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ABSTRACT 

The t e x t i l e  m i l l  i n d u s t r y  cons isz ing  of s i x  subca tegor i e s  s f  manufac- 
t u r i n g  must c o n t i n u a l l y  review the  op t ions  f o r  meeting s t a t e  and f e d e r a l  
environmental r e g u l a t i o n s .  Land t rea tment  i s  becoming a method of choice 
f o r  an inc reas ing  number of m i l l s .  This  r e p o r t  examines land  t rea tment  
on a f i r s t - c u t  b a s i s .  Average p l a n t  s i z e s  f o r  each s i x  subca tegorfes  a r e  
used a long  w i t h  r e p r e s e n t a t i v e  waste and s o i l  c h a r a c t e r f s t f c s .  These 
r e s u l t s  do nor  r ep re sen t  des ign  c r i t e r i a  because of t h e  h ighly  c r i t i c a l  
need t o  t e s t  t h e  waste  and s i t e  t o  b e  used,  be fo re  spec i fy ing  o r  permit- 
t i n g  of such systems. In s t ead  t h e  r e s u l t s  of t h i s  r e p o r t  should be used 
t o  compare t h e  land  t rea tment  a l t e r n a t i v e  t o  convent iona l  processes .  
Although no t  inc luded  s p e c i f i c a l l y ,  l and  t rea tment  can meet t h e  h i g h e s t  
l e v e l s  of waste  t rea tment  (RCRA, BAT, e t c )  when c o r r e c t l y  designed,  t hus  
comparison a g a i n s t  o t h e r  a l t e rna t ives . shouEd  inc lude  t h e  advanced waste- 
water  t rea tment  requirements  f o r  meeting p re sen t  and f u t u r e  r e g u l a t i o n s .  

In a d d i t i o n  t o  t h e  e v a l u a t i o n  of land  t rea tment  a s  an op t ion  f o r  t h e  
t e x t i l e  m i l l  i n d u s t r y ,  a fundamental des ign  procedure is  presented  f o r  
l and  t rea tment  des ign .  This  procedure i iemonstrates  t h e  d e t a i l e d  l e v e l s  
of s o i l  and waste  ana lyses  r equ i r ed  t o  des ign  any l and  a p p l i c a t i o n  system. 
Successfu l  long term performance and adherence t o  s o i l ,  food-chain, 
groundwater nondegradation c o n s t r a i n t s  depend on u t i l i z i n g  an in-depth 
des ign  procedure,  R e s u l t s  of t h i s  stu&y have demonstrated t h e  d i f f e r e n c e s  
a t t r i b u t a b l e  t o  s o i l s , k h e  was te  parameters  which a r e  c r f t f c a l  i n  design,  
t h e  poten t ia l .  s av ings  a s s o c i a t e d  with i n - p l a n t  sou rce  c o n t r o l .  
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1 )  Waste c h a r a c t e r i z a t i o n  f o r  subca tegor i e s  of t e x t i l e  m i l l s ,  r e l a -  
t i v e  t o  important land  t rea tment  parameters ,  a r e  reasonably w e l l  known, 
A major,  s e r i o u s  gap cont inues  t o  be zhe l a c k  of d a t a  on s p e c i f i c  organic  
compounds p re sen t ;  t h e r e f o r e ,  t b e  ana lyses  and conclusions of t h i s  report 
w i l l  have t o  be  modified a s  t h e s e  become a v a i l a b l e .  

2)  The s o i l  types and Pard. cond1t-b-ons used i n  these ana lyses  were 
s e l e c t e d  a s  r e p r e s e n t a t i v e  case  s t u d i e s ,  I n  a c t u a l  f i e l d  s i t u a t i o n s  near  
t e x t i l e  m i l l s ,  t h e  v a r i a t i o n s  i n  a s s i m i l a t i v e  capac i ty  could be s u b s t a n t i a l ;  
a l though t h e  design p r i n c i p l e s  used f n  t h i s  r e p o r t  would remain v a l i d .  This  
v a r i a t i o n  i s  due t o  a c t u a l  s o i l  and f i e l d  condi t ions  hence a d e t a i l e d  f i e l d  
t e s t i n g  program i s  e s s e n t i a l .  

3 )  I n  each t e x t i l e  m i l l  subcategory the  ELC w a s  c a l c u l a t e d  along 
wi th  t h e  r equ i r ed  a r e a  f o r  l and  'Lreatrnent of t h e  e n t i r e  raw waste  produced, 
Table 15. No s i n g l e  c o n s t i t u e n r  c o n t r o l l e d  a l l  t h e  t e x t i l e  m i l l  segments. 

4) Typica l ly  t h e  t e x t i l e  m i l l  u t i l i z i n g  a sandy loam s i t e  ve r sus  a 
c l a y  loam s i t e  would r e q u i r e  g r e a t e r  land a r e a  (between 2 and 7 t imes t h e  
s i z e ) .  However both s o i l  types  a r e  q u i t e  f e a s i b l e  f o r  land  t rea tment .  

5) Pre t rea tment  o r  in -p lan t  alteration w i l l  be  a requirement f o r  
wool scour ing  ( n e u t r a l i z a t i o n ) ,  wool dyeing and f i n i s h i n g  ( n e u t r a l i z a t i o n ) ,  
ya rn / s tock  dyeing and f i n i s h i n g  ( n e u t r a l i z a t i o n ) ,  and k n i t  f a b r i c s  dyeing 
and f i n i s h i n g  (sodium imbalance).  

6 )  From an investment pe r spec t ive ,  t he  wool scour ing  wi th  dyeing and 
f i n i s h i n g ,  and woven f a b r i c  dyeing and f i n i s h i n g  r e q u i r e  t he  g r e a t e s t  
expendi ture  f o r  l and  t rea tment .  A t  t h e  o t h e r  extreme k n i t  f a b r i c  dyeing 
and f i n i s h i n g  involves  t h e  lowest  investment c o s t s .  

7)  Savings of up t o  700% can be achieved i n  those  t e x t i l e  m i l l  
c a t e g o r i e s  needing t h e  l a r g e s t  investment by e l i m i n a t i n g  t h e  land l i m i t i n g  
c o n s t i t u e n t s  (Sr ,  A s ,  SO4, depending on segment). In-p lan t  s u b s t i t u t i o n  
o r  process  modi f ica t ion  would be  needed f o r  t h e s e  changes. 

8) Re la t ive  t o  1983 i n d u s t r y  p o l l u t i o n  s t anda rds ,  t e x t i l e  m i l l s  which 
can u t i l i z e  l and  t rea tment  w i l l  enjoy cons ide rab le  economic advantage 
(investment and opera t+onal ) .  



RECObmENDAT IONS 

1. Fur the r  waste characterization is  needed t o  document parameters 
c r i t i c a l  t o  land  t rea tment .  Some of t h e  c o n s t i t u e n t s  c o n t r o l l i n g  
l and  a r e a  d id  not  appear t o  be a Logical component i n  t h e  t e x t i l e  
processes  hence v e r i f i c a t i o n  i s  necessary ,  

2. In-plant  source c o n t r o l  programs should begin t o  eva lua t e  t h e  
presence and j u s t i f i c a t f o n  o f  t he  chemical constlt~ents found t o  
d i c t a t e  t h e  needed land t rea tment  area ( L L C s ) ,  These  programs can 
e s t a b l i s h  removal o r  s u b s t i t m i o n  techniques t o  reduce the  LLC(s) 
and hence r equ i r ed  investment and o p e r a t i o n a l  c o s t  f o r  land t r e a t -  
men t . 

3 .  S p e c i f i c  i n v e s t i g a t i o n s  s f  t h e  mjor o rgan i c  species p re sen t  i n  
t h e  waste from each t e x t i l e  mil% srilbcate O ~ Y  s h o u l d  be undertaken. 
Also t o  be  included a r e  any organic  compounds of s t r o n g  environ- 
mental concern. This c l a s s  of waste c o n s t i t u e n t s  i s  a major remain- 
i n g  design segment which should be  addressed f o r  a complete land 
t rea tment  system, 

4 .  T e x t i l e  m i l l  managers and env i ronaen ta l  personnel  should examine 
c a r e f u l l y  che use  of land  t rea tment .  S p e c i f i c  s i t e  and waste  
eva lua t ions  f o r  e i t h e r  complete waste  o r  s ludges  must be  undertaken. 
S i t e s  of 1-2 mi l e s  from t h e  i n d u s t r i a l  p l a n t  f o r  l i q u i d s  o r  12-30 
mi l e s  f o r  s ludges  can be economically u t i l i z e d  thus  inc reas ing  t h e  
range of p o s s i b l e  l and  t rea tment  systems. 

5 .  A s  energy c o s t s  i n c r e a s e ,  more a t t e n t i o n  t o  the l e s s  energy - and 
l e s s  technology - i n t e n s i v e  l and  t rea tment  op t ion  should be given. 

v i i  



ACKNOWLEDGMENTS 

The au tho r s  wish t o  record  the  s t eady ,  fundamental suppor t  of t h e  
Water Resources Research I n s t i t u t e ,  Nei l  S .  Grigg and James M. Stewart.  
The Department of B io log ica l  and A g r i c u l t u r a l  Engineering has  cont inuously 
f u r t h e r e d  t h i s  r e sea rch  a s  an expanding program concerning the  environment. 
D r .  F. J.  Hass le r ,  Department Head and D r .  F .  J .  Humenik, Assoc ia te  Head 
Incharge f o r  Extension,  have been p a r t i c u l a r l y  r e spons ib l e  f o r  t he  success  
of t h i s  p r o j e c t .  Valuable  co l league  -input was rece ived  from D r .  P h i l i p  
W .  Westerman. 

