
I I, AD AO6S 23¼ ENV IREX INC MILWAUKEE WIS ENVIRONMENTAL SCIENCES DIV Fi’~ 13/2
FEASIBILIT Y 5TUDY REGARDING LANDFILL OF NITROCELLULOSE LITME SLU——ETC (U)
1978 K P IIIJIBREGTSE. R FULl, A E ZANONI DAAGS3—76—C—ofla

UNCLASSIFIED NL

— ——
___

ULVU 
_ _



r ~~~~~~~~~~~~~~~~~~ j~ j T J ~~~ _ _ _ _

• V~

-

H
DDO ’

-— - r~ ~~~~~~~IlL cç.q_619791 1
Wi~~ L6u1r~Uc

H

/
/ Envirex
/ a Rexnord Company

Environmental

0 1 ~ ~~ Sciences Division 1



FEASIBILITY STUDY REGA RD ING~~ ~~~~~~-- .-

~~

~LANDFILL OF~.NITROCELLULOSE LIME SLUDGE AND
-C

I OX I DAT I ON OF NITROGLYCERIN WASTEWATER STREAM ’ 0 0
i~iruic i CONTRAC, riu .

~FR 6 1919

c

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MiIwaukee-,-W.sconstn 53214

Prepa red for :
Comander IJSAtIERADCOM

Fort Belvoir , V ir ginia 22060

?~ 
12

--



ABSTRACT

A study was begun to determine the fate of lime d nitroce ilulo se (NC) sludge
in a lan dfi ll situation and to establish the best method for oxidation of
slufides in a nitrog l ycerin wastewater stream . Prior to the initiation of
a lysimeter study on the nitroce llulose sludge , a li terature rev i ew was
conduc ted to ident i fy potent ial deg rada t ion produc ts and es tablish a
sensi tive technique for analyses of nitrocel iulose . It was determ i ned
that the chemica l degradation of nitrocellulose in an alkaline env i ronment
was not a simple saponification reaction , but rathe r invo lved degrada ti on
to a variety of products. The analytica l techn i que developed involved
determination of nitroce llulose and other organic nitrate esters . The
procedure included separation of the nitroce liulose , quantitative denitration
of the organic ester and then analysis of the resulting nitrat e using an
automated cadm i um reduction method. The procedure was tested and found
to be repeated to 0.36 mg/i,4 0.01 mg/l with average recoveries of 90%.

+ or —

Twelve lysimeter columns were constructed and fiUled with underl ying soil ,
sludge ora 50:50 slud ge soil mixture and topsoil in various comb i nations.
Dos ing with ra i nwater was done at three different rates to simulate
varying infiltration conditions. No nitroce llulose fines were leached
di rec t ly ,  however , inorganic nitrate/nitrite con~entrations up to 13,000
mg/I were found in the leachate . They were a result of both elutr iation
and continued degradation of the NC . The volume of leachate was extremely
small , 0.021 -0.068 bed volume s per month. Cyanide was found in the leachate
in concentrations up to 20 mg/i. In all instances the sludge/soil produced
a less contaminated leachate. The sludge contaminants changed over time .
The NC continued to degrade chemicall y wi th the format ion of comp lexed
cyanide compounds . The sludge/soil systems showed evidences of microbiolo-
gical denitr ification wi th si gnifica nt reductions in both nitrate and
cyanide va l ues. The subsoil acted as a filter wh i ch removed insolubles at
the substrate/soil interface and allowed passage of onl y soluble constituents.
Landfill d i sposal using a containment approach to minimize leachate
production is recommended . A liner and leachate collection system may be
necessa ry to comp ly wi th app l icable regulations . The NC limed sludge
shou ld be m ixed w it h soil  to reduce permeabi l i ty and enhance m icrobiolog ical
degradation .

The nitrog lycerin wastewater stream was analyzed to determine the best
method of lowering sulfide concentrations from approximately 100 mg/I to
$0 mg/i. Laboratory tests indicated that chlorina tion with 700 mg/I free
chlo rine would effectively l ower sulfide concentrations in th i rty minutes.
Scale up to handle the 178 m3/day (47100 gpd) flow rate ind i cated that direct
injection of sod i um hypochiorite into a separate 7.5 m3 (2000 gal.) reaction
vessel would be the most feasible approach if sufficient volumes of water
for dil ution were unavailable. Capital costs for this system are estimated
to be $16 ,560 with operating costs of $31 ,360 ann uall y.
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SECTION I

CONCLUS IONS

I. The literature reviewed indicated that the chemica l degradation of
nitroce liulose fines is not a simple saponification reaction but rather
invo l ves degradation of the nitroce llulose into many possible degrada-
tion products including : inorganic nitrates and nitrites , cya ni de ,
nitrous ox i de , carbon d i oxide , ammonia , and various organic acids.

2. The other potential decomposition mechan i sms as indicated in the
literature review inc l ude potential biological degradation after
modification with alkaline compounds. Anticipated by-products would
include the mobile nitrate/nitrite ion which may adversel y affect
leachate quality.

3. A quantitative method for anal yses of organic nitrate esters at
concentrations of I mg/i was developed . The technique includes
separation of the inso luble compounds by filtration , quantitative
denitration with DMSO and ana l yses of the resultant inorganic nitrate
using the automated cadmium reduction method .

4. Extreme ly high concentrations of i lorganic ni trate/nitrite (ranging
from approximately 8,000 - 13,000 mg/i N02/N03) are present in the
leachate from the slud ge and sludge/soil mixture . These are a result
of both elutriation of existing nitrate and continuing chemic al
degradation of the nitroc ellulose.

5. No nitroce llulose fines were present in the collected leachate and
do not appear to migrate through or concentrate in the sludge systems .

6. The low permeability of the slud ge and slud ge/soil will attenuate
the effects of the contaminant concentrations over an extremel y
long period of time .

7. The hi gh concentrations of inorganic nitrate/nitrite adversel y af fec t
several common anal ytical methods including TKN , TOC and ammonia.

8. Cyani de is a substantial degradation product from the nitroce llulose.
Most of the cyanide is present as complex organic cyanides and remains
entrained in the sludge and sludge /soil. However , some free cyanide
is l eached through the substrate and was measured i n the leacha te in
concentrations ranging from 1 —20 mg/I. 
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9. B iolog ical denitrification appears to occur in the sludge/soil system
and reduces concentr at ions of TOC , nitrate/nitrite and cyanide in both
the substrate and the leachate .

10. A disposal method involving minima l leachate production and isola tion
appears to be the best technique for landfill of a nitrocel lulose
slud ge/soil mixture . This is referred to as the “conta i nment approach’1 .
Though a leachate collection system may not be required because of
hydrogeological features at the site , It may be required by regulatory
agencies under landfill cr it eria for hazardous wastes currentl y be i ng
developed.

II. Oxida tion of the nitrogl yceri n waste stream to reduce sulfide concen-
trations from 100 mg/I to less than $0 mg/I is most effectivel y
accomplished using chlorination . Chlorine dosages of 700 mg/i were
found to be effective in reducing the sulfide levels to less than
5 mg/l in thirty minutes. -

12 . Other oxida tion techniques including aeration and oxygenation plus
poss i bl e ca ta l y s i s w it h UV l i ght did not reduce the sulfide to
desirab le levels within a reasonable reaction time .

13 . Dilution with an appropri ate volume of a low sulfide containing
wastewate r stream is the most econom i cal approach to sulf i de reducti on.

$4. If dilution is not possible , then sod i um hypochlorite can be added to
the NG- I wastewater stream in a separate tank. Feedback control based
on the vo l ume of wastewater to be treated is desirable. The total
capital cost for the recommended chlorination system is $16 ,560 with
annua l operating costs of $31 ,360.

2
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SECTION II

RECOMMENDATIONS

I. Slud ge/soil mixtures should be evaluated to establish the optimum
mi ;~ture to reduce permeability and enhance microbiolog i ca l denitrifica-
tion in the substrate . Some laboratory studies involving primarily
den itrifier enumerations should be conducted to verify poten tial land-
fill  approaches in this regard .

2. Tects should be performed to confirm the presence of denitrif ying
bacteria in the slud ge/soil systems . If the results are positive ,
literature review of information related to soil microbiology should be
made to determine wha t condi tions are most conducive to the develop-
ment of a high population of denitr i fiers in the environmen t , and to
determine if these conditions can be app lied to potential NC lime
slud ge disposal areas.

3. An eva l uation of anticipated volume s of NC lime slud ge generated during
norma l and mobilization operations should be performed prior to
desi gn of a disposa l fac il ity .

4. The i mpact of new Federal regulations on the disposa l options should be
established as soon as final regulations are promulgated . Various
disposa l options should be rev i ewed and reevaluated for both technica l
and economic feasibility considering the effect of this legislation .

5. Landfill of nitroce li ulose lime sludge should be performed in a
manner to minimize leachate production . A lined area equipped wi th
a leachate collection system will probabl y be necessary to comp l y
with regulations.

6. Nitroce llulose limed sludge should be landfi ll ed as a mixture of
slud ge and soil to enhance denitrification in the substrate .

7. A method for anal yses of TKN in the presence of extreme l y high inorganic
nitrate/nitrite concentrations should be developed .

8. If po s s i b l e , the nitrog l ycerin waste stream should be diluted with
large volume s of othe r wastewaters which also require biological
treatment. The volume of dilution water needed is dependent on the
sulfide concentration of the diluting wastewater and can be
calculated using an emp irica l formula related to concentrations of
sulfide in the nitrogly cerin waste stream and the diluting stream

.3
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9. If dil ution is not possible , the recommended system for di lution should
includ e direct addi tion of metered sodium hypoch lorite to a separate
7.5 m3 (2000 gal.) reaction tank.
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SECTION II I

INTRODUCTION

The best method for disposal of nitrocellulose lime slud ge generated during
the manufacture of nitroce llulose propel lant is not well defined . Various
alternatives include open burn ing , controlled incineration , reduction with
sod i um hydrox i de , and recovery by recalcin jtion . These have been considered
and none have been shown to be feasible in all situations. The refore ,
landfill of the nitrocellulose (NC) limed slud ge was considered a viable
opt ion . However , sufficient in form jti on~~ias not avaMable to evaluate
this alternative . Specificall y, the quality of the slud ge , and the
associated leachate needed to be deter m ined . This project was performed
to provide the needed information .

The feas i b il ity of l andfi lli ng NC Mme slud ge .~jas evaluated throug h a
controlled lysimeter stud y. Prior to initiat i n g  the column stud y, a
literature review was performed to aid in identification of possible de-
comp osition products from the ni t rocellu lose in the hi gh l y alkaline lime
environment. Method s for anal yses of NC were also reviewed and found to
be insensit ive at the levels which must be reasured . A new technique was
developed for anal yses of organic nitrate esters at low concentrations.
Once the pre lini nary information was obtained , the study plan was finalized .
Lysirneter co l unns were then constructed and filled with slud ge and soil
samp les obtained from Radford Army Amm unition Plant. Ra i nwater was used
for dosing the columns to reach field capacity and then to simulate rain-
fall cond itions. The dosing period extended 22 months in order to obtain
the necessary infor m ation . Results from the chem i cal evaluation of both
the leachate and slud ge substrates are presented in this report. The
app li c a b i l i t y  of this information to potential landfill disposal options
is also included .

In addition to study ing the fate of the landfi ll ed nitroce ilu lose lime
slud ge , a stud y ~-ia s made of the NG- I wastewater wh i ch contained hi gh
concentrat ions of sulfides. Sinc e this waste stream was to be placed into
a biolog i ca l treatment system , sulfide concentrations greater than $0 mg/I
were undesirable. The initial waste was antici pated to have concentrations
of 100 mg/ i sulfide which would inhibit growth of desirable microorga ni sms
needed for bioloc ’.ical treatment. Therefore , various methods for sulfide
oxidation were tested and then evaluated with respect to their technical
and :~_unom ic feasibility. The results of this stud y have been completed
and are contained in this report.

The rema i nder of this report ha~ been divided into several sections to
pre~ent the results in a log ica l fashion . Extensive data tables 
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available as a separate Appendix.

SECTION IV - BACKGROUND INFORMAT I ON AND OBJECTIVES OF THE STUDY

This section presents information on the generation of the NC lime slud ge
and the nitrog l ycer in wastewaters considered in th i s eva l uat ion . The
objectives of the project effort are also inc l uded .

SECTION V - LITERATURE REVIEW AND DEVELOPMENT OF ANALYTICAL METHOD FOR
NIT R 3CELLULOSE DETER M IIIAT I ON

The resu l ts of a bri ef revi ew of the l it erature regard i ng l andfill systems ,
leachates , p lus potential degradation products of NC are presented . The
method development for establishing an ~~‘‘~c ic a l t~~~~~~ue for me~ suring
trace quantities of nitroce llulose and other organic esters is then
d iscussed .

SECT I ON V I - COLUMN STUDY

The details of the column stud y are presented in this section . The column
construction information is presented first followed by an in—depth
discussion of the results. The application of the data to landfill disposal
options comp letes the section .

SECT I ON V II — SULFIDE REMOVAL STUDIES

The final results from the sulfide remova l stud y on the nitrog l ycerin
stream are presented. The results from l aboratory testing of the variou s
oxidation techniqu es including economic and technica l comparison are
discussed . The section also includes final recommendation regarding the
most feasible approach to sulfide removal.

6
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SECTION IV

BACKGROUND INFORMAT I ON AND OBJECTIVES OF THE STUDY

GENERAL

This report deals with two different areas of waste disposal at the Radford
Army Aii~mu nit ion Plant (RAAP) in Virginia. One portion involved the
determination of the fate of nitroce llulose (NC) fines when limed NC sludge
was placed in a landfill situation . Lysimeter col umns were constructed and
f i lled w it h Rad ford so i l and sl udge for this investigation. The second
aspect of the stud y invo l ved determ i nation of the most feasible technique
for reducin a the sulfide content of the nitrog l ycerin wastewater stream .
Both studies were conducted on samples of sludge or wastewater shipped
from RAAP . In this manner , the most accurate determination of the actual
response of the wastes could be established.

GENERAT I ON OF NITROCELLULOSE LIME SLUDGE

Nitroce llu lose is manufactured in a series of steps. A schematic of the
operation of the batch system at RAA P is shown in Figure I. The first
step in the manufacture invo l ves nitrating cotton linters in a mixed acid
media (I , 2). From there , the material is boiled in acid and neutra l baths
and then washed with recovered filtered water. This water is discharged
to boiling p its and sent to an acid recovery system . The NC is then
slurr ed , neutralized with a small amount of~ sod i um carbonate and pumped
through primary and secondary Jordan beaters. From the beaters , the
slurry is pumped into the poachers where the NC is boiled in a soda ash
solution at elevated temperatures for several hours followed by a clear
water boil. The treated NC is settled for an hour and separated , then
the li quid and NC fines are sent to poacher tanks .

From the poachers , the NC is vacuum filtered and reslurried in the blender
house for 5 hours. The final NC product is sent to the wringer where the
moisture content is reduced to approx i matel y 7O~ li quid (3O~ sol ids) . A
portion of the product is sent to alcoho l rectification where a hi ghe r
quality material is obtained using water disp lacement by alcohol in dehydra tion
presses. The liquid from this process also contains fines which must be
disposed of or recovered.

Both batch and continuous nitroce llu lose production operations are presently
in use at RAAP . The continuous process i nvo l ves continuous nitration fol-
lowed by centrifugat ion , although the othe r steps are the same as the batch
system. Because the nitroce llulose manufacturing process uses large vo l umes
of water , 132-832 1/kg (16-100 gal ./1bNC) (2), a signif i cant effort has been

7
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made to reduce the amount by various recycle and re-use techniques. Centri-
fuge separators have been installed at the poacher tanks to separate the
fines from the water prior to re—use of both streams . The continuous NC line
also uses less water.

Use of centrifuges at the poache r pits has eliminated this area as a source
of fines , howeve r, the re are still fines generated from the alcohol recti-
fication area. Treatment of these materials has involved addition of lime
and othe r chemicals to neutralize acidic streams and entrain and precipitate
the NC fines. The NC sludge utilized for this study was generated by lime
treatment of alcoho l rectification wastewa ter. The sludge was then de-
watered by vacuur~ filtration with a resultant cake solids concentration of
app roximately 35—4O ’~.

GENERAT I ON OF NG- l LIQUOR FOR SULFIDE STUDIES

The nitrog l ycerin waste stream consists of wash waters and mixed acid ni-
trating solutions which are needed for the purification process in nitro-
gl ycerin manufacture . Prior to discharge of this waste stream , the entrained
nitroglycerin must be decomposed or denitrated . The mixed stream (NO-I)
at Radford contains the following nitrated esters (3).

a. Propylene Gl ycol Din itrate (PGDN ’
b. Triethy l ene Glyco l Dini trate (TEGDN)
c. Trimethyol Ethane Trini trate (TMETN )
d. Trimethyo l Ethane Dinitra te (TMEDN )
e. Trir neth yol Ethane tlononitra te (TMEMN )

The individua l concentration of these esters varies in both volume and con-
centration . Prior to release , all of the nitrated esters must be
desensitized ~nd the metals concentration mus t be reduced.

Severa l methods are available to desensitize the nitrate esters including
hy d ro l ysis with lime , ozone oxidation and reduction with sodium sulfide .
The preferred method at Radford for the r-I G— l stream invo l ves addition of
both lime for metals precip itation and sulfide to denitrate the esters.
The sulfide reaction mechanism is theoretically written as follows (3):

TMETN : 2CH
3
-C(0N02)3 

+ 3S + 3H2O~6NO2 + 2CH
3
C(OH) t 302 + 3S°

PGON : 2CH
3
CH(ONO 2) CH2(0N02) + 1+S + 2H20-*4NO2 + 2CH

3
CH (OH) CH2OH +

I~So + O2

The theoretical sod i um sulfide demand is 0.55 kg (0 . 55  Ibs) per kg (pound)
TMETN and 0.66 kg (0.66 pounds) per kg (pound) of PGDN . Laboratory studies
indica ted that the demand was I kg (I pound) per kilogram (pound) of
nitrated ester and that the reaction was catal yzed by hy drox y l ions in
solution (3).

9
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I t was anticipated that tMs waste stream , after denitration would be
direc ted into a biodisc biotreatment system . Since sulfide is toxic to micro-
organisms at concentrations greater than 10—25 mg/l , i t was necessary to
lower the sulfide concentration levels from the tOO mg/i residual concentra-
t ion ant ic ip ated. Several methods were available and they are disc ussed i n
detail i n Sect ion V I I alo ng wi th the resu l ts of the study wh i ch i nd i cated
the most feasible oxidation technique .

OBJECTIVES OF THE STUDY

There were three main objectives of this study~

1. Determinati on of the fate of nitrocel lulose fines from a lime d
slu dge when placed in a landfill situation .

2. Establi shment of the potential leachate quality associated with
two mixture s of lan d fi ll ed nitro cellulose limed sludge.

3. Recommenda ti on of the most economi ca ll y feasibl e method for
ox i da tion of sulfide in the NO-i waste stream to lower sulfide
concentrations to less than 10 mg/ l .

These objectives have been met during the course of this study and the re—
suIts are presented in the remainde r of this report. The various full-scale
disposal options for nitroceflu~ose sludge are also discussed in view of
curren t regulatory requiremen ts .

10



SECT I ON V

LITERATURE REVIEW AND DEVELOPMENT OF ANALYT I CAL
METHOD FOR NITROCELLULOSE DETERMINAT I ON

INTRODUCTION

The purpose of this port i on of the project was to determine what information
was available regarding the degradation characteristics of nitrocellulose-
lime sludge in a san i tary landfill. Concomitantl y, an anc i llar y li teratu re
survey was made to determine the feasibility of deve l oping and testing an
anal ytica l method for determining nitroce llulose (NC) and its organic
nitrate ester decomposition products in the landfill leachate .

Because there was no specific work on nitrocel lu lose- lime degradation in the
soi l reg ime reported in the literature , i t was possible to only infe r likely
degradation paths based on a knowledge of how NC-lime sludge is generated.
The fact tha t the manufacturing process utilizes an acid environment and the
waste treatment system employ s lime indicates that the mechanisms of acid
and alkaline decomposition could influence the chemica l degradation of NC.
The degradation studies cited were generally conducted under more severe
conditions than could be expected to evolve in a subsoi l matrix although the
time frame for degradation in the soil would be much longer. Given these
constraints it is reasonable to assume some of the cited degradation products
may occur in the leachate or , as i n the case of the inorganic nitrate ion ,
enrich the subsoil environment and p romote the growth of den itr ifying
bacter ia.

A method for dete rmining NC and related organic nitrate esters at trace
levels (I mg/I) us i ng the nitrate ion as a tracer is proposed. The method
invo l ves sepa rating the inorganic nitra te ions from the organic nitrate by
filtration , quantitative denitrification of the organic nitrates and mea-
surement of the resultant inorganic nitrate by a conventiona l wet chemica l
techni que . After the tentative technique for NC analysis was developed , it
was carefully tes ted p r i or to app l i cat ion in the leachate ana l ysis.

