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ABSTRACT
V 

Biodegradation processes for pentachlorophenol (PCP) and a 

commercial PCP formulation were evaluated to delineate factors limiting 
the rate of PCP degradation in the aquatic environment. Analyses of the 
data on PCP disappearance and chloride ion release, as well as g.c, and 
uvevzs spectra of the fermentor broth strongly indicate that the 
bacterial culture acted on PCP by completely stripping off all the 
chloride ions from a molecule Of PCP, rather than following the normal 
pattern of removing only one chloride ion at a time. The haloaromatic 

‘. 
ring structure of PCP was completely broken down, and not channelled 
into the unproductive meta-cleavage pathway. Despite repeated transfers 
of the bacterial culture, an initial lag phase in PCP biodegradation 
was apparent in all experiments and was followed by a steady-state, 
nearly linear rate of PCP degradation. Thus in the aquatic environment 
the biodegradation rate of a persistent contaminant is more likely 
to be regulated by whether or not this aquatic compartment has been 
previously subjected to a long or continuous exposure to a particular 
chemical. First-order kinetics alone can not be used to predict 
accurately the fate of a persistent chemical in the environment, because 
of the inability of such a simple equation to accommodate the effects of 
rate—limiting factors such as the length of adaptation period on the 
overall biodegradation rate of a contaminant. For this reason, factors 
which may influence a chemical's biodegradability in the natural 
environment, must be considered in the design of laboratory 
biodegradation experiments.

I
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Les processus de biodegradation du pentachlorophenol (PCP) at une 
formulation commerciale de PCP ont ete evalues pour definir les 
facteurs limi»ta'nt la vitesse de degradation du PCP dans 
1'enfv‘-ironnement aquatique. Les analyses des donnees sur la 
disparition du PCP et sur la liberation de l'ion c_1;l-oriure, ainsi que 
des spectres C.G. et U.V.1-visibles d'une liqueur de fermenteur, 
indiquent qu'il est t-res possible que la culture bacterienne ait agi 
sur le PCP en eliminant tous les ions chlorure de la molecule de PCP 
plut6t qu'en suivant le cheminement normal de l'en1évement d'un ion 
chloruré 3 la fois. La structure haloaromatique dun PCP a ete 
complétement decomposee sans passer par la voie improductive du 
meta-clivage. En depit de transferts repetes de la culture 
bacterienne, on a_ observe lors de toutes les experiences une phase 
latente initiale dans le processus de biodegradation du PCP, qui etait 
suivie par une phase de degradation E l'equilibre, a une- vitesse 
presque lineaire. Ainsi, dans l'environne'ment aquatique, la vitesse 
de biodegradation d'un contaminant persistent est vraisemblablement 
réglee par le fait que ce compartiment aquatique a déja ete soumis 
anterieurement A une exposition longue ou continue A -un produit 
chimique particulier. I1 n'est pas possible d'utiliser des reactions 
cinetiques du premier ordre pour prevoir exactement le devenir d'un 
compose chimique persistant dans Penvironnnement A caused de 
l'impos‘sibil'ite pour une equation afussi simple de tenir compte des



effeta dc facteurs limjtgnt la vitcsse ccmme la lcngueur de 1a période 
d'adaptat1cn su: la vitesse globale dc biodégrcdation d'un 
contaminant. Pour cette raison, lea fgcteurs qui peuvent influence: 
la biodégrcdabilité d'un produit chimique dans 1'envircnncment naturel 
doivent étre considérés lots de la conception d'cxpér1ence de 
biodégrgdation en labcratoirc. '
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HANAGEMENT PERSPECTIVE 

This paper presents our initial attempt in process oriented 
research on the biodegradation of persistent contaminants in the aquatic 
environment. The knowledge and experience gained from this study will 
be used in planning our next much larger scale biodegradation study 
using the rotating flume. Pentachlorophenol (PCP) was chosen as the 
model toxicant for studying the degradation process of persistent 
cOntamihant§ in the aquatic environment, as it is one of the few man-made 
chemicals present in the environment for which a substantial body of 
information on chemistry and toxicology is available. Also, PCP 
has been identified as a major contaminant of the Canadian environment I 

and understanding its ecotoxicological behaviour will enhance our 
ability to manage this chemical. 