Laboratory e f fo r t s ,where  utilized, were e f f e c t i v e l y  undertaken by 
M s .  June P res ton  and M s .  Dorothy DeBruyne. 

E d i t o r i a l  and typ ing  r e s p o n s i b i l i t i e s  were performed superb ly  by 
Mrs. Thelma Utley.  

v i i i  

-- - 



OBJECTIVES AND OVERALL APPROAS2 

Within t h e  framework o r  evaluat%on of i n d u s t r i a l  waste  management 
a l t e r n a t i v e s ,  l and  t rea tment  can se:;ve an important r o l e .  An inc reas ing  
number of p l a n t  managers and corpora te  environmental personnel  a r e  consi- 
de r ing  t h e  s u b s t a n t i a l  a l t e r n a t i v e  of land t rea tment  f o r  i n d u s t r i a l  waste  
a s  an approach toward t h e  goa l  of zero d ischarge .  Therefore t h i s  r e p o r t  
i s  focused on t h e  p o t e n t i a l  use  of land t rea tment  f o r  t h e  t e x t i l e  m i l l  
p o i n t  source  category a s  one of many p o s s i b l e  i n d u s t r i a l  c a t e g o r i e s  con- 
s i d e r e d  under a  p re sen t  r e sea rch  program, 

There a r e  two s p e c i f i c  o b j e c t i v e s  of t he  r e sea rch  and eva lua t ion  
presented  i n  t h i s  r e p o r t ,  

1 )  t o  e s t a b l i s h  a  gene ra l  estimation of t h e  use of land  t rea tment  
technology f o r  each of t h e  subca tegor i e s  w i t h i n  t h e  t e x r i l e  m i l l  c l a s s i -  
f i c a t i o n .  This  should be cornsidsped an-.;. a s  a  f lrst  crdee  approximation 
s i n c e  waste  parameter evaInat"hon and s>:e c h a r a c t e r i z a ~ l o n s  a r e  s p e c i f i e d  
only a s  r e p r e s e n t a t i v e  of typiesa' ccrn@ 2 -lsns.  

2 )  t o  f u r t h e r  derncxtra:',e the r ; t 5 l i z a t i o n  of a  complete design pro- 
cedure o r  methodology f o r  land treatment of t h e  e n t i r e  waste  s t ream from 
each of t h e  va r ious  su:,-r;tegtrr%e; of th.3 t e x t i l e  m i l l  i n d u s t r i a l  c l a s s i -  
f i c a t i o n .  

The p r e s e n t a t i o n  of m a t e r i a l  i n  t h i s  r e p o r t  w i l l  u t i l i z e  t h e  
s t a g e  I p o r t i o n ,  F igure  1, of an  o v e r a l l  pretreatment- land a p p l i c a t i o n  
methodology. Each major subcategory of t e x t i l e  m i l l s  w i l l  be s epa ra t ed  
a s  necessary .  A complete description of t h e  o v e r a l l  des ign  procedures  
and r equ i r ed  d a t a  base  can be found i n  Overcash and @a1 ( 1 9 7 9 ) .  Basical-  
l y ,  each subcategory has been d e l i n e a t e d  wi th  a s  complete a s  p o s s i b l e  a  
chemical c h a r a c t e r i z a t i o n  f o r  t hose  parameters  Important  when t h e  p l an t -  
s o i l  system ( a s  opposed t o  an  a q u a t i c  system) i s  t h e  u l t i m a t e  r e c e i v e r .  
One major gap cont inues  t o  be t h e  l a c k  of d a t a  on s p e c i f i c  organic  com- 
pounds which may be  of concern because of t h e  presence  i n  s u b s t a n t i a l  
q u a n t i t y  o r  because of probable  envfronmental impact.  Avai lab le  p e r -  
t i n e n t  d a t a  on waste  c h a r a c t e r i z a t i o n  involve  25-30 c o n s t i t u e n t s  f o r  t h e  
a n a l y s i s  used i n  t h i s  r e p o r t .  

While waste  c h a r a c t e r i z a t i o n  i s  impor tan t ,  t h e  second major s t a g e  
I inpu t ,  s i t e - s p e c i f i c  d a t a ,  i s  equa l ly  o r  more c r i t i c a l  i n  achiev ing  
s u c c e s s f u l  design and long term performance. It i s  obvious t h a t  with- 
ou t  a  s p e c i f i c  land  t rea tment  s i t e ,  t h e  d e t a i l e d  p l a n t ,  s o f l ,  and ground- 
water  d a t a  cannot be determined. That i s ,  cons ide rab le  v a r i a t i o n  i n  land  
a r e a  requirements ,  f o r  a g iven  was te  s t ream, occurs  when t h e r e  i s  a  var-  
i e t y  of s i t e  cond i t i ons  used i n  des ign  c a l c u l a t i o n s .  These s i t e  condi- 
t i o n s  a r e  t y p i c a l  of probable  l and  t rea tment  s i t e s .  Because of t h e  wide 
v a r i a t i o n s  due t o  s i t e  c h a r a c t e r i s t i c s ,  t h i s  r e p o r t  u t i l i z e s  two common 
s o i l  c h a r a c t e r i s t i c s  a s  a  p re l imina ry  e v a l u a t i o n  t o o l .  These a r e  i )  a  
sandy loam and i i )  a  c l a y  loam s o i l .  The r eade r  should n o t  i n f e r  t h a t  
t h e s e  r ep re sen t  extremes and t h a t  a l l  o t h e r  a c t u a l  s i t e  cond i t i ons  would 
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be between t h e s e  two s o i l s .  The two s o i l s  s e l e c t e  ST* 7 1 ~  r ep re sen t  s ign-  
i f i c a n t l y  d i f f e r e n t  s o i l  texeures f o r  khe purpose c)f denons t r a t ing  t h e  
importance of a c t u a l  land  t rea tment  s i r e  d a t a .  A s  d s se r ibed  i n  fo l lowing  
s e c t i o n s ,  s p e c i f i c  s i t e  d a t a  a r e  used ca e s t a b l i s h  the p l a n t - s o i l  ass imi la -  
t i v e  capac i ty  f o r  each c o n s t i t u e n t  i n  rlne waste. 

With t h e  a v a i l a b l e  waste  c h a r a c t e r i s t i c s  (kg ly r )  i n  each t e x t i l e  
m i l l  subcategory and t h e  two representa tEve  s e t s  of land  t rea tment  s f t e  
a s s i m i l a t i v e  c a p a c i t i e s  (kg /ha /y r ) ,  t h e  land  l i m i t i n g  c o n s t i t u e n t  was 
determined,  That i s ,  a  ba lance  between waste  generatnon and p l a n t - s o i l  
a s s i m i l a t i v e  capac i ty  i s  made on a  consrituent-by-const4tuent b a s i s ,  This  
ba lance  o r  r a t i o  equa l s  t h e  land  a r e a  needed f o r  each p,arametcr, w i t h  t h e  
l a r g e s t  a r e a  requirement be ing  t h e  land % b i t i n g  cons t i t neuc  ( s $  @LC). A 
LLC a n a l y s i s  de f ines  i) t h e  paraIaeters which a r e  c r i t i c e l  i n  determining land  
a r e a  requirements  and i i )  t h e  a z t u a l  Sand t rea tment  area needed f o r  each re -  
p r e s e n t a t i v e  i n d u s t r i a l  s i t u a t i o n  covered i n  t h i s  r e p o r t  on t h e  t e x t i l e  m i l l  
i n d u s t r y .  

The de t e rmina t ion  of Earn t rea tment  technology f o r  a  t e x t i l e  m i l l  
waste  fo l lows  c e r t a i n  we l l - e s t ab l i shed  p r i n c i p l e s  and techniques .  These a r e  
s u f f i c i e n t l y  f l e x i b l e  t o  be adapted t o  a l l  t ypes  of i n d u s t r i a l  waste  and 
t h e r e f o r e  a r e  common t o  a l l  Ian$ t rea tment  des igns .  X b r i e f  review of t h e s e  
p r i n c i p l e s  w i l l  be inc luded  he re  and t h e  r eade r  may c o n s u l t  more d e t a i l e d  
t e x t s  f o r  f u r t h e r  in format ion  (Overcash m d  P a l ,  1979).  

A s i n g l e  b a s i c  c o n s t r a i n t  i s  u t i l f z e d  throughout  t h e  i n d u s t r i a l  l and  
t rea tment  des ign .  This  c o n s t r a i n t  is  ss fo l lows ,  

the industr ial  waste, w h e ~  considered on a cons tituent-b2-constituent 
basis,  w i l l  onZy be appZied t o  che plane-soil system a t  ra tes  or over 
Limited time spans that  ns Zand i s  irreversiblp removed f'om some 
other potential societa'l usage (agricuZ..tum, development, forestation, 
e t c )  , - 

Such a c o n s t r a i n t  i s  b a s i c a l l y  one f o r  nondegradat ion of t h e  p l a n t - s o i l  sys- 
tem and r e p r e s e n t s  a f a i r l y  s t r o n g  des ign  o b j e c t i v e .  Where s u b s t a n t i a l  d a t a  
t o  meet t h i s  c o n s t r a i n t  a r e  unava i l ab l e ,  t h e  use of l and  t rea tment  should be 
accompanied wi th  s u f f i c i e n t  moni rs r ing  t o  guage p rog res s  r e l a t i v e  t o  t h i s  
c o n s t r a i n t .  Approaching i n d u s t r i a l  l and  t rea tment  w i th  t h i s  c o n s t r a i n t  o r  
phi losophy appears  t o  1) r e f l e c t  most a c c u r a t e l y  t h e  t h r u s t  of a l l  environ- 
mental  r e g u l a t i o n s  and 2 )  improve t h e  p r o b a b i l i t y  t h a t  t h e  des ign  c r i t e r i a  
used w i l l  p rovide  long-term r e l i a b l e  land  t rea tment  performance. 

