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DETERMINATION OF METHYL- AND 
DIMETHYLAMINE IN WASTE WATER 

BY HPLC 

J. LEHOTAY, V. RATl'AY, 

Deparhnent of AMiytreal Chemistry 
Slovak Technical Univmsity 

Radlinskkho9 
812 37 BratisIava, Czchosbvaki~ 

E. BRAND~TETEROV~, AND D. OKTAVEC 

ABSTRACT 

Two l i q u i d  c h r o m a t o g r a p h i c  methods have  been d e v e l o p e d  
f o r  t h e  s e l e c t i v e  d e t e r m i n a t i o n  o f  m e t h y l  and d i m e t h y l a m i n e  
i n  was te  w a t e r  a f t e r  d e r i v a t i z a t i o n .  The d e r i v a t i z a t i o n  was 
made i n  a q u e i u s  medium (pH = 11 .2 )  by p h e n y l i z o t h i o c y a n a t e  
and p-toluenesulphochloride. Examples f o r  t h e  d e t e r m i n a t i o n  
of  m e t h y l -  and d i m e t h y l a m i n e  i n  w a s t e  w a t e r s  a r e  shown. The 
p r e s e n t e d  methods were p r o p o s e d  f o r  t h e  c o n t r o l  o f  t h e  p e r -  
f o rmance  o f  t h e  p u r i f i c a t i o n  p l a n t .  

INTRODUCTION 

R e c e n t l y  g r e a t e r  a t t e n t i o n  i s  p a i d  t o  t h e  p r o t e c t i o n  

o f  e n v i r o n m e n t .  The used  c h e m i c a l s  o r  t h e  d e c o m p o s i t i o n  

p r o d u c t s  of t h e s e ,  r e s p e c t i v e l y ,  o f t e n  have  t o x i c  i n f l u -  

ence on t h e  mankind.  The a l i p h a t i c  amines a r e  i n d u s t r i a l  

c h e m i c a l s  w i th  a w i d e  v a r i e t y  o f  a p p l i c a t i o n s .  They a r e  

used  as  raw m a t e r i a l s  or a t  an i n t e r m e d i a t e  s t a g e  i n  t h e  
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308 LEHOTAY ET AL. 

p r o d u c t i o n  o f  o t h e r  c h e m i c a l s .  Amines a r e  s e n s i t i z e r s  

and i r r i t a n t s  t o  t h e  s k i n ,  and  r e s p i r a t o r y  t r a c t ,  some 

a r e  p r e c u r s o r s  o f  N - n i t r o s a m i n e s ,  w h i c h  a r e  c a r c i n o g e n i c  

s u b s t a n c e s .  C o n s e q u e n t l y ,  i t  w o u l d  b e  u s e f u l  t o  d e t e r m i n e  

t h e  u n c o n v e r t e d  a m i n e s  i n  t h e  w a s t e  w a t e r  and  human e n v i -  

r o n n e n t .  T h e i r  c o n t e n t s  i n  w a s t e  w a t e r s  a r e  f r e q u e n t l y  

d e c r e a s e d  b y  u s i n g  o f  p u r i f i c a t i o n  p l a n t s .  

I n  t h e  l i t e r a t u r e  s e v e r a l  p o s s i b i l i t i e s  o f  d e t e r m i n a -  

t i o n  o f  a l i p h a t i c  am ines  a r e  d e s c r i b e d .  The d s r i v a t i z a t i o n  

w i t h  f l u o r e s c e i n a m i n e  was c a r r i e d  o u t  b y  I n g l e s  and  Gall imore 

/ l / .  The m e t h y l a m i n e  d e t e r m i n a t i o n  i n  b l o o d  p l a s m a  as  w e l l  

as i n  u r e a  by d e r i v a t i z a t i o n  w i t h  t r i n i t r o b e n z e n e s u l p h o -  

c h l o r i d e  was w o r k e d  o u t  by  Wingender / Z / .  The t r a c e  a n a l y s i s  

o f  amino a c i d s  by  d e r i v a t i z a t i o n  w i t h  o r t h o p h t h a l a l d e h y d e  

w i t h  t h e  f o l l o w i n g  s e p a r a t i o n  by  t h e  HPLC m e t h o d  was w o r k e d  

o u t  b y  G r i f f i n  and  Pr i ce  / 3 / .  The amino  a c i d s  may b e  d e r i v a -  

t i z e d  a l s o  w i t h  t h e  p h e n y l i z o t h i o c y a n a t e  i n  t h e  aqueous me- 

d i L m  /4/. The d e t e r m i n a t i o n  o f  a l i p h a t i c  am ines  i n  t h e  a i r  

