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This thoele deals with knewn bilelerieal, ohenleal, and
pPaysiecal teats, sand is a study concerning thelr anrltecabllity
to serve as yarlatlcie for rarbare diceatlon,

Tho tosts stulled conelistod of tests uscd mainly i sewe
aze aid Industrlial waste analysise Docause ¢f tioe physleal
and ciioulceal differcaces in tho material belng testod, modlie
fications wore ncocssary to apyly tiese tests to zarvare i
ceasest analysise Of tie tents studied,; CeleDey CX/ren COnw
suzod by perasncanate, and ash geened to ba mest applicable
in use as rrod indleators of dipesticn. Those teste wilell proe
sentod preblems in testine and whileh eculd prebably net be uge
el as yardstinize include rclstlive stsnillity, B.0.Dsy chlerine
denand, ant ledine denund. Tosta gach as pll, boesperature, and

molature were ¢lininatel as yardstloig buewvise twy are varle

-

.,

ables in orecent ressarclhi.

Roproccatalive saaplling wus found to be ono ol Lo uglin
pioblean enocouwnbored 1a thls stady, axd ore woerd noelis o Lo
done cn tiala suljocte

The valllilty of tuce Cudeles oxyren oonsuned, and asiz tozts
sust be eutubllistied over a loap pericd of usare, but presont data
indicates thul these thrce teets ccull be used as tie basis cf
ceonoiie and effisient ecnnesgtliar conbtrel,

Tols tesls 1s a prell-dnary ctody aunl shweuld be ecnsidered
as the founiatieon for Curthier wegearel on the Llunertant sub feuct

cf yardstlecis for dicesticn,
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investiguticus ag.curiug La tais tiwsis lcal with vurious

touts surested for use in garbare wnd coscod zualjzise sy
cf thw tosts consldered wers welifleutic s ¢f standard tusts

for sewvare ol water analysis.

The teests in this vnner will e dizeuszel fpom e stunde
peint of thetlr ablility to serve ne In'leators In the cemosting
nreeese, anl ean e elacrified ifnte twe =wa'in g-onng.

1

Twee teets vhileh may o ale te girve ag a yarlalicu

fer rarbacc dlrgaticen,
e Thege tents wiiieh ave benel
for acraal plant cperallon.

Ia 2c 0 enooce, bools oy be cluscidied In Laelly prow)ae
Oebh tipca arve of luberost Lo curroud rescarca w..lch 8 cone
corned witih bota lar;o plant cperutlon snd lascratcry slze
ozporinontse U0 Lesto, thud are very bholysful i rannliy th
lorco plunt, are not gquuntitative encurh 1a nature to Lo used
in the laboraterye Lilewlee, sose Tosta uzsed in tho lalorae-
teryy are net practicael for nlant ucse.

This ponar ecorpbitutes the eririnal stirly at Slenl~aa Ltile
Collere on the oubjcet of coanort rardstloxs and 1s prelialnary
14 nature, Scone teats discussoedl warrent ore rescareh than

tise has horo allewods It L3 hepel that by .resonting the vurle

-1‘



cus prebloms and findinge vncountered ia tuls staly, thls paper

wili perve oo a gle.ins stouo {0 Fublire yeseulCile

e
CUOLPLOTILG LU Cusial

Since thits tiesls lg concerned with tho dctorainatles of
a yardstleir for Liligh rate ccasecsting, 1% would be well to undere
gtanl acme fundansentals cf ecancatinre  fomnesting s the af
old preecces of natural blelerieal dseomnesitlon ef corganls
wastess In early tlwes, erranle wvastes wore etored In pllese
Tls was prebkably dene wore or lens zs a atier of roodl hounge

koenlng, bud scen peonle reecernlzed tho faet thnbt in tlao thoese

Plles chanccd 1o cdor and apearants. Thwe chanscs cceurlng dure

-

Sl Druandocwin op

‘p.a

ian $hile tracsforza®tlicn wero due te e Lloler

4

anacercble Algeetlicn of thw ovyaile wxstese Tuls recess [engve
aben mund siven ol consliderawie neab Jaring e loeccocsitlicn
periods  As jyears pasced, poople exjporisentlo; wibih the coapoote
1np prescss, Lound thnt 4 thwe orranlie wastes wore :ept aercblie,
tho tino Fob A restlion wis wian gertor end in vceb casez, pase
teurlzation tenreratures were cbtalned,

