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A comprehensive monitoring study, sponsored by the 
Chemical Manufacturers Association and designed in 
cooperation with the Environmental Protection Agency 
(EPA), measured the levels of nonylphenol (NP) and its 
ethoxylates (NPE) in 30 rivers. The sites, all receiving 
municipal or industrial wastewater, were selected at ran- 
dom from EPA's United States river reach database by 
a statistical procedure. Water column and bottom sedi- 
ment samples were collected along a perpendicular tran- 
sect at each site. All samples were assayed for NP and 
NPE1, and the higher ethoxylates (NPE2 to NPE17) were 
determined in the water samples. Analysis was by high- 
performance liquid chromatography (HPLC) with fluores- 
cence detection of microgram quantities of NPE obtained 
by extractive steam distillation (NP and NPEI) or a dual- 
column extraction procedure (NPE2 to NPE17). Sample 
collection and analytical procedures were validated ac- 
cording to rigorous EPA guidelines, and quality assurance 
standards were met throughout the study. NP and NPE 
concentrations in river water were mostly (60 to 750/0 of 
the samples) below their detection limits (about 0.1 ppb 
for NP, NPE1, and NPEz; 1.6 ppb for NPE3-17). The high- 
est levels found were about I ppb for NP, NPEI, and 
NPE=, 15 ppb for NPE3_I~. A majority of sediment sam- 
ples contained detectable amounts of NP and NPE~, 
ranging up to 3000 ppb for NP and 170 ppb for NPE I. 
Sediment interstitial water concentrations of NP were esti- 
mated to be similar to concentrations in the water column. 

KEY WORDS: Alkylphenol, Chemical Manufacturers Association, 
environment, ethoxylate, nonylphenol, quality assurance, riverwater, 
wastewater, sediment. 

Alkylphenol ethoxylates (APE) have been widely used in 
industrial processing and in household and institutional 
cleaning products for more than forty years. They remain 
one of the largest volume groups of surfactants; produc- 
tion in the United States (U.S.) exceeded 450 million 
pounds in 1990 (1). The major APE surfactants are the 
nonylphenol ethoxylates (NPE). They have attracted a 
great deal of attention and created controversy because 
of potential adverse environmental effects. The highly 
branched nonyl group and the phenol ring of nonylphenol, 
which comprise the hydrophobic portion of NPE, have 
been shown in many studies to have only low to moderate 
biodegradability (2). A number of studies have reported 
increased amounts of short-chain ethoxylates, which are 
demonstrably more acutely toxic to aquatic organisms 
than longer-chain ethoxylates (2 and Oak Ridge National 
Laboratory, manuscript in preparation). 
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Detection of nonylphenol and its lower ethoxylates in 
treated wastewater sludges, river waters and sediments 
in Europe led to their removal from cleaning products (3,4) 
and to the publication of a Chemical Hazard Information 
Profile by the U.S. Environmental Protection Agency (5). 
Such concerns prompted the U.S. producers of nonyl- 
phenol and NPE to organize a research effort under spon- 
sorship of the Chemical Manufacturers Association's 
Panel on Alkylphenol and Ethoxylates beginning in 1987. 
The first of a series of research studies initiated by the 
APE Panel is described hem It is a comprehensive ana- 
lytical monitoring effort of thirty river sites for trace levels 
of NP and NPE. The sites were selected, based on ran- 
dom selection criteria, from the U.S. EPA river reach 
database A large number of sites were chosen by ran- 
domization procedures to allow the survey results to be 
projected across the entire U.S. with a high degree of con- 
fidenc~ The environmental exposure profile of NP and 
NPE that  emerged will be used in future papers to 
calculate quantitative risk assessments. 

To ensure the reliability of the results, EPA guidelines 
for quality assurance were followed throughout the ana- 
lytical method validation, sample collection and handling, 
and analysis phases of the project. 

EXPERIMENTAL PROCEDURES 

Method validation. Each aspect of the analytical pro- 
cedures (6), including chromatography by HPLC/fluores- 
cence detection, was validated for precision and accuracy 
before sample collection began. They included: 

(i) Determination of method detection limits (MDL) of 
NP and NPE in water and sediment. Method detection 
limits were determined for NP, NPE:, NPE2, and 
NPE3_17 by a U.S. Environmental Protection Agency- 
approved methodology for determination of detection 
limits (7). The MDL studies consisted of spiking seven 
replicates at a level within a factor of 10 of the estimated 
MDL and extracting and analyzing the samples. In this 
manner, the effect of sample container, extraction method, 
extract concentration, background concentration, and 
analytical techniques on the MDL could be determined. 
Four unspiked water samples were also analyzed to deter- 
mine the blank levels. 

