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MANAGEMENT PERSVPECTIVE 

Nonylphenol is a persistent, lipophilic, and toxic metabolite of nonylphenol 

ethoxylates, a major class of non-ionic surfactant used across Canada. Recently, this chemical 

wasshown to be an estrogen mimic, -that caused feminization of male fish downstream of sewage 

treatment plants and induced the proliferation of breast cancer-celtls in laboratory studies. 

Although studies in Europe indicated that nonylphenol was present in -many sewage treatment 

plant effluents, no equivalent data are available in Canada. We have recently developed 

improved analytical methods for its detection in effluent and sludge samples. Preliminary 

screening of some sewage treatment plant samples collected in the Toronto area showed 

extremely high (>100 ’,ug/g) levels of noriylphenol in sludge and pg/L level-in effluent. This 

chemical has been proposed by Environment Canada as a candidate for Priority Substances List 

2 _of the Canadian Environmental Protection Act.



SOMMAIRE A UINTENTION DE LA DIRECTION 

Le nonylphénol est un. métabolite persistant, lipophile et toxique provenant des éthoxylates 

dc nonylphénol, une importante catégorie de surfactants non ioniques utilisés dans tout le Canada. 

Récemment, il a été démontré que les caractéristiques de ce composé simulent celles des 

estrogénes et entrainent la féminisation des poissons males en aval des stations d’épurat_ion des 

eaux d’égout; de plus, cc produit favorisait la prolifération de cellules du cancer du sein au cours 

d’études en laboratoire. Bien que des études effectuées en Europe aient indiqué la présence de

I nonylphénol dans les effluents d’un grand nombre de stations d’épuration des eaux d’egout, on 

ne dispose pas de données équivalentes au Canada. Récemment, on a élaboré des muéthodes 

analytiques arnéliorées pour la détection de ce. composé dans les effluents et les échantillons de 

boues. Un examen préliminaire de certains étchantillons de stations d’épuration des eaux d’égout, 

prélevés dans la région dc Toronto, a indiqué la présence de teneurs extrémement élevées 

(> 100 pg/g) dc nonylphénol dans les boues, ainsi que de teneurs de l’ordre des ,ug/L dans les 

effluents. On a proposé que cc produit chimique soit porté sur la deuxiéme Liste des substances 

d’intérét prioritaire d’Environnement Canada, conformément 21 la Loi canadienne sur la protection 

de Penvironnement.



ABSTRACT 

Quantitative and efficient methods for the determination of 4-nonylphenol (4-NP) 

in sewage treatment plant (STP) effluent and sludge samples were developed. For effluent, the 

4-NP was converted, invsitu, into its acetyl derivative with acetic anhydride in the presence of 

a base. In the case of sewage sludge, 4-NP was subjected to supercr_1't_ica_l carbon dioxide 

extraction and on-line acetylation during the extraction stage. After a silica gel column cleanup, 

sample extract was analyzed by capillary column gas chromatography with selected ion 

monitoring using" a mass selective detector. Recoveries of 4-NP in spiked samples (1 and 10 

,ug/L for effluent and 5 and 50 /lg/g for. sludge) were 93% or above with relative standard 

deviations better than 5%. Detection limits for 4-NP were 0.1 ,ug/L for effluent and 0.1 pg/g for 

sludge. These methods were applied to the determination of 4-NP in samples collected from 

Toronto and vicinity S’I'Ps. Concentrations of 4-NP from <1 to 30 ,ug/L in the. effluent and over 

100 ,ug/g in sludge were found.



RESUME 

On a mis au point des méthodes quantitatives efficaces pour le dosage du 4-nonylphénol 

(4-NP) dans les effluents des stations d’épuration des eaux d’égout et les échantillons de bones. 

Dans le cas des échantillons d’effluents, le 4-NP était converti in situ en son dérivé acétylé par 

de l’anhydride acétique en présence d’une base. Dans le cas des échantillons de» boue d’eaux 

d’égout, le 4-NP était soumis at un processus d’extraction supercritique au dioxyde de carbone 

et d’acétylation en direct au cours de l’étape d’extraction. Aprés un nettoyage sur une colonne 

de gel de silice, l’extrait de l’échantillon était dosé par chromatographic gazeuse sur une colonne 

capillaire avec surveillance d’ions choisis a l’iaide d’un détecteur de masse- Les récupérations 

