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SUMMARY 

A sensitive gas chromatographic method for the determination of resin and 
fatty acids commonly found in pulpmill effluents is presented. The acids are extracted 
from effluent samples at pH 8 by methyl tert.-butyl ether and converted into their 
respective pentafluorobenzyl ester derivatives. After silica gel column cleanup, sample 
extracts are analyzed by gas chromatography with an electron-capture detector using 
a 30-m DB-17 column. Mass spectral data of these esters obtained under electron 
impact and electron capture negative ion chemical ionization conditions are also 
described. The abundant and characteristic (M ~ 181)- ions are used for the identifi- 
cation and quantitation of resin and fatty acids using a selected ion monitoring tech- 
nique. Using an effluent with a low blank, spiked recovery of a mixture of 15 acids at 
lOOO-, lOO- and lo-pg/l levels is quantitative. Based on a 25-ml sample and a concen- 
tration factor of 10, the method detection limit is 1 pg/l for all acids. Application of 
this procedure to some Canadian pulpmill samples is also presented. 

INTRODUCTION 

Diterpene resin acids are major constituents of rosin and are naturally occur- 
ring in the bark of many softwood species such as spruce and pine. During the 
debarking process of logs, these acids are dissolved and discharged into the envi- 
ronment in the form of pulpmill effluents, Resin acids of concentrations as high as 
mg/l have been reported in bleached kraft, sulfite, and thermomechanical pulping 
effluentsl. In general, hardwood effluents contain lower levels of resin acids than 
softwood effluents. These acids and, to a smaller extent, the unsaturated fatty acids 
also derived from woodroom effluents, have been identified as the major contributors 
to the toxicity of effluents to fish2-5. The 96-h LCsO values of the common resin acids 
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TABLE I 

SOME INFORMATION FOR SELECTED RESIN AND FATTY ACIDS 

All LC,, values, in mg/l, were determined for trout or salmon. 

RFA FW 

Palmitic 256.43 
Heptadecanoic 270.46 
Stearic 284.48 

Oleic 282.47 
Linoleic 280.46 
Linolenic 278.45 
Pimaric 302.46 
Sandaracopimaric 302.46 
Isopimaric 302.46 
Palustric 302.46 
Abietic 302.46 
Dehydroabietic 300.45 
Neoabietic 302.46 

Chlorodehydroabietic 334.90 
Dichlorodehydroabietic 369.35 

Purity (%) 96-h LC,, 

99 NA’ 
97 NA 

99+ NA 
99+ 3.2-8.0 
99 2.0-4.5 
99 3.&6.0 
85590 0.7-1.2 
X5-90 0.4 
99+ 0.41 .o 
90-95 0.54.6 
9&95 0.7-1.5 
99+ 0.8-1.7 
99+ 0.6-0.7 

90-95” 0.6-0.9 
90-95 0.6-1.2 

a Supplied as an approximate 1: 1 mixture of the I2- and 14-chloro isomers. 

b FW = Formula weight. 
’ NA = Not available. 

for salmon or rainbow trout (Table I), are similar to those of chlorinated guaiacols 
and catechols found in bleached kraft effluents6’7. 

Recently, a paper on the direct gas chromatographic (GC) analysis of underiv- 
atized resin acids in gum rosin on a non-polar fused-silica capillary column has been 
reported8. However, most of the analyses of these resin and fatty acids (RFA) in 
pulpmill effluents were done on their methyl esters by GC with flame ionization 
detection’. Although this procedure is routinely used, it lacks the sensitivity required 
for many environmental samples. An alternative and potentially more sensitive tech- 
nique for the analysis of these methyl esters using GC with electron impact mass 
spectrometry (EI-MS) has also been reportedlO. 

