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pump heoame wepn, &ﬁﬁ~ai?’wﬁﬁ'pu$@%@ into %h@,ﬁigﬁsﬁax‘ on
these oscasions 1% beoanme necessary to emoly and ?ﬁﬁﬂ%émtkﬁ
digeeter with additlonsl sludgs obialned from the sewage
trestment plant, ﬂ%ﬁ%mﬁ%$~%@-?@ﬁaiﬂ4&ﬁ&#?@h$@vﬁmﬂ&iﬁiﬂﬂéA
without ﬁm@%ﬁing the dig geater, but by iﬂﬂﬁﬁlatiag with one
g&l&@ﬁ'@f‘fr@ﬁh sludge a;ﬁayﬁ,gyﬁvﬁﬁ ﬁﬁﬁﬁﬂﬁ%&%ﬁﬁl«' The di=
géﬁﬁé#-ﬁ%@mﬁﬁ'ﬁa ?ﬁ&ﬁ%.ﬁﬂ@h-ﬁ&iﬁ@%@‘%ﬁéﬁ.ﬁh& entire sontents

wers eapiied end replaced,

| Fh@spnﬁr@as wae aﬁ&&@ at e times to the waste in the
form of ammanium §ﬁﬁﬁ§h&ﬁﬁ go the ratiﬁ of @hﬂﬁ?ﬁﬁ?&ﬁ% ka
,ﬁ&w%ﬁﬁ,w@ﬁiﬂ.%a one Lo twenty. In ﬁwﬁﬁﬁ‘ﬁﬂ.ﬁﬁiﬁﬁlaﬁﬁ the
ﬁ&@ﬁﬁﬁ”&f’%&ﬁﬁﬁi&ﬁ%@ﬁﬁﬁﬁ&&ﬁ&.rﬁﬁﬁiﬁ&ﬁ for the correct ratio,
it wesz sssumed the ﬁwgéﬁz@,ﬁﬁtﬁe?vwaa 40 per é@ﬁ% carbon,
1t is beiia%aﬁ that ah&é sssumption is Yé??’ﬁi@%ﬁ ﬁﬁ\%éing
corrsel, aiﬁéﬁ previcus ﬁﬁﬁﬁi&ﬁ‘éﬂ'ﬁ%ﬁii%ﬁﬁakr$§§ waste in-
é&ﬁ%ﬁ&ﬁ’tﬁﬁ‘ﬁﬁiiﬁﬁ contsined 35 per cent carbon {21}, Ko
ear&e&tiﬁa w&s ﬁﬁﬁ% for the pk@@mﬁﬁraaa &lr@s@y present xn
the waste, The &ff&ﬁt of adding ;hﬁaﬁﬁ@vaas was nok studi-
_é%g aﬁ-&@wgﬁa not e pert of this investigation,

g&ﬁr&g&ﬁ.in %hs‘fa@m of ammopium hydroxide was sdded
to the weste before s@ding to the digester. An smount of

nitregen was added to give & nltrogen to cerbon radlo of



eme to twsnty. As with phosphovous, wo correction was made
for the ﬁi@rﬁgeﬁ slready present in the weste, and a study

was hot made a¥ the effsct of nitrogen.

_4 F:mah ;aw‘&mm af m&%m was%& seere &ﬁiﬁ@& ‘Eﬁi ﬁﬁa f%i—
gaa%r ,é, m sshw:a on F&gum E, in the i‘almwmg mmr.
'E&aima}.aﬁm tgaas s‘mm}ssﬁ by emaiﬂg valves R #nd ;, and
‘ﬁm sméga wag aﬁlwﬂ to sﬁﬁﬁs &t %&ash m kmxr in @réw
amount of diluted
waste &ﬁﬁti.wms ma&atﬁiﬁeﬁ a& %.1? 1i§ars, bu% &he amaunt

to é.:s*m; aff 8 alaar &ugzemamm. The

of %x&a&:&ﬁrawé sma% was m@mamﬁ as ‘the maﬁing was in~
areasﬁﬁ %iaﬂs Q.Eﬁ liaarg were ta be a&&a& to. ﬁhﬁ ﬁig@sﬁar
an &ﬁzﬁa& mam w% ﬁi};&h@ﬁaﬁ “ﬁhmu@h the mmmr tumng g
The earh@y B was mﬁmé m & wmma af 9.12 lmara fm* con~
vealence in wasurafamﬁ. ’i‘fm ﬁi}.uwﬁ wmw was ;waw& m%k’_
the feed *&‘:mk E and when %;m aﬂwsw amum af ﬁu;;exvnamnﬁ
haﬁ bem aighmxaa va:i.wa R g a;zﬁ 3‘; ﬁmr& apened ma tha
gmfap i wag “’mxneé. on, Yaﬁ.w & was elm&ﬁi as soon as ﬁw |
 feed tank was ampﬁy in ar&er 'l;cs ammaﬁ “};m g&mﬁing; of &1:3
into the t&ﬁ.gewér. The fewmg was amplawﬂ ’by 'iswnmg off
" the pump,

1% had originelly been planned to begin with a losding
of 0.08 pounds of biochemicel oxygen demend (B.0.D,) per
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dubie foot of @ig@a@ar-aayaﬁiﬁy ﬁﬁﬁ‘ﬁﬁyk_maiﬂﬁaiﬁ'ﬁh£$ load~
ing for aﬁa-weakgzﬁﬁaa inerease ﬁhﬁ'iggﬁxﬁg 0.01 gﬁuaéalygr
euble foot. ¥he b&aﬁ%@m&ﬁa&,@xggag.@egan&,{E.@;E.J éf the
diluted waste was greater than expeoted end it also varled
‘gompwhat svery day, so thet & constant loading a@alé not be
maintained, After using the same concentration aiﬂw&&%@

for a five day @aﬂi&ﬁl.%ha %&ﬁﬁﬁﬁ&&%ﬁl oxygen @emand (B,0,D.)
of the feed was determined and insteasd of the laaﬁiﬁg.being |
0.03 pounds per cuble foo%, the loading was 0,045 @agnés per
%ﬁ&i@-fﬂgﬁ. Since the sbjective was fo use heavy iﬁaé&aga »
on the digester, the same concentration of waste was used
for the feed, The loading was later increased to spproxi-
mately 0.065 pounds per cuble foot, and then %o 0.068 pounds
per cubie foot,

A volume of sample was plpetted into & fared porcelain
dish and eveporated. It was then dried a% 103° ¢ to & con-
stent welight, The weight of the sollids in willigrems multi-
plied by 1,000 end divided by the volume of the sample in
‘milliliters gsve the %@%&i_%ﬁi&&ﬁ of the sample in paris per
million (p.p.m.).

