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DEGRADATION OF H I G H  PURITY WATER ON STORAGE 

Raymond Gabler", Ramesh Hegde#, and David Hughes# 

*Biotechnology Divis ion 
#Aria 1 y t i ca 1 S e rvi ce s 
M i  l l i p o r e  Corporation 

Ashby Road 
Bedford, Massachusetts 01730 

ABSTRACT 

Experimental r e s u l t s  are p resen ted  which i n d i c a t e  t h a t  
t he  q u a l i t y  of high p u r i t y  water  degrades with s to rage  t i m e .  
HPLC t r a c e  enrichment techniques w e r e  used t o  monitor t h e  
amount of organics  i n  water s t o r e d  i n  va r ious  types of con- 
t a i n e r s .  S t a r t i n g  with i n i t i a l ,  h igh p u r i t y  wa te r ,  i t  w a s  
shown t h a t  organics could be de t ec t ed  i n  a s  l i t t l e  as one 
hour a f t e r  s to rage  i n  p l a s t i c  con ta ine r s .  Organics could 
a l s o  be de t ec t ed  i f  t h e  water  was  s t o r e d  i n  g l a s s .  

I N T R O D U C T I O N  

The purpose of t h i s  no te  i s  t o  a u t h e n t i c a t e  t h e  f a c t  
t h a t  t he  q u a l i t y  of high p u r i t y  water  degrades with s t o r a g e ;  
t h a t  t h i s  degradat ion can be de t ec t ed  wi th in  hours;  t h a t  t he  
degradation gene ra l ly  inc reases  wi th  t i m e ,  and t h a t  t h e  s t o r -  

1,. age con ta ine r  can in f luence  t h e  ra te  of degradat ion.  This 
work i l l u s t r a t e s  t he  l i t t l e  r e a l i z e d  f a c t  t h a t  high q u a l i t y  
water  i s  a very powerful s o l v e n t ,  and t h a t  high q u a l i t y  water  
can leach m a t e r i a l s  of cons t ruc t ion  ou t  of s to rage  con ta ine r s .  

A s  techniques f o r  a n a l y s i s  i n  gene ra l  become more sophis-  
t i c a t e d  and s e n s i t i v e ,  the q u a l i t y  of t he  r eagen t s  used €or 
d i l u t i n g ,  f o r  c o n t r o l s ,  f o r  b l anks ,  f o r  s t anda rds ,  e t c .  becomes 
i n c r e a s i n g l y  more c r i t i c a l ,  and i n  some cases  may be the  l i m i t i n g  
f a c t o r  i n  an a n a l y t i c a l  procedure (1). Impur i t i e s  found i n  
r eagen t s  are p a r t i c u l a r l y  important i n  those a n a l y t i c a l  pro-  
cedures where t r a c e  concen t r a t ions  a r e  being measured. 
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2566 GABLER, HEGDE, AND HUGHES 

Water has always been the  most ubiquitous reagent  i n  
many types of ana lyses ,  and t h i s  i s  e s p e c i a l l y  s o  i n  measure- 
ments performed on b i o l o g i c a l  systems. Water q u a l i t y  i s  a l s o  
a dominating f a c t o r  i n  b i o l o g i c a l  work because water i s  a 
un ive r sa l  so lven t  f o r  biomolecules and c e l l s  where impur i t i e s  
can a f f e c t  enzymatic a c t i v i t i e s ,  b a c t e r i a l ,  mammalian and 
p l a n t  c e l l  growth. The f a c t  t h a t  water q u a l i t y  i s  important 
i n  general  a n a l y t i c a l  and biochemical measurements i s  noted 
by the  water q u a l i t y  s tandards t h a t  have been e s t a b l i s h e d  by 
a number of organizat ions (ACS, AS", NCCLS, CAP). Systems 
a r e  commercially a v a i l a b l e  which can produce high p u r i t y  water ;  
however, s t o r i n g  t h i s  water f o r  f u t u r e  use r e s u l t s  i n  a de- 
gradat ion i n  the o r i g i n a l  q u a l i t y  t h a t  has n o t  been r e a d i l y  
documented. 

