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ABSTRACT

The emission sources of volatile organic compounds (VOCs) are wastewater treatment
plants, sanitary landfills, automobile industries. and so on. The VOCs are harmful to
human beings because of their toxicity and carcinogenicity, and cause the serious air
pollution problem producing ozone (O3) as a result of photochemical reaction. To in-
vestigate the emission of VOCs from wastewater treatment plant, aeration basins at
the City of Los Angeles Hyperion Treatment Plant were selected and measured flux
was compared with calculated flux. For compounds commonly associated with waste-
water (DCM. TCM, PCE, LIM. DCB. UND) and not expected in vehicle exhaust or am-
bient air coming off the ocean, concentrations immediately downwind of the aeration
basins were a factor of ten or higher than those measured in the upwind air. The
airborne flux of less degradable or non-biodegradable compounds, e.g.. DCE, DCM, TCA,
DCA, TCM. PCE. DCB, through an imaginary plane at the downwind side of the
aeration basins was in agreement with the estimated flux from measured liquid phase
concentrations, Henry's constant. aeration rate, and an assumption of bubble satura-
tion. For several compounds (PCE, DCE, TCA), the ratio (measured flux/calculated
flux) is almost unity.

Key Words : Henry's Constant, Volatile Organic Compounds, Wastewater Treatment
Plant, Flux, Aeration Basin '
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Fig. 1. Diagram of Hyperion treatment plant
and sampling points.
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Fig. 2. Wind direction and speed during the
1st sampling.

Table 1. SFe analysis from the 1st Hyperion

sampling

Position Conc. | Hillside Conc.
{(ppb) Time (ppb)
North 2m | 26.3 2:30 pm 4.4
North 5m | 22.0 | 2:35 pm 1.9
North 10m| 18.6 | 2:41 pm 1.3
1-A | South 2m 21.2 2:46 pm 5.3
South 5m 4.9 2:50 pm 7.9
South 10mj 8.0 2:55 pm 1.0

3:02 pm 0

North 2m | 45.7 |11:01 am 0

North 5m | 67.3 |11:06 am| 10.8
North 10m| 45.7 |11:12 am 4.7
South 2m | 52.7 §11:16 am| 12.0
South 5m | 47.0 | 11:21 am 9.4
South 10m| 45.3 |11:26 am| 10.4
11:31 am 1.1
11:36 am 0
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Table 2. Result of average peak area during the 1st and 2nd liquid samplings

Compoud Ti{ne Peak The First Sampling(Area/L) | The Second Sampling(Area/L)
(min] lon East Basin West Basin East Basin West Basin
DCM 4.3 49 7.71E+08 1.26E+09 4,92E+06 2.19E+06
TOL 9.5 91 4. 98E+08 1.73E+08 1.35E+0Q7 1.4d6E+07
DEC 13.8 43 2.03E+08 1.92E+08 NA NA
TMB 14.3 105 6.04E+08 5.61E+08 1.96E+06 2.55E+06
LIM 14.8 68 1.43E+08 1.39E+08 4.07E+05 541E+05
DCB 14.9 146 1.92E+09 2.29E+09 1.10E+06 1.48E+06
UND 15.8 43 6.38E+08 4.50E+08 8.30E+05 8.19E+05
Lq. Purged (mL) 5 5 2 2
Table 3. Result of average peak area during the 1st gas sampling
Time Peak North North North South South South Flant  Compressd
Compound (min) fon 2m 5m 10m 2m 5m 10m Upwind Air Avg
(Area/L) (Area/L) [(Area/l) (Area/L) [Area/L) (Area/L) | (Area/L) {Area/L)
DCM 43 49 | 6.8E+05 3.5E+06 3.6E+06 1.2E+06 1.7E+06 9.6E+05| 1.7E+05 4.72E+05
TOL 9.5 9] | 3.8E+05 18E+06 23E+07 1.0E+06 1.6E+06 2.7E+06 | 1.0E+06 2.71E+06
XYL 12.1 91 | 1.9E+05 4.5E+05 19E+07 3.5E+06 4.3E+06 9.5E+06 | 2.2E+05 4.10E+06
BFB 13.0 174 | 5.1E+05 1.3E+06 3.1E+06 1.6E+06 22E+06 2.8E+06 | 9.0E+05 2.46E+06
DEC 13.8 43 | 7.8E+05 18E+06 3.5E+06 23E+06 24E+06 23E+06! 3.6E+05 9.84E+05
TMB 14.3 105 | 1.3E+06 4.6E+06 59E+06 3.0E+06 4.5E+06 5.(0E+06] 29E+06 1.64E+06
LIM 14.8 68 | 1.5E+06 4.6E+06 3.8E+06 3.9E+06 4.6E+06 2.2E+06 NA 1.42E+05
DCB 14.9 146 | 2.1E+06 6.0E+06 4.2E+06 55E+06 5.3E+06 28E+06| 1.3E+05 9.20E+04
UND 15.8 43 | 34E+06 99E+06 8.1E+06 8.9E+06 B8.3E+06 50E+06 | 1.2E+06 3.18E+06
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Table 4., SFs analysis from the 2nd Hyperion

