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Trace Analysis of Alkylphenol Ethoxylates 1 
Edmund Kubeck and Carter G. Naylor" 
Texaco Chemical Company, P.O. Box 15730, Austin, TX 78761 

A method for quantitative determination of trace 
amounts of alkylphenol ethoxylates (APE) in environ- 
mental water is described. Levels of 1 to 3 ~g/L can be 
detected and resolved into their complete oligomer dis- 
tribution (lEO to 18EO) while maintaining integrity 
of the oligomer distribution. This is a major improve- 
ment over previous methods; for the first time distor- 
tion of oligomer distribution due to work-up conditions 
of earlier methods has been prevented. 

Isolation of the APE from water is achieved using 
a simple and rapid dual-column procedure. The first 
column removes interfering ionic materials, the second 
traps the APE on alkyl-bonded silica. Assay  of 
the extract employs HPLC with a fluorescence detec- 
tor. 

The method was used for analyzing treated waste- 
water and river water. A much better picture of the 
biodegradation behavior of APE in the environment 
has emerged as a result of keeping APE oligomer dis- 
tribution intact during sample extraction. There is no 
accumulation of alkylphenol and the low EO oligomers 
during wastewater treatment, although the oligomer 
distribution may become skewed toward these species. 
Concentrations in the receiving waters examined were 
very low, in the range of 1-2 pg/L total APE species 
(OEO to 18EO). 

For decades the biodegradation and environmental fate 
of alkylphenol ethoxylate (APE} nonionic surfactants 
have been subjects of intense debate and research {1). 
Since APE, in particular nonylphenol ethoxylates {NPE), 
are widely used in industrial and household detergents-- 
about 450MM lb in the U.S. in 1988 (2}--their environ- 
mental levels need to be measured reliably in order to 
assess any risk to the environment. 

Our goal was to simplify the extraction of environ- 
mental water samples so that NPE could be measured 
quantitatively by HPLC at ppb to sub-ppb levels, both 
cheaply and rapidly. A crucial requirement was main- 
raining the integrity of the NPE oligomer distribution 
as it moved from dilute aqueous solution through ex- 
traction into concentrated organic solution and injected 
onto the chromatographic column. 

This goal has been accomplished through stream- 
lining earlier extraction methods and attention to the 
details of sample protection during extraction. The 
method as now described may be used routinely; analy- 
sis time from water sample extraction and chromatog- 
raphy is as little as three hours, compared with up to 
12 hr for the earlier procedures. Detection limit is about 
0.1 t~g/L for each oligomer. 

1Presented at the 1989 Annual AOCS Meeting in Cincinnati, 
Ohio. 

*To whom correspondence should be addressed. 

Analytical methodology has been evolving rapidly 
in recent years for detecting APE at low levels. The 
first reported efforts to quantify APE in sewage by 
chromatography were cumbersome, slow and incom- 
plete {3,4}; gas chromatography and mass spectrome- 
try could detect and quantitate the lowest molecular 
weight species NP (nonylphenol), NPE l, and NPE2 {de- 
tection limit 10 micrograms per liter or parts per bil- 
lion [~g/L or ppb] for each species}, only after laborious 
clean-up procedures involving solvent extraction and 
column chromatography through alumina. Ease of analy- 
sis and detection limits were greatly improved when 
high pressure liquid chromatography was applied to 
these species. No clean-up was needed after extractive 
steam distillation through cyclohexane {5); the extract, 
containing NP and the lower ethoxylates, could be 
injected directly into the HPLC. Detection limit was 
0.5 ~g/L. Higher ethoxylates were now accessible (6), 
since NPE have UV absorption, but only with the use 
of complex extractions and clean-up prior to HPLC 
injection; detection limit was 1-3 ~g/L for each oli- 
gomer. Sensitivity was increased enormously with the 
use of HPLC fluorescence detection {7,8). This new 
method was used to measure die-away of NPE by bio- 
degradation in river water {9). A lengthy extraction 
procedure was still required with sewage samples, but 
detection limit for individual NPE oligomer was low- 
ered to 2 nanograms {8,10). Two German sewage treat- 
ment plants were studied for efficiency of NPE re- 
moval using the extraction and HPLC fluorescence 
detection procedures (10}. 

