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The controls had substantially more turbidity than the compost treatments during rain events 1, 3, 

and 4 and graphically depicted in Figure 8. During rain event 2, the turbidity associated with all 

of the incorporated composts as well as the 1-inch compost-greenwaste blankets could not be 

distinguished from the controls, although turbidity remained highest for the controls in absolute 

terms. For the other events, the difference between incorporated composts and compost blankets 

was not statistically significant, although turbidity from the incorporated plots seemed to be 

elevated. When turbidity is a significant concern, compost blankets may be a better choice than 

the use of incorporated composts.  
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Figure 8. Fire-damaged site Turbidity results (NTU); mean±standard error, n=3 

pH 

Runoff pH values did not vary significantly between the treatments and the controls, although 

values during the first storm did appear to be slightly lower than later ones. This is probably due 

to the intensity of the later storms. Higher flows dilute the effect of soils and composts on runoff 

pH values, demonstrated by Figure 9. All values were around neutral with a pH of 7.  

Rain Event 
pH 

Control Compost 

Dec. 14, 2009 6.87 6.4-7.0  

Jan. 19, 2010 7.30 6.7-7.1  

Jan. 21, 2010 7.23 7.1-7.5  

Jan. 23, 2010 7.33 6.7-7.2  

Table 3. Fire-damaged site water runoff pH change (min-max), compost treatments compared to control  
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Figure 9. Fire-damaged site runoff pH values; mean±standard error, n=3 

Salinity 

Salinity is assessed indirectly by measuring the electrical conductivity (EC) of the runoff water. 

As demonstrated in Table 4, compost-biosolids increased the salinity value of the runoff water 

when compared to the controls by as much as 7.3 times, over a 600 percent increase, with the 

largest increase coming from the 2-inch compost-biosolids surface applications. Salinity 

measures for the compost-greenwaste treatments were slightly larger than for the controls with a 

1.2 to 1.7 times increase, but differences were, in most cases, not statistically significant (one-

tailed t-test, p=0.05).  

[Note: While salinity increased from the compost treatments, runoff volumes from the compost 

treated plots were significantly lower than the control plots. It is therefore important to look at the 

total mass flow of salts in runoff as an indicator rather than the concentration of salts. For 

example, compost-biosolids plots had lower total runoff volumes but showed a significantly 

higher salinity value in the runoff, which does not necessarily indicate that the compost-biosolids 

released the most salts. The mass of salts leaving a site can be calculated by multiplying observed 

concentrations by runoff volumes. Although flow weighted adjustments for salinity may be 

inappropriate because no mass concentration value is involved, such adjustments are possible 

using Total Dissolved Solids (TDS) concentrations, shown in Table 5. Also salinity does not take 

into consideration the speciation of salts.]  

Figure 10 shows that salinity was highest following the first storm. Compost-biosolids were 

associated with the highest salinity concentrations, particularly the 5 cm (2-inch)(BS2) 

applications. 
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Rain Event 
Salinity (dS/m) 

Control Compost Percent Increase 

Dec. 14, 2009 0.31 0.19-2.3 (39%)*-629% 

Jan. 19, 2010 0.06 0.06-0.40 0.0%-566% 

Jan. 21, 2010 0.03 0.04-0.23 33%-667% 

Jan. 23, 2010 0.03 0.03-0.13 0.0%-333% 

Table 4. Fire-damaged site water runoff EC change (min-max), compost treatments compared to control  

 

* This particular value demonstrated a reduction of 38 percent. 
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Figure 10. Fire-damaged site Salinity (electrical conductivity, dS/m); mean±standard error, n=3 

Total Dissolved Solids 

Compost treatments reduced the export of Total Dissolved Solids (TDS) on a mass flux basis by 

an order of 1.2-10.6 times, 15-91 percent reduction, when compared to the controls as seen in 

Table 5 below. Table 27 in the appendix demonstrates that, when mass flux losses are considered, 

the controls were significantly elevated compared to the compost-greenwaste and in fact far 

exceed the losses from the compost-biosolids by margins averaging from 2:1 to 5:1. Total 

Dissolved Solid values directly measure the concentrations of the dissolved salts and other 

minerals in runoff water are shown in Table 24 in Appendix B.  
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Rain Event 
Total Dissolved Solids (mg/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 247.6 27.1-99.0  60%-89% 

Jan. 19, 2010 743.2 101-632 15%-86% 

Jan. 21, 2010 445.5 41.9-211  53%-91% 

Jan. 23, 2010 267.6 39.5-178.1  33%-85% 

Table 5. Fire-damaged site water runoff, Total Dissolved Solids decrease (min-max) on  
a mass flux basis, compost treatments compared to control  

 

As with salinity, TDS concentrations were highest in water leaving the compost-biosolids plots, 

particularly the 2-inch treatments, as seen in Figure 11. BS2 treatments also released significantly 

more suspended solids than either BS1 or BSInc. Use of 5 cm (2 inches) of compost provided no 

benefit compared to the use of 2.5 cm (1 inch), and in the case of the compost-biosolids, 5 cm (2 

inches) exported more dissolved solids. It should be noted that the controls exported the largest 

concentrations of TDS associated with the first rain event.  
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Figure 11. Fire-damaged site Total Dissolved Solids concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=3 

Total Suspended Solids 

Compost treatments dramatically reduced Total Suspended Solids (TSS) by an order of 3.6 to 438 

times, 72-100 percent reduction, when compared to the controls on a mass flux basis, as 

demonstrated in Table 6.  
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Rain Event 
Total Suspended Solids (mg/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 15.68 1.62-4.32  72%-90% 

Jan. 19, 2010 478.6 2.95-44.6  91%-99% 

Jan. 21, 2010 329.1 0.75-13.1  96%-100% 

Jan. 23, 2010 181.5 4.79-27.5  85%-97% 

Table 6. Fire-damaged site water runoff, Total Suspended Solids decrease (min-max) on  
a mass flux basis, compost treatments compared to control  

 

When considering just the compost treatments, losses were generally higher from the 5 cm (2 

inch) and incorporated treatments than from the 2.5 cm (1 inch) treatments, though these 

differences were not statistically significant as seen in Figure 12.  
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Figure 12. Fire-damaged site Total Suspended Solids concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=3 

 

Total Sediments 

Compost treatments significantly reduced total sediments in runoff water compared to the 

controls. As seen in Table 7, differences were extreme for the mass flux values where compost 

treatments reduced total sediments by 7.5 to 536 times, 87-100 percent reduction.  
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Rain Event 
Total Sediments (gm/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 15.98 0.25-2.11  87%-98% 

Jan. 19, 2010 435.2 5.68-45.2  90%-99% 

Jan. 21, 2010 338.7 0.63-16.75  95%-100% 

Jan. 23, 2010 233.7 1.02-18.4  92%-100% 

Table 7. Fire-damaged site water runoff, Total Sediments decrease (min-max)  
on a mass flux basis, compost treatments compared to control  

 

Figure 13 shows concentrations of total sediments coming from the compost treatments were 3 to 

40 times lower than from the controls. The lowest loss rates were associated with BS1, GWF1 

and GWC1, suggesting that 2-inch mulch provides optimal control of TS.  
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Figure 13. Fire-damaged site Total Sediment concentrations (g/L) and  

mass fluxes (g/m
2
); mean±standard error, n=3 

Total Phosphorus 

Total phosphorus values were reduced by almost all of the compost treatments. On a mass flux 

basis, total phosphorus was reduced by up to 15 times compared to the controls, as demonstrated 

in Table 8 below. Mass flux losses were statistically significantly at their highest in the controls 

during the last three rain events. Compost-biosolids treatment mass fluxes were elevated during 

the first storm by a statistically significant amount, not variability, compared to the controls and 

other treatments.  
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Rain Event 
Total Phosphorus (mg/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 0.695 0.275-6.07  (774%)*-60% 

Jan. 19, 2010 12.00 1.03-6.13  49%-91% 

Jan. 21, 2010 4.201 0.280-1.21  71%-93% 

Jan. 23, 2010 2.172 0.174-1.72  20%-92% 

Table 8. Fire-damaged site water runoff, Total Phosphorus decrease (min-max)  
on a mass flux basis, compost treatments compared to control  

 

* This particular value demonstrated an increase of 774 percent. 

 

Concentrations were highest in the compost-biosolids plots, though differences were statistically 

significant only for the last two rain events. Concentrations following the first rain event were 

considerably higher from the compost-biosolids plots, but values were highly variable, suggesting 

that losses are initially dominated by erosive high phosphorus particles, demonstrated in Figure 

14 below. Values stabilized after the first event and no further outliers were observed. The 

explanation for this is not clear. To avoid eutrophication in receiving waters, phosphorus is 

intentionally removed as part of the wastewater treatment process at sewage treatment plants. 

During treatment, phosphorus in the water combines with added aluminum, iron, or other 

chemicals and is converted to insoluble forms through a process that encourages coagulation and 

flocculation (Jiang and Graham, 1998; Maguire et al., 2001; Morse et al., 1998). It may be that 

erodible high phosphorus flocs were initially present in the compost-biosolids; however, this 

should have been detected during the later high-intensity storms, not just in the first storm event.  
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Figure 14. Fire-damaged site Total Phosphorus concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=3 

Orthophosphate-P 

Orthophosphate-P values were reduced by almost all of the compost treatments. On a mass flux 

basis, orthophosphate-P was reduced by up to 18.3 times when compared to the controls as shown 

in Table 9. Orthophosphate-P mass flux losses were generally significantly higher in the controls 

during events 2, 3, and 4.  
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Rain Event 
Orthophosphate-P (mg/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 0.310 0.130-0.545  (76%)*-58% 

Jan. 19, 2010 10.26 0.746-4.85  53%-93% 

Jan. 21, 2010 3.622 0.198-0.880  76%-94% 

Jan. 23, 2010 1.884 0.125-1.39 26%-93% 

Table 9. Fire-damaged site water runoff, Orthophosphate-P decrease (min-max)  
on a mass flux basis, compost treatments compared to control  

* This particular value demonstrated an increase of 75.8 percent. 

Orthophosphate-P concentrations tended to be higher from the compost-biosolids treatments than 

from the compost-greenwaste treatments as seen in Figure 15, however, concentration differences 

were only significant during the last two events. Unlike total phosphorus, orthophosphate-P was 

not particularly elevated in the compost-biosolids during the first event, confirming the key role 

of erodible particulates from the compost-biosolids after initial installation.  
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Figure 15. Fire-damaged site Orthophosphate-P concentrations (mg/L)  

and mass fluxes (mg/m
2
); mean±standard error, n=3 

Nitrate-N 

Table 10 demonstrates that Nitrate-N was reduced 1.6 to 25.7 times, 39-96 percent reduction, by 

the compost treatments compared to the controls on a mass flux basis. Mass flux losses were 

greatest from the control plots, even though concentrations from the controls remained relatively 

low after the first event. This was due to the high volumes escaping the bare control soils. 