(ii) Extraction and analysis of NP  and NPEI. The ex- 
tractive steam distillation method (8,9) was employed on 
water and sediment for isolation of NP and NPE:. A 
standard NP-NPE blend (6) was used, after its purity was 
confirmed, for spiking lab water (deionized, Milli-Q Sys- 
tem) and clean sandy soil (surrogate for river sediment). 
Table 1 summarizes the results of the recovery experi- 
ments. Table 2 gives the method detection limits calcu- 
lated from the blank and spiking data (7) according to the 
formula in the table ti t le 

(iii) Extraction and analysis of NPE2_I~ The dual- 
column method (5) was used for isolating NPE=_17 from 
water. To obtain consistently low method blanks and high 
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TABLE 1 

Validation of  Nonylphenol  Ethoxylate  Analyt ical  Methods  

Spike NP NPE 1 
dose (conc. found, % % Recovery (conc. found, % % Recovery 
~g/L ~g /L)  Recovery (corrected for Blank) SD ~g/L} Recovery (corrected for Blank) SD 

Blank a 0.07 0.015 
0.03 0.06 209 0 0.016 
0.15 0.14 96 55 0.016 
0.30 0.24 80 57 0.032 
B1Anlcb 0.07 0.018 
0.09 0.13 142 64 0.028 
0.18 0.17 96 57 0.021 
0.30 0.25 82 59 0.030 
Blank (9) c 0.28 d 
2.82 (5) 2.67 91 84 0.31 
5.64 (5) 4.84 85 80 0.38 
9.40 (3) 8.92 90 91 0.38 

0.03 0.03 
0.03 114 0 0.022 
0.12 80 64 0.022 
0.22 75 65 0.035 

0.02 O.03 
0,10 106 72 0.019 
0.17 93 76 0.028 
0.25 86 76 0.034 

aSteam extractive distillation method for NP and NPEI; water (Milli-Q) {5 replicates at each dose level). 
bSteam extractive distillation method for NP and NPEI; sediment {sandy soil) (4 replicates at each dose level). 
CDual-column extraction method for NPE2_17; water (MiUi-Q) {number of replicates given in parentheses). 
dThls number represents pg/L of the total of NPE2_17. 

TABLE 2 

Method Detect ion l . |mits  

Blank, ~g/L Spike, ~g/L MDL a 
Species in medium (4 replicates) (6 to 8 replicates) SD (~g/L) 

NP in water 0.057 0.15 0.016 0.107 
NP in sediment 0.07 0.18, 0.30 0.026 2.93 
NP-1EO in water 0.017 0.15 0.016 0.067 
NP-1EO in sediment 0.02 0.18, 0.30 0.031 2.26 
NP-2EO in water 0.0 0.15 0.02 0.063 
NP-3-17EO in water 0.11 4.55 0.47 1.58 

aMethod detection limit = SD × t + Blank where t = Student's t for 7 replicates, 99% 
confidence limit = 3.143. 

spike recoveries, some new modifications were necessary. 
These included washing the ion~xchange resin with high- 
purity methanol prior to use and nitric acid scouring and 
silsnlzing of all glassware between runs. The standard 
NPE blend in lab water was used for determining spike 
recoveries and method detection limits. Tables 1 and 2 
summarize the results. NPE2 was quantitated separately 
f rom the aggregate  NPEs_17. 

(iv) Storage stability of  samples. A set  of spiked r iver 
water  samples  {water collected f rom the Colorado River 
in Austin, Texas, at  Redbud Trail Bridge} were preserved 
wi th  or wi thout  1% formalin, then  stored a t  4°C. Sandy 
soil was used as a surrogate  for r iver sediment.  Spiked 
soil samples  were kept  frozen a t  - 1 5  °C to - 2 0 ° C  without  
formalin. Table 3 l ists the  resul ts  of the 4-wk preserva- 
t ion study. After  2 wk, there was a clear deterioration of 
bo th  water  and sediment samples. The use of formalin al~ 
peared to protect  sample  in tegr i ty  dur ing storage. 

These resul ts  were used to design a sampl ing  protocol, 
which specified river water  samples  to be formalin-treated 
and to be extracted within 2 wk of collection. The extracts  
were analyzed by H P L C  as soon as possible, usual ly 
within one day. The m a x i m u m  holding t ime was 14 days. 
Prior  to analysis  the ex t rac t s  were stored in the  freezer. 