The primary nondegradat ion des ign  c o n s t r a i n r  r ega rd ing  t h e  long  term 
e f f e c t  ok a s s i m i l a t i v e  c a p a c i t y  of t h e  s o i l - p l a n t  system is t r a n s l a t e d  i n t o  
l and  a p p l i c a t i o n  r a t e s  by one o r  more of t h r e e  c a l e u l a t i o n a l  procedures .  
That i s ,  from exper ience  w i t h  determining t h e  a s s i m i l a t i v e  capac i ty  of many 
i n d u s t r i a l  waste  c o n s t i t u e n t s ,  t h e  methods f o r  c a l c u l a t i o n s  a r e  of t h r e e  
broad types ,  



1 )  those  compounds which degrade o r  r e q u i r e  wpuke f o r  a s s m i l a t i o n  
i n  t h e  p l a n t - s o i l  system ~ , g ,  o i l s  o r  cxgarii%-= 

2) t hose  compounds whish a r e  r e i a t iveLy  immobile and nondegradive 
and thus  a r e  pe rmi t t ed  t o  accumulate i n  s o i l s  go predetermined 
c r i  t i c a l  l e v e l s ,  g,g, heavy m t a J  6 

3 )  those  compounds which a r e  mobile and nsndegradat ive and t h e r e f o r e  
must be a s s i m i l a t e d  over land  a r e a s  such that r e c e i v i n g  waters  a r e  
not  a l t e r e d  t o  a degree whfeh would r e q u i r e  f u r t h e r  d r ink ing  water  
t rea tment  e,g, a n f a n i s  s p e c l a s ,  

Resu l t s  of t h e s e  ca feu la t i sms  f o r  ehe assirni la t j ive eapaci-hy ap: a s p e c i f i c  
p l a n t - s o i l  system s i r e  are u s u a l l y  expressed a s  t h e  mass of a cons t5 tuent  i n  
t h e  waste which i s  assirni laced pe r  U T L ~ ~  l and  a r e a  per  ani r  t ime (kg/ha /yr )  o r  
a s  t h e  concen t r a t ion  i n  the  s a i l  (pps O X  percent  of s o i l  w e i g h t ) ,  Thus w i t h  
t h e  b a s i c  des ign  c o n s t r a i n t  and one or m t x e  of: t h e  i ~ d f v i d u a l  c a l e u l a t i o n a l  
t o o l s ,  t h e  a s s i m i l a t i v e  capacf ty  f s i  each conskirueat i n  the waste  can be 
determined. This  procedure i s  repeated i n  t h i s  r e p o r t  f o r  each s e p a r a t e  sub- 
ca tegory  w i t h i n  t h e  t e x t i l e  m i l l  paint sou rce  ca t egory ,  

INDUSTRY DEFINITION 

The t e x t i l e  mill industry u t i P f ~ e s  natural  f i b e r s  (wool and c o t t o n )  a s  
w e l l  a s  s y n t h e t i c  f ibers  (rayon,  eel luEose a c e t a t e ,  nylon,  p o l y o l e f i n s ,  
a s  raw m a t e r i a l s .  T e x t i l e  m i l l s  can be ca tegor ized  i n t o  va r ious  segments 
based on f )  t h e  form and composftlon of raw m a t e r i a l s  ( Jones ,  19739, i f )  pro- 
ce s ses  employed i n  t h e  manufacture of product ( s )  and byproduct (s) (Develop- 
ment Document, l974') ,  o r  i i f )  wasce gene ra t ion  r a t e  and l o c a t i o n  (Abrams, 
1976).  The subea tegor i za t ion  ine luded  i n  i his r e p o r t  i s  e s s e n t i a l l y  t h a t  
e s t a b l i s h e d  by t h e  Environmental P r o t e c t i o n  Agency (Development Document, 
1974 and Rawlings, l 938) ,  These a r e :  (1) Scouring and Wool Top Manufacture,  
(2) Wool Fab r i c  Dyeing and F i n i s h ,  ( 3 )  Woven Fabric Dyeing and F i n i s h ,  ( 4 )  
Knit Fab r i c  Dyeing and F i n i s h ,  4 5 )  Carpet Dyeing and F i n i s h ,  and (6 )  Yarn and 
Stock Dyeing and F i n i s h ,  A b r i e f  d e s c r i p t i o n  of t h e s e  segments of t h e  t e x t i l e  
m i l l  i n d u s t r y  fo l lows:  

1 )  Scouring and Wool Top rnamufa~turing f a c i l i t i e s  i n  t h e  U n i t e d  
S t a t e s  a r e  p r f n c i p a l l y  l oca t ed  i n  Massachusetts, Texas, Rhode 
I s l a n d ,  and South Caro l ina ,  There i s  no such f a c i l i t y  i n  North 
Caro l ina  (Table I ) .  Wool s cour ing  i s  accomplished by p roces ses  
i nc lud ing  s o r t f n g ,  b lending ,  s l a s h i n g ,  desu fn t ing ,  washing, dry- 
i n g ,  and top  making. Wastes a r e  genera ted  a t  a lmost  every s t e p  
a s  shown i n  F igure  2 ,  Sources of waste  c o n s t i t u e n t s  a r e  d i r t  and 
d u s t  on t h e  n a t u r a l  f iber ,  g rease  and o i l s  p l u s  vege tab le  ma t t e r  
on t h e  n a e u r a l  f i b e r ,  wasted wool, f l y ,  sweeps, chernfeals and 
d e t e r g e n t s  used i n  va r fous  p roces ses ,  and non-reusable process  
water .  T o t a l  e s t ima ted  produet ian  r a t e  of wool top  by t h e  1 7  
p l a n t s  i n  U.S. i s  69 m i l l i o n  kg/yea+. 





Table 1. Segmentation ;f T e x t i l e  Indus t ry  based LL ,,c m a t e r i a l ,  peoduets 
manufactured, and p r o e e ~ s  ope ra t ions ,  

-? -.- --.------- -- ---- --.----- 
Mills L n  M i l l s  i n  Rate  of Maste 

Category North U.S, Generatiozg kg 
Caro U i a ;  dry  was%e/1000 

-- 
wool top manufacture 0 L 4 1445 
wool dyeing and f i n i s h  9 112 160 
woven f a b r i c  dyefng & f r n i s h .  104  651 100 
k n i t  f a b r i c  dyeing & finish 326 4 38 7 8 
c a r p e t  dyeing & f i n i s h  6 1 4 4  40 
ya rn / s tock  dyeing & ffnlah 8 5 345 2 1 

2 )  Wool Fabrfc  Dyeing and Finish: This  segment s f  the  t e x t i l e  m i l l  
i n d u s t r y  i s  p r i n c i p a l l y  Located i n  Massachuset ts ,  New J e r s e y ,  
New York, Pennsylvania ,  Nort-h Ca ro l ina ,  Maine, Georgia ,  South 
Caro l ina ,  Connect icut ,  and O~rrgon, Wool top  i s  t h e  raw m a t e r i a l  
f o r  these mrlls, MtPI p rocesses  i nc lude  b leaching ,  r i n s i n g ,  
dyeing, washing, sp lnn lng ,  f u l l i n g ,  carboniz ing ,  warping, s i z i n g ,  
and s p e c i a l  f l n i s h f n g ,  These va r ious  s t e p s  a r e  o u t l i n e d  i n  
F i g u r e  3 ,  Liquid o r  s c l i d  wdsse r e s u l t s  from each s t e p  i n  d i f -  
f e r e n t  amounts depending on ;he kfnd and amount of p roces s  
c h e d c a f s ,  detergenzs an3 wa~e r  used ,  The t o t a l  es t imated  pro- 
duc t ion  r a t e  of f i n i s b e d  was; f ab r i c  i n  112 U,S. mflPs f s  309 
m i l l i o n  kg pe r  y e a r ,  

3)  Woven F a b r i c  Dyeing and F i n i s h .  T t f s  segment of the tex t fXe indus- 
t r y  i s  p r i m a r i l y  s i t u a t e d  i n  North Carol ina ,  New J e r s e y ,  Massachus- 
e t t s ,  Georgia,  South Garul ina ,  Pennsylvania ,  Rhode I s l a n d ,  V i r g i n i a ,  
Tennessee, Alabama, C a l i f o r n i a ,  and Connect icut .  North Caro l ina  
a lone  r e p r e s e n t s  17% of t h e  United S t a t e s  r o t a l .  Woven g r e i g e  
goads a r e  t h e  raw material for t h e s e  m i l l s  where d e s i z i n g ,  scour- 
i n g ,  washing, mercer iz ing ,  b l each ing ,  dyeing o r  p r fne ing ,  and 
f i n i s h i n g  a r e  performed f o r  t h e  product ion  of woven f a b r i c .  
Liquid wastes  genera ted  dur ing  va r ious  ope ra t ions  (F igure  4 )  fn- 
d u d e  componenrs such a s  warer ,  enzymes, s u l f u r i c  a c i d ,  s cour ing  
o r  s l a s h i n g  a g e n t s ,  c a u s t i c  soda,  hydrogen peroxide ,  dyes ,  f i n i s h -  
i n g  agen t s ,  o t h e r  process  chemicals ,  d e t e r g e n t s ,  and human wastes  
from employees. The c o r a l  es t imated  produet ion  r a t e  s f  woven 
f a b r i c  i s  about  1.80 b f l l i o n  kg pe r  yea r  i n  651  m i l l s  (Table 11,  

4)  Knit  F a b r i c  Dyeing and F i n i s h *  North Carolina i s  t h e  l ead ing  
s t a t e  i n  k n i t  f a b r i c  rnanufaceure u t i l i z i n g  k n i t  g r i e g e  goods as 
t h e  raw m a t e r i a l .  Other s t a t e s  t h a t  have a t t r a c t e d  t h e  k n i t  
f a b r i c  producing m i l l s  a r e  Pennsylvania ,  New J e r s e y ,  Tennessee, 
Georgia ,  South Caro l ina ,  Vf rg in i a ,  Massachuset ts ,  C a l i f o r n i a ,  
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Figure 4 .  Woven fabr ic  dyeing and f i n i s h i n g  processes.  



