG'·10.3. Itmilal'ly. the 1:roa baa 

po,taltal 
1.1.' 
•• al'bon of' raw. '.at.wlal •• t._. the ..... ~t1D.pl'"e .... 

"',If".t84 Table 6. the .... u-ilon wu made by ftad.ias tu'a.ouat 

aJld .at '.f tbe' ..,h __ a18 l*eqv.f."_ ffJ~' .:edueti.. ...uming ideal 

_.'t''', _ ao •••. : ofr ..... ' •• agent, $l4 ~1.t,. l'e4uctl,u. 

r.·.t_'al ·.I.t of'removlDgoae ma.ll. of utrtate at nit",_ f~ ODe 

1d.11, .. Ballo. of wat. 'wauld.. be •• ty •• e DOllar. 101: the feno • 
• uli.e. aath04 .... Niu 101111"' .4Dd" Ihtffty-f,,,. cat,f. tbe metalltc 

ina set", i\I:rtbew eooaomieawt,11 po.,lbi. if lime 1ns.teactQf 

.. ,tl. fCIHk GOUld be UIUJd _ if furSe hydlfoK1de cou14 be re,_et:llte4 

to fer:rou h,clt814e. 
To· ...... l ••• _celiac altl"ate I'Mutlon I,' ,. •• ible USiDS .x.nus 

hy41'Od.de or •• t.lli.inn. Ibe metallie lnn , ... CU. t. l...ccmplt­

Mted ta1.4 1._ ., •• 1".. Jurt'her=-e .... may improve the .st and lee.en 

the ooapl1cael.. the fftroue lI:1dro~'d$ aecl1od. Both,NftBSe, auffu 
a ....... t ••• of l'equ'l'taa pH adj"'tmeftt. 



l.educ ' 
Agent 

lbe. Reducing Agent 
requ1~ed to reduce 
one lb. NO,a. N 

Ibs.NaOH1"equlred 
to reduce one lb. 
NG, as N 

Ib8.11 
on lb. N93 a. 

Cost of 1'8(lUC:lng 
one lb. NO, a. 

6 

86.6 lhe. @ $.0135/10.(0) 
== $1.11 

Iran (e) 

$ I (e) 16.0 Ibs. @' .005 lb. 
= $.08 

22.8 lbs. @ $.032/1b. «(1) 
=: $0.13 

31.7 ibs. @ $.OllS/lb.(d) 
= $0,36 

(4) ~lo ucess 

(b) Equation: 

teduelng agent \uu!d\ in "computation •• 

... + 6H20, =8'e+2 -.re+3 + + 9811'-

The quantity was computed front: I + ......(OU)a 
.. 0 +2 ... (c) Iquation: 1~03 + 61120+ 4'$ ...... 4ra + + tOtt 

NaOli quantity was computed from: +2 GIro...... Pe (O:t1)a 

(d) Price authority: Oil. 'ain;, and Dru.Repprtt[, Vol. U12. !io. 1, July 

a, 1962. 

(e) Pr1ce authority: Iron Age. Vol. 

: f 
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VII. CONCLUSIO!olS 

fbi. ~esearch hal established parameter. fo~ the .ucee'tful 
reduction of nitrate at "o_temperature. using twometho4a. 

Nitrate reduction of 90 ,et:' cent can be achieved using ferrous 
hydroxide at bute pH or met.allic iron at acid pH. Ba.ed 08 pret.at 
knowled,e of the reactions, the metaillc iron method 1, deemed be.t 
ftom the enl'aee~in8 'taR4polnts of eale of operation aad 408t. there 
i, DO r-easoll to believe that this .ac1uatoD will change unlel' a 
fen'ic to f.roUl ~eduetion to complitient the ferrou8 hydroxide 

reaction i. 4evelo,e4. 
lutu!'e ._lustiea 9£ the proce •• e, at applled to actual nitrate 

wastet 1. net.8SUY. 
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Ibe f. S. ~11o aealth Sen-ice 4ttDkiDI vate:r ataadarcl •• p.eify .. up,. levelot alt.:ate a,4' .,./1. (u Alt~ate). Cou..,tl ••• f 

wat.a eoataiotal " hiSh level .frdtJ,.tt ion _ ••• "bl •• 'abi •• " 