Pentafluorobenzyl (PFB) derivatives of many acidic phenoxy herbicides’i and 
phenols12 have been well characterized. Applications of the PFB derivatives to the 
determination of above pollutants in environmental samples were also document- 
ed13-15. Since electron-capture detection (ECD) is highly sensitive to the pentafluoro 
compounds, formation of such derivatives would bring the detection limit of the 
non-halogenated acids such as the fatty acids and the majority of the resin acids to the 
level currently attainable to the chlorinated phenolics. Application of electron cap- 
ture negative ion chemical ionization mass spectrometry (EC-NICI-MS) has been 
successfully demonstrated in the analyses of the PFB and other electron-capturing 
derivatives of chlorophenols16*‘7 and chloroanilines’7 as well as some fluorinated 
derivatives of pesticides . l* In these cases, strong yet characteristic ions were used in 
the quantitation and confirmation of the organics. EC-NICI-MS is, therefore, a po- 

tentially powerful tool for the analysis of the RFA PFB esters. 
In this paper, we describe a sensitive and selective GC method for the determi- 
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nation of the more commonly found RFA in pulpmill effluents by the formation of 
their PFB esters. The GC resolution of these derivatives on capillary columns of three 
different stationary phases is discussed. The MS data of the ester derivatives obtained 
under EI and NICI modes are also presented. Application of this procedure to Cana- 
dian pulpmill effluents is also briefly described. A list of the selected RFA discussed in 
this paper is given in Table I. 

EXPERIMENTAL 

Reagents and chemicals 
All resin acids of purity from 85 to 99 + % (Table I) were obtained from Helix- 

Biotech (Vancouver, Canada) and used without further purification. It should be 
noted that chlorodehydroabietic acid was supplied in the form of an approximate 1: 1 
mixture of the 12- and 14-chlorodehydroabietic acids and the dichlorodehydroabietic 
acid was the 12,14-dichloro isomer. Palmitic, heptadecanoic, stearic, oleic, linoleic, 
linolenic and tricosanoic acids, and pentafluorobenzyl bromide (PFBBr, a-bro- 
mo-2,3,4,5,6pentafluorotoluene) were acquired from Aldrich (Milwaukee, WI, 
U.S.A.). 

Stock solutions of individual RFA of 1000 pg/ml were prepared in distilled-in- 
glass grade methyl tert.-butyl ether (MTBE; Burdick and Jackson, Muskegon, MI, 
U.S.A.) and kept at 4°C in the dark. A mixture of the RFA each at 20 pg/ml was also 
prepared in the same solvent. 

A PFBBr solution was prepared by dissolving 1 g of the reagent in 20 ml of 
acetone. A 30% (w/v) potassium carbonate solution was made by dissolving 3 g of the 
anhydrous base in 10 ml of water. All other solvents used were of distilled-in-glass 
grade. 

Sampling of efluent samples 
Grab effluent samples were collected in 100 ml brown screw capped bottles with 

aluminum foil liners. After adjustment of their pH to about 8 by dropwise addition of 
1 A4 potassium hydroxide solution or hydrochloric acid, these samples were kept at 
4°C in the dark until analysis. 

Extraction and derivatization of RFA 
An aliquot of 2.5 pg of tricosanoic acid in 100 ~1 of MTBE was added to a 

25-ml effluent sample at pH 8. The sample was extracted twice with 50-ml aliquots of 
MTBE for 30 min each. After the extractions, the combined ethereal extracts were 
passed through a 5-cm column of anhydrous sodium sulfate contained in a 4-cm I.D. 
Allihn funnel. Using a rotary evaporator and a water bath of 40°C the solvent was 
evaporated to near dryness and the residues were redissolved in 3 ml of acetone and 
transferred to a test tube. The volume of acetone was further reduced to 0.5 ml under 
a gentle stream of nitrogen. PFB ester derivatives of RFA were prepared by heating 
the above sample extract in acetone with 100 ,LL~ of the PFBBr reagent and 30 ~1 of the 
30% potassium carbonate solution at 60°C for 30 min in a tightly capped test tube. At 
the end of the reaction, the mixture was evaporated to dryness and the residues were 
redissolved in 2 ml of light petroleum (b.p. 30-60°C). 
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Column cleanup 
The extracts were applied to a 5.00-g 5% deactivated silica gel column pre- 

washed with 20 ml of light petroleum. The column was then eluted with 50 ml of 5% 
(v/v) dichloromethane in light petroleum and this fraction was discarded. The PFB 
esters of the RFA were quantitatively eluted from the column by 75 ml of 25% (v/v) 
dichloromethane in light petroleum. This fraction, after solvent replacement with iso 
octane and adjustment to a final volume of 2.5 ml, was ready for final GC analysis. 