Wac d e s c r i b e d  by  Simon and  Lemancon / 5 / .  These u s e d  t h e  p r e -  

c o i c e n t r a t i o n  c o l u m n  f i l l e d  idi th s i l i c a  g e l  and  t h e  d e s o r p -  

t i J n  was made d i r e c t l y  w i t h  t h e  d e r i v a t i z a t i o n  a g e n t .  The 

d e t e r m i n a t i o n  of a l i p h a t i c  am ines  i n  sea  f o o d s  was p u b l i s h e d  

by  k i l l s  e t  a 1 . / 6 / .  The d e t e r m i n a t i o n  o f  a m i n e s  b y  d a n s y l -  

d e r i v a t i v e s  was d e s c r i b e d  by  more  a u t h o r s  /7 ,8 / .  

The a i m  o f  t h e  p r e s e n t e d  w o r k  was t o  w o r k  o u t  t h e  

me thod  o f  m e t h y l -  and  d i m e n t h y l a m i n e  d e t e r m i n a t i o n  i n  w a s t e  

w a t e r s  which w i l l  make p o s s i b l e  t o  d e t e r m i n e  t h e  e f f e c i e n -  

cy  o f  t h e  p u r i f i c a t i o n  p l a n t s  of  w a s t e  w a t e r s  and  t o  c o n -  

t r i l  t h e  c o n t e n t s  o f  a l i p h a t i c  am ines  i n  t h e  w a s t e  w a t e r s .  

EXPERIMENTAL 

The m e t h y l a m i n e  and  d i m e t h y l a m i n e  s t a n d a r d s  were s u p -  

p l i e d  i n  g a s  bombs ( F l u k a  AG,  Buchs  SG S c h w e i z ) .  The d e t e r -  

m i r a t i o n  o f  t h e i r  aqueous s o l u t i o n s  was made by  t h e  4.10-3 

M t i t r a t i o n  by  t h e  s o l u t i o n  o f  h y d r o c h l o r i c  a c i d .  The c o n -  
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METHYL AND DIMmMAMINE IN WASTE WATER 309 

c e n t r a t i o n  o f  m e t h y l a m i n e  and d i m e t h y l a m i n e  i n  t h e  aqueous 

s o l u t i o n  was 0.439 g / l i t e r  and 0.153 g / l i t e r ,  r e s p e c t i v e l y .  

The d e r i v a t i z a t i o n  was made i n  t h e  aqueous medium (pH=11.2) 

i n  two  ways by  p h e n y l i z o t h i o c y a n a t e  and p - t o l u e n e s u l p h o c h l o -  

r i d e  a c c o r d i n g  t o  t h e  r e a c t i o n  : 

R-NH- + E. -N=CS --c c?J\ -NH-CS-NHR 
L i. . 

I n  t h e  same way a l s o  

p l e s  was made t h e  pH 

L. 

2 NaOH- @)-S02-RNa L. + NaCl + 2 H20 

t h e  d e r i v a t i z a t i o n  of  was te  w a t e r  sam- 

v a l u e  o f  w h i c h  was a d j u s t e d  t o  1 1 . 2 .  
The d e r i v a t i z a t i o n  w i t h  p - t o l u e n e s u l p h o c h l o r i d e  was made by 

t h e  Schotten-Baumann method. 

HPLC s e p a r a t i o n s  were c a r r i e d  o u t  u s i n g  a Wate rs  910 

pump, Reodyne 7 1 2 5  i n j e c t i o n  v a l v e ,  and Waters 484 v a r i a b l e  

w a v e l e n g h t  d e t e c t o r  a t  2 5 4  nm. The samples ( l O / u l )  were se- 
p a r a t e d  u s i n g  w a t e r  - m e t h a n o l  (1:l) as t h e  e l u e n t  w i t h  a 

f l o w  r a t e  o f  0.5 m l / m i n  o n  Separon C 18 columns ( 1 0  cmx4 mm 

i . d . )  (Tessek ,  Prague) .  

