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Abs t rac t 

Acc l ima ted b io log ica l cu l tures were developed f r o m act ivated 

sludge taken f r o m coke plant b io log ica l waste t reatment f a c i l i t i e s . 

These cu l tu res a re capable of degrading potassium thiocyanate f r o m 

an o r ig ina l concentrat ion of 2000 m g / l SCN to less than 1 m g / l in an 

aera t ion per iod of 9 hours . pH inh ib i t ion appears to be s ign i f icant at 

values g rea te r than 7 . 6 . Subst ra te inh ib i t ion occurs at concentrat ions 

of thiocyanate g rea te r than 500 m g / l . A i r s t r ipp ing of thiocyanate 

does not appear to occur at neut ra l pH va lue . P r e l i m i n a r y assessments 

indicate that aerob ic b io log ica l o rgan isms may play a m a j o r ro le in the 

remova l of aqueous thiocyanate as found in the wastewaters f r o m the 

gas i f i ca t ion of ce r ta in coa ls . 



Prog ress Repor t 

B io -ox ida t ion of Aqueous Cyanogens Typ ica l of 

Synthane Gas i f i e r By -p roduc t Water 

Contract EY-77-5 -02-4502 .A000 

S t a r t Date: 9 / 1 / 7 7 

Date of th is Repor t : 4 /1/78 

P r i nc i pa l Invest igator : D r . Ronald D. Neufe ld , Assoc ia te 

P r o f e s s o r , Un ivers i ty of P i t tsburgh 

A l l contract requ i rements regard ing the development of th io ­

cyanate degrading b iocu l tu res and assembly of bench sized b i o - reac to r s 

a re complete at this t i m e . Sketches of the b io reac to r a re shown in 

F igu re 1 . As a de l i verab le fo r this con t rac t , approx imate ly 1 g r a m of 

thiocyanate degrading sludge shal l be packaged and hand de l ivered to 

M r . W. P. Haynes, the Technical P ro jec t O f f i ce r of the P i t tsburgh 

Energy Research Center . 

The p r inc ipa l invest iga tor has devoted at least-10% of h is t ime 

to the contract and expects to increase this percentage as t ime p r o ­

g resses . Th is leve l i s i n excess of the 8% for 6 months t ime c o m m i t ­

ment indicated in the con t rac t . A graduate research ass is tant has been 

employed fo r 1/2 t ime fo r four months of this p ro j ec t . A technician 

has been employed fo r about 50 hours fo r assistance in the const ruct ion 

of bench scaled r e a c t o r s . 



FIGURE 1 

EXPERIMENTAL APPARATUS 
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Discussion of Technical Resul ts to Date 

P r i o r research indicates that thiocyanates a re produced in an 

amount of about 0 .07 lb per pound mo is tu re ash f ree coal gasi f ied f r om 

the Synthane and Lurg i processes ( 1 ) , and in amounts of about 2 .5 

lb per pound mo is tu re ash f ree coal gas i f ied f r o m the Hygas Process . 

Concentrat ions of thiocyanate on the o r d e r of 20 to 200 m g / l have been 

repor ted f r o m the Synthane gas i f i ca t ion of ce r ta in coals (2 ) . 

A t p resent , severa l states inc luding Pennsylvania have a " ze ro 

d i scharge" requ i rement fo r cyanogens (and cyanides) . Thus , cyanogen 

remova l i s a requ is i te fo r the env i ronmenta l l y acceptable operat ion of 

SYNTHANE and other coal gas i f i ca t ion p rocesses . 

F o r l a r g e r scale coal gas i f i ca t ion processes to come on s t ream 

by the m id 1980's, wastewater t rea tment processes must be developed 

f r o m essent ia l ly cu r ren t l y avai lable best t reatment a l t e rna t i ves . The 

t rad i t iona l approach to thiocyanate (and cyanogen remova l ) i s batch 

ch lo r i na t i on . This approach, wh i le v iab le fo r the metal p lat ing i n ­

d u s t r y , is not appl icable to coal convers ion processes due to the phenol ic 

nature of gas i f i e r eff luents and the inherent tendency to f o r m toxic c h l o r -

phenol ic b y - p r o d u c t s . Ch lo r -pheno l i cs exhib i t tas tes , o d o r s , and t o x i ­

c i t i es to an imals in waters at the par ts per b i l l i on l e v e l . 