Statistically, the control plot mass fluxes were comparable to the compost-biosolids plots.  
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Rain Event 
Nitrate-N (mg/m2) 

Control Compost Percent Reduction 

Dec. 14, 2009 3.70 0.22-0.89  76%-94% 

Jan. 19, 2010 4.06 0.80-2.3  43%-80% 

Jan. 21, 2010 1.44 0.07-0.77  46%-95% 

Jan. 23, 2010 0.77 0.03-0.47  39%-96% 

Table 10. Fire-damaged site water runoff, Nitrate-N decrease (min-max)  
on a mass flux basis, compost treatments compared to control  

 

Nitrate-N values also include nitrite-N, which is normally quickly oxidized to nitrate in the 

environment. During the first runoff event, concentrations were highest in the controls and 

compost-biosolids treatments, though differences with the other treatments were not statistically 

significant due to substantial variability, shown in Figure 16 below. Concentrations fell steadily 

during subsequent storms. In all cases except one (rain event 1 BSInc value of 11.1) mean 

concentrations were below the U.S. EPA’s 10 mg/L drinking water standard for Nitrate-N. 

Concentrations in subsequent events were all less than 2.5 mg/L.  
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Rain Event 

Ammonium-N (mg/m2) 

Control 
Compost Percent Reduction Percent Increase 

GW BS GW BS 

Dec. 14, 2009 0.13 0.05-0.93 1.6-17.1 (615%)*-61% 1,130%-13,054% 

Jan. 19, 2010 4.11 0.49-1.67 6.5-40.4 59%-88% 58%-880% 

Jan. 21, 2010 0.81 0.03-0.12 1.3-11.6 85%-96% 65%-1,332% 

Jan. 23, 2010 0.61 0.12-0.31 2.4-11.8 49%-80% 298%-1,834% 

Table 11. Fire-damaged site water runoff, Ammonium-N decrease (min-max)  
on a mass flux basis, compost treatments compared to control  

* This particular value demonstrated an increase of 615 percent. 

Ammonium values were highest in the BS2 treatments, approximately 300 times the control 

values following event 1, and averaged 106 times higher during subsequent events on a 

concentration basis. Concentrations in the BS1 and BSInc treatments were lower than BS2, but 

significantly elevated compared to both the controls and compost-greenwaste treatments as 

demonstrated in Figure 17 below. Most of the ammonium released from the compost-biosolids 

will be converted to nitrate, a significant source of groundwater pollution. For this reason, the 

results suggest that compost-biosolids should not be applied at depths greater than 2.5 cm (1 

inch). 
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Figure 17. Fire-damaged site Total Ammonium-N concentrations (mg/L)  

and mass fluxes (mg/m
2
); mean±standard error, n=3 

Metals 

Due to the importance of comparing the values against both the California/U.S. EPA Drinking 

water standard and the California Toxic Rule Criteria (U.S. EPA) Inland Surface Water 

Freshwater Aquatic Life Protection Maximum Concentration (1-hour average), the analysis 

below only considers concentration values and not mass flux values. The Total Recoverable 

Maximum Concentration (1-hour average) for the lowest listed hardness, 25 mg/L CaCO3, from 

the ―A Compilation of Water Quality Goals (August 2003) compiled by the California Regional 

Water Quality Control Board—Central Valley Region was used as applicable for cadmium, 

copper, lead, nickel, and zinc. Although mercury has been observed to accumulate in soils 

following wildfires (Burke et al., 2010), no mercury was detected in the runoff from this study 

(analysis of mercury limited to the first rain event). The complete data tables can be found in 

Appendix B: Table 30 to Table 39. 

Arsenic: Arsenic was detected in 7 of 9 compost treatment runoff samples from the first rain 

event, but only once in each of the subsequent events. Recorded values were just above the 
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Treatments included: 

 2.5 cm (1 inch) compost from a mix of biosolids and greenwaste feedstocks (compost-

biosolids) applied as a mulch 

 2.5 cm (1 inch) fine compost from a greenwaste feedstock (compost-greenwaste) applied 

as a mulch 

 An undisturbed control 

In addition, native seed mixes were purchased from S&S Seeds so that each compost treatment 

included one of three seed mixes (SM): 

 SM1, a basic native erosion control mix; 

 SM2, an inland sage scrub mix; and 

 SM3, an unseeded control. 

Seeds were applied in the third week of December 2009, and hand incorporated to a depth of 6 

mm at twice the recommended application rate of 32 lbs/acre for SM1 and 46 lbs/acre for SM2. 

Figure 18 illustrates the split-plot design layout implemented for the study. Three replications 

were included for each treatment. There were nine treatments. Mulch treatments were applied to 

the soil surface. 

The species included in SM1, the basic native erosion control mix included: 

 Bromus carinatus "Cucamonga" (Cucamonga Brome); 

 Trifolium tridentatum (Tomcat Clover); and 

 Vulpia microstachys (Small Fescue). 

SM2, the inland sage scrub mix, included the following species: 
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Results 

Since the Fire-Damaged Soil Study and the Construction Soil Study were conducted 

simultaneously and shared much of the same data, their results had similar characteristics. 

Concentration and mass flux statistics from the runoff experiments are included in Appendix B: 

Complete Data Tables. Mass flux values represent the mass of a water quality parameter exported 

per square meter of land. Mass flux values, while more challenging to determine since they 

require both a volume and a concentration measurement in order to calculate them, are more 

informative for evaluating the extent that pollutants are exported from a particular activity rather 

than just using concentration values especially when runoff volumes are significantly different 

between control plots and study plots.  

      
  

  
  

               
  
 

                   

              
 

Total Runoff Volume 

Total runoff volumes for the control plots were 77-87L. Total runoff volumes for plots treated 

with compost were 3-17 times lower than the controls. Plots treated with compost-greenwaste 

showed total runoff volumes in the range of 15-25L and plots treated with compost-biosolids 

showed total runoff volumes in the range of 5-8L. As a result, compost treatments were very 

effective in reducing total runoff volumes by 68-94 percent as demonstrated in Table 12 below. 

Rain Event 

Total Runoff Volume (L) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 77.0 24.3 5.5 68% 92% 

Jan. 21, 2010 86.9 15.8 5.1 82% 94% 

Jan. 23, 2010 86.0 16.9 7.7 80% 91% 

Table 12. Construction site water runoff Total Volume decrease (min-max),  
compost treatments compared to control  

While there was more runoff from the compost-greenwaste than from the compost-biosolids, the 

differences were not statistically significant as demonstrated by Figure 19. Both compost 

treatments contributed significantly less runoff than the controls.  
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Figure 19. Construction site water Runoff volumes (L) and corresponding depths (mm);  

mean±standard error, n=9 

Turbidity 

Turbidity was significantly reduced by both GWC and BSC compost treatments 1.9 to 6.1 times, 

48 - 84 percent reduction, when compared to the control as shown in Table 13. 
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Rain Event 

Turbidity (NTU) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 954 494 467 48% 51% 

Jan. 21, 2010 975 203 368 79% 62% 

Jan. 23, 2010 859 139 248 84% 71% 

Table 13. Construction Site water runoff Turbidity decrease (min-max),  
compost treatments compared to control  

Figure 20 shows that turbidity was, on average, 4.3 times higher in the control runoff than in the 

compost-greenwaste runoff.  
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Figure 20. Construction site Turbidity results (NTU); mean±standard error, n=9 

pH 

pH values were reduced by 1-8 percent when compared to the controls for both CWC and BSC, 

as demonstrated in Table 14 below. 
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Rain Event Control  
pH 

GWC BS 

Jan. 19, 2010 7.13 6.6 6.5 

Jan. 21, 2010 7.46 7.1 6.9 

Jan. 23, 2010 7.33 7.2 7.0 

Table 14. Construction site water runoff pH decrease (min-max),  
compost treatments compared to control  

pH was slightly lower in the runoff from the compost treatment than from the control, though all 

values were in the neighborhood of neutral, shown in Figure 21 below. This difference was 

statistically significant. Mean values were 7.3, 7.0, and 6.8 for the control, compost-greenwaste 

and compost-biosolids runoff respectively. Compost treatment values were higher during the last 

two storm events, probably as a result of flushing of ammonium and possibly organic acids 

during the first storm. 
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Figure 21. Construction site runoff pH values; mean±standard error, n=9 

Salinity 

Salinity was significantly higher in runoff from the compost treatments compared to the control 

(one-sided t-test, p=0.05). Values were increased by the compost treatments 4.4 to 11.8 times, 

340-1,080 percent increase, over the control.  

[Note: While salinity increased from the compost treatments, runoff volumes from the compost 

treated plots were significantly lower than the control plots. It is important to look at the total 

mass flow of salts in runoff rather than an indicator of the concentration of salts. For example, 

compost-biosolids plots had lower total runoff volumes but showed a significantly higher salinity 

value in the runoff which does not necessarily indicate that the compost-biosolids released the 

most salts. The mass of salts leaving a site can be calculated by multiplying observed 
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concentrations by runoff volumes. Although flow weighted adjustments from salinity may be 

inappropriate because no mass concentration value is involved, such adjustments are possible 

using Total Dissolved Solids (TDS) concentrations, shown in Figure 22.  Also salinity does not 

take into consideration the speciation of salts.]  

Rain Event 

Salinity (dS/m) 

Control  
Compost Percent Increase 

GWC BS GWC BS 

Jan. 19, 2010 0.020 0.232 0.190 1060% 850% 

Jan. 21, 2010 0.010 0.079 0.118 690% 1080% 

Jan. 23, 2010 0.015 0.066 0.128 340% 753% 

Table 15. Construction site water runoff Salinity decrease (min-max),  
compost treatments compared to control  
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Figure 22. Construction site Salinity (electrical conductivity, dS/m); mean±standard error, n=9 

 

Total Dissolved Solids 

Total dissolved solid (TDS) values for the control plots were in the range of 600-1,000 mg/m2. 

TDS in runoff from plots treated with compost were 1-6.5 times lower on a mass flux basis. Plots 

treated with compost-greenwaste showed TDS in the range of 270-1,200 mg/m2 and plots treated 

with compost-biosolids showed TDS in the range of 115-230 mg/m2. Therefore, compost 

treatments were effective in reducing TDS in the runoff, resulting in up to 85 percent reduction 

with one exception occurring with compost-greenwaste during the Jan. 19 storm event, which 

increased TDS by 23 percent as seen in Table 16 below.  

