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Abstract

EDTA, the target compound of this study from the effluent of secondary
biotreatment units, can be biodegraded by special microorganisms. So far,
there are three species of microorganisms—Agrobacterium, Gram-negative
BNCI, and DSM9103—that can degrade EDTA and are published in the lit-
erature. We have successfully isolated a bacterial strain that can degrade
EDTA. It was identified as Burkhol cepacia, an aerobic species, elliptically
shaped with a length of 5-15 um. The growth medium contains 1000 mg/L
of ferric-EDTA as carbon source, 750 mg/L of (NH,),SO, + (NH,),CO as
nitrogen source, and 1000 mg/L of KH,PO, as phosphorus source, and min-
eral factors such as Fe and Mg. Incubated at pH 7.0, 30°C, and 150 rpm on a
shaker for 15 d, the average specific growth rate of this microbe is 0.135 d~,
which shows that the respective degradation efficiency of Fe-EDTA and
Cu-EDTA is 90 and 75% individually.

Index Entries: EDTA; biodegradation; Burkhol cepacia.

Introduction

EDTA, widely used in industries and households, is an amino-
polycarboxylic acid compound (1). It can chelate with metal ions to form a
stable and soluble chelate compound. It is used in areas such as industrial
washing, detergent production, photo industries, medical, textile indus-
tries, and paper mills. During 1987-1988, Western European countries used
28,000 t of EDTA. In 1994, Western European countries, the United States,
and Japan produced 169,000 t of EDTA (2,3), diethylenetriaminepenta-
acetate, and nitrilotriacetate, but mostly EDTA. EDTA causes radioactive
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elements and heavy metals to dissolve in drinking water, which harms
human health, or enters the human body by bioaccumulation through the
food chain in the environment (4-8).

Because of the soluble and nonvolatile properties of EDTA, and its low
biodegradability, high levels of it are found in wastewater (9,10). The envi-
ronmental pollution problem caused by EDTA has become a serious con-
cern(11).It can be degraded by physical, chemical, or biologic means, such
as electrodialysis, photolysis, thermolysis, adsorption by activated sludge,
and biodegradation. Obviously biodegradation is more economical and
has less of an impact on the environment (12).

A report by Van Ginkel et al. (§) showed that there are only three
species—Agrobacterium, Gram-negative BNCI, and DSM9103—that can
degrade EDTA. However, EDTA degradation is slow in the environment
(13,14). EDTA canbe degraded by a special bacterial strain, with the proper
nutrition and environment (2,15-17). Effectively solving the high chemical
oxygen demand (COD) problem caused by EDTA effluent from biologic
treatment, as well as isolating and screening the EDTA-degrading strain
locally, is the focus of the present study.

Materials and Methods

Chemicals and Basal Medium

Sodium ferric-EDTA, disodium copper-EDTA, NH,CONH,, CoCl,,
NaMoO,, and FeSO,-7H,O were purchased from Katayama. All of these
chemicals are reagent grade.

All growth media contained mineral salt in the following concentra-
tions: 1000 mg/L of ferric-EDTA, 250 mg/L of CH,COOK, 2000 mg/L of
(NH,),CO+(NH,),SO, (ratio of 1:1), 1000 mg/L of KH,PO,, 100 mg/L of
NaCl,25mg/LofCaCl,, 20mg/L of FeSO,-7H,0,100mg/L of MgSO,-7H,O,
10 mg/L of ZnSO,-:6H,0, 0.5 mg/L of NaMoO,-2H,O. Ferric-EDTA was
used as major carbon source and CH,COOK as cometabolic carbon source.
Urea and ammonium sulfate were used as the major nitrogen source.