du 4-NP dans les échantillons enrichis (1 et 10 lug/L pour les effluents, et 5 et 50 ,ug/g pour les 

boues) atteignaient 93 % ou plus, avec des écarts types relatifs supérieurs a 5 %. Les limites de 
détection du 4-NP étaient de 0,1 ,ug/L pour les effluents et de 0,1 ,ug/g pour les bouese. On a 

utilisé ces méthodes pour le dosage du 4-NP dans les échantillons prélevés dans des stations 

d’épuration de Toronto et de son voisinage. On a mesuré des concentrations de 4-NP comprises 

entre moins d’un et 30 ,ug/L dans les effluents, et dépassant les 100 pg/Hg dans les boues.



INTRODUCTION 

' Nonylphenol ethoxylates (NPEs) are a major class of non-ionic surfactant used 

across Canada. “NPEs are derived from the addition of ethylene oxide -to nonylphenol and may 

have 1 to 20 ethoxy units per molecule [1]. Nonylphenol, manufactured by the alkylation of 

phenol with nonene, consists mainly of amixture of 4-substituted monoalkylphenols with various 

isotneric, branched nonyl groups. The demand for NPEs in Canada-was 4.1 kt in 1990. While 

the use of NPEs in household detergents has diminished in recent years, the textile and pulp and 

paper industries are pretsently the major users of these surfactants. Under anaerobic conditions 

[2-4], NPEs ultimately biodegrade into 4-nonylphenol (4-NP) which is p¢.1’.Sistent, lipophilic and 

more toxic than the ethoxylates to fish and other aquatic organisms. Its 96-h LC50 values for 

salmon and trout ranged from 0.13 to 0.23 mg/L [5].
g 

The occurrenceof NPEs and their metabolites including 4-NP has been monitored 

in sewage treatment plant (STP) samples in some European countries since flie early eighties. 

Concentrations of 4-NP varied from <1 to 100 pg/L in effluent [2-4, 6] and from 100 to 1000 

pg/g in sludge [3, 7]. With a log KW (octanol-water" partition coefficient) of 4.48 [8], 4-NP is 

expected to be adsorbed on sediments. To date, very little infonnation regarding the levels of 

4-NP in Canadian STP effluent and sludge is available. The main environmental source of NPEs, 

and their metabolite 4-N"P,~ comes from the use of detergents derived from this surfactant. Inputs 

from the other industrial applications of 4-NP, such as pesticide adjuvants and polymerization 

emulsifiers, etc., are relatively minor. 
T

e 

The presence of 4-NP in the environment has recently become of increasing 

concern since it has been shown to be a strongly estrogenic compound that can cause feminization
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of male fish downstream of STPs [9], resulting in the lack of reproductive success. While the 

evidence is still fragmentary, these enviromnental estrogens, including compotmds such as DDE, 

DDT, Kepone, some polychlorinated biphenyls, alkylphenols particularly nony1- and octylphenols, 

etc., are also linked to fertility problems in men and cancer in humans [9]. In one study, 4-NP 

at 10 |.LM was shown to exhibit similar estrogenic effects as 30 pM of 17B-estradiol in inducing 
the proliferation of MCF, human breast cancer cells [10]. 

In the past, several extraction methods, including continuous solvent extraction, 

exhaustive steam distillation, and gaseous stripping with nitrogen into ethyl acetate using the 

Wickbold procedure, have been used for the enrichment of 4-NP in wastewaters and sewage 

effluent [2, 3, 11]-. The steam distillation method was also used for the extraction of 4_-NP in 

sewage sludge and soil samples after suspending the solids in water [3]. While other 

chromatographic methods were developed [2, ll], quantitative analysis of 4-NP was usually 

carried out by nonnal phase HPLC analysis using an UV detector at 277 mn since this technique 
was more amenable to the simultaneous analysis of the polyethoxylates [3]. In this work, we 

validate an in situ derivatization technique for the simultaneous extraction and acetylation of 4-NP 

in effluent, sludge and sediment samples. Sample extracts were quantified by a mass selective 

detector operating in selected ion monitoring mode for sensitive detection and positive 

identification, The application of this technique to the determination of 4-NP and 4-tert- 

octylphenol (4-tOP) in effluent and sludge samples collected from nearby municipal STPs, as well 

as in some aquatic sediments, is also described.
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EXPERIMENTAL 

