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e INTRODUCTION oo

Biological denitrification appeérs to be one of the.moét'effective methods Fo
remove nitrates from wastewater streams (Christenson and Harremoes, 1975).
However, most of the research and development work has been centered on removal
of nitrates from sewage or agricultural drainage waters (Cooper, 1977 and
McCarty, 1969); nitratg nitrogen concentration usually less than 50 g/m3.

Work was initiated at 0ak Ridge National Laboratory (ORNL) in 1974 to test the
use of biological nitrification in the removal of high concentrations of
nitrate (in excess of 1.0 kg N03-N/m3) from uranium purification waste streams
(Auerbach, et al., 1974; Clark, et al., 1975; and Francis and Callahan, 1975).
Since then, a full-scale treatment facility, a stirred reactor, has been
installed at the Y-12 p]anf; and a pilot-plant, using a fluidized bed, ﬁas Been

proposed at Portsmouth Gaseous.Diffusion Plant (Hancher, et al., 1978).

The objeﬁtive of this manuscript is to present some applied microbiolpgica]

" research relating to possible constrainﬁs in biologically denitrifying certafn
‘waste streams in the nucleur industiy and comparing the effectiveness of deni-
trification of these waste streams in three bench scale reactors, (1) a contin-
uohs:fibw—sfifféd:féaétori(CFSR); (2) a stirfed~bed féaétor (SBR), ;ﬁd (3).5"‘?

fluidized bed reactor (FBR).

NITRATE WASTES IN THE NUCLEAR INDUSTRY

Nitrate wastes are generated throughout the nuclear fuel cycle; uranium mill-
ing, uranium hexafluoride production, uranium enrichment, and fuel fabrication
and reprocessing (Pechin, et al., 1975). HNot be to excluded are all the high-
and intermediate-level radioactive wastes which have been dissolved or sus-
pended in caustic nitrate solutions and stored in large, underground carbon

stee] tanks (Ondrejein, 1974). . In the past, discharge of nitrate via dilution



into the,énvironmént was to]erated;,however;<present:statérand fede}al requla+:: 
‘tions do nof allow sqch dischérges, thus méthods of disposal need to be asSesSedz
and implemented. Currently, many nuclear facilities are simply temporarily |
storing their waste in shallow, impermeabie, 1ined-lagoons, whiIe evaluating
various nitrate recycle and disposal systems (calcination, céféf?iié"ﬁéﬁﬁﬁﬁogi-
fion, fertilizer production, ion éxchange, and biological removal processes).
Many of these waste streams not only contain high nitrate concentrations (in
excess of 20%‘HN03), but also concentrations of A{, F, Cu, Ni, and other metals

that may inhibit biological denitrification.

FACTORS INFLUENCING RATES OF DENITRIFICATION OF VARIOUS

WASTE STREAMS IN THE NUCLEAR INDUSTRY

_Radiation Effects: Low and high level radioactive wastes contain from 0.2 to

6.4 M concentrations of nitrate (Ondrejein, 1974). Removal of nitrates from
‘such wastes will enhance the wastes vitrification p;operties, reduce waste
solids, and dscrease nitréte Stress-corrosioh cracking of waste supernates
stored in ;tee] tanks. To test the inf]uencé of acute radiation on the effi-
ciency of denitrifying microorganisms, 10 m1 of an actively denitﬁifying

5, and"IO5

5

culture were exposed to the following radiation doses; 103, ]04, 10

Rads. After the accumulated dose from a 60

Co source (approximétely I3Ix10
‘Rads per hour), the 10 m1 suspension of denitrifying‘microorganisms were mixed.
with 25 ml of a nitrate solution composed of 0.016 M HN;NO;, 0.027 M NH,0Ac, 1 -
mM MgSO4, 0.32 mM KH2P04, and 2 g of Fe/m3 as sodium ferric diethylenetriamine
pentaacetate (Fe-DTPA). The solutions were purged With N, and nitrate concen-
trations monitored over time. Radiation doses greater than 105 Rads were
required to decrease denitrification rates. Thus, if a mean life-time of a
denicrifying bacterium is taken to be 24 hours (Table 1), a dose rate of ca.
0.3 Rad/s would be required to deliver 105 Rads. These data indicate y-

