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(a) 

 
(b) 

Figure 2.9 Traffic data collection equipment. a) NDOR automated traffic recorder station 

56E on I-80 west Gretna b) Wavetronic HD sensor installation on Highway 64 near Leshara 

 

 

2.5 Total Metals Mass and Total Mass per Area Calculation 

The mass of total metals was calculated using the following equation: 

 

𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑠𝑠 = 𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑅𝑢𝑛𝑜𝑓𝑓  (2.1) 

 

where 

Runoff = Precipitation * Bridge Area Sampled * Infiltration coefficient (0.90). 

Total mass/area was calculated as follows: 

𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑠𝑠

𝐴𝑟𝑒𝑎
=

𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑠𝑠

𝑅𝑜𝑎𝑑 𝑎𝑟𝑒𝑎 𝑠𝑎𝑚𝑝𝑙𝑒𝑑
     (2.2) 

 

2.6 Statistical Analysis 

Statistical analysis software, Statistix 10, was used to determine a linear regression 

between metal concentration and ADP, or metal concentration and traffic during the antecedent 
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dry period. The significance of the slope and intercept were evaluated at a 95 percent confidence 

level.   
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Chapter 3 Results 

3.1 Precipitation 

 Weather stations used to obtain the precipitation data are listed in table 3.1. 

 

Table 3.1 Weather stations selected 

Bridge location Weather station 

 

Station ID 

Distance (mi) 

from bridge 

location 

I-80 bridge over the 

Platte River 
Ashland2 

250375 4.4 

Highway 64 bridge 

over the Platte River 
Valley 1WNW 

258795 4.0 

I-80 bridge over 

Little Salt Creek 
Lincoln Airport 

254795 3.9 

Highway 77 bridge 

over Rock Creek 
Raymond 2NE 

257055 16 

 

 

 Weather stations selected were as close to bridge locations as possible; however rain 

events must still be considered approximate in regards to the exact locations of the bridges. 

Precipitation data were found at the website: http://climodtest.nrcc.cornell.edu/ for each weather 

station using the link daily data for a month. The following figures show the rainfall throughout 

the spring, summer, and fall 2014. The gray square dots on the graphs signify the storm events 

that were sampled. 
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Figure 3.1 Rainfall events sampled at the Highway 64 bridge over the Platte River 

 

 
 

Figure 3.2 Rainfall events sampled at the I-80 bridge over the Platte River 
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Figure 3.3 Rainfall events sampled at the I-80 bridge over the Little Salt Creek 

 

 
 

Figure 3.4 Rainfall events sampled at the Highway 77 bridge over the Rock Creek 
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3.2 Bridge Runoff Contaminant Results 

 The following figures show the concentration of contaminants in runoff from the four 

sampling sites monitored in this study and a comparison to the average concentration from the 

same sites from the prior NDOR study conducted by Swadener et al (2012).  
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3.2.1 Chloride 

 

 

Figure 3.5 Chloride concentration in runoff 

 

3.2.2 Conductivity 

 

 

 

Figure 3.6 Conductivity of runoff 
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3.2.3 E coli 

 

 

 

Figure 3.7 E coli concentration in runoff 

 

3.2.4 HEM 

 

 

 
 

Figure 3.8 Hexane Extractable Materials concentration in runoff 
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3.2.5 Iron 

 

 

 
 

Figure 3.9 Iron concentration in runoff 

 

3.2.6 Lead 

 

 

 
Figure 3.10 Lead concentration in runoff 
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3.2.7 Nitrate 

 

 

 

Figure 3.11 Nitrate concentration in runoff 

 

3.2.8 Nitrite 

 

 

 
 

Figure 3.12 Nitrite concentration in runoff 
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3.2.9 TKN 

 

 

 

Figure 3.13 TKN concentration in runoff 

 

3.2.10 TP 

 

 

 

Figure 3.14 Total phosphorus concentration in runoff 
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3.2.11 Total Solids 

 

 

 

 
 

Figure 3.15 Total solids concentration in runoff 

 

3.2.12 TSS 

 

 

 

 
 

Figure 3.16 Total suspended solids concentration in runoff 
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3.2.13 TDS 

 

 

 

 
 

Figure 3.17 Total dissolved solids concentration in runoff 

 

  

3.2.14 Zinc 

 

 

 

 

Figure 3.18 Zinc concentration in runoff  
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3.2.15 pH 

 

 

 

 
 

Figure 3.19 pH of runoff 

 

 

 

3.3 Traffic Data Collection Results 

Traffic data were collected continuously from early April 2014 through September 2014 

and reported as hourly volumes at all locations. A full record of traffic data were collected at the 

NDOR I-80 ATR Station 56E. All other locations where the Wavetronix sensors were installed 

were also set to collect traffic data continuously and record the data as hourly volumes. Due to 

the large number of rain events and the generally cloudy conditions, the solar panel installed did 

not provide enough power to continuously record traffic data. The Wavetronix HD sensors did 

record enough data to be able to reasonable estimate hourly traffic volumes for the gaps in the 

data streams. 