sampling

Position Conc. (ppb)
North 2m 1020
North 5m 383

oA North 10m 4540
South 2m 93
South 5m 92
South 10m 394
South 2m 57300

2-B South 5m 29300
South 10m 11300
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Fig

. 5. Wind direction and speed during the

2nd sampling.

e

1,1-DCE, DCM, TCM, 1,1.1-TCA,

Table 5. Result of average peak area during the 2nd gas sampling

Time  Peak North North North South South South Plant  Compressd
Compound (min)  lon 2m 5m 10m 2m 5m 10m Upwind Air Avg
(Area/L)  (Area/L) (Area/L) (Area/L) (Area/L) (Area/L) | (Area/L)  (Area/L)
1.1-DCE 3.6 61 |2.08E+07 4.33E+06 8.30E+06 1.68E+07 3.94E+06 1.02E+075.33E+06 6.07TE+06
DCM 4.4 49 |8.89E+06 7.27E+06 6.70E+06 6.22E+06 4.02E+06 6.17E+06|1.51E+06 1.05E+06
TCM 6.5 83 |4.52E+06 3.39E+06 1.88E+06 2.22E+06 1.79E+06 1.72E+06 NA 2.24E+06
1.1.1-TCA 6.7 97 {1.98E+07 2.73E+07 1.11E+07 9.51E+06 2.14E+07 6.40E+06{3.79E+06 5.60E+06
BZ 7.2 78 11.12E+07 3.11E+07 1.02E+07 1.04E+07 3.88E+07 1.01E+07{1.17E+07 9.10E+06
1.2-DCA 7.2 62 |7.81E+06 3.61E+07 1.63E+07 4.07E+07 2.17E+07 3.20E+07|9.29E+06 7.38E+07
TCE 8.1 130 |1.84E+06 1.49E+07 3.14E+06 5.32E+07 9.35E+06 6.87E+06]1.52E+06 1.56E+07
TOL 9.9 91 |1.58E+07 1.01E+08 1.52E+07 2.24E+08 8.05E+07 1.66E+08|1.43E+07 2.05E+07
PCE 107 166 |1.88E+06 7.52E+06 1.09E+06 2.04E+07 6.18E+06 1.49E+07{1.25E+06 8.10E+05
ETBZ 12.0 91 |1.95E+07 1.05E+07 2.26E+06 1.81E+07 9.36E+06 1.68E+07|2.42E+07 8.69E+05
m.p-XYL 12.2 91 |549E+07 2.90E+07 1.12E+07 4.59E+07 2.67E+07 4.62E+07)|6.88E+07 3.36E+06
O-XYL 12.8 91 |2.42E+07 9.85E+06 4.45E+06 1.48E+07 9.67E+06 1.58E+07|2.62E+07 1.32E+06
TMB 14.7 105 | 2.58E+07 9.68E+06 2.53E+07 1.33E+07 8.84E+06 1.44E+07|2.50E+07 2.36E+06
LIM 15.2 68 |1.46E+07 3.54E+06 4.22E+06 8.65E+(6 2.80E+06 6.96E+06 NA NA
DCB 15.3 146 [2.56E+07 4.95E+06 1.03E+07 1.28E+07 3.55E+06 8.81E+06|3.04E+06 3.00E+05
UND 16.1 43 | 1.26E+07 4.09E+06 1.41E+07 7.77E+06 2.70E+06 6.76E+06|2.67E+06 2.88E+06
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Table 6. Comparison of liquid emission rate with airborne flux (1st sampling)