Rhode I s l a n d ,  and Wfseonsin. Various procebses (Figure 5)  which 
t h e s e  m i l l s  w r z y  out  a r e  k i e r  scour ing ,  b leaching ,  washing, dye- 
ing ,  dry ing ,  p r i n t i n g ,  wet pad f l n f s h i n g ,  and dry f i n i s h i n g .  The 
waste  sources  a r e  rhe  Lost raw rna ter fa l ,  p rocess  wateq de t e rgen t s ,  
and chemicals ,  ToraP producrion r a t e  of f i n i s h e d  hit goods i s  
es t imated  c l o s e  t o  440 rnillls~ k g  pe r  year  by 738 m i l l s  i n  t h e  U.S. 

5 )  Carpet Dyeing and F i n i s h :  These ope ra t ions  a r e  c a r r i e d  out  
l a r g e l y  i n  Geougi a ,  Calf f  orn&, North Caro l ina ,  South Caro l ina ,  
Pennsylvania ,  Tennessee, and New York. An important  raw m a t e r i a l  
f o r  t h i s  segment of t h e  t e x t i l e  i ndus t ry  is  yarn  which undergoes 
t u f t i n g ,  p i e c e  dyeing o r  p r ine ing ,  d ry ing ,  l a t e x  backing o r  foam- 
i n g ,  and f i n i s h i n g  ope ra t ions ,  L iquid  and s o l i d  wastes  genera ted  
d u r i n g - d i f f e r e n t  processes  a r e  shown i n  F igure  6 ,  T o t a l  annual  
product ion  r a t e  of f i n i s h e d  ca rpe t  by 144 m i l l s  i n  t h e  U.S. i s  pro- 
j e c t e d  n e a r l y  679 m i l l i o n  kg per  year .  

6 )  Yarn and Stock Dyeing and F in i sh .  Nsreh Caro l ina  i s  aga in  a lead- 
i n g  s t a t e  i n  t h i s  segment o f  t h e  t e x t i l e  i n d u s t r y ,  followed by 
Georgia, Pennsylvania ,  New Jersey, Rhode I s l a n d ,  Massachuset ts ,  
South Caro l ina ,  Texas, Alabama, C a l i f o r n i a ,  and I l l i n o i s .  Various 
processes  t h a t  gene ra t e  wastzs  dur ing  s t o c k  and yarn  dyeing and 
f i n i s h i n g  o p e r a ~ i o n s  are mer;:erizing, b leaching  , washing, dyeing,  
and f i n i s h i n g  (F igure  7) .  I r a~  major raw m a t e r i a l s  used f o r  f i n i s h -  
ed y a m  o r  s rock  manufacture a r e  c o t t o n  o r  c o t t o n  b lend  ya rn  o r  
s t o c k  and s y n t h e t i c  f i b e r  yarn ,  The l i q u i d  wastes o r i g i n a t e  from 
process  chemicals ,  d e t e r g e n t s ,  and wa te r ,  The annual  product ion  
r a t e  of f i n i s h e d  yarn  o r  s t o c k  is  8 .3  b i l l i o n  kg p e r  y e a r  from 345 
m i l l s  i n  t h e  U.S. 

WASTE GENERATION RATE AND CHAUCTERIZATION 

An average s i z e  t e x t i l e  m i l l  was used a s  t h e  des ign  b a s i s  i n  &ach seg- 
ment of t h e  indus t ry .  The t o t a l  waste  f low from such average s i z e  p l a n t s  
a r e  shown i n  Table 2. Water i s  used i n  l a r g e  amounts compared t o  o t h e r  pro- 
ce s s  chemicals i n  a11 segments of t h e  t e x t i l e  m i l l  i n d u s t r y .  Waste cha rae t e r -  
i z a t i o n  of average  s i z e  p l a n t s  was accomplished by use  of a v a i l a b l e  i n f o r m -  
t i o n  from v a r i o u s  sources  (Rawlings, 1998; Ver sa r ,  Ine . ,  S p r i n g f i e l d ,  V i r g i n i a ,  
1976; Jones ,  1973; EPA Development Document, 1944).  A v a r i e t y  of important  
parameters  needed f o r  land  t r e a z m n t  des ign  were s e l e c t e d ,  a s  w e l l  a s  o t h e r  
c o n s t i t u e n t s  of secondary i n t e r e s t ,  The mass gene ra t ion  of each waste  eon- 
s t i t u e n t  was obta lned  us ing  t o t a l  waste  volume, The was te  gene ra t ion  r a t e  
from va r ious  sources  a r e  p re sen ted  i n  Tables3,  4 ,  5 ,  6 ,  7 ,  and 8. The over- 
a l l  design process  r e q u i r e s  eva lua r ions  on a n  i n d i v i d u a l  parameter  b a s i s .  
Such an  approach i s  r equ i r ed  t o  i )  s a f e l y  a s  w e l l  a s  s a t i s f a c t o r i l y  assimi- 
l a t e  each waste  parameter  i n  t h e  s o i l - p l a n t  system, i i )  make dec i s ions  











Table 3. Waste characteristics of an average size plant. 

Wool Scouring and Top Manufacture, 5 millon kg productlyear. 

Parameter mg/ I* kg/y r** 
mg/l* kg/yrk* Parameter 
(1) 

Total Flow 
-7 . - .. 

Metals 
Fe 

7 6.0 x 10 
7 

6 x 10 R/d Metals Total Flow 5.7 300 
5.2 x lo7 Fe Water 0.9 47 

8 4 6,100 Mn BOD 
Zn 0.19 9.9 

COD 837 61,000 Ba 
0.33 17 T S 50,000 

Pb 0.06 
3.6 x lo6 3.1 

1,650 - 
TD S Cr 0.012 0.62 
SS 220 11,500 Cu 0.02 1 
Total organics 15 Ni 0.06 780.0 

3.1 
WH4-N 0.38 .013 '68 19.8 

Sb 1403-N 12.5 V 0.14 650 
7.3 

P 1.7 'Ti 88.4 
0.035 1.8 

C1 1.2 0.03 1.6 62.4 
LDL LDL Sn 

S04 Si 15 780 
0.1 5.2 B2S 0.021 1.1 
9 4 4,900 Mo Ca 0.14 7.3 
12 620 C 0 

Mg Cd 0.013 0.68 
K 660 As 3,400 

0.004 0.21 
Na 8.3 430 

- 0.0005 0.026 
9 Bg PH - Sr 21.6 1,100 

SAR 0.214 - A1 0.77 40 
EC 1.25 mmhos/cm 0.095 4.9 
Dissolved oxygen 5 260 Ag 

B 0.44 22.9 
Total Alkalinity -t 950 49,400 

* 
mg/l unless other units given 

*=A 
-k 

kg/yr unless other units given. expressed as calcium carbonate equivalent. 

LDL lower than detection limits. 



Table 4. Waste characteristics of an average size plant. 

6 
Wool Dyeing and finishing, 5 x 10 kg/yr. 

* ** at Jc* 
Parameter mg/l k d y  r mg/l k g l ~  r Parameter 

(1) (2 1 (1) (2 
-- 

Total Flow 2 million Metals 
Water 1.13 million Fe 4.4 5.3 
BOD 400 1.74 kg/d Mn 1.1 1.2 
COD 1,700 7.2 kg/d Zn 7.5 8.5 
TS 600 2.61 kgjd Ba 0.16 0.18 
TDS 1,700 2,000 Pb 0.66 6.75 
SS 2 30 260 Cr 0.88 0.99 
Total organics 6 4 7 2 Cu 0,021 0.024 
NH4-N 13 15 Ni 0.03 0.034 
ND3-N 5.5 6.2 Sb 0.002 0.0023 
P 5.2 5.8 V G.037 0.042 
C1 1.1 1.2 Ti 0.01 0.011 
SO4 8.5 9-6 Sn 0.012 0.014 

P H2 S 0.1 3.14 S i 6.9 7.8 
Cn Ca 170. 190 Mo 0.008 0.009 

Mg 10 1.1 C o 0.03 0.034 
K 8.8 9.9 Cd 0.046 0.05 
Na 180 2 00 As <17 19 
PH 9.0 
S4R 3.6 
EC 1.5 mmhos/cm 
Dissolved oxygen 7 
Total Alkalinityt 100 

--- - - - - - --- - 

* 
Units in mg/R unless given. * * 
Units in kg/yr unless given. 

t 
Expressed as calcium carbonate equivalent. 



