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ABSTRACT 

The  p o t e n t i a l  haza rd  of  a ca rbona te -based ,  phos -  
pha te - f ree  de t e rgen t  was c o m p a r e d  wi th  t h a t  of  a 
va r ie ty  o f  granular  and  l iquid  p h o s p h a t e  de tergents .  
Eva lua t ions  were made  us ing  m e t h o d s  p resc r ibed  by  
the  Federa l  Haza rdous  Subs tances  A c t  ( F H S A )  and  
o the r s  designed to more  closely a p p r o x i m a t e  expo-  
sure in ac tua l  use. Some  p h o s p h a t e  p r o d u c t s  pro-  
duced  esophageal  and  gastric mucosa l  i r r i t a t ion  simi- 
lar to  t h a t  p r o d u c e d  by  the  n o n p h o s p h a t e  de t e rgen t ,  
while  o the r s  caused varying,  lesser degrees of  in jury .  
The  n o n p h o s p h a t e  de te rgen t ,  as well as several 
phosphate products, was seriously i r r i t a t ing  to  the  
u n w a s h e d  eye at  r equ i red  F H S A  test  levels. U n d e r  
m o r e  realist ic cond i t i ons ,  eye i r r i t a t ion  was r educed  
s ignif icant ly .  Skin i r r i t a t ion  by  the  n o n p h o s p h a t e  
p r o d u c t  was c o m p a r a b l e  to  t h a t  by  p h o s p h a t e  deter-  
gents ,  a n d  in some cases was lower .  In  skin i r r i t a t ion  
tests  w i th  h u m a n  subjects ,  resul ts  wi th  the  c a r b o n a t e  
de t e rgen t  were equa l  to  or  lower  t h a n  those  o b t a i n e d  
w i th  p h o s p h a t e  de te rgents .  The c a r b o n a t e  de t e rgen t  
was f o u n d  n o t  to  be p h o t o t o x i c ,  n o r  a con tac t -  n o r  
pho to-sens i t i ze r .  Total  a lka l in i ty  was s h o w n  n o t  to  
cor re la te  w i th  the  severi ty  of  t issue in jury  in e i the r  
tes t  an imals  or  in man.  

I NTRODUCTION 

The i n d i c t m e n t  of  p h o s p h o r u s - c o n t a i n i n g  de te rgen t s  in 
the  p o l l u t i o n  of  s t reams  and  lakes and  the  d e m a n d  tha t  
they  be e l imina ted  have s t imu la t ed  cons iderab le  a rgumen t .  
Three  cen t ra l  ques t ions  t h a t  have  been  raised are: w h e t h e r  

l p r e s e n t e d  at  the  A O C S  S h o r t  Course ,  " U p d a t e  on  D e t e r g e n t s  
and Raw Materials ,"  Lake  Placid,  N e w  Y o r k ,  J u n e  1 9 7 1 .  

con t ro l l i ng  p h o s p h a t e s  in  de te rgen t s  will con t ro l  eu t roph i -  
ca t ion ,  w h e t h e r  phospha t e - f r ee  de te rgen t s  are effect ive 
c leansing agents ;  and  w h e t h e r  these  newer  p roduc t s  are 
safe. I t  is the  pu rpose  of  th is  pape r  to  deal wi th  the  last  
ques t i on  by  c o m p a r i n g  the  relat ive safety of  a p h o s p h a t e -  
free l a u n d r y  detergent wi th  several p h o s p h a t e - c o n t a i n i n g  
p r o d u c t s  t h a t  have been  m a r k e t e d  in r ecen t  years.  

Of the  prac t ica l  bui lders  cons ide red  for  n o n p h o s p h a t e  
formulas ,  t he  more  i m p o r t a n t  have been  t r i sod ium ni t r i lo-  
t r i ace ta te  (NTA)  and  s o d i u m  c a r b o n a t e .  A r epo r t  f r om the  
Nat iona l  I n s t i t u t e  of  E n v i r o n m e n t a l  Hea l th  Sciences (1) ,  
wh ich  raised ques t ions  as to  the  ef fec t  of N T A  on h u m a n  
hea l th ,  resu l ted  in the  Surgeon Genera l ' s  r eques t  t h a t  i t  be 
t aken  o f f  the  marke t .  More recen t ly ,  new d o u b t  of  the  
safe ty  of  th is  mate r ia l  has  ar isen (2) .  

Many phospha t e - f r ee  de te rgen t s  n o w  on the  m a r k e t  use. 
s o d i u m  c a r b o n a t e  in  c o m b i n a t i o n  wi th  a silicate as the  
bui lder .  A l t h o u g h  some of  these  p r o d u c t s  con ta in  sod ium 
metas i l ica te ,  m o s t  e m p l o y  a l iqu id  sod ium silicate w i th  a 
S i O 2 / N a 2 0  ra t io  o f  2: I or  greater .  

We d i f f e ren t i a t e  b e t w e e n  n o n p h o s p h a t e  de te rgen t s  
based  u p o n  the  t ype  of  silicate used. A type  1 f o r m u l a t i o n  
is basical ly the  same as s t a n d a r d  p h o s p h a t e  de te rgen t s ,  
excep t  t h a t  s o d i u m  c a r b o n a t e  is subs t i t u t ed  for  sod ium 
t r i p o l y p h o s p h a t e ;  b o t h  c o n t a i n  l iqu id  silicate.  In  a type  2 
p r o d u c t  c a r b o n a t e  is also s u b s t i t u t e d  for  p h o s p h a t e ,  b u t  the  
sil icate is p resen t  as metas i l ica te .  

In  th is  s t udy  the  p o t e n t i a l  haza rd  of  a phospha te - f r ee  
type  1 de t e rgen t  was c o m p a r e d  w i th  t h a t  of  typ ica l  
p h o s p h a t e  de t e rgen t s  pu rchased  in  local  grocery  stores.  A 
type  c o m p o s i t i o n  of  the  de te rgen t s  tes ted  is p resen ted  in 
Table  I;  p r o d u c t  1 is the  n o n p h o s p h a t e  de te rgen t ,  p r o d u c t s  
6 and  7 are l iqu id  de te rgents ,  and  p r o d u c t s  9 and  10 are 
d i shwashing  de tergents .  None  o f  the  p h o s p h a t e - c o n t a i n i n g  
p r o d u c t s  car r ied  cau t iona ry  labeling.  