Calibration standard 
Known amounts of RFA were directly derivatized and cleaned up as described 

above alongside the effluent samples and used as external standards for the quantita- 
tion of the acids. 

Instrumentation 
For GC-ECD, a Hewlett-Packard 58XOA gas chromatograph equipped with 

split-splitless injectors and J&W DB- 17 and DB-5 fused-silica capillary columns was 
used. For GC-mass-selective detection (MSD), a Hewlett-Packard 5880A gas chro- 
matograph equipped with a 5970B mass-selective detector with data system and a 
Supelco SPB-5 column was used. In the case of EC-NICI work, a Finnigan 4500 gas 
chromatograph/mass spectrometer with a Super TNCOS data system and a J&W 
DB-1 column were used. All injections were done in the splitless mode and 2 ~1 of the 
sample were injected. 

Chomatographic conditions 
ECD analysis. Two 30 m x 0.25 mm I.D. x 0.25 pm capillary columns, DB-5 

and DB- 17, by J&W Scientific were used. The initial oven temperature was set at 70°C 
with a 0.75-min hold. It was then programmed to 210°C at a rate of 30”C/min and 
then to 290°C at 2”C/min. The final temperature was further held for 15 min. The 
injection port and detector temperatures were 250 and 3OO”C, respectively. Carrier 
gas was helium and column head pressure was 105 kPa. 

MSD analysis. A 30 m x 0.25 mm I.D. x 0.25 pm Supelco SPB-5 capillary 
column was used. The temperature program as described for ECD work was used. 
Injection port and interface temperatures were 250°C and 28O”C, respectively. Carrier 
gas was helium and column head pressure was 28 kPa. 

EC-NICI-MS analysis. A 30 m x 0.32 mm I.D. x 0.25 pm J&W DB-1 capil- 
lary column was used. The oven temperature was set and held at 80°C for 2 min. It 
was programmed to 140°C at a rate of lO”C/min and then to 280°C at b”C/min. The 
final temperature was held for another 10 min. The manifold, ion source, and transfer 
line temperatures were 100, 50 and 25O”C, respectively. Carrier gas was helium and 
column head pressure was 70 kPa. The reagent gas, hydrogen, was added as a make- 
up to pressurize the ion volume to ca. 0.8 Torr. 

Acquisition of muss spectral data 
Full scan EI-MS data were obtained by scanning the Hewlett-Packard MSD 

system from m/z 50 to 560 at a rate of 0.82 scans/s and a scan threshold of 1000. The 
electron energy and electron multiplier voltage were 70 eV and 2000 V, respectively. 
For EC-NICI-MS (Finnigan) experiments, full scan data were obtained by scanning 
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the above mass range in 1.5 s. In the case of selected ion monitoring (SIM) work, the 
(M - 181)- ions of the RFA PFB esters were used for confirmation and quantitation. 
For better sensitivity, these ions were divided into the following five retention time 
windows: (1) m/z 255 (palmitic) and m/z 269 (heptadecanoic), (2) m/z 283 (stearic), 
m/z 281 (oleic), m/z 279 (linoleic) and m/z 277 (linolenic), (3) m/z 301 (pimaric, san- 
daracopimaric, isopimaric, palustric and abietic) and m/z 299 (dehydroabietic), (4) 
m/z 301 (neoabietic) and m/z 333 (chlorodehydroabietic), and (5) m/z 353 (tricosa- 
noic) and m/z 367 (dichlorodehydroabietic), so that only a few ions were monitored at 
a time. 

RESULTS AND DISCUSSION 

Formation of the PFB esters 
PFB esters of the RFA were easily formed by mixing the PFBBr reagent and the 

acids in acetone in the presence of potassium carbonate. For pure standards, the 
reaction completed in 30 min or less at room temperature. However, the presence of 
other effluent coextractives often slowed down the reaction. Thus, the derivatization 
was carried out at 60°C for 30 min in order to ensure complete reaction. Longer 
reaction times did not produce higher yields of the esters in effluent samples. 