Isolation and Screening of Microbial Strain

Samples of sludge were obtained from wastewater stream that had
contained ferric-EDTA for a long period of time. The enrichment culture
method was used to isolate and screen the EDTA-degrading strain.
An enrichment medium of 200 mL was inoculated with 1 g of the sample
and incubated at 30°C for 10-15 d. Growth from this initial enrichment was
placed onanagar plate medium and incubated at 30°C until the growth was
observed. To select colonies that used ferric-EDTA as the carbon source,
colonies from these plates were repeatedly transferred and tested for
growth on agar media. Five percent (v/v) of these cultures that are used as
seed were transferred to liquid media contained in a flask. The liquid cul-
ture medium containing 1000 mg/L of ferric-EDTA as carbon source and
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phosphate buffer in basal medium at pH 7.0 was incubated at 30°C on a
shaker at 150 rpm. Sampling was performed every 12 h, and cell growth

was monitored by a spectrophotometer at 660 nm (OD,, ).

Strain Counting and Identification

After growth took place in ferric-EDTA medium, cells were har-
vested by centrifuging at 17,300¢ for 5 min, with a rotation speed of
12,000 rpm (Model CR22E; Hitachi, Japan). As an approximate measure-
ment of growth, the OD, was measured with a spectrophotometer
(Model UVIKON930; Kontron, Italy) after incubation. Strain identifica-
tion was done by biochemical assay using an API 20 NE test kit
(Biomerieux, Marcy 1’Etoile, France).

Measurement of COD, Total Organic Carbon, and EDTA

High-performanceliquid chromatography analysis was performed to
determine EDTA concentration (18). The column was 250 x 4.6 mm
(Spherisorb C18). Sample peaks were separated by isocratic elution at
1.0 mL/min where 0.05 M sodium acetate was used as the mobile phase
and buffer solution. The pH was adjusted to 4.5 by adding acetic acid.
EDTA concentration was detected by ultraviolet spectrophotometer at
254 nm. COD and total organic carbon (TOC) were analyzed according to
Standard Methods for the Examination of Water and Wastewater (19).
These were published by R.O.C. Environmental Protection Agency (COD
Method, NIEA W515.53A; TOC Method, NIEA W530.50C).

Morphology of EDTA Degradation Strain

The morphology of the EDTA degradation strain YL-6 was observed
by scanning electron microscope. The sample was pretreated in the follow-
ing procedure. Samples containing EDTA degradation strain were mixed
with 2.5% glutaraldehyde and fixed for 2.5 h at 4°C. The samples were
centrifuged at 17,300g for 10 min. Then the supernatant fluid was decanted,
and the samples were washed with 0.1 M phosphate buffer solution
(pH 7.0) three times, 10 min each time. After flushing, samples were dehy-
drated with alcohol eight times. Each dehydration procedure lasted 10 min,
and the alcohol concentration was 30, 50, 70, 90, 95, 100, 100, and 100%.
After the entire procedure was finished, a few samples were dried to critical
point. Then they were shadowed with gold containing 60% Au and 40% Pd
for 90 s. Finally, the samples were observed by a scanning electron micro-
scope (JEOL JSM-5410 LV).

Composition of Basal Medium and Growth Conditions

To determine the optimum growth conditions for the EDTA degrad-
ation strain, we modified the composition of the basal medium and growth
conditions. Microbial growth and EDTA degradation efficiency were
examined. The concentrations of carbon source, nitrogen salt (urea +
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Fig. 1. Accumulation of different isolated sources in Fe-EDTA medium.

ammonium sulfate), and phosphate were changed. Growth conditions,
pH, and temperature were also investigated.

Results and Discussion
Isolation and Screening of EDTA Degradation Strain

The isolated strain was obtained from the Taiwan environment. It was
enriched by Fe-EDTA at pH 7.0, 30°C, and 150 rpm for 30 d, and the strain
YL-6, which has the greatest degradation capability, was isolated.

