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Presenter
Presentation Notes
There are numerous pathways for PPCPs to impact the environment.  We will be focusing on the impact to shallow groundwater from Healthcare facilities that are permitted to discharge wastewater to groundwater.  



Potential Concerns 

• Abnormal physiological processes and 
reproductive impairment 

• Increased incidences of cancer 
• Development of antibiotic-resistant bacteria 
• Potential increased toxicity of chemical 

mixtures 
 

Presenter
Presentation Notes
In general, streams, rivers, brooks in NJ their baseflow is from groundwater.

Compounds act as endocrine disruptors that can cause reproductive problems like in male fathead minnow. Eggs growing in male bass sex organs…in Delaware. (picture is a largemouth bass).  The same concerns for wildlife and humans.

Studies globally have shown detections of PPCPs/OWCs in surface water and groundwater.. Including in NJ.  NJDEP has found these compounds in NJ’s surface waters, and a small study by USGS looking at individual homes on septic has shown detections.




Study Goals 

Phase I:  
• Occurrence of PPCPs and OWCs in shallow 

groundwater downgradient from septic leach 
fields 

• Concentration of PPCPs and OWCs in shallow 
groundwater 

• Spatial distribution by Physiographic Provinces 
 

Presenter
Presentation Notes
The USGS study was focused on individual home owners were it is hit or miss with pharmaceuticals.  We chose to use locations that have high use of medications and house hold compounds (cleaning materials).  We were focused on sites where we would expect the biggest impact from these compounds on the groundwater quality.




Sampling Schedules 

• Antibiotics – 33 compounds 
• Wastewater – 62 compounds 
• Pharmaceuticals – 13 compounds 
• Hormones/Sterols – USGS – 7 compounds; 

AXYS – 27 compounds (EPA Method 1698 
HRMS) 

• Nutrients and organic carbon 
• Major cations/anions and boron 
 

Presenter
Presentation Notes
A few of the pharmaceutical list overlaps the wastewater list…like cotinine (which is the primary nicotine metabolite).  Wastewater includes, detergents/detergent by-products, stimulants (caffeine, which is grouped in with the pharmaceuticals during the results), flame retardants, fragrant and flavors, and disinfectants.

Antibiotics are generally prescribed drugs but for this presentation were left out.  We are missing the data from those facilities in bedrock settings and because of this missing data that data we do have has not undergone the same scrutiny and we are not able to make comparisons so we left it out for the time being.   The missing data is the result of a lab problem, which is being corrected and the samples have been preserved.

Pharmaceuticals are prescribed and non-prescribed drugs

For this presentation I will be presenting the Sterol and Hormone data from AXYS labs since it has a larger list of compounds.  We did have problems with this lab.  The detection limit varied greatly between samples, and there was a problem with their lab blanks for some of the compounds.  Data subject to change or be disregarded in the future as we work through these problems.



Selection of Facilities 

• Permitted by the State of NJ to discharge 
wastewater to the groundwater 

• Type of facility: focus on nursing homes and 
hospitals with >20 beds for their higher use of 
pharmaceuticals 

• Geology: ability to install a temporary point to 
sample ground water 

• Spatial distribution by Physiographic Province 
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Presentation Notes





Presenter
Presentation Notes
Wanted 3 facilities in each of the BK provinces and 7-8 in the costal plain for a total of 17 state wide.  Ended up with 13 facilities, with one of the facilities was sampled twice.  One facility was not a nursing home or hospital, but contained dental and doctors offices and a gym.  Selected because of lack of other options.

Spatial distribution did not work out as well as hoped due to lack of available facilities in unanswered areas and/or permission.




Locating Laterals 

Presenter
Presentation Notes
Why important: don’t want to cause damage to septic field, don’t want to sample effluent

Ground Penetrating Radar (GPR) uses a transmitter that emits pulses of high-frequency electromagnetic waves into the subsurface.  The penetrating electromagnetic waves are scattered at changes in certain physical properties of the subsurface such as bulk density, clay content, and water content.  Some of the electromagnetic energy is reflected back to the surface-receiving antenna and recorded.  GPR data can resolve changes in soil horizons, bedrock hydrologic features, water insoluble contaminants, geological features, man made buried objects, voids and possibly water table depth.  In our case we were looking for buried man made objects.  GPR works best in dry sandy soil where a deep water table exists.





