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1. Carbon - The solubl e c arbon concentration ;,,.ras 

determined usin:; the lecb:1r:tn c2.rbon analyzer as outlined 

in tl1 .. uain body of the report. A C'"'Y\bon qnPl"s"'·"" ., .1. - .__ C..-.. .J.. • • (... ._ :.::1... J ' • - \.:l 

c .-:i. libr2tion curve of sodium. oxa late st2J1dards is s:Cm·rr1 in 

Ficure C-1. 

2. f-: itrite The nitrite in th e rnnce C-1.J m':/l 

nitrite as l'! 1:1er2 perfo rrit:ed a ccordinc to Technicon Auto-

Analyzer Industrial l":et i1od 3 5-69 Sa:.1:;::ile s 1·rith a hir;her 
• 

nitrite concentrat ion ·were diluted to brine then ,,,rj_ thin r anc2 . 

scherwtic of the auto - ana l yzer fl0\'7 sh 2et is s>.01·.rn in 

Fieurc C-2. The reacents and standards utilized in the 

tests are it cmized bclm·r -

Colour -

Sulfanil amide c6n8H2o2s 20 :JE . 

Phosphor ic J,cid l-I3Po4 (co ne . ) 200 ml. 

N-1 Napthyl ethylenediamine d ihydrochloride 
c

12
E11 N? · 2HS1 · 1 

·+ ·-
Distilled :-rater q . s . 2 lit res . 

To ap?roximately 1500 ml of distilled ,,r3.ter add 

200 ml of concentrated phosphoric acid and 20 0m of 

.sulphanilaoide . Dis solve ( ' r 0 ::i .. _ -; -r c es ,... "' l'iT ) 11 ..... c ... l, -L.....i... .1, .....,. V1....-1.. • 

" 

Add 1 gm of N-1 naphthylethylenedianine dihyJrochloride nnd 
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FIGURE NO. C-1 
TYPICAL SOLUBLE CARBON 
CALIBRATION CURVE 
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dissolve. Dilute to 2 litres. Add 1.0 ml of Drij-35. 

Store in a cold dark place. Stability one month. 

Standards lCO m[:;/l 

So di w.1 nitrite 111a·r·.TQ 
l. -· 2 

Distilled \·rater q . s . 

0. ly926 gm . 

1 litre. 
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Dissolve 0~4926 em of sodium nitrite in distilled 

vmtcr and dilute to one litre. Add 2 ml of r:inrified 

c hloroform p .2r litre. as a preservative . :?re?are v..-orkinr.; 

st2ndards in the r2nee 0.01 n~/l to l.J m:/l in serial 

dilution fo r calibr ution. A typica l calibrat ion curve 

for th·~ analyses per.formed on 1:ove!1ber 4th 1970 is shm·m 
• 

in Figure C-3. Ho difficulty v..ras experienc ed in obtair..ins 

a st2ble baselim~ and smooth pea1·:s. 

3. Total Nitropen [je lda~l - Nitrogen analyses in 

the ranee 0-40 m[/l were performed a ccordinc to Technicon 

Auto- analyzer.. Industrial Eethod J0-69A. All r eactor 

samples fell l'°ritr ... in thi~~ r 2nee . A schematic of the auto-

analyzer floH sheet i s shm·m in Fic,·ure C-ly. The reacents 

and st~ndards utilized in the tests are itemized as follows -

.Selenium Dio:;dde J.O e;m • 

,Sul~huri. c Acid. (cone) 900 ml. 

Perchloric Acid 6S-70~ 20 r.11. 

Di ~:;sol ve 3. C gm s e lenium diox ide in ap:n'ox:i.ma tely 

. 50 ml of distilled Hater u.nd ·add 20 ml of perchloric acid. 
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Add 9GO ml of conc ::::mtrated sulphuri c acid and dilute to 

one litre. IIix and allm1 to cool. Adjust th.P. volume and 

store in e.n amber ::::;lass bottle . 

8odirna ;Iydro:dclc :-?.ea<>:ent. 