. 
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Rain Event 

Total Dissolved Solids (mg/m2) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 1004 1238 229 (23%)* 77% 

Jan. 21, 2010 758 327 116 57% 85% 

Jan. 23, 2010 637 273 116 57% 82% 

Table 16. Construction site water runoff Total Dissolved Solids decrease (min-max),  
compost treatments compared to control on a mass flux basis 

* This particular value demonstrated an increase of 23 percent. 
 

While TDS average concentrations from the control, compost-greenwaste, and compost-biosolids 

were, respectively, 55, 20, and 23 mg/L, their corresponding mass flux average values were 800, 

613, and 154 mg/m
2 
respectively, demonstrated in Figure 23. The compost-biosolids contributed 

the least TDS, despite its higher salinity value. It should be noted that losses from the compost-

greenwaste decrease substantially after the first rain event (Jan. 19, 2010), though mass flux 

values remained about twice those from the compost-biosolids. 
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Figure 23. Construction site Total Dissolved Solids concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=9 

Total Suspended Solids 

Total Suspended Solid (TSS) values for the control plots were in the range of 800-1,000 mg/m2. 

TSS values in the runoff for plots treated with compost were 8-59 times lower on a mass flux 

basis. Plots treated with greenwaste showed TSS in the range of 60-100 gm/m2 and plots treated 

with compost-biosolids showed TSS in the range of 15-30. Therefore, compost treatments were 

very effective in reducing TSS in the runoff, resulting in 88 to nearly 100 percent reduction as 

demonstrated in Table 17. 
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Rain Event 

Total Suspended Solids (mg/m2) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 834 102.4 27.6 88% 97% 

Jan. 21, 2010 879 59.3 15 93% 98% 

Jan. 23, 2010 972 67 29 93% 97% 

Table 17. Construction site water runoff Total Suspended Solids decrease (min-max),  
compost treatments compared to control on a mass flux basis. 

And Figure 24 shows that TSS concentrations were 2.7 and 2.8 times lower in the compost-

greenwaste and compost-biosolids respectively compared to the controls. 
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Figure 24. Construction site Total Suspended Solids concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=9 
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Total Sediments 

Compost treatments effectively reduced total sediments by 4.7 to 94.8 times, 79 - 99 percent 

reduction, when compared to the controls on a mass flux basis as demonstrated in Table 18, and 

the difference increased with each storm. Compost-greenwaste values were approximately 5, 27, 

and 60 times lower than the control values for the Jan. 19, 21, and 23 storms, respectively. The 

difference was still greater for the compost-biosolids which reduced total sediments by 24, 37, 

and 95 times compared to the control. 

 

Rain Event 

Total Sediments (gm/m2) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 1030 218.1 42.3 79% 96% 

Jan. 21, 2010 617 22.7 16.7 96% 97% 

Jan. 23, 2010 882 14.8 9.3 98% 99% 

Table 18. Construction site water runoff Total Sediments decrease (min-max), compost treatments 
compared to control on a mass flux basis. 

 

Sediment loss concentrations were also lower from the compost treatments for all rain events, as 

seen below in Figure 25. Differences were statistically significant for the Jan. 21 and Jan. 23 rain 

events, but not for the initial Jan.19 storm.  
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Figure 25. Construction site Total Sediment concentrations (g/L) and  

mass fluxes (g/m
2
); mean±standard error, n=9 

Total Phosphorus 

Total phosphorus (Total P) was increased by the compost-greenwaste 1.0 to 4.4 times, 3-344 

percent increase, and was decreased by the compost-biosolids 2.8 to 3.4 times, 64-71 percent 

reduction, when compared to the control on a mass flux basis. As seen in Table 19 below, mass 

flux values from the compost-greenwaste were much larger than in the controls but the compost-

greenwaste values fell quickly so that by the third storm their values were approximately 

equivalent. Mass flux values from the compost-biosolids were less than the controls during each 

of the three measured storms, but differences were only statistically significant during the final 

rain event. 
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Rain Event 

Total Phosphorus (mg/m2) 

Control 
Compost Percent Increase Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 3.99 17.7 1.42 344% 64% 

Jan. 21, 2010 2.91 5.45 0.84 87% 71% 

Jan. 23, 2010 2.53 2.62 0.75 3% 70% 

Table 19. Construction site water runoff Total Phosphorus decrease (min-max), compost treatments 
compared to control on a mass flux basis. 

 

Figure 14 shows that highly elevated Total P concentration values were observed in three of the 

samples collected from the compost-biosolids fire-damaged plots, but nothing like this was 

observed in the construction plots (Figure 26). A different batch of compost-biosolids was applied 

to the construction plots and the feedstock may or may not have originated from a different 

source. Total Phosphorus concentrations were 11 and 18 percent of the control values for the 

compost-greenwaste and compost-biosolids, respectively. The construction experiment, with 9 

reps per treatment, did not confirm the presence of erodible high phosphorus flocs in the 

compost-biosolids, and in this experiment, compost-biosolids were superior with respect to Total 

P emissions than compost-greenwaste.  



 

 

Contractor’s Report to CalRecycle   50 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

Control GWC BSC

T
o

ta
l P

h
o

s
p

h
o

ru
s
 (
m

g
/L

)

1/19/2010 1/21/2010 1/23/2010

0

5

10

15

20

25

Control GWC BSC

T
o

ta
l P

h
o

s
p

h
o

ru
s
 (
m

g
/m

2
)

1/19/2010 1/21/2010 1/23/2010

 

 
Figure 26. Construction site Total Phosphorus concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=9 

Orthophosphate-P 

Orthophosphate-P values for the control plots were in the range of 1-3 mg/m2. Ortho-P values in 

the runoff for plots treated with compost-greenwaste were in the range of 2-15 mg/m2 and plots 

treated with compost-biosolids were in the range of 0.6-1 mg/m2. Therefore, compost-greenwaste 

increased orthophosphate-P 1-7 times and compost-biosolids reduced orthophosphate-P 1-3 times 

compared to the control on a mass flux basis as shown here in Table 20. 
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Rain Event 

Orthophosphate-P (mg/m2) 

Control 
Compost Percent Increase Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 2.6 15.2 0.96 484% 63% 

Jan. 21, 2010 0.70 4.74 0.58 577% 17% 

Jan. 23, 2010 2.05 2.35 0.61 15% 70% 

Table 20. Construction site water runoff Orthophosphate-P decrease (min-max),  
compost treatments compared to control on a mass flux basis. 
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Figure 27. Construction site Orthophosphate-P concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=9 
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Nitrate-N 

Nitrate-N values from the control plots were in the range of 3-6.5 mg/m2. Nitrate-N values in the 

runoff from plots treated with compost were 3-50 times lower. Plots treated with compost-

greenwaste showed nitrate-N values in the range of 0.05-2 mg/m2 and plots treated with 

compost-biosolids showed nitrate-N values in the range of 6-9 mg/m2. Therefore, compost 

treatments were very effective in reducing nitrate-N in the runoff, resulting in 70 to 88 percent 

reduction. 

 

Rain Event 

Nitrate-N (mg/m2) 

Control 
Compost Percent Reduction 

GWC BS GWC BS 

Jan. 19, 2010 6.42 1.91 1.11 70% 83% 

Jan. 21, 2010 3.52 0.31 0.43 91% 88% 

Jan. 23, 2010 3.04 0.06 0.35 98% 88% 

Table 21. Construction site water runoff Nitrate-N decrease (min-max),  
compost treatments compared to control on a mass flux basis. 
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Rain Event 

Ammonium-N (mg/m2) 

Control 

Compost Percent Reduction Percent Increase 

GWC BS GWC BS 

Jan. 19, 2010 6.53 3.86 11.5 40% 76% 

Jan. 21, 2010 1.55 0.40 5.64 74% 264% 

Jan. 23, 2010 2.85 0.43 4.25 85% 49% 

Table 22. Construction site water runoff Ammonium-N decrease (min-max),  
compost treatments compared to control on a mass flux basis. 

 

As with the fire-damaged experiment, Figure 29 shows that ammonium concentrations were 

highest from the compost-biosolids plots. Concentrations values from the compost-greenwaste 

and control plots were statistically similar. During the experiment, compost-biosolids values on a 

concentration basis averaged 7.4 mg/L, while values for the control and compost-greenwaste 

were 0.24 mg/L and 0.36 mg/L respectively. Assuming that all ammonium-N was nitrified 

without subsequent denitrification, the 10 mg/L drinking water standard for nitrate would be 

violated only from the compost-biosolids effluent following the Jan. 19 event (1 mg/L nitrate-N + 

12 mg/L ammonium-N). Although not studied here, denitrification and dilution would likely 

reduce this 13 mg/L value below 10 mg/L.  
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Figure 29. Construction site total Ammonium-N concentrations (mg/L) and  

mass fluxes (mg/m
2
); mean±standard error, n=9 

Metals 

Unlike the previous analysis which contained metal concentration as well as mass flux statistics 

for the three sampling dates associated with the construction experiment, the analysis below only 

considers concentration values. This is because of the importance of comparing the values against 

both the California/U.S. EPA Drinking Water standard and the California Toxic Rule Criteria 

(U.S. EPA) Inland Surface Water Freshwater Aquatic Life Protection Maximum Concentration 

(1-hour Average). Where applicable (Cadmium, Copper, Lead, Nickel, and Zinc), the Total 

Recoverable Maximum Concentration (1-hour average) for the lowest listed hardness, 25 mg/L 

CaCO3, from the ―A Compilation of Water Quality Goals (August 2003),‖ compiled by the 

California Regional Water Quality Control Board—Central Valley Region was used. Mercury 

was not measured for this study. The complete data tables can be located in Appendix B from 

Table 43 to Table 45. 

Arsenic: Arsenic was detected three times and only once after the initial rain event which came 

from the compost-greenwaste during the second rain event. All three measured values were just 
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Seeded Mix Development 

Vegetation on the construction plots was surveyed at the end of March 2010 for the emergence of 

seeded species. The site was dominated by common fiddleneck, which was not planted but which 

is common in the area. To preserve the vegetation on the plots for future use and study, no 

destructive sampling was conducted. It was apparent during the survey that vegetation on the 

compost-biosolids plots was significantly fuller than on either the control or the compost-

greenwaste plots. Compost-biosolids plots appear in the upslope foreground of Figure 30. 

Initially none of the seeded species were found. Upon close inspection, however, a number of the 

planted species were located and shown in the top left corner of Figure 30. The development of 

these plants appeared to be stunted relative to the development of other plants growing on the 

plots, most particularly Amsinckia menziesii. It may be that the seeds were incorporated too late 

in the season to properly develop, though they were planted just following the first significant 

rains of the season. Nevertheless, the following plants included in the seed mixes were observed. 

