
Problem and Research Objectives 

The Caribou and Poker Creek Watershed (CPCRW) is an important component of the 

Bonanza Creek LTER (Long Term Ecological Research) Program.  The CPCRW serves as a 

testbed for process studies on interactions between hydrology, meteorology and permafrost.  By 

characterizing the nature and origin of organic matter in water below or above permafrost, in 

interpermafrost springs, and in streams we seek to better describe the influence of permafrost on 

the hydrology in this region. In addition to a better understanding of the hydrology of permafrost 

watersheds in general, understanding the origin of organic matter is important for studies on 

drinking water treatment and use. Many public drinking water systems in Alaska extract water 

from above or below permafrost. Depending on the origin of the organic matter, certain health 

risks may be present.  

 Natural organic matter (NOM) in drinking water is a health concern because it 

contributes to the formation of disinfectant by-products (DBPs) such as trihalomethanes (THMs) 

and haloacetic acids (HAAs).  NOM causes other health, economic, and aesthetic problems since 

contaminants such as metals, hydrophobic organic chemicals, and radionuclides can be 

transported by NOM.  

NOM in water from the CPCRW was collected and subjected to a suite of analytical tests 

including dissolved organic carbon (DOC), apparent molecular size fractionation, ultraviolet 

absorbance. NOM was also fingerprinted using pyrolysis-G/MS. Fingerprint analysis is being 

used to help determine the origin of surface water contributing to groundwater and vice versa 

during different seasons. The information is being used to evaluate the THM hazard potential of 

waters derived from different sources in a permafrost-dominated watershed.  



Methodology 

Site Selection 

The CPCRW serves as an ideal research watershed for investigation. Water samples were 

collected from wells, streams, and springs from three different sub-watersheds (C2, C3, and C4). 

The graduate student collecting and analyzing all water samples worked under the direction of 

Dr. Kenji Yoshikawa. 

Pyrolysis-GC/MS of water samples 

Pyrolysis is being conducted with a CDS Model 2500 pyrolyzer and state of the art 

autosampler in tandem with a gas chromatograph/mass spectrometer (GC/MS). During pyrolysis 

the sample is heated from a starting temperature of 25 oC to 700 oC in 0.1 seconds and held at a 

constant 700 oC for 9.9 seconds (see Figure 2). The pyrolysis reactor is mounted on an HP 5890 

Series II GC, with a Supelco SPB 35 (35% Ph Me silicon) column, 60 m x 0.25 m x 0.25 µm. 

The GC interface temperature will be set at 235 oC. The GC temperature program will be 45 oC 

for 5 minutes, 2 oC /min to 240 oC and hold for 25 min. The GC is plumbed directly to an HP 

5971A Series Mass Selective Detector on electron impact (EI) mode. The MS scans mass units 

45 to 650. All mass spectra will be compared to the NBS54K spectral library. Helium serves as a 

carrier gas at a flow rate of 0.5 cm3/minute. Each sample will be injected with a split ratio of 

1:50.  

The fingerprinting technique provides us with generalizations and specifics about the 

chemical make-up of NOM. As in White and Beyer (1999), we expect to correlate the organic 

matter in various samples with the probable origin. For example, if the NOM in water from a 

spring exhibits the same fingerprint as NOM in streamwater samples we would postulate that the 

two are in direct communication and are derived from water at the same source. 
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Principal findings and significance 

 So far, a detailed analysis of organic matter in 33 spring, stream and groundwater 

samples has been made. Correlations between the organic matter showed that certain waters had 

very similar fingerprints, indicating either a similar source, or organic matter that had undergone 

similar transformation processes (White et al. in review). None of the correlations observed were 

contrary to hypotheses established for this research. Pyrolysis-GC/MS provided evidence of both 

the correlation that united the three subwatersheds and correlations that divided them, showing 

differences between individual watersheds. Analysis of distant watersheds suggested that the 

method is probably dependent on hydraulic residence time and the method may be limited to low 

residence time groundwaters. Additional study is expected to demonstrate that contaminant 

transport pathways and other factors affecting drinking water quality are predicted by pyrolysis-

GC/MS fingerprinting. 

 Parallel research was conducted to elucidate the type of organic matter most likely to 

create harmful disinfection by-products should the waters in the watershed be developed as a 

drinking water source. The results from this research are being prepared for publication and are 

published in Ms. Narr’s Masters thesis.   The dissolved organic carbon (DOC) and UV 

absorbance at 254 nm (UV 254) of 33 ground water and surface water samples from the CPCRW 

were measured. The average winter DOC was 1.49 mg/L and the average summer DOC was 7.83 

mg/L. The objective for this analysis was to use DOC, UV 254 and specific UV absorbance at 

254 nm (UV 254) as predictors for disinfection by-product formation potential (DBPFP) of these 

waters. Furthermore, 8 of the samples waters were subjected to discrete molecular size 

fractioning using an array of ultrafiltration membranes in pressurized stirred cells. The results 

obtained from these samples were compared to the results from a study of water in 16 drinking 
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water treatment systems throughout Alaska. The principle findings of this research were that 

disinfection by-products in water are strongly correlated to the ultraviolet absorbance at 254 

nanometers. The specific UV absorbance (UV-254/DOC) was also a good indicator of relative 

abundance of disinfection by-product forming organic matter in a water sample. 
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