The process to estimate the missing traffic data started with recognizing that on a day of 
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used to generate, from all of the traffic data collected, an average hourly traffic volume for each 

hour of the day by day of the week for each site. An example of this is shown in table 3.2 and 

figure 3.20 for the I-80 at 27th Street traffic data collection site near Little Salt Creek for 

Mondays. 

Figure 3.20 shows the consistency of the hourly traffic volumes on Mondays throughout 

the data collection period. An exception to this was Labor Day, September 1, 2014. Days with 

unusual patterns, such as Labor Day, were not included in the averages used to estimate missing 

traffic data during the antecedent dry periods. All traffic data collected at the four locations is 

found in Appendix F. Also in Appendix F are day of the week plots for the three stations using 

the Wavetronix HD sensor that were used to estimate the missing data. Lastly in Appendix F are 

the traffic data, both measured and estimated, for the antecedent dry periods that are used in the 

data analysis presented in chapter 4. 
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Table 3.2 Eastbound traffic on I-80 at 27th Street near Little Salt Creek – Monday hourly traffic volumes as collected by the 

Wavetronix sensor – blank cells indicate no data collected for that hour, yellow cells indicate an antecedent dry period, yellow with 

crosshatch cells are estimated traffic volumes using the average data for all Mondays during data collection period, excluding Labor 

Day 

 

 

 

  

Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday Monday

4/14/2014 4/21/2014 4/28/2014 5/5/2014 5/12/2014 5/19/2014 5/26/2014 6/2/2014 6/9/2014 6/16/2014 6/23/2014 6/30/2014 7/7/2014 7/14/2014 7/21/2014 7/28/2014 8/4/2014 8/11/2014 8/18/2014 8/25/2014 9/1/2014 9/8/2014 9/15/2014 9/22/2014 9/29/2014 Average

Hour of Day 1 165 150 151 102 213 205 208 204.0 239 251 252 259 217 251 204.0 216 228 204.0

2 73 101 137 91 129 154 177 148.4 196 182 189 177 149 185 148.4 152 171 148.4

3 95 87 112 74 113 122.5 141 122.5 148 156 155 149 124 158 122.5 128 110 122.5

4 101 123 145 138 147 145.8 168 145.8 168 157 180 154 149 125 145.8 146 119 145.8

5 157 173 208 191 261 223.8 236 223.8 246 251 240 236 134 223.8 226 261 223.8

6 356 404 448 370 449 438.0 498 438.0 453 469 454 457 180 438.0 467 431 438.0

7 778 840 889 879 881 876.3 906 876.3 892 901 888 904 248 876.3 884 874 876.3

8 1012 1040 1100 1032 1117 1081.3 1131 1081.3 1152 1096 1115 1066 392 1081.3 1060 1055 1081.3

9 850 877 912 952 929 930.3 925 930.3 923 980 950 918 544 930.3 945 1003 930.3

10 856 790 784 839 897 872.9 911 872.9 899 948 945 962 858 809 857 864 811 872.9

11 835 801 813 834 911 886.5 943 886.5 901 947 959 938 860 1071 870 901 898 886.5

12 828 798 894 873 943 913.2 1014 913.2 953 959 955 1007 1046 837 1132 874 871 875 884 913.2

13 856 853 885 830 904 937.3 967 937.3 1049 1032 1024 1005 1003 930 1152 879 865 932 982 937.3

14 861 915 907 895 995 986.8 1003 986.8 1132 993 1129 1049 1062 947 1180 955 937 982 1026 986.8

15 948 986 944 956 1109 1074.4 1096 1074.4 1141 1155 1154 1173 1200 1073 1215 1059 1022 1099 1076 1074.4

16 1168 1221 1225 1164 1345 1292.8 1389 1292.8 1361 1372 1389 1319 1405 1285 1221 1218 1249 1297 1278 1292.8

