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Abstract

Acclimated biological cultures were developed from activated
sludge raken From coke plant biolog{cm wastetreatment facilities,
Thase cultures are capable of degrading potassium thiccyanate from
an original concentration of 2000 Mg/l SCN to less than 1 mg/1 in an
asration period of 9 hours, pH inhibition appears to be sigmificant at
values greater than 7,8, Substrate inhibition occurs at concentrations
of thioccyanate greater than %00 mg/l. Air stripping of thiocyanate
does not appear to cceour at neutral pH value, Preliminary assessments
indicate that aerabic biclogical organisms may play a major role in the
reroval of aquesus thincyanats as found in the wastewaters From the

gasification of certain coals,
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Progress Report

Bio-oxidation of Aqueous Cyanogens Typical of
Synthane GasifMer By=product Water .
Contract EY-77-5-02-4%02.4A000

Start Date: S/ /77
Date of this Report: 4/1/78

Principal [nvestigator: Dr, Rorald D, Neufeld, Associate
Professor, University of Pittsburgh

All contrack requirements regarding the development of thio=-
cyanate degrading bioccultures and asseambly of bench sized bio—-reactors
are complete at this time. Sketches of the bioreactor are shown in
Figurae 1. As a deliverable for this contract, approximatety 1 gram of
thiocyanate degrading sludge shall be packaged and hand delivered to
Mr. W. P. Haynes, the Technical Preject Officer of the Pittsburgh
Energy Research Center, 1

The principal investigator has devoted at leask-10% of his time
bt the contract and expects o increase this percentage as time pro-
gresses, This lavel i in excess of the 8% for 8 months time commit-
ment indicated in the contract, A graduate research assistant has been
employed for 1/2 timea for four months of this projact. A technician

has baen employed for aAbout 50 hours for Assistance in the construction

of banch scaled reactors,




FIGURE 1

EXPERIMENTAL APPARATUS
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Discuxsion of Tachnical Results to Date

Prior ressarch indicates that thiocyanates ara produced tn an
armount of about 0,07 Ib per cound moikture ash free coal gaxified from
the Synthane and Lurgi processes { 1 }, and in amounts of about 2.5
b par pound rmoisture ash free coal gasified from the Hygas Process,
Concentrations of thiocyanate on the order of 20 to 200 mg/l have been
reported from the Synthane gagification of certain coals (2},

At present, Zaveral states including Pennsylvania hiive & "Zeéro
discharge" reguirement Ffor cyanogens (ard cyanides), Thus, cyanogen
remaval (£ a requisite for the ervironmentally accaptable oparation of
SYNTHANE and other coal gasification processes,

For larger scale coal gasification processes to come on stream
by the mid 1980"s, wastawatar tréabtmaent processas must be developed
from assentially currently avallable bast treatment alternatives, The
traditional approach to thiccyanate (and cyanogen removal)is l::atch
chlorination, This approach, while viable for the metal plating in-
dustry, is not applicable to coal conversion processes dus to the phamnolic
nature of gasifier effluents ard the Inhairent tendency to farem toxic chlor-
phenolic by=products, Chlor-phenolics exhibit tastes, odors, and toxi-
citias by animals in waters at the pArts par billion leval,

The stael industry has utitized Blologtcal processss for the treat-
meént of the phanolic contert of coke plart wastewaters., Theae facilities
are not specifically designed For thiocyan ate remowil and such removal
is reported to occur in & somewhat unpredictable fashion, Ac::\nr-dingly'
while proof of principle data exists in tha literature for thiocyanate bio-
degradation little data exists regarding kinetic and other dasign para-

meters necessary for prediction of process applicabiiity and stability

for use by SYNTHANE ard othar coal corversion processes,




The purpose of this inltal si% rmonth contract is to demonstrate that
.'bintngical cultures in significant quantity could ba develapad that are
capable of thiocyamate degradation in concentrations typical of
SYNTHANE effluents, Previous ressarch in this area (3,4,5) has centerad
on the biochemistry of such reactiomns; little is known o date relative to
key parameters necessary for the design of an engineered system, In
Septamber, 1977, approximately 20 liters of activated sludge were obtained
From the CIEH rton, PA plant of United States Steel Corp, This plant has a
coke manufacturing facility and breats its liguid waste biclogically. The
activated sludge received was amber in color, had significant Roating oils,
and exhibited strong phenol and cresol odors.