At tho prercont tlae, researeh at lleiran Stats Ceollere is
norme eonecemed with aereble r.ther than snacredble Aliresticn bLee
eaure of the tine faeteres Tho =aln pirncse of tals ruscaren 1s
to refine tne geticon process Lo ouehl a desree that 16 ean Lo
used s an cfflelont neans fev tho dlepcsal of munlelpul orranice

wistos, In goncral, Lloh ralte coa.cstling ls a process ercatiog

-



no offfoneive coders, gocrabting teseraturcs atove tiose ncedeold

for pasteurdinotlicon, acd telng less Sian cuo weod for couploeto

dlzeubleon of too ergandio wustos te u slalble cergunie furtiilcer.
DLOSVIRTIGE GF CoLTnS LT A AU

Neseares wer: ab Ulelilran S¢ate Zellero iz Loelng dove in
coemmgetlion with a lare nlant elize direster, «il w1all coe peund
size leberatery unlife. Deth tynen are Lapertant in galalng
£011 undepebaniing of thoe ecoupesting process,

The lar-o 1icosto= usod at Mizhlrcan State Cellure (shwwn
in flmuro 1) la twenty-threo foot nirlh, tea feet in faactor,
aind censlabs of ¢lrab cwparale doclige The Adlccsbe~ 1a of sicel
censtructicn onl 1s fusalabeld with two Llachos of foun lavs
bries covered wita far pacer.

Ceasablng ab te larpe Sljcvosler deals primsarily wilh Qoe-
wustio oo furbace o dereribed 1o tavle le Tiw garbare {9
gdelivored te the plant in trueks and duased cn the {lecor. &ftor
stray bottles and ecans are reaeved, the rurbare {8 preund and
conveved to a sterace tank where the molsture content ia ree
dueed by Araina~e Crea zbout 75 peresent to abeud U0 percent,

The ravbare lg then cenve sl to tho top dacks of Lhie direstors
wash Jdee’s Is cquipred with plows t.ab slouly xerate o zntorle
al a1 dren 1 fron Seel Lo Jdeoke  Tae zate Lul bakes aboud
tue o feour dasg B0 werk 108 way Giwa borcurhy the diecator aad

Gaor e 'red Lo Lotbten doed au conptst,

-3



Floure 1,

Largs digester
of mmiolpal carbase ab

vaat Laasing, ilchigans

usad for tho comuonting
ichilran State Collepe,



Figure 2. dLarce plant digoctor cperabtlons roey
showing row gardase ian tie ioft foroground,
Findsuod ecupoust, uscd eas seodlng iatoriul,
is sicwn at tie right.
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Ploure 3. S2all laboratery typo Alpcstor,
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Figure lj. Luaboratory dlgester in temperature con-
trol tank. XNote drive system.



Pigure 5. Tenperature contrel tank for laboratory
digesters, and oxygen uptake apparatus,
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in the ecntral of gscwaro plant ooerall c4~, thgre have been
many tests deoviced that slve tw cnerateor sn fndioatien of tis
fliclenny of the plants Sone of Cho togta, sueh as scbileallo
gollids and Sotal eclids, a:ly only wwen bhe wisve g In ligeid
forn, Zfoware usually Tanm ove» 7.4 melsture, and therefore a
toct 1ike setbleable scllilla i3 asplilie.ble 2o weasuring Lho moche
anleni cificloney ¢f Lo planbe UUr £aT0DLE0, en tus cuowr and,
suldca e a aclsture ecntont above T, wiileh avans tial settlealble
3ida o sinliar teuts would hwve o applleutica La purbae
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Do oy mewdedoey o oificlent uoans of cbbalning Leuly pupret
tative sanlee of poDoa e €r cruuest nas Leon devised yob, Guch
werse lo neoled alowy; tals 1450 beeauss Rl d.ba is dasentant
uzon the sacpive wred Lo obiain 1t,

