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SUMIIARY

The purpose of this work  was to dete rmine  the  l i t t L e  mamma l ian

t o x i c i ty  of TNT was tewa te r s  (p ink  w a t e r )  under  v a r i o us  c o n d i t io n s  l t

pH and i r r a d i a t i o n  t ime .

Pink water residues were prepared by irr~sd ia t it :’ d l  s t i t hioii t I c

wastewater to 0, 50, and 100% degradat ion  I eve  I~~ of t h e  ma j a r  cost ipott ent

TNT , at p H values of 5.0 , 7 .0 , and 9 . 4 .  The was t  e w . t t  i t ’ . w a r t ’  i v op i t i l  i zod

to d ry  r esi du es , and LD~~0 de te rmina t ions  in  S w i s o — W t I~~, t ~ ’ r m i c e  wer e

pe r fo rmed .

The acute  mammalian t ox ic i ty  s t u d i O s  m d  i e ; i t  ad l i t  t h e  u n i  r r a d i at e d

residue was the most tox ic  and was u n a f f e c t e d  by 1) 11. t a x i  c i t  v decreased

as a tune  t ton of i r r a d i a t i o n  time , and the  100 , d~’~~t , u l . i t  i . it i  l eV el

res idues showed o n e — f o u r t h  the  t o x i c i t y  of t h e  n on i  t r ad i ; s t  ad r e s i d u e s .

\ ‘ ,
\ ~~~ ~
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FOREWORD

In conducting the research described in this report , the investi-

gators adhered to the ti Guide for Laboratory Animal Facilities and Care ,”

as promulgated by the Committee on the Guide for Laboratory Animal

Resources , National Academy of Sciences—National Research Council.
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INTRODUCTION

The objective of this research was to determine the acute toxicological

i’ffect on mammalian systems of actual and artificial wastewaters obtained

f r o m  t r i n i t r o t o l u e n e  (TNT) p roduc t ion  and handl ing f a c i l i t i e s .

T N t  d i scharged  from munition facilities undergoes photolytic

decompos i t ion  when exposed to sunl i ght , produc ing  a complex m i x t u r e  i f

n i t r o b o d i e s  and colored spec ie s .  The r e s u l t i n g  color is re spons ib le  fo r

the  te rm pink wa te r ” t hat  is used to descr ibe  t h i s  d i s c h a r g e .  Because

th i s  d i scharge  can en te r  the envi ronment , i ts  p o t e n t i a l  hazard to the

h e a l t h  of l iving sY stems must  be i nves t iga ted .

The da ta  obtained f r o m  th is  s tudy  will aid the ArT~y in establishing

effluent standards and will help define the level of wastewater treatment

necessary at Army ammunition facilities.

15
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EXPE R IN ENTAL

Pr ~ p,~i ra t l o n of Res idues

The initial studies were performed with aqueous solutions (deionized

w at e r , TOC < 1 ppm ) of pure TNT (s~’ntliet ic , K & K Laboratories , purity

9)  by glc , t l c , and e lemental  a n a l y s i s )  to generage basel ine  data

on chemical profiles and toxicological responses of authentic wastewaters .

These In i t i a l  s tud ie s  were  per formed at pH 7 w i t h solu t ions  t h a t  had

been p hotodegraded to 50 and 100% composi t ion  levels of the i n i t i a l

TNT c o n c e n t r a t i o n s . Authen t ic  was tewaters  were handl~~ s i m i l a r l y ,

except that photodegradations were performed at pH 5.0 and 9 . 4  as well

as at 7.0. These pH values were selected by the Army and r e f l e c t

va r i a t ions  in the t rea tment  of the TNT yellow wate r  a t  TNT p r od uc t i on

f a c i l i t i e s  pr ior  to d i s cha rge .

For a u t h e n t i c  was tewaters , both  i r radiated and n on i r r ad iat i ”’.d

solut ions were p a r t i t i o n e d  wi th  benzene to form two extracts  !benzene

and aqueous)  tha t  were lyophil ized to solid residues fo r  toxicolo’~,lcal

tes t ing . If no ex t r ac t ion  was performed , the residue is referred to

he re in  as “neat  res idue .

Wastewater  lyoph i l i za t ions  were performed at Hirschberg Freeze—Dry

in South San Francisco , Ca l i fo rn ia , and at  SRI w i t h  the  aid of a Welsh

S c i e n t i f i c  Co. Model 1402 lyoph il ize r .

Systems Inves t iga ted

The fo l l owing  s y n t h e t i c  and a u t h e n t i c  wastewater  solut ions were

prepared and/or  c h a r a c t e r i z e d  fo r  toxicological  eva lua t ion :

• S y n t h e t i c  TNT was tewate r  solutions .

• Authentic TNT wastewater solutions obtained from the Joliet
Army Ammunitions ’ (JAAP ) load and pack (LAP) operation .

Condensate wastewater  f rom JAAP and Volueteer Army
Ammunitions Plant (VAAP).

• Red Water and yellow water  f rom JAAP .

17
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Photolytic Conditions

All photoirradiations were performed In a water— ,j;icki’ted 3.2—l iter

Pyrex reaction vessel with an Immersion well and a 1200—watt Hanovia

medium—pressure mercury lamp .

Solutions of pure chemicals and wastewaters  were i r r a d i a t e d  until

the concent ra t ion  of the major component (TNT fo r  LAP , red wate r  and

2,4—DNT for condensate water) had decreased to 50Z and 100% degradation

levels . For saturated TNT and 2,4—DNT solut ions , 100% degradation was

achieved after 24 hr of irradiation. A 50% degradation level was

achieved for TNT between 30 mm and 2 hr , and 2 hr was r e q u i r e d  to

achieve the same level for  2 , 4—DNT .

When pH adjustments were necessary to b r ing  so lu t i ons  to n e u t r a l i t y ,

O.lN and 6N HC1 solutions or O.1N and 5N NaOH solutions were used .

An Orion Model 610 digital pH meter with a combina t ion  e lec t rode  was

used for pH measurements.

Profiling Methods 4
;

Wastewater samples and extracts were profiled using thin—layer

(tic), gas (gc), and liquid chromatographic (U) techniques . Det a ils

of these techniques are presented in Appendix A.

Toxicology

Adult male and female Swiss—Webster mice weighing between 15 and

20 g were obtained from Simonsen Laboratories , Cil rov , California .

The animals were isolated for at least 1 week a f t e r  the ir a r r i v a l  in t h e

laboratory to ensure that only healthy animals were used for the study

The animals were housed in plastic cages on hardwood bedding and

provided with food and water ad llbitum. A d u l t  male  and f e m a l e  New

Zealand w h i t e  rabbi t s  wei ghing between 2 and 3 kg were  o b t a i ne d  1 rem

L .I . T .  Rabb i t ry , Aptos , Ca l i fo rn i a . The r a b b i t s  were l t e i i s & ’d in s t a in l e s s . -

steel cages with wire bottoms and provided with food and wate r.

The compounds used for the ora l toxicit” testing in tni ce wcta ’

prepared as corn oil suspensions/solutions just b e f o r e  us . ’ . 11w

18



material used for skin and eye Irritation studies was used as a dry

powder without further modification.