The steel indust ry has u t i l i zed b io log ica l processes f o r the t r ea t ­

ment of the phenolic content of coke plant was tewaters . These fac i l i t i es 

a re not spec i f i ca l l y designed f o r th iocyanate remova l and such remova l 

is repor ted to occur in a somewhat unpredictable fash ion. Acco rd ing l y 

wh i le p roo f of p r inc ip le data ex is ts in the l i t e r a t u r e fo r thiocyanate b i o -

degradat ion l i t t l e data ex is ts regard ing k ine t ic and other design p a r a ­

mete rs necessary f o r p red ic t ion of process app l i cab i l i t y and s tab i l i t y 

f o r use by SYNTHANE and other coal convers ion p rocesses . 

-# 
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The purpose of this i n i t i a l slS* month cont ract i s to demonstrate that 

b io log ica l cu l tures in s ign i f i cant quant i ty could be developed that a re 

capable of thiocyanate degradat ion in concentrat ions typical of 

SYNTHANE ef f luents . Prev ious research in this area ("3,4,5) has centered 

on the b iochemis t ry of such react ions ; l i t t l e is known to date re la t ive to 

key parameters necessary fo r the design of an engineered sys tem. In 

September , 1977, approx imate ly 20 l i t e r s of act ivated sludge were obtained 

f r o m the C l a i r t o n , PA plant of United States Steel C o r p . Th is plant has a 

coke manufactur ing fac i l i t y and t reats i t s l i qu id waste b io log ica l l y . The 

act ivated sludge received was amber in co l o r , had s ign i f i cant f loat ing o i l s , 

and exhibi ted s t rong phenol and c reso l odo rs . 

The sludge was brought to the Envi ronmenta l Engineer ing 

Labora tor ies of the Un ivers i ty of P i t t sburgh and al lowed to aerate fo r 

two days fo r s t r i pp ing and remova l of soluble vo la t i le organic ma te r ia l s 

and sk imming of sur face o i l y m a t e r i a l s . Acc l ima t i on of the cu l tu re to 

thiocyanate (SCN) was begun by feeding the sys tem a da i ly d iet of 

100 m g / l SCN and 100 m g / l dext rose w i th appropr ia te leve ls of phos­

phate nut r ient buf fer so lu t ion . Dextrose was u t i l i zed dur ing this phase 

because i ts use i s repor ted to resu l t i n shortened t imes fo r thiocyanate 

acc l imat ion (6 ) . Th is per iod of acc l imat ion lasted f o r about 1 month 

dur ing which t ime an at tempt was made to develop continuous cu l tures 

systems wi th no ce l l r ecyc l e . Organ isms capable of growth on the 

media prov ided were retained in the continuous reac tors wh i le others 

were washed out . Detent ion per iods of 24 hours resul ted in eff luent 

SCN levels of 1 m g / l o r less whi le reac to rs w i th detent ion t ime of 16 

and 21 hours prov id ing poorer qual i ty e f f luents . 

A f t e r 4 weeks of cu l tu re acc l ima t ion and p u r i f i c a t i o n , a second 

phase of acc l imat ion was begun whereby the res idual b iomass was 

co l lec ted , concent ra ted, and placed into one 8 l i t e r reac to r operated 

on a batch bas is . Th is reac to r was fed 500 m g / l SCN da i ly wi th no 
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dextrose o r o ther supplemental organic ca rbon .sou rces . The sys tem 

Was fed and aerated f o r 23 hou rs . A i r was then turned oPf and o rgan isms 

were al lowed to set t le for 1 hour . Samples were taken of so l i ds , p H , 

NH , S C N , and a lka l in i t y as needed . One l i t e r o f supernate was wasted 

each day and replaced wi th tap water and su f f i c ien t potassium th io ­

cyanate so that the SCN*concentratton at the beginning of the next 24 

hourcyc le was 500 m g / l . At th is point i n the exper imenta l p r o g r a m , 

the 500 m g / l SCN was chosen as the max imum SCN level due to publ ished 

repor ts of substrate inh ib i t ion occu r r i ng at h igher leve ls (7 ) . As shown 

below SCN degradat ion at 1000 m g / l were demonstrated as being feas i ­

b l e . 