The growth curve is shown in Fig. 1. After accumulation, purification,
and isolation, strain YL-6 was incubated on a shaker running at 150 rpm at
pH?7.0and 30°C with 1000 mg/L of ferric-EDTA as the major carbon source.
The growth curve is shown in Fig. 2. Clearly, the culture time was short-
ened from 28 d to 15d, and the average specific growth rate was raised from
0.09 to 0.11 d*. In addition, COD decreased from the initial 684 to 249 mg/L.
Obviously, the adaptation in the ferric-EDTA significantly promoted the
strain growth rates and EDTA degradation efficiency.

Identification of Strain YL-6

Since the color of Gram staining was red, strain YL-6 was Gram nega-
tive. The oxidase test showed a dark-color colony, which means oxidase
exists. The catalase testrevealed O, generation, which proves catalase exists.
Through Gram staining, the oxidase test, and the catalase test, YL-6 was
found to be an aerobic species. The B. cepacia in Fig. 3, taken by a scanning
electron microscope at x1500, is elliptical and 5-15 um in length. The
isolated culture was identified as B. cepacia using the API 20 NE test kit
(99% probability).
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Fig. 2. Growth and COD degradation of YL-6 strain.

Fig. 3. Morphology of B. cepacia YL-6 by scanning electron microscope.

Composition of Culture Media and Growth Conditions

Theisolated bacteria were cultivated inbatch culture with ferric-EDTA
media. EDTA is the major source of carbon, which is definitely needed for
EDTA removal by strain YL-6. Ferric-EDTA as the major carbon source was
added at 0, 500, 750, 1000, 1500, 2000, and 3000 mg/L in liquid media. The
growth of B. cepacia, as measured by average specific growth rate (i ), ina
shake flask with media at different carbon source concentrations at pH 7.0
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Fig. 4. Specific growth rate of YL-6 in media of different Fe-EDTA concentrations.
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Fig. 5. Specific growth rate of YL-6 in media of different concentrations of nitrogen salt.

and 30°C, is illustrated in Fig. 4. The value of p  was 0.06-0.12 d™'. The
highestwas0.12d™, when the addition of ferric-EDTA was 1000 mg /L. The
addition of ferric-EDTA >1000mg/L did not promote the value of . Hence,
the optimum ferric-EDTA concentration was 1000 mg/L during the course
of this experiment.

Urea and ammonium were used as the nitrogen source with the ratio
of 1:1 for keeping the media solution at neutral. The media were prepared
with different nitrogen source concentrations of 0, 100, 250, 500, 750, 1000,
1500, and 2000 mg/L, respectively, and then YL-6 was incubated at pH 7.0,
30°C, and 150 rpm on a shaker. Figure 5 presents the results of the experi-
ment. At the beginning, without addition of nitrogen salt, the growth of
B. cepacia was very low (u = 0.028 d™'). The value of u_was increased and
reached a maximum value of 0.13 d™!, when the addition of nitrogen salt
was 750 mg/L. When the nitrogen salt concentration was >750 mg/L, the
value of p_ decreased slowly.
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Fig. 6. Specific growth rate of YL-6 in media of different concentrations of phospho-
rous salt.
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Fig. 7. Specific growth rate of YL-6 at different pHs.

The isolated YL-6 was added to the culture media containing
1000 mg/L of ferric-EDTA with different phosphorous concentrations
from 0 to 2000 mg/L and incubated for 15 d at pH 7.0, 30°C, and 150 rpm
on a shaker. The value of p_after incubation is shown in Fig. 6. The maxi-
mum value of u was 0.10 d™!, when the phosphorous concentration was
1000 mg/L. The value of u decreased when the media contained
>1000 mg/L of phosphorous salt.

