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ABSTRACT 
Nonylphenol is believed to have an environmental impact on freshwater organisms.  The purpose 

of this study was to determine if nonylphenol would affect the hatch time of fathead minnow eggs.  It was 
hypothesized that the eggs ability to hatch would decrease as the concentrations increase.  Six exposures 
concentrations were utilized in this study with four replicates each.  The eggs were exposed to the 
chemical for seven days and during that period were carefully observed.  Measurements of nonylphenol, 
dissolved oxygen (DO), pH, conductivity and temperature were also made, all physical water 
characteristics were within acceptable test limits.  Nominal concentrations are 6.8 µg/l, 12.2 µg/l, 20.6 
µg/l, 36.1 µg/l, the highest concentration was 186.4 µg/l.  60% of the eggs in the control had hatched on 
day 4, while on day 7 72.5% had hatched.  55% percent of the 6.8 µg/l concentration hatched on day 4, 
and then on day 7 80% had hatched.  For the 12.2 µg/l concentration 40% hatched on day 4, while 70% 
had hatched on day 7.  67.5% of the eggs had hatched on day 4 for the 20.6 µg/l concentration, while 
82.5% had hatched on day 7.  For the 36.1 µg/l concentration 45% had hatched on day 4 while 72.5% on 
day 7.  All the hatch data was recorded by counting the fish, which is why the 186.4 µg/l concentration 
shows no hatching on the 4th day.  After the experiment had been completed the 186.4 µg/l was examined 
under a dissecting scope and it was observed that the fish had in fact hatched.   

Introduction 
Nonylphenol (C15H24O) exists primarily as 4-nonylphenol.  Nonylphenol has an aromatic six 

carbon ring with a hydroxy group attached at the four position, coming off the 1 position is a 9 carbon 
tail.  It is a pale yellow color and exists at room temperature as a viscous liquid (Hawley’s Condensed 
Chemical Dictionary 14th Ed. Handbook of Environmental Data on Organic Chemicals, 4th Ed.).  
Nonylphenol is a chemical that in itself has few uses, except to color fuel when mixed with another 
chemical (U.S. EPA 2005).  Its most important role is that of an intermediary.  Nonylphenol is used to 
produce emulsifiers, detergents and some lubricants (U.S. EPA 2005). These products are used in textile 
processing, pulp and paper manufacturing, refining, power generation as well as many other industrial 
sectors (Environment Canada 2000).  Reported concentration values range greatly, but according to 
Naylor et. al. nonylphenol concentrations range from 0.11-0.64 µg/l, although, the values in sediment are 
much higher, at 2.9-2960 µg/l (1992).  Another study found values in the water ranging from 0.01 to 0.92 
µg/l (Bennie et. al. 1996).  Nonylphenol enters the environment via wastewater treatment plants.  
Alkylphenols enter the wastewater treatment plant from various industrial and domestic uses.  The 
alkylphenols are broken down into nonylphenol ethoxylates, the nonylphenol ethoxylates aerobically 
decay into 4-nonylphenol, which is the end product and is released into the environment at varying levels 
(Kannan et. al. 2002).     

Nonylphenol has been shown to cause a variety of affects on organisms.  The LC50, the 
concentration at which a chemcial kills half of the organisms it is exposed to, value has been reported at 
136 µg/l (TenEyck and Markee, In Press), another study’s LC50 concentration has been reported at 380 
µg/l (Dwyer et. al. 1995).  It has also been documented as an endocrine disruptor, nonylphenol can 
provide a weak estrogenic response, and it has also has been shown to be able to compete for estrogen 
receptors.  (Metcalfe et al., 2001, Jobling and Sumpter, 1993, Mongomery-Brown and Reinhard, 2003).  
Chronic exposures have been documented to cause many abnormalities, such as male fish (fathead 
minnow and rainbow trout) to be less reproductively successful (Bistodeau et. al. 2006, Lahnsteiner et. al. 
2004).  Nonylphenol caused Daphini galeata to show higher neonatal death than controls (Tanaka and 
Nakanishi 2002).  Both nonylphenol and octylphenol both were documented as causing physical 
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deformities in sea urchins (Paracentrotus lividus) (Arslan et. al. 2007). Despite these findings, there has 
been little research into what affects nonylphenol will have on eggs before they are hatched.  This is an 
important area of research considering the ecological possibilities and problems associated with a delayed 
hatch.  If for instance the eggs are stressed and it takes a longer time to develop this could allow natural 
predators more time to kill the father minnow which protects, fans, and cares for the nest very 
aggressively.  Without the father watching the nest, and minnow eggs can be eaten by certain turtles and 
leaches (Paulson and Hatch, http://www.duluthstreams.org/understanding/fatheadminnow.html).  It is also 
possible that the minnows will hatch with deformities.  It has been documented that certain endocrine 
disruptors can cause deformities, Devlin et al. studies showed that toluene can cause severe deformities 
such as spinal curvature, stunted appearance and circulatory problems (1985) Kelly and Di Giulio (2000) 
reported that nonylphenol can cause both lethal and sublethal deformities such as cardiac problems and 
curvature of the spine in Killifish.     