EXPERIMENTAL 

The design of our work was t o  s imulate  common l abora to ry  
p r a c t i c e s  t h a t  a r e  r o u t i n e l y  used t o  s t o r e  wa te r ,  and t o  monitor 
t he  general  organic  q u a l i t y  of t h i s  water a s  a funct ion of t i m e  
upon s to rage .  No arduous or  ex t r ao rd ina ry  measures w e r e  taken 
t o  preserve the  q u a l i t y  of t he  i n i t i a l l y  pure water o the r  than 
those which would normally be p rac t i ced  i n  a t y p i c a l  biochemical 
o r  b i o l o g i c a l  laboratory.  

Water q u a l i t y  was measured q u a l i t a t i v e l y  v i a  HPLC using 
a t r a c e  enrichment technique ( 2 ) .  I n  t h i s  procedure,  40ml of 
t e s t  water i s  loaded i n t o  a r eve r se  phase C18 column (Waters 
Associates) a t  Zmllmin. A l i n e a r  g rad ien t  of 100% water t o  
100% a c e t o n i t r i l e  over 20 minutes i s  then run t o  e l u t e  organics  
adsorbed t o  the  column. The i n i t i a l  high p u r i t y  water used was 
produced from a M i l l i - Q R  system with an Organex-QR c a r t r i d g e  
(Mil l ipore Corporat ion) .  Water from t h i s  system has been shown t o  
be low i n  organics  content  and s u i t a b l e  f o r  LC work(1). 

The following ma te r i a l s  w e r e  t e s t e d  f o r  s to rage  con ta ine r s :  
a 4 l i t e r  polyethylene b o t t l e  ( S c i e n t i f i c  Products ,  B-75-10- 
128);  a 4 l i ter  polypropylene b o t t l e  (B-75-13-128), and a 4 
l i t e r  brown g l a s s  b o t t l e  (J. T.  Baker) t h a t  i s  normally used 
f o r  shipping LC grade water.  
contamination due t o  handl ing,  a TeflonR tube was i n s e r t e d  
through the closed tops of the r e spec t ive  containers  so the 
w a t e r  could be introduced t o  the LC columns with l i t t l e  o r  

In  order  t o  prevent  i nadve r t en t  
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no ex t r a  handling or  manipulation. Each container was i n i t i a l l y  
r insed  thoroughly with water followed by r ins ings  with the M i l l i -  
QR water.  M i l l i - Q R  with the Organex-QR car t r idge  water was a l s o  
used as the mobile phase i n  a l l  LC runs.  Acetoni t r i le  was LC 
grade (Burdick and Jackson). Detection of organics e luted by 
the gradient w a s  performed using a UV detector  a t  both 254nm 
and a l so  214nm (Waters Associates).  Water was s tored and 
measurements were taken a t  various time in t e rva l s  f o r  four weeks. 

After the i n i t i a l  s torage t e s t  was completed, the t e s t  water 
was removed, the container recleaned, and a new t e s t  cycle was 
r e s t a r t ed  l a s t ing  one week. 
was t o  determine i f  the f i r s t  load of high pur i ty  water and 
storage f o r  four weeks had exhausted a l l  of the leachable 
mater ia l  from the containers ,  or whether more mater ia l  could be 
leached by a f resh  batch of water,  It is  common i n  biochemical 
laborator ies  t o  "condition" s torage containers by exhaustingly 
r ins ing  any leachates out of p l a s t i c  containers f o r  severa l  weeks. 

The purpose of t h i s  second t r i a l  

RESULTS 

The r e s u l t s  of the storage experiments as  a function of 
time fo r  polyethylene, polypropylene and g lass  containers 
a re  shown i n  Figures 1 ,  2 ,  and 3 respect ively.  
Chart speed was 0.60cm/minute and AIJFS i s  0 . 0 2 .  The lower 
most LC t race  i n  each s e t  i s  f o r  the M i l l i - Q  water t ha t  was 
i n i t i a l l y  placed i n  a l l  these containers .  A s imi la r  pa t te rn  

R was obtained f o r  the M i l l i - Q  water used as the mobile phase 
each time as a sample was tes ted .  For both the polyethylene 
and the polypropylene containers ,  one can not ice  a degradation 
i n  water qua l i ty  beginning i n  as shor t  a time as one hour. 
Each peak represents presumably one organic species t h a t  i s  
being leached from the p l a s t i c  containers .  N o  e f f o r t  was made 
t o  determine the iden t i f i ca t ion  of what organics these various 
peaks represented. 
two weeks a re  s imi la r  t o  tha t  of one hour except t ha t  ce r t a in  
peaks a re  in t ens i f i ed ,  and the general  trend i s  seen t h a t  the 
mount of contaminants detected increases  with time. The LC 
t races  f o r  the water s tored i n  the glass  containers show the 
same general  character as f o r  the water i n  the p l a s t i c  containers .  
The peaks, however, are  not  as pronounced, nor do they appear 
as rap id ly ;  compared t o  the corresponding p l a s t i c  s torage systems. 

