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ASDOTRACT

A scale medel trickling fillter wos put into orver-
atlion with a cyanide ccncentraticn c¢f 10 »pm. The con-

centraticn of cyanide wes raised tc 25 and finally to

193]

6 pom.

A8 the microorzanicsus increcced the utilization of
cvanlie, the nrcduction of nitrites was increcsed while
tre nitro ccncontration rerained nezr a censtant level.

Cyanide interfers wilth the measure of the BOD cf the
settled sewage 1In nilzh concentraticns. The 2CD of the
effluent frcmor the filter, thourch affected by cyanide,

dld not show as rarked an effect as did the BCD of the
csettled sewsze. Thls nay be z2ttributed to the presence
of cyanide-tclerant micrcorzanisrs and the clarifying
acticn of the filter. It 1s belleved that wilth the
additicn cf cyranide-tclerant ricroorzanisrs to the 3CD
é¢ilution water, the interference cf cyanide on the 3CD
willl be dimxinisned.

Thrcough cherical ena2lysis 1t was detsrrined thot

ronia.

o]
53
v}

cyanidie was ceonverted to nitrate, =nitrite, ani a

A mediun conteining dextrose was mere favorable
for grcwth of micrcorgonicsne 1n the presence of cyanile
then a rediurr without dextrceee.

Sodiumr cysnlie can be utilized Dy scre iricro-

lﬂ
)
[62]

crcanis a scle scurce cf nitrczen but fall to zZrow

(1)



when uced £.g 2 cnrben =curce.

1y

The cyeonide-teler:znt pmicrccrranicrs were izclzte

from the trickling Tilter and 1lentified accordiing to
the rrocedurec cutlined in Bersey's "iirnucl of Detsr-

rinative ZSactericlezy



INTICDUCTICN

Cyanides are by-prcducts of rany inductrial processes,
particularly those asscclated with the metal industry.
Cyanide wastes of varylng concentraticns result from the
purification of gold and silver frcm their ores, in the
manufacture of water gas, and in electroplating ppocesses,
Thece wastes are senerally discharged into city cewarne
systers or directly into streams and lakes,

The cyanides in 1inducstrial wastse, when introiluced
into streans and lakes, nay dectrcy micrcbial and fish
pcnulations, Then intrcduceid into sewaze plants, the
cyanides ray affect a’vercsely the blcloglcal activity in
digesters and activatel cluige systermrs.

Becauce the cyanices are pclsonocuz, they rust be re-
moved or detoxifled before being cdumpedl Into a water or
sewage system. The rethods of reroving cyanldese from
Injustrial wastes include the follewins: oxidation wilth
chlorine cr verrmangenate, removal of cyanice ac the free
acid, conversion of cyanlcde to thlocyanate cor cyanhyirin
cornounds, hydrclycis to armenia ani formate, vpreciritation
of gy nide az the inscluble iron ccrplex, and electrolysls
of the wacte liquorr. The cherical retheds inveolvel are
both exrencive and tire ccnsuminz, and in additlon, requilre
apace for the collection of the cyanize-containinzg wastes.

A less exnencive method right be the uce of a tricliling

s

(3)



filter cyster with utilization of the cyaniie by nicro-
creonierns,
Tre cleccovery of a rilcrocrzanicn wrnlch will utilize

crenlie ag on energcy source wag the ultinate geol of tils

(4)



The tclernncs ¢f o ricrcorzenler towarzic cyanlie
rey c¢enen’ unen varicun focters, incluling cencentrations
cf cyaniste, the rediun used, pH, grcwth focters available,
cnt the corrlex n=ture c¢f the cell. A si:rle rediun

oy be vee? te test the cymnide-tclerance cf scre 1lcro-

1

cregenlors altnoush others reaulre srpecial nutrients.

[

Tre matority of ricrocrzanisrs foun® in =sewaze rcoy be

~ s

grovmn cn 2 giv~le melium wltheut coecicl nutrient constit-

alticush a few requlire anzerobic

O
9
Q
9]
3
wa
[ aad
t
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O
3
n
-

ente

]

ceniiticns (3). TIhe literature ic lacl"ing in infcirrotion

concerning nellur requlrerents asccceclated with cyaniie
tclerance.

