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—2 O (ODue to the advantages on small size, light structures and high maneuverability,
Unmanned Aerial Vehicles(UAV) have the merits in military applications. Investigations and
researches on UAV have become the most popular topics recently. In this study, a self-fuzzy
PID control system was designed to improve the stability and security of the quadrotor
helicopter. The system is mainly divided into two parts, the hardware and the software. In the
hardware, a tilt-sensor was set up on the quadrotor helicopter as a attitude feedback, and
arduino single chip as a controller to run programs. The software was programmed by the
theory of fuzzy control combined with PID control, tuning the PID parameters automatically.
It is interesting to control quadrotor helicopter through the commands transmitted by
Bluetooth on a smartphone. The feasibility of this control theory was verified by the
experimental results, which showed that this control system can stabilize the posture of the
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f1%av 1. INTRODUCTION

Halogenated aliphatic compounds are used in industrial processes and are prevalent groundwater
contaminants and significant components of hazardous wastes and landfill leachates (Chaudhry and
Chapalamadugu, 1991; Zhang and Bennett, 2005). They are also the high-risk chemicals found in
drinking water in the United States (Crouch et al., 1983). Many halogenated compounds are highly
toxic, and because they are often recalcitrant or insoluble, they escape degradation. However,
microbes exposed to these synthetic chemicals have developed the ability to utilize some of the
halogenated compounds (Chaudhry and Chapalamadugu, 1991). Field and Sierra-Alvarez (2004) also
reported chlorinated compounds are also degraded under anaerobicconditions in which they are
utilized as an electron donor and carbon source. Cometabolism occurs when a compound, a
co-metabolite, is not metabolized as a source of carbon or energy but is incidentally transformed by
organisms using another primary substrate (Kobayashi and Rittmann, 1982; Liu, 1986). Acclimation
plays a key role in such biodegradation of inhibitory compounds.

The objective of this study was to evaluate the treatability of an anaerobic treatment process,
such as used in industrial wastewater treatment, to biotransform seven chlorinated apliphatics, while
simultaneously converting the primary substrate to methane. Acetic acid (HAc) and propionic acid
(HPr) were used as the primary substrates because they represented key intermediates in anaerobic
digestion of organic pollutants. The critical loading rate of chlorinated aliphatic which reduced the

utilization rate of the primary substrate to 50% of a control was also evaluated.

2. MATERIALS AND METHODS

Methylene chloride (MC; CH,Cl,), chloroform (CF; CHCI,), carbon tetrachloride (CT; CCl,),
1,1-dichloroethylene (1,1-DCE; CC1,CH,), trichloroethylene (TCE; CCl,CHCI), tetrachloroethylene
(PCE; CCL,CCl,), and 1,1,1-trichloroethane (1,1,1-TCA; CCl,CH;), as common industrial solvents,

were assayed.
A continuous flow stirred-tank reactor (CSTR) with high concentrations of suspended-growth
biomass was used. Fourteen reactors were used for testing the 7 chlorinated aliphatic compounds, with

each of the 2 primary substrates, HPr or HAc. A 2 L, wide-mouth Pyrex glass bottle was used as the



concentration for HPr and HAc, respectively. A trace metal solution was added daily into each reactor
( 5 mg Fe/L, 1 mg Ni/L, and 1 mg Co/L of reactor-day ) to promote predomination of a high-rate
Methanosarcina enrichment vs. the low rate Methanothrix (Methanosaeta). This procedure was

described in detail by Takashima and Speece (1989).

Fate Model

Biotransformation, biomass adsorption, abiotic transformation, and volatilization are the major
mechanisms for the removal of chlorinated aliphatics (inhibitors) during wastewater treatment. A
model was developed to clarify the contributions of these mechanisms in the system.

. X [ ~= Z g G
29 =f X /L,gj L;\,
Xjé Table 1. Composition of basal inorganic nutrients used in the reactor

Constituent Concentration in Reactor (mg/L)
NH4Cl1 1,200
MgS0O4 . 7TH20 400
KCl 400
NapS . 9H0 300
CaCly . 2H70 50
(NHg4)2HPO4 80
FeClp . 4H70 40
CoClp . 6H20 10
KI 10
(NaP0O3)g 10
MnClj . 4H20 0.5
NHy4VO3 0.5
CuCly . 2H0 0.5
ZnClp 0.5
AICl3 . 6H70 0.5
NaMoOg4 . 2Hp0 0.5
H3BO3 0.5
NiClp . 6H0 0.5
NaWOy4 . 2Hy0 0.5
NapSeO3 0.5
Cysteine 10

NaHCO3 6,000
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