All mice were fasted overnight before oral dosing . After adminis-

tration of the test substance by gastric tube , the animals were

observed closely for signs of toxicity or mortality for the nex t 14

days . The oral LD 50 and the 95% confidence limits for each compound

was calculated by the method of Litchfield and Wilcoxon .

The Draize method was used for skin and eye irritation studies .

Tes t material (0.1. g) was applied to the eyes of rabbits and washed

out 30 sec , 5 mm , or 24 hr after treatment. The eyes were examined

daily for 7 days for the presence and degree of iritis , conjunctivitis ,

and/or corneal opacity. An area of skin was clipped free of hair over

the dorsal area of rabbits . Half the skin area was abraded , and 0.5 g

of material was applied to the skin surface under a rubber dam . After

24 hr , the rubber dam was removed , and the abraded and unabr aded sk in

area was graded for the degree of erythema and edema . The grading was

repeated at 72 hr.



RESULT S AND DISCUSSION

Synthetic Wastewater

TNT (~ 99%) , obtained from K & K Labora tor ies , was dried under

vacuum and was shown to be chromatograp hically homogeneous (tlc , gc)

and to possess elemental data consistent with i t s  s t r u c t u r e .  This

material was dissolved in distilled water that contained no extractable

organics that could be observed by gc/ms .

In the initial studies , we prepared a synthetic wastewater by

i r r ad i a t i ng  pure TNT in d i s t i l l ed  water . A schematic of tile reaction

vessel appears in Figure 1. This solution was extracted with benzene

to produce benzene and aqu’~ous extracts , which were pro! lied by tIc ,

gic , and ic. Later , we compared these profiles icitli these authentic

LAP wastewaters. We used the lyop hilized residues of b it e synthetic

wastewater for initial toxicity range—findlrg studies.

Figure 2 is representative thin—layer chromatogr ,’ms of the benzene

extracts of both irradiated authentic and synthetic wastewaters. It

should be pointed out that the authentic wastewater contains RDX , which

did not migrate well in the tic system . The components in Figure 2

w er e  identified based on characteristic colors developed with a DMSO/EDA

(10/2) spra ’:  and a fluoresc amin e/triethy lamine (0.01% in acetone/lO%

in d i ch l o r on e th a n e )  s p r ay  as compared w i t h  colors of au th  nt i c  s tandards

p r o v i d e d  t o  us b’ . I)r. Lloyd Kaplan of tik Naval Surface Weapons Center ,

l~l i i t o  Oa k , Ma r’: l an d . We c o u l d  not su c c e s s f u l ly  p r o f i l e  the aqueous

t raction using tic m e t h o d s .

, t t t , t  N’s I s  showed oil l v  m i n o r  degrada t ion produc  ts , as i n d i c a t e d

In  I I ~; t i r 4  I , w h i c h  w er e  id on t i  f l e d  by ge /ms . Aga in , t h e compo n en t s

of the a j u t . o u O  I rae t I on cou ld  not be prof  11 &‘d b~’ th i s  t ec l in  Ique  , even

when  1 r Iv. u t  I ‘i t I on was at tempte d ( t  r Im et  liv Is 11 
y 
lat Ion)

1’ i ,,~t i r t  ‘4 pr~~;~ i t t  s t h e  s t r u c t u r e s  of the Identif ied c o m p o n e n t s .

I l t e ~ t ’  . f l p i T T i t  s were lat er e l l i l l lrmed by be d a t a .

21
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TO17uu1 POWER SUPPLY

COOLING
WATER ~~~.~~ 

________  COO L I N G

TNT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1200 WATT HANOVIA
M E R C U R Y  LAMP

FIGURE 1 PHOTOCHEMICAL REACTION VESSEL
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‘ t ’N ’l’ a l w a y s  appeared as the  m a j o r  c o m p o n ent  of Ui~ ’ l 4 4 t1 , ’I ’ t i ( ’  I t . i ~ t i ’r i .

‘ Ih i s  f rac t ion , c o n s i s t i n g  of p r i m a r y  p h o t o d e g r a d a t  IOr i  p i  , d t e t s , ( 1 4 4 !  e l  . 4 1

b~’ w eig h t  as a f unc t ion ~f Irrad iati on t ime . At 1 (1(1 NI dei~r .i4I , iI i o n

levels , the maj or Ity of the  rd ’s lduo was  d i s t  r I hut oil I i i  t 114 , 1 4 1 11 ’l us

f ra c t  ion .

‘i’he t e r m  ‘‘ 100% d eg r a d at  Ion ’’ is d ot  i ned t o  t I i i  1 ev e !  I i i  wI t  i t ’ I t  t h e r e

is l i t t le  c han g e  in  the ‘I’N’l’ e& ’t cen t r a t  ion w I t  I t  I n c  t e a s  lug  i t  t i l l  l i t  i o n

ti me. Table 1 shows t h e  l ev e l s  of ‘l’N’l’ rena I t t  1 tn~ w i t  Ii  r ’  ‘ - ‘ . s  t 1 0

irradiation time . The d e gr t ’ast ’ I n  TN’I’ eonc’ ent  l i t  i on  I s  r a p i d  w I t  It i t t

the f i r s t  hour of irrad fat ion and t h e r e  i s  I ’ O O t ’ r l t  i t !  l v  no & t i g t t i i  1 , - h i t

change a f te r 4 to 5 hr. Titus  ‘‘ [00 1 d o g r t d a t  i on ’’ is in a c t ua l f t  v )~~~~. 3.-

99.5% degradation wit h some TN t’ r e m a i n i n g .

I’ablo I

PH OTODECOMPO S ii ’ I ON OF’ TN’l’ A l  p 11 ~t •

‘ I ’NT R e m a i n u i i i ’, (j ~j ’m )

0 193
1 27 .’)
2 5 .4
3 . ‘4. 1
4 2 . 4
5

l’he photo lv s is of ‘I’N ’F r e s u l t e d  in  si  go t~ i t a u t  I ’ ll c ha nc, t ’s .t ~ , a

f u n c t  ion of Ir r ad  fat ion t int o . At 0 , 50 , and 100 I N !  d e gr i t d a  t I o t t

levels , t h e  pit dec roased f rom 6 .6  t o  ‘4 . 8 a t  ‘
~~

( )  d e~~i’ad ;t  t i on a u~l t o I .

a t  100% degradat ion , m d  I c at  lttg t h a t  at lt ’,ts t some i f  ( l i i ’ d egr ida t i o n

products a r e  acidic to nature.

