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SECTION I

INTRODUCTION

In August 1978, IIT Research Institute (IITRI) was tasked with
developing design data for a system to treat hydrazine-laden
wastewater generated by the Air Force Logistics Command [AFLC)
Blend Facility at the Rocky Mountain Arsenal (RMA). The Blend
Facility currently discharges 1000 to 2000 gallons of wastewater
a day to a holding pond; there it is treated with calciun hypo-
chlorite and ultimately discharged to a nearby lake. Concern
over neat hydraxine (HZ), unsymmetrical dimethylhydrazins (UDMH),
and dimethyl nitrosamine (DMNA) in the holding pond effluent
prompted the Colorado Department of Health, Water Pollution
Control Commission, to rule the present treatment system
unsatisfactory. A system proposed by IITRI would incorporate
ultraviolet (UV) catalyzed chlorine to treat the wastewater.
Residual chlorine would be neutralized with sodium thiosulfate,
the effluent being discharged to the RMA trickling filter plant
and ultimately to a receilving stream.

On 31 October 1978, IITRI requested that the Air Force
Engineering and Services Center, Division of Environics
(AFESC/RDV) evaluate the toxicity of the chlorinated wastewater
and comment on the possible effects of the effluent on the RMA
trickling filter. The approach formulated by RDV involved
classic Warburg Respirometer techniques coupled with an eva-
luation of 1lon exchange and activated carbon as pretreatment
alternatives. This report summarizes data from these studles and
thelr interpretation.
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SECTION II

METHODS AND MATERIALS

1. WASTE CHARACTERIZATION

a. General. The wastewater obtained from IITRI originally
contained 500 parts per million (ppm) HZ, 500 ppm UDMH, 100 ppm
DMNA, and 500 ppm monomethylhydrazine (MMH). This synthetic
wastewater had been batch treated in a 12-liter glass reactor at a
radiatior level of 0.9 watt/liter. The experiment was performed
at pH 5. Chlorine was added tc the reactor at a low flow rate to
allow pH control to + 0.1 pH unit. The UV light was placed in the
reactor from the start of the experiment. IITRI had reported that
the MMH, UDMH, and HZ reacted rapldly with the chlorine, keeping
residual chlorine below detectable levels in the reactor
throughout the first phase of the experiment. When these three
compounds were consumed, the chlorine concentration began to
increase. The chlorine concentration was then brought to 500 ppm
and held at that level for several hours. After the run the pH
was adjusted to 7, residual chlorine removed with sodium
thiosulfate, and capillary gas chromatography (Reference 1) analy-

ses perfcrmed to verify the complete oxidation of the hydrazines
and DMNA.

Using procedures outlined in Standard Methods (Reference 2),
the treated wastewater was characterized in this laboratory as
outlined in Table 1. Chemlical Oxygen Demand (COD) analyses were
performec, but results were erratic due to high chloride and
sulfate concentrations. The COD was estimated to be 450
milligrams per liter (mg/g).

b. (Chlorination End Products. The stoichiometry associated
with the chlorinolysis of HZ, MMH, UDMH and NDMA predicts




methanol, nitrogen gas, and hydro~Yloric acid as the only reac-
tion products. Howr._.:, 1t 1s known that several alternative

mechan..ms may proceed under certaln conditions which involve
more than one eclectron transfer and can lead to the formation of
ammonia and methane. These compounds, in the presence o7 excess
chlorine, could lead to the formation of certain chlorinated
hydrocarbons and amines, including CH3Cl, CHpCly, CHCl3, CCly,
NHpCl, NHClp —and NCl3 (the most undesirable since it is
explosive). The other compounds in the treated effluent prompted
ITTRT to conduct caplllary gas chromatography (GC) analyses
(Reference 1) on the wastewater. All of the compounds ina

question were found to be below detectable limits.

c. Incomplete Oxidation Products. Recent gas chromatography
mass spectrometry (GC-MS)* work on the hydrazine fuels in our

Fnvironmental Sciences Branch has shown that the products asso-~

clated with the incomplete chlorination of these fuels are quite
numerous. A summary of those compounds identified to date is
presented in Table 2,

None of these compounds were detected in the treated IITRI
sample, uslng GC-MS, indicating that the oxidation had goite to

completion.
2. WARBURG TECHNIQU®

The Warburg used in this study was a Precision Scientific
rotary apparatus with 18 manometer stations. A shaking rate of
130 strokes per minute was used with a shaking stroke of four

centimeters. The constant-temperature bath was maintairned at

¥finnigan 3200 coupled to a System 150 data system.