GC resolution of the esters 
Because of the similarity in molecular structures in many resin acids, complete 

GC resolution of these compounds either as free acids or as methyl esters could not be 
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Fig. 1. GC-ECD chromatogram of the RFA PFB esters as chromatographed on a 30-m DB-17 column. 
See Experimental for GC conditions. Acids: 1 = palmitic; 2 = heptadecanoic; 3 = steak; 4 = oleic; 5 = 
linoleic; 6 = linolenic; 7 = pimaric; 8 = sandaracopimaric; 9 = isopimaric; 10 = palustric; 11 = abietic; 
12 = dehydroabietic; 13 = tricosanoic; 14 = neoabietic; 15, 16 = chlorodehydroabietic; I7 = dichlorode- 
hydroabietic. 
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Fig. 2. GC-ECD chromatogram of the RFA PFB esters as chromatographed on a 30-m DB-5 column. See 
Experimental for GC conditions. See Fig. 1 for peak identification. 

100.0 

RIG 

, 10 

20 00 22:30 2590 

e 
27:30 

16 

L 
liO0 liO0 SCAN 

30:oo 32:30 TIME 

I 
I 

Fig. 3. Total ion current chromatogram of the RFA PFB esters obtained under NICI conditions using 
hydrogen as a reagent gas and a 30-m DB-1 column. See Experimental for GC conditions. See Fig. I for 
peak identification. 
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easily achieved even with high resolution capillary columns. For example, underiv- 
atized isopimaric, levopimaric and palustric acids coeluted on a 15-m DB-1 fused- 
silica column8. The methyl esters of palustric and levopimaric acids also coeluted on 
10-m SE-30 and SE-54 columns, except at relatively low column temperaturesl’. 
However, their separation has been reported on a 25-m OV-17 column2* and on the 
polar Silar 1OC and butane-1,6diol succinate (BDS) columns”. 

In this work, chromatographic resolution of the PFB esters of RFA has been 
attempted on capillary columns with three different stationary phases, namely, 
DB-17, DB-5 (or SPB-5) and DB-1 columns. Because of a purity problem of our 
sample of levopimaric acid, it was subsequently excluded in our work. Resolution of 
the PFB esters of the other RFA by the above columns was depicted in Figs. 1 to 3. 
All three columns were suitable for the analysis of the acids in pulpmill effluent 
samples. However, the PFB esters of stearic, oleic, linoleic and linolenic acids were 
better resolved on the more polar DB-17 column than on the DB-5 and DB-1 col- 
umns. On the other hand, the two less polar columns provided better resolution for 
the esters of abietic and dehydroabietic acids, which were present in nearly all ef- 
fluents. While the order of elution for many RFA PFB esters was the same with the 
above three columns, the esters of the four Cl8 fatty acids as well as those of abietic 
and dehydroabietic acids eluted in a different order on the DB-17 column as on the 
DB-5 and the DB-1 column. Because of the lack of pure standards for the two 
individual chlorodehydroabietic acids in our laboratory, the order of elution for their 
PFB esters could not be ascertained. However, if the PFB esters of these two resin 
acids follow the same chromatographic pattern as their methyl esters, then, by anal- 
ogy, the 1Cchloro isomer would elute ahead of the 12-chloro isomer21. 

GC-ECD sensitivity 
All RFA-PFB esters in our study had similar ECD sensitivity. The relative 

molar response factors of all esters were within a factor of three, with the isopimaric 
and neoabietic acid derivatives being the most and the least responsive compounds, 
respectively. The ECD response was linear over a range from 50 to 1000 pg for each 
PFB ester injected. About 0.5 to 1.5 pg of the ester was required to give a signal-to- 
noise ratio of 1O:l. 

