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OX IDATION O1~ l’IIOSSY WAT ER BY OZONE

I IN I I~~)l)U(’i ION.

\ () hte ~ t~ve .

To c~ :iluate the feasibility of Using ozone to decrease the elemental pho~rii~ rus

~ c’n~en it ion ot pi~ossv water at Edgewood Arsenal.

ft Back grou nd.

Wh ite  phosphorus (W I’) fill operations have occurred on an intern) i~tent hasi ’~ fo r the
i’ .~~t c’. era l ~ ears at I-dgewood A rsenal . Phosphorus contaminated wat e r I phossy w ater i trom the
~k Il p la nt is :IssI’ .’ la te d with WP transfe r from melt tanks , t he preparation of chemical mi~ r~s . the
tit l ing ot ’ munitions , demilitarization work and c leanup operat ions. Approximatel y 20 .O(~

) 
~ia ilons

ot t his w ater is presently being stored in two 10.000-gallon tan ks in building ES I S~ . Further dry till
ope rat i  Ills are expected to generate up to 40,000 gallons of ad ihit iona l phossy water per year. ‘[his
peii dit ìg actio n necessitates the development of a t reatment process for the disposal of the phoss .
s~ ater in an environmentally acceptable manner.

The Chemical and Plants Division in conjunction with the Mechanical Process
teehnoIog~ Division initiated the development of a tentat ive scheme for the treatment of phossy

‘.5 J i L l  and ‘
~~ I’ s lag at I’d gewood Arsenal. Dr. Henry Luh and Mr. John Bane , both with the Chemical

I ecbnokssrv Branch, reported on 1 November 19’76 that treatment of this phosphorus
con tain inate d water  with ozone should significantly lessen its elemental phosphorus level. 2 They
tt i r t he r  s t a te d  that  there is a general lack of data available on ozonation of phosphorus in phossy
‘.sate i and reco m mended that a bench-scale study be performed to determine more exacting
t reatahihit\ information . No results were avai lable at the time this report was prepared concerning
I/one CX perilnen Is at Pine Bluff Arsenal.

I he purpose of this study was to develop the preliminary data needed to evaluate
0/ O f l e  ~ .1 prac t ica t means to reduce the elemental phosphorus level of phossy water. Several te s: s
has e been conducted in conjunction with this objective to determine the rate and e x t e n t  of
elemental phosphorus conversion to orthophosphate.

II. INVESTIGATION.

A. I quipment.

A hatc h reactor , support instrumentat ion, and assoc iated piping were set up adjacent
t i  analytic a l sup port in building F3640. The laboratory-scale reaction unit used in this study was a
i i~wd-hatc hi , cont inuously gas sparged five-liter vessel. This type of reactor permitted many data
points to he obtained at intermittent times during a run. A schematic diagram of the apparatus is
s lillss n iii figures I and 2. A pneumatic mixer was used which resulted in complete agitation at a

I 
~ l&’ I iI l f j f ld i I I f l  For Chief . Mech Proc Tech Div, 30 Nov 76 , Subject: Expected Am ount and Concentrat ion ol’
Phllsphorus (‘ontaminated Water to be Generated in Building E5188 . Richard B. Belmonte.

2 Bane . Jishn M., and [.uh, Ming D. Tentat ive Scheme for the Treatment of Phossy Water and White Phosphorus
Slag. Manlitact uring Technology Directorate. November 1976,
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i ta t to i i ~ l spcetl of ’ 400 rpm. Two b a f f l e s  were strategically placed to eliminate any vortexing action
c.i i isc d h~’ rapid agitation. Automa tic temperature monitoring was accomplished with
iicr iuoeot ipies in combination with a multipoint recorder.

Oi.one was produced from an Ozone Research & Equipment Corporation (ORE(
Model 03\’ 1-0 ss ater-cooled generator. The rated capacity of the ozonator was 200 milligrams of
o/one per hour using an oxygen feed. Output was adjustable by varying the primary current to the
ulti .i’.iotet lamp. The unit was designed for operation at gas pressures from 0 to 5 pounds per square
inc h 4ga~e . Ozone concentrations could be varied over the range of 0.27 to 0.W~ by weight by
sa r~ ing the ratio of power input to feed gas flow rate. Upon calibration , the ozone dosage to the
r e . i c t I ) t  ss :ls determined by the gas flow rate. The gas supplied to the ozone generator was dry
conimerL i.if grade oxygen with a dew point around -50°F.