R 

The LC t races  f o r  one day, one week and 
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2568 GABLER, HEGDE, AND HUGHES 

STORED IN POLYETHYLENE 

-1 DAY 

1 HOUR 
CONTROL 

I 1 

5 10 15 20 25 
CENTIMETERS 

Figure 1: Trace enrichment chromatograms of h igh  p u r i t y  
w a t e r  s t o r e d  i n  a po lye thylene  c o n t a i n e r .  

STORED IN POLYPROPYLENE 

2 WEEKS 

I I 
5 10 15 20 25 

CENTIMETERS 

Figure  2 :  Trace enrichment chromatograms of h igh  p u r i t y  
water  s t o r e d  i n  a polypropylene c o n t a i n e r .  
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DEGRADATION OF HIGH PURITY WATER 2569 

STORED IN GLASS 

1 WEEK 

/: ::R 
/-CONTROL 

I 1 5 10 15 20 25 
CENTIMETERS 

Figure 3: Trace enrichment chromatograms of high p u r i t y  
water s t o r e d  i n  a g l a s s  con ta ine r .  

LC t r a c e s  a t  214nm showed s i m i l a r  t rends with t i m e  as  those 
a t  254nm. Also, the  r e s u l t s  of t he  second t r i a l  with f r e s h ,  
high p u r i t y  water followed a p a t t e r n  s i m i l a r  t o  the f i r s t  t r i a l .  

DISCUS S I O N  

Healy (3) showed t h a t  doubly d i s t i l l e d  water could leach 
inorganic  ions out  of PyrexR con ta ine r s  during a s to rage  per iod 
of two weeks. Our study has i l l u s t r a t e d  a corresponding s i t u a -  
t i o n  f o r  organics i n  p l a s t i c  containers .  Upon s t o r a g e ,  the 
general  q u a l i t y  of i n i t i a l l y  pure water degrades a s  measured 
by the  inc rease  i n  organic c o n s t i t u e n t s .  

Although the r e l a t i v e  con t r ibu t ions  a r e  unknown a t  t h i s  
t i m e ,  t he re  a re  b a s i c a l l y  t h r e e  sources for t he  organics de- 
t ec t ed  i n  the LC t r a c e s .  

1. P l a s t i c i z e r s ,  monomers, mold r e l e a s e  agents 
and the oligomers used i n  the  construct ion 
and manufacture of any container  can be 
leached out by the  water .  

2 .  Bac te r i a  can grow i n  the  s t o r e d  water and 
e x c r e t e  waste p roduc t s ,  thus con t r ibu t ing  
t o  the gene ra l  organics  ( 4 ) .  

per sonne l ' s  r e s p i r a t i o n ,  and shedding from 
c lo th ing  can a l l  d i f f u s e  through the a i r  and 
d i s so lve  i n  the water .  

3 .  Organics from o the r  r eagen t s ,  laboratory 
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2570 GABLER, HEGDE, AND HUGHES 

It i s  q u i t e  poss ib l e  t h a t  a succession of t hese  mechanisms 
occur a s  a funct ion of t i m e .  

Water q u a l i t y  can p l ay  an i n f l u e n t i a l  r o l e  in  a n a l y t i c a l  
LC measurements of biochemical components ( 5 ) ,  and a l s o  i n  t h e  
growth of t i s s u e  c u l t u r e  systems. Even i f  high p u r i t y  water i s  
i n i t i a l l y  produced, t h a t  same water q u a l i t y  may no t  e x i s t  a 
s h o r t  t i m e  l a t e r :  For those a n a l y t i c a l  and b i o l o g i c a l  systems 
t h a t  a r e  extremely s e n s i t i v e  t o  water q u a l i t y ,  ca re  should be 
taken n o t  t o  s t o r e  the wa te r ,  bu t  t o  use  t h e  water as  i t  i s  
produced. 
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