TABLE I 

Type C o m p o s i t i o n  o f  D e t e r g e n t s  Examined 

Product a 

Component I b 2 3 4 5 6 c 7 c 8 9 d 10 d 11 12 13 14 15 

Anionic surfactant -- + + + + + . . . . . . .  + + + + + 
N o n i o n i c  sur fac tan t  + . . . . . . . .  + + + + + . . . . .  + 
Tripolyphosphate -- + + + + + + + + + + + + + + 
Carbonate + . . . . . . . . . .  + . . . . . . . . .  
Silicate + + + + + + + + + + + + + + + 
Sulfate - -  + + + + + _ + . . . .  + + + + + 
Enzyme --  + --  + . . . . . . . . .  + . . . .  
Carboxymethyleellulose + + + + + + + + + _ + + + + + 
Adjuncts e + + + + + + + + + + + + + + + 

a+ = Present;--  = not present. 
b N o n p h o s p h a t e  l a u n d r y  d e t e r g e n t .  
CLiquid detergent. 
dDishwashing detergent. 
e B r i g h t e n e r s ,  f o a m  b o o s t e r ,  perfume. 
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T A B L E  II  

Acute Oral L D s 0 ' s  o f  Detergents a 

L D s 0  ' g lkg  

Product Test  l b ,  c Tes t  2 c Tes t  3 

1 2 .6-3.4  1.%3.5 ~ 5  
2 4.1-5.1 4 .3-6.2  ~ 5  

>5 
4 4.1-5.1 - -  ~>5 
5 4.1-5.1 - -  ~>5 
6 - -  5 .0-6.8 ~ 5  
8 5.6-6.8 -- >5 
9 3.1-3.7  3.0-3.9 - -  

11 4 .8-6.2  . . . .  

a R e f e r e n c e  7. 
bFour animals were  used  pe r  dose level. 
c95% con f idence  limits. 

EXPERI MENTAL PROCEDURES 

Acute Oral Toxicity (3-5) 

Groups of rats, five males and five females, except where 
noted, were fasted for 16 hr prior to dosing. A 25% 
aqueous suspension of test material was administered by 
stomach tube; doses ranged from 1.4 to 10.2 g/kg body wt. 
The animals were observed for 14 days for occurrence of 
reactions and death, after which survivors were sacrificed 
and examined. 

Intragastric Irritation -- Rabbits 

Two groups of six albino rabbits were dosed by placing 
either 0.5 g or 1.0 ml of material on the base of the tongue 
and holding the mouth shut until  the animal swallowed. 
The tongue, pharynx, esophagus and stomach were exam- 
ined for gross and microscopic changes. 

Intragastric Irritation -- Dogs 

Test material was placed on the base of the tongue of a 
Beagle dog and the mouth held shut until  swallowing 
occurred. Three groups of animals, four per group, were 
used: those fasted for 24 hr and receiving a one teaspoon 
dose; those fed 2 hr prior to receiving a one teaspoon dose; 
and those fasted for 24 hr and receiving a 1 g/kg dose. 
Twenty-four hours after dosing, two dogs per group were 
sacrificed and examined for pathologic alteration. Ninety- 
six hours following dosing, the remaining animals in each 
group were sacrificed and examined. 

Skin Irritation - FHSA Method (6) 

Either 0.5 g powder or 0.5 ml liquid was placed in 
contact with the shaved intact or abraded skin of six albino 
rabbits and occluded by an impervious plastic sheeting. 
After 24 hr of exposure, the materials were removed and 
erythema and edema graded according to the method of 
Draize (7). Readings were made again at 72 hr. 

Skin Irritation - Modified Method 

For an evaluation of the irritative properties of deter- 
gents under conditions closer to those of probable expo- 
sure, 0.5 g moistened detergent was applied to the shaved 
abdomens of albino rabbits and left uncovered for periods 
of 5, 30 or 60 min, then rinsed off. Irritation was scored 
according to Draize (7). 

Eye Irritation - FHSA Method (6) 

Either 100 mg powdered or 0.1 ml liquid detergent was 
instilled into the right eye of each of six albino rabbits and 
the lids held together for one second. Examinations were 
made at 24, 48 and 72 hr, the times specified in the FHSA 
method. In addition, examinations were made at 1 hr, 7 
and 14 days. After the 24 hr examination a physiologic 

solution of sodium chloride was used to rinse the eyes. The 
degree of irritation of cornea, iris and palpebral conjunc- 
tivae was graded at each examination according to Draize 
(7). 

Eye Irritation -- Modified Methods 

In each of five albino rabbits, 0.2 ml of a 0.3% aqueous 
solution of detergent or 0.01 ml powdered detergent was 
instilled into the right conjunctival sac. After 4 sec, half the 
eyes receiving the solution and all those given the powder 
were rinsed freely with water. The left eye was used as a 
control. At I min, 1, 24 and 72 hr, and 7 days, irritation of 
the cornea, iris and conjunctive were graded (7). 

Using six albino rabbits per group,0.01 ml powdered 
detergent was instilled into the eye with rinsing following 1 
and 24 hr contact periods, and irritation graded as above. 
Similarly 100 mg detergent was instilled into the eye with 
rinsing following a 1 min contact. Irritation was graded at 
1, 24 and 72 hr, and at 7 and 14 days. 

Eye Irritation in Monkeys 

Into the right conjunctival sac of each of three Rhesus 
monkeys 100 mg powdered detergent was instilled and the 
eye rinsed with 100 ml tap water after 1 rain. After 1 ,24 
and 72 hr, and 7 and 14 days, irritation was scored by the 
criteria of Draize (7). Using Cynomolgus monkeys, 0.01 ml 
detergent was instilled into the eye with irrigation after 5 
rain of contact. Irritation was graded as above at 1, 24 and 
72 hr, and 7 days. 

Irritation of Human S k i n -  21 Day Cumulative Irritancy 
Assay (8) 

One per cent solutions of test detergents were applied 
daffy to 1 in.Z webril pads and held in place on the skin 
with supporting tapes. Pads were removed daily for 
observation and solutions were reapplied to test sites each 
day for 21 days. Reactions were graded daffy on a scale in 
which the numeral 1 represents erythema; 2, erythema 
plus induration; 3, erythema plus vesicles; and 4, bullae. 

Irritation of Human Skin - Modified Killian and March (9) 
Immersion Test 

This test employs three tanks, the two outside tanks 
containing a solution of one material and the center one a 
solution of a second test material. All are kept at 38 C. 

Subjects were placed between the center tank and either 
of the outer ones, so that they could immerse one hand and 
forearm in each of the two solutions. Solutions were 
prepared fresh daily. For three 10 min periods of each day 
of the test, they alternately immersed each arm for 1 rain 
and exposed it to air for 30 sec. Immersion periods were 
three hr apart. At the end of each period the hands and 
arms were rinsed with tap water and patted dry. The test 
continued for 5 days. Hands and arms were examined 
before the first and third immersions of each day and signs 
of irritation scored and recorded. This procedure is slightly 
different from the Killian and Marsh technique in that 
arms are dipped up to the elbow in tanks of the solutions 
rather than just up to the wrist in pans, and solutions are 
maintained at 38 C rather than 42-45 C. 

Contact Sensitization of Human Skin - Draize (7) 
Procedure 

This test employed 200 individuals. A 2% detergent 
solution was patched on the back (0.5 ml per application). 
After 24 hr, the patch was removed and erythema and 
edema were graded. Fresh patches were reapplied to the 
same sites and graded three times weekly, at 48 hr intervals 
during the week and at 72 hr intervals over the weekend, 
for a total of 10 applications. A challenge dose at a 
different site was similarly given and read for each subject 
ten days following the last application. 
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TABLE III  

Detergent Ingestion Study in Albino Rabbits:  
Gross and Histologic Observations (1 ml dose) 

Product a Animalb Tissue Gross Grade c His topathoiogy Grade 
no. 