Dur ing the course of f i l l and d raw opera t ion , the sludge assumed 

a l ight brown co lor and gave off no odor . A l ight p in -po in t f loe became 

evident which is typical of young rap id ly growing s ludge. Spec i f ic th io ­

cyanate removal rates rose f r o m 0 .5 lb SCN removed / l b b iomass-day 

to 2 .1 lb SCN removed / lb b iomass-day dur ing the course of this phase 

of exper imenta t ion . The pH was held at 6 .7 to 7.0 and the alkanani ty 

was about 300 m g / l as CaCOg. A s m a l l tncrease of about 15-25 m g / l 

was noted in the NH 3 concentrat ion dur ing the course of ae ra t ion . Th is 

i s consistant w i th observat ions that ox idat ion of SCN leads to C02» 

protop lasm and N H g . N0 3 may s i m i l a r l y be Pormed by the b io log ica l 

n i t r i f i ca t i on of N H _ . F u r t h e r research is proposed to complete the 
3 

mater ia l balance fo r n i t rogen in the process and to account fo r possib le 

s imultaneous b io log ica l n i t r i f i c a t i o n . 

A t h i r d phase of exper imenta t ion was s ta r ted on October 28 

when about 3800 mg of non pur i f i ed but acc l tmatedU. S . Steel thiocyanate 

degrading organ isms were placed in a 6 l i t e r batch bto r eac to r . Th is 

system was compared side by side to 2000 mg of the prev ious ly developed 

pur i f ied cu l tu re fo r spec i f ic ra tes of thiocyanate degradat ion. The non-

pur i f i ed cu l tu re exhibi ted a rate of 0 .67 mg SCN removed /mg b iomass -

day. Thus e i ther the pur i f i ed cu l tu re was bet ter acc l imated to SCN 
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•» 
o r the non pur i f ied cu l tu re contains b iomass o r organic ine r ts that 

l ower the apparent b io log ica l ac t i v i t y of the en t i re mac rosys tem. 

In e i ther case, this exper imenta l phase h ighl ights the impor tance of 

u t i l i z ing a pur i f i ed and acc l imated cu l tu re of m ic roo rgan i sms fo r 

SCN r e m o v a l . M i c r o o r g a n i s m may be developed over t ime f r o m 

coke plant wastewater t reatment f a c i l i t i e s , but a d i rec t u t i l i za t ion 

of these organ isms wi thout an appropr ia te per iod of acc l imat ion 'and 

pu r i f i ca t i on w i l l lead to unsat is fac tory pe r fo rmance . 

Dur ing the course of exper imenta t ion , the pH of each b io reac to r 

was al lowed to reach 7 . 6 . A t this pH the spec i f ic ra te of removal dropped 

to 0 .36 and 0.28 mg SCN r e m o v e d / m g btomass-Day f o r the pur i f i ed and 

non pur i f i ed cu l tures respec t ive ly ind icat ing inh ib i t i on . 

Th is level of inh ib i ted ac t i v i t y was maintained in-adver tent ly fo r 

a per iod of about 7 days. Subsequent pH depression to the range 6 .8 

to 7.0 wi th H 2S04 in each reac to r resul ted in renewed ac t i v i t y Indicated 

that the a lkal ine pH leve l acted as an inh ib i to r to the sys tem and not 

as a tox icant . 

Dur ing the second week in November , the two batch bio reac to rs 

were converted to semi-cont inuous systems wi th imposed ce l l wast ing rates 

of 1/20 per day, pH was moni to red and held to the range 6 .8 — 7 . 1 . T h i o -

cayanate was reduced f r o m 500 m g / l to less than 1 mg in the 23 hour 

aerat ion t ime indicat ing spec i f i c remova l ra tes of 1.14 mg SCN r e m o v e d / 

mg b iomass-day for the pu r i f i ed cu l tu re and 0.653 mg SCN removed /mg 

b iomass-day fo r the non-pur i f ied c u l t u r e . 