radiation per se (levels up to 0.3 Rad/s) will not inhibit denitrification
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: *?ates;;ucu '\-,Vcnpsaule to éﬁranic radiation dosas at th2se high levels will.
1ikely produce chemical effects such as the production of H202 and hydrolysis

products that may inhibit denitrificatidn more than any direct effect of radia-

tion.
Table 1
Influence of Acute Radiation on Bio]ogicai Denitrification Rates
: 1
Radiation ' leme (Days) Denitrification.
Rads 0 1 3 4 6 7 10 Rates?
3 A
------------- g/m Of N03-N S D S - days ] Rz
0 166 141 e 222 .. 157 oo 0.38 0.92
103 166 1428 - 288 - 200 - 0.33  0.92
10* 166 1552 --- 187 - 10®° -  0.44  0.93
10° 166 146 --- 53 - 1@ 0.33  0.98
10° 166 --- 161 --- 100 --- 20 0.21  0.48
Control? 230 232 235

!Numbers in the same column with similar superscripts are not signifi-
cantly different at the 5% probability level. Al1 treatments except
the 10° Rad dose were‘repiicated three times. ~ .

29 = ae™ . where 9 is estimated NO3-N in g/m , ais 1n1tia1 NO3-N
concentration, A is first order rate constant in days-! and t is time
in days. RZ = Ccefficient of determination of least squares fit.

3Nitrate so]utions similar to other treatments except no denitrifying
microorganisms were added.

-Nitrate Concentration: To operate a biological denitrification facility most

effectively, one must be aware of the maximum and minimum nitrate substrate
concentrations required for the ergineering design. In a single stage contin-
uous Flow-stirred reactor, substrate nitrate concentrations are not likely to
be inhibitory as their corzcentration are usually low enough for discharge to

the environment. However, in multiple stage reactors, and particularly in the



‘case of columnar denitrification {stationary or Fiuidized beds), it is advan-
fagéous'to use the maximum nitrate concéntrations in the influent stream with-
out‘inh{biting the denitrification raté.' Nitrate wastes in the nuclear indus-
try are highiy concentrated (often greater than 50 kg N03-N/m3), and require
dilution before dfrect exposure to denitrifying microorganisms. Thus, the'
nitrate substrate levels that are toxic or.inhibitory‘to biologica] dénitri—
fication should be avoided. Ear1ier viork using NH4N03 solutions in continuous
flow-stirred reactors indicated that nitrate concentrations greater than 1.7 kg

N03-N/m3 inhibited denitrification rates (Francis and Mankin, 1977).

To test the influence of nitrate on denitrification using Ca(N03)2, six treat-
ments in triplicate were made of varying nitrate concentrations., Carbon was

provided as caicium acetate gnd remained constant for each treatment (2.08 kg
C/m3). The nitrate and nitrite concentration were monitored the next sfx days

(Table 2) to determine the respective denitrification rates.

Table 2

Inf]uen;e of Nitrafe Concentration on Denitrification Rates

Initial Total
Nitrate Nitrate . ’
Concentration  ~ Removed! Denitrification Rate?
‘ mg NO,-N
------- kg NOg-N/m® ~mnme- —3— ¥
m s v
5.03 0.40 1.16 0.481
2.28 0.86 1.62 0.971
1.90 - 0.97 2.60 0.999
1.15 0.87 2.55 0.999
0.95 0.84 2.60 0.992

After six days

2Rate for first two days, R2 = coefficient at determination
of least squares fit from 18 observations.

To evaluate the effect of initial nitrate concentrations, rates were determined



,gbaépd on the first two days of the experiment. All coefficients of ﬂete}mina—
;tion (Rz) were greater than 0.970 at initial nitrate concentrations < 2.28 kg'
N03-N/m3. These rates were used with nitrate substréte ;oncentrations after
one day, viz, the average nitrate concentration ovir the first two days to
determine any inhibition using a Hanes-4001f plot {Segel, 1975). These data
indicéted that inhibition in denitrification occurred between substrate nitrate
1evels.of 1.7 and 2.1 kg N03-N/m3 and were very simi]ér to those observed (1.7
‘kg NO«-N/m3) in coﬁtinuous flow-stirred reactors using NH4NO3 as a nitrate

source and methanol as a carbon source (Francis and Mankin, 1977).