SAN I TARY LANDFILL AND LEACHATE

A sanit ary landf i ll can be descr i bed as a dis posal operat ion where sol i d
wastes are p laced in an excava ted s it e and covered , i deal l y , wi thou t
caus i ng pollution or nuisance p roblems . Mos t of the research on san i tary
land fifl s has been done on a municipal refuse. Onl y in  recen t yea rs has
there been an interest in landf il ling of materials gene rally classified
as haza rdous , such as nitroce llulose. The most potentially polluting
aspect of a sani tary landf ill is liquid discharge (leachate) which can
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occur from precipitation which percolates through the disposal site , carrying
dissolved and suspended organ ic and inorganic mater i al in to groundwa ter
supplies. The amount of leachate generated depends on the size of the land-
f i ll , the nature of the refuse , and the permeability of both the cover soil
and the subsoil regime . The quality of the leachate is also a function of
the refuse type , as well as the rate of leachate flow through the system .
The leachate passing through the refuse mass absorbs organic and arrKnonia
ni trogen and phosphorus from the organic matter. It also solubi lizes many
i norgan ics wh i ch a re presen t i n c l u d i n g c a l c i u m , magne sium , sod i um , potassium ,
i ron , chlo ri des , su lfa tes , etc. Some of these go in to sol uti on slow l y ,
while others are very sol ubl e. The ele men ts and i ons lis ted are the most
comon , howeve r , considering the possible variations in the solid wastes
and employ ing analysis procedures to trace l evels , a vas t a r ray  of subs tances
can be found in landfill leachates.

Leachate Production Mechanism

A ~~iber of cond iti~~ s must be satisfied before a ~eachate and gases are
produced in a solid waste land disposal site. In addition to refuse mass
a l r e ady d i scussed , adeq uate moisture , microorganisms , and suitable condi-
tions for microbial activity are necessary . Municipal solid waste generally
Contains 20 to 30 percent moisture by wei gh t. Th i s mois tu re is sufficien t to
cause active decomposition but not necessarily the most optimum rate.
Approximately 50 to 60 percen t moisture is required for this situation ,
which is the reason this va l ue is used for composting operations. The leve l
of moisture found in municipa l refuse is generally not sufficien t to gen-
era te a “flow ing ” leacha te. Moisture from another source is necessary to
accomplish this. In other words , the field capacity of the refuse mus t be
reached before a leachate is produced ,

The added moisture needed to satisfy the field capacity * of the refuse can
originate from two sources : (1) the infiltration through the soi l cover
of water from precipitation or snowmelt , and (2) the upward or latera l
movement of groundwater through the refuse mass. Both sources of this
moisture are subject to con trol since they are to a large extent related
to orig inal site selection and subsequen t engineering of the site.

The field capacity of ~efuse depends mainly upon its density and compos i-
tion . FungaroH (4) presented a summary of some published va l ues and they
vary markedly. For purposes of discussion , a mun ici pal refuse wi th a dry
density of 139 kg/rn3 (‘+00 l b/yd3) can have a field capacity ranging from
25-58 cm/rn (3—7 in./ft) wh i ch is equivalent to a moisture content of 5O~
to 75;. As noted , this moisture range is close to the one cited for
optimum microbial activity. Thus the level of moisture needed to produce

Field capacity is defined as the moisture content of soi l after gravity
dra i nage is completed. The non-homogeneous nature of refuse frequentl y
results in channeling of wate r , and thus leacha te prod ucti on before the
en tire refuse mass reaches field capacity. This is less likely to
occur with milled refuse.
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leachate flow through the refuse mass is close to the leve l at which the
optimum production of leachate constituents also occur. Interesting l y,
Hughes et al . (5) following their examination of four landfil l sites in
nor theas tern I l l i nois , estimate that sufficien t ra i nwater probably infil-
trates through the soi l cover to bring l .2-l.5m (4-5 ft) of refuse to field
capacity each year.

The microorganisms normally presen t in the refuse and those indigenous to
the soi l are sufficient to start the deg radation of the organic fract i on
of the refuse. The decomposition process is usually aerobic for an initial
period i mmediately following refuse decomposition . The activity is aero-
bic because sufficient molecular oxygen is presen t in the refuse mass due
to low moisture and limited compaction . During aerobic decomposition the
principal end products are carbon diox i de , wa te r and a l a r ge ar ray  of
oxid i zed inorganics such as nitrates , su lfa tes , and phosphates . If a
leachate is generated during this phase of decomposition , it will contain
many of these same oxidized end products. Microbial activity also results
in a significant increase in temperature of the refuse mass. Depending
upon the moisture content , tempe ratures in the range of 43.3—54.4°C (11 0-
130°F) are not uncommon . These tempe ratures are sufficiently hi gh to
cause the destruction of many enteric pathogens if they happen to be
present in the depos i ted material.

After a period wh i ch would vary anywhere from weeks to several months , the
microbial activity changes to the anaerobic type. This change is brought
about by an increase in moisture and degree of compaction , wh i ch in turn
results in the dep letion of molecular oxygen from the refuse interstices
and restricts the passage of a renewed supply from the atmosphere. At
almos t all landfill sites there is little question that virtually all of
the degradation activity is of the anaerobic type. The prin cipal end
products of this activity with the exception of carbon diox i de and water
are of the reduced form . They include among others methane , ammonia ,
nitrogen , sulfide s , organic and amino acids , plus a large array of other
such materials. Except for non—soluble gases like methane and nitrogen ,
these are the types of materials which will form the constituents of
leachate. This acUvity also results in an increase in temperature
though usually not to the same magn i tude as the aerobic phase. These
tempe ratures are nonetheless sufficiently high to cause the destruction
of some enteric pathogens.

Leachate Attenuation in the Soil Regime

There is no question that if the raw leachate is generated in a site where
it can be channelized directly to a nearby ground water body , the water
in the in~ ed ate v icinity of this area wi ll be altered ma rkedly in qua lity .
If there is a ground water user in this area , the water could be impaired
for domestic or other uses. This situation reflects a poor landfill
des i gn from three standpoints ; (i) poor site geolog i ca l features , (2) limited
distance between the point of leachate generation and ground water body ,
and (3) close p roximi ty to a ground water user. In a properly selected and
operated site these events should not occur because of a natura l “attenua-
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tion mechanism ” afforded by the soil regime .

The attenuation mechanism is a rather comp l ex interaction of phys i ca l ,
chem ica l and b iologi cal for ces , some of w h i c h  have been i dent i f i e d  and
studied , other of wh i ch are poorly understood and in need of in-depth study .

What is known is that the overall effect of the soil regime results in an
attenuation of the grossl y polluted leachate to a leve l where the impact on ‘

the ground water is reduced to a tolerable or acceptable level. The mechanism
can be described as follows : The soil prov i des the site for active microbial
deg radation of the organics that are present in the leachates. Some
inorganics are adsorbed to the soi l surface , and many of the more unde--
sirable ions are exchanged for the more des i rable ones. Both the adsorp-
tive and exchange properties of soils can vary greatly from site to site.
Clay type soils exhibit these p roperties to the greatest extent. Heavy
metals , and to a certain extent calcium and magnes i um , tend to be held to
soils , whereas cations like sodium and potassium are more like l y to be
released. The extremely low velocity of the undergound water resource
prov i des the necessary time for these activities. ..especially the micro—
biolo ;ical ones. ..to reach a fair degree of stabilization , thus confining
most of the deg radation processes to the i mmediate vicinity of the l andfi ll.
The soluble end products can be attenuated even further by the sheer vastness
of the underground water body through the simpl e mechanism of dilution . The
highly soluble chloride ion p rov i des a useful tracer for the situation des-
cr i be d above .

Unfortunately, the attenuating mechanism described above does not hold
true to the same degree for all geological formations , and therein lies
the crux of the prob l em. The above wi l l usuall y hold true for unconsoli-
da ted formations consisting of varying proportions of clay , silt , fine
sand , and loam with low to medium permeabilities . For uncon solidated
materials of coarse sand and gravels with hi gh pe rmeabi l it ies or consoli-
dated materials such as limestone or shale .v i th fissures , faults , or
fractions of any kind , the protective mechanism breaks down because of time .
In unconsolidated formations , there is much less time availa b le for the
degradation process ta take place within the vicini ty of leachate generation
areas because the underg round velocities are much higher. i t is in these
?reas , of course , that the potential for g roundwater pollution is the
g reatest.

A properly des i gned landfill site is one in wh i ch the ve l oci ty of leachate
trave l is sufficiently low to insure that the attenuation mechanism is opera—
t ve. In other words , the soil regime should have a su itable “permeability ”.
The unit of pe rmeability , cm per sec., is nothing more than a velocity unit.
The U.S. Environmental Protection Agency (6) suggested suitable pe rm eabi lities
for landfill sites. Hughes

6(7) 
for example , has suggested that pe rmeability

values of app roximatel y 10 cm per sec. wi l l  “retard” movements of leachate
constituents. This means that soils consisting of silts , mixtures of sand
and silt , and clays are usua l ly suitab le. It is i mportant to note that as
the pe rmeability of soi l decreases , the average grain size is also decreas i ng.
In genera l , soil adsorption and ion exchange potential increase with a de-
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crease in soil grain size. Thus the biolog i ca l , physical and chemica l forces
operative in the attenuation mechanism are all enhanced (up to a point short
of total flow restriction ) with decreasing permeability of grain size .

NITROCELLULOSE - LIME SLUDGE BACKGROUND

Nitrocellu lose Manufacturing and Physical Properties

Cellulose pol ymers of varying chain length and cross linkages in the form
of wood cellulose or cotton linters are treated with a mixture of sulfuric
acid (59-67~), nitric acid (2I—23~) and water (IO—2O2~) to form the nitr ate
ester of cellulose designated NC . The degree of nitration is determ i ned
by batch contact time , mixed acid ratios and the cel lu losic backbone
with a minimum theoretica l y ield of 14.15°/Q N by wei ght. In prac-
tice NC pol ymers containing between ~~~~ N and l3.4~ N are desi gnated as
“gun cotton” or “smokeless powder” and are used as p ropellants in the py ro-
technic industry . Due to its cellulos i c backbone , NC is not a simple
chcmica l compound but rathe r it is a class of nitrated cellulosic polymers
defined by the physical-chem i ca l properties indicated below .

Molecular Wei ght: variable , abou t 273.3n where n = degree of pol ymerzation
Chem i ca l Formula: (C6H lO_~

OS_~ 
(ONO 2)~

) for l2.6~N x= 2.
L+S

Color: wh i te
Density : about 1.66 g/l
So l ubi l ity : acetone , ether-alcohol (2:1), nitro compounds , organic

nitrates , fatty acid esters , insoluble in water
Flash Point: (closed cup) 40°F
Heat of Combustion : 2409 Kcal/kg

Once nitrated , the NC must be washed with cop ious amounts of water to
remove the excess reaction by-products , adhering nitric and sulfuric acids
and ~lC fines . The Radford arsena l has evaluated a pilot sys tem for t reating
such a waste wash water with lime and other chem i cals , followed by vacuum
filtration . The slud ge (NC—lime sludge) generated by the process has been
des i gnated for possible disposal by landfill. The purpose of this phase
of the ~.tudy ~ to c~xamine and report on literature which deals with the
degradation behavior of NC in the NC-lime sludge landfill so that the
potential impact of leachate from the landfill can be better evaluated.

NC Degradation

Due to NC ’ s insolubility in water , its mobility and ultimate fate in soil
matrix will be predicted on its susceptibility to chemical and/or biolog i ca l
degradation .

Chemica l Degradation - The NC-lime sludge generated from the process
described in the previous section may contain NC fines , lower nitrated
cellu los i cs . various organic compounds endemic to the nitration process
wh i ch ori ginates from the cellu losic decomposition in the mixed acid media ,
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and nitrate and sulfate ions from the residual mixed acids (8, 9 ,  10 , Il ) .

Mudrack ’s (8) study of i ndustrial NC wastes treated with lime indicated
tha t a large portion of the sulfate ions were removed from the waste stream
i n  the form of the relative l y insol uble CaSO4 moiety. The nitrat e ions
rema i ned dissolved in the waste suggesting that the NC lime slud ge wo u ld
contain higher concentrations of sulfate ion s than nitrate ions , since
nitrate would be removed in the effluent. The li quid entrained with the
sludge could , howeve r , con tain large quantities of nitrate .

The NC fines , as well as lowe r nitrated organic by-products in the NC lime-
sludge , may be subject to chemica l degradation by alkaline decomposition due
to nature of the lime sludge cake. Kenyon and Grays ’ (II) early study of NC
alkaline decomposition reported that the reaction was not a simp le sapon i-
fication which typically occurs wi th esters in an alkaline environment but
rather yields a series of oxidation products and low molecular wei ght , low er
nitrated cellu losic chains. Their studies reported that lOg of NC required
245 hours to comp letel y decompose at 30 C in a l?~ NaOH solution . During this
period , relative l y small amounts of CO

2 we re liberated and 6O~ to 7O9~ of the
nitrate groups were reduced to the inorganic nitrate form. Urbanski (9
in summarizing the work of authors who had studied the alkaline and acid
hydro l ys i s  of NC , enumerated the following compounds as possible degradation
products: inorganic nitrates and nitri tes , cyanide , nitrous ox i de , nitrogen
oxides , carbon dioxides , carbon monoxide , ammonia , and the organic acids ;
ox a l i c , ma lic , formic , glyco lic , butyr ic , malonic , tartar ic , trihy droxy-
glutaric , dihydroxy-butyric , hydroxypyruvic , saccharic and tartronic. The
NC pol yme r chain has reportedly undergone hydrol ysis by water at ambient
temperatures (9 ) .  The highly acid manufacturing process and subsequent en-
trapment in the weakly alkaline lime sludge would expose NC fines to both
acid and alkaline degradation. The mob il ity of these degradation products
would be a function of their solubi l ity in the leach i ng water or their
ability to adhe re to or form organo-clay complexes and be mechanically
carried through the soil environment into the ground water suppl y. Unde-
graded NC fines which are leached from the NC—lime sludge into and retained
by the relative l y mild chem i ca l environment of the sanitary la ndf i l l s
underlying soil matrix would not be expected to undergo as much chemica l
degradation . Such degradation would more like l y occur either during the
manufacturing steps or in the lime sludge generated by the waste treatment
p rocess.

Photochemica l decomposition occurs by means of chain lysis as well as
denitrification and can be induced by sunlight or UV light. Urbanski (9
reported that the decomposition rate of l3.3~ NC whe n ex pos ed to UV l i ght
fits an exponential equation . Photochem i ca l decomposition would mos t like l y
not play a significant part in sanitary landfill studies because of the
limited exposure the NC-lime sludge would have to d rect sunlig ht before
be ing covered by backfi lled soil.

~Bio log ical Degradation - Earl y work indicated that some molds (Asperg ilus)
could grow on moist NC (9 ). However , further investigations established
that onl y the mineral salts adhered to the NC were being utilized by molds
and microorganisms , not the NC itself. Extensive work on the biodegradation
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of NC by Wendt (12) and co—workers at the Army ’ s Natick laboratory indicated
th d t the unmodified NC compound was resistant to biolog i ca l degradation .
However , after modification with NaOH , the chemical degradation products
were amenable to microbiological utilization .

The inorganic nitrate ion wi l l likely be the mos t mobile (by virtue of its
hi gh so lub il i ty) and the refore the mos t probable nutrient to be leached from
NC 1 ‘~e slud ge. Given a carbonaceous source , perhaps from other NC degrada-
tion compounds , and the anoxic conditions of a subsoil matrix , enrichment
for d en it rif y ing bacteria may occur. In the previously cited work of Mud-
rack. (8) the nitrate rich wastewater , after treatment with lime to remove
the sulfate ion , was fed to a reaction tank where mechanical aeration was
replaced by slow mix ag itation . Oxygen necessary for the bacterial oxidation
of the orc~anic portion of the waste was supplied by the nitrate ion , re-
suiting in the liberation of N2 gas. Mulbarger (13) in his studies of
den it rify ing bacteria in waste treatment systems established the optimum pH
ranqe for these microorganisms to be 6.5 to 7.5. Within this pH range and
at a temperature of 20°C , denitrif ying occurred (at the rate of about I kg
of o x i d i z e d  ni trogen removed /day/kg of mixed l iqu id suspended s o l i d s ) .  If
the buf fer ing capac i t y  of the underl y ing so i l  is poor or a read i l y  ox id izab le
source of carbon is not available , denitr i fication in the soil matrix would
be expected to proceed exceedingly slowly, resulting in the release of
nitrate/nitrite nutrients from the landfill.

ANC I LLARY STUDY FOR N ITROCELLULOSE ANALYSIS

The oroblem of develop ing a method wh i ch is specific and sensitive for nitro-
ce l l u lose  is that , as is infe r red in the previous sect ion of this survey ,
~JC i~ not a s p e c i f i c  chem ica l ent i ty  but rather a c lass of compounds which
fal l - -i ith in a range defined by the degree of nitration as well as the polyme r
chain length of the cel lulosic backbone .

Infrared spectroscopy has been successfully employed for the determination
of cellu lose nitrate in paint lacquers where the stretching valence vibration
of the N02 group occur r ing at e i the r 6.05 urn or 11 .8 urn are measured ( 14 ) ( i S ) .
Dis to r t i on  of the 6.05 urn band by carbony l groups at ~.8 urn , and broadinr~ rferences which are present in an environment matrix and occur at the
11 .8 urn band , lim i t  the application of these methods for this stud y. Ages
and Bowen (16) were able to overcome these interferences by using N-N
dimethyl acetate as a solvent and emp loying the method of standard addition ,
however , the resolution of added concentrations would make its app lication
too insensitive for determining trace amounts of NC.

A review of assay methods typ ically emp l oyed in the quality control of nitro-
cellulose production i.e., grav imetr ic i gnition techniques , nit rimeters ,
and others . lack the spe cificity or sensitivity necessary to determine
potential trace amounts of NC in leachate (17). Total organic carbon anal ysis
has the necessary sensitivity but it rel ys on the organic carbon as a tracer
of NC in a system (soil leachates) where organic carbon abounds and
therefore the method lacks specificity.
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Sensitive and sp ecific methods do exist for the determjn~ tjon of NO - and
N0
2 in wastewater samples (18) and techniqu es are available for th~ denitri-

fication of organi c nitrate esters to inorganic NO - (after the method of
Smeenk (19). A combina tion of these two technique~ would prov i de a sensi tive
and spec i fic -—ethod of determining not only N C but also some of its l ower
nitrated degradation products , reporting them as class of compounds (organic
nitrates as N).

The problems antici pated in this study included , 1.) separating the inorganic
NO ., and NO; ions from the organic nitrates and 2.) verif ying the recovery
an~ precisid n and accuracy of the techni ques by the use of spiked samples .

Separation of Organic Nitrate from Inorganic Nitrate

I n i t i a l l y, separation by liq u i d — l i quid partition i ng into a suitable
immiscible solvent was cons i dered , however, because of the slow disper—
sion of NC into solvents and the differing so lubi li ty of the lower
nitrated decomposition products , the p robability of finding a b road
range suitable solven t was low.

Separation of the insoluble crganic esters by filtration was then evalu-
ated. The widely used M-F Mi l lipore filter of 0. 115 urn pore diameter was
not used because it i s  made from the cellulose acetate ester wh i ch in-
terfered with the DMSO (Dimeth y lsulfoxide) reaction and contributed an
unusuall y hi gh nitrate blank. The filter media of choice was the glass
fiber (Reeve Angel grade 9311 AM) because of its inertness to chemica l
reaction and its low nitrate contribution when run as a blank. Glass
fiber filter blanks averaged onl y 0.01 mg/ I NO 3-N. The major disadvantage
in using the glass fiber filters is the larger distribution of pore sizes
compared to the cellulose acetate filters. This could have resulted in
poor retention of the insoluble nitrate esters , however , as the recovery
data presented later in the report indicates , the g lass fiber filter
quantitative l y removed the n i t ra te  esters.

Hydrol ysis of the Organic Nitrates

Once the organic nitrate esters have been separated from the inorganic
nitrate and nitrate ions , they can be quantitatively hydrol ysed using
DM50 in an alkaline media (19) . The inorganic nitrate is prevented from
be i ng further reduced by adding hyd rogen peroxide to the system (20). It
was determined that aliquotes of I m l of DMSO , I m l of hydrogen perox i de
and 0.2 ml of 7. 5 N sod i um hydroxide added to a 250 mm x 30 mm pyrex test
tube were adequate for quantitative hydro l ysis of the nitrate esters present
on the glass fiber filter. The amount o~f hydrogen peroxide added to the
g lass fibe r filter was reduced to 0.5 ml to prevent excess hyd rogen
peroxide not used in the blank reaction from in terferri ng with nitrate !
nitrite ana l ysis on the Technicon Autoana l yzer II (AAII ). A closed
reaction vessel was not necessary for the sought after inorganic nitrate/
nitrite ion. This system was used with success throug hout the project.
Althoug h the possibility of a violent reaction was real and present , none
occurred in the 22 months that the method was used.
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Quanti r at ion of the Mydro l ysed Nitrate-Nitrite Ion

The r ~d if ica r i o n ~ to the basic procedure to date have been with the in tent
of mini miz i n g reagent blank valu es and interferences which could occur
o’anen qu an titat in g the inorganic nitrate n i t r i t e  ions using the automated
c~dm ium reduction method as g iven in the EPA Method for the Ana l ysis of
.~~ter mc ~i~ s ? - ,-~~er. ~~~ p. 20) (18) .