Chemicals
I 

4-'N'P,4-tOP [4-(l ,1 ,3 ,3-tetramethylbutyl)phenol] , 4-n-octylphenol,acetic anhydride 

and triethylamine were obtained from Aldrich (Milwaukee, WI). Stock solutions of the phenols, 

at 1000 p.g/mL,» were prepared in acetone and stored in crimped top vials at 4°C. Non-acid 

washed Celite 545, anhydrous sodium sulfate, potassimn carbonate and silica gel (GC grade 950, 

60-200 mesh) were purchased from Fisher‘ Scientific Co. (Toronto, Ontario). Acetic anhydride 

was triply distilled in our laboratory and kept at -20°C. Sodimn sulfate was heated to 500°C 

overnight-, cooled and stored in glass bottles before use. Silica gel was activated at 200°C 

overnight and then deactivated by adding five mL of water to 95 g of the adsorbent. Solvents 

(hexane, petroleum ether 30-60°C, acetone and iso-octane) were distilled-in-glass grade available 

from Baxter (Burdick and "Jackson, Muskegon, WI). Supercritical fluid extraction (SFE) grade 

carbon dioxide without‘ a helium head pressure was obtained from Air P-rod_uC'£S (Nepean, 

Ontario). " 

Eflluent and sludge samples - 

A Samples from sewage treatment plants (STP) in metropolitan Toronto (four sites, 

namely, Leslie, Humber, Highland Creek and North Toronto), and Mississauga (Lakeview) were 

tested in this work. Up to three effluent samples (l to 4 L grab) were collected at each site: 

prim_ary effluent, final effluent before chlorination and final effluent after chlorination. - Heat- 

treated sludges were collected from the Leslie and Highland Creek plants.- No preservative was
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used for these samples, After collection, each effluent was filtered through 0.45pm Whatman 

GF/C filters, kept at 4°C and extracted the following day. Sludge and sediments were air-dried 

at 22°C, ground and passed through a 30 mesh sieve to remove extraneous matters such as hair, 

wood chips and gravel. The homogenized powder was used for SFE work. 

In situ acetylation of 4-NP ifi eflluent 

One gram of potassium carbonate was added to 250 mL of a filtered efiluent to 
bring the pH to 10 or above. One mL of the triple distilled acetic anhydride and 304 mL of 
petroleum ether were then added and the sample was stirred on a magnetic stirrer for 30 minutes. 

The layers were then separated in a separatory funnel and the aqueous layer was returned to its 

original container. The acetylation was repeated twice with an additional 100 |.tL of acetic 

anhydride and 30 mL of petroleum ether for 15 minutes each time. The combined organic extract 

was partitioned with 30 mL of 1% potassium carbonate solution to remove the coextracted acetic 
acid. After discarding the base, the organic layer was dehydrated by passing through a 2.5 cm 

layer of anhydrous sodium sulfate in a filter funnel and was concentrated to ca. 5 mL with a 

rotary evaporator and a 40°C bath. The concentrated extract was quantitatively transferred to a 

15 mL test tube and was further evaporated, by a gentle stream of nitrogen, to l mL in the 
presence of 1 mL _iso-octane as a keeper. 

In situ acetylation and SFE of 4-NP from STP sludge 

All SFE was carried out with a Hewlett-Packard 7680T supercritical fluid 

extractor-. The extraction thimble was prepared as foll0ws._ First, a layer of Whatman GF/C filter
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paper cut to the same diameter of the thimble was placed at the bottom of the thimble, making 

sure that it did not interfere with the sealing" surface of the cap. Then, 200 mg of celite followed 

by 250mg of a dry sludge or 1 g of a dry sediment was added. Thirty |.1L of triethylamine was 

then spikedonto the sample which was followed by another .layer of celite (200 mg) and 10.0 pL 

of acetic anhydride. Another layer» of GF/C filter _paper was placed on top. The void volume of 

the extractionlthimble was filled» by a glass rod of 1 cm diameter and a- suitablelength (3 to 5 

cm, depending on the sample size). 

The samples were extracted with supercritical carbon dioxideat 80°C and a density 

of 0.79 g/mL (5096 psi) with a flow rate of 2 The extraction times were 15 min static 

and 10 min dynamic. The ‘variable restrictor nozzle was kept at 50°C to prevent freezing-.» The 

acetyl derivative of 4-NP formed during the static extraction was removed from the sample 

matrix in the dynamic extraction stage. After depressurization of the supercritical fluid, the 

extract was adsorbed on an octadecyl functionalized silica gel (ODS) trap which was maintained 

at 5°C during extraction. At the end of the extraction, the trap was heated to 40°C before the 

derivatives were eluted from the trap -by 1.5 mL and 1.0 mL "aliquots of hexane into two vials. 