After obtaining the ﬁ@i@hﬁvﬁf the zbove gample 1% was
ignited at 600° C for one-half hour. The dish was coocled



1%

%ﬁ-&ﬁgﬁ'ﬁf-ﬁhﬁﬂ7& £ﬁ§f&ﬁ§§§'ﬁ£ ten per vent apmoniuvm carbo-

nete solulion were used Yo molsten the solids, The dish was

dried for one hour at 103° C, then placed in a deselscator

before weighing. The loss in welght was the volatile malbter,
end the papks per millien (p.p.m.) of volatile solids were
calsulated by dividing the voletile metter expressed in

milligrems by %the velume of the sample in liters. .

?@ a volume of aammia was gig@%ﬁsﬁ hy&raaﬁlarzs aaié
af%er sﬁirring, th& mixtare was hﬁaﬁaﬁ t@ aid fiaaauiaﬁlan.
?ﬁ@ mixtara was %hﬁﬁ fi&ﬁ@yaﬁ an@,%ha fil%rat& was ha&ﬁaﬁ
to &ailiﬁgﬁ ﬁ\aixghﬁ &xa&as of h&rium.ﬁhla?iﬁa aalaﬁimn
was tﬁsnfgéﬁ&ﬁ with ﬂti&&&ﬁg, anﬁ‘ahe pr&@i@iﬁata was di=
gsaﬁéﬁ fé% two hours. The precipitate was then filtered

and washed until chloride-free, and ignited af 800° ¢ to 8
aan&ﬁa&ﬁ w&iaht.

The pH was &egaréiﬁéﬁ'%iﬁh-a Beckman pH meter. A gless
and a ealam&l alaatr@&e w&r@ su%mﬁrgaﬁ iﬁ ﬁhﬁ s&wpla aﬁﬁ,%ha

mﬁﬁer/w&a rea&

?hﬁ a&kalinzty was é&ﬁarm&naé wi%h & Beckman pH wﬁtﬁr.

If the aﬁ waﬁ £b$V$ & &, zhé ﬁ&ﬁﬂl& WEE t&%raﬁeﬁ w&%ﬁ ﬁiiuta
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sulfurie s01d until a pK of £.5 wes reached, The milli-
ii%ﬁ#s'ﬁf”a@i&'raﬁ;ir%@ for the ﬁiﬁrgtiéﬁ'waﬁa recorded,
'%&ﬁﬁ the ssmple wes further titrated until o pH of 4.0 wasg
reached, The millilitere of ﬁﬁ&&,ﬁmﬁ-%ﬁiﬁeﬁiﬁfﬁﬁi@ﬁ:W$ﬁﬁ
recorded snd fros the tisrations %Eﬁ-&ik&i&ﬁ&@f of the

gawpie could be determined,

ﬁay@&r ﬁa&fm@a solution a&&vainginﬁ ﬁ&rtraﬁe sala%&aﬁ
were pipetied 1%#@ a beaker. A volume of th@ filt&&t& obe

*5”?1&§;%aia@ﬁ,zﬁ the sulfate determination was then pipetted inko

kﬁﬁe beaker., The besker was aé?awe&-with 3 waﬁah»gl&aa and
heated so thak bailiag a@gas‘in four ﬁiﬂﬁtas, “The bolling
was then cont tinued for two milnutse, @hﬁ.&eﬁ.ﬁﬁZaﬁi@n ﬁ&é
filtered at onceé through an ssbestos mwat in & porcelain
Gooch eruelbls, using suction. The precipltate was washed
thoroughly with waber, and after drying at 103% € 1t was
'waigﬁﬂ&. ?ﬁﬁ weight cbiained is the weight of cuprous
axi&& anﬁ hy %giﬁg ﬁuﬁﬁ@n aa& %&&Eer'ﬁ Eable thﬁ ﬁﬁﬁ%@ﬁ“

ra%&aﬁ @f a@mt?ﬁﬁﬁ wae @&i@ﬁlaﬁaﬁ.

ﬁiﬁri@ acld solution was added %o a volume of the fili-
%ra%& abtﬁiaﬁé in the sulfste éeﬁar&&n&tian, anﬁ,waa heated
%o 80° C. Ammonium mﬁlybdaﬁe solution was added wiﬁ& o
stirring until prscipitation began, Phe nraaigi%ata was
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digested for one hour at 40° G, then washed with nitric
seid solution. The precipltete was then dissolved with
ﬁ@%ﬁﬂﬁﬁﬁuhyéfﬁﬁﬁﬁﬁé-&ﬁﬁq&ﬁﬁ%ﬂﬁh&@&i@ acld wes added antil

a yellow precipitate appesred. Hegnesium chloride solution
and smmoniws hydroxide were added with stirring. The vre-
elpitate wa&-@igégﬁeﬁ.f@r two hours, then filtersd end |
weshed with smwonium hydroxide. The precipltate was ig~
nited, then cooled t0 103° O prior to being placed in a
dessicator before welghing.

A ?@1&&@'ﬁflﬁﬁm@iﬁ'waﬁ‘ﬁiaﬁﬁé'in a Kjeldahl flask with
phosphate buffer solution %o keep the pH &ﬁ'?¢%~@ﬁ¥%ﬁg'%h¥
dietillation. The mixture wes diluled with ammonla~free
water, then %ﬁ%-m@i@i&iﬁ&?s were distilled. A portion of

~ the distillate wae Nesslerized, end comperison wade on 2

dise ecomparator.