GPR Data 
Laterals 

Disturbed 
area 

Presenter
Presentation Notes
Visual cross section of the subsurface with the horizontal axis as distance units (feet or meters) along the GPR traverse and the vertical axis as the time units (nanoseconds).  The septic system lateral drains are clearly evident by the parabolic reflectors and you can also see the extent of the excavated area to the right of the drains.

Worked well in the coastal plain but not so well in BK due to too much interference. 




Presenter
Presentation Notes
Existing monitoring wells or temporary points (geoprobe) were used to determine groundwater flow and location of the plume.  Elevated SC, more neutral pH (in CP, in BK same theory but natural pH is more neutral anyway so higher), and water level were used to determine flow.  Sample was taken within 5 feet of the leach field and down-gradient of the septic field and through a temporary point to ensure we were sampling the water table.  Monitoring wells are generally screened below the water table and generally not within 5 feet of the leach field.
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Presenter
Presentation Notes
Data from the AGWQMN was used as background information/comparison. Median values from undeveloped land use was used.  DOC was 0.09 mg/L from the ambient network… values were below 

Elevated pH, SC, DOC (DOC in the kirkwood cohansey is naturally less than 1 mg/l), Ammonia, Nitrites, and Boron and lower DO show we are in the plume.  Ammonia is an indicator of septic influence and Boron while naturally occurring but is used as an indicator because of its use in detergents.  Two sites had higher DO readings then background, these two sites used spray irrigation to discharge their wastewater which could explain the DO readings.
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Presenter
Presentation Notes
Locating the plume in Northern NJ (bedrock settings) was much more difficult.  The overall elevated DOC, Ammonia, Nitrites, Boron and SC make us believe we did find the plume.  However at many of the facilities we had a hard time finding groundwater by using a temporary point.  Despite looking for facilities that were in areas with deep glacial deposits, we would keep hitting refusal and would have no water.  Because of this, some of the screens were deployed at the sediment bedrock interface where we were able to obtain a sample.  However it is not know if this actually groundwater or effluent.  For example, at one site we tried 17 separate holes and damaged numerous drilling rods, to finally hit groundwater/effluent on the 18th and last try.  We were out of rods, so we had to take a sample from this point.  
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Compounds Detected >25%, State Wide 

Flame Retardants Detergents/Disinfectants
Prescription/Non-prescription drugs PAH/VOC
Fragrances/Flavors

Presenter
Presentation Notes
State wide, these compounds were detected in over 25% of the facilities.  

Carbamazepine was the most frequently detected compound.  This compound is an antiepileptic/anticonvulsant/mood stabilizer.  

Sulfamethoxazole (SMX) is an antibiotic used primarily for urinary tract infections.  

Caffeine is a stimulant, and cotinine is the primary metabolite of nicotine.

Fragrances/flavors were the most commonly detected over 25%, with 7 compounds.  But compounds like menthol are also used in ointments so they do take on a pharmaceutical property.  Mention Tricolsan – used in a lot of anti-bacteria hand lotions.

4 compounds out of the following groups were detected over 25% of the time, Detergents/disinfectants, pharmaceuticals, and flame retardants.

Notable detections:
Acetaminophen – Tylenol – surprised we did not see more of this, is hydrophilic but not very mobile.  Also has shown an affinity for activated sludge in some studies.  Though no activated sludge is used at these facilities.
Warfarin – blood thinner
Codeine – pain relief
Ibuprofen – is part of the antibiotics list- slightly more mobile than acetaminophen, but is more hydrophobic
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Coastal Plain vs. Bedrock, Detection 

 Coastal Plain Bedrock

Presenter
Presentation Notes
Pharmaceuticals are generally hydrophilic, have a low affinity for organic carbon, are highly mobile and polar.  These compounds have a low affinity to adsorption to soil and sludge.  This makes them persistent in the environment.

The organophosphate flame retardants and the detergent by-products are also very persistent in the environment and in particular the detergent by-products can accumulate in the environment and bioaccumulate.