A big step toward replacing the solvent extraction 
procedures was percolation of water solutions through 
octadecylsilica {11). Alkylphenol ethoxylates and al- 
kylbenzene sulfonates could be analyzed together in 
raw sewage using this technique. This method, how- 
ever, lacked sensitivity {detection limit 4~g/L total APE} 
and precision. 

Methods specific for nonylphenoxyether carboxyl- 
ates, intermediates in the degradation of NPE, were 
also developed by Giger {12). This report described the 
performance of several treatment plants for removing 
nonylphenol-based species in the Zurich, Switzerland, 
vicinity. Assays using the cumbersome extraction pro- 
cedures {6) provided the first data on treatment plant 
efficiency. 

Prior work indicated that degraded NPE was largely 
composed of NP and the lower EO oligomers NPE1 and 
NPE~, the species least water-soluble and most toxic 
to aquatic fauna (6). Our improved sample handling 
procedures allow us to define NPE oligomer distribu- 
tion in environmental samples with much greater accu- 
racy and precision and to demonstrate that there is no 
substantial skewing of the oligomer distribution to- 
ward the low EO end. 

It should be noted that the present method does 
not distinguish among the various alkylphenols and 
their ethoxylates. Nonylphenol is by far the major al- 
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kylphenol  in common use, so its e thoxyla tes  were used 
as the reference s tandards  during method  development.  

EXPERIMENTAL 

Water sample collection. Raw and t rea ted  was tewater  
samples  f rom remote  locations were collected as 24-hr 
composi tes  and preserved with 1% formalin. The filled 
glass containers,  1 quar t  to 1 gallon, were shipped by  
public carrier to the laboratory,  and refr igerated when 
received. 

Samples  of r iver  wa te r  were collected f rom the 
Colorado River downs t ream from Austin,  Texas,  as 1 
gal g rab  samples.  A boat  was used to reach midst ream.  
Preservat ives ,  if any, were added to the jugs onshore. 
Samples  were refr igerated to 4~ within three hours 
after  collection. 

Extraction of NP and NPE from water--NP and 
low oligomers. Steam distillation was per formed on 1 
L water  samples  in a modified Nielsen-Kryger appara- 
tus (Ace Glass 6555-13). The sample  was heated to 
reflux with 2 m L  iso-octane for 1 hr. The resul t ing 
iso-octane solution could be injected directly into the 
H P L C  without  fur ther  handling. 

NPE. Water  samples  up to 1 L were passed  through 
a dual column appara tus  consis t ing of four pieces of 
glassware  mounted  vertically in series. On top was a 
1 L solvent  reservoir  charged with the sample  with a 
valve in the bot tom.  The water  flowed into a 10-inch 
• 3/4-inch glass column containing 40 cc mixed-bed 
ion-exchange resin (Biorad 501 • 8 (D), 20-50 mesh), 
which removed all ionic species. (Adding 150 mL metha-  
nol to the water  sample  improved recoveries.) The now- 
deionized water  then passed  through a second glass 
column, 4-inch by  1/2-inch, containing 0.7 g of octa- 
decylsilica (Baker, 7031-0), which adsorbed organic ma- 
terial. The assembly  was mounted  atop a 1 L vacuum 
flask under  aspira tor  vacuum for more rapid flow. Af- 
ter passage  of the water  was complete, wa rm methanol  
(55 ~ ) was used to flush the organics off the adsorbent;  
methanol  was removed at  45 ~ under a s t r eam of nitro- 
gen jus t  to dryness.  Residue was taken  up into a di- 
chloromethane/hexane (25/75) mixture  for HPLC analy- 
sis. 

At  all t imes the sample  was protected from air and 
dissolved oxygen. 