Table 5. Waste c h a r a c t e r i s t i c s  of an  average s i z e  p l a n t .  

6 
Woven Fabr ic  Dyeing and Finishing, 5 x 10 kg p roduc t /y r s  

* * * f c  
Parameter mg/1 kg/yr Parameter mg/ l kglyr** 

T o t a l  Flow 2.6 x 10 
7 

i Water 2.5 x 107 
i 1 BOD 2 4 2.30 kg/d 

COD 1 30 12 kg/d 
T S 

I TDS 1,700 160 kg/d 
S S 24 2.30 kgfd 
To ta l  organics  15 370 
NH4-N 3 . 4  85 
N O ~ - N  23.3 5 80 
P 4 100 
C 1  0.04 1.08 
so4 4 0 1 , O O O  

I-' 
m H2S 0.2 5 

Ca 21 525 
Mg 14 350 
K 7 9 2,009 
N a  190 4,750 

I pH 7.5 
I 
I 

SAR 7.9 
I EC 1 , 2  mnihos/cm 
I 
I Dissolved oxygen? 7 
I T o t a l  a l k a l i n i t y  6.9 170 
I 

Metals 
Fe 
Mn 
Zn 
Ba 
Pb 
C r  
Cu 
N i  
Sb 
v 
T i  
Sn 
S i 
Mo 
Co 
Cd 
A s  
Hg 
Sr 
A 1  
Ag 
B 

* 
mg/R un less  o the r  u n i t s  given ** 
kg/yr unless  o the r  u n i t s  given- 

' ~ x p r e s s e d  a s  calcium carbonate equivalent .  



Table 6. Waste charac te r i s t i c s  of an average s i z e  p lant .  

Knit Fabr ic  Dyeing and Finishing 2 x lo6  kg product/yr. 

To ta l  Flow 
Water 
BOD 
COD 
T S 
TDS 
SS 
T o t a l  organics 
NH4-N 
NO 3-N 
P 
C 1 

Mg 
K 
Na 
pH 
S A R  
EC 
Dissolved oxygen 
Tota l  a l k a l i n i t y  I. 

Metals 
Fe 
Mn 
Zn 
Ba 
Pb 
Cr 
Cu 
N i  
Sb 
v 
T i  

* 
mg/R unless  o ther  u n i t s  given. ** 

kglyr  unless  o the r  u n i t s  given. 

' ~ x ~ r e s s e d  a s  calcium carbonate equivalent .  



m a e m  r l r l m  m r l  CO m 
m m m d o o a  m ~ d ~  0 4  N N O \ O  
m o e o o q q  0 0 0 0 ~ 0 ~ 0  o m o u  . . .  . . . . .  . . . . .  
0 0 0 0 0 0 0 m 0 0 0 0 N 0 0 0 0 0 ~ 0 0 0  u rl rl 

v 

4 k4 d Z Z 0 rl 
(d al ( d l  I m (d 
C I U P . P .  m  u e m  d m  & m c l  
o ( d o o m a m  o m o  r l o  m a w  caz!muu.r l  o 
H ~ F 4 U B B m B O z P I U m ~ w C M Z a m W ~ E - l  



Table 8. Waste characteristics of an average size plant. 

7 
Yam & Stock Dyeing and Finishing, 10 Product/yr, 

Total Flow 
Water 
BOD 
COD 
TS 
12 s 
SS 
Total organics 
NHh-N 

C 1 

SO4 
H2S 
C a  

Mg 
K 
Na 
pH 
SAR 
EC 
Dissolved oxygen 
Total alkalinity? 

Metals 
Fe 
Mn 
Zn 
Ba 
Pb 
C r  
Cu 
Ni 
Sb 
v 
Ti 
Sn 
S i  
Mo 
C o  
Cd 
As 
Hg 
Sr 
A1 
Ag 
I3 

* 
mg/R unless other units given. ** 
kglyr unless other units given. 

t 
Expressed as calcium carbonate equivalent. 



r e l a t e d  t o  c o r r e c t  d e s ~ g n ,  l i f e  span of a  land  a p p l r ~ ~ z i o n  s i t e ,  methods 
and schedul ing  of land application ope ra t ions ,  s p e c i f i c  pre t rea tment  requi re -  
ments, and o t h e r  management faeEaus,  <in? iii) assess eaansrnfcs of t he  o v e r a l l  
sysrem i n  t h e  s h o r t  as wel l  a s  Long k r m .  

SOIL ASSIMILATIVE CAPACITY 

Assimi4at ion of waste c o n s t i t u e n t s  by a  s o i l - p l a n t  system i s  de ter -  
mined by t h e  s o i l  and s l c e  c h a r a c t e r i s t i c s ,  choice  of zhe crop f o r  vegeta- 
t i v e  cover ,  environmental  c o n d i t i o n s ,  and management Fac tors .  Hence t h e  
s o i l  a s s i m i l a t i v e  eapacfcy of a l l  wasrP constituents i s  very s i t e  s p e c i f i c .  
For t h e  i n i t i a l  e s t ima t ion  s f  land t rea tment  technology in t h e  t e x t i l e  
m i l l  i n d u s t r y ,  c e r t a i n  r ep resen ta t ive  s i t e  cond i t i ons  were used. These 
cond i t i ons  were common t o  a  number of actual i n d u s t r i a l  l and  t rearment  
s i t e s  i n  Southeas te rn  s ta tes  (Kimbrough, 1 9 7 9 ) .  

Two benchmark s o i l s  ->- sandy lcam and d a y  loam -- were chosen f o r  
t h e  de te rmina t ion  o f  t ne  ass i rn lh t ive  ~ : i p a c l t y .  The c h a r a c t e r i s t i c s  of 
t h e s e  two s o i l s ,  r e p r e a r n t a c f v e  topogi-aphie  f e a t u r e s ,  the v e g e t a t i v e  cover ,  
r a i n f a l l ,  and o t h e r  mvironmenra2. variables are considered f o r  eva lua t ion  
of each parameter  in proper  p e r s p e c t i v e  as d iscussed  below. 

An in-depth d i ~ c u s ~ i o n  of  ass in- i -a t ive  meel-nanisms, q u a n t i t a t i v e  
c r i t e r i a ,  and r equ i r ed  cadcu la t f ans  may be  found i n  Overcash and P a l  (1979). 
Since t h e  d e t a i l e d  eaPcu la t ions  have been covered Ln s e v e r a l  o t h e r  sou rces  
and s i n c e  only r e p r e s e n t a t i v e  case  s t u d y  va lues  f o r  waste  and s i t e  pro- 
p e r t i e s  a r e  used, e x t e n s i v e  d i scuss ion  of a s s i m i l a t i v e  capac i ty  i s  no t  
included.  The focus i s  on t h e  approximate land a r e a  and l and  l i m i t i n g  
c o n s t i t u e n t s  s o  t h a t  t e x t i l e  m i l l  management can a s s e s s  land rreatment  
p o t e n t i a l .  

WATER 

On a  w e l l  d ra ined  sandy loam, t h e  pe rmeab i l i t y  of t h e  s u r f a c e  s o i l  
is  expected t o  be h igh ,  5 t o  I 0  cm/hr, compared t o  a  c l a y  loam w i t h  lower 
pe rmeab i l i t y ,  0.5 - 2 cm/hr. The two s o i l s  were l o c a t e d  on a  5% - 8% 
s l o p e  wi th  500 m t o  n a t u r a l  l a t e r a l  d ra inage  o u t l e t s ,  From d e t a i l e d  f i e l d  
bor ings  t o  5  m over  t h e  s i t e  and subsequent hydrau l i c  p rope r ty  t e s t i n g ,  
t h e  s i t e - s p e c i f i c  water  movement p r o p e r r i e s  were e s t a b l i s h e d .  Hydraulic 
a n a l y s i s  revea led  about  50% deep movement f o r  t h e  c l a y  loam. Simulat ing 
r a i n  i n p u t s  from North Caro l ina ,  e v a p o t r a n s p i r a t i o n ,  and so i l -water  move- 



ment over a  25 yea r  cyc l e  t h e  hydrau l i c  assimf1ati-7 ,pac i ty  was deeesmined. 
For yea r  round appl icar . fon p o t e n t i a l  t h e  sandy 10zn - ~:"l r e c e i v e  2 , 5  em/week 
whi le  t h e  c l a y  loam could a ~ s i m ~ l a t u  9,s em/week. 