25°C. Manometers were open-end U-tubes calibrated from 0 to 30
cm in one-millimeter (mm) increments. Unity oil, specific gra-

vity 1.000 was used as manometer fluid. Fach manometer was
equipped with an adjustable fluid reservoir for maintaining the
system at constant volume. Resplrometer flasks were conical,
borosilicate glass-vessels with side-~arm and centerwell. FEach
flask-manometer couple was calibrated using a Gilmont®
calibratcer, as described by Yamaguchi (Reference 3). All experi-
ments were conducted with 0.2 mg¢ of 10 percent KOH in the center
well. Folded 2 cm? strips of Whatman #1 fillter paper were also
placed ir the center wells to enhance COp, absorption. The other

flask components were as described in subsections 44 and le.

TABLE 1. ANALYSIS OF RMA TREATED WASTEWATER

Parameter Concentration (mg/%)

Total Solids (TS) 10,790

Totel Volatile Solids (TVS) 2,670

Totzl Suspended Solids (TSS) 10

Totel Kjeldahl Nitrogen (TKN) .5

Ammcnia Nitrogen (NH3-N) 9

Sulfates (SO,) 58

Chlorides (Cl) 5,250

Totsl Alkalinity (MO) 10 (as CaCo03)

pH 6.8




TABLE 2. PRODUCTS EXPECTED FROM THE INCOMPLETE
CHLORINATION OF HYDRAZINE FUELS

Hydrazones: Formaldehyde (FH)
Formaldehyde monomethyl (FMH)
Formaldehyde dimethyl (FDH)
Acetaldehyde dimethyl (ADH)
Polymeric FMH, FDH

: Amines: Dimethyl
Trimethyl

Others: Ammonia
Azomethane
Formaldazine
Dimethylforamide
Detramethyltetrazene
Acetaldehyde
l-methyl - 1,2,4-trilazole

3. CULTURES

a. Stock Culture. A stock culture of heterotrophic bacteria
was maintained in a fill-and-draw, Plexiglas® peactor, 660 mm

high and 152 mm in dlameter, contalning a liquid volume of 10%.
Mixing and aeration were by diffused air at a rate of 0.0019
m3/min (0.067 cfm). Waste sludge was removed daily to maintain a
Solids Retention Time (SRT) of nine days. The inorganic
nutrients 1n the feed are shown in Table 3; Carnation® dry milk
was provided as the sole carbon source at a COD of 600 mg/nl
Phosphorous, potassium, and buffer capacity were provided through

the addition of U grams (gm) KpHPOy and 2 gm KHpPOy per liter of
feed.




TABLE 3. INORGANIC SALTS USED FOR THE GROWTH OF STOCK CULTURE

Source Mineral Concentration of Mineral in Feed
mg/ mg/mg COD
FeCly.6Ho0 Fe#* 6 1x10-2
MgSOy . THo0 Mg* 3 5x10-3
NHyCP N 36 0.06
caC, Ca 3 5x10~3
MnCls,.U4H50 Mn 0.06 1x10-4
NaoMoOy .2H50 Mo 0.006 1x10-5
CuSoy .5Ho0 Cu 0.06 1x10-4
ZnCls Zn 0.09 1.5x10-4
CoCl,.6H,0 Co 0.06 1x10-4

#Iron, magnesium, and nitrogen solutions were made up at con-
centrations such that dally additions of 10 mls affected the
desired concentrations. All other trace nutrients listed were
available from one stock solution, 10 mgs of which were added
daily to the feed.




Feeding was accomplished once every 24 hours according to a
procedure by Joel and ‘rady (Reference 4),

(1) The air to the reactor was stopped for one minute
and the reactor volume adjusted to 102 with delionized water to
replace evaporation losses,

(2) The alr was turned back on, and the reactor was
allowed to mix. Samples were removed for mixed liquor volatile
suspended solids (MLVSS) and soluble COD analyses.