Influence of Acetate as a Carbon Source: Excessive levels of the carbon source,

as well as the nitrate, might inhibit denitrification. Acetate has been used

. as a carbon source in biological denitrification (Clark, et al., 1975).

Although generally more expensive than ethanol or methanol, it is nonf 1amab1e

- and thus, storage does not represent a safety hazard as do ethznol or methanol;
particularly at processing facilities that handle highly enriched uranium. A
similar experiment, as described above, was designed to evaluate the influence
of acetate levels on denitrification rates. Acetate 1eve1s.ranged from 0.80 to

13.0 kg C/m3 wnile initial nitrate levels were kept below 1.0 kg N03-N/m3.

The rate of denitrification (Table 3) appears to be more sensitive to increasing
levels of acetate than nitrate. For example, nitrate removal at 6.65 kg C/rﬁ3
of acetate was.less than one-half the removal raté at 0.84 kg C/m3. Using

these rates and the initial acetate concentrations in a Hanes Yoolf plot,

showed that acetate concentrat1ons greater than 6.5 kg C/m were highly inhibi-
tory. Even acetate concentrations in excess 2.0-2.5 kg C/m appeared to inhibit
denitrification. On the other hand, methanol at concentrations of 3.75 kg C/m3
did not inhibit denitrification (Francis and Mankin, 1977). Work presented in

a later section of this manuscript showed that no inhibitory effects of methanol

were observed at methanol concentrations of 7.5 kg C/m3. These data indicate



that if pigh nitrate substrate concoentrations-are desired in biological denitei-
* fication, care should be taken with regard to quantity and type of carbon

source selected.

Table 3

Influence of Acetate on Denitrification Rates

Initial Total
Acetate Nitrate :
Concentration Removed! - Denitrification Rate?
. : mg NO,-N
kg C/m3 kg N03-N/m3 ———3—3——- R2
m s
13.1 0.03 0.17 0.321
6.65 0.22 1.30 0.947
5.36 0.30 1.77 0.992
3.4 0.31 1.82 ' 0.998
2.78 0.33 1.92 0.997
'2.13 0.47 2.70 0.974
0.84 0.53 3.08 ) 0.978

LAfter two days

2Rate for first two days, R2 = coefficient of determinction of
least squares fit from 18 observations.

Complementary Cation-Ca and NH,: The two dominant complementary cations in

most nifrate waste streams are calcium and ammonium. Ammonium nitra;e wastes
are generated predominately in uranium recovery operations which use the

ammonium diuranate process. Calcium nitrate wastes are often associated with
the milling of uranium and other operations where limestone or hydrated lime

have been used to neutralize excess nitric acid wvastes.

The denitrification rates of nitrate supplied as these two forms [Ca(NO;), and
NH4N03] were compared under identical conditions using an initial concentration
of 1.2 kg NO3—N/m3 (Table 4). Carbon was supplied as the acetate salt of

either calcium or ammonium (2.32 kg C/m3), respectively.




Tablic 4

Biological Denitrification Rates of Ca and Nﬂ4 Nitrate Solutions

Total Nitrate

Nitrate Salt Removed! pH! Denitrification Rate?
' ' mg NO,-N
kg NOg=N/m° R RZ
m° s
Ca(N03)2 » 0.51 6.7 2.85 0.972
NH4NO3 0.35 8.7 1.95 0.990

1After two days

2Rate for first two days, R2 = coefficient of determination
of least squares fit from 18 observations. ~