A ¥alam&'@£ sample was concentrated Yo sbout ten milli-
liters %&,ﬁa&i&ag in e Kjeldehl flask, GCopper sulfate solu-
tion, sodium aaifaﬁe, and congentreted sulfuric aeld were
added %o the concentrate. After boiling under a»hgéﬁ'unﬁil

the dlgestate becaume @1&&&,v&mﬁﬂﬁiﬁwfr$Q wﬁ§ﬁ? was sdded.
The 5@%&%&&@‘%&%-&&@& glkeline by adding a few drops of
phenolphthalein, then adding sodium hydroxide until a red



color sppeared. About 200 millillters of distillate were

obtalned, and a portion was Hesslerized as in the ammonia

nitrogen determination,

Eeﬁ&um hyéra££ﬁ¢’ﬁaw'a@ﬁeﬁ to a volume of sample and
 concentrated %o ahauﬁ"éa milliliters in & casserole to re-
‘,gavaffrea smmonia. The concenitrated ssmple ﬁaajyﬁt“@n 8

| $a%ﬁ;§uhe with ammonia~free water and a strip of eluminum
£o11. The Sube was loosely covered with & stopper %o pro-
tect the solution from dust. The reduction was sllowsd to
take plece @verﬁighﬁ; then the sample was poured into a

4

Ejelda fs,f3g$k and &iiaﬁaﬁ wiﬁh &mﬁgﬁi&*fﬁﬂ@*&gﬁ&?; Two

- hundred wmilliliters of distillate were collected, and &
- portion Nesslerized as in the aummonie nitrogen determinat-
dom. | o

?hﬁ‘é&laﬁign water used for the biochemical oxygen de-
mend (B.0.D.} was mede by &&iiag-u@ & carboy ef‘é&sﬁi&l&é
weter L0 m&llilitavs of Terriec ehiﬁriaﬁ a&&aﬁie&, B0 0illi~
liters of calelun ahlaw&ﬁe aaim@iaa! 5! m&llili&sre af mag-
ﬁesium sulfste solution &ﬁﬁ ﬁ& milli&i%@@g of yhaagh&te
buffer solutien. &fzar‘aééing the above &ﬁ&ﬁﬁiﬁﬂ&, the
water wae aerated for 24 hours before using.
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?ﬁf&@&g dilutions war&‘maﬁa'af'ﬁh& gsamples in approxi-
metely 500 wmilliliter bottles. The diluting water wes
seeded with @é,ﬁ&ii&igzera of cotton filtered raw sewage
obteined from the pumping stabtion at Virginia Polytechnic
Institute, The sodium azide modlfication of the Winkler
process was used for the blochemiosl oxygen demand (B,0.D.)

determinations, After incubating for five days at 12° €,
coneentrated sulfuric acid and scdium azide were added to
the bottles, ﬁf%@?f@i%@?&ﬁé skﬁkiﬁg‘%ﬁﬁ bottles wepe psr-
mitted to stend for ten minutes, then wanganous sulfate
solution and alkeline iodide solution were a&é&&«wéll.ﬁam
&@w the surface of the liguid, Agsin the botiles &a&ﬁ
shaken vigorously, then sllowed to stand for ten &&aatas or
longer. Uoneentrated sulfuric acid m&a'aggiﬁ_a&ﬁs& and
shaking repested. Two hundred milliliters were poured into
an E&&eaﬁay@r £1a$k_ and @i&?ﬁ%aﬁ~wi£ﬁ saéiam thiosulfate
until only a small smount of lodine remsined. Starch
 solution was added to give & blue color, and k&%ﬁa@iaﬁ.@&ﬁ
continued to the First dlsappsarance ﬁi'%ﬁs blue ecolor,
‘Since the incubation was at 12° ¢ instesad of the standard
20° 0, it was necessary to convert all cslculations from
12° G o 20% G, This conversion wss mede by epplying the

- factor obtained from 2 time and ﬁam@ar@%araf#ala%&aﬁs table
%%33,



The data and results éﬁ%a&ﬁé& fraﬁ‘%hQ iﬁ?&&%&&&%&@h’
of zha &ﬁ&@?@b&ﬁ ﬁigﬁa%&aﬂ af the wa$$e 11@&&# from sgﬁi
;n@a@ralwsulf&ae yuzglﬁg of m&x@ﬁ>hapﬁwaaﬁa are ﬂ&bai&%aﬁ
and gr&@heé on the fallawiag peges, - |

%ﬁ vap&aas Yimes fiﬁaughaut the exgariwant the centri-
f&ga@;pumgngSﬁﬁ for &&ﬁ&ag feed and r&a@@aﬁlgﬁing %&& eon-
 tents éf”%hﬁ‘ﬁigaétar, pumped eir. When this é@é@#ﬁ%ﬁ;ﬁha‘
~gﬁ&$?@ﬁ&ﬁ'@@ﬁ&iﬁiﬂﬁakgf‘ﬁaé'&igaéﬁer”wara ﬁaﬁﬁ?ﬁi&yféiiﬁ;~

nated, and 1t was necessary %o reseed the digester with

sludge. Whenever reseeding took place the results of the
effluent chemical tests were found to very éanﬁiﬁ@r&ﬁiy

frﬁm rasu&%& ﬁ%ﬁa&n&ﬂ.at athar times, The vg?iaﬁi@n ia

-aviéan%ly due §a greater @?@?@fﬁl@ﬁﬁ af alﬁ%ﬂ
h&rﬁa@@ﬁ waste %ﬁiﬁg &xaw& fﬁ@ﬁ the digester £@r ﬁaﬁﬁiag
purposes. The effluent chemical results for the 17th and
28th @ay @f April seem %o b@ influenced by ﬁesaaﬁlﬁg, %h@rew

'fawa, %ksy are ﬁam ﬁﬁﬁﬁ%&@?ﬁﬁ r@liah&w. The b&a@h&mi&al
@xygan demand (B ﬁ D,) for the affluaﬂt on &@&ik 2@ Elﬁ@
offers a éau@t a8 ta 1ts reiiabili%y. . |