... ,. .. '''1. d •• t •• ' .-11 tQfaatl. 
Httl'ate .. ..".lf~_ wat.t ha .t-..4ttclfrea the btololleal .tand,.,., but oi_ i. of Itm1t. ,.,,11 •• t10n. A "elbliDaI'Y 

ta".~tlatu. p, •• OWA .bowed thet ehat.1 I'Uuotio. uall1l fenoQ8 
b)t4.e",d. mtahe be a ,itaotlN! 1' .... 1 .. tUd. 

lb. obj.,ttYe of tht. thee1. w. t.-tqate tbe o!uIr4ul 
l"edutlOD .fdlfa', UllDI Jreduct •• eBI • 

.ae.-ate ... ,t ..... 
A .... of It._t.a._tt __ e ._41 .. unde1r yul.. eondltlo. 

of pR. no ~ ... oh eltlblt,hed the , •• etu_ to. tb. ,ue .... ful 

_."ctlou of nitrate .t l"OOm t..,.at_ •• :101 two •• thoG,. At pH 

3 01'1." 'diDa _~"111c 11'0. a. redue1a, "Seat, .i'~.te ttaducttOtl 

wa • .,,~oximat.ly 90 ,.~ OeDt comple~e. At 10.3, to fer oent 
.it~a •• I'~tl_ .. e_eel utt", f_t:ous 814,o.'d8U reduolns aaeDt 
aa.4 .u,t'le. aulfate.. utaly.,. 

F,,_ the,l84pobtetf •••• f ., •• ti.D an4co.t. _tallte 
tl'oo.,'" ,It.f_.l.. lb. r. _telal •• t. tedticiq oaf; .".11. 
of nit!'at ••• ttro.e. 1n· one mill!o. S411 •• of vat. WQ •• etmate4 
to be Nine hl1.-. atid !hll't,-fl". Cae. fOIf _ta.ll,. ·tron ~Mu.t'~:!. 

actQ81 ni:twate wut... Ala. t ".Mrch 0"" 'ai_rio to i_fOOS redtlct­

'.0 to ... __ ate the X'ea,at ic.r the bllh pH ,toeea. would complltaent 
thU .t.,. 



!he Ir~lu:_ wu . $u,ported by a Public 

iiealth !taia_.ip aw.d ftom the ~ltb. Service. V. ·8,. 

Dep .... , Id"cation ,,.nd ,·-.If.-•• 
!he _thO»: apr_set ht.4PprecUtlcn to Dr. Willt_ PatlON 

folt lugl.~'_ theto,lc anl ,critic!,.. to hi. thals 
t.dvt'or, ,1If. B. lunga, for pi4_o~ ·4u1:'108 the Ir •••• , ad ·to 

bi$ ~lfet Je10e. 11. t,.,11l1 .,.i.t •••. u.cl en_casement. 
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nitrate ion caUses 

"bl,:ue babies'" disease and, possible ;!ufantso "TJ.1e objective 

,of this w~. to ',1nvestigate the chemical reduct:l~n of nitrate __ ......... _ 

red1.1~1n& in pl'actical' qua;tntlties at moderate' eond1 tiona. 

Reducing were various conditions pH. 

research tbe parameters for $uc~es8fu.lre,du.ctlon nitrate 

at temperatures u$ing two methods. 3 or leaHJ. metalliC 

iron as agent, nitrate reduction W'41 a.ppro:d;.mately per cent 

complete. At 10.3,90 per nitratereduetionwaaaehieved 

ferrous hydroxide a' reducing asent cupric as 'catalyst. 

metallic iron reduction best. The rawmaterlal cost 

reducing one mg./1. of nitrate itt onemil11on ~C"ui!!."'''~U'' of 

wat~r'e8t1mated to Niue'Doliars and;Th1rty.five Cents metallie 

1rODl'eouction. 