The extracts were combined in a 15 rnL tube and were partitioned with 3 mL of 1% potassium 

carbonate solution to remove the coextracted acetic acid. The organic layer was then dried with 

anhydrous sodium sulfate and concentrated to l mL with nitrogen in a 40°C bath. 

Silica" gel column cleanup < 

. 

T Al cleanup column made up of a 7 mm i.d.i-disposable Pasteur pipet with a piece 
of ‘g-lass wool plug at. the bottom was prepared. The column was filled with 5 cm of 5% 

q]NJ
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deactivated silica gel and then with 5 mm of anhydrous sodium sulfate-. After pore-elution with 

3 mL of petroleum ether, the concentrated sample extract was quantitatively applied to the 
column. It was then sequentially eluted by the following: (1) 5 mL of 5% dichloromethane in 
petrolemn ether,,(2) 10 mL of 50% dichloromethane in petroleum ether, and (3) 10 mL of 1% 
methanol in dichloromethane. Fraction one was discarded. Fractions two and three were 

collected separately and each fraction was solvent exchanged into l mL of iso-octane. A larger 
dilution may be required for sludge. 

Gas chromatography-mass spectrometry (GC-MS) analysis 

GC@MS analysis of sample extracts was performed with a Hewlett-Packard (HP) 
5972 Mass Selective Detector (MSD) interfaced to a HP5890 Series II gas chrjomatograph (GC). 

For most samples, only fraction two from the silica gel colunm cleanup that contained the acetyl 

derivative of 4.-NP was analyzed. Sample injection was made, in the splitless mode, by the 

HP7673A autosampler onto a 30 m x 0.25 mm id x 0.25 um HP-5-MS column. Injection port 

and MSD interface temperatures were 250°C and 200°C, respectively. The GC oven temperature 
program was: '__70°C initial (kept for 1 min), then increased to 160°C at a rate of 530°C/min, then 

increased to 240°-C at a rate of 5°C/min. Carrier gas (helium) linear velocity was held constant 

at 39.8 cm/s by means of an electronic pressure controller. The electron energy and electron 

multiplier voltage were 70 eV and 2000 V, respectively. Confirmation of samples was carried 

out in full scan mode and data were acquired from m/z 40 to 300. Quantitative analysis of the 

4-nonylphenyl acetate was performed by monitoring the ions at m/z 121, 135, 149,- 163, 191, and 

262 in selected ion monitoring (SIM) mode. For 4-tertaoctylphenyl acetate, the ions at m/z 135-,
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177, and 248 were monitored. 

Calibration standards and quantitation "
- 

. Calibration standards were prepared by acetylation of a mixture of 4-NP (100 pg) 

and 4-tOP (10 pg) in.30 mL of 1% KZCO3 in the presence of acetic anhydride as described above 

for effluentsamples. Further dilutions of the product were made in iso-octane to prepare standard 

solutions at 1.0, 1, and 0.1 pg/mL for 4+nonylphenyl acetate and 1, 0.1, and 0.01 pg/mL for 4- 

tert=octylphenyl acetate; Confirmation of peak identity was achieved by the observation of 

molecular ions at m/z 248 (for 4-tOP) and m/z 262 (for 4-NP). Quantitation of the phenols in 

sample extracts was carried out by the external standard method using response factors generated 

by the authentic standards prepared above. Each sample extract was injected twice and the 

average result was used. Response factors were recalibrated once every three samples. For 4-NP, 

smnmation of areas for those peaks in the total ion current chromatogram that had th€,S'3I"IlC 

retention times as the calibration standard was performed. 