Autlient Ic ‘I’N’t’ Was tcwatc’r

We performed toxico logical oval  ua t Ions l i i  w; t o t  4 w ,  t or  ‘es I duos

result lug from waters obt i [nod from tlit ’ .IAA P L..\ l’ I i h i e I ’ a t  ion Itt ‘ i t ’! i~~t

Ill tools. ‘[ ‘h is water c o n t a i n e d  12 5 . S ppm of ‘[‘N I’ and 10 ppm ot  R I ) X

p lus sevt ’ra I nil  nor  c ompot i i ’ii t t h t a t  wore  no t  I d en t  If I i’d

the Ivop li f II ~~ i t  1(4 0  t tI l il t ’ wad ( ‘ W b t t  ~‘r was ( l ( ’ t i t l y I rat t ’d t o  be I , e~ l b  l e

In our  h , i to t’ at rirv and in otna l I ( ‘ omm e r c f , I I  t % ’ o l t l t l  l i l t  i t  F .
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l” re i ’ ,~e — D r v  iii S o u th  San Fr a n c  1 s ’e , Ca l i t  o rn i a , us In g a 2 . 2 — m m  v a c u u m

I or i S  hr  at  4 0 0 . IlI \S , ’\’ t - r , when  a h u t s ’, er comme r c i a l  lvop h i i I  i zor  was

used t o  I v o p li i i i  ze 500 g,tl . of  i~’:I s t  4 ’w , i t t ’r , a h i ghe r  v a cuum , hi gher

t ’ttipe r a t  it r e , and 1 onge  r c h ither  t ime were  used to p r o d u c e  a dried

roe I duo (0 . 1 9—tnm v a c u u m , 00 ” 0 1 or 4 It r )  . ‘f l ies  e cond i t  b its resu 1 ted

in  loss of I N !  f r o n t  t h e  res Id i t e  . liv h a c k  c a l c u l a t i o n , we added TN T

o t lie ros i duo  t o  g i v e  liii ’ i ’ .’~pi ’c ted I eve I (9~”) , as d e t e rm in ed in

1ab o r a t o r ~’— s c a 1 e  I v o p l i l  1 I~~, i t  io ns.

(he Int l k of ttte Iv op l i  II i zed  res tdue (91%) was found  to be in o r g a n i c

s t I  t o .  Au o rn i s s  I on  o p t - c  t r i t n i  aria Iv s  is of t h e  r es idue  showed tha t sodium

is’ , t s  t h e  l ) r i ’(to m f t i a n t  c a t  t o n  ( 10 ’ )  and c a l c i u m  (4 1) , m a g n e s i u m  (4 ‘1 and

d i d -el h u m  ( ( ‘ .1 w e t e  f o u n d  in  l e sse r  amoun t s .

i ) it , il i t at lye test s for a n i o t i s  w e r e  p o s i t  lye for (N)~~ , SO1 , , i i

N i t  , and NO . N It r Ito I on was do t  em b ed quail  t i t  a t  i ye l v  t h i r o u g h i  a

i t ’ I ~~~ t e i g e n t  t o  be pr i ’ - t ’t l t  in  tlto ri’s id ue  a t  0 . 5, ’, .

I h t ~ I v o p t i I 1 I ‘ ed r i ’s t due  was roe ons t it Ut  od with s’:t t or , and I ’N ’I

t o  added  tnt t I I t It o  I I r t . ’t 1 ( ‘ t i l t  t e n t  ra t I ott was 200 ppm.  F rot this so lull on ,

d i ’ i t ’ par o d  t l t r t ’e 2 .  3—1 i t e t ’  s o l ut . i o n s  by  a d j u s t i n g  the  p H to  0 .4 , 7.0,

and ‘ . 1) w i t  Ii t h e  add I t i o n  of ON II C I  or ON N aOII  . These so! i tt  ions were

p l to t  o I ~‘zed t i n t  i i  t lie j o l t  Ia 1 ‘l’N’l’ c o n con t r a  t ions had dot ’ r eased  by ‘30 %

( I I )  m i t t ) and n ear  I \‘ 1!) 1C (5 h t r )  . Samp le s  of t It o aqueous  so 1 U t  ions

(200 m l )  wi re 1 o p h i  11 1 ~od t i  I so l i d  ri ’s I dueo  ( l a be l  i’d ‘‘ n e a t — a q u e o u s ’ )

Ot to — I I t  or  s a m p l e s  of t lii ’ a q t h t ’o t e  so lut b its wer e  e x t r a c t  i’d v i  t l t  2 x 400 nil

p o r t  i o n s  of b enz i ’t t e  . ‘l iii ’ ben ee  i t t ’ 1 a v e r s  were  comb i iti’d a rid 1 y op lu  I i i  ;:t ’d

o so I Id ri ’s i dues (I abe led ‘‘ben7,i ’tti ’ OX t rae t ‘‘ ) . We a l s o  I \‘ltp li i ll zed t o

0 l’\’ness 11)0 tii l of t he  aq u eou s ri’s t due i’ i’su 1 t I ng f rom the  bon ;~ ( ‘ l i t ’

~~‘~l t  1 . 1 1 i on  l a i n ’  led  ‘‘a q u i e ’t t s  t o o  t duo ’’) . These f t ’ ,’ t c t  l o u t s  wore  s u b m I t  t ed

I 01’ t ox I i ’ !  og h ’ ,t I ‘y . i  l i i i t i o n .  l a b  i ’, I p r e se n t s  t l ie  w e i g h t  d 1st r [b i t t  b i t

ol s o t  I , t o  , t l ’ t  a [t i e d  I r~’m each  t ra i t i o n .  ‘l ’t t t ’ t ab l  e t i  so shows the wei ghts

I I ’  1 4 ! ,  4 ’!’ t a [ne i l  f t ’om p i l o t  r u t i s  o h ’ se I ~ ‘~~‘ t i ’ 1! I i n ’  t I o n s  as an l itil t e a t  or

‘ I  ‘ i t t  I t  f , t l l i ’~~o . A l l  sain p l t ’s l o t ’  t o x i e o l l ’g i ce I i t i v t ’e t  I g a t  ion  were