NITROGEN 

Crop uptake and u l t i m a t e  h a r v ~ s t * t n g  of n i t r o g e n  l e a d  t o  t h e  s a t i s f a c t o r y  
a s s i m i l a t i o n  of t h i s  waste c o n s t i t u e n t .  S u b s t a n t i a l  l o s s e s  of n i t r o g e n  occur  
by v o l a t i l i z a t i o n ,  immobil izat ion and d e n i t r i f f c a t i o n ,  A s  a  r e s u l t ,  about 
1.25 t imes t h e  crop uptake has  been recognized a s  t h e  sandy s o i l  a s s i m i l a t i v e  
capac i ty ,  i f  crops am. *s rves t ed  from t h e  appYieat ion s i t e  ( C a r l i l e  1976) .  
For c layey  s o i l ,  t h e  a s s i m i l a t i v e  capac i ty  can be taken  a s  1 .5  t imes t h e  
crop uptake because of g r e a t e r  p o t e n r h l  of N l o s s e s  by d e n i t r i f f c a t i o n  and 
immobil izat ion i n  a  c lay  srslll. Nitr:gen uptake by varaous crops have been 
r e fe renced  by CarLi le  L4:b, i)vercd.sh dd.d P a l  1979, a,d EPA 1977. Using a  
double crop scheme of Gvasraf Br;cm:~da$:~ss and annual  r ye  on t h e  sandy s o i l ,  assimi- 
l a t i v e  capacity is taken a s  7% kg Nlia; iyear .  For c lay  Psam s o i l ,  t he  same 
crOp p a t t e r n  would Lead to an  dssim13Jrrve capac i ty  of 908 kg NlhaByear. 
This  double cropping scheue is qdt-e  -;1&2 i n t e n s i v e  wnagernent e f f o r t  a t  maxi- 
mizing t h e  N a s s i n - f E a r 4 ~ : ~  C , ~ , Z C L ~ Y .  A less i n t e n s i v e  scheme would r e s u l t  i n  
Power N u t i l i z a t i m ,  C L V  - s d G  de at3&< ie.dated i n  t h e  des ign  i n  a  manner s i m i -  
lar  t o  t h e  p r o ~ e d u r ~ :  d e e s s i b s d ,  

PHOSPHORUS 

The a s s i m i l a t i v e  capac i ty  f o r  t he  phosphorus eonsc i tuen t  i s  based on 
crop uptake and s o i l  a b i l i t y  t o  r e r a i n  o r  Elx phosphates.  From t h e  determina- 
t i o n  of t h e  P-adsorption maximum from so51  samples c o l l e c t e d  a t  a  s i t e ,  t he  
zone of s o i l  a s s i m i l a t i o n  (200 cm), and t h e  p ro j ec t ed  system l i f e  450 y e a r s ) ,  
t h e  annual  s o i l  f i x a t i o n  e a p a c l t y  w d s  determfned (Overcash and P a l ,  1999).  
To t h i s  was added t h e  annual  c r s p  uptake of P f o r  a double c r s p  of Coas t a l  
Bermudagrass overseeded wlth r y e .  The r e s u l t a n t  p l a n t - s o i l  a s s i m i l a t i v e  
capac i ty  f o r  phosphorus was 280 and 1400 kg/ha/ 'year f o r  thesandy loam and 
c l a y "  loam s o i l s ,  r e s p e c t i v e l y .  

SALTS 

S a l t s  a r e  p r e s e n t  i n  a l l  i r r i g a t i o n  wa te r s  and t h e  s a l t s  of t e x t i l e  
m i l l  wastewater  would behave i n  s o i l s  s i m i l a r  t o  t h a t  of any i r r i g a t i o n  
water  app l i ed  t o  land .  When t h e  evapo t r ansp i r a t ion  from a s o i l - p l a n t  sys- 
tem on an  annual  b a s i s  exceeds t h e  t o t a l  wafer i n p u t  by p r e c i p i t a t i o n  o r  
i r r i g a t i o n  i t  i s  expected t h a t  t h e  p r o b a b i l i t y  of s o i l s  t o  become s a l t r  
a f f e c t e d  i n  t h e  s u r f a c e  i s  high.  Considerable  amounts sf good q u a l i t y  
water  would then  have t o  be app l i ed  t o  Peach the  s a l t s  through the  r o o t  
zone. I n  r eg ions  where annual  r a i n f a l l  exceeds t h e  evapo t r ansp i r a t ion  and 



adequate n a t u r a l  o r  a r t i f i c i a l  drainage systems ex's no long term bui ld-  
up of s a l e s  i n  t h e  s o i l  s u r f a c e  i s  expected. Wastewz;srs from t h e  s i x  seg- 
ments of t h e  t e x t i l e  m i l l  i n d u s t r y  ps s ses s  s a l t s  rnucn below t h e  c r i t i c a l  
concen t r a t ion  l i m i t s  f o r  i r r i g a t i o n  ;satel- (Table 9 ) ,  Thus no s a l i n i t y  
b u i l d  up o r  sal t  concen t r a t ion  r e s r r i : t t o n s  f o r  t hese  wastes  i n  s o i l s  of 
Southeas te rn  United S t a t e s  i s  a n t i c i p ,  c ~ d .  

In a d d i t i o n  t o  s a l i n i t y ,  sodium imbalance must b e  considered i n  
i n d u s t r i a l  l and  t rea tment  des ign ,  Prom t h e  measured concen t r a t ion  of t h e  Ca, 
Mg, and Na, t he  sodium adso rp t ion  r a t i o  (SAK) was calculated a s  fo l lows:  

+ - I + *  
where N a  , Ca , Mg e3c;entrat ions & r e  expressed  i ~ . m e q / l .  The va lues  of 
SAR obta ined  by t h e  above ca lcu la t lor , ,  f s  gfven below nrI Table 9 f o r  each 
segment of t h e  i n d u s t r y ,  

Table 9.  E l e c t r i c a l  :Lr:l..l,:zti vity ( EC) :j id Sodium Adsorption Ra t io  (S- of 
t h e  t e x t l i e  nndmskry wastewater ,  

---- 
Ed: SAR 

Indus t ry  Wastewater ---- .- mmhos 1r.m 

Wool scour ing  
Wool f i n i s h i n g  
Woven f a b r i c  f i n i s h i n g  
Knit f a b r i c  f i n i s h i n g  
Carpet f i n i s h i n g  
Yarn and s t o c k  f i n i s h i n g  

C r i t i c a l  l e v e l  f o r  i r r i g a t i o n  4 2 > 12 

Since t h e  SAR va lues  of a l l  segments ,  bu t  k n i t  f a b r i c  f i n i s h i n g ,  a r e  much 
l e s s  than  t h e  c r i t i c a l  value,. no problem may occur  w i t h  regard  t o  t h e  Na 
hazard i n  land a p p l i c a t i o n  systems. The wastewater from k n i t  f a b r i c  dye- 
i n g  and f i n i s h i n g  is nonsa l ine  b u t  s o d i c  w i th  S A R  va lue  exceeding t h e  
c r i t i c a l  l e v e l .  Th i s  wastewater  must be p r e t r e a t e d  probably us ing  in-  
p l a n t  sou rce  c o n t m l  (Kimbrough 1979) t o  b r i n g  down t h e  SAR va lue  below 
12. The o t h e r  f i v e  segments have EC and SAR va lues  which a r e  much l e s s  
t han  those  of i r r i g a t i o n  water and @an thus  b e  app l i ed  on most s o i l s  under 
farming cond i t i ons  a t  a reasonable  i r r i g a t i o n  r a t e  and schedule .  



ANIONS (Arsenate,  Chloride,  Borate)  

The an ion ic  s p e c i e s  of i n d u s t r t a l  was te  may be app l i ed  t o  land a t  
r a t e s  determined by a l lowable  concent ra t ions  i n  ground o r  s u r f a c e  waters .  
That i s ,  us ing  d r ink ing  water  s t anda rds  and t h e  second c a l c u l a t i o n a l  t o o l  
descr ibed  i n  t h e  land  t rea tment  design s e c t i o n  e a r l y  i n  t h i s  r e p o r t ,  t h e  
r equ i r ed  land a r e a s  were determined. For t h e  an ion ic  spec i e s  i t  i s  more 
convenient t o  determine t h e  l and  a r e a  d i r e c t l y  f o r  each c o n s t i t u e n t  r a t h e r  
than  c a l c u l a t e  t h e  a s s i m i l a t i v e  capac i ty  followed by t h e  land a r e a  requi re -  
ment. The c o n s t i t u e n t  land  a r e a  i s  what i s  u t i l i z e d  i n  t h e  LLC a n a l y s i s .  

The water  s tandard& s e l e c t e d  f o r  usage were d r ink ing  water  c r i t e r i a ,  
where a v a i l a b l e ,  s o  thak ~ i q u i d  reaching  r ece iv ing  waters  i s  b e t t e r  i n  
q u a l i t y  than  t h a t  requi red  f o r  p u b l i c  3 e a l t h  s t anda rds .  Concentrat ion 
va lues  a r e  given i n  Table 16. Mass b a l m c e  equat ions  have been developed 
t o  determine l and  a r e a  as f o l l o w s ,  

where 
A is  a rea ,  m 

2 

C i  i s  t h e  concen t r a t ion  of the an ion ic  s p e c i e s  i n  t h e  i n d u s t r i a l  
waste 

C i s  t h e  concen t r a t ion  of the ariionic s p e c i e s  i n  t h e  so i l -water  
d ra in ing  t o  r ece iv ing  waters  2 . h  dr ink ing  warer s tandard  

Dy i s  t h e  r a i n f a l l  i n p u t ,  cm 
- 

a is  t h e  r a t i o  of evapora t ive  l o s s e s  t o  r a i n f a l l  a s  determined by 
geotechnica l  and v e g e t a t i o n  i n v e s t i g a t i o n  of water  movement 

C i s  t h e  concen t r a t ion  of t h e  an ion ic  s p e c i e s  i n  t h e  raPnfa lP  
r 3 

Q i s  t h e  i n d u s t r i a l  waste  volume, m / y r .  