F o r comparat ive purposes, a ra te of 1. 14 is t ranslatable to a 

COD basis as fo l lows as found fo r the 20 day sludge age sys tem: 

1.14 mg SCN removed x 12 mg Ca rbon x 32 mgOo = 0.63 mg COD removed 

mg B iomass-Day 58 mg SCN 12 mg Carbon mgB lomass -Day 
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Beginning December 1978, the bac te r ia were fed increas ing amounts 

of potass ium thiocyanate to see tne effects of h igher concentrat ions on 

• metabo l ism ra tes . 

I n i t i a l l y , two semi continuous systems were operated at imposed ce l l 

wast ing rates of 1/15 and 1/20 per day respec t i ve ly . Thiocyanate was 

removed f r o m 1000 m g / l to about 800 m g / l in 24 hours in the 15 day sludge 

age sys tem and f r o m 1000 m g / l to 600 m g / l i n 24 hours in the 20 day sludge 

age s y s t e m . 

The sludge wasted f r o m these two reac to rs was co l lec ted , concentrated 

and placed in a separate conta iner . When a suf f ic ient quant i ty of concentrated 

sludge was accumula ted, another semi continuous uni t was operated at an 

imposed ce l l wast ing rate of 1/35 per day. 2000 m g / l SCN was fed to th is 

uni t and condit ions were mon i to red . 

The 3 semicont inuous systems were operated under these condit ions 

fo r abour 2 months. Each sys tem had become acc l imated to the higher 

concentrat ions of thiocyanate and were at a point where a l l thiocyanate added 

was being removed in 24 hou rs . Reactor tempera tures were maintained at 
+ + 

22°C - 2 ° C , and pH was maintained at 7 .0 - 0 . 2 . 

The sludge at th is stage of the exper iment was s i m i l a r in appearance 

to o rd ina ry act ivated sludge except that i t was l i gh te r i n co lo r and gave 

off no odor . I f ag i ta t ion was stopped, the sludge fo rmed la rge f loes and 

set t led read i l y . 

A se r ies of batch cont ro l led exper iments were conducted to de termine 

ce l l growth ra te , ce l l y ie ld and ammonia product ion rate f r o m thiocyanate 

degradat ion. The procedure was as fo l lows: 

1 . P r i o r to addi t ion of th iocyanate, the pH of each reac to r 
was adjusted to 7 . 0 . 

2 . Suf f i c ien t potassium thiocyanate was added to b r ing 
the concentrat ion of thiocyanate to the des i red l e v e l . 

3 . A t t ime ( t ) = 0 , and at each succeeding hou r , samples 
were w i thdrawn and analyzed fo r S C N , b i omass , and NH3. 
Samples were w i thdrawn unt i l the concentrat ion of SCN 
dropped below 1 m g / l . 
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Typ ica l data obtained f r o m this exper iment i s shown i n Table 1 and 2 

The in i t i a l concentrat ion of SCN in th is b i o - reac to r was approx imate ly 

2000 m g / l w i th an i n i t i a l concentrat ion of b iomass measured as total 

suspended so l ids (TSS) of 2865 m g / l . 

As shown in f igure 2 , the thiocyanate concentrat ion is reduced to 

less than 1 m g / l in 9 hou rs , w i th a corresponding increase in so l ids 

concentrat ion ( f igure 3 ) . F igu res 2 and 3 indicate that g rowth i s in the 

log phase w i th no i n i t i a l lag phase. 

The re la t ionsh ip between m i c r o b i a l g rowth and substrate u t i l i za t ion 

can usual ly be modeled by the equation 

(1) dx __ a ds _ ,-,< 
d t d t 

where 
dx = net g rowth rate o f m i c roo rgan i sms 
dt per unit vo lume ( m a s s / v o l u m e - t i m e ) 

a « g rowth y ie ld coef f ic ient (mass /mass ) 

ds = rate of m i c r o b i a l substrate u t i l i za t ion 
dt per uni t vo lume ( m a s s / v o l u m e - t i m e ) 

b = m i c roo rgan i sm decay coef f ic ient ( t ime ) 

x = m ic rob ia l mass concentrat ion (mass /vo lume) 