r I  ~p , h  i t ’d i n t I t l e  m a n n e  t

I
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Table 2

WEIGHT DISTRIBUTION OF SOLII)S U S I A  I N i l )
FROM THE LYOPHILIZATION OF PHOTOIRRAI)1AT I’ll) SOI.!”!’I ONS

AT VARIOUS pH LEVELS

Weight R a t i o  0 1
Ir rad ia— Recovered ‘ 1 .110 ml \~ t . t 5 \‘o I - T’i teo

~~~~~~ _, t ion (% ) F rac t  ion (m g) ~~~ (n~~/ m l )  N t . / \ ~~1

9 .4  50 Neat (aqueous)  319 + 50 1 . 6  2 . 5

9 .4  50 Aqueous  res idue  280 1 .4

9 . 4  50 Benzene extract 210 (1 .2!

9.3 100 Neat (aqueous) 450 2 .3 2.5

9 .4  100 Aqueous residue 417 2.!

9.4 100 Benzene extract 81 0.0,5

7.0 50 Neat (aqueous) 246 IhO 1 . 2  2.5

7.0 50 Aqueous residue 330 1 . 7

7.0 50 Benzene extract 233 1 ) . 2

7.0 100 Neat (aqueous) 1 4 3  152 1 . 7  ,‘ . S

7.0 100 Aqueous residue 340 1 .7

7.0 100 Benzene extract 62

5.1 50 Neat (aqueous) 424 ‘+ 8 2  ~‘ . l 2 . 3

5.! 50 Aqueous residue 327 1 .0

5.1 50 Benzene extract 1’3Q 11 . 1 , ,

5.1 100 Neat  (aqueous)  394 +8 0  2 . 0  ‘ . 5

5.1 100 Aqueous residue 291 1 . ’t

5.1 100 Benzene extract 53 0.0’
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The d a t a  in Table 2 indicate that the longer the irradia t ion time ,

t he  more w,iter—soiuble components formed . This finding accounts for

the low weig h t  d i s t r i b u t i o n  of sol ids  obtained f rom the benzene ex t rac t s

I t  1 00, . i r r a d i a t e d  s o l u t i o n s . H i g h — p r e s s u r e  l i q u i d  chromatograms of t he

ln’nzeni’ I r a c t i o n s  b e f o r e  and a f t e r  ly o ph i l i z a t i o n  are q u a l i t a t i v e l y

and Il ilan t it at iv el v alike , indicating components are not being lost

during lvop lti llzation of henzene solutions .

To demonstrate tha t wastewater prepared h\’ mercury lamp irradiation

. i ) p r ox  j r l h t , ’d w1istewater generated by suni ight , we put t a 100—ppm solution

Ic  ‘lN ( on an SRI roof and left it the re  fo r  2 clear , s u n n y  d ays .  At

t he  ~ nd of this time , the water had turned p ink , and the TNT concentration

itad dropped to 50 ppm . The same level of degradation of LAP water was

,i e :iiev t ’d in less than 30 tin in the laboratory irradiation. Figure 5

presents ltp lc profiles of benzene extracts of the two solutions ; the

profiles are q u a l i t a t i v e l ~ aiikc , indicating that processes for

preparing samples art’ similar and approach environmental conditions.

Solution Profiles

Tic methods gave positive identifications of components found in

benzene extracts of LAP solutions (see Figure 2). However , we used

hplc methods extensively to confirm identifications (by comparing

retention times with those of authentic standards) and t~~ provide

so lu t ion  f i nge rp r in t s  that  were much tore complex t i t an  those  observed

in the  t i c  sy s tem . Also , aqueous f r a c t i o n  components  were  chro n ta to—

graphed  by hp ic as ion—pa i r s  w i t h  t e t r a b u ty l  anmionlum hy d r o x i d e .

F igures  B—i through B—6 (see Appendix B) are hplc profiles of the

benzene extracts of pH 5 and 9.4 solutions (pH 7 was s imi l a r  t o  pH 5)

t h t r o t i g h  ir r a d i a t i o n s  to the  100% comp l e t i o n  level .  These chromatograms

(which represent only uv—absorhing compounds) indicate t h at  the

components of the benzene fraction photodegrade to a comp l ex mixture

of p roduc t s  in t h i t ’  e,irl’,’ stages of Irradiation and then undergo  f u r t h e r

p h o t o d egr a d a t  ion as It f u n c t I st i  of t ime  to p rodu ce  ;t I i’ss complex prof  i i i’ .

When ‘ I N !  is ti -graded  a l m ost  completel y , little material can  he removed

by b enzen & ’  ext r ee l  [on

20



10~~ - 
‘1

— 
______ LAP 5 0 1  pH 7
—— TNT 5O~o Sunligh t

8 —

7 —

6 —
R DX

FIGURE 5 COMPARIS ON OF UV LAMP VERSUS SUNLIGHT DEGRADATI ON OF
TNT SOLUTIONS

30



I ’ lu ~’ E ’ I ’m p o n o n t s  i d e n t i f i e d  In  t Ile benzono fract ion ,ip I i ’ar as primary

l r o  t o J&’gr ~td a t [on p r i dut ’ i s oh  ‘I N”!’ and u n d e rg o  f u r  thor d&’gradat ion w i t h

Lme . the y r u t ”  ‘v en t  11,1 1 , ‘ h e  consumed  when no IN I’ rent ;i  ins as :i s o u r c e

f o r  t h e i r  r ’ r L ’ d r I l  t i o n .  1 , 3 ,5—i r l n l t r i ’ I i e u r i . o n e  Is an exception to further

p ! u ot o d e g r ~i d t  11 11 i i . ’ r u . i v  a c c u m u l a t e  in t lt e  s o l u t i o n .  ‘I’he p11 14 •3

ext rn’ to 0-i r e  d e v o I d  o I many of t liii c o m p o n e n ts  f o u n d  In pH 5.0 and

p H 7.0 50 tnt Ions , Inc m d  I t t g  t h e  tt l tn I c , a ld e l t \ ’de , and benzvl a l c o h o l .

‘l’he t r in I t  rob t ’ u u , r E ’ t i e  c o m pon e n t  was st ill p resin t , however

The aqueous  f r a c t ion  conpon on t s  could be fingerprinted by hplc

when c o n v e r t e d  to I o n — p a i r s  w i t h  t e t r a b u t v l am m o n i u m  hy d r o x i d e .  The

i o n — p a i r s  a re  extracted f r om  a l t e r  w i t h  d i c h l o r o m e t h a ne  and chromato—

g r ap hed und er  c o n d i t I on s  (B)

The ch r o m a t o g r a p h i c  p r o f i l e s  in each cast ’ were h i g h ly  complex .

L1ua i w c ! ” I t t s  of each residue (at p11 5, 7, and 9.3 , 50 and 10O~i irradiated

nea t  and aqueous extracts) were suspended in w a t e r , t r ea ted  w i t h