The ceneral staterents invelving cycnide-tcleronce
of ricrocrzonizrc are zcattered an? ccoculdi rnct be covered
In a ginzle parazrarh. In order to —rcduce continuilty,
trhe micrecerganlare w111 be concilered individuclly and
“izcugced in the order cf trheir clasrificaticn.

200 and 2o (13) found that both Titrobucter =nd

Wit rcscicneg were Inhibited by cyarnide. Tam ani Clark

(15) found thot calciur cronide 1nhibited nitrification

In the ccil by "ftrcccrenne end Jitrcbacter.

Pceuorcnoe can be a’anted te cyanide concencrations

2z hizh 23 2CC »pr (8). Cozic (7) fcundi that Acetobncher

xylinun weas reletively cyini‘e-tcler-nt, hoever no

(

[9)]

)



stoterent ¢f tha dezree of tceclerance wte gzlven

The cram-=-ccitive cccecl 2 zene to be tre rost cyanlie-
tolerant icrcorzonlconz zltlcush they are nct focund 1in
a2tun ance in sewaze (8). Coomentor (6) fcunl that ctrep-

tcceeel tecleated B,CCO »vm of cranlde and Soreinza lutez

EN

wee cysnride teclarant but to o lactier desree. The act-
ivity of virulent ccczi was nct inhibited by cyanlie
while the activity cof svirulent cocci was cecreacce? (7).

slenlicenes feec2lis wrac feounl to be Innkibited by

lcw ccncentraticn: cof cronide (14).

Burnet foun? that Zeochericheria coli (5) recisted

1,CCC ppr of cyani'e which sgreed with the recult: cbteined
by the auther. De:zzy (9) revworted that E. ccll waes

illed in six hourz by 10C,CCO »pm of co iur cyznide.
shircells tolerated lcow ceoncentratlions cf cyenide while

“nlweonella tvohoce was cerrletely inhibited (5).

The gmores of 3acillus suttlliis are nore rezicstant

te cyanlde then care the versetative cells., The cnores
eurvived five cdays in 1,CCC pom cf cyanide whereas the
vegetatlve cells curvived only in concentrations cf 1CC
por cr less (9).

The rewraining ricrcorzanicrz wlll be concidered oc
cne croup ant included in thils groun are molisz, funcsi,
end alzae. Arong the algre, Nitella ic cyonide-tolerant
(1) ani Chlorella on succ--free welia 1s not inhibitel

o

by cyanide (9). Molds arrecr to e rore recictont to

- -

cy2niZe than any other crreonicr. Iloldg res

\
[
0]
ct

ten



rercent =o iur cynnile foro rcre thon 24 tcurs (16).
3cil funzi on® actinovrycetes are affected very little
by the cvanrile.

Literature citinz the vczelbllity cf =scdlur cyanile
2¢ &n energy cource for rilcroorganicis coull nct be found
2lthouzh cycnl’e reljuctlen was nctel! 1in rany cases tut

wze nct 2ttribute? to o Jirect utilizstion of the cyanile

[

o’

y nicrcorzrnisoes.

(7)



EXPIRINLNTLL PROCEDURE

L Na

In order to Jevelope a ricrcbizal flcra thst will
utilize cyanldes as a scurce cof energy, it was neceszzary
to cevize a trici-lin--filler 2pparatus where the filtrate
coulil be reci-culatel to bulll un tre nicrobial »oruleticn
on tre filter cubstrate. A laboratcry trickling filter
wae ccenstructel with preportionz sinilar to those of
pilot nlant filter locate? on the site of the ZEact Lancing

ewrce Mswocal Plant. The ro7el was 24 inches hish

g

08}

with a three inch diareter., The cettlinz tonlt and feed
tanic had five an’ one liter caracities resnectively.
L roller co:»nrezce” a lenzth of rurber tubing an? ferced

the liqui? fror the feed taonlt to the fiiter at a rate

g3]

of 3C -illiliters per winute cont o recycle ratic cof five

to cne. The rate of flcw wor ccntrclled by trhe rubber

ISa
[

o'
'J-

ng cn’ by a2 zcrew clar» which rezulate: the flow
cf the ligquid to the purpd. Filsure 1 1z a cchenatic flow

diczrar of the cyctem. Firures 2 ant are viewc cf the
overall cy=te:r ¢n the —~urn reszvectively. The
substrote concicte’ cof lire ~lass tubing 12

nillireters.