Throughout the procedure development period , collodion (USP grade) was
used as the organic nitrate ester. The co ll odion , which was I I . l ~ N by
wei ght was coated on Rad ford subsoil , ground in a mortar and pestle and
sieved using a U .S . number 45 sieve . The referee anal ytical method in-
vo l ved firing ali quotes of coated and uncoated soil (after dry ing at
103°C) in a muffle Furnace at 550°C . The difference in total volatile
solids (TVs) .-~as multi p lied by the II . I ~ nitrogen content of the collo-
dion to yield the organ ic nitrate as N by dry weight of the soil. The
soil of known collodion content was then dispersed in deion i zed water
and an apormn ria te aliquote filtered and taken throug h the DMSO/AA II method .
The resi’lts of the various modifications are presented in Table I .

The va 1 ue~ g iven in Table I were the result of using 0 .IN sulfuric acid
to make the reactants up to 50 ml vo l ume after the DMSO reaction . It
was felt the ~icid med ia would act as a preservant for the inorganic
nitrate . The data indicated a 96- recovery based on the referee method
(Tvs) however , the reagent blanks averaged 51~ to I0~ of full-scale on
the AA I I in spite of attempts to match the standard and sample matrices.
The diluted reactants were then neutr al iz ed to a pH of 5-8 in an attempt
to reduce reagent blank influence . The data in Table I shows that this
method also gave quantitative recoveries when compared to the TVS method
however , the variation (standard deviation) was higher and neutralization
was time consumin g . The reagent blanks were l ower , in the range of I~
to 5-~ full-scale on the AAI I . Part c of Table I is the most recent
modification ~ihich invo l ves direct dilution of the reactant before
analy :ing on the AA II . The standards and wash water were adjusted with
1.6 g/l NaOH to match the sample matrix. Whi l e the recoveries were some-
what less than those for ~he other two method s , the reagent blanks wer2
typ i c a l l y less than L full-scale deflection . Each of the variations
were evaluated in the presence of inorganic nitrate ions at approximately
ten tim es the organic nitrate concentration to determ i ne the specificity
of the method for organic nitrates. There was no quantifiable interference .

As stated previousl y, the purpose of the hydrogen perox i de was to prevent
the hydrolyzed inorganic nitrate ion from being furthe r reduced. A
series of inor~ cn ic nitrate solutions of known concentration were carried
through the procedure to evaluate the effectiveness of the peroxide.
Recoveries ranged from 85~; to I IO ~ indicating there was lit t l e  or no
reduction of the nitrate/nitrite ions.

A summa ry of the proposed method for the anal ysis of organic nitrate
esters is g iven in ‘cook book” form as follows .
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I. Princi p le.

Organic nitrate esters undergo rapid hydro l ys i s in the p resence
of dimeth y ls ulfoxide (DMSO) , water and alkali (19) . Howard (20)
has demonstrated the presence of hydrogen peroxide can prevent the
inorganic nitrate from being further reduced to nitric oxide ,
nitrogen and ammonia. Smeenk (19) reported successfull y using the
techn i que i n a m o d i f i e d  Devarda anal ysis for determining the
nitrogen content of various nitrate esters. This method emp loys the
DMSO reaction on insoluble organic nitrate which might occur in an
environmental matrix. The insoluble organic nitrates are removed
from the aqueous media by filtration , hy drolysed and the resultant
inorganic nitrate is quantitated using the automated cadmium
reduction method .

F 2. Reagents.

a. 30:~ H202.
b. DMSO (d imethy lsu l fox ide)  - Ald r i ch Che m i c a l .
c. 7.5 N NaOH .

3. Apparatus.

a. Reeve Ang le g lass fiber filter , 2.1 cm grade 934AH or equivalent.
b. Porous Gooch crucib le , filter type .
c. 250 x 30 mm pyrex test tubes.

4. Instrumentation .

a. Technicon AA II with nitrate/nitrite module (cadmium reduction
method) .

5. Procedure .

a. DMSO reaction .

I . Filter a representative sample ali quot (50 ml ) through the
g lass f ibe r f i l ter  and wash w i th  200 ml of deion ized water
to remove any traces of inorganic n i t ra te or n i t r i t e  present
in the sample.

Wash g l ass fiber filter for blank with the same amount of
de ion ized water .

2. Place the filter in the 250 x 30 mm test tube and I m l
of DMSO , I ml perox i de (use 0.5 ml perox i de on blank) ,
and car e f u l l y add 0.2 ml 7.5N NaOH . The reaction will
procede within 2-5 minu tes of the addition of the NaOH .

3. Dilute the reactants to 50 ml with deionized water and mix
well. This should be done in a 50 ml graduated cy l i n d er

21

-
-
-5



_ _ _ _ _ _  -5 --5- -5- -5- - — —  —
_ _ _  -~~~~~~

and the final ali quot transferred back to the reaction
test tube .

b. AAI I

I. The Technicon should be set up per EPA Method for the
Ana l ysis of Water and Waste Water , 1976, page 207 with
the exception that the wash water and standards should
contain 1.6 g NaOH/l. The module should be set up for
nitrate and nitri te quantitation.

2. Do not filter reacted samp les to remove g l a s s  f i be rs.

3. A reagent blank should be subtracted from each set of
anal ys i s.

6. Calculations.

50 ml x N0~-N in  mg/ i  = Organic nitrate-N mg/i
mIs of sam ple fr~m the AA I I

f i l t e r e d

7. Precision and Accuracy.

Seven rep licates averaged 0.36 mg/i + 0.01 mg/i. Recoveries of known
amounts of pyroxy l i n coated on soil averaged 9O~ . Three sets of seven
rep l i ca tes  at concentrations of 1.6-2 . 6 mg/ i had a standard deviation
of + 0.558. Homoqenity of variance was eva l uated before pooling
accord i ng to the Cochran ’s test.

The method has been used to determine the residua l cellulose nitrate
concentration in the NC-lime sludge , as well as the co l umn leachates in the
presence of large inorganic nitrate concentrations. Anal ysis of composite
samp les have indicated that there are no organic nitrate esters , including
nitrocel lulose , apparen t in the leachate . In order to confirm this
observat ion , additional tests were performed on the method .

First , the ability of the method to quantitativel y denitrify was tested
using picric acid (2, 4, 6-trinitrophenol). A liquots of picric acid
were taken through the denitration procedure and ana l yzed. Recoveries
of 8O~ of the theoretical organic nitrate was obtained , indicating tha t

• quantitative denitration had occurred .

Another test invo l ved analysis of sample filtrate for inorganic nitrate
before and after denitration . A liquots of NC-lime leachate samples were
passed throug h glass fibe r filters. The filtrates were then sp lit into

— two fract ions. One fraction was anal yzed for inorganic nitrate , the other
fraction taken through the denitr ation procedure before analysis. No
si gnificant difference in the concentration of inorganic nitrate was
found in the filtrate fractions. This indicates tha t any organic nitrates
pres ent we re be i ng re ta i ned on the g l ass  f i be r f i l te r s .

- 
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The method, shown to provide quantitative denitration , was then app l i e d
directl y to the leachate samples. Tests were conducted involving the
anal ysis of samples for inorganic nitrates both before and after the
denitration reaction had occurred. Results ind i cated no significant
increase in nitrates after deni tration . This supported the anal yt ica l
evidence tha t organic nitra te esters were not present in leachate samples
in quantita table amounts.
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SECTION VI

COLUMN STUDY

GENERAL

The lysimeter study of the fate of nitrocellulose lime sludge was the major
effort in this project. The col umns were constructed , filled , dosed to reach
field capacity , regularly dosed for 18 months and then dismantled . Discrete
and composite samp l es of the leachate were collected over various time periods
and then analyzed for different chemica l constituents. No NC fines were
found in the leachate , however , there were hi gh concentrations of nitrate/
nitrite and TOC measured . The results are presented in detail in this
section of the report.

CONSTRUCTION OF THE COLUMNS

The col umns were constructed from 15.2cm (6”)I.D. PVC p i pe in various hei ghts.
After fabrication , leak tests were performed and caulking was added . The
individua l tasks are described as follows .

Fabrication Steps

The materials needed for construction of the columns were ordered from
local supp l i e rs. W a l l  and base suppo r ts were spe c i a l l y  f a b r i c a ted and then
shipped to the col umn site. The remaining materials were rece i ved and the
col umns were assembled . Twenty col umns were assemb l ed ; 8 of which were
3.66 m (12 ft) long , 8 of which were 1.83 m (6 ft) long and four wh i ch were
2.29 rn (7.5 ft) long. The different length col umns were used to simulate
diffe rent landfill conditions . The study col umns were constructed of two
pieces of 15.3 cm (6 in.) diameter PVC pipe joined by a PVC sleeve and
appropriate gasket. The columns were supported on specially fabricated i ron
stands and secured by wall supports. To prevent or reduce short circuiting
of ra i nwater through the column , 1 .27 cm (1/2 in.) internal ribs made of
RTV were cemented to the columns , 0.3 m (I ft) from the end of each section.
At the bottom of the column , a 15.2 cm (6 in.) base , taper ed to a ce nter hole ,
was secured. A fitting and plastic tube directed any leachate into a covered
Er l ynmeyer flask for collection . The columns were covered with caps to
prevent excessive evaporation . A measured vo l ume of ra i nwater was directl y

-• poured on the surface of the columns during the prescribed dos i ng periods.
A po rt was p rov i ded in the co l umn to a l l o w remova l of a s lud ge samp le If
necessary. Pictures of the components and columns in construction are shown

• i n the Appendix.
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Materia ls for Colu~~ Loading and Dosi ng

The uriderdrain systems for all ~~ :I~jm~.)5 was the same. Located at the bottom
of the column was 20.3cm (8 -~ -) -of washed gravel graded from 2.54cm (I in)
at the bottom to 0. 64cm (1/4 i~

’
~ at the top . This gravel was covered wi th

1 0.2cm (4 in) of washed torpeslo sand. Above this layer , in the appropriate
columns , was l.37m (4.5 ft) c’if tw~der 1y ing soil sample from the Radford
landfill site. Then a layer ~f sludge or slud ge/soil was placed in the
3.66m (12 ft) col umns . All coJu~~s were finished with O.46m (1.5 ft) of
Radford top soil.

Rainwater collected from suburban area homes was used to dose the columns .
This actual ra i nwater more closely simulated actua l landfill conditions. It
was stored in the laboratory refrigerator for periodic use.

Leak Tes t

After the co l umns were constructed , they were tested for possible leakage by
filling them with water. Some leaks were discovered and corrected with
additiona l caulking. There was an apparent problem , however , associated
with the rubber stopper used to close the sludge samp ling port in the column .
This stopper was difficult to sea l , howeve r , once the columns were filled ,
the seal was improved .

LOADING OF THE COLUMNS

Initial Investi gation To Obtain Soil

Soil used in the study was obtained from Radford Arsena l so the lys i meter
study would more closely simulate the field conditions. Project personne l
visited the arsena l to identif y proper l ocations for soil sample collection .

Rad ford Arsenal presently has three separate disposal site locations . The
first site is a non—com bustible site for handling dirt , rocks , etc. wh i ch
are removed during the various construction operations . The second site is
the fly-ash landfill. This site may be utilized for ultimate disposal of the

• NC limed sludge . The topsoil layer is approx i matel y 0.61m (2 ft) deep with
a O.6l-l .83m (2-6 ft) clay layer beneath. This is underlain by a sandy
layer 3.05—4.58m (10—1 5 ft) in depth. The l owest visible layer was a shale-
l ike clay l ayer below the sand. This material was easily fractured when
removed from the soil mass but should be relatively impermeable if left
undisturbed. The entire cut was approx i mateFy 6.Im (20 ft) in depth with
the fl y ash filled to almost the total height.

The third area is the sanitary landfill loca ted in the peninsula of hi gh
elevation formed by a bend in th e idew River. This area has been called the
Horseshoe site. It is present il y tised as a landfill for conventiona l refuse
(garbage, paper , cans , plastics., etc). Refuse is placed using sloped cells
in the direction of the long •a~~s of a 91.4m (300 ft) trench . A crawler type
tractor is used to move the refuse and soil and for compaction . The exposed
trench was approx i matel y 9l.4m ~(3OO ft) long, 7.6m (25 ft) wide and 6.lm (20 ft)
deep . -
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The soil  character is t ics  of this s i te are s imi lar  to that in the fl yash
landfil l  area . The general color of the soil is rust red (similar to most
excavated so il in the area).  An examination of the westerl y wal l  of the
trenc h showed the fol lowing soil character is t ics :

0-0.61 m (0-2 ft) - Gray to brown top soil
0.61-4.3 m (2—14 ft) — Dense red c lay;  the densest clay is in the

center of this layer , the low portion of the
layer is a sandy clay . The surface of the
clay exposed to the sun was extreme ly hard . F

4.3-6.1 m ( 14-20 ft) - Clean fine sand , the entire bottom of the
t rench also consis ted of this fi ne sand ,
it appeared to be fa i r ly  permeable mater ia l .

Below the sand layer , there appeared to be the remaining sand and grave l of
an old river bed . The soil had the smooth characteris tics of a water washed
shoreline or bottom material ‘and was quite permeable. Below this layer was
a sandy—clay wh i ch appeared to hold moisture quite well. However , this
laye r seemed also qu i te permeable.

The soil characteristics appeared to be fairly consistent for the entire
length of the trench. At the north end of the trench , where the bottom
grade blended with the surrounding topography , onl y the clay layer and top
soil were exposed. There were very few rocks and boulders evident in the
side walls of the trench. It was assumed that bedrock existed not too far
beneath the sandy-clay layer.

Soil samples were collected from the third site , the sanitary l andf ill ,
since the possibi l it ’,’ still existed to dispose of the NC slud ge there. Two
types of soil samples were collected. The underl y ing soil collected was
composed of samp les from the sandy soil layer. Topsoil samples were collected
away from the trench . The first 6.1 - 7.6 cm (2-3 in.) of sod were removed
prior to sample collection. All samp les were collected in such a manner
as to maximize the area represented. Photographs of the sampling sites and
trench area are included in the Appendix.

After collection , soil samp les were shipped to Envirex in meta l drums . Two
H drums of underlying soil and two drums of topsoil were received .

Sludge Receipt

There was si gni f ica nt delay invo l ved in receipt of the NC lime slud ge samp les
from Radford. Prob lems assoc iated wi th sh i pment of a potentiall y explos i ve
material required that special analyses and clearances be obtained .

Wh en the s l u d ge d i d a r r i v e , inspection of the containers indicated that there
was insufficient sludge to fill all the columns. Discussion with the project
off icer ind i ca ted that more sl udge would be shi pped . Another problem existed
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with respect to the age of ~t-he i~lud ge. This material had been stored in
plastic containers in drums f~or l~ ng periods of time (up to 1 year) . The
li quid had separated from the v~~uum fi l ter cake and when the sl udge arr i ved -th is l iqu id  .qa s covering the solid surface. Therefore , the slud ge had to be
mixed to form a homogeneous ‘miit-i ~re prior to being loaded into the columns.
An industrial type Waring blentl.er was used to perform this task. The final
mixing and analyses were thes cLelayed until both of the sludge samples had
arrived at ESD offices .

These conditions of the sludge caused some initial concern , since there was
a question if this material allowed an accurate eva l uation of the landfill
feasibility . The blend i ng of the sludge did change the appearance from a
f i l t e r  ~.ake material  to a thic k paste , although the sol ids conten t was not
si gnificantly affected . However , since the slud ge would be compacted in a
landfill situation , the composition was anticipated to approach this consist-
ency during the disposa l procedure . Therefore , this necessary step should
not adversely affect the stud y results.

Similarly the age of the sludge was of concern. Since the sludge was at
least one year old when received , the initial conditions were not necessaril y
the same as wou ld occur during actua l operat ion . A comp lete set of initial
analyses were performed to set the i niti a l conditions for the study. Samples
of slud ge were also checked period i call y to allow an estimate of concentra-
tion change over t ime . The results indicated that the rate of change was
si gnificantly less when the sludge was not be i ng washed by leaching fluid.
(This information w i l l  be discussed in more detai l  later in this Sect ion) .

Procedure for Fi l l i n g  the Columns

The columns were filled using a sequential procedure to insure as much
uniformity as possible throug hout all col umns . The graded grave l and torpedo
sand were placed in the columns. This underdrain was allowed to set prior to
further material addition , so that natura l settling would occur. The under-
l ying sandy soil was mixed by placing the contents of the shipp i ng drums into
a p ile on the floor. Rocks greater than 2.54cm (1 in) in diameter were
removed since placement of these materials in 15.2cm (6 in) diameter columns

• would have created unnatural flow conditions . Removal of large rocks from
soil samples is commonly performed in co l umn studies. After the soil was
mixed and sorted , it was placed into the col umns in approximately 15.2cm
(6 in) layers , then tamped prior to more soil addition . One layer was placed
in all col umns , the soil tamped and then the next layer was added . All
columns contained l.37m (4.5 I t)  of sandy underl y i ng so i l .

— After the second shipment of sludge arrived at ESO offices , the slud ge
• and sludge/soil l ayers were added. After the sludges were blended in the

large Waring blender , samples were removed for analysis. Part was used to
fill columns and the rema i nder was mixed with underlying soil. Even with
the second shipmen t of sludge., there was an insufficient amount to allow all
co l umns to be filled to the previously specified amounts. Therefore the
l.83m (6 ft) slud ge-only coniro~ columns were eliminated and the depth of the
sludge and the sludge/soil I.e-yet’s in the 3.66m (12 ft) co l umns was reduced .
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The sl udge/soil mixture was then prepared by manuall y mixing approx i mate l y
equal volumes of slud ge and sandy s o i l .  A photograp h of this procedure is
included in the Appendix. After the mixture was prepared , samp les were
removed for ana l yses and the columns were filled . Radford topsoil
was then p laced as the top laye r in all of the 12 columns.

As indicated , there were changes in the proposed procedure due to small
amounts of sludge available for the study .  These changes are outlined in
Table 2. However , the previousl y described dosing procedure rema i ned the
same . The volume s representing rainfall infiltration rates of 2.54cm ,
5.1 cm , 7.6 cm (I, 2 and 3 in.) per month were utilized in the stud y. A
general set-up for the co l umns is shown in Figure 2.

TABLE 2. COLUMN CONSTRUCTION CHANGES.

Column no. Co l umn type
Old New Old New

I I Layered : 1+~ ft slud ge Layered : 33/4 ft sludge
4~ ft soil 4~ ft soil

2 2 Laye red : 4~ ft sludge Layered: 33/s ft sludge1e~ ft soil 4~ ft soil

3 3 Layered : i4-~ ft sludge Laye red: 33/4 ft slud ge
k~ ft soil 4~ ft soil

4 - 4-~ ft slud ge onl y

5 - 4~ ft slud ge onl y

6 - 4~ ft slud ge onl y

7 5 Soil 4~ ft underl y ing soil Soil 4~ ft underlying soil
Onl y l- ~ ft top soil Onl y l- ~- ft top soi l

8 7 Soil 4~ ft underl ying soil Soil 4~ ft underl ying soil
Onl y I~ ft top soil Onl y I~ ft top soil

9 II Soil 4~ ft underl ying soil Soil 4~ ft underl ying soil
Only I~ ft top soil Onl y I- ~ ft top soil

10 •8 Layered: L4~ ft slud ge/soil Laye red: 4 ft sludge/soil
• 44 ft soil 44 ft soil

• II 9 Laye red: 44 ft slud ge/soil Laye red: 4 ft slud ge/soil
44 f t  so i l  44 f t so i l

(2 10 Laye red : 44 ft slud ge/soil Layered : 4 ft slud ge/soil
44 ft soil 44 ft soil
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TABLE 2 (continued) .

Column no. 
- 

Column type
Old New Old New

13 - 49 ft slud ge/soil onl y

(4 - 44 ft sludge/soil only -—-

(5 — 44 ft slud ge/soil onl y

16 4 Layered : 44 ft slud ge Layered : 33/4 ft sludge144 ft soil 4~ ft so il

(7 - 144 ft slud ge only ---
(8 ~2 Soil 44 ft underl ying soil Soil 44 ft underl y ing soil

Onl y 1-4 ft top soil Onl y 14 ft top soil

19 6 Layered: 44 ft sludge/soil Layered : 4 ft slud ge/soil44 ft soil 49 ft soil

20 - 44 ft slud ge/soil onl y ---

m = 0.305 x ft

Initial Sludge and Soil Anal yse s

Analyses of the soils and slud ges were performed to establish baseline
conditions for the study . Ra i nwater anal yses were also performed to
establish background conditions. The results are presented in Table 3.

The data presented for nitrate/nitrite and TOC va l ues are the best approxi—
mation of the initial concentrations. Because of anal ytical problems
encountered later in the stud y, the analyses performed on the substrates
prior to placement in the column are not considered as accurate as later
modified anal yses performed on refrigerated , stored slud ge and sludge/soil
samp les . It is felt that these numbers are a better approx i mation of
initial concentrations since the known interfe rences and problems have
been accounted for.