tetrahut~’iammonium hydroxide , and extracted with dlchioromethane. Each

extract was dried Lund reduced to a comm on volume (1 ml). From the

r e s u l tI n g  12 ct i romatogram s , Figures B—7 through B—18 (Appendix B), the

i n t o ne  I t  Lo s ( ‘ t ro l l  i n t e g r a l )  of the e i g h t  most common components  to a l l

extracts were plotted against their chromatograph ic retention t imes.

Figures  6 th rough  9 present these results. The pH 9.4 neat and aqueous

residues sitowed the leas t  comp lex chromatograms . P o s s i b ly , in t h e

Or t s  ic so iut ion , anionic r e l i c t  ions compete with photo I v  t Ic reac t  ions

f o r t h e  deg r adat  l o u t  of TNT , accounting for the less comp lex  s p e c t r a .

~I i sce i la no ou s  Was te wa te r s

Y e l l o w  Water

Yellow writer comes from the TNT continuous—process ing p lant t o  .i

neutralization plant , where the pH is adjusted from 1.1 to 7.6. DurIng

t h e nt’tit ra i izat ion , t h e  TNT c o n c e n t r a t i o n  changes  f rom 103. 5 to  $‘3 ppm .

The 1 [quid ctiromritograp li ic prof ii es , shown in Figure 10 , F ‘I lee t a

s i g n  if [crint change in ch i e m i c a  I components  as Ii resu I t  of n e u t ra  Ii i t t  I on .

The c hu ange  Ii [so  Is a p p a r e n t  in  t lie gas chroma t og ram s  ol bet  It sol ii t Ions .

presented in Figure Il

ii

_ _ _ _ _ _ _ _ _ _ _  -. _ _ _ _ _ _ _
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F l i t  fo  I lowing componen t s  wer e  i d e n t  it 1 ~! by g e / m s  i n  r n - .’ ‘.‘ e I I ’ .

w a t e r  ( b e f o r e  n e u t r a l i z a t i o n ) :

O r t h i e —  and p~i r a — n i t  r o t o l u e n ’

2 , -i— and 2 , 6 — d i n l t r o t o l u e n e

2, ‘4 , 6— ‘I’ N’l’

Tr i n i t r o bt ’n z t ’ ni ’ .

Red W a t e r

Red water results from t h e  Sell it t . ’ p r oce s s , wIt  i ch  removes  i si m e r i

t r i n i t r o t o l u e n e s  in the  p r o d u c t i o n  of 2 , 4 , 6 — t r i n i t r o t o l , u en e .  ‘I ’h!s

t~’a te r is p i pod to t h ue  eva pora t ion p 1 at u t f o r  cone  ent  r a t  ion . ‘lw red

\~- r t t ,’ r samp li’s were  p r o f i l e d . One (Red W r i t e r  I )  was o b t a i n e d  b e f or ~

lie wa te r  was mixed with  c o n t i n u o u s  rot -  ess wa ti’r , and t h e o t h er ( R i - U

W a t e r  I I )  was  o b t a i n e d  before evaporation o c c u r r e d .

The pH of Red Wate r  I was found  to  he 7.7 , and t he  I N’!’ c o n c c ’u i t r r u t  h i -n

was 104 ppm . Red Water II had a pH f 9 .4 r i n d  a ‘ UN ’ !’ to ni’ i - I l l  rn L i o n  01

2 . 3  ppm.  ‘The  hpic profi’. es of each so Lut ion a p p ear  i n  1” igiure I 2 ,

the gas c h r om a t og r a ms  a p p e a r  in F i g u r e  13. We cannot di’t’trnun I n c  u ’ I I & ’l I - I ’

t he  chang e in p r o f  l ies r e f l e c t s  the  p11 a d j u s t m e n t  or r e s t i l  t o  f r om  t i l e

m i x i n g  and/o r  d i lu t ion w i t h  o ther  w a t e r s .

‘l’Iw componen ts  i d e n t i f i e d  by ge/ ins  in Red W r i t  or I ( b e f o r e  in ix i

w i t h  c o n t i n u o u s  process w a t e r )  were :

2 , 3— and 2 , 6 — D i n i t r o t o l u e n e

‘Fr m l  t r oh en z e n e

Mi~ I ~‘t 198 ( p o s s i b ly  d i n i t r o b i - u l i v  I r t l t ’e l io l or  d i u l i t r o c t i - s i t

M e l  w t 197 ( f I v e  ‘I s o m e r s — — p o s s i b l y  r , iminod m i t  r ot  1 u i ’nes l

Red W ,’ tt e r  11 c o m p o n e n t s  ( a f t e r  unix ing w i  t h i  c e n t  i n u t o u s  p r i ’ ( ’so

s’nioti’w:itt.’r ) w e r e  [d e n t  1ff ~d as:

2 , -’s— ri nd 2 , 6—D l n i t r o t t u l u e n e

~h o h  i.; t 197 (two i s o m e r s — — p o s s  l b  I ’ S ’ , i m l u t e d  h u t h U u I  o h u t - i i e s )

C ot i i l t . ’n s r i t e  W ,t st  t ’W ri t  er

Co n d e n s a t e  o ’ r t s t e w n i t  i ’r r e s u l t s  f r u r t 1 I t e  I ’ v I p o t  I I  !ott i i  ~~- l l it-

p r o c  - ‘s 0,1 1 ’ i’s r i n d  v t ’  1 [ow wri t i’r f r on  ‘I N I 0 1 ) 1  I n et t l e —  ~~t ~~
‘ - o- tfl~t l t tt II It r i t ’
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FIGURE 12 I-1PLC PROFILES OF RED WATER I (A )  AND RED WATER II ( B )
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‘T h e  o r g a n i c  t ’ emp u t e i i t s  in c o n d e n s a t e  water ar t ’  s t  ,‘nim d i s t i l l i t  - - ~ t h a t

c o n den s e  w I t e u l  t h e  s - i t  or I coo l  i’d h e r  d i s ’  l i ru rg e

W~’ h t r l  hued  ‘iu-  o . i u ;t g le  oh , l ,~,\b c ondensate Sri I -i ’ in 1 ) 1  d r

ni nth ciii’  1 rent \ ‘ ,-\.\! hi N o v e m b e r  1974. Both srimp l t o [t ad Ident ie 1i l ‘ 1 5

e I t r o m a  eg r n i p h  ic p ro  I l i e s , sh own i n F i g u r e  14 , rind t lii ’ c nt jn nen t 5 0’ r i

j de nt if j oil by gi ’ /1115 r i s  i somer  Ic d in !  t r o t e  1 ut -t u e - m d  t u it r,i t od I i ’ n z ’nt . ’ s

~\ U n i t  or sr mm p Ii tug of conch onsa to was t ewa t or I rem , IAM ’ In  ~~~‘ b I  t ember

I 075 shloc ’ ’d a d i  f I e ron t  p ro f  11 e , (tr1 ’s ’nt ed In F igurt’ 1 5. ‘l’lti s ‘~,i u n~ i t ’

con t n t  i ned 2, 6— and ‘3 , 4—d In I t rotc) I uenes  , wit! eli wt’r e r ib s e n t  i n  t h it ’ I irs t

sampling , and was devoid of rn—din ! trobenzene and 3, 5—d in i troto luene