An enalysis of the concentrated mixed herdwood waste

contains the w&gﬁltﬁ.af the aﬁﬁlyaig; _

- Totel Solids (ppu)

. Volatile Selids (pym) |
 hmmonis Nitrogen (vpm NHz)
Organic Nitrogen (ppm Nig) ‘
ﬁiﬁx‘&%*ﬁiﬁrmﬁg Nitrogen (ppm ﬁ% }

 Bulfates (ppm 80,) -

#04)
Mixalinity (ppm G200g)
5
 Phosphates (ppm PO)
‘SBugsrs (ppm Dextrose)
B.0.D, (ppm)

wes msde April 20, 1951, the day 1% was received from the
Mead Corporation, Lynciburg, Virginia. The following table



ﬁﬁa§ ar@ani¢ niﬁﬁagéﬁaaar&aﬁﬁea is @&éa&gaa&&.hy‘ka@»
'.%arigi.@ﬁ&i?i%y, & @@?§&@% ef the @rgaﬁia~ﬁaﬁﬁgr:iﬁ«mg&é'
 £@& f@@ﬁvﬁg tﬁa»%aﬂ%@ria-&ﬂﬁa\ﬁaﬁt‘ia %&ﬁ#&#@éﬁ.iﬁ%§ 
v%mm@ﬁigﬁ_iﬁlxﬁéagﬁ there are &%ﬁév¥$ri§%iﬂﬂ$=i&.§%ﬁ process
cof smuoniflceatlon, dependlng on ﬁﬁﬁvﬁrgﬁﬁiSﬁs and %ﬁ$ ¢aﬁ~
ﬁigiéﬁs involyed, the s&@é&s&iﬁ@ products ére;ﬁﬁu&lxy pro~
ta@ﬁgg, peplones, emino asids, and smmonla, |
Buswell and Hetfleld (£7) found the mintmum ammyﬁia
- nitrogsn Q@ﬁ@&%ﬁr&ﬁiﬁu sultable for Eﬁ& ﬁaaﬁrabig fgr&eﬁ*
tation of eellulosic maeterisl %arﬁa 100 parte per million
(p.p.m.}. Greater concentratlons do not ai@‘ﬁﬁﬁaﬁﬁazlﬁ nor
have %ﬁeg_%ﬁaﬁ.ﬁéaﬁﬁ bacteriostatic. T hey s&y ﬁhﬁ;hméﬁeria
%@&ﬁiﬁgiy‘ﬂﬁiiiﬁﬁ the ammonia nltrogen %o hﬁiiékng thelr own

structure., Lysis of these bae%éwia,‘fa&iaw&ng'&&aﬁﬁw’f@w
leases the nitrogen whioh under aneercbic conditions is
’&@ain w&ﬁn@eé %o ammonis nitrogen., Beeause of this ayela

i% 48 ﬁ&@@ﬁﬁ&ﬁy %o add smponis nitrogen only to reise the
initiel content of the tank %o 100 parts p$§~m3&iﬁé&”§y,p.m.é
or grester, | | '

s The following %sble whieh gives the results of ammonia

nitrogen tests is plotted on plate I.



Date | Influent ~ Effiuent

April 12 220 | -

sppil 17 1 120
April 19 - eBo - -

April 25 140 | 200
Hay 1 lz0 o 100
May 3 250 260
Hay 8 300 - Bes
May 10 500 480
Hay 18 200 180
Way 17 1850 | 260

Ags previously reporied ammonlum yhasyhaﬁe and ammonium
;hgéséxiéngare added as nutrients to the digester feed. On
CApril 17, 1951, instead of using the sbowe nutrients, potes-
sium phosphate and sodium nitrate were used to inorease the
phosphoroue and nitrogen. 7This explsine the sharp ée@réaﬁa
in smmonia nitrogen ee found in the feed for April 17, 1951,
The resulte of this test seem %o bear out the findings
of Buswell and Hatfield that the awmonis nitrogen is utili-
zéd by baoteria %o build up thelr structure, @éé after their
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death the nitrogen is reduced sgain o ammonia nltrogen,
Plate I shows 1ittle varietion in smmonia nitrogen between
the feed and the effluent.

The orgenic nitrogen ﬁﬁgﬁrm&a&ﬁxaﬁ is & measure of the
Riﬁ%@%&ﬁ,iﬁ;thﬁ form of proteins ay'iﬁﬁexmaﬁggﬁe deconpo~
sit&aﬁ graéuﬁﬁa {z8). .ﬁi%r&g&a wag sdded to the feed in
the forms of ammonium hydroxide and ammwn&&ﬁ.mhaaghata to
fulfill %he requirements of the bacterls marryiag on decom~
_ position. |

?lat@ Iz furnighas a graphic picture of the dats in
t&a ﬁab&a belaw.‘
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CTABLE III

Date Infiuent . Effiuent

: 30 -
April 17 56 146.3
April 18 72 -
April 25 P 1m0

May 1 14 - 48
ey 5 . ® 80
May 8 e so

. ggy‘lﬁ, S - ¢ | 100

Meyls % 90
wey1? %0 IR -

Piste II shows an ineresse in organic nitrogen as the
wagte is passed through the &igester. The inerease in
organie nitrogen indicstes a growth of bacteris in the d&i-
geeter, which in turn, suggests the digester is opersting
successfully, o



Ammonia

- Nitrogen
450 — Feed
- = Effluent
275 Plate 1
ﬁ? :
= 300 —
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75r
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3 ya
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=
2 75 —
o,
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Nitrates in & waste mey be changed %o other compounds
'Eyr%hé.r&ﬁaﬁ@i&ﬂ vrocesses of anaeroblc h&aﬁéria,, in order
for %his reduction %o take place, three econditions are re-
quired in addition to the

‘necessery organlsms: (1) a lack
‘of oxygen, (2) a supply of nitrates, and (3) a supply of
food such as carbohydretes to furnish the ﬁeaﬁsgﬁﬁy energy.

