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Dolomite limits acidification of a biofilter degrading dimethyl sulphide
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Abstract

The applicability of dolomite particles to control acidification inHyphomicrobiumMS3 inoculated biofilter
removing dimethyl sulphide (M) was studied. While direct inoculation of the dolomite particles with the liquid
microbial culture was not successful, start-up ofalegradation in the biofilter was observed when the dolomite
particles were mixed with 33% (wt/wt) éfyphomicrobiunMS3-inoculated compost or wood bark material. Under
optimal conditions, an elimination capacity (EC) of 1680 g;8en 3 d~1 was obtained for the compost/dolomite
biofilter. Contrary to a wood bark or compost biofilter, no reduction in activity due to acidification was observed in
these biofilters over a 235 day period because of the micro environment neutralisation of the microbial metabolite
H>SOy with the carbonate in the dolomite material. However, performance of the biofilter decreased when the
moisture content of the mixed compost/dolomite material dropped below 15%. Next to this, nutrient limitation
resulted in a gradual decrease of the EC and supplementation of a nitrogen source was a prerequisite to obtain a
long-term high EC % 250 g MeS mi—3 d—1) for Me,S. In relation to this nitrogen supplementation, it was observed
that stable ECs for M& were obtained when this nutrient was dosed to the biofilter atzNENH,CI-N ratio

of about 10.

AbbreviationsDW — dry weight, EC — elimination capacity, M® — dimethyl sulphide, OL — organic loading rate,
VS - volatile solids

Introduction shown to be poor<£ 30 days), since the activity of
the culture Hyphomicrobium MS3 is strongly reduced
at a pH below 5 (Smet et al. 1996a). Upon mixing

In a traditional biofilter, Organic materials as €.d., small amounts of limestone (Cagmartides in the

compost and wood bark are used as the colonising compost material (5-24 kg ™), the long-term sta-

surface for micro-organisms. Microbial inoculation of bility of the biofilter strongly increased, because of
biofilters is rarely needed or advantageous becausethe stoichiometric neutralisation reaction between the
the ambiant microbiota rapidly colonises and adapts cacQ, added and the metabolite50,. No sulphate

to the pollutants. In a previous report (Smet et al. toxicity was observed in these limestone supplemen-

1996a), it was shown that the biofiltration of volat- ted biofilters, since the toxic sulphate concentration for

ile organic sulphur compounds as e.g., #8eis an  the cultureHyphomicrobiumMS3 is 17 times higher
apparent and interesting exception since inoculation than the maximum solubility of CaSQSmet et al.
with HyphomicrobiunMS3 was necessary to obtaina  1996b). For full-scale applications, however, mixing
high elimination capacity (e.g., 680 g M@ m 3 d~* the colonising surface with this neutralising agent at

in an inoculated compost biofilter). However, due regular time periods is not a very practical way to
to accumulation of the metabolite sulphuric acid and cgontrol the acidification.

the limited buffer capacity of organic substrata, long-
term stability of wood bark and compost biofilters was
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Recently, Bonnin et al. (1994) obtained very high trickling port
(1440-1680g m3d~1) ECs for the inorganic volatile % iluent
compounds HS and NH in a biofilter using a pure b
carbonate material (Mearl) as the substratum and oper- , ' . Lzt pas sampling point
ating at a surface loading rate of 506 m~2 h—1. This
sea mineral, consisting for more than 82% of CaCO
acted as a colonising surface, pH-neutralising agent
and a source of inorganic carbon (carbonate, carbon
dioxide), nitrogen and trace elements for the auto- dimethylsulfide carrier material
trophic HbS- and NH-degrading microorganisms.
The authors trickled a solution through the biofilter to  air
provide moisture and additional nutrients and to wash
out metabolites.

In this paper, the inorganic material dolomite was hurmad

. umidifier .

evaluated as a substratum and a tool to control acidi- biofilter
fication inHyphomicrobiunMS3-inoculated biofilters Figure 1. Reactor set-up of the lab-scale biofilter.
degrading MeS. Following pH adjustment, moisture
and nutrient requirements in these biofilters were ex-
amined. With regard to the latter, nitrogen was singled
out for study since it is an essential nutrient for
microbial growth.

N4

== gas sampling point

injected in periodic doses (50 mL) via the trickling
port on top of the biofilter.