13 I xperimentation.

The analytical methods used to detect elemental phosphorus , ort hoph ”sphate and to t a l
Inorganic phosphorus are described in the appendix and will , therefore , not be repeated here.

Once an ozone generator is chosen and its capacity known , reactor sizing and pip ing
needs cami he identified. An ozone dosage of l 70 milli~~ams per hours was assumed to be adequate
b r  this studs’ based on the typical output curve included with the OREC ozonator. This should
have resulted in 0.46 weight percent ozone at an oxygen/ozone flow rate of 0.4 liters per minute.
Ac ut i t ing a 1 0-ppm level of elemental phosphorus in any one test sample and 60 minutes of
reaction t ime needed to react all of the ozone in association with the stoichionietric limiting
1. o i l  t I Oil ’

P4 + 100 3 -’2P,05 ÷ 1001, ( I)

a 4 . 4-liter reaction volume would be needed. A reaction such as this does riot progress along
stoich iotnetr ic lines in most circumstances because the ozone/eleme ntal phosphorus contact is not
.idequate!v intimate. By designing the experiment to allow 60 minutes for a 1-to-i stoichiometric
ratio . Up to twice the amount of ozone that is needed is allowed to enter the reaction vessel within
the time constraints of the test run.

The actual output curve of the ozonator varied substantially from the data supplied
wit h the unit. At 0.4 liters of oxygen/ozone mixture only 110 milligrams per hour of
0.30-weight-percent ozone were produced. This variation was assumed to be due to the age and
condition of the ozonator itself . The calibration procedure , however , showed a consistent output
t hu t  would not compromise the val idity of the experiment.

Twenty liters of phossy water were taken from one of the 10,000-gallon storage tanks
and isolated in a nitrogen atmosphere to prevent further oxidation of WP. Analysis of this isolated
sample yie lded 350 ppb of WP, a considerably lower value than was expected from past analyses. So
as to not lose time , this sample was treated with ozone to check not only the integrity of the
apparatus but to obta in a basis for comparison of further studies.

Procedure.

I. Four liters of phossy water were purged from the sealed container into the glass
reactor.

10 V



2. A u initial saniple of 250 mi ll i l iters wa s taken t o m analysis.

‘\ ~reca lmbrated oione strea m was sparged into )  the reactor , t he piie iiniat ic ‘~t i r r e r
I ‘k- i . an d t lie react ion time starte d.

4 . \nal~ t ical test samples of IOU milliliters cm ii were taken ~t c , I ~ - .~h, i~0. mmii
I 21) t f l i t i i i tes  into the reaction mlt l ( I analvted for elemental phosphorus , isrt hop hosp!iak and
iiiorg.liltc ‘ii -~ i l iol rus . ilie intermediate phosph oru s oxide concentrat ion level ssmi ~ dek - u io ined h~

I o r  ‘ t h e  fo l lowing phosphorus equation

Total — ortho — elemen ta l = in termediates . I 2 i

~~ . .- \ t  t he end of the run, t he 0/one stream and pneumatic st i r rer  ~s crc
nd t he c” .’1 wa s e tn pt ied into a 4—liter storage flask

\ second 20—liter sample of phioss ~ ~s alL r ‘.s as ta ken from the ol icr

It  III ) i)-c.iI !on s t o raLe tank in hopes of obtaining a higher cuncent i mi t i lu l  o f  e le mental rhosp horus.
I tie s.itnp lc ~~~ drawn with minimal turbulence and at a level c loser t o ,  the w hite IThK st’ llOruL slatz in
I he i i  f I ) I l1  of the tank. As many precautions as possible ‘.sere Ia ko - io  ~() obtain an nenta l
phlllsp hours concentration closer to the expected level of 10 ppm Ag ai n the iii I\ ’t ical teso . ie ldcoi
a consi derably smaller value, this time only 250 ppb. The frinds and time that remained for this
s t i i i .t~ were running low so it was decided that the experinicuts would have to be concluded with the

a tc~ t sau l pie.

ftc same procedure was used t hat w as outlined above hut this time two runs were
ex ecu ted .  ‘I he f i rs t  run of’ this last series used ozone at a higher mass rate than before. The final run

c~ t co i  s imp le aeration, no ozone, as a practical means to treat phossy water. A basis for comparis ot i
II ii,’ o ne ‘ .crs lj s  aeration was thus obtained.