Results of this study indicate that the degradation rates measured 
in the laboratory using pure chemicals can not be used in isolation to 
accurately predict their persistence in the environment. If laboratory 
studies are to be used to predict biodegradation rates in nature, then 
it is important that the rate-limiting factors be considered in the 
design of laboratory biodegradation experiments. These factors include 
microbial adaptation, history of the ecosystem prior to exposure to the 
test chemical, purity of the test chemical, and the form of the test 
chemical used in the biodegradation system. The success of the present 
study enhances our belief that process research, encompassing 
laboratory studies and field observations, is a valid approach in 
assessing the fate of contaminants in the aquatic environment.“

J



IERSPKCTIVI GBSTION 

Dans cet eiposé, nous présentons notre premiere tentative de 
recherche orientée vers les processus concernant la biodégradetion des 
contaminants organiqnes dens 1'environnement aquetique. Les 
connaissences et 1'expérience acquises grace 3 cette etude seront 
utilisées pour la planificetion de notre prochaine etude de 
ibiodégradation, a échelle beancoup plus grande, basée sur 
1'uti1isation d'un canal de mesure de débit rotatif. On e choisi 1e 

pentechlorophénol (PCP) comme composé toxique modéle pour 1'étude du 
processus_ de dégredetion des contaminants persistent dens 
1'environnement equatique, étent donné qu'i1 s'ag1t d'un des reres 
produits chimiques enthropiques presents dans 1'environnement pour 
lequel on dispose d'un ensemble considerable de données chimiques et 
toxicologiques. En outre, 1e PCP a été identifié come étant 1'un des 
principaux contaminants de 1'environnement cenedien, et la 
comprehension de son comportement écotox-icologique augmentera notre 
aptitude A 1e gérer. 

Les résultats de cette étude indiquent que les vitesses de 
dégradetion nmsurées en leboretoire 3 1'aide de produits chimiques 
purs ne peuvent étre utilisées isolément pour prévoir de facon exacte 
1e persistence de ceuxeci dens_ 1'environment. 

_ 
Si des études "en 

laboratoire doivent étre utilisées pour prévoir les vitesses dc 
biodégredation dens la nature, i1 est important que les facteurs 
limitent‘ 1e vitesse soient étudiés nlors des 1a conception des

-
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otpériences de biodégradation on laboratoire. Cos facteurs 

comprennent 1'adaptation microbienne, 1'histor1que do 1'écosystéme 

avant 1'expos1t1on aux produits chlmiques A 1'essai, la pireté du 

ptoduit chimique A 1'essai at la forme du pgoduit chimiquo E 1'essai 

utilisée dans 1e systéme do biodégradation. Le succés do la présente 

.§tqde confirme notre théorie selon laquelle lea recherches our les 

processus, intégrant des étudos en laboratoire at des observations 

in situ, congtituent une approche valéble pour 1'éva1uat1on du devenir 
des contaminants dans 1'envi;onpo@ent aquatique.
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INTRODUCTION 

Pentachlcrophenol (PCP) and its sodium salt (NaPCP) are among the 
most widely distributed and versatile biocides used in the United States 
(Saber and Crawford 1985). Because of their effectiveness against a 

wide spectrum of target organisms, PCP and NaPCP are used extensively 
as fungicides, herbicides, insecticides, bactericides, and molluscides 
in forest, agriculture, textile, and paint industries. The U. S. 

Environmental Protection Agency has registered over 600 products 
containing PCP (Kaufman 1977), indicating its important role in various 
sectors of industry. Worldwide production of PCP is estimated to be 
about 50,000 metric tons per year and the demand for this chemical is 
expected to increase (Crosby 1981). 