(3) A volume of mixed liquor appropriate to maiatain
the SRT at the deslired value was removed from each reactor. This
volume was adjusted to account for solids lost in the supernatant
on the precedlng day.

{(4) The alr was stopped again for 30 minutes, and the
solids were allowed to settle.

(5) The supernatant was decanted down to the 5% mark in
each reactor and samples removed for Volatile Suspended Solids
(VSS) determination.

(6) Five liters of feed solution were added to each
reactor, and the air was started again.

In studies using these organisms, cells were withdrawn
from the reactor, washed three times in distilled water, and
resuspended in a small volume of distilled water. A mixed liquor
volatile suspended solids test was performed according to the
l4th edition of Standard Methods and the cell suspension adjusted
to 2000 mg/g with additional distilled water.




b, Trickling Filter Organisms. For the second group of
Warburg scudies, trickling fllter organisms from the Tyndall Air
Force Base trickling fiiter plant were used. Use of these orga-

nisms represented a conservative approach in that the trickling

filter slime was used in a lispersed growth environment.

The slime was scraped from the rock media, blended in a
Waring blender at the lowest setting for one minute; and aerated
for 24 hours without substrate before use. The cells were washed
three times in a pH 7.4 phosphate buffer (Table 4) and
resuspended in a buffer/inorganic salts medium (Table 5). An
MLVSS test was performed, and the suspension was adjusted to

875 mgt.

TABLE 4. PHOSPHATE BUFFER COMPOSITION

Constituent Concentration (gm/%)
KHoFOy 8.5
KoHFOy 21.75
NaoFPOy . TH50 33.4

NHyC1 1.7




RUFFER/INORGANIC SALTS MEDIUM

Constituent Volume/Liter Reference
Phosphate Ruffer 2.5 mf Table 4
Qtock Fe Solution 0.5 mg Table 3

| Stock My Soluttion 0.5 mg Table 3
Stock N Solution 0.5 mg Table 3
Stock Trace Nutrient 0.5 mg Table 3

Solution

L, FEXPERIMENTAL WORK

1. fGeneral. A waste stream containing 500 ppm HZ, 500 ppm
MMH, 500 ppm UDMH, and 100 ppm DMNA could, assuming complete oxi-
dation to methanol, contribute a waste load of 1450 mg/g& COD
Aafter chlorination., For a flow of 2000 gallons per day, this
represents an additional 24 pounds of COD per day to the RMA
trickling filter which currently treats from 0.06 to 0.1 million
rallons per day (mgd) of domestic wastewater. As the current
influent Biochemical Oxygen Demand (BOD5) 35 only 20 mg/f, the

blend facility discharge would essentlially double the present

organic loading. However, because the plant is operating at

less than 0.01 percent of 1its design capacity, the limiting fac-

tor will most probably be assoclated with total dissolved solids

and/or the presence of any toxic organics produced during

chlorinolysis, not COD loading. i




b. Pretreatment. Since the chlorinated wastewater 1is high
1n chlorides, t.e., over 5000 mg/%, several aliquots of the ori-
glnal sample were passcd through a bench-scale, strong-base ion
exchange zolumn packed with Amberlite® IRA-938 resin (hydroxyl
sycle). An analysls on these effluents confirmed that all

chlorides had been removed. These samples were then used In both
the toxicity and biodegradation experiments described below.
While analysis of the wastewater indicated that methanol was the
only majcr reaction product, several samples were passed through

a bed of Calgon F-300 activated carbon at 0.15 gpm/ft2 prior to
the collection of oxygen uptake data, Because most of the poten-

t1al reaction products dlscussed thus far should adsorb to some
degree ard since not all of the partial oxidation products have
been idertified to date, carbon pretreatment would serve as a
rough, screening technique in evaluating the effects of organics
(1f any) 1in the chlorinated wastewater. These treated samples
were use¢ in the two standard protocols established.

c. V¥arburg. Two standard Warburg techniques were used in
this stucy; one was designed to evaluate waste toxicity, and one
was deslgned specifically for blodegradability.