1 1 Gastric mucosa Inf lammat ion 2 Negative 0 
Sloughing 2 Negative 0 

Tongue Chemical burn 2 Focal ulcerat ion of  mucosa 1 
Acute  inf lammat ion  of underlying muscle 1 

Pharyngeal structure Inf lammat ion  1 Negative 0 

2 Esophagus Petechiae 2 Negative 0 
Gastric mucosa Inf lammat ion 1 Negative 0 

Sloughing l Negative 0 
Tongue Chemical burn 2 Focal ulcerat ion of mucosa 1 

Acute inf lammat ion of  underlying muscle 1 
Pharyngeal s t ructure Inf lammat ion  2 Negative 0 

3 Gastric mucosa Inf lammat ion  1 Negative 0 
Sloughing 1 Negative 

Tongue Hemorrhages 2 Negative 0 
Chemical  burn 2 Negative 

Pharyngeal s t ructure Inf lammat ion  1 Negative 0 

4 Gastric mucosa Inf lammat ion  1 Negative 0 
Sloughing 1 Negative 

Pharyngeal structure Inf lammat ion  1 Negative 0 
5 Gastric mucosa Inf lammat ion  1 Negative 0 

Sloughing 2 Negative 
Tongue Negative 0 Focal acute inf lammat ion of  muscle 1 
Pharyngeal s t ructure Inf lammat ion  1 Negative 0 

6 Esophagus Inf lammat ion  1 Negative 0 
Gastric mucosa Inf lammat ion  1 Negative 0 

Sloughing 1 Negative 0 
Pharyngeal structure Inf lammat ion  2 Negative 0 

2 1 Gastric mueosa Sloughing 2 Negative 0 
Pharyngeal structure Inf lammat ion  2 Negative 0 

2 Gastric mucosa Sloughing 1 Negative 0 
Pharyngeal structure Inf lammat ion  1 Negative 0 

3 No irr i ta t ion observed Negative 0 Negative 0 

4,5,6 Gastric mucosa Inf lammat ion  1 Negative 0 
Sloughing 1 Negative 

3 1,2 Gastric mucosa Sloughing 1 Negative 0 

3 Gastric mucosa Sloughing 1 Negative 0 
Pharyngeal structure Inf lammat ion  2 Negative 0 

4 Gastric mucosa Sloughing 1 Negative 0 
5,6 Gastric mucosa Inf lammat ion  1 Negative 0 

Sloughing 1 Negative 0 
4 1 Gastric mucosa Inf lammat ion  1 Negative 0 

Sloughing 1 Negative 0 
2,3 Gastric mucosa Sloughing 1 Negative 0 

4 Gastric mueosa Sloughing 1 Negative 0 

5 Esophagus Inf lammat ion  1 Negative 0 
Gastric mucosa  Sloughing 1 Negative 0 

6 Gastric mucosa Sloughing 1 Negative 0 

5 1,3 Gastric mucosa  Inf lammat ion  1 Negative 0 
Sloughing 1 Negative 1 

2 Gastric mucosa Inf lammat ion  2 Negative 0 
Sloughing 1 Negative 

4,5,6 Gastric mucosa Inf lammat ion  1 Negative 0 
Sloughing 1 Negative 

6 1 Esophagus Petechiae 2 Negative 0 
Edema 2 

Gastric mucosa Hemorrhages 4 Focal acute inf lammat ion  1 
Focal hemorrhages of  mucosa 1 

Pharyngeal structure Inf lammat ion  1 Negative 0 

2 Esophagus Petechiae 2 Negative 0 
Edema 3 

Gastric mucosa Hemnrrhages 3 Negative 0 
Pharyngeal structure Inf lammat ion  1 Negative 0 

3 Gastric mucosa Petechia 2 Negative 0 
Pharyngeal structure Inf lammat ion  2 Negative 0 

4 Gastric mucosa Inf lammat ion  1 Negative 0 
Sloughing 1 

Pharyngeal structure Inf lammat ion 2 Negative 0 
5 Gastric mucosa Inf lammat ion  1 Negative 0 

Sloughing 2 
Pharyngeal s t ructure  Inf lammat ion  1 Negative 0 

6 Gastric mucosa Inf lammat ion  2 Negative 0 
Sloughing 2 

Pharyngeal s t ructure Inf lammat ion  2 Negative 0 

(Continued on following page) 
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TABLE III (Continued from previous page) 

Detergent Ingestion Study in Albino Rabbits: 
Gross and Histologic Observation (1 ml dose) 

Product a Animalb Tissue Gross Grade c Histopathology Grade 
no. 

7 1 Gastric mucosa Erosion 5 

13 

14 

6 

1,2 
3 

4,5,6 
1 
2 
3 

4 
5 

6 

1,3 
2 

15 1,3 
2 

Gastric mucosa 

Gastric mucosa 

Pharyngeal structure 
Gastric 

Pharyngeal structure 
Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 

No irritation observed 
Esophagus 
No irritation observed 
Gastric mucosa 
Gastric mucosa 
Gastric mucosa 
Pharyngeal structure 
Gastric mucosa 
Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 

Gastric mucosa 
Gastric mucosa 
Tongue 

Gastric mucosa 

Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 
Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 

Pharyngeal structure 
Gastric mucosa 

Edema 3 
Sloughing 2 
Subdermal hemorrhage 2 
E dema 3 
Sloughing 2 
Subdermal hemorrhage 2 
Inflammation 1 
Sloughing 2 
Inflammation 1 
Inflammation 1 
Sloughing 1 
Inflammation 1 
Inflammation 2 
Sloughing 
Inflammation 1 
Inflammation 2 
Sloughing 2 
Negative 0 
Hemorrhages 2 
Negative 0 
Sloughing 1 
Sloughing 2 
Sloughing 2 
Inflammation 1 
Sloughing 2 
Inflammation 2 
Sloughing 1 
Inflammation 1 
Inflammation 2 
Sloughing 1 
Sloughing 2 
Sloughing 3 
Hematoma 3 
Pinpoint corrosion 5 
Inflammation 2 
Sloughing 2 
Inflammation 2 
Sloughing 2 
Inflammation 1 
Infi ammation 3 
Sloughing 2 
Inflammation 1 
Sloughing 1 
Inflammation 1 
Sloughing 2 
Inflammation 1 
Inflammation 4 
Sloughing 2 
Inflammation 1 
Inflammation 3 
Sloughing 2 

Erosion 4 

Negative 0 

Negative 0 
Negative 0 

Negative 0 
Negative 0 

Negative 0 
Negative 0 

Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 0 
Negative 
Negative 0 
Negative 0 

Negative 0 
Negative 0 
Negative 0 

Negative 0 

Negative 0 

Negative 0 
Negative 0 

Negative 0 
Negative 0 
Negative 0 

Negative 0 
Negative 0 

Negative 0 
Negative 0 

aReaction to lye (positive control): five out of six animals died overnight. 
bAnimal numbers 1 to 3 in each group were sacrificed at 24 hr; animal numbers 4 to 6 were sacrificed at 96 hr. 
CGrading system: 0 = normal; 0.5 = minimal; 1 = slight; 2 = mild; 3 = moderate; 4 = severe; and 5 = extreme. 