The results indicate that the underlying soil does not prov i de extensive
buffering capacity and does not contribute a si gnificant vo latile solids
fraction to the substrate. This could indicat e that the soil may not
reduce the pH of the leachate . The soil was quite dry with only a low
nitrogen content and little organic material.

The ini t i ’al concentrations of nitrate/nitrite in the sludge were significa t.
This was attributed both to the amount of nitrate entrained in the dewater d
sludge and the continuing degradation of NC . Because of the hi gh coricentra-
tions , the entrained fraction was felt to contribute the most material.
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Other nitrogen compounds were also present in relatively hi gh concentrations ,
due to the continuing NC degradation . Onl y a small amount of cyanide was
present ini t i a l l y .

The sludge and soil were mixed together on a 1 : 1 volume basis , so the
wei ght fractions of constituents were not reduced in half , especiall y if
the mo,~~~ure content was considered . Howeve r , there were significant
decreases in concentration due to the mixing procedures. The consistency
of this material was also affected , since the viscosity of the “pasty
sludge ” was increased . Nitrogen contributions from the soil were quite
sma ll compared to the amounts contributed by the slud ges.

In order to determ i ne the genera l accuracy of the anal yses , a comparison
was made between the assay results printed on the shi pp ing container and
the results from the ini t i a l  te stin q . The ~~~ay 

r~~~~l~~s were reported as
30 inerts , 6O~- water and IO~ nitrocellu lose . After ca l culations , it was
determined that 73—77?~ of the available nitrogen was accounted for depending
on the deqree of nitration . A carbon balance showed recoveries of I2 3—I 3O ~
which indicated that the inert constituents were contributing carbon to the
systen . These calculations did in dicate that the anal ytical p rocedures
were providing results which we re reasonable approximations of other
techni ques.

Leachate Anal yses -

It --‘as antici pated that the hi gh concentrations of soluble nitrate/nitrite
in the s udge would adverse ly  af f ec t  the leachate q u a l i ty .  In order to
more closely mon i tor their mpact , it was decided to collect small
discrete samp les at short time interv als within the composite period. These
samp les would then be mon i tored for nitrate/nitrite , b C , ammonia and pH
to establish variations in leachate characteristics wh i ch could occur over
shorter times. The collection and anal ysis of discrete samp les would also
prov i de an indication of sudden changes in leachate quality, so that
a d d i t i o n a l  anal yses could be performed i f  needed.

Dosing volumes representing rainfall infiltration rates of 2.54cm , 5 .1cm and
7.6cm (I . 2 3 in.) per month were util i zed in the study. Table ~i summarizes
the dosing schedule followed. The column s we re dosed tw i ce per week with
the appropriate vo l u:-~e of ra i nwater. As a result of the slow leaching
rate encountered with column s 9 and (0 , a standing head was established
in both co l umn s in January (977 and maintained by twice per week dosing
throug h the remainder of the study.

Three of the co lumn s we re operated in an “ inundated condi t ion ” . This
invo l ved raising tnc outle t of the leachat e collection tube to a leve l even
to the substrate l ayer. In this way , the i mpact of a raised groundwater
leve l on leachate quality could be established.

Leachate samp les were collected and composited on a dail y basis or whenever
su fficient vo l ume had collected in the flask. Once the co l umns had reached
“steady-state ” , leachate collection was performed three time s per week.
Samp les were sp li t  between discrete and compos i te volumes , wi th the
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compos i te amount fur -her divided between an acidified and non- acidified
fraction . The fol lo ’.-iin g guidelines were followe d for the composite and
discrete samp le collection procedure .

I • Samples were composited if 25 m is or more of leachate had
collected.

2. Volume and pH were measured for all samp les being compos i ted.

3. Discrete samp les were collected for all co l umns when a volume
of 50 mis ~ r more was available or if the investigator deter-
mined that discrete 3nalyses were des i rable.

4. 20’ of the vo l ume for composite was sp lit  into an acidified
sample (acidification was done by addition of 0.1 m Is of
IN H

2
SO , per every 10 m Is of samp l es).

5. The remaining 3O~ of the vo l ume was placed into a refrigerated
onl y composite.

T~ BL ~~~. DOSING SCHEDULE LYSIMETER COL~ ;-1NS.

Co lum n Column
number hei ght Column type Dosi ri~ rate

12 Ft Slud ge - gravity flow l ’/r’onth

2 12 ft Slud ge — gravity flow 2’’/month

• 3 12 Ft Slud ge — gravity flow 3 /month

4 12 ft Slud ge - partiall y 2 /month
inundated

5 • 6 ft Soil only - gravity I /month
f low

6 12 ft Slud ge/soil — partially 2”/month
inundated

7 6 ft Soil only — grav i ty 2”/month
f l ow

12 ft Slud ge/soil - gravity “/month
f l o w

9 12 ft Slud ge/soil - gravity 2 /month
f l o w

10 12 ft Slud ge/soil — gravity 3 /month
f 1 ow

II 6 ft Soil only — gravity 3”/month
F low

12 6 Ft Soil onl y — partiall y 2”/month
inundated

rn = 0.305 x ft cm = 2 5 1 4 x inches
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l n itia ’Il v . the composite period was set at 2 weeks or 10 working da’,- interva l s
to allow collection of more information during periods of rap id changes.
Howeve r , at time s , sufficient vo l umes of samp le were not available to pe rform
all an~~~ses. There fore , the prescribed anal yses were assi gned a priority
for performance . The anal yses to be pe rformed on the various samp les are
listed in orde r of priority in Table 5.

After the concentrations of the various parameters had leveled off , the
composite period -~-~as extended to 4 weeks or 20 wo rking days. This a l lowe d
col l ect on of larger samp le volume s wh i ch improved detection li m it s and
yet did not adversel y affect the overall study objectives. The anal yses
chosen to be mon i tored were in i t i a l l y identified from the previous
literature review . The preliminary results indicated that the degradation
products were much more comp lex than ori g inall y anticipated. As a result,
additional anal yses were included at this point and throug hout the study.
These anal yses are listed in Table 6.

Problems were encountered in obtainin g leachate from the two 3.66m (12 ft)
inundated columns 4 and 6. Since they had not produced leachate followin g
norma l dosing procedures , they were placed unde r 15.2cm (6 in.) of standing
water on A ori I I , 1977 under 30.5cm (12 in.) on A pril 19, 1977 and under
18 in. on May 16 , 1977. St i l l  no leachate had been produced. In June 1977
the two co l umns were pressurized using air ini t i a l l y to 1.1 5 atm (2 psi),
then to 1 .24 atm (5 psi) in Jul y 1977, and finall y to 1.5 atm (7 ps i) in
August (977 to try to force leachate produc tion . Column 4 started producing
small vo l umes of leachate intermittant l y from August to December 1977.
Column 6 neve r produced a leachate.

ANALYT I CAL I NTE R FERENCE EVALUATION AND COMP E N S A T I O N

During the study- an interference was noted wh i ch affected analytica l results
from slud ge column leachate samp les. The interferent gave trailing peaks
on the inorganic channel of the Beckman TOC ana l yzer and interferred with
ammonia analyses on both the Techn i con AA I I module and the ammonia ion
specific probe . Several approaches were used to beg in the i dentification
of the unknown compound causing anal ytical problems .

Identification of the Interferent

The first approach was to measure for residua l chlorine by the iodometric
techni que . The result was an apparent chlorine content of 1O4 magnitude
(col umn ~l). Subsequent spot and flame tests , howeve r , failed to confirm
the presence of chlorine. There was also no record of additiv es in the
slu dge ’s history which would produce such a hi gh concentration of chlorine.
Other materials such as cyanide or thiocyanate which may have ori g inated
as a result of alkaline degradation of nitroce ll u lo se we re not found in
sufficiently hi gh concentr ations to cause these results.

At this point it was known that a constituent or constitue nts in the
leachate from co l umns con taining slud ge could cause interferences to
the TOC . and tJH 1-N anal ysis , and upon acidification with H2SO4 (I C V/V )
would yield a ‘~Fi t e preci p itate (2.8~ TVS content) and evo l ve orownish-
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TABLE 5. ANALYSES TO BE PERFORMED ON COLLECTED LEACHATE , EARLY PHASE.

Discrete samp les I. Nitrate/nitrit e .e
2. Total organic carbon .e
3. Ammonia.~14, pH.

Acidif ied composite samp les I . Nitrate/nitrite.
2. Total carbon .
3. Ammonia.
‘4. Total kjeldahl nitrogen .
5. Chemica l oxygen demand .

Refrigerated compos i te samples I. Organic nitrate .
2. A l a k l i n it y.
3. pH.
4. Conductivity.
5. Cyanide (perIod i call y).
6. To tal sol ids.
7. Total volatile solids.
8. Total dissolved solids.

eAfter acidification wi th su lfuric acid.

TABLE 6. ANALYSES PERFOR MED ON COLLECTED LEACHATE , LATER PHASE.

Discrete samples I. Nitrate/nitrite.
(after acidification with 2. Total carbon .
sulfuric acid)

Acidified composite samples I. Nitrate/nitrite.
2. Ammonia.
3. Total kjeldahl nitrogen.
4. Total carbon .

• 5. Chemical oxygen demand .

Refri gerated composite samples I. Organic nitrate.
2. Alk alinity.
3. pH.

- 
14. Conduc t i v i t y .
5. Thiocyanate.
6. Total solids.
7. Total dissolved solids.
8. Total volatile solids.

— 9. Dissolved vo latile solids.
*10. To tal cya n ide .
*11 . Biochemica l oxygen demand
*12 . Total coliforms .

Cinfreque ri t analysis.
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yellow pungent fumes. An anal ytical approach based on standard redox
potentials was then chosen as the method for isolating the possible con-
taminant. The work with the iodometric chlorine test ind i cated the
oxidant possessed a redox potential > O.536V (eq. I.).

I. 1
3 

+ 2e 
~ 3 I O.536V

The ability to oxidize Ce( IlI ) to Ce(IV) (eq. 2) in a IM H2SO4 system
using ferroin as an indicator would indicate the presence of some of the
stronger oxidants , i.e. > l .6IV such as ozone . persulf ate or peroxide .

2. Ce’4~ + e ~ Ce 3~ l.6 1V

The constituents in the leachate from column I were unable to do this.
Controls run with fresh persulfate successfull y oxidized the cerrous
ion to the cerr ic form . The potentials of the most abundant ion in the
leachate i.e. the nitrate (or nitrite) ion were then i nvestigated (eq. 3a—d).

3. a) NO
3 

+ H2O + 2e — NO2 + 20H O.O O V
b ) N0

3 + ‘4H + 3e ~ NO
2 

+ 21120 +1 .OOV

c) NO
3 

+ 3H + 2e -
~ lIMO2 + (1

20 O.914V

d) 2N0 
- 

+ 14(1 + 2e -
~~ N 0 + 2(1 0 o.8oV

3 -~- 2 4  2

The reduction of the nitrate to the nitrite ion was a poor candidate but
reactions 3b through 3d had positive enough potentials to interfere in the
iodometric titration. However , the forma l potentials were be l ow those of
the conversion of Cr( Il I) to Cr (VI) in eq. 4. The forma l potenti al

4. C r2O~~ + 14H + 6e 2Cr 3~ + 7H20 I . I O V

of this system allowed differentiation between the nitrate and the
chlorine molecules as the interferant , (eq. 5). Cr( I II) ox i de was the

5. Cl 2(g) + 2e 2C1 I.36V

reduced chrom i um source . The leachate-chrome (il ’ ) system was made in
IM H2SO4. The ch!orine-chrome control was adjusted for a 10 fold
excess of the OC I group using I5~ Na OCL and made acidic to an IM concen-
tration , thus liberating Cl 2 gas. Both systems were covered and p laced
on a steam bath for 72 hours. At the end of the 72 hours 86~ of the
Cr(II I ) had been converted to Cr(VI) (measured by the di pheny l -carbohy-
drizide color imetric techn i que) in the chlorine system while in the
leachate system <I~ Cr(V I) had been formed . These tests are far from
conclusive . Measurement of forma l potentials in comp lex systems can be
masked b” many side reactions , and although the thermodynamics of a given
redox reaction is favorable , the kinetics may not be. However , these
data do suggest that the interfera nt in the leachate is the nitrate ion .