The cewaze fed to the filter wac cbtoine: fc. the

Plant. Tre “cuentic zevare, free fror in ustrlizal vwostes,

cften ccntained z-oun” garhage wrich hol not cettled.
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Tank
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(9)
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The filte: wozs put into ore-~tion writh the dornecstic
serzze effluent ~lus an =7 1ticn cf ten nortc ver nillion
of cciur cyonide. After a five-wreelr oinntion period,

crivel fivet to 25 o

ct
D
J
.
3
o
' J
’_A
¢
(0]
(@]
Ie)
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&
'
)
ct
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¥
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2

anl tien tc S5 ~»o owrere it woe Lalntoined throusheut

the rerointer cf thre experi:ieatstion »neriod.

ronulaticn in the filte~, vorious chelicel -n' biclocical
teztz were perforrel, Zoimles wrzre tzlzen G0lly:  at the

cutles of tne zettlins tan (effluent); at a junctiticn

~fter fre punp (irnfluent), 2ni frcr the sewz~e contoining
cociur cryonite which hod nct pactel thircush the filter,

There zoonlen rere teirte’ In Junlicote fo bilelogiesnl
oxyrzen “er-nd (BCH), nitrites, =n’ nitrotes (prhencl-
Sioulfonic rettcd) (1), Ni.rocte:z ont nit-ltes we-e

~ A

deterrine’ cole 'lietricnlly eirleyings o Colenon, rodel

[

9 Yephlo-Cclic *ireter, The —w~outine cnalycis for ILCI,

nitrites, =2nd nitrates o perfomet cccordfing to the

procedure outline ™ in _tandard Ietho's (1l). Thke cyani‘e

concent stions were Jeteriine! by Ilctillation of tre

otal cyonicde ~nd Liebig tit-stion cf the igtillate (15).

PSS VN A T P ¥ S - A Y

(ats

1 ~

The twc ccr.ucn .sethess ¢f Jete'ninint the concent otlicn

bl 4

~otion an? celerinetry. Tilitration with

cr

of cronire e 11
cilver niteste with votassium 1lodile a~ the inlecoater

anc ured for the Jeter~rinoaticen cf cyanife. The end-cint

In lcw ccncentraticns woe rather 2ol but with experience,

a



D)

the enlﬁoint'was ccere eviient., The »prccelure ras Lollen
frer = owo~z verforre. ot Vale Univerzity (15). Qual-
itetive teuls were perforrel for tre precence of ferro-
cy~nlle, forricranile, a2ni thlocyanate as ncsclble cyanlie
ccnvarcion n-cfuczts, Thne qualitotive tects nerformed wrere
talien feeorn o quoiitative enclysis ronuzl (11). The
strealz-plate wethiol uzin~ Iutrient Agar (7ifco), Dextroce
Azar (5ifco), =nd a ro’ifies Ickorney's synthetic azar

ac zrowth reila were enploye® ac a reanc cf 1solatinz

the micrccrooonicoe fror the filter. The plaotes vrere
incubated 2t rcowr texperature. The nlcrcorgonicrs 1sclated

were 1 'entifie: cccoriinzg to leccrintions ocutline:® in

Ba 'rey's anunl of eterin~tive Secterlolery (3).

Cy-nlce-tolerence cstuiiecs were perforrel usinz sollum
cyoniie in voricus concentraticns ac a cource of carbon
an? nitrozen. A re’ilur ccntzininz both carbcn and a
nitrocen scurcse wWwag use’ 2z 2 cenurel.