P h o t o t o x i c i t y  - H u m a n  {10) 

Five sub jec t s  were used.  The  volar  sur face  o f  each 
fo r ea rm  was s t r ipped  to  g l i s tening wi th  ce l lophane  tape;  
f ou r  sites a p p r o x i m a t e l y  1.5 c m  in d i a m e t e r  were del ine-  
a ted  on each.  On  th ree  si tes,  0.5 ml  o f  a I% de t e rgen t  
so lu t ion  was appl ied.  To  the  f o u r t h  site,  0.1 ml  oil of  
b e r g a m o t  was appl ied  as a posi t ive con t ro l .  Five m i n u t e s  
a f te r  the  app l i ca t ion  o f  the  mater ia l ,  the  sites on the  
fo r ea rm  were i r radia ted  for  45 rain us ing  a Hanovia  
I n s p e c t o l a m p  at a d i s tance  of  6 in . ;  the  o the r  fo rea rm 
served as a co n t ro l  and  was n o t  i r radiated.  The  reac t ions  
were read  48 h r  later.  

Photosensitization -- Human (7) 

Fi f t y  sub jec t s  were u sed  in th is  tes t .  A 2% so lu t ion  o f  
de te rgen t  was p repa red  fo r  each  appl ica t ion .  T h e n  0.5 ml  
was appl ied  to  an occlusive  type  bandage  and  p laced on the  

volar  sur face  of  the  f o r e a r m  of  each  vo lun tee r .  The  p a t c h  
r e m a i n e d  in place for  48 h r  du r ing  the  week and  for  72 h r  
over the  weekend .  U p o n  remova l  of  each  pa t c h ,  the  site was 
e x p o s e d  to  th ree  m i n i m a l  e r y t h e m a l  doses  (MED's )  of  UV 
light  f r o m  a K r o m a y e r  l amp.  This  s e q u e n c e  was r epea ted  
for  a to ta l  of  10 app l i ca t ions ,  e m p l o y i n g  f resh pa t ches  on 
the  same  site. Fo l lowing  a 14 day rest  per iod ,  a final 
e l ic i ta t ion  p a t c h  was appl ied  to  a d i f fe ren t  site. Af t e r  24 h r  
the  p a t c h  was r e m o v e d  a nd  the site i r radia ted  wi th  ca. 10 
MED's  of  UV light  f r o m  a K r o m a y e r  l ight  f i l tered t h r o u g h  
w i n d o w  glass to  r e m o v e  those  rays  p r o d u c i n g  o rd ina ry  
e r y t h e m a .  

R E S U L T S  
Acute Oral Toxici ty  

The  acu te  oral t ox i c i ty  o f  these  de t e rgen t s  was deter-  
m i n e d  at  two labora tor ies ;  da ta  are p r e s e n t e d  in Table  II. 
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Tests I and 2 were performed by the same laboratory, and 
in each case the LDs0 was lower for all products tested 
than in the other laboratory (test 3). Gastroenteric hemor- 
rhage was observed in test 1 in surviving animals dosed with 
products 5 and 8; in animals dosed with the remaining 
products, which included the phosphate-free detergent, no 
gross pathological alterations were noted in survivors. In 
test 2, gastrointestinal hemorrhage was observed in a l l  

surviving animals with all products tested. In Test 3, no 
unusual findings were noted at autopsy in any of the test 
animals. 

In evaluating these results, five detergents, products 1, 2, 
4, 5, and 9, could be classified as toxic (LDs0 < 5g/kg) 
based upon results in tests 1 and 2, and none as toxic (of 
those tested), based upon the results in test 3. The 
significance of these discrepancies is considered in the 
Discussion section. 
Intragastric Irritation - Rabbits 

At a dose of 0.5 g, none of the detergents tested caused 
irritation of the tongue except in one animal dosed with 
products 1 and 2. All except product 2 caused slight 
irritation to the pharyngeal structures in one or more 
animals. Product 6 also produced esophageal edema. Some 
inflammation and sloughing of the gastric mucosa was 
observed in animals dosed with all products, but the most 
severe resulted from products 6 and 7, which caused 
hemorrhaging. These two phosphate products tested could 
be rated as corrosive (causing necrotic lesions). 

When 1.0 ml detergent was administered, because of 
differences in bulk density the phosphate detergent dose in 
some cases was actually less than 0.5 g. Slight to moderate 
irritation of the gastric mucosa was observed in animals 
dosed with all except product 8. With product 7, severe to 
extreme erosion of the gastric mucosa was observed 
microscopically. In two animals dosed with product 6 and 
sacrificed at 24 hr, moderate hemorrhaging of the gastric 
mucosa was observed. Mild to moderate irritation of the 
esophagus was noted in at least one animal dosed with 
products 1, 4, 6 or 8. Three animals dosed with product 1 
and one animal dosed with product 14 showed mild 
chemical burn to the tongue. With lye as a positive control, 
five out of six animals died overnight. These data are 
presented in Table Ill .  
Intragastric Irritation -- Dogs 

Because the rabbit has no regurgitation reflex, it is a 
useful animal for studying irritation under conditions in 
which material cannot be expelled by emesis. Unlike the 
rabbit, the dog is able to vomit. 

In our dog ingestion studies, dosing was on a volume 
basis of one teaspoon per animal. Because of differences in 
product densities, these doses ranged from ca. 1.7 g for a 
low bulk density phosphate detergent to 4.8 g for the 
carbonate detergent. Of 11 different detergent products 
tested, only one did not  produce some injury. In most cases 
this consisted of irritation to the epithelial mucosa. In 
initial tests animals were not  fed for 24 hr prior to dosing. 

Immediate emesis was observed in animals dosed with 
products 1, 9 and 10. Hyperemia and tissue consolidation 
were observed in the trachea and lungs of one animal dosed 
with product 1. Tiffs may have been a result of inhalation 
of regurgitated test material. Scarring was also observed in 
the fundic region of one animal and slight blanching below 
the stomach mucosal surface in one animal. In the 
remaining animal there was no injury observed. With 
product 9, stomach and intestinal injury was noted in one 
animal, epithelial sloughing in a second animal, and focal 
hyperemia in a third animal. Bloody vomitus was observed 
in all four test animals dosed with product 10. At sacrifice 
after 24 hr, one animal dosed with this product showed 
severe inflammation, tissue sloughing and hyperemia of the 
stomach; animals sacrificed at 96 hr did not show any gross 

pathologic alteration. 
Of the remaining detergents, products 13 and 14 did not 

induce an emetic response in the animals dosed. Focal 
hyperemia of the duodenum was observed in one animal 
dosed with product 13 sacrificed at 24 hr, and in both 
animals sacrificed at 96 hr. With product 14, hyperemia and 
edema were observed in one animal sacrificed at 24 hr. 

Emesis was delayed for ca. 1 hr in some or all of the 
animals dosed with products 4, 6 or 7. Hyperemia of the 
duodenum was observed in two of the animals dosed with 
product 4. In one animal dosed with product 6, hyperemia 
and focal inflammation of the stomach developed; hypere- 
mia of the pharynx and colon was observed in a second 
animal, ulcerations and edema of the cardiac and fundic 
regions in a third animal, and hyperemia of the duodenum 
in a fourth animal. Focal inflammation in several areas of 
the stomach developed in one animal dosed with product 7. 
These observations, with histopathologic findings included, 
are presented in Table IV. 

