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Abstract: 

Small particles critically affect water quality.  

Besides reducing water clarity, sparingly soluble pollutants such as polycyclic 
aromatic hydrocarbons (PAHs) and some heavy metals are predominantly transported 
on particles.  

We have conducted a series of studies on non-point-source (NPS) roadway-derived 
fine particles, defined here as <63um – traditionally the upper limit of ‘silt’ and a size 
range which is readily suspended in moving water and which settles slowly.  

At the finest, we have examined the elemental composition of particles in the size 
range of 0.1 to 0.3um, commonly considered ‘colloidal’ – that is, non-settling.

(Importantly, these also readily pass through filters of 0.45um or larger pore-size.)

In addition we have begun characterizing the sources of particles and particle-bound 
pollutants, and studied the solubilization of metals by dissolved organic matter.



Locations of studies
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Davis I-80
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680

Calif.
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Maintenance
Yard

Interstate 
880

(Also 3 
sites near
UCLA:
US-101 &
2 on I-405)



Monitoring of CTR Pollutants in Stormwater Runoff Collected at Caltrans Facilities
Table 7-1. Likelihood of constituents exceeding California water quality standards   

  I II III IV    I II III IV 

Antimony (Sb) X     1,1-Dichloroethylene   X  

Arsenic (As) X     1,2-Dichloropropane X    

Berylium (Be) X     1,3-Dichloropropylene X    

Cadmium (Cd)  X    Ethylbenzene  X   

Chromium (Cr) total  X    Methylbromide X    

Copper (Cu)   X   Methylene chloride    X 

Lead (Pb)  X    1,1,2,2-Terachloroethane X    

Mercury (Hg)  X    Tetrachlorethylene    X 

Nickel (Ni)   X   Toluene  X   

Selenium (Se) X     1,2-Trans-Dichloroethylene X    

Silver (Ag) X     1,1,2-Trichloroethane X    

Thallium (Tl) X     Trichloroethylene X    

Zinc (Zn)   X   Vinyl chloride X    

Cyanide (CN-)  X    2-Chlorophenol X    

Asbestos X     2,4-Dichlorophenol X    

2,3,7,8-TCDD (dioxin)    X  2,4-Dimethylphenol X    

Acrolein    X  2.-Methyl-4,6-Dinitrophenol X    

Acrylonitrile    X  2,4-Dinitrophenol X    

Benzene  X    Pentachlorophenol X    

Bromoform X     Phenol X    

Carbon tetrachloride X     2,4,6-Trichlorophenol X    

Chlorobenzene X     Acenaphthene X    

Chlorodibromomethane X     Anthracene X    

Dichlorobromomethane X     Benzidine X    

1,2-Dichloroethane X        Benz(a)anthracene   X     

 



 

  I II III IV    I II III IV 

Benzo(a)pyrene  X    Indeno(1,2,3-cd)pyrene X    

Benzo(b)fluoranthene  X    Isophorone X    

Benzo(k)fluoranthene  X    Nitrobenzene X    

Bis(2-Chloroethyl)ether X     N-Nitrosodimethylamine X    

Bis(2-Chloroisopropyl)ether X     N-Nitrosodipropylamine X    

Bis(2-Ethylhexyl)Phthalate  X    N-Nitrosodiphenylamine  X   

Butylbenzyl phthalate X     Pyrene X    

2-Chloronaphthalene X     Aldrin X    

Chrysene   X   alpha-BHC X    

Dibenzo(a,h)anthracene X     beta-BHC X    

1,2-Dichlorobenzene X     gamma-BHC  X   

1,3-Dichlorobenzene X     Chlordane   X  

1,4-Dichlorobenzene X     4,4'-DDT X    

3,3'-Dichlorobenzidine X     4,4'-DDE   X  

Diethyl phthalate X     4,4'-DDD  X   

Dimethyl phthalate X     Dieldrin X    

Di-n-Butyl phthalate X     alpha-Endosulfan X    

2,4-Dinitrotoluene X     beta-Endosulfan X    

1,2-Diphenylhydrazine X     Endosulfan sulfate  X   

Fluoranthene X     Endrin X    

Fluorene X     Endrin aldehyde X    

Hexachlorobenzene  X    heptachlor X    

Hexachlorobutadiene X     Heptachlor epoxide X    

Hexachlorocyclopentadiene X     PCBs  X    

Hexachloroethane X        Toxaphene        X 

I: Constituents unlikely to exceed California water quality standards     

II: Constituents that may exceed California water quality standards for short times or in limited locations  

III: Constituents likely to exceed California water quality standards     

IV: Constituents for which data is still insufficient to determine whether California water quality standards     

       have been exceeded            
 



0

4

8

12

16

20

10
/1

5/
01

10
/2

5/
01

11
/0

4/
01

11
/1

4/
01

11
/2

4/
01

12
/0

4/
01

12
/1

4/
01

12
/2

4/
01

01
/0

3/
02

01
/1

3/
02

01
/2

3/
02

02
/0

2/
02

02
/1

2/
02

02
/2

2/
02

03
/0

4/
02

03
/1

4/
02

03
/2

4/
02

N
ic

ke
l (
μg

/L
)

0

1

2

3

4

5

6

Pr
ec

ip
ita

tio
n 

(c
m

)

Nickel WQS Precipitation

Concentrations typically highest at beginning of rainy season,
but also quite high later –following long dry periods.  (I-80 Vacaville)
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Chrysene WQS Precipitation

Concentrations typically highest at beginning of rainy season,

but also quite high later –such as during small storms.  (I-80 Davis)



Interstate 680 storm-water, at pavement edge
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Methods
• Filtration in field, during storms
• Stokes-law settling in lab, same day
• Flow cytometry – particle sorting

(by light scattering)
• Particle counts by light-scattering (Liquilaz) 

in lab and at highway road-side
• Ultrafiltration (1kDa cut-off, ~1nm)
• Analysis by GC-MS and ICP-MS
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Storm 3
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Cumulative Elemental Composition of 
Particles in Highway Storm-water
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PAHs on colloidal particles
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Lee Read M.S. Thesis: Figure 1. The influence of DOC on       
copper (Cu) desorption (Lu and Young, unpublished)
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Figure 2.  Metal desorption from particles in contact with constant DOC concentration over time, DOC = 19.2 mg/L

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60
Time (hours)

D
is

so
lv

ed
 C

u 
an

d 
Zn

 C
on

ce
nt

ra
tio

ns
 

(p
pb

)

0

1

2

3

4

5

6

7

8

9

10

D
is

so
lv

ed
 N

i a
nd

 P
b

C
on

ce
nt

ra
tio

ns
 

(p
pb

)

Cu Zn
Ni Pb

Time scale of metal solubilization.  (H.L.Read, M.S. thesis 2005)



Initial mobilization of Cu
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Conclusions:

Several different approaches have successfully begun
to characterize with size-dependent detail
the elemental and organic composition
of non-point source pollution from highway and urban
run-off, as well as directly from vehicles.

For PAHs (especially heavier PAHs) dramatic water 
quality improvements are only achieved where all 
but the finest (~1um) particles are removed.  

For heavy metals, continuous improvement in water quality 
is seen as ever smaller particles are removed – all the way 
into the colloidal (<0.5um) range.  
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