" The denitrification rate of nitrate supplied in the form 6f Ca(N03)2 was
approximately 1.5 times.faster than that supp]ied as NH4N03. Three fa;tors
might be responsible for the s]bwer rate with NH4N03, viz, (1) excessive ammo-
nium concentrations, (2) higher ambient pH levels, and (3) higher Tlevels of
soluble carbonate and bicarbonate thanlin solutiohs made of calcium nitrate.
With Ca(b!03)2 solutions, the calcium carbonate solubility product was exceeded
on the biq1bgica1 conversioﬁ of acetate to_COz, which in turn kept the pH 10Wgr
than with NH4N03 solutions. On the other hand, in the NH4N03 solutions, bicar-
bonate and carbonate accumulate, each of which could possibly be an inhibitor.
-Data‘tb be presented later in this manuscript and that published earlier

o (Franqis>and Mankin, 1977) indicate little differences.in rates between Ca and
NH4 nitrate solutions in continuous flow-stirred reactors or tapered fluidized
beds. The above data (Table 4) shows that dnder identical initial cohditions,
calcium nitrate so]utions‘are denitrified faster than ammonium nitrate solu-

tions.

Ammonium Concentrations: Ammonium nitrate wastes are generated by UO2 fuel

fabrication plants that use the ammonium diuranate process for recycling U02.



sﬁaximum leveis of ammonium that are hdﬁ;t§3ic to denitritication aré needed.t6
&etefmine the meximum permissible influent concentrations of NH4N03, and the
_quantity of effluent that may be recycled for dilution water. Tb test the
influence of ammonium, two ammonia salts NHqc] and (NH4)2 CO3 were used at four

levels of NH,~N (1.0, 2.0, 3.5, and 5.0 kg/m) in nitrate solutions (1.37 kg
3 ™~ \ : ' .
N03-N/m as La(NO3)2).

Increasing NH4C1 concentrations decreased denitrification rates (highly linear,
R2 = 0.934). The inhibition, however, was interpreted to be due to chloride
rather than ammonium.. Using (NH4)2AC03, on the other hand, showed nc signifi-
cant differences in denitrification rates up to 3.5 kg NH4-N/m§. At 5.0 kg
NH4-N/m3, the denitrification rate was 64% of the observed average rate at 1.0,
2.0,.and 3.5 kg NH4-N/m3. Thus, influent cbncentrations in‘excess of 3‘5 kg

NH4-N/m3 would not be recommended until further testing is carried out.

Nickel Concentrations: IA'Poisom'ng" of a bio]ogica] reaction by trace levels of

certain heavy metals is a major.concern:regarding the feasibility of using
biological denitrification as a waste treatment process. In the nuclear indus-
try, nitric acid is used to clean or "décontéminate" equipment. Much of this
equipment is made of variou; arades of steel which contains high concentrations
of nickel. Because nickel is known to be toxic to many biological systems, an
experiment was conducted to evaluate the toxicity of nickel on biological

denitrificatijon.

The data below (Table 5) indicates that initially very low concentrations of Ni
significantly inhibit denitrification rates. For example, 0.5 g Ni/m3 reduced
denitrification nearly 50% the first three days. MNote that the added,Ni,did
.not become immediately sorbed to either the microbial biomass or suspendéd

material, nor did it immediately precipitate as the carbonate. After 13 days,

over 50% still remainad in solution. The most interesting point is that after



'8 days, the levels of Ni (as high as 3.9 g/m3 soluble Mi) were not innibitory,

* “indicating a Ni tolerant microbial population had been selected.

Table 5

Effect of Mickel on Denitrificationt

Treatment . . Time (Days)

Ni o 2 3 8 9 10 13
g/m3 e N03-N g/m3 ---------------------------- 4
0 1310 860 280 <2 1160 1620 650 <2
0.5 1310 930 400 <2 1160 1000 650 <2

(0.51) (0.49) (0.43) - (0.47) (0.48) (0.32)
1.0 1310 1030 480 <2 160 980 610 <2
(0.97) - (0.97) (0.96) - {0.91) (0.93) ({0.73)
5.0 1310 1310 1110 <2 1160 930 590 <2
(5.00) - (4.90) (3.70) (3.90) (3.60) (2.30)

Numbers in parentheses are soluble nickel cuncentrations (g/m3) after
centrifuging 20,000 RPM far 20 min. (34,880;, RCF); Mi-63 used as a
tracer to determine nickel concentiations. Nitrate concentrations
are the averages of three treatment replications. On day 8, addi-
tional Ca(N03)2 and Ca(OAc)2 were added.