When dogs were dosed at a level of 1 g/kg with the 
phosphate-free detergent, a dose approximately twice that 
of animals fed one teaspoonful, no gross injury was 
observed in one of the four animals. All animals ate well 
following dosing, and at no time required supportive 
treatment. Esophageal irritation was not present. In one of 
these animals, areas of ulceration developed in the pyloric 
and cardiac regions; hemorrhage and focal inflammation 
also were noted. In the remaining two animals, partially 
healed ulcerations in the pyloric and cardiac regions were 
observed. Data are shown in Table V. 

Although animals often are fasted prior to dosing to 
provide additional experimental control, fasting does not 
afford a representative experimental model for accidental 
product ingestion, especially when accidents involve primar- 
ily children less than 5 years old. When animals were fed 2 
hr prior to dosing, the resulting injury was much less than 
with fasted animals, probably because the food and 
increased gastric secretion served as diluent and neutralizer 
(Table VI). Animals dosed with one teaspoonful of the 
nonphosphate detergent showed mild edema and hyperemia 
at 24 hr, and animals held for 96 hr were normal. Animals 
dosed with a liquid phosphate detergent (product 6) showed 
moderate injury at both 24 and 96 hr; injury was not as 
extensive as in fasted animals (See Table IV). 

Skin Irritation - FHSA Method (6) 

Under the extreme conditions required for testing skin 
irritation by the Federal Hazardous Substances Act, all of 
seven detergents tested produced some degree of irritation. 
Five of the seven, including the phosphate-free product, 
rated as corrosive. As defined in the Act, a corrosive 
substance is one that causes visible destruction or irreversi- 
ble alteration in tissue at the site of contact in 24 hr or less. 
Scores for erythema and edema varied from 1.9 for one 
phosphate detergent to 8.0 (the maximum possible) for two 
others. The phosphate-free detergent was less irritating than 
three phosphate products and more irritating than three 
others, with a total score of 6.7. 

We also examined these detergents for skin irritation 
using 0. 5 ml material. The difference in dose is as important 
here as in the ingestion studies, since on a volume basis less 
material by weight is used when testing a low density 
phosphate detergent. Even though less material was used 
for some of these detergents than in the former study, the 
irritation also was severe for several products. All detergents 
produced chemical bums. These results are presented in 
Table VII. 

Skin Irritation - Modified Method 

Rowe and Olson (11) pointed out the deficiencies of the 
closed patch testing method prescribed by the Federal 
Hazardous Substances Act in the evaluation of household 
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TABLE V 

Detergent Ingestion Study in Dogs: Gross and Histologic Observations of 
Dogs Fasted 24 Hours Prior to Dosing a (1 g/kg dose) 

Animal 
Product no. Reaction Organ Gross Grade b Histopathology Grade 

1 1 Immediate emesis Small intestine Negative 0 Hyperemia in theduodenum 1 
followed by bloody 
emesis 0.5 hr later 

2 No emesis Stomach Two partially healed Negative 0 
ulcerations in the 
pyloric region, one 
partially healed 
ulceration in the fundic 

region l 
Immediate emesis Stomach Three partially healed Small healed ulcerations well 

followed by bloody ulcerations in cardiac repaired but with atrophic 
emesis 0.5 hr later region, two hemorrhagic 3 glandular area 2 

Immediate emesis Stomach Several areas of ulceration Necrosis of mucosa 4 
followed by bloody in pyioric and Inflammation of  submucosa 3 
emesis 0.5 hr later cardiac regions 4 

Hemorrhage 4 Edema, hemorrhage of 
Focal inflammation 3 submucosa 3 

aSacrificed at 96 hours. 
bGrade: 0 = normal; 0.5 = minimal; 1 = slight; 2 = mild; 3 = moderate; 4 = severe; and 5 = extreme. 

s u b s t a n c e s  t h a t  are n o t  des igned  f o r  p r o l o n g e d  e x p o s u r e  
u n d e r  an  i m p e r m e a b l e  dressing.  T h e y  s t a t ed  t h a t  a m e t h o d  
u se fu l  fo r  t e s t i ng  in sec t  r epe l l en t s  and  o t h e r  s u b s t a n c e s  
des igned  f o r  r e p e a t e d  u s e  o n  large areas o f  sk in  m a y  be 
mi s l ead ing  w h e n  eva lua t i ng  p r o d u c t s  n o t  m e a n t  t o  be  u sed  
in p r o l o n g e d  c o n t a c t  w i t h  skin .  F o r  e x a m p l e ,  w h e n  
s u b s t a n c e s  are he ld  u n d e r  an occ lus ive  d ress ing  in c o n t a c t  
w i t h  skin  fo r  24 hr ,  n o  d i s t i nc t i on  m a y  be poss ib le  a m o n g  
s u b s t a n c e s  t h a t  will b u r n  in s e c o n d s ,  m i n u t e s  or  h o u r s .  
Car te r  a n d  Gr i f f i t h  (12 )  have p o i n t e d  o u t  t ha t  v i r tua l ly  

every  ma te r i a l  has  p r i m a r y  i r r i t an t  p o t e n t i a l  and  t h a t  an 
a p p r o p r i a t e  f r a m e  o f  r e f e r e n c e  is essent ia l  fo r  valid assess-  
m e n t s  o f  safe ty .  

When  0.5 g o f  t w o  p h o s p h a t e  d e t e r g e n t s  and  the  
n o n p h o s p h a t e  d e t e r g e n t  m o i s t e n e d  w i t h  w a t e r  we re  app l ied  
w i t h o u t  occlus ive  dress ings  fo r  5, 30 and  60  m i n ,  all t h ree  
p r o d u c e d  sl ight  e r y t h e m a ,  w h i c h  was  o f  the  s ame  degree fo r  
one  p h o s p h a t e  d e t e r g e n t  a n d  the  n o n p h o s p h a t e  d e t e r g e n t  
and  s o m e w h a t  less f o r  the  o t h e r  p h o s p h a t e  de t e rgen t .  N o n e  
p r o d u c e d  e d e m a ,  as s h o w n  in Table  V I I I .  

TABLE VI 

Detergent Ingestion Study in Dogs: Gross and Histologic Observations of  Dogs 
Fed 2 Hours Prior to Dosing (l  teaspoon dose) 

Product Animal Reaction Organ Gross Grade a Histopathology Grade 
n o .  