The o p t i m a l  s e p a r a t i o n  sys tem was e s t i m a t e d  a c c o r d i n g  

t o  t h e  R .  v a l u e s  o f  two a d j a c e n t  bands by t h e  c o m p a r i s o n  

o f  c a p a c i t y  r a t i o s  o f  t h e  d e r i v a t i v e s  of  amines and t h e i r  

d e r i v a t i v e  a g e n t s  as w e l l  as by t h e  compar i son  of t h e  t i m e  

o f  a n a l y s i s .  By u s i n g  t h e  Separon CN and Separon NH2 column 

t h e  o v e r l a p p i n g  of peaks o f  t h e  m e t h y l -  and d i m e t h y l a m i n e  
d e r i v a t i v e s  o c c u r r e d .  

l j  

RESULTS AND DISCUSSION 

I n  o r d e r  t o  a c h i e v e  t h e  c o r r e c t  r e s u l t  by t h e  p r e -  

co lumn d e r i v a t i z a t i o n  f o l l o w i n g  c r i t e r i a  had t o  be f u l -  
f i l l e d  : 

1. a r e a c t i o n  must  p r o d u c e  a s i n g l e  w e l l - d e f i n e d  

p r o d u c t  
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A 
1 

II 

B 

I I I I I 

10 
m in 0 5 i 0  0 5 

m in 

Figure 1. Chromatogram of 1 % methylamine aqueous solution 
a€ter the derivatization with p-toluenesulphochloride after 
2 minutes ( A )  and after 15 minutes ( B ) ,  respectively. 
CJlumn : Separon C 18, mobile phase : methanol-water (1:l). 
Flow rate : 0.5 ml/min; UV detection 254 nm. 
1 - p - t o l u e n e s u l p h o c h l o r i d e ;  2 - p-toluenesulphomethyl- 
a Bide. 

2 .  single chemical mechanism 
3 .  rapid fixation of equilibrium 

From the available chemicals and on the basis of expe- 
riences from the organic analysis the use of two derivati- 

iation agents was investigated : phenylizothiocyanate and 
F - t o l u e n e s u l p h o c h l o r i d e .  From the literature data it has 
followed that the presented derivatization agents may be 

used in the aqueous medium, too, which is very important 
:n the determination of amines in waste waters. 

The formation of derivatization products was observed 
I iy  peak height o r  peak area of the derivatized product, 
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METHYL- AND DIME-NE IN WASTE WATER 31 1 

I 

15 k '0 min 

F i g u r e  2. Chromatogram o f  was te  w a t e r  sample before t h e  
i n l e t  i n t o  c l e a n e r  w i t h o u t  d e r i v a t i z a t i o n .  
Column : Separon C 18; m o b i l e  phase : m e t h a n o l - w a t e r  

F l o w  r a t e  : 0.5 m l /m in ;  UV d e t e c t i o n  254 nm. 
( 1 : l )  

r e s p e c t i v e l y .  The c o n s t a n t  peak h e i g h t  i n  t h e  dependence 

on  r e a c t i o n  t i m e  i n d i c a t e d  t h e  end o f  d e r i v a t i z a t i o n .  The 

p h e n y l i z o t h i o c y a n a t e  r e a c t e d  w i t h  t h e  a l i p h a t i c  amines re- 
l a t i v e l y  r a p i d l y  - i n  2 m i n u t e s  t h e  h e i g h t  o f  peak h a s  been 

a l r e a d y  c o n s t a n t .  The p - t o l u e n e s u l p h o c h l o r i d e  r e a c t e d  i n  

t h e  aqueous s o l u t i o n  more s l o w l y  w h i c h  i s  documented by t h e  

c h r o m a t o g r a p h i c  r e c o r d s  i n  F i g u r e  1. A f t e r  1 5  m i n u t e s  t h e  

h e i g h t  of p-toluenesulphomethylamide peak has  n o t  changed 

anymore. 

The p r e p a r e d  d e r i v a t i v e s  o f  amines as  w e l l  as t h e  

d e r i v a t i z a t i o n  a g e n t s  have been i n v e s t i g a t e d  a l s o  f r o m  t h e  

p o i n t  o f  v i e w  t h e i r  s t a b i l i t y .  The d e r i v a t i v e s  o f  t h e  a l i -  
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3 

i 4  

! I I , 
0 5 10 15 20 25 

m i  n 

F i g u r e  3.  Chromatog ram o f  w a s t e  w a t e r s  s a m p l e  b e f o r e  t h e  i n l e t  
i n  c l e a n e r  a f t e r  d e r i v a t i z a t i o n  w i th  p h e n y l i z o t h i o -  
c v a n a t e .  
Cblumn : S e p a r o n  C 18 ;  m o b i l e  p h a s e  : m e t h a n o l - w a t e r  

(1: 1). 
F l o w  r a t e  : 0 .5  ml /min ;  UV d e t e c t i o n  254 nm. 
1 - m e t h y l a m i n e  d e r i v a t i v e ;  
2 - d i m e t h y l a m i n e  d e r i v a t i v e ;  
3 - p h e n y l i z o t h i o c y a n a t e ;  
4 - u n i d e n t i f i e d  amine  d e r i v a t i v e .  

i i h a t i c  a m i n e s  were  i n  t h e  aqueous  s o l u t i o n s  s t a b l e  a n d  

c h e i r  c o n c e n t r a t i o n  h a s  n o t  changed  d u r i n g  24 h o u r s .  