Loss  of NPE spike (3 ~g) in methanol  occurred 
during simple solvent blow-down, apparen t ly  because 
of adsorpt ion to the vial glass. The same effect was 
observed during methanol  removal  f rom N P E  ext rac ts  
when a new lot of octadecylsilica was used; the original 
lot (used for the entire present  study) gave  high (>90%) 
recoveries. The losses were minimized (>80% recover- 
ies} when a small amount  of alcohol e thoxyla te  (5 ~L) 
was spiked into the methanol  prior to blow-down. The 
analyte  remained dissolved in the alcohol ethoxylate,  
which did not  interfere with subsequent  H P L C  analy- 
sis. The  prefer red  e thoxy la t e  was C1214 alcohol-3EO 
(SURFONIC | L24-3 or equivalent). 

Standard NPE blend. A mixture  of N P E  was used 
for method and ins t rument  calibration (Table 1). F rom 
HPLC analysis of the NPE4 and N P E  9 the blend was 
calculated to contain 3.0 wt% each of NP, NPE1 and 
NPE2, and 6.0% NPE 3. H P L C  analysis  of the blend 

TABLE 1 

Standard Blend of NPE 

NPE Wt % 
Component Wt% EO no. by HPLC 

Nonylphenol 3.0 

Distilled NPE 1 2.5 

NPE 4 (SURFONIC | N-40) 24.0 

NPE 9 (SURFONIC N-95) 70.5 

0 8 2.5 9.7 
1 9 1.4 9.7 
2 10 3.O 9.O 
3 11 6.3 7.7 
4 12 7.4 6.1 
5 13 8.4 4.5 
6 14 9.1 3.1 
7 15 9.2 2.0 

16 0.5 
17 0.4 

TABLE 2 

Elution gradient* 

Time (rain) Flow, cc/min %A %B 
Initial 0.75 99 1 

1.4 1.00 99 1 
1.5 1.00 97 3 

20 1.00 58 42 
21 2.00 99 1 
25 0.75 99 1 
35 Next injection 
*Detector settings: 229 nm exitation, 310 nm emission, PMT 
gain @ 11, rise time @3, lamp @1. 

came close to these values, bu t  was not exact  because 
these low EO oligomers were incompletely resolved. 
Stock solutions were unstable  so they were made fresh 
daily. 

HPLC procedures. Appara tu s  included a Waters  
Associates  liquid ch romatograph  with two Model 510 
high pressure  pumps,  Model 680 solvent p rogrammer ,  
Rheodyne 7125 injector with 100 microliter loop, Hewl- 
e t t  Packard  HP1046A fluorescence detector,  and Wa- 
ters 840 da ta  system.  The column used was Rainin 
Microsorb 250 m m  • 4.6 m m  5 micrometer  CN. 

Solvents  were the pures t  grades  available. Elut ion 
solvent  A (20/80 t e t r ahydro fu ran /hexane ,  v/v} was 
passed  through a 4.6 m m  • 150 m m  column, dry  packed 
with alumina (activity 1), inserted between the A and 
B pumps  to t rap  traces of peroxides. The t rap  was 
changed every 2 to 4 days. Elution Solvent  B was 
10/90 (v/v) water / isopropyl  alcohol. 

Methanol  used for sample  extract ion was checked 
for pur i ty  by blowing down 30 m L  to dryness,  taking 
up the residue in 25/75 dichloroethane/hexane and ex- 
amining by  HPLC.  Some lots of methanol  showed high 
background levels of NPE.  Likewise water  was a source 
of background NPE.  Deionized water  was fur ther  puri- 
fied in a Milli-Q sy s t em of adsorbent  cartr idges.  Fre- 
quent  blank extract ions  us ing only reagent  water  were 
necessary.  Sodium sulfite (100 ppm} was added to the 
degassed water  to scavenge dissolved oxygen. 

The elution gradient  is presented in Table 2. 
Figure 1 i l lustrates the resul t ing ch roma tog raphy  

using the N P E  s tandard  blend (Table 1} both  unex- 
t rac ted  (3 ~g/mL stock solution) and ex t rac ted  (3 ~g/L 
spike). 
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FIG. 1. HPLC chromatograms of NPE standard blend. 