Thecce ricroorgonicirs which wouls utllize zc - lun
cyani’s az a cole zource of nitrogen were then ciuile”
to ‘eterrine the raniiity of cyanlie re’ucticn. The
wicroorzanicme were -opente’ly incculatel 1nto cynthetic
breth with cyaniie as the nitrcgen zcurce. Tho:e rnicro-
orzenlornes uhich curvived were then 1noculated 1nto o
nurber of flaske containing the cynthetic ne iux with

cvonice. A ~“i=ztilleticn every cix hours wes nerforied Lo

T

Jeterrine the o cunt cf cyonite vtillzel by the ilcro-

(12)



org=nicrc,
stullec werce #lco rade on thz effect that different
indag of reila woull hove on the growth of 2 ricrcorganicnm

in the prezence of cyaniie.
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b3
L

Grarh 1 revre:ents the reacticon of the ricrcorgzanicrs
to the cheocek of cy~niie ac rezcured by the cranlie re-
cuctlon and nitrite profuction when “he ccncentration
of codiur cyoenife wre ~2iiel to 55 »or in the filter
The 1nitlal rencticn of thke ricrecrzanicrs to the kizh

concentration of cyaniie hod ctlwulatory effect that

&)

~elucei cvhe cyonlie ccncentration an elevatel the nitrite
p-:ciuctlon. In the three-hour »erio’ fclilowing the a.’é-
ition of cyani‘te, the cyonice re’uctlion »ractically
cenrsed with a co:recnon”ing dro» in the nitrite pro-

cticn. The ricrcorzonil re uniervent a -~low atantion

'io7 in the finnl stazez, untll the reiucticn of cyanile

o]
[¢)]

wa: nearly cornlete an® the p-o.ucticn of nitr-ites
exterely larze. In the filnal analy:is for cyanile and
nitrite, the nicroorzonicne retucen the cyaniie con-
cent 'ction te ong »pr ani were vrouciar a-snroxiiately
5,000 ppm of nitrite neczure’ ac nitrite nitrozen. The
rlcroorzanl rs ru-t re‘uce the cyznice to prciuce nitrite
while the nitrate concentration rera2in: relatively con-
ntant., Ac renortel by Pettel ond Thoras (12), nitrote
prosuctlon iz inhivited by hich craniie cencentroticns

whilch weul? acccunt fer the bulli-up of the nitrites in

the effluent.

(14)
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The BOCD,

sencved® in Gro

teinins

cyonile

a rewsure cf rlcrcbial zevlivity, 1s renre-

nvh 2, whilch char

+ '~

[N

an® the ZCU of

9 . =
N“ﬂ’\ lonlre .1e’vL

, oCtn coentl 2 e 5
texicity cf Lre cyonidie ond the cloarification cf the
gewsre pootinz tiircuzh the fllter. The 1Intinitecry actilon
cf the cy~nite wao eviient when tre avercse 309D vaoluecs
cbinine” from trhe filte: centaininz cyonlie wver2 ccunare
ith there of centrol filte~ wvlitihcut crranlie. lhe

average 3CD of tke row cerzze »luc cyanlte waz 2¢; the
averzge BCY of tre raw ceware without cronife was 1C1,

The 1lat

ter value

A

oz ¢f tre Eact

JLC oDLLIN I &~
Lenscinz Decge Plont.  the -icrcorzanicycs in the raw
rewaze rere in no wny 2 antel to craniie; therefere, tre

Z"iticon ¢of cyaniie inhibites tle octivity of the ricro-
cnt lovere” trhe BCI, The ZCZ of tre effluent

orcrnionre

cronl’e, but alce T Lhe ciociflcrtlicon ccticn of tihe 1l
~uonteate, riiilch, conte” writh a zZcorlenl rosa cf ricre-
crreniawrs, acten ~a the clorifrying azent wilthin the
filte~., 2he clarificnticn c» re ovel cf orzonic natier
frer tre raze oculs tent to lower the BCD. The
averoce 30D of the effluvent f£ro.. the filter contolning
cvaniie wac 9.8; a control-filter effluent withecub cyonl:
avera~e” arproxirctely 2C, the laotter ficure having been
teren frer & cliuilar wniece c¢f worll per~fornel by D.G.