The extensive usage of PCP has resulted in its widespread 
distribution in the total environment, including the atmosphere and 
rain water (Bevenue et a1 1972; Crosby 1981). However, the aquatic 
environment appears to be the major sink for PCP, as this chemical 
has been found in almost every aquatic compartment, including surface 
waters and sediments (Matsumoto et a1 1977; Wegman and Hofstee 1979; 
Wegman and Van den Broek 1983), in finished drinking water 
(Bevenue et al 1972; Burler et al 1973), in wastewaters (Chau and 
Coburn 1974), and in aquatic food-chains (Seidler et al 1986). A recent 
study has confirmed that PCP is a major contaminant of the Canadian 
environment (Jones 1981). Consequently, knowledge of PCP's environmental 
fate is essential for effective management of its usage and waste 
products. 

Microbial activity may affect the fate and persistence of an 
organic biocide in the natural environment by biodegradation and
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biotransformation. PCP is biodegradable under suitable environmental 

conditions, as microbial degradation of PCP has been reported by many 
workers (Valo et al 1985; Moos et al 1985; Klecka and Maier l985; 
Steiert at al 1987; Edgehill and Finn 1983; Pignatello et al 1983). 

However, most of these biodegradation studies involved the use of 

pure PCP, while in real world applications rarely if ever is the 

pure chemical used directly. Biodegradation studies are further 

complicated in that some of the ingredients used in commercial 

formulations, eg, carrier and emulsifiers, are also biodegradable 

which may affect a chemical's persistence by the process of co-metabolism. 
The above may partially explain the discrepancies which exist between 
laboratory studies (using pure chemical) and field observation (using 

formulation). ' 

The purpose of this study was to more fully evaluate the
_ 

biodegradation process of pure PCP and commercial PCP formulation 
using a mixed culture of PCP—degrading bacteria. The patterns of 

biodegradation for pure PCP were compared with those of a commercial‘ 

formulation to delineate the factors affecting the rate of biodeoradationa
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MATERIALS AN D METHODS 

‘Medium: The growth mediu of Watanabe (1973) after minor modifications I 

unless otherwise stated in the text, was used in most experiments. The 
medium consisted of 0.5 g_of KZHPO4, 0.5 g of NaNO3, 0.2 g of MgSO4.7H2Q, 
0.01 g of FeSQ4.7H20, and 0.025 g of NaPCP in 1 L of distilled water. The 
final pH of the medium was 7.0 and the medium was not sterilized. 

Chemicals: PCP was obtained from Supelco Inc., Bellefonte, PA 16823. 
The PCP was first dissolved in dilute NaOH, followed by neutralization 
to pH 7.0 with RC1 and then made to volume in a 10-mL volumetric flask. 
Stock solution (PCP) was normally prepared at a concentration of 
10 mg mL 1. The commercial PCP formulation (CPF) used in the present 
study was called " Deep Treat Penta Wood Preservative " (W.M. Barr Inc., 
Memphis, Tennessee 38101). The formulation had approximately 5% active 
ingredients (4.48% PCP and 0.52% other chlorophenols) plus 95% of 
inert ingredients which were essentially a petroleum distillate. 
Maintenance of hnrichment Culture: A mixed bacterial culture, capable 
of utilizing PCP as a sole source of carbon and energy (Liu et al 
l98la), was used to evaluate the biodegradation process of PCP and 
the commercial PCP formulation. The culture was maintained on the above 
PCP-mineral growth medium in a cyclone fermentor (Liu et al 1981b) 
operated at room temperature (2l°C). Due to the cells‘ slow growth, 
the fermentor was operated in the batch mode in order to provide a 
more stable inoculum for the biodegradation experiments. 
Biodegradation System: Because of the many variables involved in the 
biodegradation process, it is impractical to accurately study the 
degradation rate and metabolites of a contaminant in all natural 
environments. Thus the present degradation study was conducted in
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cyclone fermentor under controlled laboratory conditions. Sinée 

abiotic degradation processes such as hydrolysis and photolysis may 1 

occur during biological degradation, control fermentors with microbial 
inhibitors were also included in the experiments to correct for such 
processes. Thus 2 fermentors were required for each test chemical 
with the first one operated as the biodegradation fermentor, while 
the second one with metabolic inhibitor serving as the abiotic process 
control. Each fermentor contained l L of basal salt medium, 10-100 

mL of inoculum, 25 mg of PCP (or 500 mg of CPF), or 50 mg of HgCl2
I 

(abiotic control). The fermentors were purged with air for l hr 
before introducing the test chemical (PCP). An air flow rate of 