36

-- — . — ---- - - - — - -5  —-------
~~
-- - --- - -  - - ---

~~~~~~

-— - — —5 —-5— 
5--- -—



- -

This is furthe r imp l i ed by the fact that a control made to 10 ,000 mg/I
NO3 

- caused tailing peaks on the TIC channe l of the Beckman TOC analyzer
and the control liberated b rown i sh-yellow pungent fumes upon acidificati On
wi th H2 SO~ (note eq. 3b and 3d). (Note: the wh i te precipitate composition
from the leachate is unknown).

Impact on Anal yses

Assuming the nitrate ion to be the problem , a series of anal ysis were
perfo rmed to evaluate its influence on the TOC , COD , and TKN anal ysis.
The results of these tests are given in Table 7. There was no detectable
interference in the COD test. The TOC showed l ower recoveries for high
concentrations of the nitra te ion . This can be attributed to an exaggerated
TIC response. The controls were made from deion i zed water con taining l ess
tha n 3 mg/I CO2 and yet the injected samples gave a TC of 102 and a TIC of
85 for the 10 ,000 mg/I NO 3-N control and a TC of 21 wi th a TIC of 114 for
the 1 ,000 mg/l con t rol.

These TIC peaks showed the tailing effect so characteristi c of the NC-lime
leachate samples. The hi gh concentrations of ni trate/nitrite in the
leachace had been causing a positive interference in the TIC response
resulting in l ower TOC va l ues than were actuall y present. It is theorized
that nitrous ox i de was bein g formed wh i ch was read as C02 by the infrared
anal yzer. To overcome this interfe rence the Ieachate samples were
acidified and onl y total carbon wasnmeasured , which should more closel y
approximate the actua l TOC values.

TABLE 7. INTERFERENT STUDY.

N03=N concentration , Anal yte
Anal ysis mg/i added Recovered °4 Recovery

COD 10 ,000 266 247 93

TOC 10 ,000 100 17 17
1 ,000 20 7 35
200 80 75 94

TKM 10 ,000 0 <0.1 -

200 20 5.5 28
200 100 76.0 76
200 200 135 68

TKN I mpacts - The nitrate ion caused a negative interference in the TKM
anal ysis. The results in Table 7 are in agreement with those of Schlueter
(“Nitrate Interference in TKN Determinations and its Removal by Anion
Exchange Resins ” , EPA-600/7—77-017, Feb. 1977) (21). One proposed reaction
causing the interfe rence is g i ven in equation 6, althoug h the react iun is
suspected to be more comp lex.

6. NH4 
+ 

+ N
20 + 2H

2
0
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This reaction indicates that water inhibits the interference . Therefore ,
as the water is driven off in the TKN di gestion , the reac t ion p roceeds
to the right. Schlueter recommends the use of an i onic exchange resins
to remove t~~~nitrate ion . This method requires that the reacted resin then
be removed by filtrat ion . This would also remove any particulate organic
nitrogen caus i ng a negative error. While this may be a general procedural
problem , in the NC-lime leachate samp le , the suspended solids concentration
were quite low and did not pose a problem. This method of nitrate remova l
was further evaluated.

Our initial step was to determine if the NC-lime leachate would cause
a TKN interference . A TKN standard was spiked with NC-lime col umn
leachate on a two to one and on a one to one TKN to nitrate nitrogen
basis and the TKN determined. The leachate caused a negative inter-
ference on the TKN anal yses , resulting in only 7l~ recovery.

The next approach was to test the use of an anion exchange resin to re—
move the nitrate orior to the TKN digestion . The specified anion exchange
res i n , lon ac A—5140, was obtained . The capac i ty of the resin to remove
nitrate from solution was determined experimentall y. It was found that
to remove one milligram of nitrate nitrogen from solution requ i res approxi-
matel y seven grams of resin. The procedure developed for us i ng the anion
exchange resin to denitrify a samp le is as fol l ows :

I. Based on nitrate l evels in the samp le , determ i ne the amount of
resin necessary for denitrification .

2. Prerinse the appropriate amount of resin to be used on the
sample and an equal amount of resin for a blank with deion i zed
water to remove TKN solubles. (1400 mis of dionized water to
15 grams resin washed).

3. Filter rinse water from samp le resin and resin blank under low
vacuum.

4. Transfer resin to 50 milliliters of sample , st i r  s l o w l y  on
magnetic stirrer for 15 minutes to allow den itrification of
samp le. Transfer resin blank to 50 mil l i l i t e r s  of deionized
water and treat in same manner as sample.

5. Under low vacuum , filter the ori ginal 50 mi l l i l i t e r s  of sample
from the resin. Do the same for the resin blank.

6. - Now that the samp le is denitrified , take it and the blank
throug h the regular TKN procedure (digestion , distillation , and
titration ). Subtract the resin blank from the sample in the
calculations.

The validity of this procedure was tested on a 1KM solution (li-Arninoanti-
pyrine ) sp i ked with nitrate at ten time s the TKN level. Rep licates were
anal yzed , the results are g i ven in Table 8.
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TABLE 8. NITRATE INTERFERENCE IN TKN ANALYSIS STUDY.

Sample Recovered TKN , mg/I ~ Recov er y
TKN solution . 128

126
Ave. 127 -

Nitrate spiked TKN solution . 2
3
3

Ave . 3 2

Nitrate spiked TKN solution 137
after denitrificat ion by 129
anion exchange . 146

Ave . 137 108

A 98-k loss of TKN occurred in the nitrate spiked 1KM solution . However ,
the nitrate interference could be successfull y removed by the denitr i fi-
cation procedure , allowing good TKN recove ry .

Leachate samp les from the six columns with high nitrate levels were then
anal yzed both with and without preliminary denitrification . Results are
g i ven in Table 9. TKN levels we re found to be hi gher when the samp le was
denitrified prior to analysis. Most of the problems encountered in this
investi gation were due to the hi gh nitrate levels in the NC-lime leachate.
Large amounts of resin were required for denitration . This made the use of
small sample a l i quots mandatory , which may have reduccd recoveries. Tests
in wh i ch rep licates were anal yzed showed the techni que to be precise for
most samples. However , due to difficulties inhe rent in the use of small
sample vo l umes there is quite a variation in results.

Ammonia Ana l yses - The re we re also some problems encountered with ammonia
ana l ysis. The hi gh concentration of nitrate/nitrite in the NC lime
leachate samples caused a positive interference in ammonia ana l ysis by
Technicon AA II module. Since the ammonia levels were relative l y low ,
this effect could not be compensated for with additional dilu tion . Problems
also occurred when analyzing ammonia with the amonia ion specific probe
due to the high dissolved solids in the leachate samp les. A s tandard
ammonia distillation into boric acid followed by probe anal ysis success-
fully removed interferences in the amonia anal yses. Th e proced u re d i d
requ i re more sample vo l ume so individu a l samples were anal yz ed o n l y  once
every two weeks.

COLUMN DISASSEMBLY AND RESIDUAL ANALYSES

Column Disassemb l y

The last leachates were collected and the co l umns disassembled for anal ys i s
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TABLE 9. NITRATE I NTERFERENCE IN 1KM ANALYSIS OF LEACHATE.

TKN , mg/I
Samp le W ith Withou t

Column Date denitrification den itrification

I Decembe r 9, 1977- 56 <70
January (6 , (978

I January 16 , 1978- 126 -

Febr uary 20, 1 978
2 November 4, 1979- 168 <70

December 19, 1977

2 December 19, 1977- 182 —

January 24, 1978

2 January 214, 1978- 98 -

February 28, 1 978
3 December 9, 1977- 378 <70

January 1 6 , 1 978
3 January 16 , 1978- 126 —

February 20, 1978

8 November 18 , 1977- 252 <70
Decembe r 23, 1 977

8 December 23, 1977- 392 —

January 30, 1 978
8 January 30, 1 978— 182 —

February 6, 1978

9 November 18 , 1977— 140 <70
December 23, 1977

9 Decembe r 23, 1977- 392 -

January 30, 1 978
9 January 30, 1977- 98 -

February 6, 1978

10 Novembe r II , 1977- 11 2 <70
Decembe r 16 , 1977

ID December 16 , 1977- 532 —

January 23, 1978

— 
ID January 23, 1978- 1 12 —

February 27, 1 978 
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approximately 22 months after the dosing began . To accomplish this the
col umns were removed from their wall supports and l owered to a horizontal
position on the laboratory floor . Approximatel y 1/14 of the circumference
of the PVC pipe was removed by 2 lengthwise cuts made with a powersaw
expos ing the sludge and soil l ayers in each column . Prof i le measurements
were made and subsa mp les for anal ysis were then taken at the depths shown
in Table 10. The remaining slud ge or sl udge/soi l from each col umn was
transfe rred to containers and refri gerated. Topsoi l and subsoil was
returned to the shi pping drums . Pictures of the operation are included
in the Appendix.

Residua l Anal yses

The analyses performed on the residua l sludge and soil in the disassembled
co l umns are listed in Table II.

TABLE II. ANALYSES PERFORMED ON DISASSEMBLED COLUMNS.

Nitrate/nitrite
Organic nitrate
Total cyanide
Thiocyanate

Total organic carbon
pH
Total solids
Total volatile solids
Density c
Oxidation — reduction potentia l~

*Not performed on all samples.

These anal yses were performed on the disassembled col umns samples to charac-
terize the extent of sludge degradation at the end of the study and to gain
information on the vertical movement and fate of slud ge degradation products.

For most parameters , standard procedures or the modified procedures
previously outlined were used in the analyses. However , the cyanide techni-
que required some modification .

The NC-lime slud ge and leacha te sa mp l es we re anal yzed for tota l cyanide
according to the method outlined in Standard Methods 14th edition - Total
Cyanide after Distill a tion (4I3B) followed by the Titrimetric Method (4I3C)
to determ ine CM concentration . In this method cyan i de complexes in the
sample are converted to hydrogen cyanide gas and absorbed into sod i um

• hydrox i de solution. The amount of cyanide absorbed is anal yzed
titrimetr i call y. Magnesium chloride was added to the distillation to
eliminate thiocyanate interference .

Distillation gives quantitative recovery of even the refractory cyanide
complexes. Several tests were pe rformed to test recovery of cyanide from
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TABLE 1 0. COLUMN PROFILES AT DISASSEMBLY AND DEPTHS AT
WHICH SUBSAMPLES WE RE TAKEN .

Column Topsoil Sludge Underl ying soil

UI Prof ile 0—114” 14—57” 57—107”
Subsamp les .7

~ (5, 25, 35, 45, 55” 69, 95”

#2 Profile 0—1 3” 13—54” 54 112”
Subsamp les 7” 14 , 24, 34, 44 , 52” 66, 100”

#3 Profile 0—1 5” 15—56” 56—106”
Subsamp les - (7 , 27, 37, 47, 55” 68 , 94”

#4 Profile 0-15” (5—55” 55—105”
Subsamp les — (7, 27, 37, 147, 53” 67, 93”

#5 Profile 0—15” — 15— 72”
Subsamp les 7” 27, 60”

~6* Profile 0— 1 4” 114—60” 60—114 ’’
Subsamp ies — (6 , 26, 36, 46 , 58” 72,102”

#7 Profile 0— 1 5” — 15— 77”
Subsamples 8” 29, 65”

4* Profile 0—1 5’’ 15—63’’ 63—11 9”
Subsamp l es 7” - (7, 27, 37, 47, 61” 75,1 07”

~~ Pro f i l e  0-12” 12—60” 60—122”
Subsamples 6” 14 , 24, 34, 44 , 58” 72,110”

#10* Profile 0-16” 16—67” 67-129”
Subsamples 8” 18 , 28, 38, 148 , 58 , 65” 79,11 7”

# 11 Profile 0—18” — 18— 76”
Subsamples 9” 30, 64

#12 Profile 0—18” — (8— 75’’
Subsamp les 9” 29, 63

*Columns containing sludge/soil mix ture .
cm inches x 2.54

142

t
- 

. 
- - - 5  -—-—-5* . 

- -~~~~~~~~



_ _  
_ _  

- - -

NC—l ime slud ge samp les. Replicates were distilled for one and two-hour
periods. As shown in Table 12 , a two-hour distillation time recovered
approx i mate l y 30?~ more cyan i de than a one—hour distillation . The samp les
distilled for two hours showed very good rep l i c a ti on , wh i ch tends to
indicate a more comp lete recovery of total cyanide. Based on this , a l l
NC l i me sl udge and leachate samples were distilled for two hour periods
to allow a more complete recovery of the total cyanide present.

TABLE (2. TOTAL CYANIDE RECOVERED FROM ONE AND TWO
HOUR DISTILLAT I ON OF SLUDGE .

To tal CN , Ave rage
Samp le Distillation time mg/kg dry wt. mg/kg dry wt.

Slud ge I hour 360 339
I hour 317

2 hours 1436 44 1
2 hours 14145

As a check on the accuracy of the method , rep li cates of the slud ge were
sp i ked with cyanide standard on a I to I cyanide in samp le to sp ike bas is
(Table 13) . Recoveries averaged 99~ . A leachate samp le was then sp i ked ,
resul t ing in a 9 14 -~ recovery of total  cyanide. This indicated that the
total cyanide anal ysis on the NC-lime 5lud ge and leachate samples was
not significantly affected by any interference(s) present. It also
strengthens the validity of the results obtained using this method for
NC-lime total cyanide ana l ys i s .

TABLE (3. RECOVERY OF CYANIDE FROM SPIKE D SLUDGE
AND LEACHATE SAMPLES.

CN found ,
Sample average Actual CN ~ Recovery

Sludge 1. 17 mg
• Sp i ked sludge 2.15 mg 2.17 mg 99~

Leachate 3.3 mg
Sp i ked leachate 5.0 mg 5.3 mg 94%

RESULTS AND DISCUSSION

The stud y y ielded many interest ing results w i th  respect to the slud ge
cha racteristics , leachate quality, as we l l  as the degrada ti on of the
nitroce llulose fine s entra i ned in the slud ge. These resu lts are presented
in the rema ?nder of this section .
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Low Permeability of the Sludge and Sludge /Soil Systems

One of the most signifi cant results of the study was the finding that both
the slud ge and the slud ge/soil mixtures had quite low permeabi l ities to
leaching water .  T his became apparent immediatel y after the stud y began ,
since the sludge and slud ge/soil co l umns did not reach field capacity for
extended period s of time . The soil control co l umns operating in the downflow
mode produced a leachate within 15 days after the start of high rate dosing,
2.54 cm/day (I”/day) . However , the 3.66m ((2 ft) study columns did not
p roduce a leachate , and water began to accumulate above the topsoil layer.
This accumulation continued so the high rate dail y dosing was halted and
the water leve l was mon i tored . Since there was a standing water head , the
columns were , in effect , pressurized by this wei ght of water standing on
the surface and saturating the topsoil l ayer.

Since it was necessary to obtain a leachate for anal yses , furthe r steps were
taken to hasten its p roduction . Two of the tall slud ge filled col umns were
pressurized by sealing them and p lacing metered air pressure onto the column .
Effective pressures of 1.148 atm (5’ of water head) were utilized . Two days
after pressuriza tion , the pressurized slud ge column produced a leachate.
However , on the nex t day , an unpressurized sludge co l umn produced a leachate.
The pressure on the sludge co l umn was then released and leachate continued to
flow by gravity . The remaining gravity flow slud ge column and the partially
inunda ted slud ge column produced visible leachate later . The time required
for these co l umns to reach field capacity was 30-45 days.

The sl udge/soil mixture had an even lowe r pe rmeab i l i t y .  Pressure to leve ls
of 1.48 atm (15’ of water head) rema i ned on the tall column 141 days before a
leachate was produced. Soon after , both of the gravity flow columns produced
leachates and li quid was visible in the clear tubing on the partiall y
inundated co lumn . These co lumns required approx imate ly 3 months to reach
f ie ld capac i ty .

Throughout the remainder of the stud y, attempts were made to force a
leachate through the sludge and slud ge/soil column s operated under partiall y
inundated conditions. These columns were pressurize d at 1.48 atm (15’ of
water head) for up to 12 months. However , in the field , these hi gh pressures
would not likely be encountered unde r natural conditions. A summa ry of the
time needed to reach field capacity and the volume of rainwater added
before a leachate was produced is presented in Table 14.

Another indication of the low permeability of these materials is the
relationshi p between the volume s dosed and the volume s leached for the
different col umns . These resul ts are presented graphically in Figure 3.
The extreme l y low permeability of the slud ge/soil mixture s is apparent
when the small volume of collected leachate is considered . The sludge

— itself has the ability to leach , but the amount is not directl y proportional
to the vo l ume dosed . This can be seen by comparing the vo l ume of leachate
collected for co l umns II and 3. The control (Column II) and the slud ge
co l umn (Column 3) were both dosed at a rate of 7.62 cm (3”/month), yet
there was 25~ more leachate collected from the contro l co l umn . This
finding can also be presented by calculating the number of equ i valent bed

14 14
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Fi gure 3. Volumes of li quid dosed and collected by col umns.
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vo l umes of leachate produced by the various columns. These are summarized
in Table 15 .

TABLE 114. TIME TO REACH FIELD C A P A C I T Y .

Vo l ume to reach Time to reach
f ield capac i ty ,  f ie ld  capaci ty,

Column number liters days

6.5 1+2

2 6 .5 54
3 6 .5 43

4.6 1 6

7 4 .6 1 6

8 6.5 82

9 6.5 103

6.5 91

II 4.6 16

(2 8.3 29

Columns numbe r 4 and 6 never produced a constant leachate during the
course of the study.

TABLE (5. BED VOLUMES OF LEACHATE COLLECTED.

Volume Bed volume~:
collected , over Bed vo l ume /month ,

Column number 
— 

1 st ud y avg .

I (5 .9  0.80 0.038
2 20.2 1.06 0.050

3 214.2 (.28 0.061

8 8.9 0.140 0.021

9 (2.4 0.56 0.029

(0 10 .1 0.143 0.023

*Bed vo l ume was deflned as the volume occup ied by the substrate layer.

It can be seen that the vo l ume of leachate collected over the 19— 21 months
of the stud y -.-;as quite low even in a system which has been desi gned to force
leachate production .

1+6
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Leachate Quality

The corD~ site and discrete samp les were ana l yzed for the various parameters
throug hout the duration of the project. The results have been comp iled into
Tables -4hich are included as the A ppendices of this report. There were
some significan t findings with regard to severa l parameters which are
highl i- -’hted in this discussion . In all instances , the con t ro l column
leachate had low concentrations of a ll parameters of interest. The contri-
bution of chemical constituents from the soil was quite small.

H iqh Concentrations of Nitrate/Nitrite - Extreme l y hi gh concentrations of
nitrate/nitrite were found in the leachate from the slud ge co l umns. The
genera l trend of nitrate/nitrite concentrations versus time is shown in
Fi gure 1+. It can be seen that there was an ini t i a l  rap id increase in
concentrations until peak levels were reached. Then the nitrate/nitrite
va l ues leveled off at concentrations of 11 — 1 3 , 000 mg/I NO 2-N03-N for the
slud ge columns and 8- 11 ,000 mg/i NO2N O 3-N for the slud ge/soil systems .
Fi gure 1+ also shows the si gnificant decline in nitrate/nitrite concentra-
tions towaH the end of the study. This reduction corresponds to the
leaching of most of the nitrate/nitrite ori g ir. a ll y present in the slud ge
when it was placed in the co l umns. The decrease is ict apparent for
column I or the slud ge/soil systems since the volumes of ieach ate produced
to that date we re less than tha t for co lumns ~ . and 3. However , it is
ant~ c ip a ted  that these would also follow the - ,ame pat tern over a longer
period of time .

These resu l t s  are s i gn i f i can t  since they indicate a notential pr cb lem
associated with the leachate quality . The hi gh nitrate/nitrite levels can
adversel y affect ground water quality. Typicall y, nitrate concentrations
are limited to- less than 45 mg/i since hi gher l evels can contribute to an
illness known as infant methemo qlobinemia (22). The fact that the iI it rate/
nitrite levels decrease when much of the initial nitrate is rinsed
through the system is also i nportant since it indicates that previou s
washing of the slud ge could reduce the direct nitrate/nitrite impact on
the ground water.

There was a question as to whether the entire amount of ni trate/nitrite
be ing leached could be attribu ted to the concentrations ori g~na il y
present in the sluJc e or whethe r the continued degradation of the nitro—
cellulose fines contributed to the nitrate level ;. Summation of the
nitrate present in the various leachates indicated that for column 3 (high
dosed : slud ge onl y) the amounts of nitrate collected exceeded that
ori ginall y present. This indicated that there was an additional source of
nitrate/nitrite, hypothesized to be degradation of the NC.

To con firn this finding, a slud ge samp le was t’ashed to remove most of the
e trained nitrate. Then samoles were removed monthl y and anal yzed for
inorganic nitrate/nitrite and organic nitrate to determ ine if continu ing
deqrada tion of the NC could increase a~iai la b l e inorganic materials. The
sumriar~zed results of 3 sets of anal yses are presented in Table 16. There
was a consistent increase in inorganic nitrate/nitrite levels throughout ’
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the seven month per iod . A correspondin ri decrease in organic nitrate was also
noted . These va l ues confirm the fact that the NC continues to degrade in
the alkaline environment presented by the lime slud ge. The rate is faster
if the equi ibr ium is distur bed by washing.

TABLE 16. SLUDGE DEGRADATION TEST RESULTS.

Average Averace
inorganic organic

Tine of sample , NO2/N03-N , NO3-N ,
months mg/kq dry w t  mg/kg dry wt

0 67 702

358 456
2 467 495

3 627 364
1+ 699 1354

5 726 321+

6 992 267
7 1 330 77

N i troc ell u l ose Fines - Nitroce ll u lose fines were not leached from the slud ge.
The analyt~ cal results have indicated that the re is less than 0.1 mg/ I of
organic ni trate present in the leachate samples. This finding is
s i g n i f i ~~a-i c si n~ o rior to the i n i t i a t i o n  of this study, t here ~-ias no
da ta t-ihi c~i es tablished potential ground water contamination by these fires.
The fac t th at no fines mi grated to the leachate during this stud y indicates
that this type of contamination w i l l  probabl y not occur in a ful l  sca le
disposal si te.

Total O rqanic Carbon - Total organic carbon concentrations followed the same
general t r’~nd i rid cated by the nitra te/n i tr i te system (F i qure 5) . The
i ncreases in concentrat ic -i were more gradua l and did not reach as hi gh a
l e v e l , but th~ i n i t i a l  increase , leveling off and even tua l decline we re
evide nt. Since the NC could degrade into a wide variety of end DrodUCts
which arv not identified by a general TOC analyses , it was felt that
further quantification would be desirable.

Solids Concentrations - Solids concentrations were also monit ored throughou t
the stud- , . The results of total solids and total volatile solids analyses
are p res e nted  in F i -~u rcs 6 and 7. There was a lar qe increase in solids
conc e ntr i ti - n 5 far columns I , 2 and 3 d ur in g the i n i t i a l  pha~ es of the
stud , . The i ncreases noted for CO l umn 8, 9 and 10 we re much more gradual
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and the concentrations were just leveling off at the time the study was
comp leted . Solids concentrations were high , approx i mate l y 8~ total solids
and there was a significant volatile fraction . Most of the solids were
dissolved wh i ch was expected , since most particulates were removed by the
sandy subsoil layer.

Cyanide Concentrations - The preliminary review of potential degradation
products had indic ated that there was the chance that cyanide could be
formed during alkaline decomposition of the NC. Therefore , leachate samples
were anal yzed for cyanide content. The results ind i cated that cyanide concen-
trations ranged from 3 to 20 mg/i in the leachate samples . The slud ge col umn
leachate generally included more cyanide (12-20 mg/ l) than the sludge/ soil
leachate system . Contro l columns i leachate and rainwa ter conta i ned less
than 0.1 mg/I of total cyanide . The levels of cyanide did vary somewhat
with time , however , the range remained the same . It should be noted that
the cyanide measured was total cyanide which includes most organic and
metallic cyanide complexes . Free cyanide was not present in si gnificant
amounts. This more mobile form may have been lost from the system at the
neutral pH or was i mmediatel y complexed upon formation .

In addition to cyanide itself , thiocyanate (SCN ) was also present in the
leachate. Concentrations as hig h as 71 mg/i were anal yzed in some slud ge
co l umn leachate samples. The typical range for the slud ge system was
40-70 mg/I SCN . The slud ge/soil thiocyanate concentrations varied
considerabl y. They were generall y l ower , with ranges of 3-47 mg/I and the
co l umns with a less vo l ume leached had l ower SCN concentrations. The
results indicated that both cyanide and thiocyanate were degradation
products of the nitroce llulose .

Leachate pH - Another interesting observation invo l ved the pH of the
collected leachate samp les. Mos t were neutra l , rang ing from 6-8 pH units.
Since the pH of both the sludge and the sludg e/soil was quite high , this
result was somewhat surpris ing. It is surmised that the leach~ te does
become alkaline when moving through the substrate , however , this alkalinity
is reduced by the buffering capacity of the soil before the leachate leaves
the column . The soil does not have sufficient acidity to noticeabl y
impact the slud ge when mixed in the 1 : 1 ratio , however , the small vo l umes
of leachate produced do seem to he neutralized by the subsoil.

~~~~ge Ch~iracter stics

The sludge and slud ge/soil remaining in the col umns were analyzed in
sections after column disassembl y. Several of the resultant parameter
concentrations were significantl y less than those originally analyzed .
The main exception was total cyan i de which increased during the period of
stud y. The complete anal ytica l results are presented in the Appendix.

Slud ge/Subsoi l  In ter face — The results indicate a clear di stinction between
the contaminant concentrations in the slud ge or sludge/soil and that
found in the subsoil in each column . The sand y subsoil appeared to act
as a filter i mmediatel y at the interface and therefore , protected underl y ing
soil layers from contam i nated particulates or solid comp lexes. The
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formation of a 2.5 - 5 cm (1—2 inch) hardened laye r at the interface supported
this belief. Anal yses of this laye r in col umns 3 and 9 indicated that it
contained a slightl y hi gher solids concentration and that cyanide and
total carbon were also apparent in greater amounts than in the other subsoil
samples. Other more sol uble materials such as nitrate/n itrite and thio-
cyanate did not show the marked difference.

Nitrate/Nitrite Concentrations - There were si gnificant reductions in the
amount of inorganic nitrate/nitrite wh i ch was found in the substrate at the
conclusion of the study. Table 17 summarizes the nitrate/nitrite migrations
during the course of the evaluation .

TABLE 17. NITRATE/NITRITE MIGRAT I ON THROUGHOUT THE STUDY.

Column Initial Leached Remaining
number mg mg ~ of initial m g  ~ of initial

I 2 1 8 ,000 1 55, 600 7 1 .4  93,500 42.9

2 209,000 73,700 83.1 32 ,1 00 15.4

3 209,000 221 ,400 106.0 21 ,200 10 .1

1+ 203,000 5,900 2.9 103,300 50.9

6 159,000 -- -- 67,431 42.1+

8 167 ,000 54 ,100 32 .4 95, 1400 57 .1

9 167,000 93,100 55.7 74,200 144.4

10 178 ,000 65,500 36 .8 106 ,500 59.8

For all co l umns , the inorganic nitrate/nitrite concentrations in the substrate
were si gnificantly reduced. For the slud ge col umns , most was caused by the
leaching of these soluble compounds and then eventua l remova l from the
system. The l owest leaching columns , numbers I and 1+ , had the highest
amount of nitrate remaining in the sludge . The sludge/soil column s also
showed the reduction in remaining nitrate/nitrite , although not to the
same degree . There was less material removed into the leachate due to the
lower initial concentrations in the sludge , l ower vo l ume of leachate and
l ower nitrate/nitrite concentrations in the leachate.

Of particular significance for eventual application of the information
collected in this stud y, is the reduction in nitrate/nitrite in column 6
which did not produce a leachate . The results showed tha t only 42.4~ of
the ori g inal nitrate/nitrite remained in the slud ge at the end of the
study. This result indicates tha t bacterial den trification may have
occurred w i t h i n  the system which could account for the changes.
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Organic Nitrate - The organic nitrate ester concentrations and absolute
amounts in both the slud ge and the slud ge/soil declined significantly over
the period of the stud y. No organic nitrate ester was leached , so the
entire decline can be attributed to either chemical or biolog ical degrada-
tion within the substrate . Table 18 presents the init i a l and final
concentrations and amounts of organic nitrate in the various columns.

Overall , the sludge/soil column s had l ower concentration s and amounts of
organic nitrate remaining in the substrate. This is most like l y due to
a biolog ical degradation process which could involve microorganism
consumption of the NC degradation products. This would force the equili-
brium to encourage chemical NC degradation . It is also possible that the
NC is utilized directly by acclimated organisms . A comparison of the
leachin g column s (8, 9 and 10) to the column which did not leach (#6)
shows that the NC degradation continued at a faster rate in the undi sturbed
column . This also could indicate the occurrence of a biological i mpact
on the system .

Column 
~3, a slud ge co l umn dosed at the highest rate , also showed the

extreme drop in organic nitrates which corresponded to the results of
the slud ge ~,ashjng tests described earlier. Again , in the chemica l
degradation of NC , the equilibrium appears to be disturbed , although in
this system it is probabl y due to the physical remova l of the reaction
products in the leachate. The slud ge co l umns also exhibited a more
pronounced variation in concentrations w ith depth. This could indicate
that the frontal passage of leaching water and the associated volume
difference s impact the end result.

Total Organic Carbon - TOC was one of the most difficult parameters to
measure in the NC limed slud ge. Surpris ing l y, the concentrations of TOC
in the substrate increased significantl y during the study (see Table 9).
This occurrence is difficult to explain. Possibl y the errors associated
with the analytica l method influenced the results , however , this would be
unlike l y to cause such si gnificant differences. It may be possible that
some types of inorganic carbon are being fixed by autotrophic or other
bacteria, howeve r , this eva l uation did not confirm the effect. Sign H
ficant amounts of TOC were removed in the leachate , especially from tte
slud ge columns. However , the concentrations of TOC in the final slud ge
samples still exceeded initial amounts.