However , in hot Ii cases , 2, 4—d I nit rot ci uene was  t lie m a j o r  c omp on i ’nt

F i g u r e  16 ~ h o - ,’s t h e  cone e nu r r i  t ion of tIre c o m p o n e n ts  f o u n d  in  t ’ , i ’  h i

samp ii ng

liii difference in prof i it ’S of J1~ \P w a s t e w n i t e r  may reflect t h e

m a n t i t , i c  t u r in g  c h a n g e  from hatch t i  t h e  continuous process for UN’!’

p rodut- t i on .

Out I rrad m i t  I n  el c o n d e n s a te  W a st e wn i t e r  , t h e on! v c o m p o n e n t s  found

t o  und t’r g ~’ p h ot ed e g rad a t  j uts were t h e d in i t r o t e lu e n e s  c o n t a i n i n g  rin

oi ’t  h — n i  t ro group. rn —I ) In !  t rebonzt’nt’, t r in i t  r obe n ze n e , ri nd 3 , 4— and

3 , 1—tI Li i t i ’ ’  t el u c ’n t ’s ri’ntnl m e d  une hringech . Thus , t lie g o nor a t  ion of new

p ho to  I v t  ic dt ’g r n i d r i t  ion prothuc I o f r o m  e o n den s , it  t ’ wastowater will result

front the p h o t o d t ’ ’ I m p ’o It len I 2 ,3— , 2,6— , and 2 , 5—cl [nit r o t e  1 n o n e s .

F ox i c e !

M l i i ’  g I von .i t ‘x I ’  or e  I d’s t ’ - I  I lie p i n k  t~’ , i  t or i’ - i dues  g -u l t ra liv

exluhhi t ecl I~~ssItu do , t ’ v , in ’ t - l s , ‘ ‘c , i ’ Ioui , I l ntt isi - t i l , ii’ tw it ‘ i t  lug , conv u l s i o n s ,

n i n t h  red o r Lie.  ‘ N i ’ I a I I t ’,’ tu ~, ut,i 11 y ‘ i ’ - I  w i t  I I  in  (Itt ’ I Ia ‘ - t  , ‘ - b ut ’  ‘F

net I I  a ! 1 . , \ u i i u ~t , i !~~ t h a t ‘eIl ’ ’~’jt ’ ’-i! t i n t I ,it m t ’nt ip~’e.ired t o  li,i” - f uillv

r ‘ ‘ ‘‘.‘ ‘ i ’ ’ ,,! S ’ i t t t i I )  2 1 ’  1 d i v — i  ,i t ’ t - r  t i ’ ’ ,i tn i , ’nt . - c  v i v h u t ’, , i i i ~ r , i l s

a n t  ops l i - il , t t t I f l ’  t . ’t i d  i t  t hut ’ 1 -t— h , t v I ’ ~t -rv ,m t i t i r ted did net l i v e  , m t i v

‘ t o o t t ltt lt~g it ’ i l  I os t ui- ~ - i i  t t ’ t b u t , t l ’ l t ’ ‘ i i  e t a .  n t .

‘
4 ’
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JAAP
Component JAAP VAAP (Second Samp ling )

1 ,3-Dinitroben zene 18.8 23.5

2,5-Dinitroto luene 0.8 1.3 Trace

2,4-Dinitroto luene 26.3 50.5 62.0

3,5-Dinitroto luene 4.1 8.6

2,6— Dinitroto luene Trace Trace 14.1

3,4-Dinitroto luene Trace

2,3— Dinitroto luene Trace Trace

FIGURE 16 NITROAROMATICS FOUND IN CONDENSATE
WASTEWATERS (ppm)
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:\cute O r , i  I I ‘ x l ’  i t v  i i  I’ i n k  W r i t  i i ’  I i , i~ ’ t  i

In i t Ia 1 ‘ n-ut ,’ or,t I t ox i t ’ it v s t r ich [ t o  s ir  t’ 1 t t ’rm i nit1 w it hi non ! u ’r ,i ! [ni t oct

i t ’ l l  ot I ,Al’ w a t e r  res i du c ’s  . ‘ l ’h i e s t ’  i- es l iLies  \s’ , ’Ft ’ t ’ u i r t l t o r  d i v i t h e d  liii ii

, i~~r t , ’ ’i io  md hut ’n zent ’  I mon t l o u i s .  ‘ U , t b ! e  3 pu - - - ‘i ts tile r’ t ’suil i s ‘f t lit ’ot’

st u d  it’s. ‘The LI) , ~ ol  t lie a t e  t Ft’s i d i i , ’ in  nu. i 1 o . 1  i t O I i - t o n i  1 e m i t t ’ s - i s

1.3 g/kg . hlow~’vi ’r , t h e  1,!). 
~ 

f i r thu ’ bi ’ u i n n , ’u t e  I t i ,  t L i i i  r~’es o n l y  0.5 g/kg ,

w h t t ’r t ’nio  l I m i t  f o r  t h e  n i qu e c iu s  i r r t c t  i on  was  2 . 5  g / kg .  I lu , - r t ’f o r o , I I c

t o x i c  Cotui p i ’i iefl t s  ol t i me  t ’i e , it  Fi ’ S l c!Ue rtppart ’ t t t  l v  i r e  ex t  r a t -t ot !  ‘i’ in c  i p a l l v

i n t o  t lie b enz i ’t ut ’ I ’ m e t  i o n .

‘[‘a b l e  3

‘k O R A l ,  1 , 1 ) -  OF .10k 1 FT 1_ AF W A l E R  ! l ~!AC I’ I ON ,S I N M I C E

L 1 , ’ , , r oi l i d i ’n c t ’ L i m i t s  in I’ n i r o n t h i e s e s

1’t ’i- c~ ’n t r t g e  o h

- - - - uv l r r a d i r ’i t i cn  iA) 30 J j / k ~~~ - - -

N~- ,it ri -a  idu e  7 . 0  1) 1 .3  (1 . 1 — 1  .5)

Bert n~t’u ut ’ res [du o 7 .0 0 0. 5 (0.3—0.8)

A 1i n - ’u u s  r e s i d u t ’ 7.0 0 2 . 5  ( 1 . 6 — 3 . 8 )

A~- it t e t)rnm I ‘lox Ic it v of N e r t  t civ— I rrad [at Ccl Res idr ie s

N’ d o t  t’ toit i neil t i t e  ,t i ’ i t t  e ‘ u , i  1 I 1) - of n t ’a t Ft ’s ic lues c i t p i n k  s - i t  or

t b u , t i  ! i , t i h  b i n  i r r n t d i n t t o d  to  50 or 100 ’ d i s , i p p t ’ n i i ’ t n t ’ i’ of h u e  ‘ N I  ‘ ‘ i t t  t i l t

i t  ~
}l ‘

~~• - , l , 7 . 0 , ‘u - i~~~3~ I’ , i b l i ’ 3 it ’ ’oet i t S  t I l t ’ r t ’ s i i h t ~ ‘f t h e s e  s t u d i e s .

‘I ’ lu , ’ ~i) ’ j u r r i d i n i t  i o n  i t  p 11 3 . ’,) or i~~3 d i d  ti ’ t o t i l ’ - r I , c o  l i l l y  , m l t ’ i ’  t h e

I ~‘ ‘~n I~ ’ i l v  c i  t h e  n e a l  Ft ’S l d u i e  t i- rn t h a t  o f  t i e  n u t  i r i ’, i d i , i t  -d g r o u p .  ‘l’ he

t o x i c  it v e t  t h e  F t ’S i d u i t ’ I r r i d  L i t  oil 3 ’, ) ‘~ ‘ i t  ‘Il 7 . 11  w i s  o l I -~n t  l v  u , - d i n - e d ,

w h t t - i ’ , ’ , s  l ie t ‘xi c it v u- i s  I’l l I- i, - , l I v r e dun ’  ‘0 i n  I h u e  1 0’,L~ I t ’ u ’ ,mc h l i t  ~‘d gi -oup

i t  a l l  t 3 n i ’ p u s

,\ , - u i t ~ ’ i t u - i h  T o x i c  I t~ ‘1 .\ “ u v — l I’ r i i h i , ’L t  1 Fu ’ , i  t h i n s

‘[‘lie , i e t t t  e ’ i t ,  I ~~~~ is’ , i o  d i t  n - I n~~t 1 ‘11 0 . m , j t i t ’ , ’tis f r i c  t i o n  of

P [u k s t  I I - F  I I ’  i t  h u t  i t O t t  n i ’ , t d  I n t  t i’d t - ‘ iO md 1 )11 ’ d i  5 1  j ’ i ’e ’~i rnm n ’ i’ o f  t h u t ’