GC-MS data for the PFB esters of the RFA 
Under EI conditions, the mass spectrum of resin acid PFB ester was quite 

complicated. In each case, it consisted of many peaks below m/z 150 and a very strong 
PFB ion (m/z 18 1). Similar to the corresponding methyl esters, the following species 
were also very prominent for PFB esters of various resin acids, namely: m/z 121 
(pimaric and sandaracopimaric acids), m/z 241 (isopimaric, palustric and abietic 
acids), m/z 135 (neoabietic acid), m/z 239 (dehydroabietic acid), m/z 273 (chlorode- 
hydroabietic acids) and m/z 307 (dichlorodehydroabietic acid) (see Table II). The 
structures of these species were not elucidated in our work but they were believed to 
have arisen from the same fragmentation patterns as postulated for the methyl esters 
of the same resin acids22. The relative abundance of the molecular ion for the PFB 
ester of a resin acid was low (6 to 30%) compared to the corresponding methyl ester. 
In addition, the following characteristic ions, (M-C6FSCH2)+ and 
(M - GjF&H2 - CO,)‘, were also observed at lower intensities for some of the resin 
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TABLE II 

MASS NUMBER ~la/z AND % RELATIVE ABUNDANCE (IN PARENTHESES) OF SOME CHARACTER- 
ISTIC IONS OBSERVED FOR RESIN AND FATTY ACID PFB ESTERS UNDER EI CONDITIONS 

Parent acid h4+- (M- 181) + (M-IBI~44)’ Other 

Palmitic 

Heptadecanoic 
Stearic 
Oleic 
Linoleic 
Linolenic 

Tricosanoic 
Pimaric 
Sandaracopimaric 
Isopimaric 

Palustric 
Dehydroabietic 
Abietic 
Neoabietic 
Chlorodehydroabietic 
Chlorodehydroabietic 
Dichlorodehydroabietic 

436(O) 
450(O) 

464(O) 
462(O) 
460(O) 
458(3) 
534(O) 
482(6) 
482(S) 
482( 11) 
482(28) 

(480(6) 
482(29) 
482( 17) 
514(9) 
514(6) 
548(10) 

255(6) 
269(9) 

283(7) 
281(6) 
279( 19) 
277(2) 

353(4) 
301(8) 
301(7) 
301(33) 

301(O) 
299(O) 
301(59) 

301(4) 
333(O) 
333(O) 
367(O) 

_ 
257(23) 
257(15) 
257(3 1) 
257(8) 
255(3) 
257(17) 
257(3) 
289(2) 
289(4) 
323(6) 

181(100), 237(14) 
lSl(lOO), 251(16) 
181(100), 265(16) 
lSl(lOO), 263(14) 
181(100), 261(5) 
181(100), 261(6) 
181(100), 335(14) 
121(100), 181(95), 241(16) 
lSl(lOO), 121(90), 241(18) 
lSl(lOO), 241(66) 

241(100), 185(85), 467(43) 
239(100), 181(30), 240(29) 
181(100), 256(52), 241(39) 
135(100), 181(39), 148(30) 
273(100), 181(59), 275(48) 
273(100), 181(52), 275(44) 
307(100), 181(82), 309(60) 

acid PFB esters. For the PFB ester of each fatty acid, the base peak in its mass 
spectrum was invariably the PFB ion (m/z 181). The (M - C6FJCHZ)+ ion was gener- 
ally weak and the molecular ion was absent in all but one case (Table II). 

The NICI mass spectra of the PFB esters of RFA using hydrogen, methane and 
isobutane as reagent gases were also examined. In all cases, the molecular ion was not 
observed and the base peak was always the (M - C6F5CH2)- ion. Since the latter ion 
is abundant and characteristic of the parent compound, it is therefore useful for 
identification and quantitation of RFA. Aside from the (M-&F&Hz)-, 
(M - CsFSCHz + l)-, and (M - C6FJCHI. + 2)- ions, no other ions of relative abun- 
dance over 10% existed in the NICI mass spectra. The absence of pentafluorobenzyl 
anion (m/z 18 1) was consistent with those observed for the PFB esters of prostaglan- 
dinsz3 and some phenoxy acid herbicides24. 