Solids Concentrations - The solids concentration of the sludges and sludge !
soil remained approximate l y the same throughout the stud y. There was a
small increase in solids concentration with depth in most co l umns. Possibly
this could be due to the natural drainage of the sludge i mmediatel y over
the sandy subsoi l.

Cyanide/ Thiocyanate Concentrations — One of the most surprising results
of the stud y was the high concentrations of total cyanide measured in the
slud ge and the slud ge/soil. Table 20 presents the actua l results obta i ned
using the modifi ed anal ytical technique described earlier. Figures 8 and 9
have been prepared which present the variation in cyanide concentration
by column type and depth .
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TABLE 19. MIGRATION OF TOC THROUGH SYSTEMS .

TOC Anal yses
Initial , m g  TOC Final , mg TOC

Column
number Sludge Soils Total Slud ge Soil Leachate Total

I 596 ,000 27,000 623,000 739,000 64,000 54,000 857,000

2 568,000 27,300 595,300 737,000 65,000 58,000 860,000

3 568 ,000 27,000 595,000 702,000 143,000 89,000 934,000

4 555 ,000 27,000 582,000 640,000 79,000 1 ,600 720,600

8 5 15 , 000 27,300 54 3, 000 670 ,000 74 ,000 9,200 75 3, 000

9 515,000 27,500 542,500 542 .500 480,000 24,000 568,000

10 51+7,000 27,500 574,500 629 ,000 68,000 9,300 706,000

6 1+93,000 27,200 520,000 530 ,000 96,000 —- 626,000

The cyanide concentrations were hi ghest in the slud ge co l umns probably
because there was a greater in i t i a l  amount of NC in these systems . Va l ues
range from approx imate l y 200-500 mg/kg-N dry wei ght. The degradation of
NC to cyanide does not appear to be caused or hastened by the rate of dosing
since columns 1+ and 6 which did not produce si gnificant leachate contained
large amounts of cyanide . The final amou nt of cyanide in the co l umn s did
appear to be affected by leaching since the overall concentrations in the
leached co l umn s were l owe r . This could be due to the removal of cyanide
with the leachate or by hastened biological ac tivity.

The cyanide measured in the slud ge and slud ge/soil are probably present
as comp lex organo-cyanides since only low concentrations of cyanide
mi grated to the leachate s . It is likel y that the cyanides are complexed
with particul ates ‘~hich are removed by the first layer of subsoil. This
phenomenon is illustrated in Fi gure 8 since the cyanide concentrations
corresponding to the greater depth subsoil were much l ower than the others.

The concentrations of cyanide did increase wi th depth in the slud ge or
sludge/soi l (see Fi gure 9). There appeared to be a fronta l movement
which invo l ved a steady increase un ti l the interface between the substrate
and the subsoil. Fi gure 8 also shows the diffe rence in cyanide concen-
trations in the slud ge column s (1 , 2, 3 and 4) and slud ge/soil columns
(6 ,8, 9 and tO) which showed that slud ge/soil leachate had l ower cyanide
concentrations than that p roduced by the sludge onl y columns.
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Thiocyanate concentrat ion s we re much less significant in the substrates.
These appeared to be more leachable siii ce the slud ge and s l u d g e/ s o i l
concentrations were similar to those measured in the leachate samples.

System Eva l uation

In order to trace the various nitrogen forms within the column system , mass
balance cal c ul at ?or .s for nitrogen within the columns were per formed.
These involved summation of in i t i a l  and fina l nitro gen contributed by
TKN , ar~nonia , inorganic nitrate/nitrite and organic nitrate. The result s
in terms of percen t recovered are sumnarized in Table 21 .

TABLE 21 . NITR OGE ’a ‘i,-~~ S BALAN CE RESULTS .

Col umn number Type Percent recovered

I Slud ge 105
2 Slud ge 91
3 Slud ge 94
4 Slu dge-i nun date d 50
8 S ludge/so i l  79
9 Sl udge/soil 87
10 Slud ge/soil 84
6 Slu dge/soil - inundated 37

Over a ll , the slud ge/soil col umns showed lower recoveries of the nitrogen
forms than that in the slud ge onl y col umns . For both substrates , the
inunda ted column s ~ihic h -.-iere basicall y not leached showed mar k~d1 y l ess
n itr o c~c~n recoveries. The results with respect to slud ge/soil recoveries
a g a i n  i n d i c a te t i ~~ possible exiseance of denitrif y i n g  bac te r i a  i n  the
slud ge/so il substrate. Although the stud 1~ was not iesigned to allow
posi tive identification of d en i trif y i ng o r g a n i s m s , ~hei~ pre s~ nce can be
inferred From a number ~~~ factors. The conditions in the column were
appropria te for de ni t r  ‘ica tion since the system was anaerobic and a
subs tantial organic substrate was available in the nitrocellu lose and
its degradation : roduct s . The only problem could be the hi gh pH in the
subsoil system . H - ..~’v~’r. the soil does have a certain amount of
buffering capacity - -i hich is shown by the neutral pH of the collected
leachate. It is hypothes ized that the soil could neutralize enoug h of the
slud c~ il L a l i n i t y  to allow a compatible environment for the bacteria.

To confirm the possible presence of bacteria , total coliform anal yse s
were performed on leachate from slud ge , slud ge/soi l and control co l umns.
The sludge columns Teachate contained no bacteria , while tha t from both
the control and the slud ge/soil columns had si gnificant coliform contents.
Although these results do not confirm the presence of denitrif y ing bacteria ,
it does indicate that the environment in the slud ge/soil has been modified
to the point whe re bacteria growth is poss ible.
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LAND DISPOSAL ALTER NATIVES FOR NC LIME SLUDGES

General

It is not within the scope of this project to develop or desi gn the actua l
land disposal operations for the NC-lime slud ge which was under stud y .  To
do this properl y requires sufficient first hand geological and hydrolog ical
information on the various sites bein g considered . Contact must be made
with the appropriate state or federal requlatory agency to obtain the
necessary p e rmit and land disp osa l information and 5pecirica ti ons . Fi n a ll y,
up to date data on sludge quantities , present day sludge characteristics , and
anticipated future changes in slud ge quantity and characteristi Ls should
also be known .

The results of the column studies on the NC-lime slud ge presented in this
report do prov i de some guidance and direction as to the land disposal
of this material. In fact , one of the principa l objectives of this stud y
was to determ i ne the characteristics and quantity of leachate generated from
the columns containing various combinations of slud ge and soil , so that
this information can be used in the selection and operation of a l andfill
site. Very useful information as to the permeability of the material , its
fate under “long-t~ rm” storage , and the characteristics of the leachate
have been derived ‘.-ihich w i l l  be a definite help in the site selection
process. As an example, one of the important findings of the stud y program
was that nitroce llulose fines did not leach out of the sludge in any of the
test columns used . The significance of this find i ng alone in any subsequent
landfill operation of the slud ge is apparent.

The purpose of this section of the report is to present NC—lime slud ge
land disposal alternatives in light of the results from the 22 month
col umn dosing program. Particular attention will be g iven to land disposal
considerations that are app licable to hazardous type wastes because of the
likelihood that the NC-lime slud ge wi l l  be classified into this category.

Hazardous Waste Criteria

Since October of 1976 , the US EPA has been invo l ved in developing criteria
for use in identif ying hazardous waste as required by the Resource Conserva-
tion and Recovery Act (RCRA) . Draft regulations have been prepared and
circulated to various individuals and groups both within and outside the
federal government. It s not the purpose here to decide whether the
NC -lime sludge meets any of the proposed criteria for a hazardous waste , but
rather to suggest the hazardous waste categories tha t the material might
be classified under by those who would be responsible for making this
decision . The possibi l! ty thdt the NC-lime slud ge wi l l  be classified as a
hazardous waste must be considered seriousl y prior to establishing any
future land disposal practices. If the slud ge is not eventuall y jud ged
to be a hazardous waste , the less stringent land disposal practices of those
discussed in this section would probabl y then appl y. In this case the
land disposal practices wi l l  be of the same type normall y emp l oyed for
“t- ,-~ i cal~ munici pal refuse.
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Six different hazardous waste criteria have been advocated by the US EPA .
These are : flammability, corros i veness, infectious agents , reactivit- / ,
radioactivity and toxicity. The two criteria which m i g h t  app l y in the case
of the NC-lime slud ge are reactivity and toxicity. Among the properties cited
for reactive wastes are wastes which in themselves are re adil y capable of
detonation or of explos i ve decomposition or reaction at norma l temperatures
and pressures. The NC in the sludge may cause i t  to meet this criteria.
Wastes can be considered toxic if the leachate from the particular waste
has any constituents with a concentration ten time s the concentration
for the same constituent in drinking water. The hi gh concentration of
nitr ate in the l eachate from the NC—lime slud ge wh i ch was consist entl y noted
in this study could be the cause for classif ying this material a s a  “toxic
waste” and hence as a uhazardous waste” under RCRA . A final possibility
exists with respect to the high cyanide concentrations in the slud ge itself.
Since cyanide is also controlled by drinking water regulations and is a priority
pollutant , this parameter could also result in the classification of the
NC-lime sludge as a hazardous waste.

Genera l A pproaches in the Land Disposal of Wastes

There are basicall y two different approaches which can be employed in the
land dispo sal of solid wastes. The first is to deposit the wastes on the
land w ith the primary objective that the material w i ll  remain unaltered or
degrade very slowl y, such that the i mpact of the wastes on the surrounding
soil environment is minimal. This has been referred to as the “high and
dry ” or “containment ” approach. The second is almost the opposite of the
first , ~-ihen an attcn ~pt is made to maximize the rate of degradation or
stabilization of the depos i ted waste by placing the material on an i mpervious
bott o-i~, passing water or rec i rculated leachate throug h it at an “optimal”
rate , and using a leachate collection system for subsequent leachate manage-
ment . either on or off the site. This has been referred to as the “controlled
high rate stabilization ” approach.

Contai nm ent - One of the principa l requirements in the containment approach
is the selection of a landfill site with suitable geolog ical and hydrological
proce rties. Every effort must be made to keep the amount of water entering
the deposited waste to a minima l level. This includes water which originates
from both precipitation , part of which percolates throug h the deposited waste ,
and qr~iund water in the zone of saturations which can move upward or
laterall y, depending on the hydroqeology of the site .

The amount of ~;ater -.-i hich reaches the wastes from precipitation can be kept
to a minimum by sel e cting a site of low soil per m eability. This soil
charac r Lri sti c is gener a lly provided by unconsolidated formations consisting
of vary ing proportions of clay , s il t , fine sand and loam. Conversel y,
unconsolidated materials of coarse said and qra~’?ls with hi gh permeabi l ities ,
or consolidated ma teria ls such as ‘imestone or shale with fissures , faults
or fractures of any kind , wi l l  not prevent water from reaching the deposited
wastes , nor prevent the leachate from rapidl y emanating from the Site ,
which from the st andpoint of contain m ent , is very undesirable. While
each site must be considered individually, soil permeabi l iti e s in the range
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of ,o 6 to 10
8 cm/sec are normally requ i red to achieve a suitable contain-

ment environment for the wastes.

The main reason for the low permeability soil requirement is to prov i de
sufficient time for the attenuation of any leachate which ori g inates
from the wastes. Attenuation refers to the combination of rather complex
physical , chemica l and biological forces which bring about an improvement
in the leachate quality as it passes through the soil. Soil microorganisms ,
adsorption , ion exchange , precipitation , straining and dilution are a ll
invo l ved to vary ing degrees in the leachate attenuation process. A low
pe rmeability soil assure s that a limited quantity of leachate wi l l  be
produced and that because of the low ground water movement ve l ocities ,
sufficient time will be provided for the various attenuation mechan i sms
noted above . Obviousl y, containment of the deposited wastes under such
conditions will keep the material in a virtuall y unchanged state for many
decades

Another requirement which must be met to achieve waste containment is that
sufficient distance be provided at the site between the l owest point in
the depos i ted wastes and the highest elevation of the ground water table.
This distance depends on the soil permeability at the site , but many
investigations have suggested a minimum distance of 3m (10 ft).
Greater distances are desirable , especiall y in high precipitation areas
an~ in situations where infiltration condition s tend to be on the hig her
side . Again , the greater this distance , the greater wi l l  be the time
for attenuation mechanisms to take place , and the less wi l l  be the adverse
impact on the surrounding ground water body.

Prope r waste containment also requires that surface runoff be controlled
within and around the landfill site , and that suitable waste p lacement
practices be emp l oyed . Surface runoff can be managed through proper site
planning, through the use of slopes, channels , embankments , suitable cover
soil and other sound hydrolog ica l practices. Surface water should not be
allowed to poo l on the site , especiall y in the reg ion where the wastes
are being deposited , since this w i l l  enhance the leachate production
potential. Care should also be exe rc i sed in sloping or “mounding ” the
deposited wastes so that any water which infiltrates the cover soil does
not poo i above the material , but rathe r tends to move laterall y. Also ,
dail y and final cover material should have characteristics for good
compaction to minimize infiltration of precip itation. Quick seeding
of the cove r soil with a suitable form of vegetation will  p romote
evapotranspiration , and hence limi t  the amount of water wh i ch reaches the
depos i ted wastes.

Apart from the norma l landfill covering practices noted above , it is
possible to eng ineer a cover of very low permeabil ity , or of even total
imper m e ability, if desired . This can be done by the prope r selection of
charac te r i s t i cs , thickness and compaction of variou s clays designed for this
purpose . Often times such clays are not available at the site and must
be i mported . To achieve total impermeability i t  is possible to use a
p lastic or asp haltic liner between the depos i ted waste and the soil cover ,
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with precautions taken to assure that no pooling of infiltrated water
occurs. A major concern with i mpermeable covers is tha t provisions mu st be
made for gas release or management if the nature of the waste is such that
gas formation (e.g. , carbon dioxide , methane , nitrogen , etc) is possible.
Obviously, the containment approach is greatl y enhanced in landfill designs
where impermeable covers are emp loyed , and ground water table distances
are 15 meters (50 ft) or more below the bottom of the deposited wastes.

Controlled Hi ;h Rate Stabilization - The primary objective with the use of
this approach is to provide the mos t suitable environment in the deposited
wastes for degradation or stabilization of the waste constituents. This
is generall y accomplished by passing sufficient quantities of infiltrated
precipitation or recirculated leachate through the waste mass. The process
is continued until the wastes are “stabi li zed” , that is , the leachate
constituents are of low enough concentration such that the impact on the
ground water in the v icinity of the landfill site is minimal . The length
of time required to stabilize the waste depends on the nature of the
deposited material , depth of the cel ls , rate of water or leachate percola-
tion through the wastes , and other factors such as pH , temperature ,
nutrient S , toxic materials , etc. Unfortunately, the re is very l ittle full
scale operating experience with this type of system to estimate such
duration periods, even with municipa l refuse , much less with various types
of industrial and special wastes.

The use of this type of an approach requires the installation of an
impermeable bottom liner and a leachate collection system . Impermeable
liners can be constructed of asphal t , various types of p lastics , buty l
rubber , compacted clay, and mixtures of native soil with such materials as
montmorillon i te , benton i te , cement , lime and fly ash. Consideration must
be given to the nature of the wastes so that the liner desi gn is compatible
with the deposited material. It is essent ial that there is no passage of
leachate throug h the liner.

Leachate collection systems generally Consist of perforated p lastic
pipe or spaced cement or clay tile laid on the liner and generall y sloped
to central collec’ion points , such as manholes. The tile is generally
covered ~•ii th a suitable laye r of graded grave l and coarse sand. Sufficient
water is allowed to infiltrate the depos i ted wastes to produce a leachate.
During dry period s all or part of the leachate can be recirculated through
the wastes. The excess leachate must be treated with either an on-site
facility or directed to a sewer system for treatmen t in a municipa l treatment
p lant. One must keep in mind that this approach also produces a residue
or slud ge which must eventuall y be “disposed” of properl y.

Comb i ned System - It is possible in some situations to use a combined
containment/stabilization approach in the land disposal of wastes. In
these cases, the desi gn and operation of the site is approached from the
standpoint of containment , with the added feature of a leachate collection
system installed at the bottom of the waste cells. The native low
permeability soil of the site serves as a modified bottom liner. If
desi gned properl y ,  l i ttle or no leachate should be collected . In the
event tha t some accumulates , it would normall y be pumped out and transported
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from the site to a suitable t reatment l ocation .

Special Considerations for Hazardous Wastes

Draft regulations have been prepared pursuant to the requirements of RCRA
on the storage , treatment and disposal of hazardous wastes. While t is
not the intent to present the detailed draft regulations in this report ,
since they are too volum i nous and subject to considerable change in the
initial formative years , a brief discussion of some of the salient points
will indicate the general trends and expectations in this area .

The draft regulations call for a ground water and leachate mon i toring system
at all landfill sites for hazardous wastes , including vacuum l ysimeters in
the zone of aeration to detect leachate . Both upgradi ent and down gradient
mon i toring wells wil l  have to be provided in the zone of saturation .
Samp ling frequencies and anal ysis requirements will  be specified for the
various types of samp les collected .

The draft regulations provide for the use of either a natura l containment
system or a system that p rov i des for leachate collection . The main require-
ment in either case is that there not be a direct hydraulic connection
between the disposal site and surface or ground water. Minimum distances
are specified from bottom of landfill to high ground water levels and
from site to private water wells. Site l ocations within major drainage
areas are discouraged. Natural containment landfills will have to be
located in areas where it is possible to prov i de a natural soil liner under
the landfill which is at least 3m (10 ft) thick and has a permeability of
less than 10-8 cm/sec. Leachate collection systems wil l  have to be
constructed on bottom liners of natural soils at least 0.61m (2 ft) thick
with permeabi l ities of less than i o 7  cm/sec. These soils must be compatible
with the waste to be landfil led . The draft regulations also include specifi-
cations for hazardous wastes treatment facilities which would have to be
consider ed since the leachate collected from a hazardous waste landfill
site will have to be treated as a hazardous waste.

Finall y, the draft regulations also consider such landfill operating
requirements as t ra in ing  of operators , recordkeep ing and reporting ,
cont ingency p lans , f inanc ia l  respons ib i l i t i es , and closure and long term
care provisions among others . Final soil cover specifications wi l l  be
g iven for various closure arrangements. The draft regula tions state that ,
“soil cove r integrity, slopes , vegetation cover , diversion and drainage
structures , and ground water monitoring facilities shall be maintained for
the time period that the hazardous waste may pose a threat to the environ-
rnent ”.

— Land Disposal of NC-Lime Slud ge

While , as noted previousl y, it is not the intent here , nor is it possible ,
to desi gn the NC—lime slud ge disposal facility, the results of the column
study do suggest possible approaches and directions which should be
considered. One of the initia l  concerns was whether or not NC fines leach
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out of the slud ge during the dosing operation . The results of 22 months of
dosing demonstrated clearl y that this does not occur. One would not expect
to find these fines in a leachate from a full scale landfill operation , if a
leachate is in fact generated . If a natural containment approach is emp l oyed ,
a small quantity of fines , if generated , would most probabl y be effective l y
removed in the top few inches of a low permeability soil beneath the deposited
slud ge. Th is  phenomenon was i l l us t ra ted  in the column stud y by the hardened
interface layer between the substrate and subsoi l .

A characteristic of the sludge which is particularl y important in a future
land disposal scheme is the extreme l y low permeability exhibited in the
columns. The mixture of sludge/soil had even l ower per rn eabi li ties in the
system. These indications are encourag ing, however , the actual permeability
tests performed by a soi l testing laboratory indicated that the systems
exhibit a tendency to channel under hi ghe r pressures (see Appendix for
detailed report of the results). Therefore , the effective permeability
would be much greater and the use of the slud ge or the slud ge/soil mixture
as a line r may not be acceptable. It may be possible to mix a ratio of
slud ge and soil which does exhibit consistentl y low pe rmeability.
Ava i lab le  f l y ash wastes could a lso be incorporated. These types of tests
have not been performed . If an i mpermeable mixture can be found , it may
be feasible to utilize the natural containment landfill approach if the
disposal site has suitable geolog ical and hydrogeological characteristics.
After mixing the slud ge with a suitable amount of soil , the mixture could
be deposited in properly mounded cells , so that any water which infiltrates
throug h the final cove r wil l  not tend to poo l on the cell surface . Although
a well cornposited , low permeability fi ~ cover soil would normall y be
required , its permeability may not be ~s low as the permeability of
the slud ge/soil mixture . This should rot cause a prob l em if the waste
cel l surface slopes away from a centra l hi gh point.

Very hi gh nitrate/nitrite concentrations were obtained in the leachate
from all of the sludge containin 9 columns. The col umn dosing rates were
2.51+ , 5.1 , 7.6cm (I , 2 and 3 in.) per month. It is apparent tha t if large
quantities of water are allowed to percolate through the deposited slud ge ,
very hi gh nitrate/nitrite concentrations will be present in the leachate.
Because of the high solubi l i t y  of these ions , they w ill pass unimpeded
to the ground water body. It is also apparent from the results of the
column study, that this leaching process will continue for some time due to
high nitrate/nitrite concentration in the initial or “fresh” sludge . This
hi gh concentration is first elutriated by the percolating water with the
long tern degradation of the nitroce llu lose fines also serving as a source
of these ions. The use of a natural containmen t land disposal approach
would appear to be a reasonable means of managing the high nitrate/nit rite
concentrations in the leachate. Limiting the amount of water which can
enter the depos i ted slud ge will  result in a small amount of leachate
generated.