- Humerous %aﬁ%ﬁri&‘raﬁnﬁ@vaizraﬁﬁ@,*‘5@@@_&#§:£&$ﬁzﬁa~
tive anssrobes and some siriet anssrobes, Eﬁgﬁgrighi@ goll,
Aerobecter serogenes, and Clostridium perfringens are a few
of the baeteris reducing nitrates. | | _

There are several products of nitrate reduetion, ﬁfﬁan‘

k"ﬁk@§§ is forumed iﬂ{@aﬁaﬁﬁsian nitrous 26id or e nitrlte,
‘hyponitrous acid, hydroxylamine, end ammonia. Some of the
'ﬁi#raﬁaf@gy'h& used for food by the bacteria and éﬁ&ﬁgﬁéwiaﬁ
%@.%hﬁiﬁjﬁrﬂﬁaiag. The oxygen of the nlfrate 1= used in
| bacterial respiration (25). o

Hitrites are very anéﬁ&hi& aﬁﬁ ere found ﬁhaa a change
is Seking place. They are either being reduced %o amumonia
or aﬁiﬁigﬁﬁ %o nitrates. .

@ﬁé‘ﬁni§?@uﬂﬂ bacteria oxidize %ha-&ﬁﬁﬂﬁi& %o nitrites,
and the "nitric" bacteria oxidize the ﬂ&%&iﬁ&é’%@ nitrates.
Ho spsciss of baecterla is known to do both. The bacteris
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ebtain their energy by the oxidation @r@mm invelved.
Hitrosomonas and Nitrosoeoceus sre the nitrous? bmwﬁa‘a* ,
znd Nitrobacter is the "nitric® baoteria {(26]. |

The &am obtained from this test ie¢ shown below and is
plotted on Plate III. |

Influent Effivent

April 12 1.8 | -
April 17 18 14
hppil 19 1.4 -
April 26 v e
May 1L e 10
ey 3 e 12
Mey 8 6.0 26
Hay 10 10 - 6
May 15 | 28 | 16
May 17 19,2 20
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The sharp w&a$~in.ﬁiﬁr@ﬁgﬁniﬁritg ai%fﬁggﬂ.iﬁ 5 @gﬁj,
Besia dnek ur Mokl 30 14 probebly due to the use of
sodium nitrate as a nutrient, on that pertioculsr dey. The
Erens 1mseenrs bu oo Sffinent Biﬁﬁaﬁﬁ*aigviﬁﬁ;ﬁi%?ﬁ%ﬁa 

for April 25, as previously stated, is evidently &ﬁfiﬁaﬁggé_
by the reseeding of the digester on April 23.

It is questionsble as to what degres, if any, an in-
erease of nitrate-nitrite nltrogen in the digester will
have upon the operation of the digester, Heukelekian {51)
states the production of nitrie seld by nitrification may
a£§@¢a~gha pH value in poorly buffered substrate or in
large quantities. If the pH of the agester giviers
oy gﬂ iﬁﬁ?@aﬁﬁ of nitric aseid, 1% is believed & favorable

affect took place since the pH values wers w&ﬁhiﬁ-ﬁhé'ranﬁﬁs

usually associsted with favorable digestion.

In a weste contalning sulfstes, the sulfates can 5@
.hrﬁkéﬁgﬁ@wn,hy-y@é&ﬁﬁiﬁ& in the absence of oxygen (25).
Hydrog .
the decomposition of sulfur-besring organic matter under

en sulfide is produced by this reduction which is
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anaercbie condi “E&axﬁg, |

The following table is plotted on Plate IV in order to
ot ‘o) onshds TR Wb SLEAXHE Srorst K fas
f@éé and ﬁff}gggg‘ : .

Date ~ Influent Effluent

Aoril 12 544 . -
Aprax i? - 208 8
aprtiss 0 280 | ;ﬁﬁ;ﬁ
B < )

g P&a:& xv iﬂﬁmeaﬁaa Ehs ﬁigﬁﬁﬁﬁr uas ﬁﬂ&&%%&fﬁl za re=
, éﬁ@iﬁ% thﬁ &ﬁlfaﬁa&._ o %&s%a war@ m&ﬁs %ﬂ ﬁaﬁarmaaa tha

prﬁ@%aﬁa or aa@ua& q&antiﬁ? @i hy&rggén su&f&ﬁa g&?ﬁﬁ affv
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during %&g&%%ﬁﬁﬁ;’%ﬁ% as samples wers drawn from the 4i-
gester the @ﬁar of ﬁy&r@gaﬁ aaifiﬁ@ was ﬁ%ﬁ?&iﬁﬁ@@ The de-
ar&&&& in the %&3?&%&& &8 the wﬁsﬁa ga&aﬁu through the di-
aa@zar, wi@b the “&&hlﬁaﬂ% adoy of hyaﬁagam sulfidae,
’iﬁéi@mﬁa& th& wasle was in %ﬁ& first @ﬁ@g& of digestion,
It is ﬁﬁ?ﬁ%& %hi& gtage zhﬁ% the materials ea»ily &v&i&%@is
for food are @%ﬁ&ﬁk&ﬁ by @h&‘%aat@?ia, The maderials would
be ﬁﬁg@?ﬁ @%&%ﬁﬁ&$ﬁ ﬂar%ahyﬁyaﬁﬁg and esluble aizfag@ﬁ@ﬁg
%&ﬁ%ﬁ&wﬁsg The first ghage is &hﬁr&@%@f&%@ﬁfﬁy_&ﬁiﬁ pro-~

duction sad putrefactive odors (24).

