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Karst: Vulnerable to Contamination



Karst: It’s Common in the Midwest

Values = % Karst per state



Salem Plateau
(Sinkhole Plain)

	

Columbia

Waterloo

St Clair Co

Monroe Co

Randolph Co

St. Louis



Land Use Changes in Salem Plateau:
Becoming a bedroom community for St. Louis

Waterloo, IL









Well water data
from Sinkhole Plain

Panno, S.V., et al., 2006. Ground Water 44:697.



• Effects of increased residential areas

• Compare to samples collected 15 years earlier







Most urbanized 
springshed

2014-15 
Data





Taxon % of Sites

Bacillus sp. 92.2

Enterobacter aerogenes 85.3

Esherichia coli 85.3

Enterococcus faecium 82.8

Enterococcus faecalis 77.6

Pseudomonas sp. 72.4

Klebsiella pneumoniae 62.1

Serratia sp. 50.9

Staphylococcus aureus 43.1

Citrobacter freundii 37.9

Pseudomonas aeruginosa 29.3

1998-2000 Data
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Quantification of fecal biomarkers
using quantitative PCR (Q-PCR) 
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Fogelpole Cave 1

Fogelpole Cave 2

Fogelpole Cave 3

Auctioneer Cave

Frog Spring

Camp Vandeventer Spring

Stemler Cave

Sparrow Spring

Collier Spring

Indian Hole Spring

Kelly Spring

Illinois Caverns 







Caffeine: 
Carbamazepine: anticonvulsant and mood-stabilizing drug
Naproxen: nonsteroidal anti-inflammatory drug (Aleve)
Ibuprofen: nonsteroidal anti-inflammatory drug (Advil)
Gemfibrozil: fibrate class, lowers lipid levels (Lopid)
Triclosan: antibacterial and antifungal agent found in soaps, detergents, etc.
Sulfamethoxazole: sulfonamide bacteriostatic antibiotic (Bactrim)
Trimethoprim: bacteriostatic antibiotic used mainly in the prevention and 
treatment of urinary tract infections
Sulfamethazine: sulfonamide antibacterial
Acetaminophen: analgesic and antipyretic (fever reducer) (Tylenol)
Diphenhydramine: antihistamine mainly used to treat allergies (Benadryl)
Erythromycin: antibiotic of the macrolide class
Fluoxetine: antidepressant (Prozac)
Triclocarban: antibacterial agent common in soaps and lotions
Ciprofloxacin: antibiotic in fluoroquinolone group 



Estrone: One of several natural estrogenic hormones secreted by the ovary 
and adipose tissue. Known carcinogen for human females.

17β-Estradiol: Primary female sex hormone, commonly detected at poultry 
and swine farms

17α-Estradiol: Used topically for the treatment of hair loss, commonly 
detected in dairy farms.

Ethinyl estradiol: Orally bioactive estrogen used in many formulations of 
combined oral contraceptive pills.

Estriol: One of three main estrogens produced by the human body; only 
produced in significant amounts during pregnancy. One of main 
metabolites of  estrone. 

Estrone-3-Sulfate: Conjugated estrogen in animal and human bodies, used 
in medication to treat symptoms of menopause (Premarin).

17β-Estradiol-3-Sulfate and 17α-Estradiol-3-Sulfate: Conjugated estradiol 
formulation. Present in the maternal circulation of pregnant mammals 
including cattle and other livestock, excreted in urine.



Compound
Dec/13-Apr/14

(n=13)
June/14 
(n=10)

Sept/14 
(n=10)

Jan/15 
(n=9)

Caffeine 2 0 6 0

Carbamazepine 9 2 3 0

Naproxen 4 2 1 2

Ibuprofen 1 0 0 0

Gemfibrozil 10 5 1 1

Triclosan 1 0 0 0

Sulfamethoxazole 5 0 1 0

Trimethoprim 12 0 0 4

Sulfamethazine 2 0 0 0

Acetaminophen 0 0 0 0

Diphenhydramine 0 0 0 2

Erythromycin 0 0 0 0

Fluoxetine 0 0 0 6

Triclocarban 13 6 7 8

Ciprofloxacin 0 0 0 0



Compound
June/14
(n=10)

Sept/14
(n=10)

Jan/15
(n=9)

Estrone 0 3 0

17β-Estradiol 1 0 0

17α-Estradiol 0 0 0

Ethinylestradiol 1 0 0

Estriol 0 0 0

Estrone-3-Sulfate 0 0 0

17β-Estradiol-3-Sulfate 0 0 0

17α-Estradiol-3-Sulfate 0 0 0