1 63 b Immediate emesis for Stomach Edema 2 Edema 1 
2-3 min 

64 b Immediate emesis for Stomach Edema 1 Edema 1 
2-3 rain Laryngeal- Focal hyperemia 3 Acute inflammation 2 

pharynx Edema 1 Edema 2 
Hemorrhage 2 
Focal loss of epithelium 1 

Negative 0 65 c Immediate emesis for Negative Negative 0 
2-3 min 

66 c Immediate emesis for Negative Negative 0 Negative 0 
2-3 min 

4 67 b No reaction Laryngeal- One mm area of  Negative 0 
pharynx hyperemia 0.5 

68 b No reaction Negative Negative 0 Negative 0 
69 c No reaction Negative Negative 0 Negative 0 
70 c Delayed emesis after 5 Negative Negative 0 Negative 0 

min 
6 71b Delayed emesis after 5 Stomach Petechiae in fundic Negative 0 

min and cardiac regions 2 
Focal hyperemia in Negative 0 

pyloric region 1 
72 b Delayed emesis after 5 Stomach Several areas of Negative 0 

rain focal inflammation 3 
Hyperemia in fundic Negative 0 

region 3 
73 c Delayed emesis after 5 Stomach Petechiae in cardiac Negative 0 

min region 1 
74 c Delayed emesis after 5 Stomach Focal hyperemia in Negative 0 

min pyloric region 2 

aGrade: 0 = normal; 0.5 = minimal; 1 = slight; 2 = mild; 3 = moderate; 4 -- severe; and 5 = extreme.  
bSacrificed at 24 hr. 
CSacrificed at 96 hr. 
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TABLE Vll 

Primary Skin Irritation of Occluded Detergentsa, b 

Product  Results  Irri tat ion score  c 

1 Chemical burn (2/6) d 5.9 
Subdermal hemorrhage (2/6) 

2 Chemical burn (5/6) 7.5 
Subdermal hemorrhage (2/6) 

3 Chemical burn (6/6) 8.0 
Subdermal hemorrhage (5/6) 

4 Chemical burn (6•6) 8.0 
Subdermal hemorrhage (4•6) 

5 Chemical burn (6/6) 8.0 
Subdermal hemorrhage (4/6) 

6 Chemical burn (6]6) 8.0 
Subdermal hemorrhage (5/6) 

8 Chemical burn (3/6) 4.6 

a21 CFR 191.11. 
b0.5 ml used. 
CBased on a 0-8 scale, the higher the value the greater the 

irritation. 
dNumber of animals showing injury per number of animals 

tes ted .  

Eye Irritation - FHSA Method 

As with the FHSA method for testing skin irritation, the 
severe conditions of  the FHSA test for eye irritation 
showed that when either a phosphate or a nonphosphate 
detergent is placed in the eye without rinsing until 24 hr 
later, severe injury may occur. Injury observed at 1 hr was 
generally the most severe, although in some cases the injury 
became progressively worse; most of this injury was 
confined to the cornea. Corneal corrosion was noted in one 
of six animals dosed with three products, one of which was 
the phosphate-free detergent, and chemical burn or vascu- 
larization, or both, occurred in one or more animals dosed 
with all other products. Nine products produced conjuncti- 
val burn or hemorrhage, or both. These detergents pro- 
duced a degree of irritation at 24 hr that would require a 
warning on the label if  the Federal Hazardous Substances 
Act were applied literally. Six of the detergents, including 
the phosphate-free detergent, could be rated as extremely 
irritating. Irritation persisted through 14 days in the 
animals receiving these detergents. Data up to 72 hr are 
shown in Table IX. 

Eye Irritation - Modified Method 

Because of the deficiencies in the method prescribed by 
the FHSA for testing eye irritation, Battista and Mc- 
Sweeney (I 3) have suggested several modifications, includ- 
ing rinsing of the eye after an interval approximating the 
probably time for rinsing after accidental exposure. 

When 100 mg of  the nonphosphate detergent was rinsed 
from the eye following a contact period of 1 rain, the 
resulting irritation score was considerably lower. These 
results can be seen in Table X. As a 0.3% solution (higher 
than the conventional use concentration of 0.2%) instilled 
into the eye without washing, the nonphosphate detergent 
and the two phosphate detergents tested were all nonirritat- 
ing 

We have conducted studies using lesser, more realistic 
amounts of  powdered material. Results of these studies, in 
which 0.01 ml of the powdered nonphosphate detergent 
was instilled for a 1 or 24 hr period of contact,  are shown 
in Table XI. Under these conditions, the injury was 
primarily confined to the conjunctiva and not  to the 
cornea. The test animals recovered almost completely 1 
week after dosing. 

Eye Irritation in Monkeys 

When different animal species are used, the resulting eye 
irritation scores for detergent products also may differ. It is 

TABLE VIII 

Nonoccluded Skin Irritation Testa, b 

5 Min. 30 Min. 60 Min. 

Product Er. Ed. Er, Ed. Er. Ed. 

1 1 0 1 0 2 0 
11 1 0 1 0 2 0 
12 0 0 1 0 1 0 

aHighest possible score: (erythema [Er.1 + edema |Ed.I) = 8. 
bSee Reference 7 for scoring procedure. 

likely that monkeys may give more representative results of 
what can be expected in man than rabbits, since the degree 
and type of irritation in man is more closely approximated 
by that produced in the monkey (12). Two products, the 
nonphosphate and a phosphate detergent, were tested in 
Rhesus monkeys. One hundred milligrams detergent was 
instilled into the eye for a contact period of 1 min. In no 
case did any damage of the iris result. After 7 days all 
corneal irritation had cleared in both sets of animals; in 
14 days all irritation had cleared. Data are presented in 
Table XII. 

When a lesser amount of nonphosphate detergent (.01 
ml) was allowed to remain in the eye of Cynomolgus 
monkeys for 5 min before riming, the resulting irritation 
was similar to that observed in the 1 min contact period. 
These data are shown in Table XIII. 

Irritation of Human S k i n -  21 Day Cumulative Irritancy 
Assay (8) 

The effect of the nonphosphate detergent was compared 
with that of seven phosphate detergents in a test for 
cumulative irritancy potential. The data developed from 
that test can be seen in Table XIV. No subject experienced 
any reaction to the nonphosphate detergent. All phosphate 
detergents, on the other hand, produced some irritation. 
Cumulative irritation for the seven phosphate products 
tested ranged from 9.5 to 111. For comparative purposes a 
maximum extreme cumulative score for one person over 3 
weeks would be a score of 4 (bullae) times 20 daily scores, 
or 80. 

Irritation of Human Skin - Immersion Test of Killian and 
Marsh (9) 

We have also examined the irritation potential of the 
nonphosphate detergent and two phosphate detergents, 
products 2 and 8, using the slightly modified KiUian-Marsh 
technique. Under these exaggerated conditions, and using 
detergent solutions of  0.2%, slight to mild irritation was 
noted in all 10 subjects. Low grade papular dermatitis 
occurred in two cases after 11 of the 14 immersions, one 
with the nonphosphate detergent and one with product 2. 
The three detergents were essentially equal with respect to 
skin irritating properties. 

As a 0.5% solution, each of these detergents caused 
dryness, itchiness and tenderness of the skin, culminating in 
severe irritation and low grade papular dermatitis. The 
number of  exposures to reach this degree of irritation was 
six for the nonphosphate, seven for product 8 and eight for 
product 2. 

