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Why Dairy Waste (or Why ANY
waste for that matter)

¥ The waste streams produced by livestock affect the environment in many
ways

¥ Association with pathogens:
   -E. coli, Salmonella spp., Campylobacter spp., Mycobacteria
¥ Other environmental impacts:
   - Odors produced from the waste
   - Overproduction of biosolids that cannot be applied to fields (transporting this

excess material is expensive)
   - Increased amount of these biosolids which can ÒleakÓ into the surrounding

environment
   - This ÒleakingÓ can introduce nutrients (nitrogen, phosphorous, potassium,

ect.) in excess into the environment leading to other problems

¥ In California, they have approx. 2.5M cattle, each farm has around 1,000
cows, each cow produces around 37kg of waste a day.  This translates to
37,000kg/farm/day or 13.5M kg of waste per year.



¥ So the overarching questions are ÒWhat to
do with the waste/ How is it treatedÓ

¥ The focus of this paper is to see how both
the microbial populations and the
chemistry of the waste stream is effected
by different treatment methods (aerobic
and anaerobic digestion)



Treatment Setup

¥ Waste Material was
collected and loaded into
the feed tank weekly

¥ Waste was pumped into
either the anaerobic or
aerobic digester

¥ Hydraulic Rentention
Time for the Anaerobic
digester was 20 days, the
Aerobic digester was 5
days



Experiments performed

¥ After sample collection:
¥ Performed viable plate count assays (plating

onto BHI agar), for coliform bacteria plating was
done on MacConkey agar

¥ Chemical analysis was performed on the
samples (TS, BOD5, TKN, NH4, S, SO4, K2O and
Na) both before and after treatment

¥ Genomic DNA was extracted from samples
using the MoBio Ultra Clean Fecal kit



Experiments performed

¥ 16S rDNA directed PCR was performed using
the primer set 27F and 1392R

¥ PCR products were purified via EtOH
precipitation and then ligated into a QIAGEN
PCR cloning kit (pDrive Vector).

¥ Blue/white screening was carried out to find
plasmids that contained inserts

¥ For each sample 2 PCR and cloning reactions
were carried out to minimize bias (96 clones
were taken for each sample)



Experiments performed

¥ Plasmid inserts were sequenced (unidirectional
read) using the 1392R primer

¥ A total of 13,824 sequences were analyzed
¥ Sequences were cleaned using the Chromas

software
¥ Only sequences with unambiguous reads were

used
¥ Predicted 16S sequences were compared to

sequences in a BLASTable database
¥ OTU assignment was set at 97%



Experiments performed

¥ Rarefaction analysis was carried out to
determine sequencing coverage

¥ OTU assignments to phyla were
accomplished using the Classifier software

¥ The Library Compare software was used
to compare across libraries

¥ Diversity was estimated for each library
using Shannon-Weiner (H), species
richness (S), and evenness (E)



Results



Table 1



Chemical/Cultural analysis

¥ Aerobic Digester
   - BOD5 decreased by 77%
   - NH4 decreased by 87%
   - Anaerobic plate counts

decreased by 92%
   - Coliform plate counts

decreased by 95%

¥ Anaerobic Digester
   - TS decreased by 43%
   - BOD5 decreased by 87%
   - S decreased by 58%
   - SO4 decreased by 43%
   - Anaerobic plate counts

decreased by 99.9%
   - Coliform plate counts

decreased by 99.7%



Chemical/Cultural analysis

¥ Aerobic Digester Effluent
   - TS decreased by 68%
   - BOD5 decreased by 83%
   - TKN decreased by 48%
   - NH4 decreased by 69%
   - SO4 decreased by 56%
   - Aerobic plate counts

decreased by 90%
   - Coliform plate counts

decreased by 99%

¥ Anaerobic Digester
Effluent

   - TS decreased by 59%
   - BOD5 decreased by 85%
   - S decreased by 61%
   - SO4 decreased by 65%
   - Anaerobic plate counts

decreased by 81%
   - Coliform plate counts

decreased by 99.9%



Table 2



Table 3 (part 1)

F= Feed, AR= Aerobic Reactor, AnR= Anaerobic Reactor, AS= Aerobic
Storage, AnS= Anaerobic Storage and US= Untreated Storage



Table 3 (part 2)

F= Feed, AR= Aerobic Reactor, AnR= Anaerobic Reactor, AS= Aerobic
Storage, AnS= Anaerobic Storage and US= Untreated Storage



_ _ _ _ _ _



Table 4

¥ Diversity estimations
   - OTU estimates between 289-

618 (97% cutoff)
   - Coverage in the clone libraries

between 69.7%-82.0%
   - Evenness 0.77-0.84 (based on

the number sequences of each
OTUÕs in the library )

   - Diversity ranged anywhere
between 4.46-5.28 (the larger
the number the more diverse
the population is)

* More than twice as many
clones for the Feed Material
were sequenced as opposed to
the Reactors/Storage/Untreated



Figure 3
¥ Rarefaction analysis

(average of
collectors curves)

¥ The authors argue
that while the
sequencing was not
exhaustive, the most
predominant OTUs
were detected

¥ Argued this since the
slopes of the curves
are approaching an
endpoint



Conclusions

¥ Both treatment methods are better than simply storing
the untreated waste

¥ Aerobic treatment was an excellent method to remove
nitrogen from the waste

¥ Anaerobic treatment was excellent for removing sulfur
from the waste

¥ Both methods lowered both coliform and total bacterial
counts

¥ The authors recommend using anaerobic methods for
waste handling since the method is cheaper, conserves
the nitrogen (if the waste is to be applied to fields) and
can produce methane which can be harvested as a fuel
source