Sodiur.'l Eydroxide (r,:a OE) 

Put~{s~;i um Sodiur?1 Tartrate 
i;r~·.TaC t! 0 •?I "' 0 -"·' 4"11.,_ 6 N"-i-l'2 

350 gm . 

50 gm . 

Dissolve 350 cm sodium hydroxide and 50 :::;rn 

potassium .::5odium tart·r2.te in about 700 ml distilled 1·.rater 

in a one litre volwi1etric flask. Allo11 to c ool and dilute 

to volume . Store in a polythylen2 bottle . The potassium 

sodium tartro.te i s added to prevent precipitation of hE~avy 

metal cont e.rninants in the alkaline mediun . 

All:aline :::·hr2nol . 

Sodium Eydroxide, 5H (hOO cm/litre ) 

D' 1 1 • • f • d , t nck1 
L neno , iqui. ie . , aoou . oo ,J 

500 ml . 

276 ml. 

Slowly add 276 ml of liquified phenol from a 

seps.r2tory funnel to 500 ml 5N sodium h:.rdrox:5-de contained 

in a vesse l surrounded b ;r circulatins cold i.!ater, stirrins 

the mixture continuously. Dilute· to one litre ·with distilled 

vmter. Store in a polyethylene bottle . 

Soc:iui11 LTv" oc'nlo•~i de ~ .l. J h , - .I.. - • 

Any c;ood conm2rcially avo.ilable household bleach 

ha vine 0 . 5;~ ava ilable chlorine is suit able . 

Standards - In or~er to a chieve the sreatest accuracy 

from the system it is essential that a carefully assayed 
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iu t ro [_';en containing mat eria l ha vin;~ the sanie rne.trix as tl:e 

se.r:-1ples is u sed for calibra tion. A 1 00 ms/ l solution of 

a:-::monirn11 chloride 1·ras used as a stock solution to prep D.:!'.'e 

s erial dilutions for system c~librati on. 

!U:J.conium Chlo:ci.de 3 ·79 • '- ~ cn1. 

Distilled ~ .Tat er OS .. 1 litre . 

A t ypi ca l calibration curve for the analyses 

performe d on October ~5 , 1 970 i s s ho1,m in Fi 2;u:::·e C-5 . 

The nitrate plus nitrit e in the srunpl e s was 

deto~~ined Pccordins to Technicon ~uto-Analyzer Industri al 

Letho~ 33 - 6T.r for sanpl .es in the ran~e of C to· 2 . 0 rag/l or 

samples dilut ed i:·rith distilled ·wat er to f a ll. within this 

ran_se . The nitrite concentration was deternined separately 

and subtracted to s i ve the nitrate concentration. A 

s c he::-;at ic of' the auto--ana lyzer flou s l:.eet i s sho1·:n in F j_t,lJ.re 

C-6 . The r easonts and standards utilized i n th e tests are 

it emized bcJ.01,r. 

Colour ?.ea r .3nt . ___ ..___ 

SuJ.f e.n:i.lamicle 20 gm . 

Pho s:::ihoric Acid 

N-1 Fapt l::rl et h:rl enediamine 
Dihydrochl ,_:ride c12H11,.I·T2 · 21:c1 1 C-Il • 

Di stilled ~.Jater qs 1 litre . 

To approximately 1500 ml of distilled .._,rater add 

20C :;-,1 of concentratccl phosphoric acid and 20 r.:1~1 of 
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FIGURE NO. C-5 

TYPICAL TOTAL KJELOAHL ANALYSIS 
CALIBRATION CURVE OCTe 25/70 
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s1J_lf.Snil2:nc1.e . Dissol v .:::; co rn:) l et cly ( b~at if ne c esso.rv). 

Add 1 .:;-m. of I ... ~ -1 1Iapthyl 2thylencdiamine '.Jihydrochloride 

and di~ ~6lve. Dilt~e to 2 litres . Add 1.0 ml Drij-35. 

Store in a dark cold pl a c e . 

Stock Co~ocr Solution . 

Sul~hate CuSOi. ,,. 2 .5 c;n . · 

Distill ed ':rater qs l litre. 