I n  t h e  c a s e  of  p h e n y l i z o t h i o c y a n a t e  no  c o n c e n t r a t i o n  

c h a n g e s  o r  t h e  f o r m a t i o n  of d e c o m p o s i t i o n  p r o d u c t s  h a v e  

been  o b s e r v e d  d u r i n g  24 h o u r s .  I n  t h e  aqueous  s o l u t i o n  o f  

t h e  p - t o l u e n e s u l p h o c h l o r i d e  p r o d u c t s  of  d e c o m p o s i t i o n  

Ldere f o r m e d  d u r i n g  24 h o u r s .  This e f f e c t  may b e  p r o b a b l y  

e x p l a i n e d  on  t h e  b a s i s  o f  t h e  r e a c t i o n  of  p - t o l u e n e s u l p h o -  
c h l o r i d e  w i th  w a t e r .  
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METHYL- AND DIMETHYLAMINE IN WASTE WATER 313 

TABLE 1 

Determination of amines after derivatization with 
phenylizothiocyanate in waste waters before inlet ( A )  

and after outlet ( 8 )  from the purification plant 

Methylamine 

Sample A 5 effectivity of 
number mg/liter mg/liter purification plant 

/%/ 
1 0 . 6 5  0 . 4 1  3 6 . 9  
2 0 . 4 8  0 . 2 9  3 9 . 6  
3 0 .60  0.38 3 6 . 7  
4 0 .54 a. 3 3  38 .9  
5 0.60  0 . 3 6  40.0 

relative standard deviation was 2 4 . 8  S in 5 measurements 

Dimethylamine 

Sample A 8 effectivity of 
number mg/liter mg/liter purification plant 

/%/ 
0 .38  0 . 2 0  4 7 . 4  
0 . 2 8  0 .16  42 .9  
0.31 0 . 1 7  45.2 
0 . 2 6  0 . 1 4  46 .2  
0 .28  0 . 1 6  42.9 

relative standard deviation was 6 . 3  % in 3 measurements 

The samples were taken from waste waters b e f o r e  the 
inlet into the cleaner of waste waters as well as during 
their outlet so that it might be possible to control the 
performance of the purification plant for methyl- and di- 
methylamine, respectively. During the derivatization with 
phenylizothiocyanate in the waste water both methylamine 
and dimethylamine could be determined since the interfer- 
ence with further peaks of unknown substances did not oc- 

cur. Figure 2 presents the chromatogram of waste water be- 
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A 

2 

B 

I 1 

0 5 10 
m in 

> I 

0 5 10 
m in 

F i g u r e  4 .  C h r o m a t o g r a m  o f  waste w a t e r  s a m p l e  b e f o r e  t h e  
i n l e t  ( A )  a n d  a f t e r  t h e  o u t l e t  ( B )  f r o m  t h e  p u r i -  
f i c a t i o n  p l a n t  a f t e r  d e r i v a t i z a t i o n  w i t h  p - t o l u -  
e n e s u l p h o c h l o r i d e .  
Column : S e p a r o n  C 1 8 ;  m o b i l e  p h a s e  : m e t h a n o l -  

F low r a t e  : 0 .5  m l / m i n ;  UV d e t e c t i o n  254 nm 
1 - p - t o l u e n e s u l p h o c h l o r i d e  
2 - t h e  d e r i v a t i v e  of  m e t h y l a m i n e  
3 - t h e  d e r i v a t i v e  o f  d i m e t h y l a m i n e .  

w a t e r  ( 1 : l )  

f c r e  t h e  i n l e t  p u r i f i c a t i o n  p l a n t  w i t h o u t  d e r i v a t i z a t i o n  
a r d  F i g u r e  3 p r e s e n t s  t h e  c h r o m a t o g r a m  of  t h e  s a m e  s a m p l e  
a f t e r  t h e  d e r i v a t i z a t i o n .  By t h e  c o m p a r i s o n  o f  t h e s e  c h r o -  
m & t o g r a m s  i t  i s  o b v i o u s  t h a t  b e s i d e s  m e t h y l a m i n e  a n d  d i -  
m e t h y l a m i n e  a l s o  o t h e r ,  up  t ill  now u n i d e n t i f i e d  a m i n e s  
w i t h  d i f f e r e n t  c o n c e n t r a t i o n  o c c u r  i n  t h e  s a m p l e  o f  t h e  
w?ste w a t e r  w h i c h  may be a s s u m e d  on  t h e  b a s i s  o f  t h e  se- 
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METHYG AND DIMETHYLAMINE IN WASTE WA'IER 315 