 %¢§a% sollds, or residue on evaporation, sre important

g6 an index of the eoncentration of the wgsg#.‘ Total sﬁii&s
include both the puspended and the dissolved solids, and are
 broken down into wvolatile (&ﬁﬁﬁiﬂﬁ igﬁiﬁiﬁﬁ}~ﬁﬂﬁ‘fixﬂﬁ
minersl metter. Generaily 1% ie sssumed that the velatile
gmr@i@n represents orgsnio metter, snd sinece this portion
way wa%r@fy it is maah BOre signifi¢&n£ in r@gar&s to %he
aane&ntrati@a ﬂf the waste,

,' on plate V is plotted the esulte af the zg%a% aaliés
@%s%a g&vaﬁ in the rallewiﬁg table,
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Iafluent  Efflusas

aprile se =
CApril 17 12,108 21,672
April 19 - gmz .
April 25  ee86  29,3%
May 1 | 11,240 10,96
May & 10,788 9,580
Moy 8 | 12,516 : 10,100
Hay 10 12,172 10,792
May 156 12,064 10,636
Cuey 17 18,782 12,072

~ The zaigh values for 'Eim effiuent ﬁa the 3%21 end 25th
@f ﬁpr&l are pﬁﬁhab&y ﬁu& to %h@ rﬁaaaﬁia@ wit& ﬁigssﬁﬁﬁ
alu&g@ on the 11th,&ad 23?& af A@ﬁi&. &ﬁﬁaﬁwiae zhe r%sg&ﬁa
&%ra@ with what one would axmaat to take plﬁ&ﬁ. %h@ ﬁaa&l
s@l&ﬁg @ﬁﬁyﬁsﬁgﬁ as the waat& Q&Rﬁ%& tﬁraugh %ﬁ& ﬁig&gtﬁr,
im&xaaﬁiag %haﬁ &&@ﬁﬁa&fﬁl mﬁey&tian @f %ﬁﬁ @ig&ﬁ&er was in

<§ragra@a.‘“



ﬁ$.p@§$iﬁﬁsly'sﬁaﬁﬁﬁ, thﬁ‘ﬁ@i&%izﬁ'aﬂiiéﬁ are approxis-

mately & meacurs of the organic matter present, The deter=

w&maﬁiﬁﬁfﬁf @@1a$iza g0lids gives an idea of the quantity,

but nﬁﬁ of th@ cheracter of the %?F&ﬂi& matier mr&aanﬁ.

Besults @f the vwiaﬁi;% gﬁiiﬁg tests are gﬂv&n bﬁiﬂw

mn& are plotted on plate ?E

TABLE VII

Aprdl 12
Appil 17

April 25
Hay 1
Hay &

Hay 10

(Hay 15

Hay 1V

iﬁfiu&a$

2,698
4,002
2,518
2,800
5,840

3,416
4,104
5,900
5,680
4,508

Bffivent

10,756

12,944
2,544
2,586

8, g&&
2,204
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s would be expected, Ghe results of the volatile
séli&s tests are very similar to the results of the total
golids examinations. In comparing the two plates fﬁ‘%ﬁﬁ
VI) it is interesting to note that ss the total solids in
the feed incresse, the volatile solids inorease, and the
same oecurs with a decresse., This would indioate that a
ratio éﬁ%@ﬁiﬁﬁ&?lﬁﬁiﬁﬁﬁ %&%ﬁaaa the total and velatile
solids for this particular waste, '
| Fron p&aﬁa»?i 3% is found that the volatlle solids
‘are being reduced by the organisms in the digester, indi~

cating favoyrable operation.

pH is & method of expressing the alkalinity or scld-
ity. The pH is defined ss the logarithm of the xaﬁiéraeﬁi
of the hydrogen-ion concentration when that consentration
is &xy#ﬁsﬁa& ae moles of hydrogen~ion per liter of solu~
%i&ﬂ.,_ﬁﬁ,waﬁgéa from O %o 14 with 7 belng the neutral
point. Prom O %o 7 indicates soldity and 7 o 14 alkali-
nity. |

Whipple (29) says the effect of different hydrogen~

ion values upon the growth of mleroscoplec organisms is



p.p.m, Total Solids (Thousands)

27
23
20

17

.14

11

Total Solids
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e ——

- - Effluent

Plate ¥V

p.p,m, Volatile Solids (Thousands)

12 17 19 2 1 3 8 10 15
April A May ,

Date of Test

Volatile
e Solids

- \ , —— Feed
<L | - = Effluent

Plate VI

12 17 1¢ 26 1 3 8 10 15
April May ’

" Date of Test
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not known, However, it is well known thet hydrogen-ion

@Qﬁﬂéﬁtﬁ%@iﬁn wﬁi& aﬁangé wiﬁ& fluetuatiﬁg ﬁi&ﬁkﬁa& gﬁéwﬁh

?ﬁ@ hyérwg&a»iaﬁ ﬂﬁﬂﬁ@ﬂtyﬂﬁiﬂn may a&n&x&awably affaat the

aﬁaayﬁ@ian af food by b&&%arﬁa and 1ts ﬁl%&m&ﬁ& nki&&aﬁtiﬁﬁ.
_ - The f@&lﬁW&Bg ﬁaﬁka giv&s %h@ rasul@a af tha @K @@3#&
| wh&aﬁ &v& ﬁlﬁt%&ﬁ on pl&t& ?II. |

Pate
April 12
April 17

© April 19
April 26
f&ay i

Mey 3
May &

 May 10
 Hay 15
. Hey 17

TABLE VIIT

Influent Effluent
8.8 -
7.9 ‘ 2.7
8.7 -
8.8 L - 7.8
87 6.7

8.2 | . 7.5
g7 . B0
B4 | - 7.4
8.2 - 7.2
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| The results of this test signify conditions inside the
digester are favorable for orgenic activity. Only one test
g@ve'an‘&@iﬁ pE for the ﬁfﬁlﬁaﬁﬁa.ﬁﬁﬁfiwﬁ deys later the pRE
ted edjusted iself without the sddition of lime. The pH of
the feed is high, bus fells wit '
after being in the dlgester a shord time,

in & satisfactory range

Alkalinity may be due to the presence of the carbon~ |

ates or bicarbonates of potassium, sodium, aﬁ&ﬁi@ﬁi‘ﬁagw
| ﬁaﬁ&ﬁm; or %o silicstes, borates and y&ﬁﬁ@ﬁaﬁéa {30). The
messurement of elkslinity serves ss another index of bio-
logical activity. ‘ : |