Dis so l Ye 2 . 5 e;n of cupric sulphate in distilled 

't·!ater 8nd dilu.te to one litre . :-ror~dnr; copr 2r solution 

~·:o.s ti1en pi~epared b :r dilutinz 6.25 ml of t 11e stock solution 

to 2 lit ers ',.rith distilled , .. ;ater . 

Sodium I'.ydroxide 120 r.rm . ,_, 

Distilled 1 ~at er qs 1 litre; 

Dissolve 120 Gm of sodirnn hydrox:Lde in 750 r,11 of 

distilled vm.t12r • . All01·t to ecol a.nd dilute to one litre·. 

1Jor-!dnz ~~aOII solution ViB.s th en prepared by dilutine; 100 nl 

of tha stock solution to 1 litre. 

Stock HviJ. r e. zine Sul:n,he.:te -- . --·---
Hydrazine Sulpha te 

Distilled 'Iat2r 

n u tr C'o "' 2 n 1{. • 2 , J .Lr: 

qs 2 litre. 

Disse>l ve 5l~ . 00 en of hydrazine sulphate in lE~OO ml 

of clisti J. lGd Hater : Dilut c to 2 litres . The solution is 

stable for six months. T!orkin::::; solution ~·w.s t~-i_ en prepared 

b :r clilutint:. 25 r;-i l of stock solution t o one litre. The 

·solution , ~·rhen stored in an o.mbor. bottle , had a useful 
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of' one month. 

Stc:mdards . 

Potassium Hitrate 21 0 0 . 7 <) 9:-i . 

Jistilled Water qs 1 1itreo 

D. 1 c 7?1 n f '1~ro . d. . . 11 l t l isso ve J . · ~-o gm o · .:-..i·. 3 in isL.J._ ec Na er anc. 

dilute to 1 litre . Add 2 ml of purifi0d chloroform p er · 

litre a nd pre~1are s erial dilutions for standards . A typical 

c alibrat ion curve for the 8.nalyses pe rformed on September 15 

1 970 i s shm .. 11 in Fi gure C-7 . 

Sanples for free anmonia analysis in the rang e 

· 0-10 mg/l \··rere perfo:nmed ac cordinc to Technico.n Auto 

lmc:.lyzer Industrio.l I'·=ethod 18-69T; . rJo dilution of san!ples 

was required for our reactor studies . A schemati c of the 

auto-anc',lyzer flow sheet is shoi;m in Fi~l.i.re C-8. The 

r2ac;cmts and standards utilized are itemized belou . 

Alkaline Flwnol. 

Similar to tot a l Kjeldahl analysis . 

Sod. iu.r:l H'r::JOchlori te __ ... _ 
As per total Kjeldahl analysis . 

Potassium So ;:,~ ium Ta:.'.'trate . ------- . 

Distilled 1'Jatei- q. s . 1 litre. 

Dissolv e 200 .zm of potassium sodium t artrate in 

850 ::il of Ji stilled vrater and .dilute to 1 litre. 
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TYPICAL NITRATE ANALYSIS / 
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FIGURE!. NO. C-8 

AMMONIA IN WATER & WASTE WATER 
(Range - 0- l Op pm) 

COLOfW,i ETER 
630 mil 

RECORDER 

15 mm f c 

' 

NOTE: FIGURES !i~ PAf-:cNTHESES 
REPRESENT FLOW RATES 
IN ML'S/MIH. 

• 



St:;.ndo.rds . 

r~E , Cl as per total Kjeldnhl ana l y'bis. A typical 
. "l-

c a libr2.tion curve for the e.nalyses pcn.'fo1,mod on Jtme 19 

1970 i s shoun in Fi .:;u::.~e C-9 . Th:;; 2nr:1 oni .'l cone entr.:.1.ti on 
. 

usua.11~/ c heck,~ d closely ·.-Tith the filtc1"'ed total Yjoldahl 

analysis. 