 SM1, the basic native erosion control mix successfully introduced: 

 Bromus carinatus "Cucamonga" (Cucamonga Brome), 

While SM2, the inland sage scrub mix, introduced the following species: 

 Artemisia californica (California Sagebrush) 

 Eriophyllum confertiflorum (Golden Yarrow) 

 Lasthenia glabrata (Goldfields) 

 Lupinus succulentus (Arroyo Lupine), and 

 Salvia mellifera (Black Sage). 

Interestingly, the compost-biosolids treatments on the construction plots supported substantially 

more growth than the other treatments but the reverse was true on the fire-damaged plots where 

the compost-biosolids blanket plots displayed noticeably less vegetation than either the compost-

greenwaste or the controls. This is evident in Figure 31 below, a photograph of the fire-damaged 

plots taken at the end of March 2010 and can be compared to the fire-damaged plot site map in 

Figure 2. While the two experiments used separate deliveries of compost-biosolids there is no 

explanation for this. 
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water, and then allowed to drain. This bag is used to measure the material’s field capacity. Each 

bag is then weighed prior to and after drying to measure their water content. The potential water 

holding content of the pile can then be estimated. 

To test the approach, as-received materials representing 1-day, 7-days, and 14-days of the 

composting process were used for this study. Samples were collected from these materials and 

moderately packed in nylon fine-mesh bags, demonstrated in Figure 32 below, approximately 

15.3 cm (6 in) wide, 11.4 cm (4.5 inches) tall, 2.5 cm (1 in) deep. These samples were used to 

determine the gravimetric water content of the as-received materials and at field capacity. All 

measurements were done in triplicate. 

  

                           
                                                                      

                                                         
 

 

As-received Moisture Content: As-received samples were placed in hot air oven at 65°C for 24 

hours for drying. Weights of the samples before and after drying were recorded to determine the 

gravimetric water content of the as-received material. 

Field Capacity Moisture Content: Samples were completely immersed in water and periodically 

checked for saturation. Saturation was considered to have taken place when the bags stopped 

floating. The time taken to saturate the bags was approximately 2.5 hours for GWM and 1 hour 

for BSM. The time was recorded and the saturated sample bags were then placed vertically on a 

wire rack to allow free drainage. Samples were considered to be at field capacity when there was 

no weight change in the bag due to water loss. The time taken to achieve field capacity was 

recorded as 15 minutes for GWM and 35 minutes for BSM. Samples were then placed in an oven 

for drying at 65°c for 24 hours. Sample weights at field capacity and after drying were used to 

determine the gravimetric field capacity moisture content of the materials. 
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POTENTIAL WATER STORAGE CAPACITY 

Nine 1-meter columns were constructed from 0.305 m (12 inch) internal diameter single-wall 

corrugated PVC pipe. Corrugated pipe was selected to minimize preferential flow along the sides 

of the columns. Aluminum caps were fitted to the bottom of each column to hold the added 

material. 

To pack the columns, approximately 4 cm of sandy loam soil was first added. Composting 

materials were then added gradually. During this loading process, the material was regularly 

tamped into place manually using a flat wooden disk attached to a wooden handle.  

For each column, a double-wire transducer was then inserted through a small hole drilled into the 

PVC column just above the lip of the metal cap. The bare wires were then located within the soil 

just below the partially composted material. Leads from the transducers were connected through 

leads to an electronic bridge. One wire in each column received a 2.5 volt charge while the other 

was grounded. Any moisture moving from the material to the soil increased the conductivity 

between the transducer wires which resulted in a voltage measure. Changes were recorded using a 

Campbell Scientific CR10X data logger. Breakthrough times were saved on a laptop attached to 

the data logger. 

To prevent leaks from prematurely activating the transducers, all seams were sealed with silicone 

caulk, and the columns were wrapped entirely with plastic cling film as demonstrated in Figure 

33.  

Precipitation was simulated using a Fulljet HH10W nozzle operating at 21 psi at a height of 3.2 

m. Catch cup experiments showed that precipitation fell at an average rate of 3.3 cm/hr (1.3 

in/hr). 

The composting material was weighed prior to loading. The precipitation simulator was engaged 

and precipitation at a rate of 3.3 cm/hr was allowed to continue into each column until the 

transducers indicated that water had entered the columns. When a transducer in a particular 

column signaled a leachate breakthrough, that column was covered to prevent the entry of 

additional water. At the end of the experiment, each column was weighed again and the total 

water precipitated into that column until breakthrough was determined as the difference in weight 

after and prior to precipitation. Composting material from a feedstock mix of 

biosolids/greenwaste was run first and composting material from a greenwaste feedstock was run 

second.  



 

 

Contractor’s Report to CalRecycle   71 

 

 
Figure 33. Columns under rainfall simulator. 

 

 
Figure 34. Composting material surface during rainfall experiment. 

 

Results 

Precipitation entered the material without pooling and there was no indication that there would be 

a problem with surface runoff, even with wet material. The run time, or the time required for the 

water to pass through the composting material and enter the soil below, ranged from 2 hours 37 

minutes to 4 hours 45 minutes for the GWM and 2 hours 35 minutes to 4 hours 32 minutes for the 

BSM.  

Initial moisture measures appear in Table 46. The moisture content of the GWM ranged from 45 

to 48 percent, while the BSM was moister, ranging from 51 to 60 percent. The field capacities for 

the GWM were between 62 and 66 percent and increased with aging. By contrast, the BSM field 

capacity dropped from 73 to 65 percent during composting from Day 1 to Day 14. 
 

Experiment results are given in Table 47. It is evident from the table that the water-holding efficiencies 

within the columns were generally consistent with predictions. Excavations of the partially composted

material following the experiment did not reveal obvious signs of concentrated flow down 

the sides of the column walls.  
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Efficiencies differed between the GWMs and the BSMs, shown in Table 48 of Appendix B, when

all values were considered simultaneously using a two-tailed t-test (p<0.05). Efficiency values 

therefore likely differ between the BSMs and the GWMs tested here. Efficiencies also drop during the

composting process. For both material types, Day 7 efficiencies significantly differed (p<0.05) from the 

Day 1 materials. In both cases E values fell during the first week of composting. During the second week 

E values rose, but Day 14 terms did not differ significantly from Day 7 values. 

It should be noted that this study revealed that partially-composted materials have a remarkable 

capacity to absorb water. It also found that preferential flow can occur, and the significance of 

this under commercial operating conditions has not been evaluated.

  Storage Potential Calculator 

The results from the Moisture Content & Water Holding Capacity Determination and the Column 

Study discussed above were used to develop a Storage Potential Calculator, shown in Figure 35, 

which is an interactive tool for estimating the amount of composting material that is needed to 

store a given amount of falling precipitation, as well as the gallons and inches of precipitation that 

a pile of a known size could hold. The calculator was designed to be a simple and easy to use 

computer program that conservatively assumes that all precipitation enters and is stored in a pile. 

To use the calculator, a user would need to complete the data entry fields shown in white. The 

first step for using the calculator is to collect representative samples from a pile and places them 

in the mesh bags as discussed above in the ―Moisture Content & Water Holding Capacity 

Determination‖ section. To restate this process, one set is submerged, saturated, and drained to 

create a ―field capacity‖ condition. The second represents the moist pile and is not modified. The 

masses of these sample bags are entered in the Field Capacity and Moisture wet weight cells. The 

bags are then placed in an oven for drying at 65°C until constant weight. Instead of using a drying 

oven, an apparatus such as the Koster Moisture Meter (http://www.kostercroptester.net) is an 

affordable on-site alternative that may also present results more quickly than a drying oven. Dry 

weights are then entered into their corresponding cells. The bulk density of the material, an easily 

obtained value that can be determined from a container with a known volume and a scale, is also 

entered.  

The calculator returns the amount of composting material, as a depth in inches, required to hold 

an inch of precipitation as well as the gallons and inches of precipitation that a pile of a known 

size could hold. The results are listed in the Storage Potential Calculator in the light blue fields. 

Detailed directions for using the Storage Potential Calculator are included in Appendix A: 

Storage Capacity Calculator with Instructions. 

http://www.kostercroptester.net/
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Infiltration Study 

The infiltration study considered several management practices likely to improve the infiltration 

of precipitation into composting piles. Without effective infiltration, rainfall will simply run off 

of the piles to pool on the soil surface. Considered treatments were: 

 Sloped surface 

 Flat surface 

 Surfactant wetting agent 

 Turned 

Procedure 

Twelve bins were constructed to compare the treatments. This allowed for the simultaneous 

consideration of Day 1, Day 7, and Day 14 materials. GWMs and BSMs were tested separately. 

Each bin was constructed to be 39 cm wide, 49 cm deep and 49 cm tall. Within the bins, the 

materials were placed on coarse (size 16) quartz sand to facilitate drainage. Figure 36 depicts how 

materials were installed to fill the bins for the sloped treatments, and to a depth of 17 cm for the 

flat treatments as shown in Figure 37. At the edge of the table, a wire mesh held the composting 

material above a collection system fabricated from PVC gutter materials. A galvanized steel plate 

was also installed to assure that water reaching the edge of the table was collected into the gutter. 

PVC flashing was used to protect the collection system from receiving precipitation directly. 

Downspouts conducted the flow to covered buckets. Precipitation was simulated using a FullJet 

HH-50W nozzle. The same procedure was used for both materials, except that no wetting agent 

was applied to the BSM. Each treatment was managed as follows: 

Sloped Side: 

Sloped pile: Fresh material was installed to fill the bin and then covered with 1 cm oven dry 

material to simulate solar drying and associated hydrophobicity. 

Dry pile: Rain was simulated for 30 minutes at a pressure of 21 psi and runoff volumes were 

collected. 

Moist pile: Rain was further simulated for 30 minutes at a pressure of 32 psi and runoff volumes 

were collected. 

Wet pile: Rain was still further simulated for 30 minutes at a pressure of 21 psi and runoff 

volumes were collected. 

Turned pile: Moist turned material was installed to fill the bin. Rain was simulated for 30 

minutes at a pressure of 21 psi and runoff volumes were collected. 
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Figure 36. Sloped GWM arrangement. 

 
Figure 37. Flat BSM arrangement. 

Results 

COMPOSTING MATERIALS FROM A GREENWASTE FEEDSTOCK (GWM) 

Turning the piles had no significant effect (p < 0.05) on the fraction of rain water collected as 

runoff from the piles compared to the unturned moist piles. However, the turned piles had lower 

runoff volumes compared to the unturned piles at the three different dates. A decrease of up to 

38.7, 27.3, and 8.99 percent in the fraction of rain water collected as runoff was observed for day 

1, 7, and 14, respectively, and shown in Table 49. For both the turned and unturned piles, more 

runoff was collected from day 1 material followed by days 7 and 14, suggesting that the GWM at 

day 1 maturity is the most hydrophobic material and that the hydrophobicity of the material 

decreases with increasing composting time. As the material becomes less hydrophobic, it allows 

more rain water to penetrate through the piles, thereby resulting in less runoff as observed in days 

7 and 14.  

