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INTRODUCTION : 

A confined disposal f a c i l i t y  (CDF) i s  a diked area f o r  g rav i ty  separation and dredged 
material so l ids . When contaminated dredged material i s  placed i n  a CDF, the potent i  a1 ex is ts  f o r  
v o l a t i l e  organic chemicals (VOCs) associated wi th  the sediment t o  be released t o  the a i r .  
Sediments from the New Bedford Harbor (NBH) Superfund S i te ,  MA, contain s ign i f i can t  amounts o f  
polychlorinated biphenyls (PCBs). some of which may be released t o  the a i r  during evaporative 
dry ing i n  a CDF. 

Models f o r  evaluation o f  v o l a t i l e  emissions t o  a i r  during dredged m a t e r i a l  disposal have 
been developed (Thibodeaux, 1989). These theoret ica l  models may be applied t o  ca lcu late 
po ten t ia l  PCB emissions from CDFs proposed f o r  containment of NBH sediment. Four locales 
associated wi th  a CDF operation were i den t i f i ed  as separate v o l a t i l e  sources. These locales 
were: (1) the sediment (dredged material 1 re locat ion loca le,  (2) the exposed sediment loca le,  
(3) the ponded sediment loca le and, (4) the vegetation-covered sediment loca le .  The exposed 
sediment loca le  was ranked the highest. F ie ld  o r  laboratory emission data su i tab le f o r  
comparison t o  model predict ions were not avai lab le f o r  any of the locales. Brannon (1989) 
reported some prel iminary data f o r  loca le  2 f o r  the emission of Aroclor-1242 from a dry ing 
sediment exposed t o  a i r  under laboratory condit ions. This paper compares the  experimental values 
against theore t ica l  predic t ions.  

METHODOLOGY : 

A series o f  four  experiments were performed wi th  an emission i s o l a t i o n  f l u x  chamber. This 
apparatus was placed atop the sediment t o  co l l ec t  the PCB vapors as a i r  was passed over the 
sediment i n  the chamber f o r  1 hour. The vapors were trapped i n  f l u o r i s i l  tubes and analyzed by 
gas chromatography. Two adsorption tubes, and an a i r  r a te  of 900 cm3/min were used. I n  general 
the  experiments can be placed i n t o  two classes, wet and dry .  The f i r s t  three experiments were 
performed w i th  sediment saturated w i th  water: these are ca l led  wet sediment experiments. The 
l a s t  experiment showed s ign i f i can t  cracking and dry ing o f  the surface sediment. The soil 
poros i ty  decreased from 0.774 on day 1 t o  0.103 on day 10, while the s o l i d  f rac t i on  increased 
from 0.33 t o  0.88 during t h i s  period. The laboratory was maintained a t  2050.3 O C  and low r e l a t i v e  
humidity throughout the experiment. The experiment number 4 shal l  be termed the dry sediment 
experiment. 

The fo l lowing i s  a b r i e f  presentation o f  the model t h a t  applies for the exposed sediment 
loca le.  Contaminated sediment tha t  i s  wet and exposed d i r e c t l y  t o  a i r  resu l ts  i n  the highest 
VOC emission rates.  VOCs sorbed on the  pa r t i c l es  a t  the  s o i l  surface have a r e l a t i v e l y  short 
athway t o  the a i r .  The top layers eventual ly become depleted o f  the chemical. Continuing 7 osses wi.11 come from w i th in  the s o i l  pores. The fo l lowing equation applies f o r  t h i s  t rans ien t  

v o l a t i l i z a t i o n  r a t e  
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where N, i s  the  emission f l u x  from the s o i l  (pg.m'2.h'1),l K* i s  the a i r / s o i l  p a r t i t i o n  constant 
( g . ~ n ' ~ ) ,  W, i s  the chemical concentration on s o i l  CYg.9- 1, t i s  t i m e  (h ) ,  D,, i s  the  d i f f u s i o n  
constant o f  the chemical i n  the a i r - f i l l e d  pores (m .h- 1 ,  pb i s  the s o i l  bulk density (9.1n-~), E ,  
i s  t he  a i r - f i l l e d  poros i ty  (m3.W3),  k, i s  the a i r - s ide  mass t rans fer  coe f f i c i en t  (m.h' 1, and C, 
i s  the  chemical concentration i n  the background air ( ~ g . m - ~ ) .  The above equation i s  f o r  an 
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unsaturated (wi th  respect t o  water) o r  dry sediment. As the sediment looses i t s  water content 
by evaporation and drainage, the a i r - s o i l  equi l ibr ium p a r t i t i o n  constant changes. Three water 
content regimes e x i s t  and require as many p a r t i t i o n  constants. These are wet, damp and dry .  Each 
can be expressed by the  simple equi l ibr ium expression, Ci = K* WA.  The p a r t i t i o n  constant 
f o r  the wet case i s  the r a t i o  of Henry's constant t o  the  soi l-water p a r t i t i o n  constant, 

K* = - ,  Hc whereas f o r  the dry case a t  s o i l  loadings i t  i s  K* = p,*MA , where K, i s  the 

soi 1 -water equi l ibr ium constant (m3.g"), i s  the chemical vapor pressure (a tm)  , B i s  the BET 
adsorption constant (dimensionless), M i s  the chemical molecular weigh; (pg.mol-'), k i s  the gas 
constant (= 82 x loT6 atm.m3.mo1-'.K-'), i s  the temperature (K) and, WA i s  the chemical loading 
on the  sediment f o r  a monolayer coverage (pg.g-'). 