There avre poveral teebte Lu suwere gl ssis thab would

gecosdnrly annly vers well bto eewprsting, 2 Belele togt, wiich

- ‘I_ ",:ua



- 27 - > - SRRV S I S oy - . . B T
18 probLakly o oot wilely veel Lozt in goun e ainijols,
. . . . . P S » . N -
sen ol Lo e b Lo of tuot owe vsro leooiliig Jor owill wans
VLI [ - - 3 é. . N UGN e T T PO - Ay
Investizated In $hlz Loeslse Tho wolatlive ctaollliy anld czysen

4

e eyes e B SN e gy s 0 U S I RS T S .
cCn vy .ol bosks avoo ool Lo e e AUGUAULLLOLLCT il

¥

| P O P S
”o-vkﬂk‘va\‘:"\‘b\i‘

IR A B R R e S S N A Y
.4-...,‘- u. Lot v aariviariadkion WO Lalidesdvan

el g PLI .. - AR L T PO S Py iy
e nLed o a gaviloblen hiug bueu fir by eobiol lghicds Tho
L] [ JPFS | PR L . @ > T e P A | - o Sy g
2osiscd characteoristics of e sout or jaridobles was considered

Nevte Tho followios ftos weve $vvib $o e meot Zeslirsble

Inhembrry Trol It is wor; desirable te fave o bLosh

Eiulb ean Lo ran on Teclated sanples In the Iaberulerys as
ensca0d e a teast that uwust e run al the site of thoe eex, cat-
ing procong,

- e 15 ST . [P L PRGN P 3 s
Oheed Thnlne TLluet The aliosbor fho tosblup proeeiare

» , ~ »
VRTINS

Lo Pesiive el be cetablloowd, Tils s very Lascriand
in oy sarigblels Vo W1 Quualitatlve $uoie in coupeatiog,
)

poslats et bo oo abed ©a P bLusle of dvy o welslte Thls

neans bhat one o e e follow

1. Tue gsuple 1w drl.d, we

. & Lt I S -
1Y @ v b eyt e ”
3*110 28 WoX0°T L ounl o

n)
3

o
s}

-

v gnluticns A Mniown

[ . - .. » N . . LIPS . P 1 Pedn
viod %o Jetor e tho vo.oplots Aoy waiphte

re
=g
i
o
.
4
°3
'3
0
P
22
R
(el
e
.
=
P ]
~
a
2
et
¢
]
~——
t
4y
~
'S

Ve tounny wWalell wansg



» . S 5 e U e Yoo Yol
Lo Yot oren cibo o Lo cblained

[SE R | TS e . ~ . b4 , 4 M -1 v S 1 1 '
Wnilo Nelation e Taewgoea In Tneolfes 8 Book vl 5 oto
e o = naaad

PRSP PO L, . - "y . s e Ve oe - o g LI SR
1l roductlicn in reculto bilweoy rav o o0Lnoe anl o

cent weld e littlo meanive beouuno of $o lnaccuruiey n

P

s DA - R g R o] RN . &Y PR -
cubtainliy repveoentbLlve vecolboe A difllcercnne ¢f 055 op wwre

,

1o ncadel o entablion a uscelul curve,

-

lorienl te Juvelen g teed Cind ooagarer hila unstoblo smloriale
it lo Unewn that Liciesten) aetlvits lo inbtonellicot by i nrQQe

. v -~ F I v e
e 2 thiia Jant 1o fv-s..li’ S ]

E e IR [SUEPR W S L Ny, - . . .
tlelerleal feotn were investlsoatel fived, e tesbls 0.0 woro
" 1. .- ~ gy ome T 4 2 on " ndna Y v h BN M .
ccuzilerc? fer yordstleol ubuly are lictol Lolows
e IR el == e, T AT
LGIGIOSICNL Cillalid ,LL ¢ b ias

ul“t%'fu 6% Lbl :&2. f C-':;.D. wucistare
Delelie Slidorise donvad AGnaTrarcs
Pryoon uplba ledinoe w;.-f.zn vdor

Pl Ash

Sarbea nltreren Tosporabure

lnroon oo nosed

TV T AT M G
PV U P AN - SIS S OV |

Nelgttvag TEALIYAE e TUO valatlvo etalblllity test ls boso

, LI ’”" LN e Y - . v . » - N aa® e Y A o -
on tha Lfael % ~obhrlone B Prg te Joeelepticg? ven exyrer

s B ‘
ta aheont, Teenusa nf &0%s faot 45 woe bt £t g sbepd

ti=e tont ccull be sot un Lo 1avieateo thwe dormoa of dlrecticon,.