17 1331 1413 1413 1312 1492 1485.1 1610 1485.1 1568 1492 1560 1566 1533 1483 1271 1470 1512 1495 1511 1485.1

18 1274 1337 1421 1328 1459 1429.9 1356 1429.9 1463 1452 1514 1528 1493 1390 1177 1504 1419 1402 1539 1429.9

19 892 994 870 769 960 935.4 879 935.4 1001 962 1034 1064 996 898 1099 877 913 930 928 935.4

20 616 726 682 567 639 697.8 657 697.8 754 755 761 783 746 637 986 687 740 669 745 697.8

21 543 677 575 505 651 587.5 549 587.5 655 594 626 597 552 570 858 554 599 593 560 587.5

22 494 462 411 403 442 459.0 432 459.0 519 467 503 487 440 460 657 468 439 438 479 459.0

23 350 367 319 365 447 364.4 344 364.4 434 421 365 418 352 364.4 451 317 330 310 327 364.4

24 256 244 231 248 315 255.5 235 255.5 286 290 260 257 255.5 276 223 246 260 226 255.5
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Figure 3.20 Eastbound traffic on I-80 at 27th Street near Little Salt Creek – Monday hour traffic patterns with average 
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Chapter 4 Data Analysis and Discussion of Results 

4.1 First Rainfall Event 

The first rainfall event occurred on March 28th, 2014, and samples were collected at I-80 

over the Platte River (I-80/PR) and Highway 77 over Rock Creek (Hwy 77/RC). For the first 

rainfall event, solids, pH, and conductivity were measured for the I-80/PR sample, and in 

addition to these constituents, HEM, E.Coli, and metals were also measured for the Hwy 77/RC 

sample. It was expected that the highest concentrations of contaminants would occur during the 

first rainfall event. However, only TSS and HEM concentrations had the highest values during 

the first rainfall event. According to figures in section 3.2, the highest concentrations for TDS, 

chloride, zinc, and lead were found during the third rainfall event of the year on April 14th, 2014.  

4.2 Literature Comparison 

Table 4.1 shows a comparison of the contaminant concentrations found in this study as 

compared to other studies of bridge deck runoff. The NDOR study was conducted by Swadener 

et al (2012), who measured concentrations in bridge runoff at the same sites investigated in this 

study, and the final conclusion was that bridges did not impact the quality of the water body in 

dry weather. Further information regarding this and other studies shown in table 4.1 is explained 

in the literature review in section 1.2.  

According to table 4.1, average concentrations of TDS, TSS, conductivity, chloride, and 

iron measured in this study were typically higher than those found in other studies. Average 

concentrations of these constituents were higher than the average concentration measured in the 

2012 NDOR study performed at the same locations. An average TDS concentration of 902 mg/L 

was measured in this study, compared with 170 mg/L determined in the prior NDOR study at the 

same locations. Average TSS in this study was 602 mg/L, compared with 138 mg/L measured in 
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2012; conductivity was 1440 μmhos/cm compared with 270 μmhos/cm in the prior study; 

average chloride was 333 mg/L compared with 24 mg/L in the prior study; average iron was 9.7 

mg/L compared with 3.2 mg/L from the prior study. One reason for these differences may be due 

to differences in the sampling methods used in this study compared to the prior study. In this 

study, a time-weighted average composite sample was collected and should include sub-samples 

from the beginning of the storm event when the concentrations are typically higher; while in the 

prior study, a 5 gallon collection bucket was used to collect runoff. Because the storm volume 

was much larger than 5 gallons, the sample collected in the 2012 study likely represented runoff 

generated near the end of the storm event when concentrations in runoff are often lower. 

However, some constituents measured in the current study had average concentrations that were 

similar or lower than concentrations measured in 2012. For example, the average concentration 

of total phosphorus measured in this study was 0.18 mg/L compared with 0.42 mg/L measured in 

the 2012 study at the same locations and the average concentration of nitrate + nitrite was 0.70 

mg/L compared with an average concentration of 2.63 mg/L measured in 2012. 
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Table 4.1 Comparison of contaminants values with literature review 

1This study  

*Average concentrations 

 

4.3 Trends of Contaminants in Runoff 

Conductivity, TS, TSS, TDS, and chloride concentrations demonstrated similar behavior 

at the sampling locations. Their concentration was high during the first rainfall events, but then 

decreased with subsequent rainfall events. This was to be expected due to the accumulation of 

solids and salts during the winter months that are washed away throughout the wet season. Many 

samples for HEM, TKN, nitrate, nitrite, and TP were detected at concentrations below the 

 

NDOR 20141 

 

 

NDOR 

2012* 

URS 

2010* 

Kim et 

al. 