Carrier materials

The dolomite particles used consisted of (%wt):

Materials and methods CaCQ: 53.5-54.0; MgC@ 41.5-43.8; Si@ 0.5-
) 1.2; FeOs: 0.3-0.7; ApbO3: 0.2-0.5. For the biofilter
Media experiments, the dolomite sieve fraction between 1.40

and 4.76 mm was used. The compost used was pro-
duced from source separated municipal organic waste
(the garden, fruit and vegetable fraction) by the so-
called double process, i.e., the waste was treated in
an anaerobic thermophilic digestor and subsequently
subjected to an aerobic treatment (Gellens et al. 1995).
The wood bark was obtained from the paper factory
‘Stora Feldmuehle Langerbrugge nv' and contained
Three types of reactor were tested, containing pure mainly groundPicea tree bark. The nitrogen con-
dolomite, a dolomite/compost mixture (33% wt/wt) tent of the compost and wood bark material used is
and a dolomite/wood bark mixture (33% wt/wt) as 13.7 and 4.5 g kg! DW, respectively, while the C/N
the substratum. Each reactor consisted of a Plexiglassratio of these materials is 15 and 119, respectively.
column with an internal diameter of 0.046 m and an Other characteristics of these materials were given in
overall height of 0.5 m (Figure 1). The substratum a previous report (Smet et al. 1996a).

was supported by a perforated Plexiglass plate and was

filled up to a height of 0.30 m (reactor volume 0.5 Inoculum

x 1072 m%). Gas sampling points, fitted with Teflon-
lined Mininert septa (Alltech Assoc.), were provided
in the influent and effluent of the reactor. The air was
humidified in a scrubber before entering the biofilter.
The air flow rate was 1 L mint, corresponding to an
apparent gas res_idence time in the biofilter of 30 s. CHsSCHs + 5 Oy — HoSOy + 2 CO, + HoO
MezS-concentrations up to 1340 ppmv were prepared

using a dynamic diffusion system (Schoene and Stein-  Inoculation of the biofilters was performed in batch
hanses 1989). Tap water and nutrient solutions were mode by mixing the dolomite (dolomite biofilter), the

Mineral medium contained (in gtt): KoHPOy: 3.00;
KH2POy: 3.00; NH(CI: 3.00; MgSQ.7H,0: 0.50;
FeSQ.7H0: 0.01; final pH 7.0. For the supplement-
ation of nitrogen as a single nutrient, Y&l was used
in different concentrations (0.30, 3.00, 30.00 o).

Reactor set-up

Hyphomicrobium MS3 was enriched from soll
samples. The enrichment procedure for this culture
was described in a previous report (Smet et al. 1996a).
The culture is degrading M& according to:



compost (dolomite/compost biofilter) and the wood
bark (dolomite/wood bark biofilter) with 40 mL of a
1.5 g VS L1 HyphomicrobiumMS3 culture (corres-
ponding to an inoculum size of 120 g VSthreactor)
during a 10 minute period.

Analytical methods

Analysis of MeS was carried out using a Varian 3700
gas chromatograph, equipped with a FID. A 25 m
DB1 bounded phase column (100% dimethyl poly-
siloxane; internal diameter 0.53 mm; film thickness
1.5:m) with He as a carrier gas was used atG0Us-

ing a Hamilton 1700 series syringe (Alltech Assoc.),
500 ul gas samples were injected. For the mois-
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Figure 2. Organic loading rate (OL) ) and elimination ca-
pacity (EC) @) (g MeS m3 d=1) of the Hyphomicrobium
MS3-inoculated dolomite/compost biofilter. The moisture content

ture content determination, a homogeneous sample 0f of the carrier material is represented B.(

the substratum was taken by emptying the biofilter
and mixing the material. The moisture content was

calculated as the weight difference before and after material dropped from 19% (day 0) to 12% (day 40)

drying + 10 g material at 105C to constant weight

during this experiment (Figure 2), suggesting that the

(generally 24 hours). These samples were re-used ashumidification system performed insufficiently.

substratum after drying.