Site selection procedures. The river reach file maintain- 
ed by the U.S. EPA was used to design a statist ically valid 
sampl ing  plan. I t  was considered an appropr ia te  source 
for selection of sampl ing  sites because  mos t  major  U.K 
rivers are included, the rivers are divided into discrete 
reaches defined by branch points, and the file is conducive 
to random sampling.  There are over 68,000 entries in the 
ffl~ Because a key objective of the s tudy  was to ident ify 
river reaches m o s t  likely to contain measurable  concen- 
trations of NP  and NPE,  the sites were selected from those 
reaches wi th  known effluent discharges,  ei ther from 
wastewater  t r ea tmen t  plants  or industries expected to be 
us ing  NPE.  Af ter  excluding reaches wi thout  effluents, 
nonflowing sites, lakes and estuaries,  and sites wi thout  
proper flow records, 5,000 reaches remained. These remain- 
ing reaches were divided into three categories: i) having 
identified industrial  wastewater effluents; ii) having a bio- 
logically t rea ted  wastewater  effluent with less than  the 
med ium dilution factor  {i.e., small  rivers}; and iii} having 
one or more t rea ted  effluents wi th  greater  t han  the 
medium dilution factor  {i.a, large rivers}. 

A table of binomial  tail probabili t ies (not shown} was 
prepared to calculate the number  of samples  needed to 
suppor t  the hypothesis  t ha t  if no "high concentrat ion" 
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TABLE 3 

Sample Preservation Studies 

Recovery, %, Recovery, %, 
Time NP uncorrected NPE 1 uncorrected 
(wk) (Blank,/ag/L) (spike = 0.3 ~g/L) (Blank, ~g/L) (spike = 0.3/ag/L} 

NPaud NPElin~ver water; no preservative added; stored at4°C 
0 0.048 72 0.015 63 
1 0.040 80 0.014 75 
2 0.010 71 0.01 71 
3 0.021 45 0.034 32 
4 0.020 69 0.005 66 

NPaud NPElin~ver water;formalin, 1%, added;storedat4°C 
0 0.035 67 0.008 70 
1 0.060 72 0.02 74 
2 0.030 79 0.02 72 
3 0.030 57 0.01 65 
4 0.020 62 0.01 65 

NPand NPElinsediment; no preservative added;storedat-15°C 
0 0.10 95 0.05 92 
1 0.06 97 0.01 97 
2 0.098 104 0.111 99 
3 0.07 42 0.013 25 
4 n.d. a 36 n.d. 31 

697 

Recovery, %, Recovery, %, 
Time NPE 2 uncorrected NPE3_17 uncorrected 
(wk) (Blank, ~g/L) (spike = 0.3/ag/L) (Blank, ~g/L) (spike -- 9.1/ag/L) 

NPE2and NPE3_17inriver water; no preservative added;stored at 4°C 
0 102 67 
1 125 78 
2 96 68 
3 43 45 
4 37 20 

NPE 2 and NPE3_17 in river water; formalin, 1%, added; stored at 4°C 
0 0.13 99 0.47 75 
1 n.d. a 114 2.13 77 
2 0.09 78 0.13 72 
3 0.09 62 0.04 64 
4 0.09 57 0.85 56 

aNone detected. 

sites were found in the survey, it can be s tated with 95% 
confidence tha t  no more than 10% of the universe of U.S. 
river reach sites with discharges will have "high" values. 
To achieve this level of confidence, the probability table 
indicated tha t  29 sites needed to be examined. If  one 
"high" value were to emerge in these 29 sites, confidence 
would drop to 80%. Therefore" 30 sites plus a number  of 
alternate sites were chosen for this monitoring project. 
Sites were selected from the three categories in the same 
proport ion as the three categories occur in the constrain- 
ed river reach file: 5 from category 1, 14 from category 
2, and 11 from category 3. I t  should be emphasized tha t  
the reaches sampled represent a subset of locations where 
NP  and NPE were considered most  likely to occur. The 
results do not reflect the condition of all waters of the U.~ 
Rather, the results are intended to allow statistically valid 
characterization of the upper range of environmental NP 
concentrat ions in U.S. rivers. 