In the first technique, sample flasks were set up containing
microorgenisms, a known concentration of standard substrate (milk
or sodlurt acetate) and wastewater. By comparing uptake 1in these
flasks with the uptake in substrate only, it was possible to make
Inferences about the effects of the particular wastewater sample
on standard substrate degradation,

In the second protocol, flasks containing only microorga-
nisms and wastewater were used. A standard carb''n source was not
incorporated into the flasks to insure that all oxygen uptake
above endogenous was due to mlecrobial degradation of the
wastewater sample. Note, however, that a limited number of com-
pounds have been shown to stimulate oxygen uptake even though
they are not utilized for energy or synthesis (Reference 5).

10




d. Stock Culture Studies. The various components In the

Warburg flasks for the stock culture studles were as sumniarized
in Table 6. All runs were made with a thermobarometer flask con-
talning 3.2 mes of distilled water and two endogenous flasks con-
taining 2 mes of distilled water and 1 mf of stock culture cells.,
Those flasks calling for standard substrate (milk) were itade up
with an inittial food (M1i1k-COD) to microorganism ratio (?/M) of
0.3 equal to that in the fill and draw reactor. All flasks had
an inorganic-salts to microorganism ratio equal to that in the
fill and draw reactor.

—

e, Filter Organism Studies. All runs were made wita a ther-

mobarometer flask containing 4.2 m#s of phosphate buffer and two
endogenous Flésks containing 2 mis of distilled water, 1 md of
the buffer/salts medium and 1 mg of cells. Those flasks calling
for standard substrate (sodium acetate) were prepared with an
inittal COD-to-microorganism ratio of 0.3, a high estimate of the
organic loading at RMA (0.06) based on a uniform slime taickness
of 2 mm. As each flask was made up to 4.0 mls, dilution of the
wastewater samples was very conservative (1:4) compared to
exprcted dilutions at RMA (1:30)%, Table 7 summarizes the matrix
established for these experiments.

*Bascd on low domestic flow of 0.06 MGD and high blend facility
discharge ol 2000 gallons per second (gpd).

11
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TABLE 6.
Flask No. Date
4:5 8 Dec
6:7 8 Dec
|
t 8:3 8 Dec
|
1“31‘; 8 Ne e
14:18 19 Jan
|
8:9 19 Jan
10:11 19 Jan
|
|
'
17:13 19 .Jan

STOCK

-

—

-

CULTURE FLASK MATRIX

mg cells

mg Carnation® milk feed with
inorganic salts

mg distilled water

mg cells

mf Carnation® milk feed with
Inorpanic salts

m2 ITTRI wastewater

mf cells

me Carnation® milk feed with
inorgzanic salts

mg TITRI wastewatoer with chlorldes
removed (pH 172)

mg cells

mg Carnation® milk feed with
inorganic salts

mg of TITRI wastewater treated with
activated carbon

mL cells

mg Carnation® milk feed with
inorganic salts

mg of TITRI wastewater with chlor-
ides removed (pHT)

mt cells

mg TITRT wastewater

mg inorganiec salts

mg cells

mg TITRI wastewater with chlorides
removed (pH 7)

mf {norganie salts

mg cells

A tnorvanic salty

mg LIUPRT wastowater treeated with

wot T yatrted carbon
12




TABLE 7.
ilask No. Date
6:7 2 Jan

10:11 2 Jan
16 2 Jan
12:13 2 Jan
4.5 2 Jan
8:9 2 Jan
14:15 2 Jan

FILTER

1
1
1
1
1
1
1
1
1
1
1
1

I I — s

= s

ORGANISM FLASK MATRIX

Components

mg cells in buffer
mg inorganic salts
mg sodium acetate
mg distilled water
mg cells in buffer
myg inorganic salts
mgf sodium acetate
mg IITRI wastewater
mg cells in buffer
mg inorganic salts
mg sodium acetate
m& ITTRI wastewater
activated carbon
mg cells in buffer
mg inorganic salts
mg sodilum acetate
mg ITTRI wastewater
(pHT7.0)

mg cells in buffer
mg inorganic salts
mg IITRI wastewater
mg distilled water
mg cells in buffer
m 4% inorganic salts
mf ITTRI wastewater
(pH 7.0)

mg distilled water
m2 cells in buffer
m R 1norganic salts
mQ IITRI wastewater
activated carbon

1l me distilled water

treated with

minus chlorides

minus chlorides

treated with




SECTION TTT

RE 0TS AT DISCUSSTON

1. ToOXITITY

a. Ttock Culture Organisms. The effect of chlorinolysis

wastewater (referred to as TITRI wastewater) on the respiration
of stock culture organisms is shown in Figure 1. Fach point has
been corrzcted for eniogenous resplration and represents the mean
of duplicate flasks. The raw data have been summarized in
Appendixz A.