 
Methods 

A flow through system was utilized in this study.  Fathead minnows were acquired from 
Environmental Consulting and Testing in Superior, WI.  The minnows were feed brine shrimp nauphlii 
after yolk sacs were absorbed.  Water was supplied by the municipal water supply from the City of 
Superior, WI.  The water was declorinated and passed through a cation exchange resin to remove metals.  
  Flow-through tests were conducted in a proportional mini-diluter system.   A stock solution of the 
compound was dosed to the mixing tray to achieve the desired test concentrations.  The diluter system 
delivered toxicant solutions using a 0.5 dilution factor.  Organisms were exposed to five toxicant 
concentrations and a control.  Four replicates of the control and each toxicant concentration were 
employed in the tests.  Test chambers for the flow-through tests contained 1.5 L of exposure water.  
Toxicant was pumped through the diluter system for a minimum 24 hours before initiating the tests to 
condition the system.  The eggs were exposed to the compound for 7 days.  Daily observations were 
made.   

Temperature, conductivity, pH, and dissolved oxygen were determined in test solutions.  
Temperature and dissolved oxygen were measured daily; while pH and conductivity were measured at the 
beginning and end of the test in all exposure chambers.   

The nonylphenol stock solution used was generated in a liquid/liquid equilibrator.  The stock was 
stirred and pumped into the diluter for a minimum of 24 hours before the test was iniated.  The para-
nonylphenol (Lot #1037612, >95% purity) used in the project was obtained from Schenectady 
International (Freeport, TX).  All calibration curves were developed using a blank and four analytical 
standards.   

Samples were collected from the middle of the exposure tanks using disposable pipettes.  
Samples were 1.0 ml of exposure water added directly to an autosampler vial and preserved by the 
addition of 0.1 ml of acetonitrile.  Samples were analyzed within several hours of collection.   

For the test, a minimum of 10% of the samples were collected and analyzed in duplicate.  Spike 
recoveries were determined on a minimum of 10% of all samples.  Reported concentrations of the 
analysts have not been corrected for spike recovery.   
Analysis of nonylphenol was made using high pressure liquid chromatography (HPLC) solvent pumping 
system consisted of a Shimadzu GT104 on-line solvent degassing unit, a Shimadzu Model FCV-10AL 
low pressure gradient delivery module, and a Shimadzu Model LC10-AT solvent pump (Shimadzu, 
Columbia, MD).  The HPLC system also utilized a Gilson Model 234 autoinjector (Gilson, Middleton, 
WI), a Hewlett-Packard Series 1050 variable wavelength UV-Vis detector (Hewlett Pacard, Palo Alto, 
CA), and a Spectra-Physics model SP4270 integrator (Spectra-Physics, San Jose, CA).  Two analytical 
columns were used during the project.  The first column used was a LiChroCart 125 x 4 mm cartridge 
column with LiChroSper 100 RP-18 (5µm) packing (EM Science, Cherry Hill, NJ).  HPLC grade 
acetonitrile/deionized water (Millipore Corp., Bedford, MA) mixtures in various rations were used as the 
eluent for all of the separations.  The analysis of all the compounds was conducted at 224 nm.  The 
detection limits for nonylphenol was 3.1.    
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Results  
Average ± standard deviation values for water characteristics are as follows:  The average 

temperature was 24.3 ±0.19 ºC, dissolved oxygen was 6.8 ± 0.32 mg/l, average pH was 8.06 ± 0.041, and 
average conductivity was 127.2 ± 4.06 µmhos/cm (Table 1).   

Average nonylphenol values are as follows:  <3.1 µg/l, 6.8 µg/l, 12.2 µg/l, 20.6 µg/l, 36.1 µg/l and 
186.1 µg/l, Table 2 provides the mean, minimum and maximum for each concentration.  Concentrations 
ranged from 3.7 µg/l to 252.1 µg/l.   

Figure 1 shows the change in the percent of fish that had hatched (hatching was measured by 
observed swimming) from day 4 to day 7, from day 0-4 no fish hatched.  The following hatch percentages 
were observed for the control, 6.8 µg/l, 12.2 µg/l, 20.6 µg/l, 36.1 µg/l, and 186.1 µg/l, respectively: 55%, 
40%, 67.5%, 45%, and 0%, Day 7 values are as follows respectively, 72.5%, 80%, 70%, 82.5%, 72.5% 
and 40%.  You can see from figure 1 that the highest amount of hatch from any concentration is 82.5 % 
from the 20.6 exposure.  The lowest amount that hatched is 40% from 186.4 µg/l exposure.   

It was not observed that fish had hatched in the 186.4 µg/l  exposure until after completion of the 
experiment.  It was noted at this time that the minnows that did hatch were severely deformed. They had 
edema, misshaped heads, and spinal kinks.  Figure 3 shows a picture of minnow from the control, and 
figure 4, 5 and 6, show three minnows from the 186.4 µg/l exposure. 