Results

Inoculation of the dolomite/compost biofilter

As was observed for the wood bark and com-
post biofilter (Smet et al. 1996a), very lows (10
MeS m23 d-1) Me,S-degradation was obtained in
the pure dolomite biofilter when no inoculation was
applied. However, also multiple inoculatiog: (120 g
VS m~3 reactor on day 1 and 13) of the pure dolomite
biofilter with the liquid cultureHyphomicrobiunMS3
was not successful (E€ 10 g MeS m23 d~1 over

a 17-day period tested) (data not shown). Upon mix-
ing dolomite with HyphomicrobiumMS3-inoculated
compost material, however, ECs up to 1680 g
Me,S m—2 d~1 were obtained after a 4-week period,
corresponding to a removal efficiency of 85% at an or-
ganic loading rate (OL) of 1980 g md d~* (Figure 2).
Due to practical problems with the M8® dosing sys-
tem, the MeS-concentration in the influent of the
biofilter was increased from 268 to 1340 ppmv (OL
> 10000 g MeS m23 d~1) from day 32 to day 37.
During this period, the EC dropped sharply from 1680
down to 200 g m3 d—1. As a possible explanation for
this, both MeS-toxicity towards the inoculudypho-
microbiumMS3 (Smet et al. 1996a) and the gradual

Effect of moisture content of the dolomite/compost
material

From day 43 on, the organic loading rate was main-
tained at 2200-3500 g M8 m 3 d~1. When 50
mL of tap water was trickled through the biofilter
on days 45, 52 and 57, the moisture content of the
carrier material increased from 12 up to 17%, 23%
and 26%, respectively (Figure 3). No percolate was
collected at the bottom of the filter during these ex-
periments. A strong increase in EC was observed
after day 45 (EC increased from 240 up to 750 g
Me,S m~3 d~1), while almost no positive effect was
observed after moistening the biofilter on days 52 and
57. Apparently, other parameters were limiting the
biofiltration process when the moisture content of the
dolomite/compost mixture exceeded 15%.

Trickling a complete mineral medium through the
dolomite/compost biofilter

Upon addition of 50 mL of a complete mineral me-
dium to the dolomite/compost biofilter on days 65, 71,
79 and 107 and 50 mL of tap water on day 92, about
12 to 20 mL of acidified (pH 4-5) percolate was col-
lected at the bottom of the biofilter, while the moisture
content increased up to 35%. Contrary to the addition
of tap water on day 92, the supplementation of a nutri-

decrease in moisture content of the carrier material can ent solution resulted immediately in a strong increase
be stated. Indeed, the moisture content of the carrierin EC. However, a gradual drop in EC between two
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Figure 3. Elimination capacity (EC) (g Mgs m~3 d~1) of the Figure 4. Elimination capacity (EC) (g Mgs m~3 d~1) of the

dolomite/compost reactorA) and moisture content of the carrier ~ dolomite/wood bark reactorY) and pH-value of the carrier material
material @) upon trickling tap water (dotted vertical lines on days (H) upon trickling tap water (dotted vertical line on day 28), a com-
45, 52, 57 and 92), a complete mineral medium (full vertical plete mineral medium solution (full vertical lines on day 56 and 71)
lines on day 65, 71, 79 and 107) and a A€#solution of 0.30 or a NHsCl-solution of 3.00 g L1 (day 93) or 30.00 g L (day

g L1 (day 154), 3.00 g C* (day 183) and 30.00 gt!(day 196) 104) (dashed vertical lines on day 93 and 104) through the biofilter.
(dashed vertical lines on day 154, 183 and 196) through the biofilter. The organic loading rate during this experiment was 1000-3000 g
The organic loading rate during this experiment was 2200-3500 g Me,S m3d-1.

Me,S m3d-1,

ite HoSOsover the 235-day dolomite/compost biofilter
‘experiment was 76 g, being 23% of the dolomite
material originally present in the biofilter.

successive nutrient supplementations was observed
illustrating the occurrence of nutrient depletion.

Limiti ientin th lomi iofil
imiting nutrient in the dolomite/compost biofilter The dolomite/wood bark biofilter

Contrary to compost, dolomite is very poor in nitrogen o . o o ]
content. However, nitrogen is an essential nutrient for UPon mixing the dolomite material in the biofilter with
microbial growth, since it makes up about 15% of the HYPhomicrobiumMS3-inoculated wood bark mater-
cell dry weight and is a major constituent of proteins 1al, @ maximum EC of 237 g M m2 d~* was ob-
and nucleic acids (Morgenroth et al. 1996). For this t@ined after a 3-week period (Figure 4). In accordance
reason, nitrogen was used as a single nutrient in a nextWith the previous experiments, no effect was observed

series of trickling experiments. On days 154, 183 and UPOn trickling tap water through the bidfilter (day 28)
196, 50 mL of a solution containing 0.30, 3.00 and when the moisture content of the carrier material ex-