2007* 

Malina 

et al. 

2005* 

 

Nishtala 

2004* Average 

values 

Max. 

values 

Min. 

values 

Number of 

Sites (n) 
4 4 4 4 15 1 3 1 

pH 7.58 8.67 6.85 7.65 6.8    

TDS (mg/L) 902 14,900 51.7 170 34    

TSS (mg/L) 602 5203 3.33 138 39 155.4 89.60 65.3 

Chloride 

(mg/L) 
334 9602 5.53 24.3 0.81    

Specific 

Conductance 

(µmhos/cm) 

1440 21,900 50 270.3 51    

Total Kjeldahl 

Nitrogen 

(TKN) (mg/L) 

1.44 3.14 0 3.16 0.71 2.59 1.82 4.0 

TP (mg/L) 0.18 0.42 0 0.42 0.169 0.65 0.42 0.9 

Nitrate + 

Nitrite (mg/L) 
0.70 3.95 0 2.63 0.21    

Total Iron 

(µg/L) 
9740 101,500 69 3290 1420    

Total Lead 

(µg/L) 
60 185 10  5.29  9.86 11.1 

Total Zinc 

(µg/L) 
120 676 2 120 65.9  145.01 168.3 

Oil and 

Grease (mg/L) 
2.75 12.3 0  4.8 29.42 4.60 6.7 
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average concentration found in the previous NDOR study conducted by Swadener et al (2012). 

Iron and zinc concentrations decreased during the summer but showed some spikes.  

Generally, the highest concentrations of zinc, lead, iron, HEM, chloride, TDS, TSS, and 

TS were measured at the I-80 bridge over the Platte River and the Highway 77 bridge over the 

Rock Creek.  

4.4 Correlation between Antecedent Dry Period (ADP) and Metals Concentration 

The following figures compare the concentration of metals in bridge runoff with the 

ADP. Trend lines are also included in the graphs in order to better represent general increases or 

decreases in the data. Some correlation between ADP and zinc concentration was determined for 

the I-80 bridge over the Platte River. However, there was no correlation between lead or iron 

concentration and ADP in any bridge. Since only three points were used to determine the 

relationship between metals concentration and ADP at the Highway 77 bridge over Rock Creek, 

the graphs are shown in this section, but not considered in this analysis. The same behavior is 

observed for the relationship between metal mass, or metal mass per area and ADP. The sets of 

figures for those variables can be found in Appendices A and B. 
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4.4.1 Zinc Concentration versus ADP 

 

  

 
 

Figure 4.1 Zinc concentration in runoff versus ADP from: a) I-80 bridge over Platte 

River b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) 

I-80 bridge over Little Salt Creek 
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4.4.2 Lead Concentration versus ADP 

 

  

  

Figure 4.2 Lead concentration in runoff versus ADP from: a) I-80 bridge over Platte 

River b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) 

I-80 bridge over Little Salt Creek 
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4.4.3 Iron Concentration versus ADP 

 

  

  

Figure 4.3 Iron concentration in runoff versus ADP from: a) I-80 bridge over Platte 

River b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) 

I-80 bridge over Little Salt Creek 
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4.5 Correlation between Traffic during the Antecedent Dry Period and Metals Concentration in 

Runoff 

The following sets of figures compare the concentration of metals in bridge runoff with 

daily traffic during the antecedent dry period (ADP). At the I-80 bridge over the Platte River, the 

daily traffic data was collected from the permanent count station operated by NDOR. The daily 

traffic values used from that bridge represents the number of vehicles counted on the roadway, 

taking into account the lane distribution of vehicles in the two lanes within the roadway area 

sampled (see table 2.1) during each ADP. The two lanes sampled represented 76.4 percent of the 

total traffic along the interstate. At the other locations, the daily traffic data was collected using a 

mounted and solar powered wavetronics HD sensor pole, taking into account the number of 

vehicles in the lanes explained in table 2.1. Since during the traffic data collection period only 

two bridge runoff samples were taken at Highway 77 over Rock Creek, we did not perform a 

regression analysis at that location. There was no correlation between the amount of traffic and 

the concentration of lead and iron at any bridge. However, there was a correlation (R2 = 0.3716) 

between the amount of traffic and the concentration of zinc at the I-80 bridge over the Platte 