C. Results.

The data obtained from (he series of phoss~ ‘.‘ .atcr runs are suitiimar;ied in the
fol lowing three tables . A discussion of t hese results is provided in section III of ’ this report.

Table I .  Phossy Waler Run I

Soiin pie Contac l Elementa l ‘b lat Temperature Tenope raiure
fl lll nber t ime phosp hour s Ortho.p hosp hate phus p horu~ ol gas of liquid

minut e pp b as P ppm as P ppm as P °C

Ia 0 139 2 380 NA 35 26

tb 5 868 380 NA 35 2 7 5

Ic 15 488 400 NA 35 27

Id 30 188 400 NA 35 2~

Ic 60 46 410 NA 35 31

II 120 <.22 400 NA 35 35

NOTE’ NA Not available; oxygen/ozone feed rate — 0.4 lite rs/mm; ozone concentr ati on = 110 mg/Its; ozone
weiØuu percent 0.30; stlner RPM • 370.

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Table 2. I’hossy Water R un  2

S.iiiip io ( ouLi~ i I’ i. ’ ooei i ta l Total Temperature Tcn iperaiii re
Ort ho-phosphate ‘ -

iiIlIo ’ phitosp horus phosphorus of gas of liquid
_ _ _  _ _ _ _ _ __ _=  _ _ _

I l l 1 1 0 1 1 i L  pph .is P ppm asP ppm as P ‘(‘

2. I u 836 290 280 35

boOO 290 280 35 27

I I 2S0 280 290 3~

( O 290 2~
() 35 29

60 <22 290 280 35 32

21 120 <22 280 290 35

\ f l b l  s’~c eoi  o io iic feed rate = 0.6 l iters/ min ;ozone concentration = ISO mgjhr;ozone weight percent = 026 .
o irrcr RPM = 400.

Table 3. Phossy Water Run 3

~o.t inp hc (‘ ontact Elemental Total Temperature Tempe rature
Ortho-phosphate

i : .  I time phosphorus phosphorus of gas ul liquid

minute ppb as P ppm as P ppm as P (‘ (‘

U 904 NA NA 34

3h S X24 NA NA 34

15 708 NA NA - 34 29

3d 30 540 NA NA 34 30

3e 60 268.8 NA NA 34 32

It 120 82.8 NA NA 34

_ _  _ _  _ _ _  _ _ _  _ _  _ _  _ _

NOTE: NA Nut available; oxygen/ozone feed rate = 0.4 liters/ mm ; ozone concentration = 0.0 mg/ hr (aeration ) .
ozone weight percent = 0.0; stirrer RPM = 360.

12
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Ill l) l~~ I ‘~~I( iN

I lenienta l Phosp horus Oxidat ion.

i.’ oui e appears to he a quite e t f ’ecf ive m eans to reduce the e le ment a l  ph osphoru s
c’Otlcc ‘ii r.itiou of phoss~ water.  As can he seen f ’ron’b f igures 3 mind 4 which represet it the results c o t

the t~~ o/one rui ti s . the wilite phosphorus concentration is repeatedly reduced t o below detec t : i h lc
Ii ill i ts , I h e r  c scet1i~ t oo  he mu correlation between ozone input rate and cont act t it ile needed to bring
I tic I c;i ~. ton I I S tu re be low tile detectiot i limit . .-\ t rad eof I  of these tw o parameters t o o  uleterm Inc
(° l °t r i  i l ‘ i r e  oI ,osac ’es should he accomp lished ill further st u n  les .

[able 3 shows t hat aeration also reduces the elemental phosphorus co ncc l i t r . it i ot i  ‘at
ph i ccss ~c water .  I lov~ ever , t he effectiveness of this treatment did not equal that of ozone. I igo i r  ~‘ I ns
been des c l o c j o o ’d to iv idly depict this difference . The vertical scale Ilas been recomputed to ‘‘perc
remova l utile t oo  the variations of the initial elemen t :d phosphorus concentrat I OTiS . The f ’igu r e  sh ‘ -

l limi t mic ra t i c o i r  s~ ill reduce the W I~ level up to 90 percent. Thc eI’f iei t lC~ of b i a s  treat me ur t seen s I t o
Ics c i c o t  I at this point. On the other hand , oi.onation removes t he while pt~ sp in ‘n ios quicker mo n u l v~ ill
c~~.- nt  i.i ll~ take out all the elemental phosphorus within I 20 minti t e s of ’ co t i lm oc i  time.

