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ANALYSIS OF DEHYDROABIETIC ACID I N  KFAE'T MILL EFFLUENTS 
BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

R.K. Symons 
Environment Protect ion Authority 

Laboratory Services Branch 
P.O. Box 41,  E a s t  Melbourne, Victor ia ,  3002 

ABSTRACT 

A rapid high-performance l i qu id  chromatographic method fo r  the 
determination of dehydroabietic acid i n  k r a f t  m i l l  e f f luen t  i s  
described. Select ive solvent  extract ion of the samples with 
dichloromethane was performed. The samples were i s o c r a t i c a l l y  
analysed on a Rad-Pak C 1 8  column using 75% a c e t o n i t r i l e  i n  water 
(0.1% ace t i c  acid added). Detection was car r ied  ou t  a t  220 nm and 
267 nm on a var iable  wavelength de tec tor  with a detect ion l i m i t  of 
0.01 mg/L. 

INTRODUCTION 

Toxic components of pulp and paper e f f luents  a r e  complex 

mixtures of organic and inorganic moieties e i the r  na tura l ly  

occurring, added or  formed during the pulping process . ( l )  Many 

of those components have been tes ted  f o r  tox ic i ty .  (2,3) 

Dehydroabietic acid (DHAA) is one of severa l  na tura l ly  occurring 

r e s i n  acids  extracted from softwood t r ees  during the k r a f t  pro- 

cess  and i s  a major contr ibutor  of t ox ic i ty  i n  non-bleached 

pulp effluent.(4-7) Its 96-h LC 50 ( s ta t ic  bioassay) f o r  
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1808 SYMON S 

j uven i l e  f reshwater  coho salmon i s  0.75 t o  1.8 mg/L.(1,2,5,6,8) 

Concentration of DHAA i n  m i l l  e f f l u e n t s  i s  highly v a r i a b l e  rang- 

i n g  from 0.4 t o  51.8 mg/L.(l) 

Color imetr ic  (9)  and gas chromatographic (GC) (10-13) 

procedures f o r  t h e  ana lys i s  of r e s i n  a c i d s  i n  m i l l  e f f l u e n t s  

have been widely used. However, each s u f f e r s  c e r t a i n  inadequacies 

with r e spec t  t o  s epa ra t ion ,  d e t e c t i o n  and i d e n t i f i c a t i o n  of DHAA 

from o t h e r  r e s i n  ac ids .  The non- spec i f i c i ty  and i n s e n s i t i v i t y  

of t h e  co lo r ime t r i c  procedure t o  DHAA has  a l r eady  been noted, ( 2 )  

while incomplete d e r i v a t i z a t i o n  due t o  t h e  bulk of i n v o l a t i l e  

m a t e r i a l s  p r e s e n t ,  i n t e r f e r e n c e  from decomposition of  labi le  

substances,  and lengthy a n a l y s i s  times has hindered q u a n t i t a t i v e  

GC analyses .  (15) 

High-performance l i q u i d  chromatography (HPLC) has  been 

developed f o r  t h e  a n a l y s i s  of  a wide range of trace o rgan ic  

compounds i n  waters  and waste waters, (14,16) and i s  f r e e  of 

many of t he  problems a s soc ia t ed  with GC. 

By using a s e l e c t i v e  s o l v e n t  e x t r a c t i o n  procedure and HPLC, 

a r a p i d  and q u a n t i t a t i v e  method has  been developed f o r  t h e  

determination of t r a c e  l e v e l s  of DHAA i n  m i l l  e f f l u e n t s  a t  a 

de t ec t ion  l i m i t  of  0.01 mg/L. 

MATERIAL AND METHODS 

Glassware 

The glassware used w a s  a Kuderna-Danish evaporator  with 

3 mL concentrator  tubes;  50 and 100 mL volumetric f l a s k s ;  and 

2000 mL separatory funnels .  All glassware w a s  soaked i n  a 

s y n t h e t i c  de t e rgen t ,  r i n sed  and d r i ed .  P r i o r  t o  use  a l l  g l a s s -  

ware was r in sed  w i t h  dichloromethane. 
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Chemicals 

A l l  solvents  used were spec ia l ly  pu r i f i ed  f o r  HPLC (Ajax 

Chemicals, M e l b . ,  Aust.) . 
Dehydroabietic acid w a s  obtained from D r .  A.A. Sioumis 

(CSIRO, D i v .  Chem. Tech., Melb., Aust.) and a pu r i ty  of 95% 

was determined by GC/MS of the TMS derivat ives .  

The chromatography w a s  conducted using a Laboratory Data 

Control (Kiveria Beach, F lor ida ,  LiSA) l i qu id  chromatograph with 

dual  Constametric 111 solvent del ivery pumps, a Gradient Master, 

Nleodyne 7125 1.00p i ikjector,  and d Waters A s s o c .  (BedEord, Mass., 

USA) Radial Compression Separation System, Fhd-F"X A (10 crn x 

5 im, C ) colwin. Detection was accomplished v i a  a 

Spectronionitor I11 variable-wavelength absorbance de tec tor .  
18 

Retention t i nes  and. peak arcas w e r e  e l ec t ron ica l ly  acquired 

on a Ilewlett-Packard (Avondnle, PA,  TJSA) I IP338GA repor t ing  

i.ntegrator. 