4%

L I

Jarbonates  Bicarbonates Bicarbonates

Date

April iz 100 1,876 =
BR117 - 214 5,460
April 19 152 2,360 -
April 28 - 2,890 2,800
| 190 2,795 2,410
510 2,250 3,606
- B2 5,890
1,300 5,120 5,800
880 4,100 5,610
488 4,850 4,990

It 1s believed the sharp rise in slkalinity on Msy 8
for boih the feed and effluent wes probebly due to the in-
ay 7. When the load

was inereased a greater quentity of as

oresse in loading on the digester )

monium phoephate was
added to the feed, which in turn evidently iﬁﬁfgﬁﬁﬁ&’ﬁhﬁ
alkalinity. The bicarbonate increase in the effiuent is
probably due to the neutralization of cerbonste alkslinity
elther by ocarbon dloxide or orgenic acid produced during the

fermentation.,



pH

Po.D.M, cacog (Thousands)

pH
— Feed
- = Effluent

Alkalinity

- —— Feed ' Gf‘*’*ca;
- - Effluent : / ~a_

v ate VIII

Y
‘t“-~Bicarbonates

Carbonates

y—|

12 17 19 25 1 3 8 10 15
April May

Date of Test



Phosphorous was &ﬁa&& %Qvﬁhﬁ.fﬁé&viﬁ the f@r@ e%'
anmond us ﬁhﬁﬁ%&ﬁﬁ&.i I% was not known if the organisns
would utilize %hﬁ& @ﬁ@#@hﬂ%ﬁﬁ£ §@$ ﬁ&&&% ﬁﬁrﬁﬁﬁﬁﬁéiiﬁﬂ%
i%.ﬁ@ﬁkﬁﬁliﬁﬁéé~%h$ ﬁﬁﬂ&yﬁ@?ﬁﬁﬁvﬁﬁﬁ§ﬁ h£#% ng ﬁﬁﬁﬁiﬁéﬁ%al

 affect on the orgenisms,

bate  Influent
April 19 _ 830
May 3 geg
Hay B 990
Hay 8 - 1,185
May 10 1,390
 May 15 1,475
Hay 17 1,368
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Plate IX indloates an almost continuous inoresse in
the phosphorous content of both the feed and the &ﬁ%&ﬁa@ﬁa
The insrease in the feed content i@-yarﬁiﬁiiyiﬁu% Yo the
increase in the ﬁigﬁﬁt%? loadings beginning on the 7th and
14th of May, The smount of ammonium phosphate added was
inoreased when ﬁhﬁ loading was inoreased, The effluent
increase indicated the orgenleme weye not using the phos-

phorous in sufficient guensities to compensate for the

sddisional phoephorous in the feed. Since the phosphorous
~ 4n the effluent wee in all bub one cese less then the phos-
 pherous in the feed, it is assuped the opgeniems ubilized
‘a certaln quantity for their cell structure. Once agein
~ the results of a %#ﬁﬁ)ai@ﬁ&ix_ﬂs&ﬁ&ﬁiﬁﬁa ingide the di~

gester are favorsble for orgsnie se$ivity.

. PBuswell and Hetfield (32) found that vhen dextrose is
ferﬁ@@téﬁ'a.raﬁ%ﬁ,gyﬁiﬁtiaﬁsgﬁ gas oceurs in the beginunlng,
but later subsides fo & slower, ﬁﬁ?ﬁ-ﬁ%ﬁ&ﬁ# 3@@%&%&&%~éﬁ :
iring the initial, rapld period
solds are formed, snd during $he later evolution of gas the

the resetion procseds, v

acids asve being decomposed,



April 17
April 19
~ April 25

494

706
896

564

769

760
8%

Effluent
514
a58

- B78
472
380
334
f§g§,

‘The sugars in the effluent were high on April 25

but this is probably Gue to the digester being reseeded on

rd of April. Since Shen the sugars have slwaye been

less in the effluent then in the feed., 4 m@@%&m in
sugars indicates they are belng decomposed by the bacteria

snd probably broken down into acetisc and formic acids,
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The biochemiesl oxygen demand (B.0.D.) determination
is & measure of the oxygem required to oxidize the organie
_mﬁt%$$ £a‘&‘$aa@le, ﬁh&@ﬂgﬁ_ﬁﬁ& &genoy of m&a?aﬁaapéﬁ organ~
isms i&a}. Phelps (34) gﬁaﬁeﬁ thet 1% represents the
oxygen %&a% will be ﬁﬁm&n&gﬁ by materials in %hg course of
its ﬁa@@lﬁﬁﬁ oxidation h&aaﬁ@mzaa&ly. He further gtates

that 1’5‘8 is dGetermined by “EK& avallability of ’Ehﬁ material

a8 & b&ﬁﬁﬁ?&&i food and by ﬁh@ amount of oxygen utilized by
the &aaﬁeriaAaur&ﬁg Lts oxidation. The organic substance |
must not only be a %&@%ﬁ&&&ivféﬁﬁ, but must aiﬁa be a com-
plete food or be comblned with other a&a@nﬁig&yfﬂ@ﬁ,ﬁaﬁ
ﬁﬁiﬁ@m&n%&; Various industrisl wastes heve exceedingly
'higk £¢a&.va1aa of sueh limited character ss to make them
aaav&ilabl& %iﬁﬁaﬁ% sone ﬁ%ﬁ?l&m&ﬁﬁ&ﬁf m&@erial, It has
,&ean Zaﬁn& thet @iimt&aa watar»fﬁr @%@@r mill wagies re-
%ﬂi?ﬁﬁ the aﬁﬁi%&m& of m&n&r&l ﬁ&lﬁs which &xé ﬁat exerﬁ ,
aﬂy G&r&g% axygﬁﬁ a&m&a& %ﬁ&mﬁelvaa. ?he %iﬂé?ﬁl ﬁalts
W@ra @@a&&%&a& a@a&as@ry food ?aguirament$, -