RESULTS AND DISCUSSION 

Integrity of oligomer distribution. A very sensitive 
measure of the handling procedures for NPE-contain- 
ing samples, both spiked laboratory water and envi- 
ronmental water, is their effect on NPE oligomer dis- 
tribution. Nonylphenol in the NPE blends could not 
be reliably quantitated using the dual column extrac- 
tion. Probably it was partially adsorbed onto the basic 
ion exchange resin; its volatility during final solvent 
removal could have also led to material losses. NP was 
therefore assayed by the steam distillation method. 

The effect of oxygen on NPE during extraction 
was found to be very destructive. Figure 2 illustrates 
how oxygen exposure can grossly distort oligomer dis- 
tribution and deplete the total concentration. Nitrogen 
used for blanketing the system was contaminated with 
air during a second work-up of unspiked Colorado River 
water ("bad N2") after a satisfactory ("good N2") ex- 
traction. (See NPE in River Water, below.) There was 
a striking increase in NPE 1 and NPE2 levels and a 
corresponding loss of NPE 5 to NPEI~. Overall loss was 
26 wt%. 

Other sample work-ups showing this effect could 
be traced to improperly de-oxygenated solvents or in- 
complete nitrogen padding as well as sample storage 
in polyethylene bottles. 

We conclude that reports of abnormally high levels 
of low EO oligomers and loss of high oligomers in 
environmental samples were probably due to improper 
work-up procedures (6,7), rather than a biodegradation 
effect. 

Recovery of spiked doses of NPE (3.0 ~g/L) from 
river water (see Preservation Study, below) are shown 
in Figures 3 and 4. The first gives (a) the total of spike 
+ background NPE oligomer distribution, (b) the back- 
ground and (c) the difference between the two (net 

0.300 - -  

_~ 0.200 

3 
0.100 

0,000 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

EO NO. IN NPE 

FIG. 2. Effect of oxygen on NPE oligomer distribution during 
river water extraction. 

spike); the second displays net-spike oligomer distribu- 
tion compared to that of the standard NPE blend. The 
distributions compare very well from NPE4 to NPE15. 
But the low EO oligomers have quite different pat- 
terns. NPE1 in the net spike is much higher while 
NPE2 and NPE3 are lower than those in the standard. 
Possibly traces of oxygen in the extraction system 
caused this distortion, or there may have been interfer- 
ing substances in the extract. 

Preservation study. The dual column extraction 
method was used to determine how best to preserve 
river water samples in the laboratory. Four chemical 
preservatives were tested by analyzing preserved river 
water over a period of four weeks. The samples were 
collected one-quarter mile downstream from the Govalle 
Treatment Plant on the Colorado River in Austin, Texas, 
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FIG. 3. River water spiked with NPE standard blend NPE oli- 
gomer distribution. 

in September 1988. They were spiked with 3.0 ~g/L of 
standard NPE blend and stored at 2-4~ Figure 5 
displays the results graphically. 

Sulfite and bisulfite were employed (100 ppm) be- 
cause of their ability to scavenge oxygen. In spite of 
the 100% excess sulfite loading, all samples became 
re-aerated within one to two weeks, apparently be- 
cause of poor bottle lid seals. The sulfite and bisulfite 
preserved samples deteriorated drastically beginning 
after the first week, dropping 60 to 80% in NPE con- 
centration after four weeks. 

Formalin (1% dose} was more satisfactory, main- 
taining NPE concentration within 10% of the original 
through at least two weeks. Formalin/sulfite showed 
no loss of NPE through the second week and 25% loss 
after four weeks. The same combination maintained 
full NPE level in the unspiked water sample. The un- 
preserved sample showed good stability as well, declin- 
ing only 10% in four weeks. 

We conclude that refrigeration alone is adequate 
for preserving water samples over a period of four 
weeks, but formalin should be used if there is any 
chance of sample warming during shipment or storage. 
Sulfite or bisulfite alone must be avoided. 

