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ABS“ “CD

A scale model trickling filter was put into oner-

ation with a cyanide concentration of 10 ppm. The con-

centration of cyanide was raised to 25 and finally to

56 ppm.

As the microor3&3nisxs increased the utilization of

cyanide, the production of nitrites was increased while

the nitro.te concentration rerained near a constant level.

Cyanide interfere with the measure of the BOD of the

settled sewage 1L high concentrations. The 3CD of the

effluent from the filter, thoughcaffected by cyanide,

did not show as rarked an effect as did the BOD of the

settled sewage. This nav be a tributed to the presence

of cyanide-tolerant Wiccooroan are and the clarifying

action of the filter. It is believed that with the

addition of cyanide—tolrant r:icroor3anis szs to the BOD

dilution water, the interference of cyanide on the BOD

will be diminished.

Through chemical analysr is it was determined that

1

cyanide was converted to nitrate, nitrite, and a.ronia.p
.

A medium containing dextrose was more favorable

for growth of micro rgonis 13s in the presence of cyanide

than a mediur without dextrose.

Soriium cyanide can be utilized by sore wicro-

oroanisms as a sole source of nitrogen but fail to grow
‘4
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when used as a carbon source.
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The cyanide-tolerant microorganisrs were i olate;

from the trickling filter and i entified according to

the procedures outlined in Bergey's "Hanual of Deter-
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‘1INTRODUCTIC

Cyanides are by-products of many industrial processes,

particularly those associated with the metal industry.

Cyanide wastes of varying concentrations result from the

purification of gold and silver rem their ores, in the

manufacture of water gas, and in electroplating pnocesses.

These wastes are generally discharged into city sewage

systers or directly into streams and lakes.

The cyanides in industrial wastes, when introduce

into streams and lakes, nay destroy microbial and fish

populations. When introduced into sewage plants, the

cyanides may affect adversely the biological activity in

digesteas and activated sludge systews.

Because the cyanides are poisonous, they must be re-

moved or detoxified before being dumped into a water or

sewage system. The rethods of resoving cyanides from

industrial wastes include the following: oxidation with

chlorine or permanganate, removal of cyanide as the free

acid, conversion of cyanide to thiocyanate or cyanhydrin

compounds, hydrolysis to ammonia and forsate, precipitation

of gyanide as the insoluble iron conplex, and electrolysis

of the waste liquor. The chemical methods involved are

both exoensive and tire consuming, and in addition, require

space for the collection of the cyanide-containing wastes.

A less expensive method might be the use of a trickling
\J

(3)



filter syste: w th utilization of the cyanifie by micro-

organisms.

The éiscovery of a sicroorganism which will utilize

raniie as an energy source was the ultimate goal of this

(4)
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way depen7 upon various factors, inclufing conce Mt us

of cyanifle, the nediun usei, pH, growth factors availbl

anfl the corplex nature of the cell. A siZjle n-flium

may be use to test the cy'i‘..ni<7e

0:3ll although other: requi

The majority of ricnoorganisms

‘.

119311.111\rvgrown on itfle

altlou ’"r’luents ions, , a

literature(3).
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stotenent of the ie3ree of tolerance was given.

The gram-nocitive cocci a tear to be the poet cyanide-

toleront “ionoorganicne although the" are not founi in

ebun once in :eJ13e (8). Cenrenter (6) foun: that at :-ep-

tocccci tole*et ed 5,000 ppm of cycnifie and Heroine lutee

wee cyanide tolerant but to a lee: r degree. The act-

ivity of virulent cocci was not inhibited by cyanide

while the ac tivity of evi"ulent cocci was decreeoefl (7).

‘lcelireies fe;elie was founi to be inhibited by

low concentration: of cyenide (lfi).

Burnet founfi that Evchericherie coli (5) resisted

1,000 ppm of cyaniie which agreed with the results obtained

by the e thor. Bessy (9) renorted that g. 33;; was

killed in six hours by 100,000 n-n of s Fiur cyanide.

Shirelle tolerated low co.centr2tions of cyanide while

l_'ore‘i +v‘hooc was cor“letely inhibit 1(5).

The spores of Bacillus subtil 3 are nore resistant

to cyanivie thin ere the veeetetive cells. The spores

survived five days in 1,000 pin of cyanide whereas the

vegetative cells eurvivefi only in concentrations of 100

ppm or 1 es (9).