The list of the sample sites and water quali ty param- 
eters at  each site are given in Table 4. Gaps in the site 
numbering sequences are due to rejection of sites because 
they did not  meet the initial criteria, or because on-site 
inspection found the rivers to have sediment tha t  could 
not  be sampled. 

Sample collection. A general description of the sampling 
procedures used at each of the 30 river sites sampled for 
the survey is given he r r  In-depth details are provided in 
the program protocols (10). At  each site, the location of 
the pert inent industrial and municipal wastewater dis- 
charges was determined, and whenever possible" local of- 
ficials were interviewed in advance to complete an infor- 
mation checklist. 

Samples of river water and sediment were taken along 
a t ransect  across the mainst ream flow at 1/4, 1/2 and 3/4 
of the distance across the river (Stations 1, 2, and 3, 
respectively) as measured from left to r ight while facing 
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TABLE 4 

River Sampling Locations and Water Quality Parameters 

Temperature Conductivity DO TDS TSS DOC 
River name State Location (°C) (/md~os/cm) pH (ppm) (mg/L) (mg/L) (mg/L) 

Mohawk NY Utica 10 350 7.8 7.7 210 3.8 2.5 
Chattahoochee AL West Point, GA 1O 70 7.0 7.8 40 <3.0 2.3 
Chattooga GA Trion 8 210 8.0 9.9 120 <3.0 1.6 
Bernard Bayou MS Gu[fport 10 >1990 7.9 9.6 870 18 6.9 
Red AR Index 1 1200 8.1 13.8 4800 5.6 5.8 
Grand Calumet IN Gary 17 490 7.4 7.8 600 30 <1.0 
Dragoon Creek WA Deer Park 13 260 8.2 7.4 140 <3.0 1.7 
Brandywine Creek PA Coatsville 9 250 8.4 12.4 200 <3.0 2.4 
Fish Cr., W. Branch NY Camden 8 90 7.4 10.7 78 <3.0 7.3 
Great Egg Harbor NJ Berlin 7 80 6.1 6.1 41 4.8 12 
Kennebec ME Waterville 6 60 7.1 11.9 78 <3.0 8.2 
Pecos NM Artesia 22 >1990 8.3 10.6 4900 13 6.8 
Palouse, S. Fork WA Co[fax 12 520 8.1 9.6 370 <3.0 -- 
Cuyahoga OH Mantua 11 340 7.5 7.0 220 <3.0 9.6 
Portneuf ID Pocatello 14 680 7.7 6.1 480 190 <1.0 
Perry Creek GA Arlington 9 200 7.2 7.1 30 <3.0 4.3 
Thames CT Uncasville 11 >1990 7.2 10.2 5000 3.8 1.0 
Catawba NC Morganton 5 40 7.4 11.0 60 <3.0 <1.0 
Turkey Creek LA Winnsboro 5 1190 7.7 7.6 560 <3.0 3.2 
Delaware NJ/PA Croydon, PA 8 150 7.4 9.2 220 5.6 3.8 
Shenandoah, N. Fork VA Mount Jackson 5 240 8.8 12.9 160 <3.0 <1.0 
Tallahaga Creek MS Noxapater 2 60 6.9 -- 70 <3.0 4.8 
South Anna VA Ashland 4 70 7.5 12.8 70 19 2.1 
Potomac MD Brunswick 5 260 8.6 13.7 160 <3.0 <1.0 
White VT Sharon 7 140 8.1 12.1 110 <3.0 14 
Youghiogheny PA McKeesport 13 220 7.1 7.5 160 <3.0 1.9 
St. Clair MI Marysville 11 200 7.4 9.6 140 <3.0 <1.0 
Yellowstone MT Gardiner 10 180 9.5 8.3 140 <3.0 <1.0 
Machias ME Machias 13 1990 6.9 9.1 2200 <3.0 14 
Muskegon MI Freemont 11 390 8.0 7.2 230 <3.0 <2.0 

upst ream.  Water was collected f rom 15 cm below the  sur- 
face wi th  pr~c leaned  o n , l i t e r  amber  glass bottles.  Addi- 
tionally, one pre-cleaned 500-mL amber  glass bo t t le  was 
used to collect a sample  a t  s ta t ion  2 for to ta l  organic car~ 
bon (TOC), to ta l  dissolved solids (TDS) and to ta l  sus- 
pended solids (TSS). Measurements  of the temperature,  
pH,  conductivity,  and dissolved oxygen (DO) were taken  
a t  s ta t ion  2 a t  each of the  sampl ing  sites. 