The surfactant improved infiltration into the dry material. With a 1 cm thick oven dry material on 

the surface of the pile, the treatment (sloped surface and flat top and surfactant application) had a 

significant effect (p < 0.05) on the fraction of applied rain water collected as runoff. In general, 

compared to the day 1 material, days 7 and 14 decreased the runoff fraction. Although a flat top 
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did not significantly decrease the runoff (p < 0.05) compared to the sloped, a decrease of up to 

45.6, 44.2, and 34.3 percent was observed for days 1, 7, and 14, respectively, with the use of flat 

surface compared to the sloped surface. Application of the surfactant resulted in a significant 

decrease in the runoff fraction (p < 0.05) from both the sloped and flat top pile configurations. 

Compared to the sloped top, application of the surfactant resulted in a reduction of up to 60.65, 

58.79 and 31.64 percent in the runoff fraction for days 1, 7, and 14 maturity dates, respectively.  

For the piles with semi-wet material on the surface, flat top decreased the runoff from day 1 

GWM by 35.8 percent compared to the sloped top. However, flat top resulted in an increased 

runoff by 45.0 and 35.6 percent from days 7 and 14 GWM, respectively. Surfactant application 

did not have a significant decrease in runoff from the semi-wet piles.  

With the moist GWM, treatments (sloped surface, flat top and surfactant application) there was 

no significant effect on the fraction of rain water collected as runoff. For the sloped top, days 7 

and 14 decreased the runoff by 45.9 and 59.9 percent compared to the day 1 GWM. With a flat 

top, runoff was decreased by 4.9 and 33.3 percent from days 7 and 14 relative to the day 1 GWM. 

Surfactant application did not result in a significant decrease in the runoff from moist piles.  

In the case of the turned pile, a flat top did not significantly decrease the runoff (p < 0.05) 

compared to a sloped top. However, regardless of the maturity date, sloped tops did reduce the 

runoff fraction compared to the flat tops. The percent decrease in runoff fraction was 30.7, 42.2 

and 34.4 percent for day 1, 7, and 14 maturity dates, respectively.  

The flat top configuration did not significantly decrease the total runoff (p < 0.05) compared to 

the sloped top. In the case of the day 1 maturity date, the flat top resulted in a 34.83 percent 

decrease in runoff fraction compared to the sloped surface. For the day 7 maturity, flat top 

decreased the total runoff fraction by 4.39 percent. However, compared to the sloped top, the flat 

top resulted in an increase in total runoff fraction of 3.4 percent for day 14 maturity. Use of 

surfactant resulted in a 47.5 and 19.6 percent decrease in the runoff from days 1 and 7 GWM but 

increased the runoff by 12.5 percent from the day 14 GWM as demonstrated by Table 49.  

In summary, application of a surfactant and the use of a flat top resulted in a decrease in the 

runoff fraction of GWM at day 1, 7, and 14 maturity dates. Any significant decrease in runoff 

using a flat top compared to a sloped top configuration was not evident in this study. This may be 

due to the preferential flow pattern and infiltration of rain water through the piles which was 

noticed throughout this study. A turned pile decreased the runoff compared to unturned piles. For 

the turned piles, sloped tops had reduced runoff compared to the flat tops. In all cases, more 

runoff was observed from day 1 followed by day 7 and day 14 maturity dates, indicating that the 

hydrophobicity of GWM decreases with maturity.  
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a. Once all fields have been completed the Calculator will automatically estimate the 

water storage capacity of the material in both gallons and inches of rain. 

Appendix B: Complete Data Tables 

Fire-affected Soil Runoff Statistics 
Table 23. Fire-affected soil runoff concentration statistics. Common letters  

indicate no significant difference (n<0.5). 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Total Runoff Volume (L) 

 Turbidity (NTU) 

Control 1.90±0.51 b 44.83±5.04 b 33.25±3.57 b 27.08±1.73 b 

GWC1 1.07±0.19 ab 6.40±1.10 a 3.50±1.26 a 7.91±1.59 a 

GWC2 1.19±0.18 ab 4.51±1.14 a 4.20±1.51 a 9.73±0.72 a 

GWCInc 0.83±0.13 a 6.58±1.18 a 2.50±0.58 a 3.98±1.51 a 

GWF1 1.03±0.06 ab 7.17±2.67 a 3.08±0.74 a 10.17±2.39 a 

GWF2 0.92±0.16 ab 11.00±0.76 a 3.03±0.58 a 6.17±1.01 a 

GWFInc 1.17±0.11 ab 14.38±1.13 a 3.58±1.40 a 7.17±1.30 a 

BS1 0.67±0.08 a 4.28±1.07 a 1.42±0.33 a 4.33±1.64 a 

BS2 0.69±0.13 a 6.00±0.00 a 3.00±0.58 a 8.83±2.59 a 

BSInc 0.33±0.04 a 7.08±1.20 a 1.58±0.58 a 6.08±0.79 a 

Control 568±25 b 708±10 b 848±31 b 771±42 b 

GWC1 118±45 a 536±60 ab 143±44 a 32±4 a 

GWC2 100±33 a 149±8 a 78±14 a 38±3 a 

GWCInc 167±35 a 379±55 ab 253±88 a 103±29 a 

GWF1 102±65 a 310±122 ab 87±51 a 142±120 a 

GWF2 127±54 a 197±83 a 236±134 a 31±10 a 

GWFInc 172±37 a 341±134 ab 223±61 a 69±20 a 

BS1 112±54 a 133±73 a 65±22 a 17±3 a 

BS2 86±43 a 211±135 a 59±23 a 24±6 a 

BSInc 130±56 a 443±19 ab 257±117 a 291±106 a 
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Table 24. Fire-affected soil runoff statistics 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Salinity (dS/m) 

 Total Dissolved Solids (mg/L) 

 Total Suspended Solids (mg/L) 

Control 0.31±0.01 a 0.06±0.00 a 0.03±0.00 a 0.03±0.00 a 

GWC1 0.19±0.06 a 0.10±0.01 ab 0.05±0.02 a 0.03±0.00 a 

GWC2 0.20±0.01 a 0.08±0.01 a 0.04±0.01 a 0.03±0.00 a 

GWCInc 0.26±0.02 a 0.09±0.01 a 0.05±0.00 a 0.04±0.00 a 

GWF1 0.32±0.02 a 0.09±0.00 a 0.06±0.00 a 0.04±0.00 a 

GWF2 0.36±0.14 a 0.06±0.01 a 0.04±0.01 a 0.04±0.00 a 

GWFInc 0.25±0.05 a 0.08±0.00 a 0.05±0.00 a 0.05±0.01 a 

BS1 1.64±0.89 ab 0.17±0.01 b 0.15±0.01 b 0.10±0.01 b 

BS2 2.26±0.59 b 0.40±0.04 c 0.23±0.03 c 0.13±0.02 b 

BSInc 0.87±0.13 ab 0.12±0.02 ab 0.13±0.02 b 0.10±0.01 b 

Control 717±86 b 89±20 a 70±1 a 51±1 ab 

GWC1 169±24 a 134±6 ab 78±17 ab 41±5 a 

GWC2 133±48 a 110±14 ab 77±4 ab 45±8 a 

GWCInc 225±3 a 121±17 ab 96±3 ab 50±4 ab 

GWF1 145±78 a 118±12 ab 101±10 ab 35±15 a 

GWF2 184±87 a 97±30 a 72±2 ab 51±3 ab 

GWFInc 442±59 ab 133±10 ab 95±4 ab 61±4 ab 

BS1 606±113 b 227±31 ab 235±22 c 101±8 bc 

BS2 509±116 ab 548±38 c 357±50 d 119±24 c 

BSInc 629±24 b 142±12 ab 192±44 bc 103±11 bc 

Control 43.6±2.6 c 56.9±9.6 c 51.9±4.6 b 34.8±0.6 b 

GWC1 13.7±10.6 ab 10.0±4.0 a 8.5±3.8 a 4.4±2.1 ab 

GWC2 7.0±2.1 a 3.9±1.3 a 7.6±4.0 a 13.2±11.6 ab 

GWCInc 12.1±4.2 a 16.9±6.5 a 12.7±2.5 a 10.9±6.3 ab 

GWF1 8.6±3.7 a 11.7±7.6 a 5.3±3.6 a 3.2±1.2 a 

GWF2 9.7±3.5 a 18.7±11.0 ab 8.5±5.2 a 11.3±6.3 ab 

GWFInc 8.2±1.6 a 17.2±13.6 a 16.8±3.0 a 9.3±4.5 ab 

BS1 14.3±1.8 ab 5.1±1.4 a 3.6±1.8 a 8.1±1.9 a 

BS2 33.3±3.4 c 17.0±6.2 a 6.1±1.5 a 4.1±0.7 a 

BSInc 29.8±1.8 bc 22.8±3.6 ab 18.7±7.4 a 4.4±1.2 a 
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Table 25. Fire-affected soil runoff statistics 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Total Sediments ( gm/L) 

 Total Phosphorus (mg/L) 

 Orthophosphate (mg/L) 

 