Sodium Tolerance -~ Culiure Selection: Caustic soda rather than limesicne or

hydrated 1ime has been used to neutralize nitric acid wastes (Ondrejein, 1974).
Earlier work has indicated that denitrification rates with sodium salts vere
appreciably lower than those observed with calcium or ammonium nitrates. Of

greater significance was the large concentrations of nitrite in the effluents

{Francis and Malone, 1977).

_ Probably the most important factor in the biological denitrification of high
nitrate wastes is establishing a microbial culture that is tolerant to solutions
of high ionic strength, Logical sources of such cultures are the oceans, estu-

arines, and other saline environments. A screening test was carried out to
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.pbséf&ewif the:sOHEEé of the denitrifying culture was important in denitrifying

at high sodium concentrations (0.5 - 1.0 M Na) and pH's (> 9.0). UDenitrifyers

from three sources were compared over 90 days in batch stirred reactors: (1) a

~culture from the denitrifying reactor at the Y-12 plant, (2) a culture seeded

from the surface horizon of a highly productive agricultural soil from
Wisconsin, and (3) a culture seeded from an estuarine marsh sediment from the

coast of California.

A1l cultures sustained denitrification at sodium concentrations as high as 0.8

to 1.2 M and at these sodium concentrations there appearad to be no difference

-in rates (0.6 - 2.0 mg N03-N/m3/s). The most significant observation made in

these tests was the very high denitrification rates using the denitrifying
cultures isolated from the estuarine sediment at the sodium concentration;
between 0.5 and 0.7 M (concentrations very similar to sea-water) and at pH's

> 9.1. These rates (on the order of 7 mg N03N/m3/s) viere twice those observed
in the cultures isolated from the soil, and six times those obserVed}using
cultures from the Y-12 denitrification plant. Cultures seeded from this

estuarine sediment were used in the following bench scale tests.

BENCH SCALE TESTS

" Three bench scale reactors, (1) a continuous flow-stirred reactor (CFSR), (2) a

stirred bed reactor (SBR), and (3) a f]uidizéd bed reactor (FBR) were used to
evaluate the effectiveness of denitrifying synthetic high-nitraté;wastes'made
from NH4, Ca, and Na nitrates (Fig. 1). The CFSR (8.3 L) cdnsisted of a g]éss
carbay in which a denitrifying culture was suspended with a magnetic stirring
bar. Influent was delivered to the bottom and the effluent exited the top |
(flow rate 0.13 z 0,02 cm3/s, The SBR was made from a glass pipe (68.5 x 10.2

cm ID) that contained 3.7 L of anthracits coal (sieved to the 250-590 um

. range). The bed was very slowly stirred (2 RPM) with a stain]éss steei stirrer



(1.2 o wide paddles ainyied J.52 radians every 3.8 cm 2long 2 §.27 om diameter

. .shaft). The fluidized bed reactor tapered from a 2.54 to a 5.08 cm diameter. . .o 1.ovn g

opening at the bottom and top raspectively coitained 0.54 L of the same sievad
anthracite coal as the SBR. The bed was fluidized using a recirculating péri—
staltic pump (1.3 cm3/s). Influenf fiow ranged from 0.15 to 0.20 cm3/s; The
efficiencies of the reactors vere expressed in mgN03-N/n /s based on bed

vo]umes for SBR and FBR and total vo]ume for CFSR.

e
4

--"‘7:‘;j..‘0 r;“-
£,
o 7

Figure 1.

Three bench-scaie denitrification reactors used to evaluate

microbiological parameters influencing the den1t*1f1cat1on
of high-nitrate wastes.

Influence of Methanol: Methanol in concentrat1ons rang1ng from 1.5 to 30 kg

C/m was added to influent nitrate solutions (approx1mate1y 1 g NO. -N/m3) of




-the FBR (Tab]e 6) The reactor was operated for one day at each methanol

concentration.