This containmen t technique may be even more desirable when l andfi ll in g a
mixture of slud ge/soil. The study results indicate that bacterial
denitrification probabl y occurred in the slud ge/soil systems although it
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was not as extensive in the sludge onl y col umns. Containment of the
slud ge/soil mixture could allow the denitrif ication to occur which may
reduce the potential nitrate concentrations in any leachate which may
result. Also , the biolog i ca l activity can continue over an extended period
of time and decontaminate much of the sludge mixture. Any leachate wh i ch
would be generated is expected to be so low in volume that the dilution
with groundwater may be a major attenuation mechanism.

Consideration should also be given to the ve l oc i ty of the ground water
bod y and the distance between the disposal site and the nearest drinking
water well in the final site selection process.

The containment approach for the land disposal of the slud ge or a sludge!
soil mixture would also appear reasonable for the management of the high
TOC concentrations which occurred in the column leachates for the same
reasons cited in the case of the nitrate/nitrite va l ues. The TOC associated
with the slud ge/soil mixtures could also be reduced by den itrification in a
containment system. Further attenuation by microorganisms presents in
the subsoil is also antici pated . Therefore , the buildup of TOC in the
ground water in the vicinity of the landfill site is very unlikel y.

Cyanide migration could also be minimized if a containment technique
is used for disposal. The subsoil filters most of the complexed cyanides
from the leachate , however , potential soluble cyanide concentrations remain
objectionable. Reduction or elimination of leachate by containment is a
beneficial approach to handling the problem . In addition , biolog ica l
degradation could occur in the slud ge/soil system which reduce s concentra-
tions of cyanide in the substrate , as well as the leachate.

As expected , the concentrations of COD , total solids , total dissolved
solids , total volatile solids , disso l ved volatile solids and conductivity
were also quite hi gh. Limiting the amount of water which can infiltrate
the deposited slud ge should release these constituents at a low enough
rate to allow attenuation by microorganisms so that the ground water quality
in the vic i nity of the landfill site is not adversel y affected . Again ,
dilution provided by the ground water body may be a principal attenuation
mechanism in the case of the inorganic constituents, whereas i t w i l l  be
biochem i ca l degradation and dilution in the case of the organic constituents.
The organic nitrogen , alkalinity and pH values of the leachate should not
cause any problem in a full scale operation .

It should be kept in mind that the whole idea behind the containment
approach is to keep the deposit ed slud ge as dry as possible so that a
minima l amount of Ieachate wi l l  pass into the soil beneath the depos i ted
sludge . This means that the depos i ted sludge wi l l  remain virtually
unaltered in the ground for many years , and tha t the “s t a b i l i z a t i o n ” of the
slud ge will  continue for generation s.

General References on Land Disposal  of Slud ge

It is not within the scope of this report to present an extensive literature
review on the subject of sanitary l andfills. Because of the uni que
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c h a r a c t e r i s t i c s  of the NC- lime sludge , much of th is  l i t e r a t u r e  would be of
limited usefu l iess. There are some literature sources , however , that can
provide some useful background info rmation on l andfi ll ing of wastes in
genera l , geolog i ca l and hydrogeolog ica l considerations , hazardous waste
management , and the use of landfill liners and covers . These literature
sources are included as an aid to those who must use the results of the
co l umn stud y represented in this report , as an aid in the eventual desi gn
and operation of a full scale NC—lime land d spcsa l operation . Needless to
say, such individuals would have to be aware of the latest State of Virginia
and US EPA regulations on landfills , as well , particularl y if the wastes
are categorized as hazardous.

There have been a number of reports and papers pub lished within recent years
on the desi gn and operation of sanitary landfills , and on the environmental
concerns associated w i t h  the leachate and g~ ces generated therefrom .
Though most of these sources are prima r i ly  concerned w i t h  municipa l refuse ,
much of the information is applicable to the land disposal oi wastes of any
type. In addition , some of the sources include spearate sect ions on special
problems related to the han dling and disposal of hazardous and toxic
wastes. The most useful of these sources published in the last half dozen
years were written by Brunner and Keller (6) , American Society of Civil
Eng ineers Solid Waste Management Committee (23) , Pohland and Engelbrecht (24),
Zanoni (25) , Re i nd l (26), Thompson and Zandi (27), and Caffrey , David and
Ham (28). Fields and Lindsey (29) of the US EPA wrote a short , usefu l
report on the land disposal of hazardous wastes.

Hug hes . Cart wri ght , Griffin and other with the Illinois State Geological
Survey have written a series of very informational reports on geolog ical and
hydrogeolog ica l considerations in the selection and operation solid waste
disposal sites (30) (31) (32) (33) (34) (35). Althoug h most of the data were
obtained from full scale landfill sites in Northeastern I lli n o i s , many of
the princip les and conclusions derived from their work would be applicable
to other sites as well. Among other things , included in the reports is
useful hydrogeo log ic and geolog ic criteria for the site selection process ,
information on leachate production and attenuation in the soil reg ime , the
use of landfill covers and bottom liners , some discussion of leachate
collection and treatment systems , monitoring ground water in the vicinity
of landfill sites , the effectiveness of various types of clays in the
attenuation of various leachate constituents , and examp les of different
landfill desi gns for vary ing site geo l og ic and hyd rogeo l ogic features.
Schneider (36) of the US Geolog ical Survey wrote a short genera l paper
covering hydrolog ic considerations in the site selection process.

Very little has been —i ri t ten to date on the use of liners and special
covers for land disposal sites. Probabl y the most comprehensive report
was -.iritten by Ceswein (37) of the US EPA , covering such topics as type
of ‘~iteria ls , construction method s , cos t s , etc. Short overview papers on
this subject have also been written by Dallaire (38) and Kumar and
Jed licks (39).
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SUMMARY

When the fina l results of the study are eva l uated , certain aspects appear
to be most crucial and have significant bearing on determination of the
f e a s i b i l i t y  of la n d f i l l  d isposal  for NC l imed s lud ge. Th -7se f i nd i ng3  ~~

‘-
~~

their impacts have been discussed in detail in the previous parts of this
section and , for convenience , they are summarized in the following para-
graphs.

Slud ge Quality and Quantity

The results of the slud ge anal yses indicated that according to proposed
regulations under RCRA there is a hi gh likelihood tha t the NC lime
sludge wi l l  be classified as a hazardous waste. This categorization can
be the result of at least three characterist ics . The first is the NC
content of the sludge wh i ch could cause the material to be considered
reactive . The second is the extreme l y hi gh concentrations of inorganic
nitrate/n itrite in the slud ge. These result from the initial NC processing
steps (nitration in a mixed acid bath) plus some chem i ca l additions which
can contain nitrate. Remova l of the high nitrates by washing is possible
but may be difficult to imp lement because of the hi gh vo l umes of waste-
water required and the problems in treating a nitrate waste. The cyanide
concentrations in the slud ge may also contribute to the NC l i n e  sludge
being classified as hazardous. Althoug h no cyanide is used in the
manufacturing process , significant amounts of cyanide are generated by the
degradation of the NC. There may not be much cyanide present i n i t i a l l y,
but the compound does appear to accumulate over time .

The amount of s lud ge generated is d i f f i c u l t  to e s t a b l i s h .  Mod i f i ca t ions
to the system have limited the major source of NC fines at this time to the
alcohol rectification system. The vo~uIne of sludge generated w i l l  be a func-
tion of manufacturing rate , dewater ing techniques and eventua l process changes.

Leachate Quality and Quantity

One of the most si gnificant findings was that the nitrocellu lose fines
did not mi grate with the leachate. Throughout ~he course of the stud y, all
nitroce llulo se concentrations in tne leachate were be l ow detection
‘l imits (‘1- 1 0 mg/i). However , the soluble contaminants were readil y removed
from the sludge or slud ge/soil by the leach i ng rainwater. Most notable was
inorganic nitrate/nitrite wh i ch was present in the leachate in concentrations
up to 13,000 mg/ I. Much of the leached nitrate was alread y present in the
slud ge when the substrate was p laced in the columns. However , some was
contributed by the continued degradation of the nitrocellulose in the
alka line env i ronment. The trend associated with nitrate concentrations
in the leachate was a flushing mechanism which resulted in a rap id
increase in concentration up to a maximum leve l ove r a period of time
followed by a more oradual concentration decrease .

The total organic carbon present in the leachate followed the same pattern
of rapid Hcrease , a maximum concentration , then a gradua l decrease. The
constituents of the or g a -i c fraction are most like l y a variety of short
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and long chain organic acids and other organic compounds.

Cyanide was a leachate constituent which was not initially anticipated.
It was present in concentrations rang ing from 1—20 mg/i. The slud ge/soil
co l umns contributed less cyanide to the leachate but va l ues still ranged
a round IC mg/ i .

Leachate volumes were much l ower than anticipated . The total vo l umes
collected over the study period ranged from 19-23.5 1 . When converted to
bed volume s per month the sludge/soil column s leached 0.021-0.029 and the
slud ge column s produced 0.038-0 .06 1. These small vo lume s of leachate were
p roduced in a syst~m designed to force leaching. Modification of the
operation to minimize leachate production could eliminate all liquid
p roduced .

Other Factors Impacting the Evaluation

There we re severa l results noted during the stud y which have a si gnificant
impact on the feasibility of landfill disposal. One of the most si gn i ficant
results was the low permeability of the slud ge and sludge/soil in the
columns. Thi s caused a low bed vo l ume of ieachate to be produced and should
affect leachate vo l umes in a full scale system. However , the substrates may
not remain i mpervious indefinitely under higher pressure . Special
permeability tests were performed which indicated that the slud ge and
slud ge/soi l could channel when tested for permeability. This finding may
li m i t  the possibility of using the tested slud ge or sludge/soil mixture as a
lining material.

Another si gnificant finding was that chemical degradation occurs in the
sludge system and that biolog ica l degradation appeared to occur ii  the
s l ud ge/soil mixture . The chemical degradation of the NC was enhanceJ by
leachate passage although it occurred in a l l systems. The biolog i cal
degradation appeared to invo l ve denitrification in the slud ge/soil systems .
The addition of soil seemed to buffe - the environment to the extent tha t
microorganisms could exist and the anaerobic conditions encouraged denitri-
fication . This resulted in a less contaminated residual slud ge and
leachate. Both nitrate and TOC concentrations were si gn ificant l~ lower
in the slud ge/soi l  leachate and the substrate NC amounts in the slud ge / so i l
substrate were also si gnificantl y reduced .

Finally, the subsoil provided a filtration media wh i ch trapped particulates
and segregated them from the collected leachate . This was particularl y
noticeable for the cyanide compounds which were mostly concentrated in the
substrate laye r just above the interface with the subsoil.

Recommended S ystem for Disposa l

Landfill disposal of NC limed slud ge does appear to be viable if proper
precautions are taken and a containment approach is emp loyed . Since the
NC slud ge wi l l  probabl y be considered hazardous , a liner and leachate
collection system may be required along with various ancillary mon i toring
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wells. The leachate production should be minimized by the moundin g of the
NC slud ge and covering of the area with a relatively i mpermeable cap.

In order to reduce the eventual hazard and to l ower contaminant concentrations
in i eachates , the slud ge should be mixed with soil prior to landfill. The
exact amount of soil is unknown and should be evaluated so that the optimum
condition can be achieved . This situation will allow the system to continue
to bio log ically degrade throug hout the life of the landfill. The more
objectionab le pollutants and contaminants including nitrates , cyanides ,
nitroce ilulose and organic carbon should then eventuall y be converted into
less hazardous materials including nitrogen , carbon dioxide and water.
This will reduce the long term hazards associated w i t h  the landf i l l  and
should be beneficial to the overall operation of the waste t reatment system .
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SECT I ON V I I

S U L F I D E  RE MOVAL S T U D I E S

I N T R O D U C T I ON

The nitrog l ycerin waste stream from Radford included high concentrations
of excess sulfide. It was antici pated that the oxygen demand exerted by
the sulfide would have a detrimental effect on a proposed activated slud ge
process to which the waste stream was directed. The recommended sulfide
concentr~ tion in wastewater influent is 1- 1 0 mg/I to insure that the effluent
from the p lant contains less than the recommended maximum of 0.1 mg/l of
dissolved hydrogen sulfide (40). In addi tion , high concentrations of sul-
fides are toxic to microorganisms in treatment p lants. In the presence of
non-acclimated slud ge , sulfide inhibits biological growth at concentrations
in excess of 25 mg/ i (41). Therefo re , oxidation of the sulfide was
necessary prior to biological treatment of the nitrog l ycerin wastewater.

In order to dcte rm inc wh ich method of ox idat ion was most cost-effective ,
laboratory scale tests were conducted on samples of the nitrog l ycerin waste-
st reir~. The results of the laboratory tests , the economic evaluation of the
data and the recommended nethod for sulf ide remova l are presented in this
sect ion of the repor t .

TEC HN I Q U E S  FO R SUL FI DE RE MOVAL

There are severa l different methods which can be used to oxidize the sulfide
to less harr -r fu l forms . These include chemical oxidation , pr ecipitation .
biological reactions , and ion exchange . Each of the method s has both advan-
tages and disadvantages and these are briefly outlined in the following
paraqraphs.

Oxidation -i ith Oxygen

The general reaction mechanism of oxygen oxidation (either air or pure
oxygen) of s u l f i d e  is a two step process (4 2) .  The mechani sm converts
9O~ of the sulfide to thiosulf ate and IO~ to sulfate.

I . 2HS + 202 
-
~ S~O + H20 90:

2. S2O~ + 202 + 20H -
~ 2SO~ + H

20 lO~:

The ~ici ght r i tio of reactants for reaction I is approx i matel y 1 : 1 oxygen
to sulfide and 2 :1 oxygen to su l f i de  for react ion 2. Howeve r , the oxida-
tion alone wi l l  not comp letel y remove sulfides since the rate of reaction
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is a function of concentration , and since the equilibrium allows a residual
amount of sulfide to remain in the wastewater. Oxidation of a water
containing 270-1200 mg/ i of sulfide may require 5-20 days to reduce the
concentration to I mg/i S= (1+3).

Chlorination

Chlorine or hypoch lorite solution can be used to oxidize the sulfide to
various endproducts. The endproducts achieved are dependent mainly upon
the chlorine dosage (1+1+). The two general reactions are as follows :

I . H2S ÷ Cl 2 
-

~ 2 H Cl  + S~
2. H2S + 1+cl 2 + 1+H20 

-
~ H2SO4 + 8Hcl

In react ion (~~~) , where chlorine is added slowly with vi gorous mixing , 2 . 1
ppm Cl 2 are required to remove I part of H2S, however , the elemental
sul fur which is formed must be removed by coagulation and sed i mentat ion .
If the chlorine dosage is increased to 8.4 ppm per ppm H2 S , the react ion
will go directl y to soluble sulfate end products. Nagano (45) studied
su l f i de  ox ida t ion  and concluded that for sewage ox ida t ion  the react ion
to form sulfates was predominant. However , it was also pH dependent ,
requiring additional chlorine at highe r pH values . The reaction has
been found to be extreme l y effective and can reduce concentrations of
sulfides to zero .

An i on Exchange

Ion exchange can be used to remove sulfide ions in certain situations (1+1+) .
In general , basic ion exchange resins , regenerated with sod i um chloride
and/or sodiu m bicarbonate can be used to reduce the sulfide concentrations
using the fcllo- .-i ing mechanism :

R
4

N H O + H2S 
-
~~ R4NHS + H20

This technique . bo.-~eve r , wil l  result in a more concentrated backwash solu-
tion which w i l l  require furthe r disposal. An i on exchange is also limited
to waters ~- i i t h very low hardness and no i ron concentration . In addition ,
the resins have low capacity and can onl y handle low flow rates (44).
It is felt that this solution is nn c applicab l e since the NC wastewater
contained hi gh calcium concentrations (i.e. , hardness) and some i ron .

Met al Preci p itation

Many metal salts w i l l  react with the dissolved sulfide ion to form insoluble
sul fides. The inso l ubi l ities depend upon the type of metal ion used .
I ron salts are conronl y used (1+1+) (1+6) and the reaction mechanism is as
follows (1+7) .