20 mL min_l was maintained for each fermentor throughout the 
experiment. At various time intervals, the levels of PCP, chloride 
ion and bacterial population in the fermentors' broth were simultaneously 
determined to follow the trend of PCP biodegradation.

i 

Analysis of PCP and Chloride.Ion; For the analysis of PCP, a 25 mL 
aliquot was withdrawn from the-fermentor, acidified to approximately 

PH 2 with 6N acid (H2504) and extracted with n-hexane. After 

appropriate dilutions, the extract was directly analyzed on an 
HP-5730A gas chromatograph modified for capillary injection (so-2oo°c 

at 4°C min 1; injection port 250°C; electron capture detector 300°C; 
30 m x 0.256 mm DB-5 J & W capillary column). The concentration of 
PCP was determined by.integration of peak areas with a SP4000 - 

integrating system. The chloride ion concentration in the fermentor 
broth was measured colorimetrically using the ferricyanide method 
as outlined in Standard Methods (1977). 

Bacterial Count: Bacterial levels in fermentor broth were enumerated
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V 

- ... - - . -l using the spread plate technique- The agar medium contained 0.2 g L 

each of glucose, sodium acetate, and yeast extract and 15 g of agar. 

The plates were incubated at room temperature (2l°C) for 48 hr before 

counting. The bacterial level was reported as CPU (coloy forming 
units) per mL of fermentor broth. 

cheasurement of Biodegradation Rate: The biodegradation rate of PCP 
was measured in terms of primary degradation, ie, by following the 
disappearance of PCP from the fermentor broth after correction for 
loss due to abiotic processes. Efforts were also made to check for 
the presence of metabolites and end products of PCP biodegradation 
in the fermentor broth. The haif—life (t5) of PCP was determined 

graphically by plotting the percentage of remaining PCP concentrations 
in the fermentor broth against time.
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nrsurrs AND DISCUSSION 

Many factors, notably the bacterial inoculum and organic nutrients 
among others, may affect the reproducibility of a laborat9IY hiodegradation 
experiment. To reduce the variables, acclimatized cultures are used 
and recommended in biodegradation studies of persistent chemicals 
(Klecka and Maier 1985). For this reason, an enrichment culture of 
PCP-utilizing bacteria (Liu et al l981a) was used in this study to 
assess the biodegradation processes of pure PCP and.its commercial 
formulation. The rapid disappearance of pure PCP, along with the 
corresponding appearance of chloride ion in the test fermentor broth 
(Table 1), indicate strongly that the major degradative process for 
PCP in the fermentor was biological in nature. The abiotic control 
fermentor showed no significant loss of PCP and the concentration of 
chloride ion remained at a constant background level of 0.5 ppm 

I throughout the course of the experiment. 

To present a more comprehensive picture _of the trend of PCP 
biodegradation in the fermentor by the enrichment culture, the data 
from Table l were re-plotted to yield Figure l. The appearance of 
chloride ion in the test fermentor broth, along with the increase in 
cell biomass (in terms of CPU mL-1), would further demonstrate that 
the enrichment culture was capable of breaking down the haloaromatic 
ring structure of PCP, as PCP was the sole source of carbon and energy 
for the bacteria in the fermentor system. Moreover, it would appear 
that the culture acted by completely stripping off all the chloride 
ions from a molecule of PCP, rather than following the normal pattern of 
removing only One chloride ion at a time. This is deduced from the 
rate of PCP disappearance and the appearance of the chloride ions in 
the fermentor broth. 1f only one chloride ion at a time was removed
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by the culture, then the rate of PCP disappearance from the fermentor 
broth would be much faster than the appearance of chloride i0nS in the 
broth. However, this is not the case in the present investigation. By 
calculating the total amount of chloride ions that could theoretically 
be released by the amount of PCP which has disappeared at a particular 
time, one can compare the concentration of this expected chloride ion 
to that of the measured chloride ion. Figure l shows that these two 
values almost perfectly match, thus strongly implying that the- 
enrichment culture acted by attacking a molecule PCP, completely 
stripping off all the chloride ions, and then moving on to the next 
one. The above hypothesis was also supported by the fact that acid, 
base, and neutral extracts of the fermentor broth did not yield any 
intermediates or end products other than the parent compound PCP, as 
determined by g.c~-analySiS- In addition the UV—VIS spectra of the 
fermentor broth supernatant (15,000 x g for 20 min) were routinely 
taken, but the spectra did not produce any significant peaks that 
would correspond to the possible intermediates or breakdown products 
of PCP biodegradationi 