Table 6

Influence of Methanol on Denjtrification1

Denitrification Rate
Methanol

Time 3 mg NO3-N
Day kg C/m~ . —3
_ m” s
1 1.51 74.0
2 7.55 82.1
3 15.1 : 81.0
4 22.7 51.8
5 30.7 41.5

'In fluidized-bed tapered column with 0.54 L of
anthracite coal (250-590 ym diameter particles).

Inhibition in denitrification was not observed until the concentration of
approximately 23 kg C/m3 of meihanol was used. Using acetate in the earlier
tests showed that inhibition occurred as low as 6 kg C/m3. -These data imply
that methanol may be more suitable as a carbon source in high-nitrate denitri-
fication than écetate. For example, using é ratio of 1.4 ¢ C/Q NO ~-N, methanol
Awould be a 11ke1y cand1date as a carbon source to den1tr1fy h1gh-n1trate

"wastes in the range of 5. 0 to 10.0 kg NO -N/m

Nitrate Concentration: The influence of increasing nitrate concentrations on

rates of denitrification using NH,, Ca, and Na nitrate solutions were deter-
mined in the FBR using a microbial culture selected from an estuarine sediment.
The experimental plan was to establish base-line denitrification rates at
conﬁentrations <1 kg NO3-N/m3, and then increase influent nitrate concentra-

_tions every 24 hours by increments of 1 kg N03-N/m3. Previous.work has shown

inhibition to occur in-the vicinity of 2 kg’NO3-N/m3. Influent flow rates wvere:
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- +'mairtaincd to keep the hydraulic residence time < 5 hours.
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Using NH4NO3 so]utibns, the rate of denitrification increased on increasing

nitrate conpentration (Fig. 2). The rgsponse,vhowever,big not as absolute as

vnitfate‘conqentratibn accelerated the increasing denitrification rate. The
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Figure 2.

Influence of increasing levels of three nitrate solutions
“(NHgz, Ca, and Na) on the denitrification rate -in a fluid
ized bed reactor.

it may appear, as the base-line data before increasing the influent nitrate

concentration showed significant increases as a function of time. For example,

the rate increased from 90 to 200 mg N03-N/m3/s over a 16 day interval at

substrate concentrations of approximately 0.5 kg NO3-N/m3. Increasing influent




.Sionificant observation is that maximum denitrification wag chzerved at a

nitrate substrate concentration in excess of 2.5 ka N03-N/m3.

Increasing nitrate concentration did not increase the denitrification_raté vhen
Ca(N03)2 or NaNO3 solutions were used. In fact, the opposite was observed
(Fig. 2). The response was probably not due to the nitrate conéentra~ion per
se, but very 1ikely due to the complementary cation, Ca or Na. The mechanisms,
however, are probably different. Ip the case of Ca, the decrease in the rate
of denitrification could be due to a phosphorus deficiency. Earlfer work had
shown denitrification is highly dependeﬁt on available phusphorus. Using
Ca(NO3)2 at a NO5-N concenfration of 0.8 kg_/m3 (Ca conc. 3.5 x 10'23), the
total solubie phosphorus is bn.the order of 1.4 g P/m3; however, on increasing

to 4.0 kg N03-N/m3 the calculated =oluble P is < 0.1 g/m3 (using K
7

sp of CaHPO4

equal to 10" and pH 6.5). Thué, even though 10 g P/m3 were édded to the
influent solutions, the quantity of soluble P delivered to the FBR is limited
by the solubility of CaHP04. This is unlike the erneriments above that werz
carried cut in.batch reactors where the phosphorus was in the reactor. As
denitrificacion proceeds, the Ca concentrations are rapidly lowered by C05
production to less than 'IO'2 M. For FBR influent concentrations of Ca (N03)2 <
1 kg N03-N/m3, rates obtained for Ca(N03)2 were very similar to thogé using
NH4N03 (av. max. 218 + 38 mg N03-N/m3/s). However, the'fluidhproperties of the

bed soon deteriorated because of CaC0; accumulation in the bed.