Sediment samples were collected with a ponar sediment 
grab sampler {"dredge"). This dredge has an empty weight 
of 50 pounds, a sample volume of approximately 4 L and 
jaws designed to close on impact with the river bottom. 
At some river sampling sites, it was not possible to pre~ 
cure suitable sediment at the desired transect locations. 
Under  these circumstances, sediment  samples  were taken 
wherever suitable sediments  could be  found along, or  as 
near  to  the  sampl ing  t ransec t  as poseibl~ 

AH samples  were preserved in the  field by  s tor ing t hem 
on ic~ In  addition, 10 rnI. of form~lln was added to all 
the  water  samples,  except  for the  TOC samples. Two of 
the water  samples  f rom s ta t ion  2 a t  each site were spik- 
ed wi th  100 ~tL of s tandard  nonylphenol e thoxylate  blend 
s tock solution. The samples  were then  shipped to the  
laboratory v/a Federal Express. The temperatures of the 
ice chests were measured in the laboratory upon arrival 
and ranged from -5°C to +8°C over the course of the 
survey. 

The field sample collection program was carried out 
from late September through late December of 1989 to 

correspond with typical  lowest flow conditions. Sites were 
sampled a t  a ra te  of two per  week. 

Analyt ical  results. D a t a  gathered f rom the 30 river 
reach sites includes, in addit ion to NP  and NPE concen- 
trations, the  abov~ment ioned  water  qual i ty  parameters  
(Table 4). A total  of 98 water  samples, including 9 dupli- 
cates, were analyzed by  the  s t eam distillation method, as 
were 81 sediment  samples.  O n ,  hundred-one water  sam- 
ples were analyzed v/a the dual column extraction method, 
including 12 duplicates. The individual values are not  
show~ For purposes of statistical analysis, each value was 
considered independent ly  ra ther  than  as pa r t  of the  set  
from a river. Examina t ion  of the duplicate (i.~, taken a t  
the same station) sample analyses, in which the measured 
concentrat ions often differed greatly, sugges ts  tha t  the  
rivers probably  should be considered heterogeneous 
systems.  

Sediment  samples  f rom the Mohawk River and the  
Grand Calumet  River were used for gas  chromatography/  
mass  spec t romet ry  (GC/MS) conf i rmatory  analysis  of 
nonylphenol. Presence of N P  was verified in bo th  sedi- 
ments.  Octylphenol was detected, but  not  quanti tated,  in 
the former. 

Quality control measures. A high level of quality assur~ 
ance was needed for this s tudy  because it  involved the  
use of sensit ive extract ion and analytical  procedures, and 
the analytes  were uns table  a t  t race concentrat ions (ppb 
range and  below). The  key measures  used  for quanti-  
ta t ively evaluat ing da ta  qual i ty  were the  followin~ 
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(i) L a b o r a t o r y  blRnk samples  were used  to  indicate  
l abo ra to ry  con tRmina t iom Qua l i ty  cont ro l  (QC) l imit  t a ~  
get  was  me thod  detect ion l imit  (MDL) X 5. (ii) Field b lank 
samples  {laboratory reagent  water  carr ied to  the  field and  
returned with field samples) were used to assess sampling 
contamination. QC limit was 5 × MDL. (iii) Laboratory- 
spiked river water samples {river water samples to which 
an aliquot of the standard NPE blend was added) were 
used  to  de te rmine  the  ex ten t  of  ana ly te  recovery  f rom 
r iver  wa te r  matr ices .  QC t a rge t  was  >/70% recovery. (iv) 
Field-spiked r iver  water  samples  were used  to  de te rmine  
s tabi l i ty  of  ana ly tes  in r iver  water  matr ices .  Field spik- 
ing  ampules  {s tandard N P E  blend in methanol )  were also 
checked for stability. (v) L a b o r a t o r y  check  samples  {lab(~ 
ra to ry  reagent  water  spiked wi th  the  s t anda rd  NPE)  were 
used  to  mon i to r  ana ly t ica l  accu racy  and  bias. The  qual- 
i ty  object ive  of  30% relat ive s t a n d a r d  devia t ion  f rom the  
m e t h o d  va l ida t ion  s t u d y  was  used  as  the  pe r fo rmance  
guidel in~ (vi) Dupl ica te  samples  were used  for  assess ing  
var iabi l i ty  of  samples  t aken  a t  the  same  spo t  and  t i m ~  
(vii) Replicate  analyses  of  the  same  samples  were used  
for assess ing  the  r a n d o m  var iabi l i ty  in t he  ana ly t ica l  