I f the bacter ia a re in the log g rowth phase, than i t may be assumed that 

decay i s ins ign i f i cant 

o r b ~ 0 

and 

(2-) f£ = a d s 
dt dt 

Over a f in i te t ime p e r i o d , this equation becomes 

(3) &X _ a -4S 
Z_ t £ t 

and 

(4) a = AX/At 
£s/dt 
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TABLE 1 
TYPICAL MEASURED EXPERIMENTAL DATA - BATCH REACTOR 

i 

TIME & t 

0 
Hours 

1 

2 

3 

4 

5 

6 

7 

8 

M L S S 

2900 
2830 

3000 
2930 

2850 
2840 

2950 
2670 

2970 
3030 

2920 
3130 

3130 
2960 

3200 
3150 

3180 
3050 

[SCN1 

2070 
2025 
2040 

1755 
1710 

1575 
1500 

1440 
1350 
1170 
1215 
1140 
990 
945 
900 
720 
660 
630 
420 
418 
414 
180 
180 
174 

[NH31 

243 

243 

376 

376 

440 

440 

458 

458 

458 



t 
(hr)| 

T S S 
( M g / l ) 

VSS 
( M g / l ) ( M g / l ) 

A VSS 
( M g / l ) 

SCN 
( M g / l ) 

0 

1 

2 

3 

8 

2870 

2885 

2910 

2947 

2985 

3020 

3058 

3095 

3132 

2152 

2164 

2182 

2210 

2239 

2265 

2294 

2321 

2349 

2158 

2173 

2196 

2225 

2252 

2280 

2308 

2335 

12 

18 

28 

27 

26 

29 

27 

28 

1960 

1780 

1600 

1400 

1180 

940 

680 -

420 

150 

S C N A V G 
( M g / l ) 

1870 

1690 

1500 

1290 

1060 

810 

550 

285 

ASCN 
( M g / l ) 

180 

180 

200 

220 

240 

260 

280 

270 

^ V S S 

A S C N 

0.067 

0 .10 

0 .14 

0.123 

0.108 

0.112 

0.104 

0.104 

4 S C N / 4 t 

4 VSS 
AVG 

0.0834 

0.0828 

0.0911 

0.0989 

0.1066 

0 .114 

0.1127 

0.1156 

VSS 

VSS 
0 

1 

1.01 

1.014 

1.03 

1 .04 

1.05 

1.07 

1 .08 

1.09 
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For the data of table 1,, a preliminary estimate of "a" is on the order 

of 0.113 Lb VSS produced 
Lb SCN oxidized 

If we consider the growth of bacteria to follow a first order relationship 

as is the case in the log growth phase, we may write 
dx 

(5) _ = Kx 
dt 

— 1 
where K is the growth rate (time ) 

Rewriting and intergrating 

(6) L n
 x 2 = Ln x 1 + Kt 

(k) 
A plot of this relationship is shown in figure 3. The slope of this line v ' 

is 0.011. 

The doubling or generation time of these organisms (t^) may be computed 
, : t_, = Ln (2) which yields td= 63 hrs. 

The rate of substrate utilization can be approximated by the following 

formula outlined by Valiknac (8) 
A 

v = V - ^ - o 

KV+ S 

where _ AS/'& t = rate of substrate utilized 

X per unit cell concentration 
A 
V = maximum rate of substrate utilization 

per unit cell concentration 

s = waste concentration at which rate of waste utilization 

per unit weight of microorganisms is one-half the 

maximum rate. 

Substrate inhibition changes the relationship of substrate concentration 

as related to specific substrate utilization rate. 

Plotting the data of table 1 in this manner produces the plot of figure 4 

which indicates substrate inhibition at SCN levels over 500 mg/l. This 



0.16 

(0 

u 
0 
o 

H 
H 
<*J 
« 

2 
H 
<; 
N 

d 
& 

U 
CO 

U 
t—i 

h 
>—i 

U 
w 
p< 
CO 

1600 2000 

CONCENTRATION OF THIOCYANATE - m g / l 

i 



agrees w i th publ ished repor ts of; observed substrate inh ib i t ion of SCN 

concentrat ions g rea te r than 500 m g / l ( 7 . 9 ) . 

F r o m f igure 4 the max imum remova l rate i s about 0 .12 !~LSCN 

lb S S - H r 

f r o m one hal f the m a x i m u m rate and k s may be est imated to be about 

30 m g / l ; however , parameters sui table fo r design have not been obtained 

at th is t i m e . 