30.00 g L2 NH4Cl was brought on top of the biofilter cgeded 15%. Similar to the dolomite/compost biofilter,
(Figure 3). No peak EC for MS was observed upon  high (> 250 g MeS _m—3 d) and stablex 35 days)
addition of the 0.30 g £ NH4ClI solution (day 154). ECs were obt_alned in the dolomite/wood barl_< biofilter
The concentration of 3.00 gt NH4Cl corresponded ~ When a solution of 30.00 g NH4Cl was trickled

to the nitrogen concentration in the complete mineral throug.h the blof!lter. The theoretlcgl total amount of
medium. After addition of this 3.00 gt! NH4CI dolomite neutralised by the metabolite 5> 0ver the
solution (day 183), a similar temporary increase in EC 139-day dolomite/wood bark biofilter experiment was
for Me,S was observed as upon the complete mineral 25 9, being 14% of the dolomite material originally
medium supplementation, suggesting nitrogen to be Presentin the biofilter.

the limiting microbial nutrient in the biofilter. Upon

trickling the 30.00 g £ NH4ClI solution through the

biofilter (day 196), a stable peak EC of 700 gtul—1 Discussion

was maintained over a 30-day period. In Table 1, it

can be seen that high and stable ECs fopr®&vere Contrary to Bonnin et al. (1994) who successfully
obtained when NHKCI was dosed to the biofilter at a inoculated an inorganic Mearl biofilter with thioba-
Me,S—C/NH,CI-N ratio of about 10. The theoretical cilli to optimise H,S-removal, it was demonstrated in
total amount of dolomite neutralised by the metabol- this work that inoculation of a pure dolomite biofilter
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Table 1. Comparison between the NEI-N supplementation to the dolomite/compost biofilter
and the cumulative MgS degradation between two successive nutrient additions

Period (days) N-addition (g) M&S-degradation (g) C-degradation (g)  C/N ratio
155-183 0.004 4.37 1.69 430
184-196 0.04 2.46 0.95 24
197-235 0.4 12.45 4.81 12

Table 2. Literature overview of maximum elimination capacity (&) (9 MexS m3 d‘l) obtained
for Me,S using different biotechnological waste gas systems (BF = biofilter; TF = trickling filter)

Reator  Substratum Inoculation Rex Reference

BF Peat Night soil sludge 77 Hirai et al. (1990)
BF Peat Thiobacillus thioparu©W44 97 Cho et al. (1991)
BF Peat Hyphomicrobium55 114 Zhang et al. (1991)
TF Polyurethane Hyphomicrobiumv'Ss 329 Pol et al. (1994)

BF Wood bark No 10 Smet et al. (1996a)
BF Wood bark HyphomicrobiumMS3 35 Smet et al. (1996a)
BF Compost No 10 Smet et al. (1996a)
BF Compost HyphomicrobiumMS3 680 Smet et al. (1996a)
BF Dolomite/wood bark  No 10 This work

BF Dolomite/wood bark HyphomicrobiumMS3 237 This work

BF Dolomite/compost No 10 This work

BF Dolomite/compost ~ HyphomicrobiumMS3 1680 This work

with the MeS-degradindHyphomicrobiunMS3 cul-

than the wood bark/dolomite reactor (Table 2) due to

ture was not successful. As a possible explanation for the higher nutrient content of the compost material.

this failure, the absence of suitable protective colon-
ising sites foHyphomicrobiunMS3 on these particles

When the biofilter performance was investigated
over prolonged periods, both the moisture and nutri-

and the absence of microbial essential nutrients suchent content of the carrier materials were found to be
as nitrogen can be suggested. It was shown in this the main parameters determining the removal capacity

work that organic materials like compost and wood

of the biofilter. In relation to the moisture content of

bark can serve as an excellent carrier for the delivery the carrier materials used, it was observed that a min-

of microbial inoculants into these biofilters (Figure 2).
As can be seen in Table 2, maximum ECs ob-
tained in theHyphomicrobiunMS3-inoculated dolo-
mite/compost and dolomite/wood bark biofilters were
significantly higher in comparison with the corres-
ponding HyphomicrobiumMS3-inoculated compost
and wood bark biofilters (Smet et al. 1996a). More
important, however, is the strong increase in perform-
ance stability of these inorganic biofilters. The reason
for this is the combination of direct micro environment
neutralisation of the metabolite sulphuric acid by the
dolomite particles, together with the nutrient delivery