procedures and measuring precision. {viii) Daily instru- 
ment calibration was performed and charted to monitor 
chromatograph detector response and lamp degrada- 
tion. 
Table 5 summarizes the quality assurance (QA)/QC 

analytical tests performed during the course of the river 
survey. Blank values measured for laboratory water re- 
mained satisfactorily low, with none outside the QC limit. 
Field blanks were nearly all within QC limits; two NP and 
one NPE 2 values were outside the limits. The intended 
one field blank per site was not quite achieved because 
three of 30 blank samples were lost. 
The lab spike of lab water QC check sample recoveries 

of NP were better than recoveries seen during method vali- 
dation (86% vs. 59%), while those of NPE3_17 (77% vs. 

85%), and NPE I (78% vs. 76%) were about the sam~ (Re- 
coveries of NPE2 were not determined during method 
validatiom) 

Spiked river water samples, both lab- and field-spiked, 
gave recoveries comparable to or somewhat higher than 
the reference data obtained during method validation. 
Recoveries of NPE 2 had more scatter than those of the 

TABLE 5 

Quality Assurauce/Q-mdity Control Analyses 

No. Concentration, pg/L QC I.imit Number outside 
Parameter AnalytelMethod samples mean ± SD (5 X MDL) QC limit 

Laboratory blank 
{lab water) 

Field blRnl¢ 
(lab water) 

NPISteam distillation 19 0.005 ± 0.010 0.55 0 
NPEl/Steam dist. 19 0 0.35 0 
NPE2/Dual column 21 0.008 ± 0.017 0.30 0 
NPE2_17/Dual col. 21 0.16 ± 0.24 8.0 0 
NPtSteam dist. 28 0.113 ± 0.21 0.55 2 
NPEllSteam dist. 28 0.025 ± 0.073 0.35 0 
NPE2/Dual col. 29 0.022 ± 0.065 0.30 1 
NPE2_lTflDual col. 29 0.24 ± 0.36 8.0 0 
NP in sediment 5 0.25 ± 0.51 pg/kg 14.7 pg/kg 0 
NPE 1 in s ~ i ~ n t  5 0.61 ± 0.75 pg]kg 11.3 pg/kg 0 

QC limit 
Recovery, % {Val. Rec. 
Mean ± SD ± 30%} a 

Lab QC Check NP/Steam dist. 19 86 ± 21 59 ± 30 6 
(lab water) NPEl/Steam dist. 19 78 ± 27 76 ± 30 5 

NPE2/Dual col. 18 62 ± 31 b _ 
NPE3_lT/Dual col. 18 77 ± 22 85 ± 30 3 

Field spike NP/Steam dist. 28 63 ± 26 59 ± 30 5 
(river water) NPEl/Steam dist. 28 68 ± 24 76 ± 30 4 

NPE2/Dual col. 27 64 ± 42 b _ 
NPE3_17/Dual col. 27 86 ± 32 85 ± 30 6 

Lab spike NPISteam dist. 13 91 ± 26 59 ± 30 6 
(river water) NPEllSteam dist. 13 90 ± 20 76 ± 30 2 

NPE2/Dual col. 11 70 ± 58 b _ 
NPEs_17/Dual col. 11 87 ± 27 85 ___ 30 2 

Field spike ampules NP/Steam dist. 17 90 ± 11 
(std. NPE in MeOH) NPEl/Steam dist. 17 99 ± 12 

NPE2_17/Dual col. 20 102 ± 6 

Mean relative QC Limit 
% difference (±30%) 

Field duplicates NP/Steam dist. 9 52 30 7 
(river water) NPEl/Steam dist. 9 23 30 2 

NPEs_17/Dual col. 12 35 30 6 

aRecoveries obtained during method validation, bRecoveries of NPE 2 not determined during method validation. 
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other analytes, suggesting a greater sensitivity to matrix 
variability. 

Another indication that water matrix variability in- 
fluences analytical recoveries is given by the results from 
duplicate sample analysis. Mean relative percent dif- 
ferences for nine NP, nine NPE1, and 12 NPE2_17 dupli- 
cate analyses were 52%, 23% and 35%, respectively. A 
large portion of the duplicates were outside the target QC 
limit of ±30%. Stability of NPE carried to the field and 
back to the lab in methanol solution was essentially 100%. 