River. This difference is explained in the sources of these metals in runoff. The only source of 

zinc in bridge deck runoff is vehicle wear, but the sources of lead and iron may also include the 

materials and structure of the bridge. It can be seen in figure 4.6a that the intercept in the y-axis 

(iron concentration) is larger than the y-axis intercept for zinc (fig. 4.4a). This reinforces the idea 

that there are other non-traffic variables that influence iron concentration. To obtain a better 

correlation for iron and lead, it may be necessary to consider other variables such as bridge 

design. In figure 4.4a, not only is the regression coefficient shown but also the equation for the 
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correlation between zinc concentration and traffic. The relationship determined at this location 

is: 

    0.0234traffic0.000002mg/Lzinc  (4.1) 

 

When data from all four sites was considered together, the resulting linear regression equation 

had an R2 value of 0.259. The relationship between zinc concentrations in runoff and daily traffic 

during the ADP for the four sites was: 

 (4.2) 

 

 

To our knowledge, this represents the first relationship developed between traffic and 

contaminant concentration in runoff. Prior studies have determined a bimodal relationship with 

daily traffic. For example, Dupuis (2002) identified that bridges with ADT over 180,000 vehicles 

per day resulted in water quality impacts; however, bridges with ADT less than 30,000 produced 

no noticeable impact. In this study, the total traffic during the ADP ranged from 20,000 to 

160,000. No correlation was observed for metal mass, and metal mass per area versus traffic 

during the ADP. Those regression relationships are shown in Appendices C and D.  

 

 

  

zinc mg/L( ) = 0.000001 traffic( )+0.0266
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4.5.1 Zinc concentration versus traffic during the ADP 

 

 

 

 

  

Figure 4.4 Zinc concentration in runoff versus traffic during the ADP from: a) I-80 

bridge over Platte River b) Highway 64 bridge over Platte River c) I-80 bridge over Little 

Salt Creek d) All four locations together 
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4.5.2 Lead concentration versus traffic during the ADP 

 

 

 

 

  

Figure 4.5 Lead concentration in runoff versus traffic during the ADP from: a) I-80 

bridge over Platte River b) Highway 64 bridge over Platte River c) I-80 bridge over Little 

Salt Creek d) All four locations together 
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4.5.3 Iron concentration versus traffic during the ADP 

 

 

 

 

  

Figure 4.6 Iron concentration in runoff versus traffic during the ADP from: a) I-80 

bridge over Platte River b) Highway 64 bridge over Platte River c) I-80 bridge over Little 

Salt Creek d) All four locations together 
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4.6 ADP and Traffic Statistical Analysis 

Using the statistical analysis software Statistixs 10, the p-values for the slope and intercept 

for the correlation between zinc concentration and ADP, or zinc concentration and traffic from 

the I-80 bridge over the Platte River, were calculated. Those values are shown in table 4.2. 

 

 

Table 4.2 ADP and Traffic Statistical Analysis p-value results from I-80 bridge over the 

Platte River for zinc concentration (mg/L) 

 

Statistics Traffic p-value ADP p-value 

b (intercept) -0.02342 0.6268 -0.03899 0.4443 

m (slope) 2.04E-06 0.0043 0.03379 0.0024 

R2 0.3716  0.3919  

R2 adjusted 0.3367  0.3599  

 

 

Since p-values for the slope for traffic and ADP were less than 0.05, it means that the 

slope is different from zero, and therefore, there is a correlation between zinc concentration and 

ADP, or zinc concentration and traffic. Additional statistics analysis relating metal mass, and 

metal mass per area versus traffic or ADP, is shown in Appendix F. 

The p-values for the slope and intercept for the correlation between zinc concentration 

and traffic from all four locations together were calculated. Those values are shown in table 4.3. 
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Table 4.3 ADP and Traffic Statistical Analysis p-value results from all four locations 

together for zinc concentration (mg/L) 

 

Statistics Traffic p-value 

b (intercept) 0.02656 0.1646 

m (slope) 1.164E-06 0.0005 

R2 0.2596  

R2 adjusted 0.2416  

 

 

When data from all four site locations together is used, p-values for the slope for traffic 

was less than 0.05, which means that the slope is different from zero, and therefore, there is a 

correlation between zinc concentration and traffic. 
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4.7 State Water Quality Standards Comparison 

 Using the Title 117 Nebraska Water Quality Standards, a comparison was made between 

runoff water quality results found in this study and state water quality standards (table 4.4). 