%hﬁ ﬁ&%& e%taiﬁa& fr@m %hia t&ﬁ% are given &m,tahla
xxx and &rﬁ pi@ﬁﬁaﬁ iﬁ(%heiw entirety on plate XI, @h@
game data are plotted on plates XIT through XV, The gas
production per day is plotted on the above mentioned



48

plates in order

that & @ﬁl&ﬁ&eﬁ,‘if one exists, may be
detected between the ges production and biochemical oxygen
demand (B.0.D.). | |

wag on many occasions higher than that of the digester in~

fluent, Thiz is conbrary %o what one would expect to
find, but is probably due to the more complex material
being broken down, Thig meterial has = higher biochemieszl

oxygen demend {B.0.D.) once it is broken down to less com=
plex, more available form than 1t hed im the original form.
The organisms decompossd the waterisl that sppesled to
them, and in so doing released other less complex materials
which evidently hed s greater biochemlcal oxygen demand
§§.@.ﬁw). This new material, being waste products of these
organisms, remsing without being further decomposed in the
digester, ,
hssuming the sbove interpretation is correct, the

.aﬁﬁﬁér'kﬁliéﬁés»%kﬁ% ﬁﬂmé %ygg of orgenism will thrive on
this undecomposed matter. If this orgenism is anseroble,

1t will in time find 1%s way %o %ﬁxgrmaﬁarial, thus reduc-
ing the blochemical oxygen demsnd (B.0,D.). If the a&g&a&ﬁm
is seroble, additional trestment of the waste will be neces-
sary. |
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The conclusions resulting from the investigation of
the digestion of mixed hopdwood wastes 2% 37° G are pre~
sented in the following paregraphs, ,

1. At loadings of 0.0221 %o 0.0600 pounds of bio=
chemical oxygen demand (B.0.D.} per cubie foot per day the
chemical tests indicated good biologleal a@%ivity.'

2. Agitation appears advantagecue in the digestion
of mixzed hardwood waste. |

%. Average ?&éﬁﬁﬁiaﬁ,iﬁfbiﬁﬁhﬁﬁéﬁa@.ﬁxy@&ﬁ demand
{B.0.D.) was 10.4 per cent.
| 4, The high gas production (46.44 cubic feet) per
@@ﬁﬁﬁ’ﬁ?'ﬁiﬁﬁhﬂm&ﬁ&i oxygen demand (B.0.D.) destroyed, in~-
dicates materisl is being decomposed readily which ﬁaéa
n@ﬁ»hﬁvé a,vsry:high blochemicsl oxygen demend {B.0.D.).

5. Digestion under the sonditions of this investi-
gation is not beneficial for en adequate reduction in the
biochemical oxygen demand (B.0.D.) of mixed hardwood wastes.

6. The slight redwction (10.4 per cent) in bio-
chemiocsl oxygen demand {(B.0.D.}, indicates secondary treat~

ment is necessary.
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The purpese of this luvestigation was %o deleruine
if high losdinge of semi-chemlical pulp mill wasie could
be provessed in 2 pilot plant by sneeroble digestion. The
waste wes obtained froa the Lynohburg, Virginia, plant of
the Mead Corporation, where mixed hardwood was belng cooked,
A pmeutral sulfite cooking llquor was used in the plang.

The waste was anaﬁr@biﬁally &ig&s%&ﬁ;in & 1lo~gallon
tank placed in a ﬁﬁwg&llan water bath with the temperaiure
maintained at spproximately 5?9 €. The digester contents
wepre reciroulated one minute every hour.  Amnonum phog~
phate and smmonium hydroxide were added %o the feed to
give nitrogen %o carbon and phosphorous to carbon ratios
of one to twenty, | ' o

The digester wag seeded with well digested sludge
from &ﬁ gnaeroble digester processing domestis sewage,
After seedlng, portions of diluted w&sﬁa were added to the
digester dally. The concentration of the diluted weste
was increased peplodically. Since the biochemlesl oxygen
demand {B.C.D, } of the wagte varied dally s constant load~
ing could not be melntained. In future investigstion, 1%
4t suggested the ratio of oxypen consumed (0.C.) %o bio~
chemical oxygen demand (B,.0.D.) be determined, snd used

to maintain constent loadings.
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On several occasions the paeking in the centrifugal
pusp beceme wopn and sir was pumped into the digester, In
order to restore bacterisl activity in the élgester, 1t was
ﬁaﬁ%s&&fy %0 regeed with sludge.

v@ﬁﬁﬁié&i tests performed on the digester feed and the
digester effluent, showed the digester to be biologically
active between 1@&&ﬁngs of 0.0281 and 0.600 pounds of blo-
chemicel oxygen demsnd (B.0.D.) per cublc foot per day,

The bioehemical oxygen demand (B.0,D.) of the feed
varied from 1,847 parte per million {p.p.m.) to 3,993
parts per million (p.p.m.), with an average of 2,809 parts |
per million (p.p.m.).

The bioechemical oxygen demend (B.0.D.} of the effluent
varied from 1,186 parts per million (p.p.m.) to 3,990
parts per million (p.p.w.), with an average of 2,599 parts
per million (p.p.u.).

The average pounds of blochemiecal oxygen demand
{ﬁ.ﬁ.ﬁ.}\ﬁﬁaﬁrayaﬁ~éﬁring the relliable testing period was
0.0045 pounds per day, N

The aversge ges production for the peried wass 0,209
cuble feet per day.

The blochemicel oxygen demsnd {B.0.D.) of the effluent
showed very little reducticn (10.4 per e&aﬁﬁ.évﬁrrﬁhglrﬁw
liable peried of study. v

The gae production per pound of blochewiecal oxygen
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demand (B.0.D.) destroyed was vevy high {46.44 cubic feet),

indiesting material waﬁ«%eiﬁg-ﬁﬁaﬁﬁ@éaaé rasﬁiiy which did

not have 2 very high blochemical oxygen demend (B.O.D.).
Agitation of the dlgester contents appears advantage-

ous &ﬁ.%ﬁ@‘&i@%ﬁﬁiﬁn of mixed hardwood waste,
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