The fermentor broth was almost clean and remained colorless 
throughout the experiment, suggesting that that the haloaromatic ring 
structure of PCP was completely broken down, and not channelled into 
the unproductive meta—cleavage pathway, which has a typical yellowish 
color. Despite the detectable cell growth as noted by the spread plate 
technique, the bacterial biomass in the fermentor broth remained 
fairly low, at a concentration of approximately 1 x 106 mL-l. 

Apparently, such a low cell biomass is quite common for a bacterial 
culture grown on a persistent toxicant which is the sole carbon and



energy source. Klecka and Maier (1985) studied the kinetics of 

microbial growth on PCP and reported that the concentration of cell 

mass in the reactor was almost nondetectable. Piqflatéllb ct $1 (1993) 
:1 also stated a very low cell concentration of PCP degrader (6.5 8 103 L ) 

in their artificial freshwater streams. The cell yield for bacteria grown 
on PCP was reported to be in the range of 0.136-0.160 g cell dry wt gF1 

PCP (Klecka and Maier 1985; Stanlake and Finn_1982), and this low 
value is, no doubt, to a a great extent a reflection of the high 
chlorine content of PCP(66.6%). When based on the carbon content of 
PCP, a value of O.55=0.59 for the cell yield has been obtained 
(Stanlakeand Finn 1982; Edgehill and Finn 1982). Nevertheless, PCP 
should be considered as a poor substrate for bacteria growth. When 
Escherichia coli were grown on glucose-mineral medium, a cell yield of 
1.20 was obtained (Edgehill and Finn 1982). This means that glucose 
is at least two times more efficient asra carbon and energy source 
than PCP i_n S1-IPPorting bacteria growth.

. 

Throughout the entire period of our study, a lag phase with a 

duration of approximately 24-26 hrs preceding the onset of PCP degradation 
by the enrichment culture was observed (Figure 1). Despite repeated 
transfers of the culture, this lag phase could not be significantly 
shortened or eliminated. The lag phase was probably not involved with 
the de novo synthesis of enzymes for PCP biodegradation, as the 
enrichment culture was grown on PCP as the sole source of carbon and 
energy.-This 1ag—phase phenomenon before the onset of PCP biodegradation 
was also observed by other workers (stanlake and Finn 1982; Apajalahti

_ 

and Salkinoja-Salonen 1984). Thus, adaptation ( lag phase Jappears to 
be a unique characteristic in the microbial degradation of persistent



chemicals. 

Biodegradation rates are often used in kinetics models to describe 
the overall rate of a chemical's degradation/transformation and the 
firstsorder degradation rate constant k is frequently used 
(—ds/dt = k5). When applying this equation, one assumes that the 
degradation rate is solely a function of the chemical's concentration 
and the length of the adaptation time is not considered, mainly because 
.of the inability of the mathematical equation to fully describe the 
responses of the complicated biodegradation process. The present study 
and the literature data (Howard 1985) clearly indicate the inadequacy 
of using first—order kinetics alone to predict the fate of a persistent 
chemical in the environment. Factors affecting the overall biodegradation 
rate, such as adaptation, must be taken into the consideration in the 
experimental design. in the present study the rate of PCP degradation 
was graphically determined so that the derived biodegradation rate would 
encompass the effect of microbial adaptation time on the overall 
rate of the PCP degradation. 