Neither twenty—liter sample of phossy water t i ke t i  f rom the two  0.000 ~: i i  I c  , I n .i ’e
tat l ks showed a concentration of elemental phosphorus close to the expected lese l of 10 pj - a  Ii is

assume d that enougll agitation of the samples occurred during withdrawal . isol , c: o t t . and
trat isportat ion t o )  have partially oxidized the white phosphorus. Improved sampling technu~c e s  w i ll

e to he etr i p luo c , ed to evaluate further the impact of ozone on phossy water. It is assumed that
incr ease d levels of white phosphorus will just lengthen the contact time necess:i r\ - t o  brit ig the
c i  mccii tra lions helos~ de teeta ble limits.

l~. Reaction Products.

l he conversion of elemental phosphorus to its phosphate form . P04
3 . pro og rcsse ~ wi th

tflarl~ in tern iediate oox ide byproducts beitig formed along the way -

P4 —k 112P02 ’ iIPO 3~ PO~~
3

I his s tu d s tint only attempted to quantify the oxidation of white phosphorus by ozone but ,ilso
co r re late the cx tent of its conversion by observing the reaction products. The f irst  phase o1 this

‘ob je c t Ive  as accomp lished satisfactorily and discussed in the preceding sectiot i. lIowe~er . the
.ina lyt ic a l  lest procedures for the second phase were not sensitive enough to detect any appreciable
changes in t he orthophosphate concentration levels throughout the experiment. l’x pressed as P. the
e lemental phosphorus was being reduced by approximately 1 400 ppb or 1.4 ppm. If this cot lversion
was tak e n comp letely to P04

3, there theoretically should he an iticrease in P04-3 levels of ’
I 4 ppm. T he  precision of the analytical procedures used was only plus or minus ~ ppm. T llerefore .
no con - e lation was possible.

It is noteworthy to look at table 2 and notice that the orthophosphatc ;tn(I t o ° I a i
inorganic phosphorus levels remain essentialiy constant throughout the run. Thus reinforces the
belief that conversion of elemental phosphorus to phosphate is essentiail~

- complete and tilat the
phosphate compound comprises the majority of the mixture.

13
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‘su i  ic i rexpe cted f ine ~s Ii ite preciplt .itc form ed during f h ie t l ; r c e runs o f  t ins stuc h~ . I ins
o h u e  sol id fo nu i icd in t h e  reactio ni hatch immed iately upon iuitrod uct ico i i  of the u/co l ic  feed and
lcc ~ aI: ic ’ tt i ’a T ’i’ piedouirin ate mix the reaction progressed. It fended to cause the mix ture  t o  I n  ome
lilt ‘r c ls~ c ’ i i s  .ls r io ted b tile gradual decrease of t h e  agitato r speed. I)iie to i t s  t ine ,ltnot I ic o ns

N..  I mi i i  - a la r ac set l  1mg time s~ as needed to he o .’ a m t the mixture to a clear s t o l id inn. I his v lii! ‘ lid
oo .o f ’ a i i t d  I t  be t irade up pnimaniI~ ot calcium phosphate , ( a- ~ I’04 ~~~~. (o n ,  Cn tr J t  I ins I j iii’ed
o i l s  oo h oerC t r o t i t  I) ~.5 to 0 4 1  tuilligranis o o t  s ol id pin milliliter o c t  su u t i i t i o n  O r  th ie .uc rated and
o/, ° r i . i t c - nl riiiis , t ’esp ectivc lv , The s ,tt IlC w hite solid has heeti s i i t ’ o x  ur to he prcsc i i t  .01 the hott um o c t

t t i c  ~i~ c l0 .0 ( 1I ) ’ o ~, o l i o o n  p l i i o sss  os a t c r  storag e I ;t t i ks , A c h osen i t r a l s s i s  is t i eccssmc rs  t o  - :csSi ss thi s ’
t his material and to determine j f