The ch:ro:.1ato::raphic s~rste ::i used durin:; the 

exp ~rir:lent s (? i sher Gas Partitioner)is Si)e cific o.lly 

de siJi.ed for analysis of mixtures of :::-;:x~cifi c zroups o f 

cases , e . g . hydroEen , oxy~en , nitrosen, ~ethane , carbon 
• 

monoxide , and c urbon dioxide . However , the systen could 
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easily be extended to n ixture s of' other c;ases by re1) l accn2nt 

of t he stando.rd colum.ns by othe:rs uh.ich c ould se1)arate th<~ 

. ' ... + r equireQ ;;as nu xc.ures. 

The ope r 2tion of the instruznent i s sho~ .. 111 scheuatic ally 

in 7icure C-10. 

I .,, 8 .r:>L. ro r:> C ..._ 
ii . .L ~ 0 ' the app2.r a tus contains t;·ro chro1:1a to c;r aphi c 

/ 

systsms ·which are intc1 ... - d2pcm clent , since the prssence o.f 

on'= colunm influenc es the perfo::. ... mance o.f the other . :Zach 

colui:m has the un i qu·2 properties thc:'. t arc necessary for 

tho separ~tion of several of ~,~1e cor:ipononts o.f the sampl e 

mi xture . In each case th e properties of the coluEm a re 

c a refully .selected to .::;ive the opti mum results ;-.rith the 

~ases it separates. 



0 
N 

• !{>. " -. 
0 
E 
c: 

z 
(() 9. 
<( -

u z 
8 
<( '° z 0 
0 
~ 
:E 
<( 

-FIGURE NO. C-9 
TYPICAL AMMONIA ANALYSIS 
CALIBRATION CURVE JUNE 19/70 

AMMONIA STANDARDS PREPARED 
FROM AMMONIUM CHLORIDE 

• 

10 20 30 40 50 60 70 
PEAK HEIGHT IN UNITS 

) , 

; ) 
'.--' 

<]'\ 



FIGURE NO. - C- 10 

SCHEMATIC DIAGRAM OF FLOW THROUGH 
GAS PARTITIONER SHOWING TWO COLUMN 

: DETECTOR SYSTEM 
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The prim2ry requirement for..~ the syster1 to 1:ro:d;_: 

i s tho. t o.t any :~:L v:::;n ti1::e only one con1)on0nt ::;hould be 

po..3sinz throuch one of tho t\'TO dotcctors. This is 

e. ccou~)lishecl by rec;ule.tion of the c8rrie r c;c.s flm·r r ate 

and the colunn len:::,th. I .. second r equir:::;ment i s that 

the conponent separated by Colunn 1 2nd recq:;.~c~cd b:r Detector . 
1 sl10uld be absorbed b:r the second column. Thirdl y , the 

cor:pounds seps.rated by Col1r:n 2 s1:.onld not be sep2.r2.ted 

or affected by Colu.mn 1. Consic;quently there wil l be only 

one p22.k for eo.ch co:.iponont. 

A col1_u:111 syston c ons istin_::; of 21 n of silica e el 

in the cohu:m 1 positi on, fol lo•·red b:r 13 f c; ct of molec1.J.lar 

sieve lJX, the silic a eel coluri'n separat2s c arbon dioxide 

from air i:ii xtures ·while the nole culor sieve colw:m separates 

nitro,:en oxy::;en and nitrous ox:L O. e 1·;hile abso2.~bin.:::; carbon 

dioxid e and ·Nater vapour. Usin.= G. l:.eiitm carrier c;as flm·.r 

rate of 50 ml/min vr:i. th a chromatosraph sensitivity of 

adequate separation of these eases could be a chieved 1:ri th 

a r r3 corde:c' speed of 1 inch per minut e and a scnsit i vity 

of 100 n"!illi vol ts full scale deflection as shm·.rn in 

::::'::i...zure C-11. Tho coluEms 11ere c 2.librateJ periodically by 

the injection of ~mm·m percent Cl[;3 :.1ixtures of c e.sos. 

linear relo.t:ionship vras ob t ained ·bet1.-reen area under the 

peaks versus percent sa:-:1ple concentr2.ti on for tlH3 0.5 ml 

sanples as shm·:n in Fi.sure c:..12 for nitroz.;cm ~-:;as . Due to 
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una void2.bl 2 ab so!'."'b::t:'lcc c .:' quantities o-2 'i.Te.tcr va;?our on . 

t he molecalo.r sieve columns sepci.rc.tion of t h e · pea'.zs 

:\ c~-ie clc '. -r-J. s :na intaine d on the effe ctiveness of 

the c a libra tion curve s J :r runninc an a; ,... 