TABLE 2 
D e t e r m i n a t i o n  o f  amines a f t e r  d e r i v a t i z a t i o n  w i t h  

p - t o l u e n e s u l p h o c h l o r i d e  i n  waste w a t e r s  b e f o r e  i n l e t  ( A )  
and a f t e r  o u t l e t  ( 8 )  f r o m  t h e  p u r i f i c a t i o n  p l a n t  

M e t h y l a m i n e  

Sample A B e f f e c t i v i t y  o f  
number m g / l i t e r  m g / l i t e r  p u r i f i c a t i o n  p l a n t  

/%/ 
1 0.61 0.42 3 1 . 1  
2 0.44 0.27 3 8 . 6  
3 0 . 6 1  0.36 41.0 
4 0.50 0 . 3 1  3 8 . 0  
5 0 . 5 6  0.34 3 9 . 3  

r e l a t i v e  s t a n d a r d  d e v i a t i o n  was 5 . 1  % i n  3 measurements 

O i m e t h y l a m i n e  

Sample A B e f f e c t i v i t y  o f  
number m g / l i t e r  m g / l i t e r  p u r i f i c a t i o n  p l a n t  

/ %  / 

0 . 3 6  0.18 50.0 
0 . 2 7  0.14 48 .1  
0 . 2 8  0.15 46.4 
0 . 2 5  0.12 52 .0  
0 . 2 7  0.15 44.4 

r e l a t i v e  s t a n d a r d  d e v i a t i o n  was 2 6 . 9  % i n  3 measurements. 

l e c t i v e  r e a c t i o n  o f  p h e n y l i z o t h i o c y a n a t e  w i th  t h e  p r i m a r y  

and secondary  amines. The p r e s e n t e d  chromatograms document 

t h e  c o n n e c t i o n  o f  s e l e c t i v i t y  of t h e  d e r i v a t i z a t i o n  r e a c t i o n  

w i t h  t h a t  o f  t h e  c h r o m a t o g r a p h i c  system. S i m i l a r  ch romato -  
grams were o b t a i n e d  d u r i n g  t h e  a n a l y s i s  of  was te  w a t e r  w h i c h  

was t a k e n  d u r i n g  t h e  o u t l e t  f r o m  t h e  p u r i f i c a t i o n  p l a n t  o f  

w a s t e  w a t e r .  

The q u a n t i t a t i v e  e v a l u a t i o n  was made on t h e  b a s i s  o f  

t h e  r e g r e s s i o n  a n a l y s i s  where t h e  dependence between t h e  
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areas of peaks of reference substances and the quantity de- 
termined. The preparation of reference solutions of the methyl- 
amine and dimethylamine derivative was made in the same way 
as the derivatization of the sample of waste waters. The 
concentration range was from 0.4 mg/l to 1.8 mg/l. The value 
cf the correlation coefficient was 0 . 9 7 6  by which the l i n e -  
zrity of the dependence is proven. The obtained results o f  
dimethylamine determinations after the derivatization with 
the phenylizothiocyanate before the inlet and after the 
cutlet from the purification plant, respectively, are presen-  

fed in Table 1. 
Similarly we determined methylamine and dimethylamine, 

respectively, with p-toluenesulphochloride. Figure 4 presents 
chromatographic records of  waste water before  t h e  inlet ant! 

after the outlet from the purification plant after the deriva- 
tization f r o m  which the performance of purification plant 
t s  obvious. Table 2 summarizer the results of methyl- and 

dimethylamine determinations. 

By the comparison of results presented in Table 1 and 
Table 2 ,  respectively, good accordance is evident although 
in the case of derivatization with the p-toluenesulphochlo- 
ride lower results are achieved. F-test has shown that the 
results obtained by both methods are identical to the 9 5  % 

irobability. 

T h z  p e r f  orniancc of purifisation plant i s  somewhat 
higher in the case of dimethylamine which may be caused by 
Lower conntents of this amine compared with the methyl- 
mine. 

The presented methods of the determination of amines 
dere proposed for the control of the waste waters purifica- 
tion. Their advantage is also in the possibility of deter- 
mination further aliphatic amines. 
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