Among the three reagent gases tested, hydrogen was chosen for routine analy- 
sis. Although the overall sensitivity was lower by a factor of three or less with hydro- 
gen, it did not contaminate the ion source as readily as the other two gases and thus 
the response factors could be maintained for an extended period of time in routine 
analyses. Since the sensitivity of EC-NICI under SIM mode was similar to ECD for 
the detection of the PFB esters, the NICI technique was extremely useful for the 
confirmation and quantitation of RFA in effluent samples as described later. EI-MS, 
on the other hand, had much less potential applications because of lower overall 
sensitivity and the lack of an abundant characteristic ion for some RFA PFB esters. 

Extraction, cleanup, recoveries and detection limit 
In the literature, solvent extraction’s” at pH 2-3 and XAD column extraction1 

at pH 9-10 are the two major approaches for the recovery of RFA in effluent samples. 
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In our work, the simpler and more rugged solvent extraction technique using MTBE 
as described by Voss and Rapsomatiotis?’ was employed. Although our results in- 
dicated that this procedure provided virtually the same recovery of all the RFA at pH 
2, 6 and 10, extraction was preferably carried out at a pH between 6 and 10 as the 
extracts in those cases contained smaller amounts of non-RFA coextractives. The use 
of dichloromethane on pulpmill effluents would generally cause emulsion and foam- 
ing in the extraction steps, thus losses of the organics could occur. Using a less polar 
solvent such as hexane would not produce any emulsion, yet the recovery of the resin 
acids was found to be reduced to 60% or less. 

In order to monitor any losses of the organic acids in the entire analytical 
procedure, a known amount of tricosanoic acids was spiked to the effluent sample 
prior to extraction. This acid was chosen as a surrogate since it was not detected in 
pulpmill effluent in any significant amount and also because its PFB ester did not 
coelute with other resin acids and coextractives in the final analysis. A less commonly 
available compound, 0-methylpodocarpic acid, was also used as a surrogate for RFA 
analysis by some workersz5,“. However, it should be noted that the PFB ester of this 
surrogate has a retention time very close to that of dehydroabietic acid when chroma- 
tographed on either a DB-5 or a DB-1 column, thus causing incomplete resolution. 

To minimize interferences from other sample coextractives, a silica gel cleanup 
step was included. All PFB esters of the acids in this work were quantitatively re- 
moved from the column by dichloromethanelight petroleum (25:75, v/v). 

The recoveries of RFA were obtained by replicate (n = 7) analyses of fortified 

TABLE III 

MEAN RECOVERIES OF REPLICATE DETERMINATIONS OF RESIN AND FATTY ACIDS IN 
SPIKED EFFLUENT SAMPLES 

NA = Not available because of high levels of some fatty acids in the blank. 

RFA Recovery ZL S.D. (PI= 7) (%) 

Level (MIU 

IO00 100 10 

Palmitic 98.1 f 1.6 94.9 f 5.4 NA 
Heptadecanoic 95.6 f 2.9 91.7 f 4.0 87.5 i 7.8 
Stearic 96.4 f 1.9 100.2 f 5.9 NA 
Oleic 98.0 f 2.6 96.4 =IZ 7.9 91.8 f 10 
Linoleic 89.9 f 2.5 99.2 f 6.7 90.0 f 9.1 
Pimaric 90.6 f 2.9 95.5 f 5.9 89.4 f 7.3 

Sandaracopimaric 90.5 f 2.8 94.0 f 5.6 89.4 f 8.7 
Isopimaric 91.1 f 2.6 94.8 f 6.5 90.8 f 8.3 
Palustric 85.4 jz 1.9 95.0 f 7.3 75.3 f 6.5 
Abietic 93.9 f 1.6 95.1 f 6.4 104 *II 

Dehydroabietic 91.1 f 1.2 91.7 f 6.9 112 f 8.2 
Neoabietic 87.0 f 2.7 91.4 f 7.4 76.7 f 7.3 

Chlorodehydroabietic 92.4 f 2.7 95.8 f 5.1 86.8 f 8.2 
Chlorodehydroabietic 93.7 f 2.6 95.9 f 4.9 87.8 f 7.4 

Dichlorodehydroabietic 96.7 f 2.6 95.9 f 4.7 89.0 f 7.6 
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samples of a final effluent with a low RFA blank. As shown in Table III, recoveries of 
all acids at 1000, 100, and 10 pg/l levels were close to quantitative. It should be 
pointed out that the recoveries of palmitic, heptadecanoic, stearic, oleic, linoleic as 
well as dehydroabietic acids were blank subtracted. Also, the recoveries of two fatty 
acids (Table III) at 10 pg/l could not be reliably obtained since their blanks were a few 
times higher than the spiking level. The single-laboratory precision (coefficient of 
variation) of the procedure was between 2 and 3% at 1000 pg/l, 5 and 8% at 100 pug/l, 
and 8 and 11% at 10 pg/l. 