Only chloride, E.Coli, HEM, iron, and pH could be compared to state water quality standards. 

Zinc and lead could not be compared with Title 117, because the water quality standards for 

those metals are based on total hardness, which was not measured in this study  

 

Table 4.4 Comparison of contaminants values with state water quality standards 

Constituent 

Water Quality 

Standard 

From Title 

117 

Bridge Site 

 

Receiving 

Stream 

% of 

Exceedances 

Chloride 860 mg/L 

I-80 Platte River 5 

Hwy 77 

Ceresco, NE 
Rock Creek 50 

HEM* 10 mg/L 
Hwy 77 

Ceresco, NE 
Rock Creek 50 

Iron 1,000 µg/L 

I-80 Platte River 56.5 

Hwy 77 

Ceresco, NE 
Rock Creek 66.6 

Hwy 64 

Leshara, NE 
Platte River 18.7 

27th Street and 

I-80 Lincoln, 

NE 

Little Salt 

Creek 
44.4 

*As petroleum oil 

 

There were no exceedances of Title 117 standards for E.coli and pH, and therefore, they 

were not included in table 4.4. It is important to note that only four samples were collected at the 

Highway 77 bridge over Rock Creek location, and two were tested for chloride and HEM and 

three for iron, which is why the percent of exceedance is higher for those constituents at that 
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location. Iron was the only constituent that exceeded state water quality standards at all sampling 

locations. For the I-80 bridge over the Platte River, and the I-80 bridge over Little Salt Creek, the 

percentage of runoff samples exceeding the state standard was almost 50 percent of samples 

tested.   

 

 

 

 

 

 

 

 

 

 

 

 

 

  



53 

 

Chapter 5 Conclusions 

 Since bridges are located close to receiving water, bridge deck runoff is often discharged 

directly to water bodies. Several prior studies have focused on roadway runoff quality, however, 

there are fewer studies focused solely on bridge deck runoff. There is only one prior study 

available regarding the impacts of bridge deck runoff on receiving waters in Nebraska. However, 

their conclusions were based on a sampling conducted during a drought period. Regulatory 

agencies need appropriate information to decide if structural control for bridge deck runoff will 

be necessary to protect water quality and aquatic life. The objective of this research was to 

evaluate the quality of bridge deck runoff by evaluating water chemistry. 

 Four bridges were selected based on ADT, stream flow, safety considerations, and 

accessibility for the retrieval of bridge deck runoff samples. A gutter system specific to each 

bridge was designed and constructed to catch and collect runoff. Automatic samplers were used 

to collect time weighted composite samples of bridge runoff. Several samples were collected and 

sampled from three sites, but only four samples were collected from the Highway 77 bridge over 

Rock Creek. Hourly traffic data was also collected from all sites.  

 The concentrations of all contaminants in the runoff samples were analyzed based on the 

first flush, literature values, and temporal trends, but only metals concentrations were evaluated 

as a function of ADP and traffic. It was expected that the highest concentrations of contaminants 

occurred during the first flush. However, only TSS and HEM concentration had the highest 

values during the first flush. The highest concentrations for TDS, chloride, zinc, and lead were 

found during the third rainfall event of the year. Average concentrations of TDS, TSS, chloride, 

iron, and lead measured in this study were higher than those found in other studies. For lead and 

iron, it was difficult to observe a direct relationship between concentration and ADP, or 
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concentration and traffic. However, there was a stronger correlation between the amount of 

traffic and the concentration of zinc. This difference is explained in the sources of these metals in 

runoff. The only source of zinc in bridge deck runoff is vehicle wear, but the sources of lead and 

iron may include the bridge materials. Therefore, to get a better correlation for iron and lead, it is 

necessary to consider other variables such as bridge design.  