imum value of 15% is required for stable performance
in these biofilters. When a complete mineral medium
was trickled through the biofilter, peak ECs were
obtained, suggesting that nutrient availability was lim-
iting the long-term stability of the dolomite/compost
and dolomite/wood bark biofilter (Figures 3 and 4).
Moreover, nitrogen was found to be the limiting nu-
trient in these reactors. According to Morgenroth et al.
(1996), not all nitrogen in bioreactors is recycled when
the microorganism dies and lyses, becausefidm
denitrification or NH can be lost to the atmosphere
by stripping and N@ can be leached out. In accord-

of the organic materials used. Similar to that observed ance with these authors, it was observed in this work

in the biofiltration tests with pure organic carrier ma-

that high and stable ECs for M® can be obtained

terials, the compost/dolomite reactor performed better when nitrogen is dosed in a soluble form (NE solu-
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tion) at a C/N ratio of about 10. In order to limit  Cho K-S, Hirai M, Shoda M (1991) Degradation characteristics of
the required tr|Ck||ng frequency over the biofilter and hydrogen sulfide, methanethiol, dimethylsulfide and dimethyl

. . disulfide by Thiobacillus thioparusDW44 isolated from peat
the concomitant production of a polluted waste water biofilter, J. Ferment, Bioeng, 71: 384-389

stream, fu_rther research will focus the additi_on Qf _5|0W Elsas JD van & Heijnen CE (1990) Methods for the introduction of
release nitrogen sources to these inorganic biofilters. bacteria into soil. Biol. Fertil. Soils 10: 127-133
According to Smith et al. (1996), nitrate should be Gellens V, Boelens J & Verstraete W (1995) Source separation, se-

. . . lective collection and in reactor digestion of biowaste. A. van
preferred as the nitrogen source for biofilters and trick- "/ © "0 oo 0 69

ling filters in order to prevent clogging of the system. Hirai M, Ohtake M & Shoda M (1990) Removal kinetics of hydro-
Indeed, growth yields for aerobic cultures are lower gen sulfide, methanethiol and dimethyl sulfide by peat biofilters.
when using NG-N as a nitrogen source instead of J- Ferment Bioeng. 70: 334-339 , o
+ Leson G & Winer AM (1991) Biofiltraiton: an innovative air
NH4 —N. pollution control technology for VOC emissions. J. Air Waste
As a conclusion, it can be stated that mixtures con-  Manage. Assoc. 41: 1045-1054.

taining up to 66% by weight of a dolomite fraction Morgenroth E, Schroeder ED, Chang DPY & Scow KM (1996) Nu-

P _trient limitation in a compost biofilter degrading hexane. J. Air
can be used as an excellent substratum in biofilters de- |, - Manage. Assoc. 46: 300-308

grading acidifying (Cl-, N- and S-containing) volatile  po| A, Op den Camp HIM, Mees SGM, Kersten ASH & Van Der
compounds. Since the dolomite did not serve as a mi-  Drift C (1994) Isolation of a dimethylsulfide-utilisinglyphomic-

crobial attachment site for théyphomicrobiunMSS robiumspecies and its application in biofiltration of polluted air.

. . . . Biodegradation 5: 105-112
0
the dolomite had to be mixed with a fraction (33 /0) Schoene K & Steinhanses J (1989) Generating vapour mixtures for

of an organic material. Following pH adjustment, the calibration purposes. || Dynamic diffusive system. Fresenius Z.
long term stability in these biofilters was shown to be ~ Anal. Chem. 335: 557-561
improved by controlling the moisture content and by Smet E, Casaya G, Van Langenhove H & Verstraete W (1996a) The

. . . effect of inoculation and the type of carrier material used on the
adding nitrogen at a MS-C/NH,CI-N ratio of about biofiltration of methyl sulphides. Appl. Microbiol. Biotechnol.

10. 45:293-298
Smet E, Van Langenhove H & Verstraete W (1996b) Long-term sta-
bility of a biofilter treating dimethyl sulphide. Appl. Microbiol.
Biotechnol. 46: 191-196
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