Method precision and accuracy. The above preser- 
vation study allowed us to determine the reproducibil- 
ity and accuracy of the dual column extraction method 
and the HPLC instrument. Eleven assays of the five 
spiked water samples, before NPE concentration losses 
became evident, gave high precision, as did four assays 
of the unspiked water. The difference between the two 
averages {i.e., the net spike} agrees very well with the 
average of five standard NPE spike extraction assays 
(Table 3). Only a slight loss (~4%) occurred during 
extraction of lab spikes, while recovery from the river 
water spikes was 84%. 

N P E  in river water. The Colorado River flows 
through Austin, Texas receiving urban run-off and 
treated wastewater from the city. Because NPE are 
widely used in industrial and household cleaning prod- 
ucts, we assume that  they find their way by both 
routes into the river. We analyzed the river to deter- 

FIG. 4. Net NPE spike in river water and NPE standard blend. 

~ 3  
2._ 
J 

BISULFITE 

I I I I 
1 2 3 4 

WEEKS AFTER SAMPLING 

FIG. 5. River water preservation study. 

mine their concentration and oligomer distribution. 
Figure 6 illustrates the patterns found during the 
autumn of 1988. 

The sample collected upstream of any treated was- 
tewater outfall provides a measure of NPE due to un- 
treated sources. Total NPE concentration, including 
NP, was 1.1 ~g/L on Nov. 5. Distribution was close to 
that of NPEg, the most commonly used NPE in clean- 
ing products. 

The first downstream sample was collected at the 
same location, just downstream from the Govalle Treat- 
ment Plant outfall, as the preservation study samples 
{above} indicate. Total NPE level was more than 50% 
higher than the upstream sample, 1.9 ~g/L, but most 
of the increase was due to the low EO oligomers (NP 
to NPEs). NPE2 and NPE3 were especially high. The 
second downstream sampling site was 10 to 15 miles 
downstream of Govalle at Webberville, also downstream 
from two other large treatment plants. Concentration 
and oligomer distribution were nearly identical to those 
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TABLE 3 

Precision and Accuracy of Dual Column Extraction Method 

+ 95% 
Confidence limits 

Average of 5 laboratory spikes 
(2.91 ~g/L NPE blend in 
deionized water) 2.80 0.09 

Accuracy of HPLC assay 96% 
Average of 11 analyses of 

spiked river water samples 4.52 0.14 
Average of 4 analyses of 

unspiked river water samples 2.08 0.46 
Difference = the spiked dose 2.44 
Recovery (basis 2.91 gg/L 

calculated spike) 84% 

a t  Goval le .  D i s t r i b u t i o n s  m a t c h  t h a t  of t he  t r e a t e d  
w a s t e w a t e r  (Fig.  7); t he  p o s s i b i l i t y  of i n t e r f e rences  in 
t he  N P E 2 - N P E 3  reg ion  was  no t  ru led  out .  

C o m p a r i s o n  of t he  u n s p i k e d  cu rve  (Fig. 3, s a m p l e d  
9-22-88) w i th  F i g u r e  5 shows  t h a t  the  N P E  o l igomer  
p a t t e r n  is cons i s t en t .  More  e x a m p l e s  are  needed  before  
a n y  conclus ion  can be d r a w n  w h e t h e r  th i s  is a charac-  
t e r i s t i c  p a t t e r n .  

Wastewater treatment plants. S a m p l e s  of raw and  
t r e a t e d  w a s t e w a t e r  were  o b t a i n e d  f rom H i g h  Poin t ,  
N o r t h  Carol ina ,  in M a y  1988. T h e y  were  24-hr compos-  
i t e s  co l lec ted  on two  consecu t ive  d a y s  f rom two t r ea t -  
m e n t  p l an t s .  The  E a s t s i d e  P l a n t  s e rves  p r i m a r i l y  in- 
d u s t r i a l  c u s t o m e r s ,  i n c l u d i n g  n u m e r o u s  t e x t i l e  
p r o c e s s i n g  mi l l s  a n d  f u r n i t u r e  m a n u f a c t u r e r s .  T h e  
W e s t s i d e  P l a n t  rece ives  p r i m a r i l y  d o m e s t i c  w a s t e w a -  
ter .  Tab le  4 s u m m a r i z e s  t he  ana lyses .  