•..-ri t l1 each lm1rnm·m :;2s co ~18entrc.tion. As necessary, t · 1° 

n ol':)c ul e.r s ieve colur::ns ,.,·.re.re r ::.:;encratod by he ci.tin .=: the · 

colu;T:1s to 400° c in n r:n.i?flc .furnace for 21+ hol.E~s Fhile 

..... 
7. Dis0olv2d I"itro "'cm ~\n -~l·.rsis - after S',·rinn :;rton et ~ J. 

The dissol v:; C. nitro zcm conccntr2tion 1·:0.s dcter:lined 

by injectin: a 0 .5 ml liquid sa~?le into a 40 m2 16nz by 

10 ".'" lC1. 3S 
'--' 

c;a s ~· -~.:t s bubbled C?. t t:ie r a te of 50 :al/r::in . The ca s e s 

scrubbed fror.1 t h e liquid sa~:qle b ~ · the h elh1""":1 Here then 

ce.rried thro u_sh a J/SIT diar:1.Jter 'polyeth:rlene tube filled 

to 20 absorb ed any wat Gr -vapo1J.:r. 

carried alo~c: .:;a scs. 'T'he (:'as2s - w . were t hen passed 

throuch the same chro:·1ato .::;raphic collu;1ns in t~1e Fisher 

partitioner as were used f6r : as analysis. ·~th the 

chrot1ato:::;rapl1 sensitivity set at loo;~ and the recorder 

at 1 inch per I:J. inute :m l'.5. tb e 1 1"i:7 sensitivity sep2r.::i.te 

peal:s Here prod uc 2d for co :·· 1~"J o si t e, o.'.'.:yscm, n; t-ro ".':'-"'n 
- - u ""'" ' 

D.nd 

c a r bon C.io::odde. . 
£1. S s::-i, oi·m in • .,,1. rr·· r" ,.., 13 l 1/ -· ' t ,; - I 

- ~; · • ~ ' - ' 
sufficiently 3mooth to allov me asurom0nt of 2r e a under th e 

curve. Co:·;;parison 1d.t h <!'.. calibration c'l..trVe developed fro::i 

( . 



. . FIGURE NO. C- 13 
DISSOLVED GAS ANALYSIS. WATER 

AT · 27° C· 

SAMPLE SIZE O·S ml. 
CHROMATOGRAPH SENS~TIVITV 100 % . 

RECORDER SENSITl'l'ITY l·O m'l 

CHART SPEED 2 min/ inch 

COMPOSITE 

DETECTOR HEATER 
INJECTION 

TIME IN MINUTES 
.. 

?. :?2 . 



.~,_·at.Gr saturat<:d 1·.rith a i r .::i.t various t em;;crat 11res 1rre.s 

us ~:d f or cleterminati on of sar:1pl e nit ro r:;en concentrc=i.t i on . 

A linear relat ionshi p existed bet~een dis?0 l vcd nitrocen 

conc entration and area under the paaks . The calibr2tion 

cnrve N2.S ch ecked fre1uently uith ~·rater sa-:1i:)les saturated 

A dia ~ra'"1 of t~:.e flo1 · : patt ern used f or dissolved 

nitro=cn analysis i s sho~m in Fieure C-14 . 
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FIGURE NO. C- 14 

GAS FLOW DIAGRAM, DISSOLVED · GAS 
ANALYSIS 

SAMPLE 
INJECT 

SERUM CAP 

EXHAUST 

- - - - - ·-.- - --·, 
r------~' ~. ~ I 

DR IN 

HELIUM 
TANK 

I 
I 
I 

GAS PARTITIONER 

DRYING 
TUBE 