Control 42.6±2.2 b 52.1±11.1 b 52.6±5.4 b 44.8±0.9 b 

GWC1 4.7±2.0 a 9.1±4.8 a 3.4±0.6 a 1.8±0.9 a 

GWC2 6.2±1.1 a 7.0±1.0 a 13.3±10.8 a 8.9±6.7 a 

GWCInc 8.9±2.0 a 12.2±3.2 a 5.7±2.2 a 5.3±2.5 a 

GWF1 8.2±5.1 a 11.1±1.6 a 2.2±0.9 a 4.4±3.2 a 

GWF2 10.6±5.3 a 15.1±4.8 a 7.7±5.5 a 7.4±4.1 a 

GWFInc 9.2±2.9 a 15.9±6.4 a 6.7±3.2 a 3.3±1.2 a 

BS1 8.0±4.0 a 7.1±1.7 a 2.0±1.1 a 1.1±0.2 a 

BS2 4.9±0.5 a 4.9±0.7 a 8.6±6.6 a 3.1±0.9 a 

BSInc 3.9±1.0 a 13.2±1.9 a 7.5±4.5 a 8.8±3.0 a 

Control 1.88±0.05 a 1.46±0.41 a 0.68±0.12 a 0.42±0.05 a 

GWC1 1.45±0.48 a 1.29±0.45 a 0.49±0.19 a 0.26±0.14 a 

GWC2 2.05±0.19 a 1.12±0.22 a 0.46±0.06 a 0.24±0.07 a 

GWCInc 1.98±0.53 a 1.32±0.23 a 0.58±0.06 a 0.23±0.06 a 

GWF1 2.17±0.37 a 1.30±0.31 a 0.65±0.22 a 0.29±0.09 a 

GWF2 1.96±0.71 a 1.65±0.85 a 0.83±0.07 a 0.38±0.05 a 

GWFInc 2.81±0.33 a 2.21±0.13 a 0.81±0.07 a 0.36±0.03 a 

BS1 14.62±12.79 a 1.42±0.37 a 1.20±0.06 ab 0.87±0.05 ab 

BS2 52.82±49.22 a 2.53±0.95 a 2.06±0.12 b 1.12±0.21 b 

BSInc 15.75±13.07 a 1.73±0.54 a 1.42±0.54 ab 0.83±0.34 ab 

Control 1.15±0.58 a 1.25±0.40 a 0.59±0.11 a 0.36±0.05 ab 

GWC1 1.28±0.49 a 1.01±0.34 a 0.37±0.16 a 0.23±0.13 a 

GWC2 1.70±0.27 a 0.77±0.19 a 0.33±0.07 a 0.21±0.07 a 

GWCInc 1.73±0.32 a 1.08±0.20 a 0.42±0.03 a 0.18±0.04 a 

GWF1 2.08±0.21 a 0.97±0.26 a 0.49±0.19 a 0.23±0.07 a 

GWF2 2.20±0.07 a 1.17±0.59 a 0.64±0.05 ab 0.30±0.04 ab 

GWFInc 2.42±0.25 a 1.75±0.08 a 0.60±0.05 a 0.30±0.03 ab 

BS1 1.56±0.41 a 1.10±0.32 a 0.98±0.06 ab 0.68±0.07 ab 

BS2 2.50±0.36 a 1.86±0.77 a 1.48±0.15 b 0.88±0.14 b 

BSInc 1.97±0.47 A 1.38±0.49 a 1.12±0.45 ab 0.72±0.32 ab 
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Table 26. Fire-affected soil runoff statistics 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Nitrate-N (mg/L) 

 Ammonium-N (mg/L) 

 

Control 7.97±4.13 a 0.46±0.09 a 0.23±0.03 a 0.15±0.04 ab 

GWC1 1.10±0.13 a 1.68±0.06 ab 0.82±0.68 a 0.11±0.04 ab 

GWC2 1.92±0.75 a 1.04±0.31 ab 0.21±0.08 a 0.11±0.07 ab 

GWCInc 2.49±1.21 a 1.35±0.36 ab 0.41±0.34 a 0.09±0.05 ab 

GWF1 3.81±1.05 a 1.16±0.13 ab 0.22±0.11 a 0.03±0.02 a 

GWF2 2.40±1.66 a 0.88±0.43 ab 0.21±0.07 a 0.10±0.06 a 

GWFInc 1.54±0.37 a 0.76±0.27 ab 0.07±0.05 a 0.02±0.02 ab 

BS1 7.08±2.35 a 2.12±0.26 b 1.75±0.57 a 0.35±0.05 b 

BS2 6.07±1.99 a 2.01±0.10 b 1.12±0.59 a 0.33±0.11 b 

BSInc 11.17±4.46 a 1.01±0.42 ab 0.94±0.23 a 0.29±0.07 ab 

Control 0.47±0.20 a 0.47±0.06 a 0.11±0.06 a 0.12±0.02 a 

GWC1 5.91±5.29 a 1.56±1.15 a 0.25±0.19 ab 0.15±0.03 a 

GWC2 0.52±0.13 a 0.54±0.20 a 0.08±0.02 a 0.16±0.06 a 

GWCInc 0.30±0.06 a 0.70±0.32 a 0.06±0.01 a 0.16±0.01 a 

GWF1 0.42±0.14 a 0.71±0.06 a 0.09±0.02 a 0.10±0.01 a 

GWF2 0.41±0.15 a 0.49±0.17 a 0.07±0.03 a 0.15±0.01 a 

GWFInc 0.32±0.16 a 0.41±0.14 a 0.06±0.03 a 0.11±0.02 a 

BS1 11.17±5.76 a 11.42±1.88 b 5.32±2.19 b 3.98±0.87 b 

BS2 142.1±36.5 b 35.00±4.00 c 19.75±2.27 c 7.80±1.44 c 

BSInc 26.24±9.99 a 4.51±1.84 ab 4.46±0.85 ab 2.07±0.45 ab 
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Table 27. Fire-affected soil runoff mass flux statistics. Common letters  
indicate no significant difference (n<0.5). 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatments Total Dissolved Solids (mg/m
2
) 

 Total Suspended Solids (mg/m
2
) 

 Total Sediments (gm/m
2
) 

Control 247.6±38.7 b 743.2±130.7 b 445.5±45.0 c 267.6±19.3 c 

GWC1 33.8±4.9 a 166.5±35.7 a 49.9±17.0 a 63.9±18.3 a 

GWC2 29.0±9.4 a 101.2±38.6 a 62.1±23.6 a 86.3±22.4 ab 

GWCInc 35.9±5.1 a 160.7±45.4 a 45.7±9.9 a 39.5±16.9 a 

GWF1 27.1±13.1 a 174.3±81.8 a 61.1±19.2 a 80.8±43.9 ab 

GWF2 33.7±15.2 a 202.9±67.4 a 41.9±7.8 a 61.1±13.5 a 

GWFInc 99.0±14.2 a 366.0±2.4 ab 63.8±22.4 a 81.7±9.7 ab 

BS1 81.1±22.8 a 176.2±27.3 a 64.9±17.9 a 78.8±23.1 ab 

BS2 72.1±27.7 a 631.6±43.3 b 211.1±64.8 b 178.1±7.8 bc 

BSInc 40.7±6.0 a 194.9±42.9 a 50.9±9.4 a 119.7±16.7 ab 

Control 15.68±3.83 b 478.6±53.9 b 329.1±38.4 b 181.5±14.1 b 

GWC1 2.29±1.52 a 13.15±7.03 a 6.11±2.93 a 7.73±4.27 a 

GWC2 1.62±0.56 a 2.95±0.49 a 8.04±6.36 a 27.52±24.72 a 

GWCInc 2.12±0.85 a 23.58±10.48 a 6.01±1.56 a 7.44±3.26 a 

GWF1 1.74±0.81 a 23.93±19.61 a 4.15±3.30 a 7.28±3.59 a 

GWF2 1.66±0.60 a 36.43±19.12 a 5.27±3.12 a 12.02±5.37 a 

GWFInc 1.90±0.53 a 44.58±33.86 a 13.15±6.89 a 14.49±7.08 a 

BS1 1.86±0.41 a 4.54±2.28 a 0.75±0.15 a 5.72±1.12 a 

BS2 4.32±0.61 a 19.61±7.15 a 3.23±0.49 a 7.75±3.67 a 

BSInc 1.89±0.14 a 31.35±8.60 a 4.04±0.97 a 4.79±0.70 a 

Control 15.98±5.15 b 435.2±77.1 b 338.7±56.54 b 233.7±18.2 b 

GWC1 1.11±0.63 a 12.22±7.86 a 2.15±0.57 a 2.25±0.89 a 

GWC2 1.47±0.47 a 6.47±2.41 a 16.75±15.48 a 18.37±14.38 a 

GWCInc 1.52±0.48 a 15.98±5.73 a 2.24±0.42 a 3.54±1.25 a 

GWF1 1.70±1.09 a 16.51±8.30 a 1.55±0.97 a 11.26±9.33 a 

GWF2 1.84±0.90 a 32.21±11.61 a 4.77±3.26 a 7.87±3.49 a 

GWFInc 2.11±0.79 a 45.26±21.17 a 4.08±1.86 a 4.03±0.80 a 

BS1 1.15±0.69 a 6.30±3.00 a 0.63±0.39 a 1.02±0.54 a 

BS2 0.66±0.17 a 5.68±0.78 a 3.66±2.38 a 5.37±2.01 a 

BSInc 0.25±0.08 a 18.16±4.77 a 1.65±0.75 a 9.55±2.06 a 
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Table 28. Fire-affected soil runoff statistics 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Total Phosphorus (mg/m
2
) 

 Orthophosphate (mg/m
2
) 

Control 0.695±0.207 a 12.00±2.387 b 4.201±0.246 b 2.172±0.290 c 

GWC1 0.275±0.060 a 1.682±0.826 a 0.418±0.291 a 0.472±0.337 a 

GWC2 0.481±0.115 a 1.054±0.427 a 0.402±0.179 a 0.462±0.172 a 

GWCInc 0.334±0.115 a 1.775±0.532 a 0.280±0.066 a 0.174±0.065 a 

GWF1 0.422±0.046 a 2.098±1.242 a 0.420±0.222 a 0.588±0.289 ab 

GWF2 0.308±0.101 a 3.617±2.043 a 0.500±0.125 a 0.449±0.101 a 

GWFInc 0.632±0.090 a 6.134±0.837 ab 0.524±0.171 a 0.484±0.081 a 

BS1 1.587±1.331 a 1.026±0.181 a 0.321±0.069 a 0.696±0.230 ab 

BS2 6.074±5.569 a 2.918±1.096 a 1.214±0.301 a 1.723±0.214 bc 

BSInc 0.993±0.809 a 2.540±0.953 a 0.391±0.129 a 0.894±0.258 ab 

Control 0.310±0.157 a 10.26±2.37 b 3.622±0.253 b 1.884±0.280 c 

GWC1 0.240±0.060 a 1.314±0.632 a 0.329±0.239 a 0.420±0.308 ab 

GWC2 0.405±0.119 a 0.746±0.357 a 0.306±0.163 a 0.411±0.165 ab 

GWCInc 0.285±0.079 a 1.448±0.456 a 0.198±0.043 a 0.125±0.038 a 

GWF1 0.407±0.018 a 1.584±0.973 a 0.319±0.178 a 0.466±0.217 ab 

GWF2 0.328±0.051 a 2.568±1.419 a 0.384±0.097 a 0.346±0.067 a 

GWFInc 0.545±0.073 a 4.853±0.599 ab 0.391±0.131 a 0.404±0.063 a 

BS1 0.189±0.030 a 0.793±0.179 a 0.260±0.053 a 0.519±0.139 ab 

BS2 0.342±0.097 a 2.144±0.888 a 0.880±0.230 a 1.386±0.229 bc 

BSInc 0.130±0.036 a 2.019±0.824 a 0.318±0.116 a 0.768±0.251 ab 
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Table 29. Fire-affected soil runoff statistics 

 Precipitation Event 

 12/14/2009  1/19/2010  1/21/2010  1/23/2010  

Treatment Nitrate-N (mg/m
2
) 