Contact Sensitization, Phototoxicity and 
Photosensitization - Human Subjects 

These tests were employed to determine the potential of 
the nonphosphate detergent to induce skin reactions other 
than simple irritation. In the Draize (7) sensitization test, a 
2% concentration of the phosphate-free product produced 
no allergic responses in any of  the 200 subjects tested. This 
represents 10 periods of  24 hr contact under occlusion plus 
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TABLE IX 

Eye Irr i tat ion of Powdered Detergents in Albino Rabbits  a 
(100 mg powdered or 0.1 ml liquid detergent)  

Irr i ta t ion score 

Time after 
Product instil lation, hr Cornea b Iris c Conjunctiva d 

1 e 1 46.7 10.0 18.0 
24 40.0 10.0 16.0 
72 40.0 10.0 16.0 

2 f 1 40.0 10.0 14.0 
24 35.0 10.0 14.0 
72 14.1 6.7 5.7 

3g 1 18.3 10.0 14.3 
24 28.3 10.0 10.3 
72 9.2 1.7 3.7 

4 h 1 33.3 10.0 16.3 
24 17.5 10.0 13.7 
72 2.5 4.2 3.3 

5 1 30.0 9.2 14.0 
24 23.3 9.2 12.0 
72 19.2 4.2 6.7 

6 i 1 40.0 10.0 16.0 
24 40.0 10.0 18.0 
72 40.0 10.0 17.7 

7J 1 20.0 10.0 14.0 
24 26.0 10.0 14.7 
72 t6 .7  7.5 12.0 

8 k 1 0.0 10.0 13.0 
24 10.8 8.3 11.0 
72 5.0 4.2 4.3 

91 1 40.0 10.0 18.0 
24 31.7 10.0 15.6 
72 28.3 9.2 10.7 

13 m 1 20.0 10.0 14.0 
24 22.5 10.0 13.0 
72 18.3 6.7 6.3 

14 n 1 20.0 10.0 14.0 
24 25.8 10.0 14.3 
72 28.3 7.5 13.7 

15 ° 1 20.0 9.2 16.0 
24 36.7 10.0 18.0 
72 35.0 8.3 16.3 

a21 CFR 191.12. 
bOut of  a possible total  of 80. 
COut of a possible total  of  10. 
dOut of a possible total  of  20. 

eChemicai burns of  conjunctiva (5/6 animals), corneal vascularization (3/6),  and corneal 
corrosion (1/6) at 14 days. 

fConjunctival hemorrhage (5/6)  at 24 hr; corneal vascularization (1/6) at 7 days. 
gConjunctival hemorrhage (116) and epithelial  slough of iris (1 [6) at 24 hr; chemical burn 

of conjunctiva ( I / 6 )  at 7 days. 
hConjunctival hemorrhage ( I / 6 )  and chemical burn of conjunctiva (5/6)  at 24 hr; corneal 

vascularization (1/6) at 7 days. 
iChemicai burn of  conjunctiva (6/6) and corneal vascularization (5/6) at 14 days. 
jCorneal vascularizat ion (2/6)  and conjtmctival burn (4/6)  at 7 days. 
kChemical burn of  conjunctiva (6/6) at 24 hr, (116) at 72 hr. 
lConjunctival  hemorrhage (3/6),  corneal vascularization (3/6),  and conjunctivai burn 

(2]6) at 7 days. 
mUlcerat ion and vascularization of cornea (1/6) at 7 days. 
nCorneal vaseularization (4/6),  corneal corrosion (3/6), and conjunctival burn (4/6) at 7 

days. 
OCorneai vascularization (3/6),  conjunctival burn (3/6) and eonjunctival hemorrage (3/6) 

at 7 days; corneal corrosion (1/6)  at 14 days. 

a challenge 2 weeks after the last application. 
Similarly a negative response was obtained in testing for 

photo toxic i ty  using a 1% solution of the phosphate-free 
detergent. There was no Skin damage observed upon 
irradiation in any of  the five subjects except where oil of 
bergamot, used as a positive control ,  was applied. Finally, 
as a 2% solution, the nonphosphate detergent elicited no 
allergic response in any of the  50 subjects when applied 
using .an occlusive patch and exposure to UV light. There 
were no differences between treated (irradiated) sites and 
control  (nonirradiated) sites~ 

: DI SCUSSI ON 

As Weft and Scala ( !4 )  have pointed out, the reproduci- 

bil i ty of results of toxicological tests is subject to the 
variability inherent  among and within laboratories due to 
operator differences. This finding has important  implica- 
tions for many toxicological studies, not  the least signifi- 
cant of which is that evaluation of hazard is best made on 
the basis of  a variety of tests and procedures. An example 
of laboratory variability was noted in the acute oral 
toxici ty data presented in Table If. While internal consist- 
ency is indicated for one laboratory (tests 1 and 2) certain 
interlaboratory variation is evident. Clearly results must be 
evaluated with due consideration for variations which may 
Occur. 

The conditions for testing skin and eye irri tation 
potential  as provided by FHSA regulations do not  permit  a 
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TABLE X 

Eye Irritation of Product 1 in Albino Rabbits Following a 1 Minute 
Residence Before Irrigation (100 mg Detergent) 

Irritation Score a 

Time Cornea b Iris c Conjunctiva d 

1 br 18.3 7.5 15.7 
24 hr 22.5 8.3 14.0 
72 hr 16.7 4.2 9.7 

7 days 5.0 0.0 5.3 
14 days 1.7 0.0 0.7 

aSee Reference 7 for scoring procedure. 
bOut of a possible total of 80, 
COut of a possible total of 10. 
dOut of a possible total of 20, 

TABLE XIII 

Eye Irritation in Cynomolgus Monkeys Following a 
5 Minute Residence Before Irrigation (0.01 mi Detergent) 

Product 

Irritation scores a 

Time after 
instillation Cornea b Iris c Conjunctiva d 

1 hr 5 .0  0.0 16.0 
24 hr 8.0 0.0 16.7 
72 hr 10.0 0.0 16.0 

7 days 6.0 0.0 11.3 

aSee Reference 7 for scoring procedure. 
bOut of a possible total of 80. 
COut of a possible total of 10. 
dout  of a possible total of 20. 

Contact time, hr 

24 

TABLE XI 

Eye Irritation of Product 1 --Albino Rabbits 
(7.7 mg [0.01 ml]) 

Time after  
instillation Cornea b 

Irritation score a 

Iris c Conjunctiva d Total 

1 min 0.0 5.0 8.0 13.0 
1 hr 1.7 8.3 15.3 25.3 

24 hr 6.7 5.0 8.7 20.4 
7 days 0.0 0.0 6.0 6.0 
1 hr 10.0 10.0 16.0 36.0 

24 hr 17.0 8.0 9.6 34.6 
72 hr 5.8 2.5 7.0 15.3 

7 days 0.0 1.6 5.0 6.6 

aSee Reference 7 for scoring procedure. 
bOut of a possible total of 80. 
tOut of a possible total of 10. 
dOur of a possible total of 20. 

realistic assessment  o f  hazard for  de te rgen t  p roduc t s .  The 
animal species,  the  a m oun t s  of  material  used,  the  length  of 
con tac t  and m e t h o d  of  appl icat ion as descr ibed in the 
Draize procedures ,  were originally i n t ended  to  be used in 
the appraisal o f  the tox ico logy of  foods ,  drugs and 
cosmet ics .  With the  passage of  the  Federa l  Hazardous  
Substances  Act ,  possibly for  lack of  be t t e r  m e t h o d s  of  
evaluat ion,  these p rocedures  were adop t ed  for  assessing the 
hazard  po ten t i a l  of  h o u s e h o l d  p roduc t s .  To the ex t en t  tha t  
FHSA regulat ions do  n o t  provide suitable p rocedures  for  
s tudy ing  hazard as o p p o s e d  to  tox ic i ty ,  they  are def ic ient .  
In this  paper  we have a t t e m p t e d  to  develop exper imenta l  
models  tha t  y ie ld  a measure  o f  the po ten t i a l  hazard of  