V 

~‘. pt . ’set ice so ill it ihthif  d ispo os . o I  t o t  the V~ I’ sian

t \  ~~~~ I I. ~1t ~~~

I ( )ione i c ’ . (ct_ien ‘ f i o ’ s o i ~ t o o  h’cc,’ mc p ru~ t ic . i l tu t :c i rs  t o o  r ’ oiuce t he L

p11 ‘ j O l t  t r I : ~ cut i ceul t i a t i o m i  of p ho css ~ s o . i t t ’r l<~’~Iu i j - ’ ; l .  oc t  ‘~ I’ t o  lo~’ lo t o  ds’ iect . j I Ie I n n ’ ‘ i t ’

j t u ~~~ih’c l c .. s o i t h i  b l o cs  t ne t lucc i .l, Optiuiua l s l cos ,ira o ’s ui o o . cI o e Ii! hen ‘h t o t  tune ;is’ ccto ’ c.l I t !  c_ Oci l t .o ,  I V~ 11
has e t o o  f ’e  o I c t cn t i i u I i c .’c,l in l , c ’ c t  s t i io luc .’ s

2. \o ’ o , o t l o u o has sho~~n Iutni,. ’i c t t c i  t i s e t o e s s  iii redin r i g  t i e  eleinrnl,il O t t o  s i t u  r d
~~& 0 i i L ’C t l t F i t i O O i  c o t  p l ioisss so . i t e r.  Reduicit uns (q u  T o ’  9) ~c t o r i t so e rc co red ,  ( t / . Oift ’  i i o i o c t  ad t t t  c

muc h nIilIcc~~r .nnd more c t  tCc ’ t i O  e in cox id i z i ng t he ‘o h i t c  phosphorus .

3 No corre lation could he dccc l o 1 ocd bet o~ eet i so hute lohoos l’ I io rus loo s n u g  and i t ,
I t o t  cot isersion to t he phosphate form. l uthe r gre at en in i t ia l  c o ) n c e n t r a t i o o r u s  o u t  ele i i ici i tt l

phncs p i r o o r i i s  or iii j o ro ov e d  ana lyt ical  procedures must he deve looped 1( 0  make t Ins c oo r r c l . c t uon ,

4 , \ white aiiiurphoous precipitate fo) rt lied as the e letuen tal phos ;o ii c r11’ . so :0 ’ .

c- i t t  icd A pitosphiate complex was formed so uth the calcium ions t o t  the l ii o’ .s~ so . o t c r .

I o u i ce t l t r .o t  ioIis as great as 410 milligrams per liter were found. 1’Ile maj onuls of t he s lag in the
Int i t o  i i i  of the t ’,x o 10 .000—ga llon phossy water sto rage ta m i k’. may he comprised of I ii’. s ii h’.i,iIi~ L -

~~ . Sampling techniques limited t h e  ii im i\oi l iui I i i  cot ic ’ c’ i r t r . i t i o c i ’  of elemental
) ‘ - i i I  Os pIlco r uls that  couil&1 be tested to 350 pph 11400 pph expressed a Pt ,  It is fores een th a t
c t o t i sudc r : i io i s grc miter concentrations will not aff ’ect t he validity of this repo r t ’s conc lusions ,

\ R I- (

Further r esearc h of advanced techniques to illerease tile reactivit ~’ c o t  phios phuont i ’.
t o wards c c / c  me should be investigated. Substantial quantities of photochemical energy have been
show n t o o  he imparted to a reaction mixture with the addition of ultraviolet ( t V )  irnadiat io o f l .

f3ecaiisc ’ of the interaction between the UV light and the electronicall y excited niokeuks . I cad ions

occ ur muc h (1iiIckCI and to a greater extent than nonirradiat~
] samples.

2. Improved ana lytic procedures for the determination of total inorganic
ph os ph orus and orthop hosphate concentrations in water should be investigated. Precisiot l iii t h e
range of plus oc r  minus 0.5 ppm would be desirable .

3. A (‘ubic (‘orporat ion Hydrocube Wastewater Treatment system available
through M I.RADCOM , Ft. Belvoir , Vir ginia , should be transfe rred to Edgewood Arsenal. Flu ’. unit

17
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I
ox hnclu includes a to-gram-per-hour ozone generator , would be set up and used to test t he pilot-scale
tc.is i lo i l i is c o t  using ozone to treat the phossy water being stored in the two 10,000-gallon storage
t . ur o ks Near opti m al operating conditions would be developed through an associated study.