I f  t h e  an ion ic  parameter  concen t r a t ion  i n  t h e  waste  i s  l e s s  than t h e  rece iv-  
i ng  water  c r i t e r i a  then  t h e r e  is  no a r e a  requirement p e r  s e  f o r  t h a t  cons- 
t i t u e n t .  That is ,  l i q u i d  wi th  t h a t  low a concen t r a t ion  would be t o l e r a b l e ,  
f o r  t h a t  p a r t i c u l a r  c o n s t i t u e n t ,  i n  any r e c e i v i n g  water .  Thus no r e s t r i c -  
t i o n  f o r  land  a p p l i c a t i o n  e x i s t s  w i t h  r e s p e c t  t o  t h a t  c o n s t i t u e n t .  Resu l t s  
of t h e s e  c a l c u l a t i o n s  f o r  a n i o n i c  s p e c i e s  i n  each t e x t i l e  m i l l  subcategory 
a r e  presented  i n  Table 11. 

Table 10. Anionic s p e c i e s  concent ra t ions  f o r  l i q u i d  reaching  r ece iv ing  
wa te r s .  

Compound Drinking water  recommendat'ion, mg/R 
A s  0.05* 
B 0.75 
CR 125 

* 
I r r i g a t i o n  water  c r i t e r i a  only.  

2 3 



Table 19. Area requirements  f o r  an ion ic  s p e c i e s  i n  ? ~ t i l e  m i l l  z s s t e .  

- --- 
Area, ha 

Segment Cons t i tuent  - .---- 
A s  B CR 

$1. 

Wool scour ing  
Wool dyeing and f i n i s h i n g  
Woven f a b r i c  f i n i s h i n g  - 
Knf t f a b r i c  f i n i s h i n g  0.47 0 0 
Carpet f i n i s h i n g  1 . 7  0  0 
Yarn and s t a c k  f i n i s h i n g  1 .6  0.23 0 

* 
Waste concentrat ion.  .ss than  dr inking  water  s t anda rd  - area  = 0. 

SULFUR 

S u l f i d e  appl fed  r,c 3 recomez*,-d land  t rea tmt  : system, in which pre- 
dominantly a e r o b i c  S O E ~  cardi t  . r s ~ i 3  81"" m f n t a i n e d  , ~ i X 1  L e  r e a d i l y  oxf d ized  
t o  s u l f a t e .  Hence LIE dssinila~lve capac i ty  i s  based on t o t a l  s u l f u r  and 
t h e  p l a n t - s o i l  respsnae  tc suEEate, 

Crop uptake can b z  ~ s e d  as a c.bnservative method t o  determine s u l f a t e  
a s s i m i l a t i v e  capacr?;, , Again,  a Qc~tb  t crop management p l an  of Coas t a l  
Bermudagraas and a r a r k u !  ~ y t  woxi16 izss~rdiaxe 10 kg ~ / h r e / y r .  Since a  res -  
t r t c t i v e  r ece iv fag  wattr concen t r a t ion  of s u l f a t e  i s  258 mg%R, consfderably 
more a s s i m i l a t i v e  c z p a c i ~ p  ex i s t s  b e y m d  crop uptake. However f u r t h e r  modi- 
f i c a t i o n  would b e  %ore p ruden t ly  done  sing a c t u a l  s i t e  c h a r a c t e r i s t i c s .  

METALS 

Ass imf la t ive  c a p a c i t y  f o r  e s s e n t i a l  and  non-es sen t i a l  meta ls  i s  
d i c t a t e d  by t h e  long-term accumralatlon i n  the s u r f a c e  zone and t h e  p r a j e c t -  
ed t ime of u se  of t h e  a p p l i c a t i o n  site. As a first estimate, t h e  s u r f a c e  
15 cm is considered t h e  usab le  treatment zone. Prom t h e  U.S. EPA (19761, 
I l l i n o i s  EPA, the Counci l  of A g r i c u l t u r e  Report  (19761, and a thorough 
sea rch  of l i t e r a t u r e ,  t he  s a f e  accurnuPation l e v e l s  f o r  a sandy s o i l  (CEC 
5 meq/100 g)  and clayey s o i l  (CEC 15 meq/l00 g)  were e s t a b l i s h e d  as shown 
i n  Table 1 2 .  

A p ro j ec t ed  site l i f e  of 50 y e a r s  was used t o  a l low f o r  long t e r m  
waste  t r ea tmen t ,  A l t e r n a t i v e  longer  o r  s h o r t e r  pe r iods  may be s u b s t i t u t e d  
based on i n d i v i d u a l  c o r p o r a t e  pol icy .  That i s ,  a f t e r  reaching  t h e s e  design 
l i f e  t i m e s ,  t h e  s o i l - p l a n t  system w i l l  have reached a l e v e l  of accep tab le  
a g r i c u l t u r a l  l i m i t  of heavy me ta l s  and a  new s i t e  w f l l  have t o  be  s e l e c t e d .  
It i s  e l e a r  from Table 12  t h a t  so i l .  a s s i m i l a t i v e  capac i ty  f o r  Cd is  t h e  
lowest  and f o r  Sf i s  t h e  h i g h e s t .  



Table 12. Permissible Heavy Metal Loadings. 

--~>>- -- -- 
Loamy Sand (CEC 5rneg&E-$S Clay Loam (CEC 15meqll0Og) 

Parameter Accumulation Annual Lozd2n.g s <A -~ Accmulation Annual Loading 
~ i m i t ~  LOO y r  zl?--y~ ~ i r n i t ~  100 yr 50 yr 
kg/ha kg/ha/yr kgfha kg/ha/yr 

10,000 
1,500 
1,000 

1,000 
2,000 
500 

500 
200 

500 

2,000 

LO, 000 

20 
200 
20 

I00 
2,000 
10,000 

200 
500 

100.0 
15.0 
10,o 

SO. 0 
20.0 
5,0 

5,o 
2.0 
5.0 

20,o 
10,o 
100.0 

0.2 
2.0 
0.2 

1.0 
20.0 
EOO.0 

2.0 
5,O 

- - - - * 
The accumulation limits are good only in neutral soils (pH 7 - 7 , 5 )  that are 
maintained aerobic. Soil pH is never alfowed to go below 6 , 5 ,  nor any exten- 
sive leachfng or surface erosion is anticipated to move metal-sediments into 
streams. 

ALKALINITY 

For normal soils, the wastewater should possess neutral pH, For acid 
soils, alkaline wastewaters can be applied for a few years as such to cor- 
rect soil acidity but as soon as soil pH is raised between 6.5 and 3.5, the 
alkaline wastewaters from wool scouring, dyeing and finishing operations 
must be neutralized by sulfuric or phosphoric acids to lower pH from 9 to 7 
p r i o r  to land application. Wastewater from other segments of the zexflle 



m i l l  i n d u s t r y  shows a n e u t r a l  r e a c t i o n  wi th  pH rang- ,  - :ram 5.8 for yarn  and 
s t o c k  dyeing and f in i shxng  t o  7.5 f o r  k n i t  and wovex; f a b r i c  f i n i s h i n g  and c a r p e t  
dyeing and f i n i s h i n g  o p e r a t i o n s ,  These wastes would be s a t i s f a c t o r i l y  a s s f -  
mi la ted  by most s o i l s  without  any grotLems emsaating from t h e  a l k a l i n i t y .  

ORGANICS AND OXYGEN D E M D  

Under ae rob ic  cond i t i ons ,  o rganics  a r e  broken down by s o i l  micro- 
organisms a t  a much f a s t e r  pace than  under anaerobic  cond i t i ons .  In  o t h e r  
words, t h e  s o i l  a s s i r n i l - r i v e  capac i ty  f o r  many, i f  no t  a l l ,  o rganics  i s  
h ighe r  under a e r o b i c  s s e u a t i o n s  than  under anaerobic  cond i t i ons ,  To main- 
t a f n  ae rob ic  decomposLrao~~, t h e  oxygen demand of a wastewater should n o t  
exceed t h e  a v a i l a b l e  oxygen supply.  'l~qe d a i l y  r e a e r a t i o n  r a t e s  c a l c u l a t e d  
f o r  t h e  benchmark s o i l s  s r e  2,300 kg;ii;/wk f o r  t h e  sslady loam and 960 
kglhafwk f o r  th-e c l a y  XI (Cay: l f  %e i 9 ,  i.1, T o t a l  0.1: gsn demand (TOD) of 
t h e  wastewater is d e f i n e d  as tctal. csrkonaceous demana (roughly equa l  t o  
chemical oxygen deman2* c03! p3us t n e  xygen required t o  n i t r i f y  a l l  t h e  
ammonia and organic  - N. 

Tau - CUD 9 &,56 (NY,--N -i- organic  N) 
-1. 

The computed vallues 3f TOD f o r  a l l  segments of the t e x t i l e  i n d u s t r y  
cons idered  i n  t h i s  r q o r t  are presented  i n  Table 13. Toea1 oxygen demand 
of t h e  en t$ re  waste from a l l  segments i s  l e s s  than  a d a i l y  a e r a t i o n  r a t e  of 
bo th  s o i l  types  and if the i r r i g a t i o n .  schedule i s  every o t h e r  day on one 
h e c t a r e  land  a r e a ,  oxygen supply  shc;r_zl.d nor l i m i t  .bnd a . ss i .ml la~isn  of t o t a l  
o rganics .  

Table 13.  T o t a l  Oxygen Demand (TOD) of t h e  Organics i n  t he  T e x t i l e  
Indus t ry  Wastewater. 