 Ammonium-N (mg/m
2
) 

Control 3.70±2.67 a 4.06±1.10 b 1.44±0.24 b 0.77±0.22 b 

GWC1 0.22±0.03 a 2.05±0.29 ab 0.35±0.24 a 0.15±0.03 a 

GWC2 0.39±0.11 a 0.80±0.12 a 0.22±0.14 a 0.21±0.15 a 

GWCInc 0.34±0.11 a 1.57±0.27 ab 0.13±0.09 a 0.07±0.03 a 

GWF1 0.77±0.24 a 1.48±0.39 ab 0.12±0.06 a 0.04±0.02 a 

GWF2 0.39±0.29 a 1.73±0.72 ab 0.13±0.06 a 0.14±0.09 a 

GWFInc 0.36±0.11 a 2.14±0.90 ab 0.07±0.06 a 0.03±0.03 a 

BS1 0.89±0.28 a 1.68±0.31 ab 0.50±0.24 ab 0.32±0.16 ab 

BS2 0.71±0.18 a 2.32±0.11 ab 0.77±0.50 ab 0.47±0.08 ab 

BSInc 0.68±0.27 a 1.20±0.30 a 0.24±0.02 ab 0.32±0.06 ab 

Control 0.13±0.04 a 4.11±0.93 a 0.81±0.41 a 0.61±0.10 a 

GWC1 0.93±0.78 a 1.67±1.08 a 0.12±0.06 a 0.24±0.10 a 

GWC2 0.11±0.02 a 0.49±0.19 a 0.08±0.04 a 0.31±0.13 a 

GWCInc 0.05±0.01 a 0.93±0.54 a 0.03±0.00 a 0.12±0.05 a 

GWF1 0.08±0.03 a 0.92±0.26 a 0.06±0.02 a 0.21±0.08 a 

GWF2 0.07±0.02 a 0.99±0.27 a 0.04±0.01 a 0.18±0.04 a 

GWFInc 0.08±0.04 a 1.10±0.30 a 0.05±0.04 a 0.14±0.02 a 

BS1 1.60±0.89 a 8.77±1.40 a 1.34±0.69 a 2.81±0.52 b 

BS2 17.14±2.66 b 40.36±4.61 b 11.60±3.23 b 11.81±0.77 c 

BSInc 1.79±0.74 a 6.50±3.49 a 1.46±0.70 a 2.43±0.65 b 
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Table 30. Metal concetrations from the 12.5 mm event on December 15, 2009. Fire-affected soil runoff statistics 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0011±≥0.0001 0.074±0.028 0.0078±0.0004 

GWC1 ≤0.011±≥0.001 ≤0.00078±≥0.00038 ≤0.0016±≥0.0006 0.065±0.046 0.0189±0.0109 

GWC2 Non-detect Non-detect ≤0.0011±≥0.0001 0.026±0.004 0.0065±0.0019 

GWCInc Non-detect Non-detect Non-detect 0.041±0.007 0.0054±0.0003 

GWF1 ≤0.012±≥0.002 Non-detect Non-detect 0.042±0.011 0.0122±0.0039 

GWF2 ≤0.012±≥0.001 ≤0.00060±≥0.00010 ≤0.0014±≥0.0004 0.031±0.007 0.0066±0.0011 

GWFInc ≤0.011±≥0.001 ≤0.00041±≥0.00001 Non-detect 0.036±0.015 0.0071±0.0012 

BS1 ≤0.011±≥0.001 0.00171±0.00096 0.0033±0.0006 0.134±0.012 0.0417±0.0091 

BS2 0.021±0.003 0.00259±0.00066 0.0089±0.0016 0.342±0.075 0.1058±0.0165 

BSInc ≤0.011±≥0.001 0.00199±0.00110 0.0036±0.0013 0.120±0.019 0.0388±0.0134 

Detection limit
*
 0.01 0.0004 0.001 0.002 0.001 

Treatment Ni Pb Se Zn Hg 

Control 0.0094±0.0045 Non-detect Non-detect 0.165±0.082 Non-detect 

GWC1 0.0085±0.0058 Non-detect ≤0.020±≥0.000 0.143±0.080 Non-detect 

GWC2 0.0045±0.0011 Non-detect Non-detect 0.129±0.006 Non-detect 

GWCInc 0.0055±0.0008 Non-detect Non-detect 0.119±0.020 Non-detect 

GWF1 0.0063±0.0014 Non-detect Non-detect 0.129±0.006 Non-detect 

GWF2 0.0080±0.0016 Non-detect Non-detect 0.210±0.016 Non-detect 

GWFInc 0.0285±0.0242 Non-detect Non-detect 0.223±0.096 Non-detect 

                                                      

*
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=3. 
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Table 32. Metal concetrations from the cm event 32 mm on Jan. 19, 2010. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0011±≥0.0001 0.0127±0.0026 Non-detect 

GWC1 Non-detect ≤0.00040±≥0.00000 ≤0.0010±≥0.0000 ≤0.0213±≥0.0107 ≤0.0027±≥0.0008 

GWC2 Non-detect ≤0.00042±≥0.00002 ≤0.0011±≥0.0001 0.0250±0.0083 0.0036±0.0005 

GWCInc Non-detect ≤0.00055±≥0.00015 ≤0.0012±≥0.0002 0.0296±0.0021 0.0029±0.0005 

GWF1 Non-detect Non-detect ≤0.0012±≥0.0001 0.0287±0.0071 0.0042±0.0009 

GWF2 Non-detect ≤0.00075±≥0.00035 ≤0.0012±≥0.0001 0.0776±0.0416 0.0021±0.0008 

GWFInc Non-detect ≤0.00071±≥0.00031 Non-detect 0.0307±0.0166 0.0037±0.0009 

BS1 Non-detect 0.00068±0.00024 ≤0.0020±≥0.0006 0.0982±0.0267 0.0215±0.0062 

BS2 Non-detect 0.00091±0.00004 0.0039±0.0010 0.1540±0.0069 0.0549±0.0123 

BSInc Non-detect ≤0.00051±≥0.00009 0.0014±0.0000 0.0457±0.0137 0.0083±0.0050 
†

Detection limit  0.01 0.0004 0.001 0.002 0.001 

      

                                                      

†
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=3. 
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Treatment Ni Pb Se Zn  

Control 0.0019±0.0002 Non-detect Non-detect 0.046±0.007  

GWC1 ≤0.0027±≥0.0009 Non-detect ≤0.020±≥0.000 ≤0.043±≥0.022  

GWC2 0.0045±0.0023 Non-detect Non-detect 0.095±0.042  

GWCInc 0.0021±0.0004 Non-detect Non-detect 0.108±0.021  

GWF1 0.0024±0.0007 Non-detect Non-detect 0.071±0.012  

GWF2 0.0369±0.0353 Non-detect Non-detect 0.545±0.470  

GWFInc 0.0040±0.0010 Non-detect Non-detect 0.115±0.014  

BS1 0.0094±0.0030 Non-detect Non-detect 0.186±0.037  

BS2 0.0198±0.0029 Non-detect ≤0.023±≥0.003 0.227±0.002  

BSInc 0.0041±0.0012 Non-detect Non-detect 0.083±0.020  

Detection limit 0.001 0.02 0.02 0.003  
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Table 34. Metal concetrations from the 39 mm event on Jan. 21, 2010. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect Non-detect 0.0071±0.0012 Non-detect 

GWC1 Non-detect Non-detect Non-detect 0.0146±0.0025 ≤0.0013±≥0.0003 

GWC2 Non-detect Non-detect ≤0.0011±≥0.0001 0.0107±0.0018 ≤0.0015±≥0.0005 

GWCInc Non-detect Non-detect Non-detect 0.0123±0.0032 ≤0.0011±≥0.0001 

GWF1 Non-detect Non-detect Non-detect 0.0120±0.0029 ≤0.0016±≥0.0003 

GWF2 Non-detect Non-detect Non-detect 0.0236±0.0122 ≤0.0012±≥0.0001 

GWFInc Non-detect Non-detect Non-detect 0.0102±0.0010 ≤0.0018±≥0.0004 

BS1 Non-detect Non-detect ≤0.0010±≥0.0000 0.0646±0.0058 0.0245±0.0015 

BS2 Non-detect 0.00053±0.00002 0.0024±0.0003 0.1153±0.0269 0.0588±0.0109 

BSInc ≤0.0105±≥0.0005 Non-detect ≤0.0011±≥0.0001 0.0348±0.0066 0.0122±0.0050 
‡

Detection limit  0.01 0.0004 0.001 0.002 0.001 

      

                                                      

‡
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=3. 



 

 

 

Contractor’s Report to CalRecycle       127 

 

 

Table 36. Metal concetrations from the 49 mm event on Jan. 23, 2010. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect Non-detect 0.0082±0.0014 ≤0.0011±≥0.0001 

GWC1 Non-detect Non-detect Non-detect 0.0113±0.0019 ≤0.0010±≥0.0000 

GWC2 Non-detect Non-detect ≤0.0010±≥0.0000 0.0095±0.0005 ≤0.0023±≥0.0008 

GWCInc Non-detect Non-detect ≤0.0011±≥0.0001 0.0111±0.0004 ≤0.0012±≥0.0002 

GWF1 Non-detect Non-detect Non-detect 0.0106±0.0014 ≤0.0011±≥0.0000 

GWF2 Non-detect Non-detect Non-detect 0.0094±0.0014 ≤0.0020±≥0.0006 

GWFInc Non-detect Non-detect Non-detect 0.0124±0.0020 ≤0.0013±≥0.0003 

BS1 Non-detect Non-detect Non-detect 0.0368±0.0009 0.0067±0.0017 

BS2 Non-detect ≤0.00042±≥0.00002 Non-detect 0.0495±0.0122 0.0144±0.0029 

BSInc Non-detect Non-detect Non-detect 0.0219±0.0043 0.0024±0.0004 
§

Detection limit  0.01 0.0004 0.001 0.002 0.001 

      

                                                      

§
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=3. 