Since pH variation is known to affect growth of a microorganism,
a pH range of 5.0-9.0 was tested in order to investigate the impact on
EDTA degradation. Figure 7 shows the u_ value of B. cepacia at different
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Fig. 8. Specific growth rate of YL-6 at different temperatures.

pHs. The value of u  was highest when the pH was 7.0. When the pH was
>7.0, the growth rate decreased appreciably. Similar studies were per-
formed for the growth temperature. The culture media contained 1000 mg/L
of ferric-EDTA, 750 mg /L of nitrogen salt, and 1000 mg/L of phosphorous
salt. Incubation was performed at pH 7.0 and 150 rpm on a shaker at differ-
ent temperatures (20, 25, 30, and 35°C, respectively). Figure 8 shows the
results of the experiment. When the temperature was controlled at 30°C,
the maximum p_was 0.11 d™!, which means that B. cepacia was more active
at 30°C.

EDTA Degradation by B. cepacia

Ferric-EDTA Degradation Test

From the culture media composition and growth conditions test,
we obtained information about growth conditions for B. cepacia. In this
experiment, the culture medium was prepared with 1000 mg/L of ferric-
EDTA as the carbon source, 750 mg/L of (NH,),CO + (NH,),SO, as the
nitrogen source, and 1000 mg/L of KH,PO, as the phosphorous source, and
then it was incubated at 30°C and pH 7.0 on a shaker running at 150 rpm.
Figure 9 shows the growth of B. cepacia and the degradation rate of ferric-
EDTA. The maximum OD,, was 2.3 and the u was 0.13 d™" after 15 d of
incubation. The concentration of EDTA was degraded from 977 to 95 mg/L.
The degradation rate for EDTA was about 90%. At the same time, the COD
and TOC of the solution had decreased by 77 and 67%, respectively.

Cu-EDTA Degradation Test

The mixed-culture Gram-negative BNC1 biodegraded the metal-
EDTA complexes slowly. The biodegradability order was shown to be
Fe > Cu > Co > Ni > Cd (12). Along with other reports, this shows that
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Fig. 9. Degradation of Fe-EDTA by B. cepacia YL-6.
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Fig. 10. Specific growth rate of YL-6 in Cu-EDTA media with different ferrous salt
concentrations.

Fe-EDTA is the most readily biodegraded complex (20,21). To investigate
the growth conditions of B. cepacia with Cu-EDTA as the major carbon
source, the 1000 mg/L of ferric-EDTA was replaced with 500 mg/L of
Cu-EDTA and 0-425 mg/L of FeSO,-7H,O. The culture medium was incu-
bated at pH 7.0, 30°C, and 150 rpm on a shaker. Figure 10 shows the value
of u_of B. cepacia at different ferrous concentrations in the 500 mg/L
Cu-EDTA solution. The p_ of B. cepacia with the addition of 300 mg/L of
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Fig. 11. Degradation of Cu-EDTA by B. cepacia YL-6.

FeSO,-7H,0 was 0.10 d™, higher than that without the addition of ferrous
salt. The value of u_of B. cepacia was obviously enhanced when ferrous salt
was added to the Cu-EDTA solution to replace the copper ions. When the
molar ratio of Cu*? to Fe*> was 1:1, B. cepacia showed the greatest growth.

In the incubation without ferrous salt addition, there wasa 2 to 3 d lag
phase. When ferrous salt was added, the lag phase disappeared. Figure 11
shows that after 20 d of incubation, the EDTA concentration decreased
from the initial 487 to 121 mg/L; the degradation efficiency was about 75%.
Similarly, COD removal was 75% (from 326 to 80 mg/L), whereas TOC
removal was 64% (from 210to 75mg/L). Thelower EDTA degradation rate
resulted from chelation with copper ion, which has a lower biodegradabil-
ity than ferricions. Besides, the heavy metal inhibits the growth of B. cepacia.

