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Patterns and Drivers of Conductivity and pH in an Urban Stream
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Vassar CollegeIntroduction:

Urbanization is the second greatest cause of stream impairment, after ag-
riculture, in the United States (Paul and Meyer, 2001). The  “urban stream 
syndrome” (Walsh et al., 2005) can include physical, chemical, and/or bio-
logical impairments, resulting from multiple, often interacting, stressors 
(Wenger et al., 2009). Impervious surface cover, in particular, accelerates 
storm discharge and pollutant runo�. Impoundments also a�ect in-
stream conditions. Urban ponds are typically shallow, but they are sur-
prisingly resistant to mixing. Both thermal and chemical strati�cation 
(e.g. variations in salt concentrations) can reduce mixing of nutrients, 
oxygen, and contaminants. Strati�cation can be especially strong in 
summer (McEnroe et al., 2013; Song et al., 2013).  

We examined e�ects of impervious cover and an impounded lake on 
speci�c conductance and on pH in the Fonteynkill, a small stream 
(~0.1 m3/sec discharge) that is a Hudson River tributary in Poughkeepsie, 
NY.  We used sondes to monitor continuously at 20 minute intervals for 
3.75 years. 

Sondes were placed at three sites (Fig. 1): the �rst was in a shaded stream 
reach that drains Poughkeepsie city streets; the second was below a 
medium-size (11,300 m3) impounded lake; the third site was several hun-
dred meters farther downstream, below a wetland and a vegetated ripar-
ian zone. This is an exploratory study, but we suggest some general �nd-
ings that can be drawn from our data. 

Figure 4. Winter conductivity 
response to precipitation. 

Peaks in conductivity correspond to road 
salting events following precipitation of 
snow and/or ice. 

The TH site shows rapid and dramatic 
responses to salting, as well as higher 
accute salinity values. 

The RC and SG sites show lower acute 
values, but longer chronic chloride expo-
sure (black arrows). 

Approximate equivalent chloride con-
centrations are marked on Y  axis.
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Figure 1. Location of the Fonteynkill in Dutchess County, NY. Red circles show location of three sondes, in a forested stream reach that 
drains Poughkeepsie city streets (TH), below the impoundment at Vassar Lake (RC), and in a low-impervious campus landscape (SG). vegetated wetland. 

Figure 6. Speci�c 
c o n d u c t a n c e 
(mS/cm: top) and 
pH (bottom) for 3.75 
years of monitoring. 
Black boxes indicate sec-
tions magni�ed for 
Figures 4, 5, 7, and 8.

Gaps in the data repre-
sent equipment failures; 
otherwise measure-
ments were taken taken 
every 20 minutes. .

Figure 2. Stream temperature, January 2012 - September 2015. 
Smoothed data show cooler summer and warmer winter temperatures the forested TH 
site, relative to the RC and SG sites below the impoundment.

Figure 3. Distribution of pH at the three study sites, using 3.75 
years of monitoring data. Median pH values were 7.46 at the TH site, 7.73 at the RC 
site, and 7.60 at the SG site. The two sites below the impoundment (RC and SG) con-
sistently show higher pH values than the TH site.

Results and Discussion:

Despite the short length of the Fonteynkill, the three sites studied showed di�erent physical, chemical, 
and biological  characteristics. Elevated temperature, a symptom of the urban stream syndrome (Paul 
and Meyer, 2001), was exaggerated by the impoundment in summer, where water can be heated for 1-2 
days (the lake’s turnover time), as shown by warmer temperatures below the impoundment in summer 
(Fig. 2). Winter temperatures were cooler below the impoundment, either because of groundwater contri-
butions to small discharge above the lake (TH site) or because of cooling in the exposed lake surface. 
  
The impoundment also appears to elevate pH (Fig. 3), presumably because of biotic activity. High pH 
levels can be associated with high rates of photosynthesis (as CO2 and carbonic acid concentrations de-
cline). Low pH levels would be associated with abundance of carbonic acid, presumably accompanying 
high respiration rates. We found high pH levels at both sites below the lake in winter (Fig. 7) and at the RC 
site (just below the lake) in summer (Fig. 8). Heavy shade at the TH site (and moderate shade at SG) evi-
dently reduce photosynthesis. Diurnal variation in pH also responds to sunlight, especially at the TH site 
before leaves �ll out in spring (Fig. 7). Although bedrock generally in�uences stream pH in the area, in-
stream photosynthesis and precipitation inputs strongly in�uenced pH. 

Elevated baseline conductivity equivalent to ~250 mg/L chloride occurred at all sites. This �nding is con-
sistent with other studies (Brown et al., 2009). This baseline persisted in summer and winter, indicating that 
road salt contamination persists in groundwater, which provides the stream’s base�ow. Winter conductiv-
ity (our proxy for chloride) spiked after precipitation (and salting) events. Summer conductivity declined 
because of dilution after rain events, then returned to high base�ow levels. Both winter and summer ef-
fects were dampened below the impoundment (Fig. 4, Fig. 5) because stormwater was mixed with lakewa-
ter that entered between storm events.  The highest acute concentrations were above the lake (TH site), 
but chronic elevated levels were present at the RC and SG sites (black arrows, Fig. 4). Many aquatic species 
can tolerate brief, acute exposures to chloride, but fewer can tolerate chronic contamination.
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Figure 7.  Spring pH pattern, showing strong diurnal variations at the TH and SG sites. These diurnal �uctuations are generally greatest in March and April, but exact timing depends on late 
winter/early spring weather conditions. Diurnal variations are reduced by early summer, due to trees establishing leaf cover and shading the stream. 

Figure 8. Summer pH patterns. During summer months (June to September), the TH site shows little diurnal �uctuation, the SG site shows a moderate �uctuation, and the RC site shows the greatest �uctuation. 
(The RC site also shows negative pH drift caused by algal growth on the instrument during deployment.) Overall patterns in pH variation are similar between the RC and SG sites, though the RC site’s pH is consistently higher. 
The pH decreases are associated with precipitation events in which rain lowers the pH of the stream.
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Groundwater baseline conductivity is 
~1.2 ms/cm (~250 mg chloride/L). Rain 
events (shown in purple) dilute the 
stream temporarily.  which returns to 
baseline levels rapidly above the 
impoundment (TH) and gradually below 
it (RC, SG). 

The lake thus dillutes and dampens the 
chloride peaks in the same way that it 
moderates discharge peaks below the 
lake. 

Approximate equivalent chloride con-
centrations are marked on Y  axis
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