The sludge was brought to the Ervironmental Engineering
Laboratories of the University of Pittsburgh and allowed to aarate for
bwe days for stripping and removal of soluble volatile organic materials
and skimming of surface oily materials. Acclirmation of the cuolture to
thiocyanata (SCN) was bagun by faedirg tha systerm a daily diet of
10C mg/1 SCN and 100 mg/t dextrose with appraopriate levels of phos—
phate nutrient buffer solution. Dextrose was utilized during this phase
because ks use is reported to result in shortenad times for thiceyanate
acclimation (8). This peried of acclimation tasted far about ~1 month
during which time an attermpt was made to develop continuous cultures
gysterms with no cell recycle, Organisms capable of growth on the
media provided were retained in the continuous reactors while othars
were washed cut, Detention perlads of 24 hours resulted in effluent
SCN lavels of 1 mg/l or less while reactors with detention time of 16
and 21 hours providing poorer quality affluents.

After 4 weaeks of culture acclirmation ard purification, & second
phase of acclimation was bagun whereby the residual biomass was
collectad, concentrated, and placed intc orne 8 liter reactor n‘rper'\atad
on a batch basis, This reactor was fed 500 mg/1 SCN daily with no
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daxtrase or other supplamental organic carbon. sources, The system

was fed and aerated for 23 hours, Air was then turned off and organisms
weare allowed to settle for 1 hour, Samples were taken of solids, pH,
NH_. SCN, and alkalinity as needed, One liter of supernate was wasted
each day and replaced with tap water and sufficlent potassium thio~
cyanate so that the SCN'concentration at the baginntng of the next 24
hourcycle was 500 mg/1. At this point in the expecimental program,

tha 500 mgA SCHN was chosen as the maximum SCN level duelh to published
reports of substrate inhibition oceurring at highers lavels (7)., As shown
below SCN degradation at 1000 mg/l were dermonstrated as being feasi-
ble,

During the course of fill and draw operation, the sludge assurmed
a light brown color and gave off no odor., A light pin=point floc became
avident which i= typical of young rapldly growing sludge, Specific thio-
cyanate removal rates rose from 0,5 Ib SCN removed/lb blor'lnass-day
to 2, % b SCN removed/1b biomass-day during the course of this phasa
of experimentation. Tha pH was held at 6,7 to 7.0 and the alkananity
was about 300 mg/1 as CaClgy. A small increass of about {5=25 mg/
was noted in the NHg concentration during tha course of neration, This
is consistant with cbasrvations that oxidation of SCN leads to OOy,
protoplasm and NH,. NO3z may similarly be formed by the biological
nitrification of NHS « Further reasearch is proposed to complate the
material balance for nitrogen tn the process and to account for possible

simwitanaous blologicat mitrtfication,

A, third phasa of exparimentation was started on Qctober 289
when about 3800 myg of non purified but acclimatedd, S5, Stesl‘l:htccyamte
degrading organisms were placed \n & 8 jiter Datch bio reactar, This
system was cormpared side by side to 2000 mg of the praviously developed
purified culture for specific rates of thiocyanate degradation, The non-
purified culture exhibited a rate of 0,867 mg SCN removed,/myg blomass-
day. Thus either the purified culture was bettar acclimated to SCHN
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or tha non purified culture contains biomass or organic inerts thak

lower the apparent biglogical activity af the antire macrasyatemn,

In aither case, this experimental phassa hlghllghts the importance of

wtilizing a purified arnd acclimabed sulture oF microorganiemes for
SCN remowval, Microorganism may be developed over time from
coke plant wastewater treatrment facilitias, but a girect utilization
of these nrgmisms withaut an appropriate period of acclimation'and

purification will lead to unsatisfactory performance.

During the coursa of exparimantation, the pH of each bloreactor
was allowed to reach 7.6. At this pH the specific rate of removal dropoed
to 0.36 and 0,28 mg SCN removed/mg biomass-Day for the purified and
non purified cultures respectivaly indicatirng irhibitlion.,

This lavel of inhiblted activity was maintained in-advartantly for
a period of about 7 days. Subsequent pH depression to the range 6.8
bo 7.0 with Hy 504 in each reactor resultad in renewed activity indicated
that the alkstine pH laval acted as an inhibitor to the systerm and not

as a toxicant,

During the sacond weeak in November, the two tatch binlr‘euctors
weare convertad to semi-continuous systerns with imposad cell waslting rates
of 1/20 per day pH was monitored and held to the rarnge 8,8 —=7.1, Thio-
cayanate was raduced From 500 mg/l to laaa than 1 mg in the 23 hour
aeration time Indicating specific removal rates of 1,14 myg SCI-N removed,/
mg biomass=day for the purified culture and ¢,653 mg SCN removed/mg

biomass-day foar the nern-purified culture.