The rereinin~ ricroorgeniszs will be considered as

one group eni incluced in this group ere roL:::, fungi,

algae. Axon: the eirae, Nitelle is cyanide-tolerant:
‘
J

:
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Q
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I

(l ) and Chlorella on SUSS”free nenia is not inhibiteiC
)

1 - f '0 A ‘0 fl .

oy cyanide (9). holds appear to oe more res is tent to

cyanide than any other organism. Holds resist ten

('5')



percent so iun cyaniie for rcre than L4 hours (16).

" . a" . M n a

coil lunii Wm-

by the cyaniie-

J
HLiterature citing the po.eibility of sodium cyaniie

as an energy souece for vicsoorganisne could not be founl

although cyoni e reluction wws notei in many cas s but

was not attributei to a direct utilization of the cyanifie

(7)
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In onfier to develope a ricrobisl flora that will

utilize yen {We as a sounce of energy, it was necess ry

to fievise a thicrling-filter oppe*etus where the filtrate

q

COUll be reci‘culet 3 to builI
I
J

up the nic;“ooiel nopuletion

on the filter substnete. A laboratory trickling filter

was constructei with proportions sixilan to those of a

pilot plant filter loceUte: on the site of the East Lansing
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Sewage Disposal Plant. The hoFel we

with a three inch diureter. The settlinr tank and feed
u

1 had five an: one liter capacities respectively.

A roller corpnessei a length of nubbe? tubing and force;

the liquii fror the feed ten; to the filter at a rate

of 30 rillili ten (
,
0

per ninute sni a recycle ratio of five

to one. The Pate of flow was controlled by the rubber

tubing on? b? a screw clsrp Jhich ce3ulates the flow

of the liquid to the purp. Figure l is a schenatic flow

new of the system. Figures 2 ani 3 are View: of the

overall Cyttef an? the putp fiesnectiveiy. The l-

The sewage fed to the filter was obtainei fTCJ t

effluent of the pnirery settling basin in the East Lansing

Plant. The ioxentic senage, ffiee frov in'uthiil wastes,

4.7 _ ,7 _ ~ V a a :: 1

often containen géoun- garters which Lfl; not settl i.
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The filte' was put into Opehitionmi h the dOLeatio

sewage effluent flue an fiTiition of ten part: p r million

of soiiux cvanide. A"e: a five-week adaption period,

the CVLHile egocentrhticn 1:3 raise; first to 25 ppm
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phoeedure outline? in gtandard Le'hoTs (

concentrations wefie ietecrine; bx histillation of the

The two cc: cn gethohe of aete':inin: the oonoentrnticn:

Mociiotnv “itnntion with

silver nitc te with potassium ioii;e a: tne iniicato?

was U"efi for the Qete*‘in.uion of cyanie. The enijoint

Q A "V -9 I L1 ' v- v. .‘I p \

in 103 ccncent;1t tn; aCS rather ”33L but Wluh expe" ence,



V

the enlooint was tore eviient. The procefiune was taken

foo: 1 Hook pebfonref at Yale University (15). Qual-

itative tests weue nonrefrei for the onesence of ferro-

cyanife, fecricyaniie, en’ thicoyanate as possible cyaniie

conversion pfioducts. The qualitative tests ”enformed were

taken fron a qualitative analysis renual (ll). The

streex-nlate rethoi usin: Nutrient Agar ($1fco), Dextrose

Agar (Difco), and a :ofifiei Bckofney's srntnetic agar

as Trowth meiia were exployei as a neon: of isolating

the microongmnioxs fron the filter. The plates NGPG

incubatei at room temperature. The ricroonganiors isolated

were iTentifie; accoriing to iescription: outline? in

Be"gey's Lanuel g; jetefirinotive Bacterioloix (3).

CynniGe-tolerence stulies uece perfODne; using soiium

cyaniie in various concentrations as a soucce of carbon

anfi nitrogen. A :efiiuw containing both carbon and a

J- .. - . r .’ .» ,- 1-

ni'oogen source 113 use; as a conchol.

Those hicnoonganiors which wouli utilize soiium

'1

cyani e as a fOle sounce of nitrogen weée then stufie“(

In,

to letennine the :ayiflity of cyani e ne’uction. ine

uicuoorganicms were ~epeate§ly inoculatei into synthetic

broth with cyanife as the nitrogen source. Those LiCDO-

organicxs which ouevivei were then inoculated into a

nutben of flasks containing th synthetic LQllUK with

cyanife. A Fistillation every six houns was perfornei to

fetertine the a cunt of cyonife utilize: by the th?O-

(12)



Stujiee wene else ngie on the effect that different

Finds of reflia woull have on the rnowth of a nicnoorganism.:

v

in the presence of cyanifie.
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Graph 1 renresents the reaction of the lice,o"""rib.s

to the shock of crani e a: LGQLuoei by the cyaniie re—

duction ani nitrite pcoiuction when the concentration

of sofiiu: cyanife was cairei to 56 ppm in the filter.