Conclusion

This research aimed atisolatingan EDTA degradation microorganism
from the environment of Taiwan. We successfully isolated an EDTA-
degrading bacterial strain that was identified as B. cepacia via an AP120 NE
test kit. Through Gram staining, oxidase test, and catalase test, B. cepacia
was found to be an aerobic species, elliptically shaped with a length of 5-
15 um. The optimal culture conditions of B. cepacia were determined to be
1000mg/L of Fe-EDTA as the major carbon source, 750 mg /L of (NH,),CO
+(NH,),S0O, as the major nitrogen source, and 1000 mg/L of KH,PO, as the
phosphorous source. Incubation was done at 30°C, pH 7.0, and the specific
growth rate was 0.135 d™'. After 15 d of incubation, B. cepacia degraded 90%
of EDTA, 77% of COD, and 67% of TOC. For degradation testing of
Cu-EDTA, 300 mg/L of FeSO,-7H,O was added to 500 mg/L of Cu-EDTA
solution. It degraded 75% of EDTA, 75% of COD, and 64% of TOC. From the
results, it is evident that the biodegradability of Fe-EDTA is higher than
that of Cu-EDTA, which has also been reported by other researchers (12).

Applied Biochemistry and Biotechnology Vol. 111, 2003



Degradation of Ferric EDTA by B. cepacia 91

References

1. Witschel, M., Nagel, S., and Egli, T. (1997), ]. Bacteriol. 179(22), 6937-6943.

2. Kari, F. G. and Giger, W. (1996), Water Res. 30(1), 122-134.

3. Payne, J. W., Bolton, H., Jr., Campbell, C., and Xum, L. (1998), J. Bacteriol. 180(15),
3823-3827.

4. Dietz, F. (1987), Wasser-GWF. 128, 286-288.

5. Gardiner, J. (1976), Water Res. 10, 507-514.

6. Van Dijk-Looijaard, A. M., De Groot, A. C., Janssen, P.]J. C. M., and Wondergem,
E. A. (1990), RIVM report no 718629006, Rijksinstitut voor Volksgesondheid en
Miliue, Bilthoven, The Netherlands.

7. Van Dijk-Looijaard, A. M., De Groot, A. C., Janssed, P. J. C. M., and Wondergem,
E. A. (1990), H20 33, 682-687.

8. Van Ginkel, C. G., Vandenbroucke, K. L., and Stroo, C. A. (1997), Bioresour. Technol.
59, 151-155.

9. Egli, T. (1988), Microb. Sci. 5, 36—41.

10. Egli, T., Weilenman, H. U., El-Banna, T., and Auling, G. (1988), Syst. Appl. Microbiol.
10, 297-305.

11. Van Ginkel, C. G., Kester, H., Stroo, C. A., and van Haperen, A. M. (1999), Water Sci.
Technol. 40(11-12), 259-265.

12. Thomas Russell, A. P. et al. (1998), Appl. Environ. Microbiol. 4, 1319-1322.

13. Bolton, H. Jr., Li, S. W., Workman, D. J., and Girvin, D. C. (1993), |. Environ. Quality
22,125-132.

14. Tiedje, J. M. (1975), Appl. Microbiol. 30, 327-329.

15. Palumbo, A. V., Lee, S. Y., and Boerman, P. (1994), Appl. Biochem. Biotechnol. 45,
811-822.

16. Lauff, ]. ]., Steele, D. B., Coogan, L. A., and Breitfeller, ]. M. (1990), Appl. Environ.
Microbiol. 56(11), 3346-3353.

17. Witschel, M., Egli, T., Zehnder, A. ]. B.,, Wehrli, E., and Spycher, M. (1999), Micro-
biology 145, 973-983.

18. Virtapohja, J. and Alen, R. (1999), Chemosphere 38(1), 143-154.

19. APHA-AWWA-WPCEF. (1992), Standard Methods for the Examination of Water and
Wastewater, 18th ed. Washington DC, American Public Health Association, American
Water Works Association and Water Pollution Control Federation.

20. Belly, R. T., Lauff, J. J., and Goodhue, C. T. (1975), Appl. Microbiol. 29, 787-794.

21. Lauff, J. ], Steele, D. B., Coogan, L. A., and Breitfeller, J]. M. (1990), Appl. Environ.

Microbiol. 56, 3346-3353.

Applied Biochemistry and Biotechnology Vol. 111, 2003