Hyperion A2l A 3E 88t o

7 e HEL WE £ AU

1) a4 B-0] AR ATA A FL g
27leke #¥ol e H¥E (DCM, TCM.
PCE, LIM, DCB. UND)®} ¥71% A% v}z
Hel FaAN vy FAE < g )

3)

Lq. Conc. H, Calculated Calculated | Measured Gas | Measured Ratio
Compound Bubble Conc. Flux(C) Conc. Flux(M) (M/C)
(ug/L) (ug/L) (ug/min) (vg/m®) (ug/min)
DCM 2.86 0.09 2.57E-01 1.07E+06 7.4 1.79E+06 | 1.7
TOL 7.64 0.27 2.06E+00 8.68E+06 115.2 2.78E+07 | 3.2
XYL NA 0.29 NA NA 4.9 1.19E+06 NA
(Area/L) (Area/L) (Area/min) (Area/L) (Area/min)
DEC 1.98E+08 28.0 5.53E+10 2.30E+17 2.18E+06 5.25E+14 | 0.0023
TMB 5.83E+08 0.24 1.40E+08 5.82E+14 4.05E+06 9.76E+14 | 1.7
LIM 1.40E+07 | 190 2.69E+10 1.12E+17 3.43E+06 8.26E+14 | 0.0074
DCB 2.11E+09 0.1 1.26E+08 8.75E+14 4.29E+06 1.03E+15 | 1.2
UND 5.44E+08 | 750 4.07E+11 1.70E+18 7.27E+06 1.75E+15 | 0.001
Note : Hc is dimensionless Henry's constant
Table 7. Comparison of liquid emission rate with airborne flux (2nd sampling)
Lq. Conc. H, Calculated Calculated | Measured Gas | Measured Ratio
Compound Bubble Conc. { Flux(C) Conc. Flux(M) (M/C)
(ue/L) (ug/L) (1g/min) (ug/m®) (ug/min)
TCM 1.3 0.15 2.0E-01 8.62E+05 1.33 2.71E+05 0.31
BZ 61 0.22 1.4E+01 5.98E+07 7.18 1.46E+06 0.02
PCE 1.1 0.72 8.0E-01 3.51E+06 17.14 3.49E+06 0.99
(Area/L) (Area/L) (Area/min) {Area/L) (Area/min)
DCE 2.1E+08 1.07 2.2E+08 1.8E+15 8.7E+06 1.8E+15 1.00
DCM 1.8E+09 0.09 1.6E+08 1.3E+15 5.3E+06 1.1E+15 0.85
TCA 4 8E+08 0.70 34E+08 2.TE+15 1.3E+07 2.6E+15 0.97
DCA 5.2E+09 0.23 1.2E+09 94E+15 2.1E+07 4.2E+15 0.45
DCB 6.5E+08 0.10 6.5E+07 5.1E+14 8.9E+06 1.8E+15 3.54
o1} gk
2) AdAoz JRAZ =AY AR HAG
5. 2 E

£ 851E¢1 DCE. DCM. TCA, DCA. TCM,
PCE. DCBS] &3 ¥ Fluxe X¥7|=d ZF
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Acronyms

BFB : Bromofluorobenzene

BZ . Benzene

DCA : Dichloroethane

DCB : Dichlorobenzene

DCE : Dichloroethylene

DCM : Dichloromethane

DEC : Decane

ETBZ : Ethylbenzene

GC/MS : Gas Chromatography/Mass Spectro-
metry

Kow ¢ Octanol-Water Partition Coefficient

LIM : Limonene

MWTP: Municipal Wastewater Treatment Plants

PCE : Tetrachloroethylene

Semi-VOCs : Semi-Volatile Organic Compounds

SFe @ Sulfur Hexafluoride

TCA : 1.1,1-Trichloroethane

TCE : Trichloroethylene

TCM : Trichloromethane

TOL : Methylbenzene

TMB : Trimethylbenzene

UND : Undecane

vC ¢ Chloroethene

VOCs : Volatile Organic Compounds
XYL : Xylene
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