In this study, few runoff samples exceeded in stream state water quality standards. It 

should be noted, however, that water quality standards could not be determined for all 

constituents measured because several are based on hardness, which was not evaluated in this 

study. In addition, peak concentrations may be of concern, especially for total solids, total 

suspended solids, and total dissolved solids, which were higher during the spring. These high 

concentrations are likely due to accumulation of sediment as well as road salt application over 

the winter months. The buildup of these contaminants during the winter months can result in a 

spring ‘flush’ causing the higher concentrations measured in the early spring. Samples from this 

time period (March – May) were only obtained from two bridges, and more sampling during the 

early spring may be necessary to better quantify peak concentrations of total solids, total 

dissolved solids, and total suspended solids originating in roadway runoff. Additional 

recommendations for future research are listed below: 

 To obtain precipitation data closer to the sampling site, it may be beneficial to install rain 

gauges to measure rainfall instead of using data from nearby weather stations, which 

ranged from 4 to 16 miles from the sampling locations.  

 It would be favorable to sweep the street or bridge after all runoff sampling is completed, 

and test the collected sediment for metals in order to determine what is left on the 

bridges. 
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 Conduct metal testing for additional metals including chromium, copper, and nickel to 

determine if there are any additional correlations between metal concentration and traffic. 

 Conduct additional metal testing for lead and iron from the bridges analyzed in this study 

to determine how other sources, such as bridge design, are affecting metal concentrations 

in runoff. 
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Appendices 

Appendix A ADP versus Metal Mass and Metal Mass per Area 

A.1 Zinc Mass versus ADP 

 

  

  

Figure A.1 Zinc mass in runoff versus ADP from: a) I-80 bridge over Platte River b) Highway 

77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge over Little 

Salt Creek 
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A.2 Lead Mass versus ADP 

 

  

  

Figure A.2 Lead mass in runoff versus ADP from: a) I-80 bridge over Platte River b) 

Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge 

over Little Salt Creek 
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A.3 Iron Mass versus ADP 

 

  

  

Figure A.3 Iron mass in runoff versus ADP from: a) I-80 bridge over Platte River b) Highway 

77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge over Little 

Salt Creek 
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A.4 Zinc Mass per Area versus ADP 

 

  

  

Figure A.4 Zinc mass per area in runoff versus ADP from: a) I-80 bridge over Platte River b) 

Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge 

over Little Salt Creek 
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A.5 Lead Mass per Area versus ADP 

 

  

  

Figure A.5 Lead mass per area in runoff versus ADP from: a) I-80 bridge over Platte River b) 

Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge 

over Little Salt Creek 
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A.6 Iron Mass per Area versus ADP 

 

  

  

Figure A.6 Iron mass per area in runoff versus ADP from: a) I-80 bridge over Platte River b) 

Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 bridge 

over Little Salt Creek 
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Appendix B ADP versus Total Metal Concentration, Total Metal Mass, and Total Metal Mass 

per Area 

B.1 Total Metal Concentration versus ADP 

 

  

  

Figure B.1 Total metal concentration in runoff versus ADP from: a) I-80 bridge over Platte 

River b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 

bridge over Little Salt Creek 
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B.2 Total Metal Mass versus ADP 

 

  

  

Figure B.2 Total metal mass in runoff versus ADP from: a) I-80 bridge over Platte River 

b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte River d) I-80 

bridge over Little Salt Creek 
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B.3 Total Metal Mass per Area versus ADP 

 

  

  

Figure B.3 Total metal mass per area in runoff versus ADP from: a) I-80 bridge over 

Platte River b) Highway 77 bridge over Rock Creek c) Highway 64 bridge over Platte 

River d) I-80 bridge over Little Salt Creek 
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C.1 Zinc Mass versus Traffic during the ADP 

 

  

 

 

Figure C.1 Zinc mass in runoff versus traffic during the ADP from: a) I-80 bridge over 

Platte River b) Highway 64 bridge over Platte River c) I-80 bridge over Little Salt Creek 

 

 

 

C.2 Lead Mass versus Traffic during the ADP 

R² = 0.3054

0

2000

4000

6000

8000

10000

12000

0 100000 200000

Zi
n

c 
m

as
s 

(m
g)

Number of vehiclesa)

R² = 0.0216

0

200

400

600

800

1000

1200

1400

1600

0.0 2000.0 4000.0 6000.0

Zi
n

c 
m

as
s 

(m
g)

Number of vehiclesb)

R² = 0.2609

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0.0 60000.0 120000.0

Zi
n

c 
m

as
s 

(m
g)

Number of vehiclesc)



68 

 

 

  

 

 

Figure C.2 Lead mass in runoff versus traffic during the ADP from: a) I-80 bridge over 

Platte River b) Highway 64 bridge over Platte River c) I-80 bridge over Little Salt Creek 
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