-
L R



CThe eripgiagl thoupnt was oo put a wacwn ancunt ol Jarbocoe in

6 cansle bottlo, adl dlloticn wotor anld seinylens biue, and
ovserve the binw noeoded for L0 6 .:puo o o colorlosgs Tie
aere uistable orpoanle walter present In Lo saspie, bt siwrter
would boe thoe tlue Lo ;o colorices. 4 u sasple did bt o
colorlicen withln g certals pericd it wouid be Cuelarod stuile.

o relative stability test, es Pound In Standard ethels,”

$a an fcllowss
1., 11 coempletely to cverflewing o & to § cunce glass
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e Loty €& Lobtile at 2000.
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In ell caces, w0 wipeeded poaples cveresie b .o startlal
nepalaticn Joflclit In o sattor of o Lew heerae I would apsooe
froa thite €920 oo llns 1s not weesusary even fer o siu vt tlae

ente An inorense in Lncubsticon te oeratore, from 20°C. to
3506., hed tho effeet of mere Shaan deabline the ernyoen daplaetion,
er shectonins the tine te ro colorless o Joos than halfe It
was fornd Ehat ganmles, econtalning nerg han avout cne gran
(Iry wolrng) pes 300 mle of water, convlebely slnorued tho 1 id,
perticn ¢f 470 malzingg 16 Lnscseible to obbtaln rosults,
It 1z doubtfidl Chat tho rolative sbabllity Lost ecculd Le
sod a6 a yardsbtick Lbecauese of poveral shorbtewiingse
le %o tout 1z oot guantitative 4n nature.
2e 4% bLunt, tils test would serve ouly &8 a rougiy indleator
of stubility.
3¢ Il a ghort tise test were established, Cike nocessity of
obgorvine epasles as ohv et fotorvals woeold oresent a

defingte ineccnvenionse for the cporator,

Bielortenl Ovvron Neaqndl THo Belele teet ls sinilar to

tho relative ztability teost., It 1s, hewovor, o quantliativoe
teste In esscneo, thls Lozt i o acaoure of thw oxroon depleticn
RN +

in a civen lonrih of Lloce leasurczonts of tiw Jioseclvod cxyoen

il )

in e saaple, belore el oltor Incuballon, are aude o7 neang of
. e Wil 15 a very woll Jiwwo btest and
& cbureh fcline iiriailone .

an been volaoed Lo g ol deproo L wator aad sewaie anulyjoclg.
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and utllize exypun durling Lo precoss.e  Toe mero organic <abterial
Liore is 1 Lie suasple, tie preouter wlil bo e oxy on utlifzaticn
or denands
ilany BeOeDs tests were run ¢ eonest canples te develo)

stan lard conliticns an? procelures, Girod roesuits wero cbtaliaed
when comnect ecanples we e used, byt trouble was erpeviconsed on
rav rardbace eawnles. All B,0,D, tests sve bized on the detore
minatlen cf 1isnolve? exryren 4n whle: staven s ured an to.e
titratirn inlleceter, The liesselvel oxyron titrallen o conly;
accurate w on tue stireh 1la allel very nour Lhe ond politte I
oo sburca fa alled wion a large wwsunt of fodlne iIs prucont,
& Dlue stuprcheloline alscrbtleu couplex 1s ferueds Tals adscrbe
ticn counlex does act doucclorlze atbt tue ejulvalance or end peint,
and lnaccurate resullis wro cbtulnod.7 ALl raw paros e crataing
sturenh Lo varylog aswocunts, s8¢ accurcte regullis ounnoldl Us exjecle
6d Lrom tale tert, Becaues yardatiey dete mlnaticns are based
oa the reductlen Crem the raw partice B:nnla, e Bellele btest
craldl rrebebly not bo uazced untll the starsh greoolen has been
elintnated, Thore 18 the noeelbdbility that by Lthe alliticn of
certaln enzyror, the stiveh ecull be ecowvworted to surars in