RESULTS AND DISCUSSION 

Water quality of the rivers. Water quality parameter 
measurements on the rivers {Table 4) indicate that  all were 
well aerated, containing from 6.1 ppm to over 13 ppm DO. 
The pH ranged from 6.1 (Great Egg Harbor, Berlin, NJ) 
to 9.5 (Yellowstone Gardiner, MT). Conductivity varied 
from low to brackish; three of the high salt streams were 
estuarine (Thames, Uncasville, CT, Machias, Machias, 
ME; and Bernard Bayou, Gulfport, MS). TDS closely co~ 
related to conductivity, hence salinity, ranging from 40 
to 5000 ppn~ DOC ranged from <1 to 14 ppm and TSS 
ranged from <3 to 190 ppm. Water quality thus varied 
from excellent to conditions where the water was heavily 
laden with dissolved organics and suspended solids. 

Nonylphenol species in the rivers. A summary of the 
concentration of nonylphenol species measured in the river 
samples is given in Table 6; organic carbon levels in the 
sediments are included. Ranges of values, averages, per- 
cent of values below method detection limits and upper 
limits for the lowest 95% of the samples and the number 
of river reaches with all samples below MDL are shown. 
(Averages were calculated by using values less than MDL 
as MDL/2.) 

Most water samples had concentrations below the detec- 
tion limits; average concentrations were just above MDUs 
The lowest 95% of values were in the lower half of the con- 
centration ranges,/.~, only the highest 5% of observations 
were in the upper half of the ranges. 

NP and NPE1 were detected more frequently and at 
higher concentrations in sediments than in the waters, as 
would be expected from their low water solubility. This 
fact is a validation of the initial assumption that the river 
reaches in the survey were likely to have been exposed to 
NP species. Organic matter in the sediments provides 

matrices for sorbing hydrophobic materials and releasing 
them only slowly and incompletely (11). Thus sediments 
can provide an integrated record of past chemical ex- 
posures in a waterway. 

Sediment samples contained a higher frequency of de- 
tectable levels of NP and NPE~ than the water samples 
and all but two samples had measurable organic carbon 
levels. NP levels ranged from below the MDL to 2,900 pg/ 
kg. Approximately 95% of the samples contained less 
than 635 ~g/kg. NPE 1 had a maximum level of 175 pg/kg 
and 95% of the samples were 100 pg/kg or less. 

Distribution of the NP species concentrations among 
the water and sediment samples is shown graphically in 
Figures 1, 2 and 3. The rapid decrease of frequency of oc- 
currence with increasing concentration is similar for all 
of the analytes in water. A similar but less abrupt decrease 
is also observed for the sediments, and there is a scatter- 
ing of NP measurements across a broader range of 
concentration. 

Profiles of the river reaches. Nearly threefourths (22/30) 
of the rivers had no detectable water concentrations of 
one or more NP species at all sampling stations. Seven- 
teen of the 30 had no NP, 17 no NPE1, 12 no NPE2 and 
19 had no NPEs_17. A total of 20 rivers had no or only 
marginal (-.<MDL) levels of any of the NP species. Six of 
the rivers had no NP in their sediments and 7 rivers had 
no NPE~. 

Another way of viewing the sediments as depositories 
of earlier contamination is to consider those sites with 
measurable sediment concentrations of NP but none in 
the water column. Twelve and 9 of the sites contained 
detectable levels of NP and NPE 1, respectively, in the 
sediments but not in the water. Only two sites had NP 
in the water but not in the sediments, and those levels 
found were of marginal significance (Chattahooche~ West 
Point, GA and Catawba, Morganton, NC). 

Two rivers (Grand Calumet, Gary, IN and Great Egg 
Harbor) accounted for 19 of the 28 "highest 5%" sediment 
values. Three other sites (Mohawk, Utica, NY; Delaware, 
Croydon, PA; and Bernard Bayou) had measurable levels 
of all the NP species. 

To summarize for both sediment and water, five river 
sites had relatively high concentrations of NP species, 12 
had measurable but lesser contamination levels of one 
or more NP species, and 13 were virtually devoid of 
contamination. 