The initial reaction of the ricroorgani rs to the hi.?.h

concentnation of cyanife had a stiwulatory effect that

reduce; the cyaniie concentration and elevatei the nitrite

pfoiuction. In the three-hour perioi following the aid-

ition of cyanife, the cyanifie refuction p:uact ically

ceased with a COF‘e‘“on_i3drop in the nitrite pro-

uction. The nicroorganicns unfierwent a "low aaption

periol in the final stages, until the reiuction of cyaniie

J

vat nearly ccxplete a 6 the pic uction of nitrites:
5

extrerely large. In the final analysis for cyanine and

nitrite, the microorganisms reiuced the oianide con-

cent'ation to one ppr ant were poucin: ahproxigately

5,000 ppm of nitrite measurei as nitrite nitrogen. The

nicroorgani rs KU‘t reiuce the cyanife to prouce nitr te

while the nitrate concentration re ainc relatively con-

:tant. As reportei by Pettet enfl Thomas (12), nitrate

proiuction is inhibitefl by high cyaniie concentrations

which wouli account for the builfl-up of the nitrites in

the effluent

(l4)
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A-.The OD,

sentefl in Graoh 2,K

_..

tainin: cyanifie anfl

filter, bota of ”tic

toxicity of tEe cyan

evage no fing throu

ezsure of rfic
C

I.)i‘coia activity, i

" r‘ lfiL

JS/«Lwhich c. the BCD of sewage

the 303 of the effluent frcn b

h ”are greatl lovefiel due to the

lie on": he clnrificatioa of ”the

:h the filter. The inhibitory action

4.- I F. U f‘ '1 . - ~ 1- v ‘ J- ‘1. , 1‘ I _- I

of the ovar* e ”at ev1.enc Jaen t.e QVEJoCG 30) values

J_ . -- _ . o J- I r " ‘ v~ I (’1

o caiiew from the fil eh containing cyani e were coxpasea

~v'L‘ “\ ‘ 1 +1 .3 9— 1+ . JI' ,- L w - .‘

.lofl cuo.e of a concrol lilce* file out cyani e. lhe

average 303 of the rew sewage nlus cvini e was hr; the

average B0? of the raw sewage w thout ycni:e was 101.

The atter value was obtaire ffior the log of tre East

('.

,Je

. vr‘ ~

.Ibn7;

‘J

3'3
v

re ‘e 111

1

-u*ition of cyaniie

lr1:- “'31.

1 LA: 'Iirrio“oorgan in the

to cyanide; therefore,

organisre ani lower-e~ the 303. “he ~03 of he effluent

f?Cl the filter was lowered, not only by the pfie ence of

cyanife, but also by th cla‘ifiC'tion action of the ilter

CUth“Tt , 'hic;, so te- ”ith a zoo:leal vat. of LlCZC-

.cgani~1s, actel ’9 the cl“ ifyinr agent uitrin the

llte”. She clanifiCCticn on re ova of organi c Latt- r

fro* the senate "culF teni to lower the EU). The

average BOD of the effluent ffio; the filter conta ning

cyanifie was 9.8; a control-filter effluent without cvoniie

average? arproxirately 2C, the latter figure ‘aving been

taken fro: a sinilar iiece of work ealoc' by 3.0.
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(l), :tu. I sewige ish (
J

an inoculu: of :icro-

1 ‘ f ‘- v _-t o J. 4. :

ei-e to one 30: tilucion wave: as

. r~ . .V 7'0 ‘A ‘ V ' ‘ " . v I. ‘eigeniere. ii the new vessge was ~.ub titut o Ly on

1 w. .t'b W, 3. .001 A. .1. ,n 4.2.. -0 1 4. .3 L. .2 i,

inoculu“ iro; the eilluen. Ci one liltej, the inter-

ference to the 303 by cyeni e woul; be Lactially

’ .3 1- ? A. L. -'\ J " 1- ' ,

elidinaoel by one Léeeence of c‘,ni e—Uole'ant :ic'o-

~“ H. '1 .- I v 0 ~‘< ‘A . L t" .L g -‘ . A L '1 :‘ . ‘- ‘ O_ n J-

C geni-tc Wiupln once inoculu . Th BC; ciluoion mater

. .. ,.‘ " - J-' 1 H 7 . J- m-S -

was tee.ed x on tno e cyuni e-tolercnc .icroo:ganiorc;

cnfi, with li ited results, the 303 of t

pluc cyanife we eixilcn to the Rid of the 16: o .né

The r croorgenisrs re;ucci or criiizei the cvehiie

in the filWe to other focme which were fetennine: by
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for t‘:3e coility of «Zing, :oiiun cyaniie as a source
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broth, tryntoee broth, ani nutrient broth. The nicro-