The Carnation® milk shows a4 cunmulative oxygen uptake of 235ug
expected hased on a neasured COD of {(0.03¢ me COD/mg milk =olids).
A1l of tre milk and approximately 50 pg of 1ITRI wastewater, werc
recoverad as oxygen uptake, for the sample containing both milk
and wastewater, indicating that the chiorinolysis effluent did
not inhitit these organisms with respect to standard substrate
oxidatior,

b, Trickling filter Organisms. Figure 2 shows that the

I wastewater exhibited no htoxic effects on the respiration of
trieckling filter organisms. However, a lap period of about 24
hours occurred before any significant oxyzgen utilization was

ohserved.

Many reasons can be postulatel fnr such a response. A lower E
concentretion of trickling fllter organisms was used in these

experimerts, L.e., B75 mg/e versas 2000 mg/ft for the stock

culture runs. Furthermore, the trickling filter organisms which

are normelly found in a fixed-f1ilm environment were operating in

a disperced growth mode. One lmportant aspect of the oxygen

progress'on shown in Fiqure 2 18 the higher oxygen uptake (105uf2 )

attributed to the TIUTRT wasbewarer in the presence of trickling

“i{lter orsanisns than *he stock culture organisms (502 ),
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The fllter orpanisms were better able to depgrade the

wastewater following an initial acclimation period. If cotal
oxypen uptake per milligram of volatile suspended solids (VSS) is
computed, this difference is more evident, it.e., 120ug /mg filter
van oand 0% pe/mpn stoeck VS8, From these studies, 1t appears that
the chlorinolystis eltf'luent is not toxle and appears to b2
bioderradable by nonacelimated organisms. However, the 2ffluent
itself s betrter depmraded by triekling filter slime by a factor

ol 5 comprred to stock culture organisms.
c. Fretreatment

(1) Carbon. Figure 3 shows little difference {(with
respect to stock culture oxygen uptake) between raw IITRI samples
and those treated with activated carbon.

These data confirm that chlorination of the wastewater was
compinte and that no partial oxidation or chlorinated end pro- ’

ducts were present in the samples tested.
As would be expected from the stock culture data, treating the
wistewater with carbon had no 1lmpact on the uptake curve for

“llter organisms. The results are summarized in Figure &4,

(2) Ion Exchange. Pretreatment with ion excharge to

remove the high concentration of chlorides significantly reduced
the toxicity of the chlorinolysis effluent to the stock culture

orranisms as shown in Figure 5.

The mean total oxygen uptake for the Carnation® with treated
TUPRI wastewater samples was 400 pf (170 uf of uptake attributed
Lo the TITRI wastewater). This represents a three-{old increase
in uptake over the sample containing the high concentration of
~hlorides. The observed advantages associated with the reduced
osmotic pressure may well he realized through dilution of the
blend facllity effluent at the RMA filter with the domestic flow.
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Plgure 6 demonstrates the need to adjust the pll from 12 bhack

into the blolopleal range foilowing, pretreatment with st-onpg base
resin.  The nepgative oxypgen uptake indicates no microblal
activity.

Ton ex-hanpe pretreatment had little effect on the ustake of

standard substrate by filter organisms as shown in Figur: 7.

The difference between stock and filter organism respons: to ele-
vated osmobie pressure as demonstrated in these experimeats is
attelbuted to population dynamics. As biclogical princisles
wonld predict, the more specialized milk grown population was
less tolerant to such an environmental change than the more
heterogenous filter population.

2. BIODEGRADABILITY

a. Stock Culture Organisms. Figure 8 illustrates tne

hiodepradability of the TITRI wastewaters by stock culture
orpanisms.  The cumulative uptake of 75 uf for the chlorinoiysis
effluent compares well with that value of 50 &l reported in the
toxictty scction,

Cumulative oxygen uptake values observed for the IITRI carbon
column efflluent also agree with the values obtained by difference
nslng the Carnation® dry milk. IITRI wastewater treated with
carbon gave a cumulative oxygen uptake value of 65 ul with

microorganisms only and 70 yg when caleculated by difference.