The decreasing rafes observed with increasing concentrations of NaNO3 so1§tions
appeared to be due to the toxic influence of Na. Even at concentration < 1 kg
NO3-N/m3, switching from NH4 to Na nitrate solution always resulted in Tower
denitrification rates. On the other hand, switching between NH4 and Ca nitrate

shoved no difference in rates of denitrification. Maximum denitrification rate
| observed using NaNO3 solutions was < 100 mg N03—N/m3/s. Portsmouth's nitric

acid waste neutralized to 7.5 with NaOH was half as effective as neutralizing




10 tha same nH withACa(OH)z_(70 versus 153 mq N03-N/m3/§).

Comparisbn Among Reactars: Maximum denitrification rates (using NH4N03) viere
330, 23, and 5.3 g NO,-N/m3/s for FBR, SBR, and CFSR, respectively. Based
solely on the denitrification rate, the FBR is by far the superior reactor
design for denitrification of high-nitrate wastes. Other factaors, such as
character of the waste and environmental discharge constraints, however, may
dictate the choice of reactor design. For example, unless the bed is continu-
ously regenerated, Ca nitrate solutions will result in an accumulation of‘CaCO3
that will affect the fluidization properties of a FBR. As an alternativa,
acidic nitrate.wastes can be neutralized with caustic soda followad by a FBR.
The denitrification rates may be significant]y Tower, however, even at NaNO3
concentrations betwzen 5 and 7 kg N03-N/m3 the rates (25-50 mg N03-N/m3/s)

were equivalent to NH,HNO; and Ca_(N03)2 rates in SBR (Clark, et al., 1975). Use
of Na neutralized nitric acid wastes at these concentrations might be restricted
because of the high pH, nitrite [eariier work (Franéfs and Malona, 1977) using
different microbial cultures showed nitrite conc. as high as 300 g NOZ-N/m3,
although- concentiations greater than 10 g NOZ-N/m3 were not detected in this
vork], alkalinity, and dissalved salts in the effluent will exceed environmen-
tal discharge levels in certain states and countries. From this standpoint,

the reactor design used at the 0ak Ridge Y-12 Plant has certain advantages. In
this design, nitric acid raffinate (> 50 kg N03—N/m3) containing high concentra-
tions of Al (> 15 kg/m3) are fed continuoﬁsly to a CaCO3 SBR in which the

sludge [composted of 11% solids consisting of CaCO3 and AI(OH)3] is withdrawn
batchwise and disposed in a landfill. The design also has the advantage in

that the water requirements are considerably less than that required for a FBR.

SUMMARY AND CONCLUSIONS

5

1. Acute doses of radiation as high as 10° Rads did not significantly reduce




-I.l.\- d

tha rate w denii.rir‘.'_‘:_i.i»ﬁn.

2. Nitrate solutions made from Ca(X 3)2 showad inhibition in denitrification
between 1.7 and 2.1 kg NOz-N/m’.

3. Calcium acetate as a carbon source was highly inhibitory at carbon concen-
trations greater thar 6.5 kg/m3. .

4. High calcium solutions likely limit denitrification becau;e of lTimited
bhosphorus availability.

5. Ammonium at concentrations of 5.0 kg NH4--N/m3 inhibited denitrification.

Nickel ccncentrations as low as 0.5 g/m3 inhibited denitrification, how-

o

ever, after 8 days a microbial population tolerant to as much as 3 g/m3
was selected.

7. Methanal concentrations as high as 15 kg Clm; vere not inhibitory to
denitrification. '

8. In FBR nitrate solutions > 2.5 kg NO —N/n made from ki 4u03 vere denitri-
fied much more effectively than those from Ca or Na nitrate. At concen-
trations < 1 kg N03-N/m3, no signific%nx differences wsre nated in rates
of denitrification batween Ca and HH4 nitrate so]utions§ hawever, rates-
with Na nitrate sclutions were consisténtly slower.

9. The best reactor des1gn for high-nitrate wastes at a specific facility
w11] be determined by compos1t1on of waste stream (e1er=n;s such as AJ
Ca, etc., as wel] as nitrate), effluent d1scharge constraints, available
process water, as well as reactor efficiency. |

'10._ Denitrification efficiency in a FBR was found to be 10-15 times higher

than in a SBR, and approximaizly 50 times higher thén in a CrSR.