v el

IR
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o - = c \ - v~ o~
tc Ltonlas” Lethelz (1), rmaw cewnze 1is

croonirrsz,  If the »ow -ewcce irars ubttitutel D
Inoculur fror tre efflusznt ¢l the fllter, the inter-
ference tc the ZCD by cyronise weoull be pa~tially

li2inctel by the precence cf cronlie-tclerant ricro-

lu The BC2 Ziluticn water

0O
(3
)
3
a
e
'
{
}ae
cr
-
FJ.
3
cr
&
cr
[N
|51
(@]
(@)
C
-
(vl
.

wne cegred wilith there cyonite-tecleront micreocrzonlineg
en’, with 1i-1ted re:ult:z, the ZCO of tre raw ceicce
rluc cyonite wos cirlle~ to the ECT of the raw cewes
withcut cy~ni-e.

-aa Ao -~ -

The ricrocrzonizrs refucel cr cxliized the cyranil‘e
in the filter tc cthe» fcrme which were “eterrinei by
qurlitcotive tents. The effluent 2i2 nct centain tiic-

cyaxrate, ferricyoniie, cr ferrccecyonlie but 214 centailn

ez, nivtritez, and ari.cnia. The

Cr

cc?lur creni‘e, nit-c
micrcormenicrs dectroyel the cyoniie with a oroliuction
cf &inzle zubctance:s rather than connlex cyanohy:
Cr T OuUnis.

The ricrcorgenicoe 1zcolate® on’ 1lentifiel as
cyonlle-tclerant are CZezcrlbel an’ norel in Anventix I.

The ricrceorganisis which were 1luclatel were tertel
for the =2bility cof utilizing coliur cyanlie as a ccursce
of carben ~nl nitrcgen. The ulcrcorzonizrc woull ncl uce

colivr ecysnile asz o carben zource. E:xcherichenia ccll,

(18)



Alco

(=

1#enece metrlcnll~come:

[

, Tirvechrcteriur couztile,

Achrorcbocter felicatulur, Ze-ratia niceatcrusr, and

Achrorobacter Jelr:~vae utllized sollun cyaniie ac a

scle source of nitrczen. Table 1 chcws that a syn-
thetic reliur ccontaining scdiur cyaniie in varyling
cencentraticnes ac o riltrogen scurce produced gtowth in
concentrations cf cyanlie of C

protuce:l in the lcwer ccncentraticnz. Thie phencrenon
ray hove been due to the tizher cecncentratican cf cyanide

as a nitrcgen czcurce. Iutrient brecth which was ucel 2

n

-

a conircl rmeliur ani ccntalne’ the sare cconcentraticnc
cf cyorie as the cyntretic rnediur, 118 nct »roluce
rrowth in the 20C »pr ccncentraticnz cf cvaniie.

Trcze wlcecerganicr e wiilch orew In repeated tiranc-
fere of crnthetlc relur rlthn soliur cryonlfe 2z a cole
scurce cf nitrcoren were then stuliiel te fdetecnine tle
ranliity of cyani.e —educticn. In 24 Lourc the cyaniile
in concentraticn cf 9 vor was reduceil to 1 pon by

Algnlirense ret-lce2ll~2nwez. In 3C hcours the cyanile

was reduce? fron 15.6 nox tc 1 prom by Lchrercbacter

H

Zelicatulur. Achrornchocoter 7e@’rorvae reluced the cyani

frem »rn to 2.25 nor in 24 hcurz. IThis reducticn 1is
vresentesd in Granh 3.
The growth of @ unicrcorganisr in the pretence of

collum cyanide wnz correlate’ with the zgrowth reolurm anl

the zlantaticn to cysnie. Ths redla ure’ were glucoue

(19)
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brcth, trymtose brcth, an’ nutrient brcth. The uzicro-
orgonle- s grew be:t In gluccre breth with tryntese broth

he =seccn? tect reluz ani nutrlant broth lcoct. Tith

ct

the incwlelre that tryntc:ze broth ani nutrient broth
contoin no suz~t as 2 carbechrirate zcurce, the gluccue
In glucecsze breth oy all in the protection cf the micro-

crgani-re frew the iIntibltcry effzcts of cyanice.