I N  U c en t  i ’ni  .tt p h )  ‘H ) , 7 .) ) , , m t u , )  ~~~. . U t ! ’  [~~‘ ‘ i p i e  - - i ’ t i t n .  t I l t ’ t t ’ suh  I s .



Table /4

ACU TE ORA L LDr ,0 OF JOLIET LAP WATER N t - A l ’  RESIDUE I N  M I N k

Y 5 ~ C o n f i d e n c e  Limits in P a r e n t  l~~’i- n ’s

Percentage of
uv I r r ad i at i o n  LDS O (g / k g)  

- -

7.0 0 1 .3 (1.1—1.5)

5.0 50 1.5 (1. 2—1 .7)

5.0 100 4.9 (4.5—5.3)

7 .0 50 2 . 6  ( 2 . 3 — 2 . 8 )

7.0 100 - 5

50 1.6 (1.3-2.0)

9 .4  100 4 . 2  ( 4 . 0 — 4 . 9 )

Table  5

ACUTE ORAL LD~~0 OF JUL iET LAP WATER AQUEOUS R E S I D U E  IN M I C E

95% Conf idence L imi t s  in P r m r e n t h m e s c ’ s

Percen tage  of

- 
p H uv I r r a dia t i o n  LD 5O ( g/ k g)  

- ‘

7.0 0 2.5 (l .e— 3.8)

5.0 50 4.2 (3 . o-3 . 0)

5.0 100 4 . 7  ( 4 .3 - 5 .0)

7.0 50 3 .7 (“e . 4 — 3 .0)

7.0 iOU “

0.4 50 3.~) (33 ~~~ 3)

9 .4  100 4 .4  ( 4 . 0 — 3 . °)

_
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The 100 irradIated fractiotis were 1~ ss t o x i c  t o  m i c e  t h a n  t h e  n on—

i r r a di a t e d  f r a c t i o u m . The 502~ i r r a d i a t e d  groups  wc ’rt ’ not  sI g n l t ’ i c a n t l v

d i  f f e r n t  f r o m  t h e  n o n i r r a d i a t e d  c o n t r o l s  m a i n l y  b e c n m u s i - of t he wid i-

co n f i d e n c e  i n t e r v a l s .

(‘ oumf irmri torv Acute Oral ‘Toxic L t v  of lrrLu d Ini ted LAP Water Residues

We aditilnistered the neat and aqueous residue s from uv—Irradiated

and nonirradiated LAP water to male and f e m a l e  mice to c o n f i r m  t h e

a c u t e  t o x i c  i t v  s t u d ie s .  Tab h e  6 shc,ws the  r esu l t s  of these  c o n f i r m a t o r y

t e st - i .  Those  results confirm the previously determined LD 50 v a l u e s

a nd a lso  d e m n on s t r a t t ’ t ha t  ma l i’ and f emale mice  d i sp I~’t~’ t’d rio d i f f e r & ” nee

in oc ’t tsi t i v i t v  to the compounds.

A c u t e  Ora l Toxicit y of C o n d e n s a t e  Water  Res idues

N~ - de te rmined  the  acutc ’  oral tox ic  fry to mice  of sv n t l i e t  Ic c o n d e n s a t e

wat  or and of TNT s imul taneous ly . ‘l ’h t e r e s u l t s , tab u l a t e d  bel ow ,

i n d i c a t e  t l m a t  condensa te  water neat residues are approximatel y tli rt ’ t’

times more toxic to mice than TNT. We confirmed th ese findings by

repeating the LD50 determination of condensate water residue later.

‘the misce llaneous oral LD50s were as follows:

LD5O

TNT 830 (76 1-905) m g / k g)

S y n t h e t i c
c ondt ’n s a t e  water 250 (180— 3 ,0) mg/kg

Svui t h e t i c
c o n d e n s a t e  w a t e r  ( r epea t ed )  280 (23 O~ 34O) m g / k g

l u m p  mr i —on of S~ ntht F t  Pink W u t i r  m d  INi O r il Ii ii u t ~

‘l ’hie r i c u t  e t, rni I Fox  ic I t v of  aqueous  and b en z en e  e x t  r i - I  s of s v n t  hot he

p i n k  w a t e r  to  ma l t’ m i t - i’ w t s  compared u - i t h m  t l t e  acute o ra l  t t i x i c l t v  of

I N ’ ! ’ . ‘[‘Iii ’ I i i ’,’, I u c ’ s t  d i ’~ e of t l i ~ ’ a q u e ou s  e x t r ac t  oI o’s ’ u i t b t t ’ t  I c  p I n k  v a t  ear

was 2.70 g/kg ; t h i  s dose ki l l  i’d cal v one of f lvi’ m i c e .  hhr ’w i ’v t ’r  , the - 
-

b e u i z t ’ u u t ’ ‘, ‘xt rat’t ku l ed tlin ’~- of five m u t l c e ’  ,i t t d o se ’ if I .00 g/kg , hut

no di’, it I n s  ii ’ c i t  r rod a t  0. i 7 g/ kg . Tb i s  t’emp a ri ’s f a v o r a b l y  w i t h  I l ie  



Table 6

ORAL CONFIRMATORY LD 50 TESTS ON JOLIET LAP WATER IN MICE

Mortality
Percentage of Dose

Residue ,j~jL uv I r r ad ia t ion  ~~~~~ Male Female To t a l

Neat 7.0 0 1.3 1/5 0/5 1/10

Benzene 7.0 0 0.5 2/5 1/5 3/10

Aqueous 7.0 0 2.5 3/5 5/5 8/10

N e a t  5.0 50 1.5 1/5 0/5 1/10

5.0 100 4.9 3/5 5/5 8/10

7.0 50 2.6 4/5 4/5 8/10

7.0 100 5.0 4/5 5/5 9/10

9.4 50 1.6 2/5 2/5 4/lU

9.4 100 4.2 4/5 2/5 6/10

Aqueous 4.0 50 4.2 2/5 3/5 5/10

4.0 100 4.7 3/5 2/5 5/10

7.0 50 4.7 4/5 4/5 8/1 0

7.0 100 5.0 3/5 5/5 8/10

9.4 50 3.9 5/ 5 4 / 5  9 / I t )

9 .4  100 4 . 4  2/5 3/5 5/10
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L D . 0  of the  JAA P LAP wa te r  residues in Table 2. Further , it suggests

t h a t  t h e  t ixIc component in LAP water is probably TNT.

S1-n Lr iind Eye Irritation Studies

Skin irritat ion studies were done using the 0 and 100% irradiated

tieat resi dc~ ’. Ni skin irritation was observed , but a considerable

a m o u n t  of red skin staining occurred , especially with the 100% irradi -it ed

ri’s idue .

Eve irritation studies were done using the nonirradiated , neat

LAP residue. Table 7 l rc’sents the results of these tests. Essentially

no eye irritation was seen when the eves w ere washed 30 sec or 5 m m

n ifter instillation of the test material. When the material was left

in the eye for 24 hr , we observed some irritation , includ ing iritis

and corneal opacity , for up to 3 days. However , the irritation was

near ly  absent  by the  f o u r t h  da , , and the rabbits had comp letely r e c o vt ’r t ’d

by the seventh da’

Conc lus ions

The acute oral toxicity of the neat and aqueous residues of LAP

writ e r  sugges ts  that the  tox ic  component  found  in t h i s  w n i s t e w a t e r  is

mostly extractable with benzene . However , uv irradiation i i i the waste—

water  also reduces the  t o x i c i ty  of t ime r e s i d u e .  B i ’cni u sc ’  n i p p r ix im .t t  ,‘ I v