Triethyl citrate is the only compound out of these top detections that was not detected in both BK and CP.  Why we did not see it in CP is unknown to us at the moment.  This compound is hydrophobic, and is marketed as an environmentally friendly product.  It is not known to be a health risk.  It is used as a plasticizer, used an a food additive, is used in pharmaceuticals as a coating agent, used in cigarette filters, used as a fragrance carrying agent, used in cosmetics and hairspray besides other uses.  I have no theory on this compound right now, except those in the northern part of the state like to use more makeup, hairspray, fragrances or smoke more.

We do see a general higher detection rate in BK.  It could be that the sands of the CP are retarding the movement of the compounds (FR and Det by-products (tend to hydrophobic )in particular), or can be from the fact that more laundry was done at these sites, or we sampled raw effluent.  
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All Sterols/Hormones Detected-AXYS, State Wide 

Sterols Hormones

Presenter
Presentation Notes
Sex hormones including estrogens and androgens are considered to be the greatest  ecotoxicological effects, with water fleas to be the most susceptible followed by fish and algae.

These sterols and hormones were all the ones detected State wide.

Cholestanol – is a cholesterol derivative found in human feces, gallstones, eggs and other biological matter.  No wonder it is the most frequently detected.  Coprostanal is formed from bacterial reduction of cholesterol in the intestine.  Cholesterol is a steroid metabolite found in the cell membrane of in plants/animals in fecal matter.  FECAL MATTER attributes, showing septic influence.

Beta-stigmastanol, campesterol, stigmasterol and beta-sitosterol are all plant sterols that could be naturally occurring or from their use in medicines, cosmetics, and food additives.

Mestranol and 17 alpha-ethinyl-estradiol are ovulation inhibitors and used in contraceptives.  Most likely from staff.

Estriol and estrone are both produced mostly during pregnancy but are used for hormone replacement therapy.

Androsterone and testosterone are male/ masculine trait hormones and 17-beta-Estradiol is the predominate sex hormone in females, but males have low levels of it as well for it is an active metabolic product of testosterone.
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Coastal Plain vs. Bedrock Sterols/Hormones, Detection 

Coastal Plain Bedrock

Presenter
Presentation Notes
We do see more detections in bedrock settings of sterols/hormones but can not be attributed to geological setting…still too many questions with data to make that conclusion.

From studies we do know that sterols and hormones generally have an affinity to adsorb to soils and sludge, and are less mobile than pharmaceuticals, which could explain the low detection rates.  However these compounds are still persistent in the environment.  17 Beta-Estradiol (E2) in a study was shown to have the potential to accumulate in river-bed sediments.

Cholestanol is formed in the gut of upper animals and birds, and is used frequently as a bio marker for human fecal impact.  Another indication we are in the septic plum at the majority of the sites.
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Presenter
Presentation Notes
The two compounds with highest concentrations (max and median) were Tris(2-butoxyethyl)phosphate, and 4-nonylphenol (sum of all isomers) which are a flame retardant and a detergent by-product.   Other than those two the max concentrations and median concentrations are below 10 ug/L, with median concentrations generally below 1 ug/L.

Carbamazepine and SMX median concentrations were below 0.1ug/L which corresponds to what other studies have shown.

However even at these levels, a study has shown SMX and carbamazepine in conjunction with other compounds at 0.01 to 1 ug/L levels will inhibit the growth of human embryonic kidney cells.

The flame retardants and detergent by-products are endocrine disruptors and will effect wildlife and embryos.  The both can disrupt hormone levels and inhibit estrogen receptor binding.  
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Presenter
Presentation Notes
14 of the compounds had the highest max concentrations in BK, with 11 of these compounds with highest median concentration in BK, which may reinforce the idea we may have sampled effluent and not groundwater at some of the bedrock facilities.

We observed the same rate of detection in CP and BK for SMX.  So why do we see a difference in the concentrations.  One study has shown there can be microbial biodegradation of SMX, though higher in soils than water.  So it is possible that at some of the facilities in BK, the local soil microbes could be biodegrading the SMX.  Though it would be very site specific.  

This study also stated that SMX biodegradation could be a co-metabolic mechanism and may be enhanced by a secondary carbon source.  The facilities where we saw SMX detections corresponds to facilities that had lower DOC in BK. 