Fe~~ + HS -
~ FeS +

Fe~~ + 2H S + 0 -
~~ FeS2(ppt) + H20 + 2H~
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If a mixture of ferrous and fe r r ic  iron is added the reaction is:

~~~~~~~~~ + 2Fe’~
’
~ + L+HS -

~ Fe
3
S4 + 4H~

Therefore , the optimum mixture of ferrous i ron to ferric is 1 :2. Often
oxygen is added to prn--~ote the preci pitation of the i ron sulfides , how-
ever , the oxygen ca til yzes the reaction of i ron sulfide to pure sulfur.
As the reaction t u  su l fur is completed , some sulfide is returned to
solution and therefore the effectiveness of i ron for sulfide remova l is
reduced. Other metals L~n be used to precip itate sulfide in forms much
more insoluble than i ron . Examples of these materials are zinc , lead ,
mercury and silver.

Nitrate Reduction

The use of ce r ta in  bac te r ia  can remove the oxygen from the n i t ra te  radi-
cal and create elemental N2. The nitrate reducing bacteria can then use
the oxygen to ox id i ze  su lf t de  if other oxygen is not ava i lab le  in the
system . It is estimated that at least 10 time s as much sod i um nitrate
is needed to oxidize a single amount of sulfide (48).

Hydrogen Peroxide

Hyd rogen peroxide reacts with hydrogen sulfide to produce water and ele—
m ental sulfur (48). The theoretical reaction ratio is 1 . 1 H202 to H2S
but higher rat i ci~s are used in practice. This chemical has been used to
reduce the amount of H2S in sewers. However , in this app l ication it is
undesirable to form sulfur since then an additiona l coagulation and
sed i mentation step is needed.

Ozonat ion

Ozone has been tested to determine its effectiveness in oxidizing the
sulfur. Howeve r , Pomeroy (47) found that ozone was no more effective in
removing sulfide than pure oxygen due to the difficulty of injecting
the gas into the water and the strong reducing power of sulfide. Thi s
factor indicat es that further testing of ozone is unnecessary.

Other Chemical Addition

Other chemica ls  have been used to ox id i ze  the su l f ide .  These are chlorate ,
.hromate and permanganate. The chrom i um is effective but care must be
taken to insure its discharge in the trivalent form since it too is
tox ic  ~n very low concent ra t ions.

Biological Treatment

Cer ta in  sul fur  reducing bac te r ia  can be used to reduce su l f i de  concen-
tr ations. A recent stud y on fellrnongery effluent con taining about 100 ~-~/l
sulfides determined that red sulfur bacteria can reduce sulfide concentrations.
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The red& -c tio n ~~~urred in a lagoon with a detention time of 100 days at
a temperature of lO—300C (49).

Stri ppers

St r ipp ing the H2S gas in a con t rol led atmosp here k a common indust r ia l
technique for removals of hi gh concentrat ions of su l f ides .  Howeve r , the
waste gases from this process must be incinera ted or recovered as sulfuric
acid or sulfur. There are three common procedures used in stri pp ing (50):

I . Stream or flue gas stri pping.
2. Air oxidation to convert to thiosu lfates.
3. Vaporization/incinerat ion .

These procedures are quit e efficien t and remove 85-99 . of the sulfi des when
acid addition for pH contro l to pH 4.0-5.0 (44) is used . The air oxidation
as mentioned previously, comb i nes the chem i ca l oxLation with stri pping to
rc~-ove sul fides. However , al l stri pping processes require special handling
on ~ntra i ned H2S. Unless a large vo l ume of wastewater with hi gh concen-
trat ions of sulfide is invo l ved , a stri pping column is not an econom i ca l
approach.

For the application to the Radford nitrog l ycerin waste stream , it was desira-
bie to u t i l i z e  an ox ida t ion  technique which had r e l a t i v e ly low detent ion
times and for med soluble endproducts In add i t ion , s ince the f low rate
was not great and the sulfide concentration was approxi matel y 100 mg/ i ,
use of expensive and complex processes was not practical. Therefore , the
types of sulfide oxidation reactions to be studied ~-iu re limited to aeration ,
oxygenation , chlorination , and UV lig ht catal ysis.

L-~ B GR ;~T~~RY STUDIES

General

The laboratory study was divided into thre~ sepa rate tasks. The first
invo l-qed co l lec t ion  and charac te r i z at ion  of a nitroglycerin waste stream
samp le ; the second involved p r e 1 i rnin ar~ tests of possible methods ~er
l owering the sulfide concentra tion ; and the third included the actual
rate tests for the most f~ u s ib l e methods of oxidation . The results of
these tests were used as a basis for economic eva l uation of the various
methods of sulfide oxidation .

Sa---ole Collection and Characterizat ion

It .:at~ necessary to test an actual samp le of ~~~~ hig h sulfide nitrog l ycerin
- - ‘ as t e  ;t ream , i f  poss ib le .  There fore , 76 i i t e r ~ (20 gai Ions) of a c u ~ 1
wast ewiter .-ias shipped to the ESO laboratory f r  characterization an i
te stin o . Howeve r , when the sample arrived , i t  contained less than
I mg T nf sulfide and was at neutral pH. It was hypothesized that the
sul fi - l e had been vo Ia t i 1 i - ~ d and lost during transport. Contact with the
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Radford Arsenal  o f f i c i a l s  (5 1)  was made and it was determined tha t the
samp le should be sp i ked with approximatel y 100 mg/I sulfide as S .  The
sulfide would be added in the form of Na2S’9H 2O until a 100 mg/I residua l
suVide was measured. This procedure was to be ut i l i zed in al l subse—
quent tes t ing .

Since sp iking could si gnificantl y alter some of the wastewater parameters,
initia l charact erization of the wastewater was perform ed both be fore and
after the samp le was sp iked. The resu l ts  of these ana l yses appear in
Table 2 2 .  A s i gn i f i can t  change invo lved the pH , however , in order to keep
rh -~ sulfide in solution at a constant value , the hi gher pH was needed .
Since uncontrolled evolution of H2S is not an accept c3bie treatment
techn i que , and since the wastewater stream is at a hi gh pH throug h most
of the unit processes, it ~~ determined that maintaining the high pH
was acceptable. Anothe r consideration was that the amount of sulfide
needed to reach a residual  concentrat ion of 100 mg/ l was much greater
than that calculated stoichio m etrical ly. The stoichiometric value of
740 riq/l did not produce a residual of 100 mg/ l and was increased to
1420 mg/I Na 2S~ 9H 2O to reach the required amount. Therefore , some
oxidation of sulfide may occur naturall y w i t h i n  the w a st e - -.ater , however ,
the amount cannot be accuratel y quantified due to changes in the samp le
from the ini t i a l  sulfide loss and the spikin g . If this is the situation ,
then the additional oxidant costs wil l  be reduced during operation .
One other observation was made when the samp le was sp i ked with sulfide.
Imm ediatel y after addition , the wastewater sample turned a turbid gray
yellow and was further treated in this condition .

Preliminary Testing

Prior to perfor m ing actual rate tests , preliminary tests using oxidation
techni ques were done . Among the methods tested included oxygenation ,
aeration , chlorination , and UV 1 ’ nht catal ys is.

Chlorination Testing

The use of hypoch lorite solution as the oxidant was tested first.
It was des i rab le  to force the react ion to form soluble th iosui fate and
sulfate end products rathe r th~ n elemental sulfur; so 2 cess chlorine
dosages ~-iere needed . The following free chlorine dosages were tested :

— 2222 mg/ i
1~43 mg/I
665 mg/ i
886 mg/l

1108 mg/ I
1330 q/l
1773 mg/i

-~ Th-c r esting procedure used is outlin ed as follows :

Step I: Place 500 m i s of sample in a 1000 ml beaker.
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TABLE 22. INI TIAL ANALYSES OF WASTEWATER.

Before and After Spik ing

Sampk af ter
Parameter Units Sample as received spik~ rig

pH 7.2 11.2

Nitrate mg/I 8000 8500

Nitrite mg/l 144 108

Chlori de mg/ I 22

Alkalinity mg/I 86 499

Sulfate mg/I ‘ 900 940

Sod i um mg/i 1475 1610

TIC mg/I 30 7

TOC mg/I 357 308

Conduct i - i i ty mhos 27600 32200

Sulfide mg/I 0.6 106

Calcium mg/i 5500 5500

I ron mg/i 0.32 0.32

Lead mg/l 1.0 1.0

TDS mg/ I 31+590 ~1+4i4

— 
Si l i ca  mg/I 15 15
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Step 2: Spike sample w i t f  approximate l y 710 mg of Na2S.9H 20 ~nd record
pH.

Step 3: Add appropriate chlorine dosage .
Step 1+ : Collect incremental samples and anal yze for sulfide content.

Results of the tests are presented in Table 23. The thirty minute reaction
t ime was considered as the end point for scale up to full size . It is
apparent that chlorine dosages greater than 1000 mg/I were excessive since
the sulfide was oxidized to less than 0 mg/I in under five minutes. The
low dosanes of chlorine did not prov i de sufficient oxidation , so the range
for large scale tests was established to be 400 mg/I - 1000 mg/ l Cl 2.

Aeration Tests

Prel im inary tests for aeration involved two steps . In the first step ,
the rate o~ air addition was established. Tests were run at severa l
air flow rates and the dissolved oxygen concentrat ion was measured at
different time interval s. The saturation oxygen leve l was measured to
be 6 mg/I DO and it was reduced within one minute at an air flow rate
of 0.023 1/sec (3 cfh). This flow rate was therefore used for furthe r
test inc.

The .erat ic— t~ st5 .-ie re than run in several types of containers. The
most efficient transfer occurred in a cylinder with the longest contact
time . However , to assure uniform comparisons , the full scale aeration
tests wouLd be run using the same apparatus as for chlorination .

Oxyoenation Tests

Prelimin ary tests with pure oxygen were also performed at a gas flow
rate of 3 cfh. The results of oxygenation were more effective than
aeration , but not to a large degree . A comparison of the tests is
shown in Table 21+. However , it ‘.~as determined that a fu l l scale test of
oxygenation was desirabl e.

UV Li ght Catal ysis

It was hypothesized that radiation of the samp le with UV li ght mi ght
provide a catal yst for the reaction to proceed at a hi gher rate. In
order to test this theory , prelimin ary tests were performed using comb i ned
UV li ght with chlorination . The apparatus used is schematically illustrat ed
in Fi gure 10 . The UV l i ght included a two bulb l amp wh ich was p lacad
5cm (2 in.) from the surface of the wastewater. Two magnetic stirrers
ag itated the waste to allow exposure of a fresh thin liquid surface to the
UV i r r ad iat i on . The resu l t s  are l i s t e d  in Table 25 and se lec ted comparisons
of IJV irradia ted tests with non-irradiated tests are shown in Figure II .
It is apparent that additiona l UV light did not provide si gnificant irradia-
tion to allow extensive reaction rate increases. It is doubtful that in a
full—scal e operation , the resultant small benefits in rate increases determined
that use of UV would not be cost-effective . Therefore , full-scale
tests using IJV l i ght catal ysis were eliminated.
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TABLE 2 3. PRELIMINA RY CHLORINAT I ON TEST RESULTS.

Su l f i de  residua l , mg/ l

Chlorine dosages
rng/l 222 443 665 886 1108 1330 1 773

Con tact
t i me

(minutes )

0 107 100 107 115 107 107 107

25 --— 4.3 <0.3 <0.3

2 — — - 1+0 — — —  25 — — —

1~ --- 36 2 1 --- 3 .1

5 - - -  —-- --- 21 ---

7 62 -— —  -—— -— -  -— — - --

10 --— 31+ 18 14.5 ——— — — —

1 5 53 --— — — —  - ——  0.9 - — —

20 ——— 31 15 —— — ——— ———

30 41 21 12 4.6 0.3 -——
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TABLE 24. PRELIMINARY OXYGENATION AND AERATION TESTS .

Sulfide Residua l, mci/I
Oxygenation Aeration Aera tion

1000 ml cylinder 1000 m l - y l inder beaker

Cor’tact
t i me

(m i n u t e s)
0 107 107 107
5 94 107 102
10 90 103 99
15 --- 103 91+
20 85 --- ---
25 --- 100 91
30 78
35 —-- 95 85
40 75 --- - --

45 -- — 87 65
50 72 --- -- -

55 — — -  
79 Z~7

60 67 --- -- -

65 --— 67 25

TABLE 25. PRELIMINARY REACT I ONS CATALYZEO BY UV RADIAT ION .

Sulfide residua l, mg/I

Chl or in e dose ,
mg/ l 222 443 665 886

TI me
(mi flutes)

0 103 100 107 107
69 --- 23 Il

2 - -- 40 --- - --

4 67 36 18 10
10 6 7 32 12 8
20 -- — 27 10 5
24 - - —  — — —  -— —

30 63 25 8 4
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FULL SCALE RATE TESTS

Genera l

The preliminary testing indicated that sulfide oxidation using chlorine ,
(dosages 400-1000 mg/i) aeration or oxygenation were possible methods for
effective removal. Therefore , full scale tests were performed to establish
the most feasible ox i dation techni ques. The apparatus used for the testing
is drawn in Fi gure 12. It included a 3000 m i l l i t e r  three necked , round
bottom flask into which was placed 2400 m ls of sample. The li quid was
mixed using a round bottom magne tic stirring bar. During the testing ,
three zinc acetate gas scrubbers were connected to the apparatus
collect evolved hydrogen sulfide. All systcms were purged with nitrogen
gas before and af ter t he tes t ing to force a l l  H2S into the zinc acetate
solut ion.  Samples --iere co l lected by vacuum during the chlorination
testing and without vacuum where gases were introduced .

Hypoch lor i te  so lu t ion  d i lu ted  from 6 .5?~ ava i lable chlor ine was used
for the chlorine oxidant source . Metered , compressed a i r  forced
through a porous glass diffuser and pure oxygen , also metered and forced
throug h a diffuser , provided the other reactant sources.

Anal ytica l methods used in the testing included the following:

I. Sulfide anal ysis

Ana l yses were performed using a Model 914-16 su l f i de  e lect rode
in combination with a double junction reference electrode and
a specific ion electrode meter.

2. pH

An a l — ,-s e s  u t i l i z e d  a t  L e e d s  - Northrup Model 7415 pH meter with
a sing le combination probe .

3. Residual chlorine

The procedure to determine residual chlorine was the orthoto lidine
method referenced in Standa rd Methods For the Exam inat ion of
Waters ar~ad Wastewat ers, 13th edition.

~~ St r i pped su l f i de

Zinc acetate solution collection was used as described in
Stanctar.~ Methods for the Examination of Waters and Wastewaters ,
1 3t h e d i t i o n .

5. Sulfate

Sulfate anal yses were performe d using the turbid imetric method
described in Standard Methods for the Examination of Water ~nd
Wastewater, 13th Edition .
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The main problem invo l ved with the anal yses was the difficulty in measur ing
small changes in sulfide concentrati on. The solution had a hi ghl y negative
potential , so the expanded mil l i-volt scale could not be used . The solution
also required two rold dilution to avoid formation of a heavy preci pitate
which  coated the electrode and caused lowe r readings. Dilution eliminated
th is problem.

Chlorination Testing — Chlorination of the wastewater was the method which
showed the most prom i se and was most thoroughl y tested during the laboratory
studies. Five d i f fe ren t  chlor ine dosages were s tudied and the most f eas ib le
tests were replicated. The results are summarized in Table 26 . Th e
s u l f i d e  res idua ls  are p lot ted in Fi gure 13 .  It can be seen that chlorine
dosages greater than 600 mg/i wil l  g ive a sulfide residua l of less than
10 mg/ l in 30 minutes. However , for scale-up to process size , a residual
of 5 mg/ I was des i r ab le .  Therefore , the required chlor ine dosage was
es t imated  to be 700 mg/I af ava i l ab l e  chlor ine .

In order to more accuratel y define the system , general reaction rate
constants we re calculated . It is understood that the theoretical reaction
is dependent upon many variables which cannot be accuratel y defined. However ,
it is possible to establish a system reaction rate constant g iven a specific
wastewater  system and ch lor ine dosage. It must be understood that the
va l ue defined is limited to the wastewater system tested . Changes in
concentrations of chlorine demanding materials can drasticall y change the
oxidant available in the system and reduce the rate constant.

The system rate constant for a chlorine dose of 700 mg/l is determined
by a graph of inverse sulfide concentrations versus time shown in Fi gure 114 .
The slope of the line indicates the system rate constant as defined by
the equation :

2
=

Therefore , i t  is app iren t that the system react ion is second order and
the rate is dept ndent upon the residua l sulfide concentra tions at a
specified chlori n e dose. The system rate constant can be therefore
calculated to be 0.0014 l/nq-sec. Utilizing this info rmation and know l ed ge
of the i n i t i a l  concentration of sulfide , it is theoreticall y possible
to ca lcu lat~ the residua l sulfide concentration after a certain detention
tine . However , due to potential changes in the chlorine demand of other
system constituents during full scale operation , this procedure wi l l  onl y
y ield an approx i mate result.

The system rate constants for other chlorine dosages can also be calculated
using a graphical procedure . The results are listed below :

Chlorine dose Rate constant
886 mg/ I 0.591 1 /mg-sec
753 mg/I 0.0126 1 /mg-sec
700 mg/l 0.00 4 1 /mg-sec
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665 mg/i 0.00211 1/mg-sec
143 mg/I 0.000243 1 /mg-sec

The change in sys tem rate constant with chlorine dose can be possibl y
explained by cons i dering that other chlorine demanding substances are
present in the wastewater which remove the avail able oxidant prior to the
sulfide/chlorine reaction . Therefore, the needed excess of chlorine is
not as avai l abl e to the sulf ide comp lex . However , al l results Ind i cate
that the system oxidation reaction is second order in each case.

Ox i dation with Air and Oxygen - Oxidation of the wastewater with air or
pure oxygen was considered a potential approach to oxidation of the sulfide
without expensive chemica l addition . The preliminary tests ind i cated that
an air injection rate of 0.023 1/sec (3cfh) was sufficient to saturate the
wastewater quickly and this flow rate was used in all testing . The results
of the tests are included in Table 27. The variation in sulfide residual
versus time is plotted in Figure 15 . It can be seen that these systems are
more comp lex than chlorina tion . The results did not allow the sulfide
concentration to be reduced be low 10 mg/i even after a sixty minute reaction
time . Therefore , nei ther aera t ion nor oxygena t ion were desirable for use
in oxidizing the NG-I waste stream , and further analyses were not undertaken.

ECONOMIC ANALYSES OF SULFIDE REMOVAL METHODS

General

Laboratory tests indicated that sulfide ox i dation to allow residual
concentrations of 10 mg/i could be accomplished using chlorination only.
However , there are several al terna t ive methods to use in accomp l ishing
chlorine addition including direct injection into a prev i ously used p rocess
tank or a new tank , dry chlori ne use or liquid chlorine addition , etc.
The costs for feasible alternative s were calculated and are presented in
this section . In addition , the feasibi lity of dilution to reduce sulfide
concentrations to below 10 mg/i was determined . All results are presented
in the following paragraphs.

Alternatives Considered

There were four alternative s considered in deve l oping the most economica l
method of chlorin e injection . The desirable dosage of 700 mg/i available
chlor ine was maintained for all systems and a maximum NG-I system flow
rate of 47,1 00 gpd was utilized : The alternatives considered are as
follows:

I . Sod i um hypochiorite (liquid) addition to new tank.
2. Calciu m hypochlorite (solid) addition to new tank.
3. Sod i um hypochlorite (liquid) addition to process tank.
4. Calciu m hypochlorite (solid) addition to process tank.

In add it ion , the required vol ume of waste stream to provide dilution of
the sulfide to acceptable limits was considered .
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Technical Feasibilit y

Use of sod i um hypochlorite and calcium hypochlori te as oxidant sources
were investi gated with respect to their overall techn i cal feasibility in
this applica tion . Sodi um hypochlor~te was found to have several signifi-
cant advantages including l ower cost and the ability to be fed direc tl y
in to the chlorination tank withou t dilution . However , the material Is
available only in a liquid form which is somewhat unstable. A maximum
holding t ime of thir ty days was recommended by the manufac turer , there-
fore , rela t ive ly frequent deliveries would be required . Also , if the
chemica l wou ld not be readil y available from the manufacturer , an immediate
shortage could occur.

Therefore, the use of sol id calci um hypochlori te was considered . This
material is more costly but it could be mixed in various size batches
for field use. However, when preliminary i nvestigations of system de-
sign were begun, severe materials handling problems were established .
This problem was most apparent when the use of a bin feeder was i nvesti-
gated. The manufacturer emphatically stated that their equipment (and
similar equ i pment) could not be used in this app licat ion . This factor ,
along with a significant higher chemica l costs , ind icated that further
consideration for use of calcium hypochlorite was not techn i cally or
economicall y feasible.

Process Equ i pment for Sodi um Hypochiorite Addition

Various types of equipmen t are needed to provide controlled addition of
sodi um hypochlorite. The first requirement is a specially chosen tank
to contain the I5~ solution at the application site . Since large quanti-
ties of solution are needed , the mos t economica l shi pp ing size is in
tank cars with volumes of 17-19 m3 (4500-5000 gals.). These must be
unloaded and the volume stored on site . Therefore , a 22.7 m3 (6000 gal.)
covered storage tank is needed . This size will allow a safety fac tor of
approximately 3.8 m3 (1000 gallons) or 5.5 additIona l days of use between
fi I I s.

Si nce large vol umes of chemicals are needed and since It is anticipated
that the wastewater stream could vary significantl y In vol ume , a feed-
back flow contro l system has been proposed . This system would include
flow measurement by a parshall flume and then transferra l of the signal
through a controller to a metered chemica l feed pump . The pump , feed ing
from the storage tank , would therefore , add the specified vol ume of
chlori ne to the system. In general the material would be placed in the
l ine or added with a simple diffuse r in the tank .

Cost Estimates

Cost estimates have been established for sod i um hypochlorlte addit ion di-
rec t ly In to the proposed clarifier or separately Into a 7.5 m3 (2000 gal.)
reaction tank. Care must be taken to Insure that the construction of the
large clarifier Is suitable to handle chlorine concentrations of 706 mg/i ,
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however , this is not an extremely severe application .

The estimated capital costs are listed below :

System Component Cost, $
Pumping system Pump $1 ,110

Stroke control 900

Pi ping (50 ft of PvC) 250

Control sys tem Flume 1 ,100
Transmitter 800
Ratio unit 700

Storage Tank 2,690
Accessories 550

Control pane l I ,000
(wiring)

Reaction tank Tank 1 ,425
Accessories 550

It is assumed that installation costs will be approximately 30 percent of
the total capital expenditure . Therefore , the capi tal costs for the two
al ternatives are summarized in Table 28.

Operating costs are almost entire l y chemical costs to provide for the
extremel y hi gh chlorine doses needed. Calculations indicate that an
average sod i um hypochiorite dose is 700 1 /day ($85 gal./day). Therefore ,
annual chemica l costs are approx i matel y $29,710 with additional equip-
ment operation and maintenance costs of St ,360/year for alterna tive one
and $ 1 ,650/year for alternative two. Tota l operating costs are estimated
to be $31 ,070/year for alterna tives I and $31 ,360/year for alterna tive 2.

Use of Dilu tion for Sulfide Remova l

Since chemical costs for effective oxidation of chlorine are very high ,
i t is desirable to possibly reduce concentrations of sulfide by dil ution
of the stream. The maximum concentration of sulfide allowable in bio-
logica l influent is 10-25 mg/I depending upon the Indiv idual system

~~~~~ tolerances and discharge limitations. If It is assumed that a 10 mg/I
sulfide concentration is required , then the vol ume of dilution water
needed is calcula ted usi ng the following formula:

V 4.239 x 106

I O-y

V ~ gallon s of d i lu tion water

y — sulfide concentration in
dilution water (mg/i)

gallons x 3.78 x 10-3 — m3

_ _ _ _ _ _ _ _ _ _  L



TABLE 27. FULL-SCALE AERATION AND OXYGENAT I ON TESTS.

Run No.: 1 2 3
Oxygen

Tline elapsed Air oxidation Air oxidation oxi dation

0 106 106 106
0.5 106 106 92
1.0 106 106 92
1.5 106 106 92
2.0 102 106 92
3.0 102 106 92
4.0 98 106 88
6.0 98 106 88
10.0 98 106 85
15.0 96 106 82
20.0 92 106 76
25.0 88 106 73
30.0 85 83 68
40.0 85 — —— 63
50.0 82 --— 51
60.0 77 --- 46

TABLE 28. ALTERNATIVE COSTS FOR CHLORINAT I ON .

Cost, $
Alterna tive Capita l Inst. Contingency

number 
— 

System cost cost 15* Total

Sod i um hypochlorlte $ 9,100 $2,750 $1 ,780 $13,630
addItion/exIs tIng
clarifier

2 Sodi um hypochlorite 11 ,075 3,325 2,160 16,650
additIon/new reac-
tlon tank

L _ _ _ _ _ _

$ 

~•-



- -

Therefore , the minimum volume of dilution water is 1 604 m3 (423,900
gallons) if no residual sulfide is present In the di lution stream.

RECOMMENDED METHOD FOR SULFIDE REMOVAL

If possible , the most cost effective method for sulfide removal is dil ution .
The dilu ting influent stream must have a sulfide residua l of less than 10
mg/I and the volume required will vary from 1 604—16 ,040 m3 (423,900 -

4,239,000 gallons). Bleed in of the NG-I stream , over twenty-four hours
would be the most feasIble approach.

If dilution water Is not available in sufficient quantities , it is recom-
mended that 15* sod i um hypochlorite solution be added to the wastewater In
a separate 7.5 m3 (2000 gal.) reaction tank. This system will allow a full
one hour reaction time , (based on a maximum system flow rate of 178 m3/day
(47100 gal . per day)). Although this approach is more costly than adding
the solution directly to the proposed clarifier , it prov i des a safer system
with respect to potential corros i on problems in the larger clarifier. It
wi l l also allow n~ore system control. The approximate capital costs are
$16 ,560 with associated operating costs of $31 ,360 annuall y.
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