Pretreatment with ion exchange had a pronounced effect on the
biodegradability of the wastewater, indicating that degradation
can be increascd by a factor of nearly 3 in the absence of TDS.
Again the cumulative uptake shown in Figure 8 for this sample,
250 ug (357 mg/ BOD), correlates well with the 200 yg observed

21
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during the toxiecity experiments. It 1is obvious from these and

previous data that the high concentration of chlorides i{s inhibi-

tory to the stock culture organisms.

b. Trickling Filter Organisms. The data in Figure 3 confirm

that pretreatment with activated carbon and ion exchange have no
effect on the biodegradabllity of the IITRI wastewater by filter
organisms., 1t is degradable but the required acclimation perilod

of some 24 hours 1s again evident.

This lag time should not present operational problems 1n a
continous flow trickling filter plant once steady state 1is
achieved. The mean cumulative uptake for all three samples, 100u#
correlates very well with values obtalned by difference during

the toxicity experiments (mean = 97 uf).
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SECTLON IV

SUMMARY

Investigations involving standard substrates and untreated
II'"RI wastewater indicated that substrate inhibition does not
ocecur in either stock cultures or trickling filter slimes.

Inlike the stock culture organisms, trickling filter blomnass con-
sistently required some 24 hours to acclimate to all forms of the
wastewacer. This phenomenon has. bheen attibuted to the protocol
employed, i.e., these slimes were evaluated in a disperszd growth
environment and maintained on unfamiliar (yet very degradable)
substrate (NaAc). However, under steady-state conditions
{conttinous blend facility discharge), this observed lag should

pose no operatlonal problems after an initial acclimation period.

todegradation data confirmed that ITITRI wastewater Joes not
inhibit those organisms tested and showed, in fact, that the
wiste ltself can be recovered, to some extent, as oxygen uptake.
Onoa per mg Y33 basis, the trickling filter blomass 1is better
abhle to deyrade the wastewater by a factor of 5.

Activated carboin pretreatment data suggest that no chlori-
natel hydrocarbons or incomplete oxidation products were formed
duriny the UV-chiorinolysls process. Cummulative oxygen uptakes
for these samples were very comparable In both the toxicity and
biodepradation protocols. Ton exchange pretreatment signifi-
cantly reduced dissolved solids. The stock culture organisms
responded with a three-fold increase 1n cumulative oxygen uptake
whereas the filter organlsms showed no significant change in

Jepradation,




These trends are well illustrated in Table 8 which is a

summary of 60-hour, oxyvgen-uptake values {or the experimental
matrix. These values, which were easlly calculated using the
conversicn 1 pR/0.00143 mg 0p (assuning standard temperature and
pressure), were determined both directly (biodegradation

protocol} and by difference (toxicity protocol).
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SECTION V

CONCLUSLTOMNS

1. 7V-chlorinolysis »f a solution containing 500 ppm cach Hug

MMH, UDME, and DMHA produced an effluent which was not toxiec to

stock culsure or trickling filter heterotrophiec organisms.

2. The wastewater itself exerts an oxygen demand of approxima-
tely 150 mg/g in the presence of 875 mg/g volatile trickling
filter sclids. Ton exchange pretreatment did not significantly

change tris value.

3. In tre presence of a milk solids-reared, dispersed growth
stock culsure (2000 mg/f NMLVSS), lon exchange pretreatment reduced
TDS such that cummulative oxygen demand values were increased

from 90 rg/f to 335 mg/L.

b, Current flows at RMA should insure sufficient dilution such
that actral chlorinated effluent/organism ratios will be 7 to 8

times lower than those investigated here.

5. Carbcn adsorption pretreatment had little effect on toxicity
and degredability of the wastewater, indicating that chlorinated
organics, amines, and/or incomplete oxidation products were not
formed ir. the effluent studied.
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APPENDIX A

STOCK CULTURE

DUPLICATE FLASK DATA
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APPENDIX B

TRICKLING FILTER ORGANISM
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