However, this same study also suggested the presence of antibiotics may favor the growth of antibiotic resistant bacteria, which is a health concern.
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Presenter
Presentation Notes
Lab issues again make it hard to asses the geological impact, but do the hydrophobic nature of the sterols and hormones there could be mobility retardation for in CP we know we were sampling groundwater and not effluent.
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Presenter
Presentation Notes
We looked at the top compounds detected and concentrations state wide.  But when looking at specific facilities we looked at the total sum concentration for each group of compounds.  The first thing I would like to point out is that all the facilities had detections for pharmaceuticals, except one site where despite the fact we believed we were in the plume it appears we missed it all together for the only detections observed in FA31001 was a plant sterol.  We put in many test holes and the pH, SC, DO, WL were all extremely close in all the test holes.  

The second thing to point out is that sites FA05001 and FA09001 had lower detections,  lower concentrations for all other compound except the pharmaceuticals.  These two sites use spray irrigation to discharge wastewater, but more importantly they ship the majority of their laundry offsite to be done, and what is done in-house is done with using a bio-degradable detergent.  This also shows that between spray irrigation vs. traditional septic systems there is no difference in regards to pharmaceutical detections or concentrations.

Also of note is site FA41002.  this facility had lower concentrations then the other BK facilities.  This facility only sends a small fraction of its wastewater through the septic system.  It has a treatment facility on site that treats and reuses the wastewater.  No treated wastewater is discharged to the septic system.  This facility did have a max concentration of 17.9 ug/L for cholesterol.

Site FA33001 was sampled once in the summer and once in the fall, which allows us to assess small scale temporal variations.  Between the summer and fall, we see little change in concentrations with only a small uptick in pharmaceutical concentrations.  Due to money, sterols/hormones were done only in the summer.
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Presenter
Presentation Notes
This graph shows the percentage the concentration of each group plays in the total chemical soup that is making its way into the groundwater.  Remove the first two sites, because of the fact they ship their laundry offsite, flame retardants in the coastal plain make up the majority.  By now I am sure you are wondering where the flame retardants come from.  Flame retardants are used in clothing, bedding, plastics and many other uses and enter the wastewater system through laundry.  Gentleman leave your polyester suites in the closet for polyester is one of the textiles that is traditionally treated with flame retardants. 

In bedrock facilities detergents are the biggest percentage of the total concentration with flame retardants coming in second.
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Presenter
Presentation Notes
Removed the facility with no beds, and the one facility where we believe we missed the plume.

We see a possible increasing trend in concentration as the number of beds increases, but we see decreasing trend in total concentration.  However, the two largest facilities did not do laundry on site.  If we remove those two facilities we see the same trend, though less pronounced.  We just started looking at the number of beds versus the concentration and do not have a theory as of yet. Plus since we are unsure if we are sampling effluent and not groundwater in northern NJ, some of the concentrations could be misleading.  




Summary 
• In bedrock, monitoring wells are needed to ensure we are sampling 

groundwater. 
• Pharmaceuticals, sterols/hormones are making their way into the 

shallow groundwater. 
• Flame retardants and detergents/disinfectants are the wastewater 

compounds having the greatest concentration impact on shallow 
groundwater quality. 

• We are unable to state at this time on geological impacts on these 
compounds. 

• While some compounds show possible signs of adsorption or 
degradation, these compounds are persistent in the environment.  
The levels are low, but as a soup of compounds, or standing alone 
are a cause of concern for their impact on wildlife and embryotic 
development. 



What Will Come Of This Data 

• The NJ Geological and Water Survey in cooperation 
with USGS will publish an NJGWS Informational 
Circular 

• It is hoped to get this study published in a peer 
reviewed journal. 



Phase II 

• Was preformed on two facilities in the coastal plain. 
• Was designed to track the concentration and fate of 

these compounds from septic tank to groundwater. 
• A second groundwater sample was taken farther 

downgradient, but from preliminary data, further 
groundwater flow mapping would need to be done 
and the second sample would need to be farther 
away. 

Presenter
Presentation Notes
Will help asses if any of the compounds are adsorbing to the organic matter in the septic tank and particles.
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