The above conciusions apply to any industry that produées high-nitrate
wastewater since the biciogical and engineering constraints are the same.
Engineering designs will not vary substantially between treatment of high-
nitrate wastewater in the nuclear industry and other industries. In summary,

the choice of base used for neutralization, and the quantity of solids generated




~and easy of removal will dictate engineering design. Denitrification rates in
fluidized beds are significantly higher than that in stirred-bed reactors, and
is the preferred engineering design for many waste streams that do not require

solids removal pricr to denitrification.

REFERENCES

Auerbach, S. I., et al. 1974. Biological denitrification of high-nitrate
wastes. pp. 13-14. IN Environmental Sciences Division Annual Report.

ORNL-4935, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Christensen, M. H. and P. Harremoes, 1975. A Literﬁture Payiew of Biclogical
Deniffifjcation of Sewage. VYolum2 3, Conference on'Nitrern as a Mater
Pollutant. IAWPR Spacialized Conference;'COPenhageh Dénmafk, August 18-
20, 1975. o

Clark, F. E., C. W. Frarcis, H. C.'Francke, and J. . Strohecker. 1975. Deni-
irification of acid wastes from uranium purification processes. Report
No. ¥-1990, Oak Ridge Y-12 Plant, Oak Ridge, Ternessee.

Cooper, P. F., et al. 1977. Recent Advances in Sewage Effluent Denitrifica-
tion: Part I and TI. pp. 287 and 389. Water Poll. Control Vol. 76.

Francis, C. W. and J. B. Mankin. 1977. High nitrate deni?rificatioﬁ in

' con;inuous flow-stirred reactors. later Research 11:283-294.

Francis, C. W. and M. W. Callahan. 1975. Biological Denitrification and its
app]ication.in treatment of high-nitrate wastewater. Journal of Environ-
mental Quality 4(2):153-163. |

Francis, C. W. and C. D. Malone. 1977. Anzercbic columnar denitrification
of high nitrate wastewater. Prog. Water Tech. 8(415):687-711.

Hancher, C. W., et al. 1975. Evaluation of advanced biological treatment of




et

aqueous effluent from-the nuclear fuel cycle. ORNL/TNM-6340, Qak Ridge
_ National Laboratory, Oak Ridge, Tennessee.

McCarty, P. L. 1969, Feasibility of the denitrification process for femova]
of nitrate nitrogen from agricultural drainage waters. Append. to Calif.
Dap. of Mater Resour. Bull. 1743.

Ondrejein, R. S. 1974. Chemical compositions of supernates stored in SRP
high level waste tanks. -DP-1347, UC-70. E. I. du Pont de Nemours &
Company. Savannah River Laboratory, Aiken, Souti Carolir..

ﬁechin, W. H., et al. 1975. Correlation of radioactive waste treatment costs
and the environmental impact of waste effluents in the nuclear fuel cycle
for use in establishing "as Low as Practicable" guides. ORNL/TM-4902, Oak
Ridge Hational Léboratory, Oak Ridge, Tennesseé.

Segel, I. H. 1975. Enzyme Kinetics. p. 210.4 Wiley-Interscience, New York,

957 pp.

DISCLALMER AND ACKMOWLEDGEMENT

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of
Energy, nor any of their employees, nor any of their contractors, subcontrac-
tors, or their employees, make§ any warranty, express or implied, or.aS§ume§
any legal 1iability or responsibility for the accuracy, completeness or Qseful-
ness of any information, apparatus, product or process disclosed, or represents

that its use would not infringe privately-owned rights.

Research sponsored by the Office of Nuclear Energy Products/Yaste, U. S.

Department of Energy, under contract W-7405-eng-26 with Union Carbide Corpora-

tion.

By acceptance of this artiste, the pubilisher or
retiplint ac rowledpes the U.S. Govirnm:nt's -
tizht to retain 2 non - exciusiva, rovalty « {ree
Mzanse in and to any copyright cavering tha
arlicle,



' * The author wishes to acknowledge the assistance of C. W. Hancher, 0ak Ridge
National Laboratory and J. M. Nabier, Oak Ridge Y-12 Plant in preparing this

manuscript.

O T T S TN SR

M p Yo e 4