TABLE XII 

Eye Irritation in Rhesus Monkeys Following a 1 Minute 
Residence before Irrigation (100 mg Detergent) 

Product 

Irritation s c or e  a 

Time after  
instillation Cornea b Iris c Conjunctiva d 

1 hr 36.7 0.0 12.0 
24 hr 40.0 0.0 16.7 
72  hr 2 0 . 0  0 . 0  1 6 . 7  

7 days  0 . 0  0.0 8.0 
14 days 0.0 0.0 0.0 

1 hr 23.3 0.0 11.3 
24 hr 16.7 0.0 10.7 
72 br 6.7 0.0 10.0 

7 days 0.0 0.0 6.0 
14 days 0.0 0.0 0.0 

aSee Reference 7 for scoring procedure. 
bOut of a possible total of 80. 
COut of a possible total of 10. 
dout of a possible total of 20. 

detergents .  For  example ,  u n d e r  occlusion for  24 hr,  mos t  
de te rgents  examined  p r o d u c e d  severe to  ex t reme  irr i ta t ion.  
Detergents  are n o t  designed to  be in c o n t a c t  wi th  the  skin 
for  e x t e n d e d  per iods  o f  t ime,  and for  this reason the data  
are misleading as regards probable  cond i t ions  of  misuse. 
Similarly, in evaluat ing eye i r r i ta t ion po ten t ia l ,  severe 
damage to  the eye occur red  when  100 mg quant i t ies  were 
insti l led w i t h o u t  subsequen t  rinsing. Such a test  may be 
realistic for  a cosmet ic ,  bu t  n o t  for  heavy du ty  detergents .  
Use o f  smaller,  more  reasonable  a mo u n t s  of mater ia l ,  or 
r insing fol lowing wi thin  a reasonable  a m o u n t  of  t ime,  gives 
more  accurate  models  of  what  can be e x p e c t e d  realistically. 
This also is applicable to  the  animal species used;  a species 
whose  eyes p roduce  wate ry  tears,  as will the m o n k e y ' s ,  
provides a be t t e r  assessment  of  po ten t i a l  hazard to humans .  
This pr inciple  also should  be appl ied in evaluating the 
intragastr ic  i r r i ta t ion po ten t i a l  of  de tergents ,  i .e.,  the  tes t  
p rocedure  should  be realistic. As we have shown,  animals 
fed pr ior  to dosing are less subjec t  to  i r r i ta t ion than  animals 
fas ted for  24 hr. This is a more  pract ical  way for  assessing 
wha t  can happen  in a real life s i tua t ion  involving very 
y o u n g  children.  

We turn  our  a t t en t ion  n o w  to the confus ing  subject  o f  
alkalinity or caust ici ty .  

A s tudy  p repared  for  the National  Commiss ion  on 
Produc t  Safety  (15)  conta ins  the conclus ion  tha t  the 
greater  the  alkalinity o f  an au toma t i c  d ishwashing deter-  
gent,  the  greater  the  hazard  u p o n  ingest ion.  Based on this 
work,  some have suggested (16)  tha t  alkalinity be used as a 
s imple ind ica to r  of  the  hazard  of  heavy duty  laundry  
detergents .  However ,  when the tota l  alkalinity,  pH and 
toxicological  proper t ies  o f  several de te rgents  were char ted  a 
very d i f fe rent  p ic ture  emerged  (Table XIV),  u n d o u b t e d l y  
due to  the fact  tha t  the sur fac tan t  con t r ibu tes  to  toxic i ty .  
Cont ra ry  to  the  af f i rmat ions  of  p roduce r s  of some  phos -  
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Subject 

TABLE XIV 

21 Day Cumulative Human Skin Irritation Study a 
(1% solution of Detergent) 

Product 

1 2 3 4 5 6 8 9 

1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 

Cumulative totals 0 

aReference 8. 

9.0 15.5 54.0 17.5 5.0 0 0 
6.0 69.0 10.0 7.0 10.0 13.0 0 
0 0 2.0 0 0 0 0 
0 3.0 13.0 48.0 3.5 2.0 1.5 
0 1.s 11.5 9.5 6.5 0 0 
0 0 0 .0 2.5 0 0 
0 9.5 8.0 9.5 5.0 0 0 
3.0 4.5 12.5 12.0 16.0 8.0 8.0 

18.0 103.0 111.0 103.5 48.5 23.0 9.5 

phate  de tergents ,  there  is no  cor re la t ion  be tween  alkalinity 
and hazard  for  heavy du ty  laundry  detergents :  p roduc t  6, 
the to ta l  alkalinity of  wh ich  is the lowest  of  those 
measured,  has biological  proper t ies  similar to  those  of 
p roduc t  1, wi th  the  highest  total  alkalinity. Nor  is there a 
corre la t ion  b e t w e e n  tota l  alkalinity and hazard among  the 
p h o s p h a t e  detergents .  Product  8, fo r  example ,  has a higher  
tota l  alkalinity than  p r o d u c t  3 or p r o d u c t  5; ye t  it is less 
damaging. Similarly there  is no  corre la t ion  be tween  tota l  
alkalinity and pH, and no  clear corre la t ion be tween  pH and 
hazard.  These data are shown in Table XV. This conclus ion 
is true no t  only  for  animals but  also for  man,  as evidenced 
in the 21 day cumulat ive  i rr i tancy test .  

What  emerges  f rom these cons idera t ions  is tha t  it is 
inappropr ia te  to  cons ider  the individual ingredients  of  a 
laundry  de te rgen t  when  cons ider ing  its probable  hazard.  
Ra the r  it  is necessary  to  de te rmine  the hazard empirically 
on the comple te ly  fo rmu la t ed  p roduc t .  

In evaluat ing hazard,  one  mus t  carefully consider  the 
usefulness  o f  the test  m e t h o d  and the variability inheren t  in 
it. In  our  j u d g m e n t  the mod i f i ed  test  p rocedures  descr ibed 
in this  paper ,  inc lud ing  those  in which  addi t ional  animal 
species were  used,  provide more  realistic models  for  the 
assessment  of  de te rgen t  hazard  than  do presen t  m e t h o d s  

prescr ibed by FHSA regulat ion.  
The p o w d e r e d  de tergents  tes ted ranged in severi ty of 

i rr i tat ion f rom mild to  severe and were no t  cons is ten t ly  
irr i tat ing or noni r r i t a t ing  in all types  of  tests used. Some 
were severely irr i tat ing in eye tests and only mildly or 
modera te ly  i r r i ta t ing to skin. Other  p o w d e red  detergents  
tes ted caused severe i r r i ta t ion to the skin and mild to 
modera t e  intragastr ic i r r i ta t ion.  No corre la t ion  was found  
to exist  be tween  alkalinity of  the de tergents  and their  
potent ia l  for  damaging tissue. 

Unde r  realistic cond i t ions  of  misuse,  marked  d i f ferences  
in hazard po ten t ia l  b e t w e e n  the  phospha te - f ree  de te rgen t  
and several o f  the p h o s p h a t e  de te rgen ts  tes ted  were  no t  
shown.  One may conc lude  tha t  d i f ferences  would  no t  be 
observed in actual human  exper ience .  
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