O?32n12"7 grew begt in gluco2e broth with try:toee broth

the sec oni be€:t he iu: enfi nutrient broth lo.:t. With

the knowleige that tryptose broth eni nutrient broth

contain no ougfir as a inbthfrete EOU?CG, the glucose

in glucose bcoth ray ail in the protection of the micro-

organiohe from the inhibitorv effectto of ovaliiie.
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.
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'
:

(
‘
3

:
1

(
D

Tables 2 an} 3 supjort the above ctoterento. Th

tfibleo rloo present Late showing the adaptation of a

ricroorganiex to high concenitretione of soiiuy cm!niie.

Cver a periorl of three ronthc, the Liccoor.uni-i- were

tnensfere? to higher eni higher conc entretions ‘1 sofiium

ovenioe. Flevobecteriuh aquatile was eventuellyW..eotei

{
'
4

to 550 ppm of cyaniie. After a period of three tenth

rect, this afeptation to the h :h concentration of

cyanice woo lost (See table 1, -ic“oor”ini-u 3 ).

(26)
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(2) Nitrates rcintcinei a constant level eni

enoecnei e have a definite correlation with cyaniie

in hijh concentcntions.

\
l
l

(3) The pboiuction of nitnit': i: conrelatei with(

.14.

etion of the Kicroorgnnicrs to the cyaniie con—(
f

7
'
)
"

(
D

I C

centration in the filter. The nicroorjnnione will not

cooeuce nitfiitee in high quintities until this adant-

etion he: occure;.

— (4) Cyanifle in concentrdtions of 10 to 56 ppm

interfeés with the BCD of the new :ewage anl of the

effluent.

V!

O. 0
.
) '. O . , -.

.nt LlC?COPSfiniJLSf
-
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(5) The afliition of cycliie-to

to the ECU veto? Score: 9? the intenfehence of oyeriie

on the COD.

(6) Qualitative tests seen to verify the belief

thtt cyanide is convehtei to nitrites, nitrates, an;

"'H a .. :0 '1 ,.. ,., . J. A - , 4..

(7) ihe pre_ence oi gluco e in oouoineiion died

. .. . 0'. f . r yr ,-' x ‘9' 1 .fi. . ,—‘ (—- ‘L‘fi A

so LU. on? i_e in a leniul ig “one fhvohc.¢e.l

‘4‘

‘ ' ' .\ I I" - 1- ‘ - - ‘n y_- —‘ .. ‘ -‘- ‘

géoxtn of a :iccoosgani 3 than a nutrient leiiul without

(27)
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(8) So7iuy oycnize any De ut li ei ac a sole soucceNF
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of nitrogen by core of t

not a: a bounce of ccnbon.
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54 \J(l) h or ine the phyaioloeicel activities involvin-
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(2) The effect of cyaniie unon the enzyze oyster:

of the cyanije-tolefihnt :icrcoreeni no.
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1' T\ x. .. .2. L. .7‘ ,. ~. 4- ., ~‘ . -"

(g) eeoef ine age -eco.oooition pco_uco3 pcoiuoei.L
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(7) Develonrent of a nitrate tect in the pee enoe

of cenbohy‘?et s.

(8) Study the respiration of cyaniie-tolennnt

aicnoonginicr: in the presence of varying concentration:

of cycni?e u in: he Wonburg technique.

(9) Developnent of a wirple test for oynni e in

the pne"ence of intenferin: ionr.
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tin not liquifiei

Lictose ferientei to aci: an; 3;;

H 'fi , . ‘ 4. n 0 r“ _‘ .

U'UCCe fergezt : to gel; an“ 532

EC profucef characteniotic colonies

Isolate: fret the effluent of the filter containing

upto 5 ppm of cyaniie.

Chocactei1t ice fit be: t the::e ofE1e'icheia coll,

Bergey's (3) page 445.
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n H 7

unionism ,

Kornhology
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Rofe, long an; ocouning sing-.
.
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J

(
.
4

Kotile

Grin-negative

Yellow pigrent not water soluble

Physiology

Aerobic

filtrate: not neiuoei to nitnites

1113111? 11112: alkaline

Gelatin liquifiei

No @011 on gas from lacto:e or glucose
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Iiolatel frog the effluent oi tne lilte: containlzg
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