903 of the organic material found in LAP water is I N ! , ri nd I t -  i i i — ,

irradiation as well as henzenc ex t . r n i e  t ion r t ’u n ’v i ’s  t h t i ’ TN! c ’n t t ’n r  - ‘t

‘lme wastewater , TNT may he the princi pal toxic cemp eani’nt . l’.’~
d e t e r m i n e d  F l u e  LD ,0 of TNT in m i c e  t o  be 803 mg/kg , w h e r e - i s  t h a t ‘ 1 ’ t i t o

neat no nirr rttl i rmte d residue of I . ap w a t e r  s-n t s  1300 mg / kg . I I  l i i , -  w i ’ i g h m t

t i f  t ime s a l t s  runt! o t h e r  sol ids are sub t u’ , i ’ t  i’d frti nm tlte 1 10(1 mg kg I i gure ,

t h e t o x i c  i t v of time LAP w a t e r  neat ri’s idut’ ninth t h e  ‘ I N ’! . ir ~ ’ pr ’1’~i h ’ 1 v

not slgi;[flcantlv dlfferc ’nt .

‘l ime a c u t e  t o x i c  f l y  of t he  c o n d e ’u t s , t t  e wtl t or Is ~tr eItn ib 1 v lT u t ’r t ’

p rod  i i - lab It ’ si  l ic e t h e  ‘ompes It Ion is known . Tltt’ I tonic’ h t  v nio~~t I i  k e l v

is tite result of t itt ’ nic [djt iw e  t e e x [ - f t  i ’ s  of t [t t ’ known i n d i v i d u a l

(, i it i i ( i i  ‘ u m i ’tl t 5
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m a t e r i al  is an i r r i t a n t  . ‘l ’Ite si ighit t’on,j unc F lvii is si’eiu wit it l i e

m a t e ,’i- Ia I not  washed  I ’ r em tIlt’ t ’V&’ for 24 hr  i s  p r o b n i b i  y t lit ’ rt - ’ ; ll It - ‘ I

p h y s i c a l  i r r i t n i t i o n  r a t h e r t i t an  t ’I te m i e n i l i r r i t a t i c u n .
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Appendix A

THIN—LAYER , GAS , AND L I Q U I D  CRR OMA ’I’O ; R A I ’ h l I C ’! l - N : I I N  I Q U E S

Thin—Layer Chromatograp hy

Tlc was useful only Icr tlme benzen€ i’xtrnie ’ts of irradiated selut ions .

We identified nitroaromatics by comparing Rf values with those of

reference compounds and color produced from a dimet liv i suil fexi de /

ethylenediamine (DMSO/EDA) spray forming character ist l e a  “ he ’  isi’nheinui’r

comp lexes. Tlc was performed under thit ’ following conditions:

Support——Eastman silica gel sheets , F—254.

Solvent——Benzene .

Detection —— t v (quenching) DMSO/EDA ( l o / l )  sp r n i ” .

Gas Chromatog ra~~i~y

Ge was u s e f u l  f o r  m o n i t o r i n g  c o n c e n t r a t i o n s  of the  primar y

e o m p o n e u u t s — — I N I  and dinitrotoluenes. U n i v  m ino r  p h o t o l v t i c  d e g r a d a t i o n

products w e’re observable and characterized b~’ gas chromat ogrnip hi\- /mass

speetr ometrv (gr/ns). The following procedures were used to de termine

IN ! and 2 , 4 — O N ! ’ .

B e f c r e  r ind a f t e r  i r r a d i a t i o n , 20 ml  of t i m e  w a s t t ’wr t t  ea r  so lu t  i i i

was i -S  I r i ’  ted wi thi an u’qua 1 v o l u m e  of d i t I  D v i  e t h e r .  ! ‘ I t i ’  ot b ier sol  u t  ion

was d r it’d over a n h m v d r o u s  magne s  I urn n-i t t )  f r i t e  atuci r e t ar t ’  t ’vni  ~~ m m t  i’d t i

d r v n c ’sn -i . ‘F lit ’ res idue was d i s s o l v e d  in  a ce tone , r ind an i n t e r n a l s t r i n d r u r d

was added ( n — d i n  i t  r ob t ’u i z c ’u i i ’  t e a r  ‘TNT rind for 2, 4—DN’l’) . ‘the sea l  c i t  l e n s

w ir e  ann  1 ‘ ‘ rn -cl by g -  un d er the t o I l o u n i tug eond it i o n s :

In s t r i u u u t t ’n  I — — V a r  i a n  27 1) 1!  g n t  s c ’ l t ro m r t  tog r n i p ht equ i 1iped w i t  hi
a n HP M ode l 3 380A h a t  e ’ ’ , r n i t o r r e c or d er .

Co h u m m n — — 6  f t  x 2 mtn g l , i s s  eo hc in i t i  p a c k e d  w i t h  I 0 ” 1 ) 1 — 2 0 1 )
on 80/100 m e s h  G ni ~~~—’( l i t ’ rum ‘i .

‘I’ i’ru mp i ’r n i t u r i ’ — —  I 5O_ 150 0 pr’ g r , t r t r i e , ’ I  , i t  ‘~ 1/m i n .
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I -’l ew rnute——20 m i/mm N

h i t  i’ ’ b r——F l ime’ Ionization.

Sensitivity——i x i~~~’° amps/mv .
I i q cuid i ’!u’ ontma t~~~rap iw

h l i g h i — p r e ’ --o-ai r t ’ l i q u i d  c h r o m a t o g r a p h y  (h p l c )  was the  most  u s e f u l

ana lvti c il technique for prot ’ iling wnm stewater solutions. Time following

hplc conditions we’re used t o  ‘fingerprint ” solutions:

Instrument——S pectra—Ph ysics Model 3500B liquid churomatograph.

Column and packing—— l/4 in x 30 cm ii Porasil (Waters
Assoc iatt,’s)

I)etcc ’tor——uv a t  254 am.

Sensitiv itv——O .16 aufs .

Solvent—— (A) 35% hexane and h5 dicimloromethane isocratic ;
(B) 75~ hexane and 25% CH Cl-e /CH’1 U11/h’A Nil (100/200/0.5)
isocratic.

Flow rate——(A) 1.2 ml /nmin~ (B) 2.8 mi/mm .

Pressure drop—— (A) 240 p si ;  ( B )  2200 psi.

Temperature——Ambient .

Ch art speed——U.S cm/mm .

Sample size—— (A) 20 ol; (B) 10 ii.

Conditions (A) were used for beuzene extracts , and conditions (B)

were used for ion—pairs of aqueous—phase components extracted from

wa t er w i t h  d i chlo rometb ane  a f t e r  t ime add i t  Ion e e t  tu ’ t r n m h u t v l a m n m o n i u m

hydroxide.
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FIGURE B-i LAP WASTEWATER AT pH 5, 0 HOUR IRRADIATION
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FIGURE B-2 LAP WASTEWATER AT pH 5, 2 HOURS IRRADIATION
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FIGURE 8-18 LAP WASTEWATER , pH 9,4 , 100% DEGRADATION . AQUEOUS EXTRACT
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