High purity chemicals are frequently used in laboratory 
biodegradation studies to ease the complicated analysis and data 
interpretation._However, such an approach may not always be the best 
way of studying the fate of chemicals in the environment. Pure 
chemicals are seldom used in commercial formulations due to the cost 
factor and instead technical grades are used, which are normally 
tainted'with impurities. For example, the technical grade PCP from 
Dow Chemical Company was reported to contain the following impurities: 
e.9% of 2,3,4,6—tetrachloropheno1, 0.9% of 2,3,4,5-tetrachlorophenol, 
270 ppm of hexachlorobenzene, and 42 ppm of dioxin (Pignatello et al 1983)
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The high concentrations of these impurities, together with the 

various additives used in the formulation may affect the persistence 

of the test chemical in the real environment. The results in 

Table 2 show that the technical Qrade PCP in the commercial formulation 

was quite resistant to microbial degradation. After ll days of 

incubation, 70% of this PCP still remained in the fermentor, while 

50% of the pure PCP (Figure l) had been already removed by the 

enrichment culture within 62 hrs (2.58 days). Thus the presence of 

the additive petroleum carrier in the formulation appeared to have 

retarded the biodegradation potential of the enrichment culture. 

However, the very long lag-phase observed in the biodegradation of 

the comercial PCP formulation appeared to be a reflection of the 
culture adjustment to the additive components. Once this adjustment 

period was over, the culture would imediately resume its vitality 
to degrade the technical grade PCP in the formulation. Thus by the 
14th day (Table 2), no trace of PCP could be detected in the fermentor 

broth, and at the mean time the.bacterial population in the broth 

had reached the level of 7 X 106 CPU mL 1, which was about 7 times 

higher than the level (1 x 106 CFU mL-1) measured in the biodegradation 

of pure PCP (Figure l). This increment of bacterial biomass was 

apparently due to the utilization of the additive petroleum carrier 
in the commercial PCP formulation by the enrichment culture. The 

ability to degrade hydrocarbons is quite common among natural 

microbial communities (Liu 1985). Once the enrichment culture had< 

acclimatized to the commercial PCP formulation (Table 3), it would 
exhibit a much stronger biodegradation potential against the technical 
grade PCP in the formulation than it did in its initial exposure.
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Thus in the subsequent experiment, after S days of incubation, a maximum 
level (23 ppm) of chloride ion was detected in the test fermentor 

broth, together with the complete disappearance of the parent compound 
sPCP.from the biodegradation system. Piqnatello et al (1983) conducted 
PCP biodegradation in artificial freshwater streams and concluded that the 
biological degradation process required a moderately long adaptive 
response by the aquatic microbial communities, but eventually became 
the predominant mechanism for PCP removal from the system. Since 
chemicals which cause microbial adaptation normally do not persist 
in the environment (Spain and Van Veld 1983), the implication of 
microbial adaptation in the overall biodegradation kinetics $h0uld n0t be 

neglected in laboratory degradation studies.
A 

responsible for the self—purification of the aquatic environment. 

Microbial degradation is one of the most importantyprocesses 

Since the aquatic compartment is frequently the ultimate depository 
for many man-made substances (Jungclaus et al 1978), there is a need 
to assess its capability in handling chemical contaminants. Thus 
experiments were set up using water from Hamilton Harbour as the 
biodegradation medium tc check the ability of naturally-occurring 
microbial flora to degrade pure PQP and PCP formulation (Table 4), 

The results indicate that the microbial flora in Hamilton Harbour 
water possessed a fairly strong bicdegradation potential against they 

PCP formulation. After a contact period of 15 days, almost all the 
PCP (king) in the formulation hadbeen biodegraded in the fermentor. 
Pure PCP was more resistant to degradation by the natural microbial 
flora, as evidenced by the observation that after a period of 27 days 
incubation, over 50% of the test PCP still remained in the fermentcr.
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. However, the addition of a_ very small amount (1%) of the enrichment 

I 
culture to Hamilton Harbourwater in the fermentors could greatly Y 

speed up the biodegradation rates of "both the pure PCP and the comuercial 

I PCP formulation. 'I’hus,iaft,er only a contact period of 7-9 days, all 
the pure PCP and the technical grade PCP in the formulation had been 

U biodegraded. 