For cormparative purposes, a rate of 1, (4 1s translatable to a
COD basis as foltows as found for the 20 day sludge age systemn;

1.14 mg SCN removed . 12 mg Carbon, 32 mgls = 0.83 mg Q0D removed

mg Biomass=Day 58 mg SCN 12 mg Carbon mgBlomass~Day
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Begirning December 1978, the bacteria were fed increasing armounts
of potassium thiocyanate to see the effects of higher concantrations on

- meatabolism rates,

Imitiatly, two semicentinuous systems were operated at {mposed cell
wasting rates of 1/15 and 1/20 per day respectively. Thlocyanate was
removed from 1000 mg/1 to about 800 mo/sl in 24 hours in the 15 day sludoe
age systerm and from 1000 mg/l to 800 mg/1 in 24 hours in the 20 day sludge
age system,

The sludge wasted from these bwo reactars was caollected, concentrated
and placed in a separate contatner, When a sufficient gquantity of concentrated
studge was accurmulated, another sermicontinuous unit was operated at an
imposed catl wasting rate of 1/35 per day. 2000 mg/l SCN was fed to this

unit and conditions ware rmonitored.,

The 3 semicontinuous systermns were gperated under these conditions
for abour 2 months. Each systern bad become acclimated to the higher
concentrations of thiocyanate and were at a point where all thiocyanate added
was being removed in 24 hours, Reactor temperatures were maintained at

+ &
22°C = 2°C, and pH was maintained at 7.0 — 0.2.

The sludga aLk this stage of the exparimant was similar in appearance
to ordinary aclkivated sludge except that it was llgh‘ter in coler and gave
off mo odor. IF agitation was stopped, the sludge formed large flocs and
seltlsd readily,

A series of batch controlled experiments were cornducted to determine
call growth rate, call yvield and ammonia production rate From thiosyanata
degradation, The procedure was as follows:

i. Prior to addition of thiscyanate, the pH of each reactor
was adjusted te 7.0,

2. Sufficient potassium thiocyanate was added to bring
tha concentration of thiceyanate b the desired lavel.

3. Aftime (t) s 0, and at each succeeding hour, samples
were withdrawn and analyzed for SCN, biornass, and NH,.
Sarmples were withdrawn untll the concentration of SCMN

dropped below 1 myg/l.




Typical data abtained Frem this experiment I8 shown in Table 1 and 2
The initial concentration of SCN in this big-reactor was approximately

2000 Mg /T with an iniHal concentration of biomass measurad as totat
suspended solids (T55) of 2865 mg/1,

Ag shown in figure 2, the thiocyanate concentration is reduced to

lass than 1 Mg/ in 9 hours, with & correspording increase in solids
concentration (Figure 3), Figures 2 and 3 indicate that growth is in tha

log phase with no initial lag phase.
The relakionship batwean rmlcrobial growth and substrate utilization

can usually be modeled by the equation

(1) 9% - gds _ px

dt dt
where
dx = net growth rate of microorganisms
dt per umt volume {mass/volurme=tirmea}
a growth yield coeffictient (mass/mass)
ds rate of microblal substrate utilization
; per unit volurne (mass/volume=time)
microorganism decay coafficient (L me_1)
» micrabial mass concantration {(mass/volume)

If the bacteria are in the log growth phase, than it may be assurned that

decay is insignificant

orb o« O

anct
dx ds
@ de ot

Over a finite time period, this equation becormes

@ ax ., As
At At

and
(8 a =AX/Ar




r'l"'r"PICAL MEASURED EXPERIMENTAL DATA = BATCH REACTOR

L)

TABLE t

TIME Bt MLSS [SCN? [NHz]

0 2000 2070 243
Hours 2830 2025
2040

1 3000 243
2030 1755
1710

2 2850 are
2840 1575
1500

3 2050 378
2670 1440
1350

4 2870 1170 440
3030 1215
1140

5 2920 S90 440
3130 945
800

& 3130 720 458
2960 680
630

7 3200 420 458
3180 418
414

8 3160 180 458
3050 180
174




AVSS |ASCN/4 £]| VSS

t TSS VSS vsa‘ AVES SCN SCNy,| ASCN & SCN | 8VES

(hrX Mg/ (Mg/ly| (Mg | (MaAD)|  (Mg/h) | (MgAY | (Mg D) AVG vssn )

0 | 2870 2152 1960 1
2158 12 1870 180 0.067| 00,0834

1 | 2885 2164 1780 1.01
2173 18 1500 180 0.10 | 0.0828

2 1 2910 2182 1500 1.014
2196 2B 1500 200 0,14 0.0911

4 | 9ga7 2210 1400 1.03
2025 27 1290 220 0. 123| 0.0989

4 | 2085 2239 1180 1.04
plelols 26 1060 240 0.108| 0.1086

5 | 3020 2265 S40 1.05
2280 20 810 260 0. 112} 0.114

6 | 2058 2254 680 - 1.07
2308 27 550 280 G.104| 0.1127

7 | 3095 2321 420 1.08
2335 28 2BS 270 0.104| 0,1156

8 | 3132 2349 150 1.09

®eQg J03oRsw01g YNRG

2 37avl
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THIOCYANATE REDUCTION
BY MICROORGANISMS
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For the data of table 1, a praliminary ectimate of "a" {g on e order

of 0.113 Lk V55 produced
Lb SCN oxidized '

