
Journal of Chromatography, 594 (1992) 309-3 15 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 23 850 

Supercritical carbon dioxide extraction of resin and fatty 
acids from sediments at pulp mill sites 

Hing-Biu Lee* and Thomas E. Peart 

Research and Applications Branch, National Water Research Institute, Environment Canada, P.O. Box 5050, Burlington, Ontario L7R 
4A6 (Canada) 

(First received August 20th, 1991; revised manuscript received November 5th, 1991) 

ABSTRACT 

A rapid and efficient method for the extraction of resin and fatty acids commonly found in sediments collected from pulp mill 
locations was developed by using modified supercritical carbon dioxide. In the presence of a I:1 mixture of methanol and formic acid, 
quantitative recovery of all acids except for palustric and neoabietic acids was achieved with a 5 min static and 10 min dynamic 
extraction with carbon dioxide at 365 bar and 80°C. Although the above two resin acids were only 40% recovered from spiked samples, 
these values were at least 250% better than those obtained by the classical Soxhlet technique. The cleaner supercritical fluid extract 
permitted a less stringent cleanup after the off-line derivatization of the acids, thus it further reduced analytical time and the use of 
solvent. An in situ extraction and on-line derivatization of the resin and fatty acids also proved feasible for the semi-quantitative 
screening of the toxic acids in sediments near pulp mill locations. 

INTRODUCTION 

A large number of environmental pollutants have 
been identified in the discharges from the pulp and 
paper industry. Chlorinated phenols, guaiacols, 
catechols, aliphatic neutrals and acids, as well as 
furans and dioxins have been identified from chloro- 
bleaching mills [1,2]. Resin acids, natural products 
derived from wood and pulp, occur in effluent 
samples from every paper mill [3,4]. Many of the 
above chemicals are toxic to fish and have a life time 
long enough for bioaccumulation in aquatic orga- 
nisms. Among them, resin acids and a few unsatu- 
rated fatty acids have been identified as the major 
components of effluents which contribute to the 
toxicity to fish [5-71. The pulp and paper industry in 
Canada and elsewhere has implemented various 
techniques to detoxicate the effluents before they are 
discharged into the receiving waters. However, 
effluent levels of resin and fatty acids (RFAs) from 
those mills without an effective secondary (micro- 
biological) waste treatment are so high that they can 
be acutely toxic to fish. Owing to their low solubili- 

ties, resin acids are readily adsorbed by sediments 
and are easily detected in samples downstream of the 
paper mills. 

RFAs in sediments are extracted by using the 
classical Soxhlet technique with polar organic sol- 
vents [8,9]. In a recent study, we have found that, by 
addition of a trace amount of concentrated hydro- 
chloric acid to the polar solvents, the recoveries of 
RFAs in sediments were improved by 200 to 300% 
[9]. However, the presence of a strong acid caused 
degradation of palustric and neoabietic acids into 
abietic acid. Therefore this techniques would pro- 
duce biased low results for the above two unstable 
resin acids and biased high results for abietic acids in 
sediment samples. 

Supercritical fluid extraction (SFE) has been 
applied to many organic pollutants in various 
environmental matrices [lO-131. In general, super- 
critical carbon dioxide produces good recoveries for 
non-polar compounds such as polychlorinated bi- 
phenyls [IO]. However, for the extraction of more 
polar compounds, carbon dioxide modified by 
methanol or other polar solvent or supercritical 

0021-9673/92/$05.00 0 1992 Elsevier Science Publishers B.V. All rights reserved 













SFE OF RESIN AND FATTY ACIDS 

supercritical fluid extractor module. We also thank 
W. Pipkin of Hewlett-Packard, Avondale, PA, USA, 
for helpful discussions. 

REFERENCES 

R. H. Voss, .I. T. Wearing, R. D. Mortimer, T. Kovacs and A. 
Wong, Pap. Puu., 62 (1980) 809. 
K. Lindstrijm and F. osterberg, Environ. Sci. Tech&., 20 
(1986) 133. 
A. B. McKague, J. M. Leach, R. N. Soniassy and A. N. 
Thakore, Pulp Pap. Can. Trans. Tech. Sect., 3 (1977) TR75. 
1. Rogers, H. Mahood, J. Servizi and R. Gordon, Pulp Pap. 
Can., 80 (1979) T286. 
C. C. Walden and T. E. Howard, Tappi, 60 (1977) 122. 
C. C. Walden and T. E. Howard, Pulp Pap. Can., 82 (1981) 
T143. 

7 
8 

9 
10 

11 

12 
13 
14 
15 

16 

315 

M. H. Priha and E. T. Talka, Pulp Pap. Can., 87 (1986) T447. 
B. Brownlee, M. E. Fox, W. M. .I. Strachan and S. R. Joshi, J. 
Fish. Res. Board Can., 34 (1977) 838. 

H. B. Lee and T. E. Peart, J. Chromatogr., 547 (1991) 315. 
M. M. Schantz and S. N. Chesler, J. Chromatogr., 363 (1986) 
397. 
S. B. Hawthorne and D. J. Miller, Anal. Chem., 59 (1987) 
1705. 
N. Alexandrou and J. Pawliszyn, Anal. Chem., 61(1989) 2770. 
S. B. Hawthorne, Anal. Chem., 62 (1990) 633A. 
W. Pipkin, Am. Lab., Nov. (1990) 40D. 
H. B. Lee, T. E. Peart and J. M. Carron, J. Chromatogr., 498 
(1990) 367. 
W. Beckert, V. Lopez-Avila and S. Cram. Am. Environ. Lab., 
Oct. (1991) 21. 