RESULTS AND‘ DISCUSSION 

In situ acetylation of '4-NP ‘ ' ' 

- 

i

t 

' A wide range of phenolic compounds of environmental importance reacts readily 
and quantitatively with acetic anhydride to form the acetyl derivatives. These include priority 

pollutants such as chlorophenols [12-14], methylphenols ‘[12], nitrophenols [15] as well as the 

chlorinated guaiacols, catechols and syringols found in effluent of chlorine-bleaching pulp and
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paper mills [16]. Even though gas chromatographic methods have been established for 

underivatized 4-NP, the less polar acetyl derivative is our choice for this work since it offers 

better chromatographic separation of the 4»-NP isomers as well as a lower (ca. 4-fold) detection
> 

limit by mass selective detection in SIM mode. The extraction of 4-nonylphenyl acetate in 

effluent could be effected by a non-polar solvent such as petroleum ether and the emulsion 

formed during the extraction steps was never severe enough to affect phase separation. Further, 

the derivative is more readily separated from the more polar coextractives by the silica gel 

cleanup column and it is therefore advantageous in the analysis of highly contaminated effluent 

and sludge samples. While the derivatization route has an extra step in the procedure, it does not 

require any extra time since the extraction and acetylation of 4-NP can be carried out 

simultaneously. 

The electron impact mass spectra of the acetyl derivatives of 4-NP 

Figure lA is a total ion cturent profile of the acetyl derivatives 4:-tOP and 4-NP 

chromatographed on a 5%-phenyl methylpolysiloxane phase capillary column. Peak 1 with a 

retention time of 8.70 was derived from 4-tOP while those peaks from 9.8 to 10.9 r_ni_n_ 

(peaks .2 to 11) were attributed to the different ‘isomers of 4-nonylphenyl acetate. Under the GC 

conditions described earlier, ten peaks were resolved for the derivatized 4-NP and they all had 

retention times longer than the free phenol. The mass spectra of these peaks exhibited the same 

molecular ion of m/z 262 with a relative intensity of 5% or less, confirming the formation of 

acetyl derivatives. Other than the molecular ion, the mass spectra of the derivatives are very 

sirnilar to those of the free phenol, with intense fragment ions at m/z 107, 121, 1-35, 149, -and 191
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[2, ll]. . . 
.~ 

A closer inspection of these mass spectra indicated that, with the exception of 
peaks 7 and 8, the nonylphenol isomers could be classified intocthree groups. The mass spectrum 

of the group one isomer (peak 21in Figure 1A) is shown in Figure 1B. With ha base peak at m/z 

121 ([M-COCH2-C,H,,]*), it is consistent with a resonance stabilized, substituted benzyl ion 

having the on-methyl structure on the alkyl chain. The‘ group two isomers (peaks 3-, 5, and 9) 

exhibited mass spectratwith a basepeak at m/z- 135 ([M-COCH-2-.C6H13]i*), suggesting that they 

have an ot,0c-dimethyl structure (Figure 1C). The third group of. isomers (peaks 4, 6, 10, and ll) 

had’ base speak at m/z 149 ([M-COCH2-CSH,-,]*) and are c,ons'isten‘t with structures, having an oo- 

methyl-ot-ethyl side chains (Figure ID). The mass spectrum. of peak 7 had major fragments at 

mfz 21.9, 177 (base peak, [M-COCH2-C,H,]*), 135, 121, and 107 in addition to the weak MT. 

Since the first three ions were 42 mass units apart and the last three were 14 apart, a C9 side 

chain with two propyl .groups and an ethyl ‘group attached to the benzylic carbon was assigned 

to this isomer. Based on the presence of major fragments at m/z 205 (l[M-COCH;-CH3]+), 163 

(base peak, [M-COCH2-C4H9]+), 121 and 1-07 in the mass spectrum of peak 8, an alkyl structure 

with a methyl, a. propyl and a butyl substitution at the on carbon was tentatively assigned to this 

nonylphenol isomer. The mass spectrum of 4-tert-octylphenyl acetate closely resembled that in 

Figure 1C, with the exception of the molecular ion occurring at m/z 248,. "With a base peak at 

m/z 135, it was again ‘consistent with an 0c,a-dimethyl structure. . 

-

_ 

The GC-MS selected ion monitoring technique offers selective detection and 

confinnative- results for 4:-NP» in highly contaminated STP samples, goals that could. not be 

achieved by the previ_ously reported GC-FID and HPLC methods. Furthennore, the high
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resolution of the capillary column also permitted the simultaneous determination of octylphenol; 

the latter coeluted with nonylphenol under normal phase HPLC conditions. 