 
Discussion 
 There was more range in between the concentrations than would have been desired.  The control 
was exactly where it was desired to be, and exposure 1 (6.8 µg/l), 2 (12.2 µg/l), 3 (20.6), 4 (30.6 µg/l) 
were slightly closer than desired.  Exposure 5 (186.4 µg/l) was much higher than desired, it was well 
above the LC50 value and initially it was thought that no data would come from that exposure.   

Looking at figure 1 you can see that as the concentration goes up, the fish began to hatch later.  If 
you look at 6.8 µg/l vs. 12.2 µg/l, at day 4, 12.2 µg/l was 15% behind 6.8 µg/l, but after day 7, it was only 
10% behind.  The 36.1 µg/l had the second lowest hatch at 45% at day 4, but by day 7 it had the second 
highest hatch at 72.5%.  This indicates that the nonylphenol is likely stressing the eggs and causing them 
to hatch later.  The nonylphenol did not appear to have much effect on survival below the LC50 value, but 
it does appear to affect how long it takes the eggs to hatch.  This is in agreement with our hypothesis.  

Figure 3 is the head of a minnow from our control.  The spine is straight, there are no abnormal 
growths and blood flow is visible.  Now looking at figures 4, 5 and 6, which are from the highest 
exposure, the nonylphenol caused severe deformities.  All three show spinal kinks, in figure 4 and 6 you 
can see some sort of edema that is not typical growing out of the throat.  This was not part of our 
hypothesis but was observed none the less.  After this observation was made a review of the published 
literature was made.  No study found has connected nonylphenol with deformities in fathead minnows, 
however several related studies were found.  Kelly and Di guilo found that nonylphenol and 4-tert-
octyphenol would cause deformities in Killifish (2000).  A related study involving phenol and fathead 
minnows by Dianne Geiger showed that the phenol could cause deformities as well, most importantly 
vertebral kinks and edema (1978).   

 It is important to note that on figure 2 you can see that no fish were observed to hatch in the 
186.4 µg/l until the 7th day.  This was because of the deformities the hatched minnows could not be 
distinguished from the eggs, so it was impossible to determine what day they hatched, as hatching was 
observed by seeing the minnows swimming.  After the experiment had run its course the eggs from the 
186.4 µg/l exposure were placed under a dissecting scope and it was discovered that the minnows were in 
fact alive.  They would have defiantly died within the next few days, the deformities wouldn’t allow them 
to swim and they would not be able to feed.  This would cause the researchers to believe that they would 
have died from starvation and not directly from the nonylphenol.  It would be interesting to perform a 
study in the future to determine if the nonylphenol would kill them or if they would die from starvation.  
Another interesting question is whether the deformities happened in the egg or after hatching.  Fish are 
protected while in the egg so it is likely that the deformities did not happen until the fry stage when 
minnows are most vulnerable.   
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Tables and Figures 
 
Table 1:  Physical data summary. 
  Exposure Treatments 
  Control 6.8 12.2 20.6 36.1 186.1 
Temperature Mean 24.3 24.3 24.2 24.2 24.3 24.3 
 Min 23.9 23.8 23.8 23.9 24.0 23.9 

 
Max 

 
24.8 

 
24.7 

 
24.7 

 
24.6 

 
24.7 

 
24.6 

 
DO Mean 6.8 6.7 6.7 6.7 6.7 6.7 
 Min 6.3 6.0 6.4 6.5 6.4 6.3 

 
Max 

 
7.5 

 
7.4 

 
7.3 

 
7.3 

 
7.3 

 
7.3 

 
pH Mean 8.01 8.04 8.09 8.09 8.07 8.11 
 Min 7.94 8.01 8.06 8.08 8.06 8.07 

 
Max 

 
8.05 

 
8.06 

 
8.12 

 
8.10 

 
8.08 

 
8.12 

 
Conductivity Mean 129.3 127.9 125.5 125.2 128.7 126.9 
 Min 125.3 123.1 120.0 118.3 122.8 121.3 
 Max 132.6 130.4 130.3 130.6 133.5 131.0 
 
 
Table 2.  Nominal nonylphenol concentrations. 

Day  1.6 6.8 12.2 20.6 36.1 186.4 
0 Mean 1.6 3.3 7.875 21.375 46.525 130.725 
 Min. 1.6 1.6 3.7 16.2 25.3 104.3 
 Max. 1.6 5.7 11.0 24.7 86.7 164.1 
        

4 Mean 1.6 10.9 19.5 32.45 45.15 225.95 
 Min. 1.6 9.0 16.8 31.4 38.1 224.0 
 Max. 1.6 12.7 22.2 33.5 52.2 227.9 
        

7 Mean 1.6 8.1 12.9 13.925 21.25 222.4 
 Min. 1.6 6.8 11.7 11.5 19.6 196.0 
 Max. 1.6 11.3 14.9 16.8 24.5 252.1 
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Figure 1.  Percent of fish hatched at each concentration. 
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Figure 2.  Shows how many fish hatched on each day. 
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Figure 3.  Head of a healthy minnow from control, spine remains straight after head. 
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Figure 4.  Minnow from concentration 186.4 µg/l. 
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Figure 5.  Another minnow from concentration 186.4 µg/l. 
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Figure 6.  Minnow from concentration 186.4  µg/l. 

 
 
 