U 
The observation that water from Hamilton Harbour possessed a 

relatively strong biodegradation potential against the PCP formulation, 

I I 

but not the pure PCP (Table 4) would imply that this Harbour has been 
receiving frequently the effluent contaminated with PCP-formulation. 
Hamilton Harbour receives sewage and industrial effluents discharged 

I 
from the cities of Burlington and Hamilton in the Province of (Ontario.

\ 

An extensive survey for the presence and level of PCP in the Great 

I Lakes Ba'_si_n was conducted by M.E‘. Fox in 1977-78 (Jones 1981) and the 
" 

. results confirmed a high level of PCP (550-650 ng L_l) in the sewage 

I effluents from these two cities. Being a polluted water body, Hamilton 

I 
Bay contains all the nutrients necessary for sustaining a. diversified 
microbial populaY'ti;on and the constant receiving of waste discharge 

I tainted with PCP contamination by Hamilton Harbour waters provides a 
very favourable condition for the development of bacterial flora 

l capable of biodegrading the PCP formulation. Since the pure chemical 

I 
is seldom used in commercial "formulations, it is suspected that the 
PCP detected in the sewage effluents from Burlington and Hamilton 

I 
I 

originated from industrial wastewater Contaminated with the PCP 
formulation. This may explain how the naturally occuring microbial 

l V 

flora in Hamilton Harbour water could develop a much stronger 

I 
biodegradation potential against the technical grade PCP in the formulation.
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Adaptation/acclimation is frequently a puereduisite for the microbial 

population to develop its full biodegradation potential against a 

persistent chemical (Spain et al 1980; Fournier et al 1981). 

Consequently, microbial population in the aquatic environment, prior 
to exposure to a persistent toxicant, will normally exhibit a very 

weak biodegradation potential against SUC5 E ¢hemi¢a1i The a¢qui$iti°" 

of the adaptation capability by the aquatic microbial community to 

degrade persistent chemicals is a long and slow process, mainly due to 

the harsh environment such as the low growth temperature and‘the 

limited nutrient availability. For this reason, many chemicals tend 

to persist in the aquatic environment. 

When compared with the polluted Hamilton Bay water, Lake Ontario 

is a relatively clean water body and consequently its microbial 

population is also much lower in biodegradation potential against 

persistent chemicals. For example, during a field survey on the 

biodegradation potential of Lake Ontario sediment against a persistent 

chemical, sediment samples from 17 stations were examined for their
~ 

ability to degrade PCP at the in situ temperature (Liu and Thomson 

1986), only sediment samples from one station, after an incubation 

period of 70 days, was found to be capable of biodegrading approximately 
40% of the test PCP. Thus the bicdegradation of a persistent contaminant 

in the aquatic environment is indeed a very slow process and the rate 

of biodegradation is more likely to be regulated by whether or not 
this aquatic compartment has been previously subjected to a long or 

continuous exposure to a particular contaminant. In the biodegradation 
of a persistent chemical, the initial step is often found to be 
rate limiting. Thus biodegradation of phenolic compounds begins with
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incorporation of molecular oxygen into the aromatic ring (slow step) 

and the subsequent steps in the degradation pathways are considerably 
less complex, therefore being much faster (Spain and Van Veld 1983). 
In conclusion, adaptation/acclimation is an essential step in microbial 
degradation of a persistent chemical. The period of adaptation (lag 

phase), comonly observed in many laboratory biodégradation studies, 
should be taken into the consideration in calculating a chemical's 
persistence. A nuber of other factors, such as history of prior 
exposure to the chemical, purity and form of the test chemical used 
in the biodegradation system, will also influence a chemica1's 

biodegradability in the natural environment. Therefore, these factors 
must be considered in the design of laboratory biodegradation 
experiments. '
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Table 3. M§ec}ima§ipn of the enrichment culture to PCP formulation 
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Tabl e 4. Biodogradation of pure PCP and comercial PCP formulation 
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"in the Hamilton harbour water 
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50 uL of CPF contained approximately 2 mg of PCP.
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LEGENDS 

Fig. 1. Growth of’a mixed enrichment culture on PCP as a sole 
saurce of carbon and energy.
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