Supercritical carbon dioxide extraction and in situ acetylation of 4-NP from -sludge and sediments 

A few years ago, we developed a highly efficient and selective extraction method 
for the determination of pentachlorophenol and other chlorophenols in contaminated soil and 

sediment samples [17]. In that procedure, chlorophenols were first extracted by supercritical 

carbon dioxide and then they were acetylated by acetic anhydride in the presence of triethylamine 

under SFE conditions. This single-step procedure was later applied to the online SFE and 

acetylation of phenolics such as chlorinated guaiacols, catechols, and syringols in sediments 

collected downstream of chlorobleaching pulp and paper mills [18]. Unpublished work from our 

laboratory also indicated that the same procedure could be extended to the determination of 

priority pollutants such as methylphenols and nitrophenols in soils and sediments. 

4-NP in sludge and sediments was readily extracted and acetylated by supercritical 

carbon dioxide of 0.79 density and at a temperature of 80°C. Using an air-dried and 

homogenized sludge collected from a Toronto STP as a reference sample for method 

development, optimal recovery of 4-NP was achieved by a 15 static extraction followed by 

a 10 min dynamic extraction at a flow rate of V2 mL/min. These SFE conditions were used for 

the subsequent quantitative determination of 4-NP in sludge and sediments since higher extraction 

temperature (100°C), higher carbon dioxide density (0.87 g/mL), as well as a doubling in 

extraction times (static and dynamic)’, or the amount of derivatization reagents, all failed to yield 

more 4-NP. A second extraction of the same sample recovered less than 0.5% more 4-NP. The
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entire extraction/acetylation cycle required ca. 45 min._ For comparison, I g of the same sludge 

used for SFE work was dispersed in 300 mL of water and was then steam distilled for 3 hr into 
3 mL of cyclohexane [19], The organic layer was subsequently acetylated and the products 

cleaned up as described before. However, in three trials, the recovery of 4-NP obtained by steam 

distillation was less than 8% of the SFE results. ' 

Recovery of 4-NP fiom spiked samples ‘ 

‘

' 

Subsamples of a Burlington Bay water spiked with 4-:NP were extracted by the in 

situ acetylation procedure described above. Replicate analyses at 1 and 10 pg/L levels produced 

recoveries of 293% with relative standard "deviation better than 5% (Table 1). These results are 

similar to those obtained for the di- and tri- methylphenols in our laboratory. In the case of 

sludge, a lake sediment free from 4-NP contamination was used for spiking purpose. Replicate, 

(analyses at spiking levels of '5 and 50 pg/g also produced results with acceptable precision and 

accuracy (Table 1). The detection limits of 4-NP were estimated as 0.1 pg/L for effluent (based 

on a concentration factor of 1,000) and 0.1 pg/g for ‘sludge and sediment (based on a 

concentration factor of 1‘). With the same concentration factors, the .dete_ction limits for 4-tOP 

were 0.005 pg/L (effluent) and 0.005" pg/g (sludge and sediment). These detection limits easily 

attained the purposes of monitoring 4r=NP in STP samples. 

Occurrence and levels of 4§NP in STP samples and some dquatic sediments 

Effluent samples from four _,STPs‘ir1 metropolitan Toronto and another one in the 

nearby city of Mississauga were collected and analyzed for 4-NP. The results (Table 2) indicated
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that the phenolwas found in all samples and its level varied from 2.8 to 30 pg/L in the primary 

effluent and from 0.8 to 15 pg/L in the post-chlorination final effluent. There was a two- to five- 

fold decrease in 4-NP between the primary and final effluent tested. Chlorination of the final 

effluent did not seem to have a significant impact on the level of 4-NP since its level was 

virtually flue same before and after this process. In addition to 4-NP, 4:-tOP was also present in 

all effluent samples, with concentrations varying from 0.12 to 2.5 pg/L. The enviromnental 

occurrence of 4-tOP ethoxylate, possibly a minor component ir1 NPE formulations, in the 

Delaware River has been reported [20]-.» In contrast-, 4-n.-octylphenol was not detected in the 

effluent samples tested. 