4 The two 10,000-gallon storage tanks in Building 15188 at F.dgewood Arsenal
sh ou ld he sanlpled more completely to determine their contents. The disposal techniques to he used
for  the phossv w :u tc a r and WP slag would then be better defined.

I
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APPI’NI)IX

A N AIV ’s ’T l ( ’A IV  PRO(IIE) LJRES

- I Ieutieri t V i i  l ’ b ioo s p l ic o rus  l)etermination.

~s’\ 0 / I l l  pract ical methods exist to determine the concentration oI e lemen t a l
• o f u o o s p j o o c t i i s  in so . iter -‘ highly set is i t ive method was needed for this study f c c  es a lua t e  lull ( lie
c i i i  p c .  ‘0 c l Ou d on t h e  phosphorus in the phossy water. Neither the molybdenum blue nor t h t ~’
j o in  cs; ’ii t o  a r i , c t ) co n io ls  bd,i Is ’ m ethods detect any appreciable changes in the element ci ph o spl io r i ’ .
I~ o ci ’ . i to  t .  o ,o ~~t o o  l o t  the o /o c toa t ion  runs. h ence , t he vapor phase chiromatographic \ V r~ I 1 0 1 t i le ’ !  ‘0 mu ’ .

~col c oil .c j c p . i n . i t i l s  sit up in lbs Product Assurance 1) irectoratc . 1 x t re melo : l c c : I r l c t o ’

‘ c l o d li t u l o he , I . c t  a i c sr i  Ited throughout the study by using this analy t ical procedure.

\ let h iod, \:i ahuquot cut tile phossy W ater so - m is hr ;o ken Wit l l  5 mil l i l i ters ,t t i ’ . occ cc t a t V 0 ~~

- i c  iii fl ute Ill tiled a t c f v  upon withdrawal from the re:o~ t ion vessel V The layers w e re ,ctk V V 0 V

se t t le . ,iiiil j  p c o r t u o n  o c t  t h e  tsooctan c layer was drawn off f
V
or a nj iv s i s  on a gas c’hr om n : ito ioa r :opii ‘~o t h

a f lame c o l i c / c t  I 0 ° r i  ph osphorus detector. Aliquot ratios of ~ cur 10: I were us~’d to ; . o o c l ! r t e  a
olc. ’ tu. ’ L t it i i i  inni t  o u t  I to ~ pph.

2 V ( c i t  hi’ op hosphate I )etermination.

1 he orthophosphate phosphoru s concentration in phossv water 0xa s d.ate roi i ined by the
lot os p ho 5 V O O l 0 0 0 1 i o o h hdate uiiethod.~ This analysis is a colorinnetric method in which t h e  phosphc ‘ r i ’ ,

c O l t . c lo t  r .c t  ion is s ’ s t  it nated from the intensity of yellow color which develops wi fir treat n t o en t o c t  the

‘.ini ph~’s so i t  ho s. c dor-f urt n ing reagents. Only step I is used from the inchosure to tn’I~ e this

dci s’r iuluulat 0 )11

1 o o t . o l  Inorganic Phosphorus E)etermination.

I lie tota l  inorganic phosphorus concentration in t h e  phossy water was determined lo s

I In p t i o  os p hc 0 o ut : n louu i i o l y hdate metllod .2 This analysis is a eolorimetric met h od in so hoo ch the
phuc s p h i c o r i i s  oncentrat ion is estimated from the intensity of cllow color v. I i ic l o ile~ L’IOf l’o 0 0 1 1 1 1

tr c o I l Iioi l t o t h e  sample with dilute acid and color-forming reagents. Steps I and II were 115c’ t!  I 1000

b Ite m d c  ‘sure to m ake this determination.

‘ \ b ~ St~’ oo ’ r i , . Ins , Chemical Process Studies for Commercially Etnavailable (‘ounpounols . l’numt l Ripoci I
I I  t )nTc p r Ch eIIsmvC) . (‘ci nt r ac t DAAAIS-69-0-05R4 , page 3 2. 1973.

2 V u h i s  Robert , Vigus, Ellen. ARCSL-TR-77023 (In printing). Py mul ysi s c cf L’)eloxiflc d Agent Wa s t e Part I.
Spi ic ~ I)rued (,H Salts , Appendix B. Septembe r 1977.
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