RESULTS : 

Kd B,RT W i  

I n  the section i n  which the  experimental data was reviewed i t  was noted tha t  the 
experiments f a l l  i n t o  two classes. These were the i n i t i a l  period w i th  the wet sediment and the 
long-term run w i th  the dry sediment. Equation (1) applies f o r  both cases wi th  the appropriate 
wet and dry equi 1 i b r i  um expressions given ea r l i e r .  

During the i n i t i a l  phase o f  the experiment evaporation time i s  short (i .e, t - 0) and the 
sediment surface i s  wet. I f  the incoming a i r  i s  a lso PCB f ree  Equation (1) s imp l i f i es  t o  

NA = kA W,K* 

where K* i s  given by the equation f o r  the wet case. A t  25OC i t  i s  0.132 g.ms3. The air side mass 
t rans fer  coe f f i c i en t  can be estimated using four d i f fe ren t  methods (Thibodeaux and Scott 1985). 
The estimates f o r  Aroclor 1242 a t  2 5 O C  range from 30 t o  96 cm.h- . Based on the range o f  
coe f f i c ien ts  the predicted emission rates for A-1242 wi th  a sediment loading o f  887 Mg.g-' ranges 
from 36 t o  113 pg.m".h". The experimental values ranged from 12 t o  62 pg.m-'.h-'. These values 
are shown i n  Figure 1. The fact tha t  the predicted and experimental ranges subs tan t ia l l y  overlap 
each other suggests tha t  the wet s o i l  por t ion  o f  the model i s  correct .  

By the t h i r d  day o f  the experiment the sediment was essent ia l ly  dry. I n  t h i s  case, t ime 
i s  large and Equation (10 applies as wr i t ten .  The air-sediment p a r t i t i o n  constant should r e f l e c t  
the dry s ta te  o f  the  sediment. 

A procedure based on the theory of gas mixtures adsorbing competit ively on a s o l i d  surface 
tha t  extends the c lass ica l  Brauner-Emmett-Teller (BET) model t o  account f o r  water vapor was used 
t o  estimate K* f o r  Aroclor 1242 on dry sediment ( V a l s a r a j  and Thibodeaux, 1988). A key fac to r  
i n  the procedure i s  the surface area of the s o i l .  I n  the case t h i s  was determined from the 
f ract ional  organic matter and c lay o f  the sediment. Together wi th  the sediment,surface area S 
(m2.g-') so determined the monolayer coverage of Aroclor 1242 on the sediment W, was computed. 
Other relevant parameters used were: 6, = 20, 18.4% of S ac t i ve  for adsorption and Aroclor 1242 
density was 1;5 g.cN3. A l l  other Aroclor 1242 propert ies were from Thibodeaux (1989). Two 
estimates o f  K f o r  the dry case were obtained; one f o r  the estuarine composite sediment 0.056 
kg.1" and the other f o r  the sediment from the hot spot 0.016 kg.1-'. 

The necessary information i s  ava i lab le i n  Equation (1) t o  a r r i ve  a t  predicted values o f  
the f l u x .  The working form o f  Equation (1) i s  

887 K* NA = 
[ 0.097(tK*)1/2 + 3 . 2 9  ] 

( 3 )  

wi th  1 i y  days, K* i n  g 
i n  cm .s -  , the s o i l  bulk density was 0.69 g .c~n-~  and poros i ty  E,  was 0.774. 

The predic ted values f o r  Aroclor 1242 f l u x  assuming dry s o i l  condit ions appear i n  Figure 
1. The experimental values are also given alongside. Comparison o f  predicted and measured f l u x  
values should be done f o r  t 5 3 days, since the sediment was wet o r  damp before t h i s  t ime. The 
average measured f luxes f o r  days 3 through 10 i s  0.885 k 0.432 pg.N2.h- . whereas the predicted 

and N, i n  pg .m-*. h-'. The value of kA was 0.304 m. h", DA, was 0.035 
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FIGURE 1 .  AROCLOR 1242 VAPORIZATION RATE FROM 
DREDGED SEDIMENT 
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Figure 1. Aroclor 1242 vaporization rate from dredged sediment. 

fluxes were 15 and 4 gg.m".h-' for the two calculated values of K*. A t  best the predicted values 
are 4 .7  times larger t h a n  the measured values. The model predicts a very weak time de endance 

transport resistance for the organic. The measured values also seem t o  display a time 
dependance. This behavior may be due t o  several fac$ors including cracking and other soil 
porosity changes w i t h  time. However, i t  appears t h a t  K i s  the primary factor t h a t  controls the 
f l u x  i n  this set of measurements. A value o f  0.0074 g.nV3 i n  the model equation yields predicted 
fluxes i n  1 i ne w i t h  the experimental values. The model predicted and measured values appear i n  
Figure 1. An overall mass balance indicates t h a t  2.32 g of Aroclor 1242 were present i n i t i a l l y  
i n  the isolation flux chamber. Using 1 . 7  pg.m".h-' as the average evaporation rate yields 59 1-19 
lost from the sediment i n  10 days. This is  0.0026%. so the b u l k  of the original Aroclor 1242 
remained i n  the soil and d i d  not evaporate. 