The two sludge samples collected inside the Toronto STPs are contaminated with 

very high levels of 4-NP, being at 470 and 137 pg/g on a dry weight basis (Table 3). A 
Hamilton Bay sediment that was collected near the Burlington STP effluent outlet was found to 

have 41 pg/g of 4-NP. Another sediment in the nearby Windermere Basin which receives STP 

effluent from the city of Hamilton, had 6.73 pg/g in 4-NP. Three river sediments, collected at 

various sites downstream of pulp and paper mills in Thunder Bay in 1991, were also shown to 

be contaminated by 4-NP, although the levels were low (from 0.29 to 1.28 pg/ig) in comparison 

with the STP related samples. Again, 4-tOP was found in many of these sludges and sediments, 

with concentrations varying from <0.005 pg/g to 12.1 pg/g. _As a further test of the precision 

of the present SFE procedure applied to naturally contaminated samples, replicate analyses were 

performed on some ‘sludge and sediment samples. The relative standard deviations of the 4-NP 

and 4;-tOP results in those cases varied from 2.8% to 5.6%, indicating that this new technique is 

capable of generating reproducible results for these phenols. The total ion current chromatograrns
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of the acetylated extract for the effluent and the sludge obtained from the Leslie plant 

are depicted in Figures 2A and.2B, respectively. It should be noted that, in these chromatograms, 

all ten pealgs for 4-NP were not only observed but they also closely resembled, in relative 

abundance, the authentic standard. The same observation also applied to the extracts of other 

effluent, sludge and sediment samples with lower concentrations of 4-NP, indicating the integrity 

of the phenol in these samples. »

A 

We have also analyzed, by GC-MS, the third fraction from the silica gel column 

cleanup of the two sludge samples as well as the two effluent samples that had the highest levels 

of 4.-NP-. A group of peaks with retention times from 1,2 to 15 min was observed in each of 

those extracts. They were tentatively assigned as the nonylphenol monoethoxylates due to the 

presence of major fragmentation ions at m/z 165, 179, 193, 207, and 264 reported earlier for 

these compounds [2-,1 1]. Because of the lack of an authentic standard, their concentrations were 

not detennined. 

In conclusion, the in situ acetylation procedure was an effective alternative for the 

pre-concentration of 4=NP in STP effluents. For sludge and sediment samples, the SFE approach 

was faster and produced much higher yieldstthan steam distillation. GC-MSD analysis in selected 

ion monitoring mode produced superior chromatography for the acetyl derivatives and more 

sensitive and selective than the existing HPLC method ‘developed -for the underivatized phenol. 

The presence of 4:-NP in all STP derived samples confirrned the widespread occurrence of 

compound in municipal sewage. Although there was a decrease in the 4-NP concentration in the 

final effluent, by a factor of two to five in comparison to the primary effluent, this compound 

was still easily detectable (at low pg/L levels) inthe treated effluent’. As reported earlier by
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Giger et al. [7], extremely high concentrations of 4i-NP in anaerobically digested sewage sludge 

were observed. Therefore, discharges of the sewage effluent into rivers and lakes and the 

disposal of sludge onto soil are likely to cause contamination of 4-NP in the aquatic enviromnent. 

Further work on the survey ‘of 4-NP in effluent and sludge samples from other STPs across 

Canada is under way.
h 
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Table 1. Recovery of 4-nonylphenol from spiked Water and sediment samples Niunber of 

replicates = 4 at each spiking level. 

16 

Matrix Spiking level Mean R.S.D., % 
Recovery, % 

Lake water 10 pg/L 93 3.2 

Lake water lug/L 97 4.1 

Lake sediment 50 us/lg 96 4.5 

Lake sediment 5 us/g 98 5,3



Table. 2. Levels of 4-‘nonylphenol and 4-.tert-octylphenol in municipal sewage treatment plant 

' effluent. 

Sewage treatment plant Effluent type 1 [4-.i\115]l,l iig/L: 

1 

[4-tOP], pg/L 

Mississauga (Lake"view.) 0.9 

Toronto (Leslie) Prilr-nary 2.5 

Final A 15.1 - 1.6 

Final B 1.7 

ii......;14;ig1.i... Creek) Primary 1,1 

Final A 0.77 

Final B 0.69 

l 

North Toronto Primary 0.48 

Final A 0.23 

Final B 0.17 

Toronto (Humber River) Priinary 0.41 

Final A 0.12 

Final B 0.19 

A = Pre’-chlorination, B = Post-chlorination
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LIST OF FIGURES 

FIGURE 1. A, Total ion current chromatogram of the acetyl derivatives of 4-tert-octylphenol 

(retention time 8.70 min) and 4-NP (retention times from 9.8 to 10.9 min). 

B, C, and D. Representative mass spectra of 4-nonylphenyl acetate isomers, 

FlGURE 2. A. Total ion current chromatogram of the acetyl derivatives of a STP primary 

effluent contaminated by 4-NP. 

B. Same for a STP sludge.
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