I n f l u e n t  c o n c e n t r a t i o n s  r a n g e d  f rom 1600 to  2500 
~g/L N P E ;  ef f luent  levels  were  r e d u c e d  to  a b o u t  50 to  
100 ~g/L. There fo re  r e m o v a l  of N P E  r a n g e d  f rom 93 
to  98%. No a c c u m u l a t i o n  of N P  or  low E O  o l igomers  
occurred;  NPE~ r e m o v a l  was  89 to  95%. N P  ef f luen t  
c o n c e n t r a t i o n  was  1 to  2.5 pg/L; in f luen t  N P  levels  
were  n o t  m e a s u r e d .  N P E  r e m o v a l  w a s  t h e  t o t a l  of 
b i o d e g r a d a t i o n  and  a d s o r p t i o n  on to  s ludge  (13), so a 
c o m p l e t e  N P E  m a t e r i a l  ba l ance  was  no t  ob ta ined .  

F i g u r e  8 shows  t h a t  all  NPEI_ls  o l i gomers  were  
r e m o v e d  to  a b o u t  t he  s a m e  e x t e n t  (>90%). O l igomer  

O 

0.3 

0,2 

0.1 

0.0 
0 

I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

EO NO. IN NPE 

FIG. 6. Colorado River water NPE oligomer distribution. 
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FIG. 7. Govalle Plant, Austin, Texas, effluent NPE oligomer 
distribution. 

TABLE 4 

High Point, North Carolina, Wastewater Analysis for Nonylphenol and Its Ethoxylates 

Treatment NPE l~s NPE 1 
plant Date (1988) Source a NP, b ppb NPEI_ls, c ppb removala(%) NPEI,b ppb NPE1, c removal (%) 

E astside 5- 24 Influent 1600 -- 69 
Effluent 0.8, 1.0 e 104 93 0.5, 0.7 3.4 95 

5-25 Influent 1940, 1980 e -- 55 
Effluent 2.5 102 95 3.4 3.8 93 

Westside 5-24 Influent 2520 -- 49 
Effluent 1.8, 1.3 e 56, 51 e 98 2.0, 1.6 3.1 93 

5-25 Influent 2270 -- 36 
Effluent 2.0 88 96 4.0 2.6 89 

aThe 24-hr composite samples, preserved with 1% formalin. 
bSteam distillation workup method. 
CDual column extraction method. 
dApparent removal, by weight. 
eDuplicate workups and analyses. 
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FIG. 8. High  Point, North Carolina, West  Plant  5-88 degradation 
of N P E  oligomers.  
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FIG. 9. High  Point,  North Carolina, W e s t  Plant  5-88 N P E  oli- 
gomer distribution.  

distribution changed only slightly, becoming relatively 
higher in the low EO and highest EO oligomers (Fig. 
9). Thus there is no significant dependence of biodegra- 
dation rate on EO number. Since nonylphenol itself is 
not accumulating, this provides s t rong evidence that  
it is degrading to the same high extent. 

Performance of the High Point t reatment  plants 
was excellent as measured by NPE removal. Giger and 
co-workers (12) have reported that  performance of the 
t r ea tment  plants  which they sampled varied widely 
from about 90% NPE removal down to 1%. NPE elimi- 
nation at those plants correlated with ammonia elimi- 
nation (nitrification}. 

Effluent from the Govalle Wastewater  Treatment  
Plant  in Austin,  Texas, was analyzed {Fig. 7). The 
sample was obtained at the same time as the preserva- 
tion s tudy  river-waster samples (above}. NPE level 
was much lower than those in the High Point effluents, 
but  the oligomer distribution was more skewed toward 
the low EO side. NPE,_3 account for 35% of the total 
NPE concentration; the remaining 65% consisted of 
oligomers up to NPE,7. This pat tern was reflected in 
the downstream river NPE oligomer distribution meas- 
ured at two different times (Fig. 6). 
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