on the rate. A t  day 10 the soil-side mass tranfer resistance accounts for only 1.1 %p of the 

CONCLUSIONS: 

The theoretical model does a satisfactory job i n  predicting the Arocl or 1242 emission rate 
from exposed sediment. The measured values for wet sediment averaged 26 k 13 ,ug.m-'.h-'. The 
model yielded values of 36 t o  113 pg.m-'.h-' depending on the k, values used. The measured values 
for tbe dry sediment averaged 0.855 k 0.432 1-19 .m-*. h -  . The most sensitive parameter i n  the model 
was K , the air-sediment partition constant. In  general, the theoretical model overpredicts the 
measured values by a factor of 1 .4  t o  18. 

Additional experimental measurements are needed t o  reduce this range of uncertainty and 
explore the effects of cracking. These experiments should involve re-wetting the soil i n  order 
t o  observe any increase i n  f l u x .  Field measurements a t  a CDF site should be performed w i t h  the 
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i s o l a t i o n  f l u x  chamber o r  a s i m i l p  method. Laboratory experiments should be performed and the 
a i  r-sediment p a r t i  t i o n  constant K measured f o r  damp and dry condit ions. This c r i t i c a l  parameter 
has a very weak data base (Valsaraj and Thibodeaux. 1988). 

REFERENCES : 

Thibodeaux L J (1988): Theoretical Models for  Evaluation o f  Vo la t i le  Emissions t o  Air During 
Dredged Material Disposal w i th  Applications t o  New Bedford Harbor, Massachussetts, 
M i  scel 1 aneous Paper EL-89-3, US Army Engineer Waterways Experiment ; V i  cksburg , MS. 

Brannon , J M (1989) : Laboratory Assessment o f  Volat i 7 izat  ion from New Bedford Harbor Sediment, 
Memorandum f o r  Record, WESES-A, US Army Engineer Waterways Experiment Stat ion,  Vicksburg. 
MS. 

Thibodeaux L J and H D Scott (1986). Chapter 4 i n  Environmental Exposure from Chemicals, Volume 
1 ,  W B Neely and G E Blau (ed i tors) ,  CRC Press, Boca Raton, FL. 

Valsaraj K T and L J Thibodeaux (1988), J .  Haz. Materials, 19: 1979 - 1989. 

ACKNOWLEDGEMENT : 

This work was supported by a grant from the US Environmental Protection Agency (Grant No: 
R 819165-01) t o  the  Hazardous Substance Research Center (South and Southwest). D r .  Dale Manty 
i s  the Pro ject  O f f i ce r .  

235 



BlOREMEDlATlON OF CONTAMINATED SEDIMENTS 
J B. Hughes, V. Jee, and C. H. Ward 

Department of Environmental Science and Engineering 
P.O. Box 1892 /H Rice University 

ouston, TX 77251 

INTRODUCTION 

ered to have minimal 
imlly bound to clay particles, or 
alkalinity, pH, and redox of the 

the sediments are 
ediate environmental problem. 
for dispersal into the marine 

nstruction activity, and 
dredging. 

m an anaerobic to aerobic environment, 
us aerobic bacteria to grow and utilize 

Is0 more available for use 
changing their redox characteristics, and 

The contaminants targeted in thi hydrocarbons (PAHs), a 
rialized areas. A major 
rces are industrial 

wastewater effluents, petroleum spil watennrays. PAHs 
consist of multiple benzene rings fu nts. PAHs are non- 
ionic and hydrophobic and as such 
Exposure to polycyclic compounds 

Previous research that PAHs can be ed. Size and structure, Le., number 
and configuration of conde can affect compou earance. (4,7) PAHs of up to three 

bioaccumulated in the food chain. 
h higher risks for cancer. 

pounds with more than three 
important parameter affecting 
system. Studies of sediment 

mineralization increase with increasing redox potential. (3,6) 

The focus of this research was to examine the relationship between resuspension and 
biodegradation of PAHs in lab scale slurry reactors. The rate and extent of contaminant release from 
the sediments into an uncontaminated water column was determined. Oxygen demand of initially 
anaerobic sediments were investigated. Then rate and extent of phenanthrene biodegradation was 
examined. Final partitioning of the phenanthrene, after the degradation test, was determined based on 
mass balance calculations made on the radiolabeled cahon in the tracer. Several factors which may 
influence the design or operation of bioreactors used for remediation of contaminated sediments were 
also evaluated. 

METHODOLOGY 

Sediments used in these experiments were collected from Dickinson Bayou, Galveston County, 
Texas. The natural environment is esutarine with total dissolved solids (TDS) of the water measuring 
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