 

 

 

Contractor’s Report to CalRecycle       130 

 

 

Table 38. Metal concetrations including all four events. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0010±≥0.0000 0.011±0.001 ≤0.0011±≥0.0001 

GWC1 ≤0.0101±≥0.0001 ≤0.00042±≥0.00002 ≤0.0010±≥0.0000 0.019±0.004 0.0028±0.0007 

GWC2 Non-detect ≤0.00036±≥0.00005 0.0009±0.0001 0.012±0.002 0.0022±0.0005 

GWCInc Non-detect ≤0.00046±≥0.00006 ≤0.0011±≥0.0001 0.022±0.001 0.0022±0.0002 

GWF1 ≤0.0100±≥0.0000 Non-detect ≤0.0011±≥0.0000 0.018±0.003 0.0026±0.0004 

GWF2 ≤0.0101±≥0.0001 ≤0.00056±≥0.00015 ≤0.0011±≥0.0001 0.044±0.019 0.0022±0.0006 

GWFInc ≤0.0102±≥0.0002 ≤0.00053±≥0.00013 Non-detect 0.022±0.007 0.0027±0.0004 

BS1 ≤0.0101±≥0.0001 ≤0.00059±≥0.00009 ≤0.0016±≥0.0003 0.073±0.014 0.0179±0.0045 

BS2 ≤0.0105±≥0.0001 0.00064±0.00005 ≤0.0022±≥0.0002 0.096±0.021 0.0352±0.0055 

BSInc ≤0.0101±≥0.0000 ≤0.00048±≥0.00003 ≤0.0012±≥0.0001 0.035±0.006 0.0067±0.0023 
**

Detection limit  0.01 0.0004 0.001 0.002 0.001 

      

                                                      

**
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=3. 
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Construction-Affected Soil Runoff Statistics 
Table 40. Construction site runoff concentration statistics. Common letters indicate no significant 

difference (n<0.5). 

 

Control 77.0±10.1 a 86.9±10.6 a 86.0±11.5 a 

GWC 24.3±7.9 b 15.8±3.4 b 16.9±4.0 b 

BS 5.5±0.9 b 5.1±1.5 b 7.7±2.2 b 

Treatment Turbidity (NTU) 

Control 954±40 a 975±36 a 859±56 a 

GWC 494±62 b 203±12 b 139±14 b 

BS 467±110 b 368±91 b 248±76 b 

Treatment pH 

Control 7.13±0.18 a 7.46±0.13 a 7.33±0.09 a 

GWC 6.63±0.07 b 7.13±0.07 b 7.21±0.05 ab 

BS 6.53±0.09 b 6.90±0.03 b 7.09±0.04 b 

Treatment Salinity (dS/m) 

Control 0.020±0.001 a 0.010±0.000 a 0.015±0.001 a 

GWC 0.232±0.029 b 0.079±0.008 b 0.066±0.007 a 

BS 0.190±0.050 b 0.118±0.029 b 0.128±0.027 b 

Treatment Total Dissolved Solids (mg/L) 

Control 71±22 a 46±4 a 38±2 a 

GWC 232±36 b 114±12 b 87±8 b 

BS 195±49 ab 131±22 b 92±14 b 

Treatment Total Suspended Solids (mg/L) 

Control 55.3±8.7 a 53.5±3.1 a 57.1±2.1 a 

GWC 19.2±2.4 b 22.7±8.1 b 18.6±1.9 b 

BS 26.8±5.6 b 13.4±1.7 b 28.1±14.2 ab 

Treatment Total Sediments (gm/L) 

Control 71.3±8.0 a 38.2±5.2 a 50.5±5.7 a 

GWC 50.7±8.2 a 5.8±1.3 b 3.8±0.7 b 

BS 40.1±9.3 a 12.9±3.3 b 5.1±0.8 b 

Treatment Total Phosphorus (mg/L) 

Control 0.27±0.01 a 0.17±0.01 a 0.15±0.01 a 

GWC 3.51±0.43 b 1.61±0.19 b 0.79±0.10 b 

BS 1.38±0.21 c 0.93±0.15 c 0.56±0.09 b 

 Precipitation Event 

 1/19/2010  1/21/2010  1/23/2010  

Treatment Total Runoff Volume (L) 
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Table 42. Construction site runoff mass flux loss statistics. Common letters  
indicate no significant difference (n<0.5). 

 

 Precipitation Event 

 1/19/2010  1/21/2010  1/23/2010  

Treatment Total Dissolved Solids (mg/m
2
) 

 Total Suspended Solids (mg/m
2
) 

 Total Sediments (gm/m
2
) 

 Total Phosphorus (mg/m
2
) 

 Orthophosphate (mg/m
2
) 

 Nitrate-N (mg/m
2
) 

 Ammonium-N (mg/m
2
) 

Control 1,004±347 a 758±111 a 637±103 a 

GWC 1,238±451 a 327±67 b 273±75 b 

BS 229±76 b 116±33 b 116±25 b 

Control 834±187 a 879±117 a 972±155 a 

GWC 102.4±38.2 b 59.3±15.0 b 67±18 b 

BS 27.6±6.4 b 15±5 b 29±11 b 

Control 1,030±184 a 617±112 a 882±168 a 

GWC 218.1±84.7 b 22.7±10.1 b 14.8±5.3 b 

BS 42.3±11.1 b 16.7±7.1 b 9.3±4.0 b 

Control 3.99±0.57 a 2.91±0.38 ab 2.53±0.49 a 

GWC 17.73±6.29 b 5.45±1.50 b 2.62±0.77 a 

BS 1.42±0.28 a 0.84±0.25 a 0.75±0.21 b 

Control 2.60±0.39 a 0.70±0.22 a 2.05±0.37 ab 

GWC 15.20±5.35 b 4.74±1.42 b 2.35±0.73 b 

BS 0.96±0.20 a 0.58±0.16 a 0.61±0.16 a 

Control 6.42±1.00 a 3.52±0.51 a 3.04±0.77 a 

GWC 1.91±0.70 b 0.31±0.10 b 0.06±0.03 b 

BS 1.11±0.25 b 0.43±0.16 b 0.35±0.11 b 

Control 6.53±0.84 a 1.55±0.27 ab 2.85±0.61 a 

GWC 3.86±1.21 a 0.40±0.13 a 0.43±0.14 b 

BS 11.51±3.22 a 5.64±1.49 b 4.25±1.11 a 
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Table 43. Construction site selected metal concentrations and mass flux losses from the 32 mm event on Jan. 19, 2010. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0012±≥0.0001 0.0212±0.0063 Non-detect 

GWC ≤0.0118±≥0.0009 ≤0.00041±≥0.00001 ≤0.0011±≥0.0000 0.0252±0.0071 ≤0.0023±≥0.0003 

BS ≤0.0101±≥0.0001 ≤0.00046±≥0.00004 0.0020±0.0002 0.0759±0.0141 0.0211±0.0066 

Detection limit
††

 0.01 0.0004 0.001 0.002 0.001 

Treatment Ni Pb Se Zn  

Control 0.0023±0.0003 Non-detect Non-detect 0.070±0.006  

GWC 0.0045±0.0009 Non-detect Non-detect 0.120±0.009  

BS 0.0092±0.0018 Non-detect ≤0.021±≥0.001 0.133±0.019  

Detection limit 0.001 0.02 0.02 0.003  

 Metal concentrations in mg/m
2
 (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0175±≥0.0031 0.240±0.039 Non-detect 

GWC ≤0.0531±≥0.0167 ≤0.00187±≥0.00060 ≤0.0049±≥0.0015 0.108±0.033 ≤0.0093±≥0.0024 

BS ≤0.0107±≥0.0017 ≤0.00048±≥0.00008 0.0021±0.0004 0.071±0.012 0.0193±0.0063 

Treatment Ni Pb Se Zn  

Control 0.0362±0.0076 Non-detect Non-detect 1.068±0.195  

GWC 0.0256±0.0099 Non-detect Non-detect 0.615±0.223  

BS 0.0089±0.0016 Non-detect ≤0.022±≥0.004 0.128±0.018  

                                                      

††
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=9. 
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Table 44. Construction site selected metal concentrations and mass flux losses from the 39 mm event on Jan. 21, 2010. 

 Metal concentrations in mg/L (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0016±≥0.0003 0.0072±0.0009 Non-detect 

GWC ≤0.0101±≥0.0001 Non-detect Non-detect 0.0106±0.0007 ≤0.0021±≥0.0003 

BS Non-detect ≤0.00040±≥0.00000 ≤0.0011±≥0.0001 0.0449±0.0101 0.0137±0.0041 

Detection limit
‡‡

 0.01 0.0004 0.001 0.002 0.001 

Treatment Ni Pb Se Zn  

Control ≤0.0013±≥0.0001 Non-detect Non-detect 0.040±0.001  

GWC ≤0.0012±≥0.0001 Non-detect Non-detect 0.056±0.003  

BS 0.0040±0.0009 Non-detect Non-detect 0.059±0.005  

Detection limit 0.001 0.02 0.02 0.003  

 Metal concentrations in mg/m
2
 (mean±standard error) 

Treatment As Cd Cr Cu Mo 

Control Non-detect Non-detect ≤0.0299±≥0.0074 0.1149±0.0197 Non-detect 

GWC ≤0.0307±≥0.0066 Non-detect Non-detect 0.0304±0.0058 ≤0.0069±≥0.0023 

BS Non-detect ≤0.00040±≥0.00012 ≤0.0012±≥0.0004 0.0463±0.0204 0.0145±0.0075 

Treatment Ni Pb Se Zn  

Control ≤0.0223±≥0.0039 Non-detect Non-detect 0.670±0.086  

GWC ≤0.0037±≥0.0011 Non-detect Non-detect 0.181±0.045  

BS 0.0042±0.0019 Non-detect Non-detect 0.056±0.016  

                                                      

‡‡
 Statistics conservatively assume the detection limit as a lower bound on all measures. n=9. 
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Table 50. Fraction of rain water collected as runoff from sloped, flat surface and surfactant application at 
three maturity dates for biosolid/greenwaste co-composts. 

 

Note: Values reported as mean ± standard error. 

 

 

 

 
Slope Surface  Flat Surface Surfactant 

Maturity Dry Material on top 

Control 0.158±0.013a 0.132±0.016a 0.134±0.015a 

Day 1 0.133±0.005a 0.117±0.007a 0.157±0.003b  

Day 7 0.154±0.009a 0.116±0.011b 0.184±0.008c  

Day 14 0.107±0.020a 0.115±0.014a 0.100±0.016a  

 
Semi-wet Material on top 

 Control 0.156±0.006a 0.145±0.025a 
 Day 1 0.156±0.016a 0.139±0.009 a 
 Day 7 0.182±0.017a 0.133±0.013 a 
 Day 14 0.103±0.016a 0.111±0.022 a 
 

 
Moist Pile 

 Control 0.152±0.004a 0.129±0.018a 
 Day 1 0.170±0.004a 0.153±0.015a 
 Day 7 0.198±0.019a 0.159±0.024a 
 Day 14 0.116±0.025a 0.109±0.023a 
 

 
Total 

 Control 0.155±0.007a 0.136±0.020a 
 Day 1 0.153±0.009a 0.137±0.008a 
 Day 7 0.178±0.015a 0.136±0.005a 
 Day 14 0.108±0.017a 0.112±0.018a 
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