Segment Waste 
TOD i n  kg/day 

Wool scour ing  
Wool dyeing and f i n i s h i n g  
Woven f a b r i c  f i n i s h i n g  
Knit  f a b r i c  f i n i s h i n g  
Carpet dyeing and f i n i s h i n g  
Yarn & s t o &  dyeing  and f h i s h i n g  
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A t  t h i s  s t a g e  i n  t h e  analys?~ ;f l and  t r ea tmen t ,  t he  waste  has been 
cha rac t e r i zed  on a c o n s t i t w n t - b y - s c o ~ ~ r ~ i t u e n t  b a s i s  f o r  an average s i z e  
p l a n t  i n  eaeh t e x t i l e  m i l l  subcategory, Correspondingly, t h e  p l a n t - s o i l  
a s s i m i l a t i v e  capac i ty  has  been cletermmed f o r  a l l  c o n s t i t u e n t s ;  a l though 
such va lues  a r e  only r e p r e s e n t a t i v e  sinnee a c t u a l  s f t e  d a t a  can r equ i r e  sub- 
s t a n t i a l  a l t e r a t i o n s .  For t h i s  r e p o r t  two r e p r e s e n t a t i v e  s o i l s  and a  s i t e  
l i f e  of 50 y e a r s  have been used. 

Comparison of e%;ste c o n s t i t u e n t  gene ra t ion ,  kg /y r ,  wi th  p l a n t - s o i l  
a s s i m i l a t i v e  c a p a c i t y ,  kg /ha /yr ,  e s t a b l i s h e s  the  land  t rea tment  a r e a  f o r  
each parameter.  Then the  s a s t e  conip~~rxent needing t h e  l a r g e s t  l and  a rea ,  
i s  t h e  c o n t r o l l i n g  o r  Tmd lirnieing ;. m t i t u e n t  (LIC 1 , Use of t h e  LLC 
a r e a  w i l l  a s s u r e  that EEII ~ h r .  , s  Lei , .,. ~ t i t u e n t s  awe apg: ' i e d  t o  a  much 
l a r g e r  a r e a  than  v m : d r i  be  -?q~lirs.k Ey assimilative i-apac5.r.y a lone .  Thus 
t h e  LLC a n a l y s i s ,  

i i )  deterndner, ?he  actual land requirements f o r  t h e  p a r t i c u l a r  
t e x t  k?, ~.fliYL and s i t e  d a t a  under c o n s i d e r a t i o n ,  

The U C  a n a l y s i s  E m  each rubeategory is  given i n  Table 14. A 
summary of t h e  LLC(s)  and cotaE land areas f o r  eaeh s o i l  and t e x t i l e  dl1 
subcategory has been prepared  i n  Table 15, Next to be determined was, how 
can t h i s  in format ion  be  e f f e c r i v e i y  t ised? 

For each t e x t i l e  m i l k  subcaregsry ,  t h e  land a r e a  needed f o r  t h e  
average s i z e  p l a n t  (Table 2 )  t n  take advantage ot land t rea tment  techno- 
logy i s  d isp layed  i n  Table 15 ,  A d i f f e r e n c e  between t h e  sandy loam and 
t h e  c l a y  Loam s o i l s  Ls presen ted  as w e l l  a s  the d i f f e r e n c e  i n  a r e a  f o r  
t h e  LLC ve r sus  t h e  second and/or  t h i r d  c o n s t i t u e n t s  a f f e c t i n g  land  a rea .  
That i s ,  i f  t h e s e  chemical ana lyses  and was te  flows were v e r i f i e d  f o r  an 
average m i l l  then  t h e  a r e a  a s s o c i a t e d  w i t h  t h e  LLC would be needed f o r  land  
t rea tment .  

The r eade r  should n o t e  t h a t  f o r  some t e x t i l e  m i l l  c a t e g o r i e s ,  t h e  
d i f f e r e n c e  between t h e  a r e a  f o r  t h e  most r e s t r i c t i v e  c o n s t i t u e n t ,  t h e  LLC, 
and t h e  second .or nex t  lowes t  a r e a  requirement  i s  very  l a r g e  (3-6 t imes) .  
This  s i g n i f i e s  t h e  real Emportance and savings  of reducing t h e  LLC 
u s u a l l y  i n  p roces s  and ob ta in ing  a  good c.hemical a n a l y s i s  of t h e  waste. 
Thus i n  t h e  f a l l owing  eeonomic ana lyses  t h e  c o s t  of a land  t rea tment  i s  
based on t h e  area f a r  t h e  LLC as w e l l  a s  t h a t  assuming t h e  LLC i s  
removed and t h e  second g r e a t e s t  c o n s t i t u e n t  requiremenr i s  app l i cab le .  





Table 15 .  Land Limit ing Cons t i t uen t s  i n  t h e  T e x t i i +  13511 Industr-Pal  Category. 

--.s- --. 
Sandy Loam Clay Loam 

Subcategory LLC Area ,1  ha , .--_----- LLC Area, ha  

Wool scour ing  

Wool dyeing and f i n i s h i n g  

Woven f a b r i c  f i n i s h i n g  

Knit f a b r i c  f i n i s h i n g  

Carpet dyeing and fialshing 

As 0.47 A s  0.47 
SO4 0.43 s04 0 .43 
S r  0-1.5 SAR - 
SPA. - 

Yarn and s tock  dyeing C d 7 . 3  S04 1.9 
SO e, 1 . 9  C d 1 . 8  
A s  .1,6 As 1 . 6  

--- -m-. -. 

Table 16. Economic Es t imates  f o r  Land Treatment of E n t i r e  T e x t i l e  Mill Raw 
Waste. 

-- 
T o t a l  Raw Waste T o t a l  Rax Waste wfth Segment  emo oval of LLC 
Approximate t o t a l  Approximate t o t a l  
investment c o s t ,  investment c o s t s ,  
thousand d o l l a r s  thousand d o l l a r s  _____ 

c l ay  loam sandy 1-oam clay loam sandy loam 
s i t e  s i t e  s i r e  s f  t e  

Wool s cour ing  250 - 600 500 - 9,200 70 - 160 80 - 190 

Wool dyeing and f i n i s h i n g  330 - 770 330 - 770 70 - 170 35 - 85 

Woven f a b r i c  dyeing and 100 - 230 150 - 350 75 - 175 100 - 230 
f i n f  sh ing  

Knit f a b r i c d y e i n g a n d f i n i s h i n g  3 . 5 - 8  3 . 5 -  8 3 -  3.5 3 -  7.5 

Carpet  dyeing and f i n i s h i n g  1 5 -  35 5 5 -  130 1 3 -  30 3 0 -  45 

Yarn/stock dyeing and f i n i s h i n g  14 - 33 55 - 130  14 - 3 3  1.4 - 33 



The a r e a  f o r  land  t reatment  may be a l ready  c a e d  o r  may be acqui red  
w i t h i n  a  r ad ius  of about two mi les  af the  t e x t i l e  mill. Based an pre l iminary  
d a t a  from a v a r i e t y  of i n d u s t r i a l  l a n d  t rea tment  systems (Nut te r  19781, a 
very s i m p l i f i e d  economic a n a l y s i s  was prepared f o r  each t e x t i l e  m f l l  sub- 
category.  In  Table 16,  t h e  i n i t i a l  investment c o s t  range was determined t o  
a l low management and environmental personnel  i n  t h e  t e x t i l e  m i l l  i n d u s t r y  t o  
a s s e s s  t h e  use  of land t rea tment  technology. These c o s t s  i nc lude  t h e  com- 
p l e t e  land system e.&. t r ansmis s ion ,  s t o r a g e ,  a p p l i c a t i o n  system, monitoring, 
v e g e t a t i v e  cover ,  pumps and pumphouse, purchase of land ,  g. For those  
wastes  i n  which pH o r  sodium imbalance was of concern t h e  cos t  of in -p lan t  
source  c o n t r o l  o r  pret-2stment  would have t o  be added t o  t hese  land system 
c o s t s  t o  determine t h e  ~ o t a l  investment ,  

The r e s u l t s  on Sable 15 can be used t o  f u r t h e r  reduce t h e  c o s t  of 
l and  t rea tment .  The EL? is  t h e  pa~- :~wcer  controlliae. ,  t h e  r equ i r ed  land a r e a ,  
s o  a  r educ t ion  i n  t h e  L X  can reduce 4 h  l and  system 3 i z e .  I n  each t e x t i l e  
m f l l  a  program could be  3xgTern~nzed to a s s e s s  t h e  f e a s i b i B i t y  and c o s t  of 
reducing t h e  mass of !,LC @cnez-.i"eb, " - ~ c h  subcategory snd each s o i l  type  
would r e q u i r e  a  d i f f e r en :  pv.etreacrnec-.+ o r  i n -p l an t  program. Thus t h e  iden- 
t i f i c a t i o n  of t h e  LLC 1s tsn-,lortani: -i:? attempting t o  reduce t h e  c o s t  of t h e  
t o t a l  system v i a  prerrrs$i m l  oc  i n  ar tempring t o  reduce t h e  a r e a  requi re -  
ments t o  f i t  avaiXabi= ,*mil. 

The r e s u l z s  In Tables 15 atad 16 emphasize t h e  importance of s i t e -  
s p e c i f i c  d a t a  i n  t h e  des ign  of l a n d  treatment. Between rwo common s o i l s  
used i n  t h i s  r e p o r t ,  t h e  land  area requirement f o r  a given waste changed i n  
some subca tegor i e s  by a f a c t o r  of 2 ,  Tn o t h e r  i n s t a n c e s ,  t h e  a c t u a l  eon- 
s t i t u e n t  c o n t r o l l i n g  the  land  a r e a  and subsequent des ign  changed depending 
on t h e  s i t e  cond i t i ons .  Thus a c tua l  des ign  must be based on d e t a i l e d  f i e l d  
t e s t i n g  a t  in tended  s i t e s .  
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