TABLE 6 

Summary of Nonylphenolic Concentrations in Rivers 

Highest value Percent Number of rivers 
Analyte Range, pg/La  Average in lowest 95% below MDL with all samples below MDL 

Water 
Nonylphenol <0.11-0.64 0.12 0.35 70 17 b 
NPE 1 <0.06-0.60 0.09 0.31 67 17 
NPE 2 <0.07-1.2 0.10 0.46 58 12 
NPE3_17 <1.6-14.9 2.0 6.6 76 19 

Sediment 
Nonylphenot <2.9-2960 162 580 28 6 c 
NPE1 <2.3-175 18.1 89 44 7 
Total organic carbon <0.01-4.4 wt% 0.86 2.8 2 0 

aMinlmum values = MDL's from Table 2. bNumber of rivers of 30. CNumber of rivers of 29. 
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This work did not attempt to assay for NP ether car- 
boxylates, transient intermediates in the degradation of 
NPE. They can form in large amounts under conditions 
of poorly operating wastewater treatment plants (11 ), and 
are much less toxic than the short-chain ethoxylates (12). 

Calculated sediment  interstitial water concentrations 
based on organic content  and N P  level in sediment.  Sedi- 
ments may act as a sink for hydrophobic analytes in river 
water. The extent of partitioning to sediment is a func- 
tion of the chemical's sediment/water partition coefficient 
and the organic content of the sediment. This partition- 
ing relationship is approximated by the equation: 

C w = Csed/(Ko¢ X Foc) [1] 

where Cw = interstitial aqueous concentration of the 
analyt~ C,ed = sediment concentration of the analyte, 
Foc = organic fraction of the sediment, Koc = partition 
coefficient of the analyte between the sediment and water. 
An increase in Cw will lead to higher Csed values. Con- 
versely, analytes will desorb when Cw is lowered. Thus, 
high analyte loadings on sediment can raise the concen- 
tration in the interstitial water by desorption to the 
equilibrium value. It is this interstitial water value that  
often correlates with exposure of the analyte to benthic 
organisms rather than C,ed (13,14). 

Interstitial water concentrations of NP, C,, were 
calculated from the C~ed values by using the value 
Koc = 3825. This constant is the average of nonylphenol 
partition coefficients measured on three soils (15). The 
calculated values, clustered into concentration ranges, are 
shown graphically in Figure 4 and are compared to those 
of NP in the water column. 

Qualitatively the distributions of NP are similar, con- 
firming that  the NP levels in sediments correlate with 
total organic carbon and the assumed discharge pattern. 
The large majority of samples were below detection limits 
for both water zones, and the maximum concentrations 
in the two zones were within a factor of two of each other. 
This is excellent agreement, considering the heterogeneity 
of the sediments and tile assumption that  Ko~ is con- 
stant. We can therefore state with confidence that, despite 
relatively much higher NP levels in sediment (a typical 
pattern for hydrophobic materials}, exposure of aquatic 
organisms dwelling in the sediments is not substantially 
different from those in the water column. 

The question of  environmental  persistence. A key con- 
clusion of this study is a demonstrated lack of significant 
NP or NPE accumulation in any compartment of the 
aquatic environment. Considering the large volumes of 
NPE entering the aquatic environment (1), the levels ac- 
tually measured at sites most likely to contain substan- 
tial amounts are low. We consider this finding as definitive 
evidence for the high rates of NPE degradation by 
biological and probably other mechanisms, such as autox- 
idation. NPE in wastewater have been shown to undergo 
a high degree (approximately 95%) of removal during ac- 
tivated sludge treatment 16). 

Our results contrast with previous reports of much 
higher levels of NP species in river water (8) and sediment 
(16): NP concentration up to 2 ~dL in the Glatt River near 
Zurich, Switzerland, NPE1 up to 18 and NPE2 up to 
16 ~g/L. The highest we found were 0.64, 0.6 and 1.2, 
respectively. Rhine River sediment levels were 900 ~g/kg 
NP (below the 2960 we saw in the Grand Calumet River), 
800 NPE 1 (our highest finding was 715) and 700 NPE2 
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FIG. 4. Water concentration range of nonylphenol. 

(we did not  look for i t  in sediment). Our first  repor t  (6) 
highlighted the  pitfalls  t h a t  can occur in t race N P E  
analysis. Difficulties with earlier trace analytical methods 
and absence of s t r ic t  qual i ty  assurance procedures (6,8, 
9,17) raise serious questions about  the val idi ty of reports  
of hazardous N P E  environmental  concentrations.  

The present  work, conducted under  r igorous qual i ty  
assurance s tandard~ provides a high degree of confidence 
in i ts  results. Future  reports  from the APE Panel will com- 
bine these results with aquatic  toxicity and bioaccumula- 
tion studies, still in progress, to determine quant i ta t ively  
the  environmental  r isk of A P E  surfactants .  
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