If we consider the growth of bacteria to follow a first erder relationship
as is the case in the log growth phase, we may write

®) I = kx
dt

whera K 15 the growth rats (tima'1)
Rewriting and intargrating

B Ln Xg=Ln *t+Kt

A plot of this relationship is shown in Flgure 3, The slope of this line ()

is 0,011,

The doubling or generation tima of these grganisms (tg) may be computed

From: by = Ln(2) which yields t4= B3 hrs.
——

The rate of substrate utillZation can be approximated by the follawing
forsanula autlihedfy Valiknac (8)

vV S
v o= ket S
where
Ve AS/ AL = rate of substrate utilized
A X  per unit cell concentration

Vo2 maxtmum rate of substrate utllizaton

per unit cell concentration
Ks = waske concentration at which rate of waste utilization

per unit waight of microorganisrms is one=half he

maxirwm rate,

Substrate inhibitdon changes the relationship of substrate concentration
as relatad to spacific substrate utllization rate.

Plotting the data of takble 1 in this manner producas the plot of figure 4

which indicates substrate inhibiticn at SCN lavels over 500 mg/l. This
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agrees with publishad repotrts of observed substrate inhibition of SCN
concentrations greater than 500 mg/t ¢ 7.8 V.

From figure 4 the rmaximum rermoval rate is about 0, 12 b 2oN
Ib §S5=Hr

fram one half the maximum rate and kg may be estirnated to be about
20 mg/1; however, parameters suitable for design have not been aobtained
at this tirme,

Overall biomass yield coafficlent (aY is approximatety 0,157 (SCN
basis) and 0,755 (TOC basisg),
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Ammonia Producton — Preliminary Material Balance

Ammonia is produced as a by- product of SCN oxidation. Preliminary
results show that when the concentration of ammania durtng thae bioreaction
is_plotted versus timea (figure 5) it appears that the maximum amount of
ammuaenia produced occurs during the Arst 4 hours of the test, This is
shown more graphically in the sami log plot aof figure &,

Approximately 260 mg/l NH5 i8 produced during the blodegradation

of 1800 mg,/l SCN., Using the growth yield coefficient of O, 113 mgs—‘;—f
m »

approximataly 205 mg/l of new cells are produced. Using an average
cell nitrogen content of 14%, 3.5 mg/l NHy goes to the produckion of
new cells, Theoretically, in the biodegradion of 1800 mg/ SCN, 530 mg/l

NH, is produced. Considering that 35 mg/l NH, goes to cells, 495 mgA
NH, should be produced during the bioraction., Accordingly onty %g% ar

53% of the theoretical amount is accounted for in this experiment, the re—
mainder possibly being oxidized to nitrate or nitrite or being stripped out
of solution, Future work shall delineate the pertinent material balance

components,
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&

Thigoyanate Stripping

FPrior to beginning the batch biological experirment a control
reactor with no biota containing approsimately 110 mg/1 of thio=
cyarmate in a liguid volume of 2 litera at neutral pH was aerated for
a 2 week pericd in order to determine 17 thiocyanate would bea stripped
from solution. The cantrol reactor cohtained only thiccyanate with no
chamicat nutrients. The liguid volume was brought to 2 liters daily to
account far evaporation losses prior to sampling, Results are shown
in figure 7 from which it rmay be concluded that air stripping of thio-
cyanate does not occur and that ary reductions 1n thiocyarnate are dus o

microblal degradation { 5.
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. Conclusions

T = Mixed cultures have been developed from coke plant biological
wastetreatrent facilities that are cageable of degrading thiocyanate from

levels of 2000 mgA e 1 mg/l in a 9 hour aeration perlod.

2 = Thiocyvanalte biodegradation appears to be irhibited at pH levels
of 7.8 and highar. Maximurn bicdagradation rates were oDserved in the

gH ramge of 6,7 o 7,2,

3 - Ammonia appears to be a by product of SCN biodegradation,
A definitive nitrogen balance however, has not as yet been done,

4 = Jrganisms taken directly frorm a coke plant blotogical waste=
waber treatment facility should ba acclimatad and purified prior to use

!
ko assure satisfactory performance,

& — Substrate {nhibition 5 evidenced at thiocyanate concentrations

greater than 500 mg/1,

& = Thiocyanate is nmat alr stripped Ffromabiotic reactors at
naytral pH; hence all SCN removal is due to biologlcal degradation,

callas produced

- e
7~ Cell ylold Is about 0.18 b, o8 Sl il oxidized

8 — The maximumn observed cell growth rate is 0,011 hr =1

9 = The maximum rate of substrate utdlization is approxirmately

0.1251b SCN
b VSS=hr
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