Chromatographic Condi t iolls  --- 
The separat%ons Were ach ieved  i.socratically with a mobile 

phase composition of  75'5 a c e t o n i t r i l e  i n  water ( 0 .  I.% a c e t i c  ac id)  

,lt a f l o w  r a t e  of 2.0 nlL,./:ili:l, and detec t ion  was ca r r i ed  out. a t  

220 nci and 267 nin. The j:adial. compression module was a t  ambient 

temperature i n  i t s  f u l l y  compressod mode. The in j ec t ions  were 

made with a 20 yL sanplc loop. 

Preparat ion of Stdndards and SamIiles ~- 

The staiidard solut.Lon of DHAA was prepared by d isso lv ing  

10 mg i n  a small  amount O €  dichlorornethane and d i l u t i n g  t o  100 mL 
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1810 SYMONS 

wi+A a c e t o n i t r i l e .  

standards were stored a t  LI''C. 

This s t o c k  so lu t ion  and subsequent wo.rkirig 

Samples of 2-1, voJ.unes were co l lec tc id  i n  p l a s t i c  b o t t l e s ,  
0 d c l i v c r e d  t o  t h e  l.abor;itor:r on  ice, and were s t o r e d  a t  4 C 

p r i o r  t o  e x t r a c t i o n .  

T h e  sample, 509 mL, was a d j u s t e d  t o  pi3 1.2 w i t h  10M XdOH 

a n d  was e x t r a c t e d  with t l i rcc  success ive  60 mL volumes of 

dichlorornethane t o  produce a hase-neutral f r ac t i . on .  The di- 

chloromethane ex t rac ts  containing neut ra l  compounds, w e r e  discarded. 

The pH of the  aqueous f r ac t ion  was adjusted t o  2 with 

conc. H C 1  and extracted with dichloromethane ( 3  x 60 mL). The 

acid-extractable f rac t ion  containing the DHAA and o ther  r e s in  ac ids  

were combined i n  a Kuderna-Danish evaporator which was connected 

t o  a rotary evaporator and the  volume reduced under vacuum t o  

approximately 2 mL. The concentrate was evaporated t o  dryness 

under a stream nitrogen and the  residue dissolved i n  1.0 mL 

ace ton i t r i l e  before in jec t ion  in to  the  HPLC. 

Ident i f ica t ion  and Quantitation of Peaks 

Peaks observed i n  the  sample chromatographic p r o f i l e s  were 

iden t i f i ed  by (i) retent ion times i n  comparison with standards;  

(ii) coinject ion with standards;  (iii) peak area r a t i o s  a t  two 

d i f f e ren t  wavelengths (220 and 267 nm); and, ( i v )  GC/MS of the 

TMS derivat ives  of f rac t ions  col lected from the HPLC. Both 

peak height and area measurements were used fo r  the  quant i ta t ion  

of DHAA i n  the samples. 

RESULTS AND DISCUSSION 

The HPLC p ro f i l e s  of DHAA obtained with W detect ion a t  

220 run and 267 nm shown respect ively i n  Figures 1 and 2 
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show good separation from other  ex t rac t ives  with a re ten t ion  t i m e  

f o r  DHAA of 3.25 minutes. It  was a l so  observed t h a t  DHAA exhib i t s  

W absorption a t  both 220 and 267 nm wavelength, t he  main 

difference being i n  t h e i r  r e l a t i v e  i n t e n s i t i e s ,  with the 220 nm 

wavelength exhibi t ing a f ive-fold increase i n  sens i t i v i ty .  The 

use of absorbance r a t i o s  t o  ident i fy  compounds i n  samples has 

been used, (17)  bu t  cannot be r e l i e d  upon i f  in te r fe rences  a re  

present.  

Any tendency fo r  sample components t o  d issoc ia te  while 

being chromatographed, a s  i n  the  case of r e s in  ac ids ,  f requent ly  

leads t o  excessive peak broadening or  a t a i l i n g  peak. 

The addi t ion of 0.1% acetic acid t o  the  mobile phase decreases 

the pH su f f i c i en t ly  t o  suppress d issoc ia t ion  making the  sample 

component less polar  and more amenable t o  analysis ,  i .e. ,  a 

much improved peak shape r e su l t s .  (18) 

No attempt was made t o  quant i ta te  any of the  o ther  com- 

pounds present  however, r e s u l t s  of GC/MS analysis  suggested 

the presence of several  r e s in  acids  of the  abietic and 

pimaric-acid type. 

i den t i f i ca t ion  of these r e s i n  ac ids  by HPLC and t h e i r  extrac- 

t i on  from k r a f t  m i l l  e f f luen t  by Sep-Pak C18 car t r idges  

(Waters Assoc.) i s  being car r ied  out.  

Further invest igat ions r e l a t ing  t o  the 
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