nattor f Torgs This wrnld nroebatly no b anpreclably chancs
tiie BoleDe ¢f the sinple g9 weuld elialno -te thw starels intere
fe:rences Thls und Lo guestlc a ef pabisie eglze and laeilate
cijiren adserotion as relatod Lo Lno U.uedde btoolt, econciltute
prowliceas fop Future rosuarth wnd are nel withio boe cec e of

tiils paziur,
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grown in floire O Sazles are ~laeccd in alrtl ot units,

wileh are then “wouxe? ur to g eleesd srgtes with an oXyen tube
The}nate"lal 18 sleuwly atirrel Y Lo oxyron untato 1o mvasurcl
on tho etilebrated oy oo tnbee  Manlaientally this test 1o as
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The flrst test =as pun cn a dry welpnt baels, using 20 .

of drlel 0l rreoundt sannles PIPL; aliliiiters of water were
13184 to eneh ega:nle alens with 5 wl. ¢f ehlorine sclutlens Tho
sa1nlea hal a ecntant rourled of 1, minuten, The e.cecs ¢ lorine
was ‘latertl o1 by means ¢f 3 stircheicodi g titratien, Yosudtis

were as followss

Raw Gar-bare Cuared Comnost
Ci:lerine Donand ,
12,020 pivae 11,200 ppae

Thiore rosults wepevory stranss. Ly all leciczl roasonlog,
Cio raw Jurosln swoeuld Love el toe Zoovcer dcsande At flipl
toe dilfercnce us gbUzrlbutel to tic fact tuat Ay s..iples wereo
uasedy S anctivr test wus yun usin; undried sanpics.

Cne graa ¢of sr1:le was diluted el blenlol with 10.0 wl,
cf witers (Ope hundred milllliters ¢f this klond were uscd as
a sgatles Ancther loU mle was Aric? te cstabllisnh the dry wolsh
cf the ggqmple, The tert was run on too gvie basls e Lhie Hree
vlous test Pegults were ns fcllowsas

"aw Garbar Cured Coancest

005300 prae 132,000 pume

Chlecring Demand

Tas rooulte cf Cils toot m.owcd a Wirner denanl in caeh
casey LUub in nuelr i g6 progsarNtion as thio first tests Upe
ca furtler gbtuly of the cotion of caloriie, 1 wus fcound talt
Lo suove reaults woro .rebuly due o bLe purticlu size wod

structure ¢l b nateriels tel o tostedes DNaw pusbinre contalus

particleo gt astures t .ot are nebt we easilily peowtr.teld Ly the



cilorine as t e particles ¢f cuirod

chlerine dces net pesasese hirh

er bBirher nlla. AS srCn ss

lewgnval, “cwover, clorine 13 lost

™o thls

de ! but Ladl e

at low »nitse TlL0n
can cliqzincte a step 1 the star
l{einary tegt was
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Pesults mwere o8 followas

Raw Gardaze
Iclino Soaand
210,000 pirie

tre ! el olrprin
Aue
teat

al wrcce lurea, anl vas

is
nag bhe theocrotic 1 alvant

Gioalay by using lcedine as

riun on btie {ollowin
saples ¢f o 7500 prse were used,
eclution (7.30 no.

1 allewe? te react fey 12 minutes.

cposbe I% 18 incwn tiwgt

seretratineg powers at neutral

sclutiong ar

te tte hoch velitility,
at a lew ol wnld nocecossle
racu~at te be
run Lo 8 oue az LYo enlerlii
e ¢f low velltility

a tert areit, cne

chelc’?ine titraticne A4 prce

© basSiss
Twontyellve milii-
nle) wore placed
The

W oscdlua thlesulfate sclutlcon,
guared Conpont

1,2,4200 ppie
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hat a poef ens, ant s 2,125 wol/7l. Tesults were as follows

aw Z%aruare Cured Coci:cst
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