For routine ECD analysis, the estimated method detection limit was 1 pg/l 
based on a 25-ml effluent sample and a concentration factor of 10. Further improve- 
ment of the method detection limit, if required can be achieved by using a higher 
concentration factor through a larger sample size and/or a smaller final volume. 

Application to pulpwlill sapnplees 
The present analytical procedure was applied to the analysis of many effluent 

samples collected outside of a few Ontario and Quebec softwood bleached kraft mills. 
In many cases, palmitic, stearic, oleic, linoleic, abietic and dehydroabietic acids at 
high pug/l levels were found. In addition, most of the other resin acids at lower concen- 
trations were also detected, although the chlorinated dehydroabietic acids were less 
commonly found. During the development of this method, the PFB ester procedure 
was compared with the methyl ester procedure using split effluent extracts. Although 
both methods gave similar results for RFA at high levels, the PFB ester-ECD method 
was undoubtedly more sensitive and reliable than the methyl ester-flame ionization 

TABLE IV 

CONCENTRATION OF RESIN AND FATTY ACIDS FOUND IN SOME CANADIAN PULPMILL 
EFFLUENTS 

Resin andfatty acids Concentration (pg/l) 

Efluent A Efluent B Efluent C 

Palmitic 288 176 85.3 
Heptadecanoic 29.1 18.9 10.9 
Stearic 257 105 54.3 
Oleic 64.9 61.0 16.4 
Linoleic 21.1 54.1 7.7 
Linolenic <1 4.6 tl 
Pimaric 35.2 32.1 3.7 
Sandaracopimaric 12.2 42.7 4.2 
Isopimaric 33.2 127 16.1 
Palustric 16.4 I12 5.3 
Abietic 39.4 210 13.9 
Dehydroabietic 33.5 161 14.9 
Tricosanoic” (84.6%) (97.5%) (91.0%) 
Neoabietic 16.5 129 15.5 
Chlorodehydroabietic 12.7 <l <l 
Chlorodehydroabietic 71.3 cl <l 
Dichlorodehydroabietic 54.0 <1 <l 

n Surrogate results as % recovery. 
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Fig. 4. Hydrogen NICI-MS-SIM chromatogram of the RFA PFB esters of effluent A. 
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Fig. 5. GC-ECD chromatogram of the RFA PFB esters of effluent B. 
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Fig. 6. GC-ECD chromatogram of the RFA PFB esters of effluent C. 
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detection method for the determination of low levels of RFA in final effluents. In 
many instances, analytically and environmentally significant amounts of RFA 
though undetected by the methyl ester method were unequivocally determined by our 
new procedure. 

Examples of the RFA concentrations found in some typical softwood kraft mill 
final effluents are given in Table IV. Among the effluents that we had examined, 
sample A was one of the few cases that the chlorinated dehydroabietic acids were 
found at significant levels. The EC-NICI-MS-SIM chromatogram of this sample is 
depicted in Fig. 4 and it clearly demonstrates its sensitivity and selectivity for the 
detection of RFA in a complex sample. The MS results also confirmed the identities 
as well as the quantities of the RFA results obtained by ECD. While effluents B (Fig. 
5) and C (Fig. 6) were sampled from the same mill, the results shown in Table IV were 
consistent with the fact that effluent B was collected at a site much closer to the mill 
than effluent C. The sensitivity of the PFB ester method was best exemplified by the 
analysis of effluent C as its total resin acid content was only about 74 pg/l and resin 
acid contents below 10 pg/l were readily detected. 
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