Ove ra l l b iomass y i e l d ^coefficient (a) is approx imate ly 0.157 (SCN 

basis) and 0.759 (TOC bas is ) . 
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Ammon ia Product ion - P r e l i m i n a r y Ma te r i a l Balance 

Ammon ia i s produced as a b y - p r o d u c t of SCN ox ida t ion . P r e l i m i n a r y 

resu l t s show that when the concentrat ion of ammonia du r i ng the b ioreact ion 

is ,p lo t ted versus t ime ( f i gu re 5) i t appears that the m a x i m u m amount of 

ammonia produced occurs dur ing the f i r s t 4 hours of the tes t . Th is is 

shown m o r e g raph ica l l y i n the sem i log plot of f i gu re 6 . 

Approx imate ly 260 m g / l N H g i s produced dur ing the biodegradat ion 
VSS of 1800 m g / l S C N . Using the g rowth y ie ld coef f ic ient of 0.113 m 3 

mg S C N , 

approx imate ly 205 m g / l of new ce l l s a re produced. Using an average 

ce l l n i t rogen content of 14%, 3 .5 m g / l NHg goes to the product ion of 

new ce l l s . Theo re t i ca l l y , in the biodegradion of 1800 m g / l S C N , 530 m g / l 

NH_ i s produced. Consider ing that 35 m g / l NK_. goes to c e l l s , 495 m g / l 
PRO 

NHo should be produced dur ing the b io rac t i on . Acco rd ing l y on ly £ 2 ^ o r 

53% of the theoret ica l amount i s accounted for in this exper imen t , the r e ­

mainder possib ly being ox id ized to n i t ra te o r n i t r i t e o r being s t r ipped out 

of so lu t ion . Fu tu re work shal l del ineate the per t inent m a t e r i a l balance 

components. 
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Thiocyanate S t r ipp ing 

P r i o r to beginning the batch b io logical exper iment a cont ro l 

reac to r w i th no b io ta containing approx imate ly 110 m g / l of t h io ­

cyanate in a l i qu id vo lume of 2 l i t e r s at neutra l pH was aerated for 

a 2 week per iod in o rde r to de termine i f thiocyanate would be s t r ipped 

f r o m so lu t ion . The cont ro l reac tor contained only thiocyanate wi th no 

chemica l nu t r i en ts . The l iqu id volume was brought to 2 l i t e r s da i ly to 

account for evaporat ion losses p r i o r to samp l ing . Resul ts are shown 

in f igure 7 f r o m which i t may be concluded that a i r s t r ipp ing of th io ­

cyanate does not occur and that any reduct ions in thiocyanate are due to 

m ic rob ia l degradat ion ( 5) . 
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Conclusions 

1 - Mixed cu l tu res have been developed f r o m coke plant b io log ica l 

waste t reatment fac i l i t i es that a re capable of degrading thiocyanate f r o m 

leve ls of 2000 m g / l to 1 m g / l in a 9 hour aerat ion p e r i o d . 

2 - Thiocyanate biodegradat ion appears to be inh ib i ted at pH leve ls 

of 7 .6 and h igher . M a x i m u m biodegradat ion rates were observed in the 

pH range of 6 .7 to 7 . 2 . 

3 - Ammon ia appears to be a by product of SCN b iodegradat ion. 

A def in i t i ve n i t rogen balance however , has not as yet been done. 

4 - Organ isms taken d i r e c t l y f r o m a coke plant b io log ica l was te ­

wate r t reatment f ac i l i t y should be acc l imated and pur i f i ed p r i o r to use 

to assure sa t i s fac to ry pe r fo rmance . 

5 - Substrate inh ib i t ion is evidenced at thiocyanate concentrat ions 

g rea te r than 500 m g / l . 

6 - Thiocyanate i s not a i r s t r ipped f r o m abiot ic reac to rs at 

neut ra l p H ; hence a l l SCN remova l i s due to b io log ica l degradat ion . 

7 - Cel l y ie ld i s about 0 .16 l b . ^ l ] s produced 
3 H^ttetoeyanate • ox id ized 

8 - The max imum observed ce l l g rowth rate i s 0.011 h r 

9 - The m a x i m u m rate o f subst ra te u t i l i za t ion i s approx imate ly 

0 .125 lb SCN 

lb V S S - h r 
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