N 4 - S T P
nove citoterencce. ne ¢onm

—

Tobles 2 an? 3 sum-ort the ¢
t'-«

wicrcorginicr to tlgh concentratlicens cf cclilur cyanile.
Cver a period of three wcnths, the nlcrccrzanlcac were
trenszfere’ tc npizher 2an? higher cencentrationsz cf cedlun

syenile, Flovebacteriur countile wae eventuslly aiapted

!u

to 55C por cf cyaniie., Afier a pericd cf three ronth:
rect, thic acentoticn to the hich concerntration cf

cronice woe lcert (See toble 1, Illcrcorcanicn 3 ).

(26)



CICLULICH,

(1) The reiucticn ¢f cyanile ic accerpaniei by
the »nrciucticn of znitr-ltec.

(2) mMitrotes raintoine® a conctant level ani
anre~rel tc hove a <efinite cecrrelatlien /ith cyaniie
in ri+h ccncent-2ticns.

(3) The prclucticn ¢f nitrites iz ccrrelzted urith
the ¢ nnteticn of the wicrcorsenicre Lo the cyonile cen-
centr,2tlicn in the filter. The ricrcovzonicre wrill net
srefuce nitrites in kizh ocurntitien until thisc adant-

aticen ho occurel.

- (4) Cyzni’e in ccncentroticne of 1C to 56 von

interfers iith Lhe ZCZ cf thre rawr zewose anl cf tre

effluent.

(5) Tre alliticn cf cyanife-tclerant nicrcorzanicns
to the ZC7 water Jecrozce” the Interference cf cysnite
cn the TCD.

(8) Qualitative testis seer tc verify the belief

thot cyonide 1= ccnvertei Lo nitrites, nitrotes, oni

aronla,

0
[
3

(7) Thne precence cf zlucc-e in corbinotlcn rivd

[}

ccTiu. cvonile in o wesiur i sere fovoroble for tie

)

zeewtih of 2 mlcrocrzuinlor Lhen e nutelent mellun withcout

sluccce,

(27)
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(8)

of nitrccen

Sctiu

B

by ccre of

nct oz a ccurce ¢l corhen.

(9) Tre zilcrccrzunicnz can be
cr-ni’e in hi-h ccncentroticns, but
the Iish ccecrneentomticns con be lesd

three rcnohe o~ le <.

(28)
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the cymni-e-tolereont ~iorccrsoniciz and cclliur cyanl'e.
(2) The effect c¢f cyini’e u~cn the enzyre crvctens
cf the cyrnille-tclerant ricrceorconl e,
(5) Dever.ine the Jeccrrectiticon neoluzt: »relucel

LIS &
by cronile-4Le

(4) Genstic -tutle: cn tre oiontabhilisy of any

T - - . B3 2 ] Y P P =
lcrcorzini ve cediun cyonlle.
=\ o = ~ - M halah - . 2 4 . L 4 cae +
() Jeelinz of the 3CH water with cyanile-tclerent

ilercerzgrnicre shich ikt “ecrence the interference of

sCoslur eronil’e en the 2CL.

a ro.ie ucurce of coarbon cn. nivrezen.

(7) Develonrent cf a nitrote tect in the nrevence
of crrbohrrotez.

(8) <Ztudy the recviraticn of cyonife-tclevrnnt
vlercorzonicr s in the pre.ence ¢f varying concentention:
cf crorie uin~ the lorburs technique.

(9) Develowent of a ~irnle tezt fc» cyeni'e in
trke nre—encze cf inte~ferinz icno.

(1C) The po-"ibility of a’epiing a :cl. to zcllur
cyoni‘e tc be ucel in the filter o3 the deztructive

-~ PPN
-teﬁu L]

ler'nt rlcrcorznlar oo ogreym In oo iuvn cyonil

(1) ©Deter ine 4re nhvoiclesicel nebtivitier invelvine
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