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Small farm and microbreweries have been dramatically on 

the rise in recent years and will necessarily impact their local 

environments. There is little documentation on the potential 

ecological impacts of small breweries’ waste streams, despite 

their rapidly growing influence.

The brewing process generates waste products, and 

breweries, like all industries, generate waste that must be 

disposed of and can potentially be harmful to the environment. 

For example, the hops plant added to beer is known to contain 

volatile organic compounds (VOCs). VOCs, especially alkenes 

and aromatics, can contribute to forming tropospheric ozone 

which is a respiratory irritant, (Li et al., 2020), and in and of 

themselves be noxious. Especially relevant is the fact that 

brewing generates large quantities of wastewater per unit of 

beer produced, containing water used for cleaning apparatus, 

leftover sludge from fermentation tanks, and excess beer in 

some cases. These may contain trace metals that are harmful to 

humans or more organic pollutants. Water containing organic 

waste must undergo characterization and extensive treatment 

before it can be reused, even if it has minimal toxicity (Shon et 

al., 2006), and organic compounds can contribute to noxious 

odors and eutrophication when released into surface water. The 

purpose of this study was to characterize the effluent and aerial 

emissions of a local business called SLATE farm brewery to 

determine the contents of its wastes and come to some 

conclusions about their environmental effects.

The results of testing liquid waste with GC/MS can be seen 

in Graph 1, while Graph 2 depicts the test strip results. Most 

significant aerial findings (over 1%) were aldehydes, such as a 

2.34% peak of nonanal, and gaseous alcohols such as a 1.77% 

peak of 1-butanol. Certain samples also contained volatile 

aromatics such as myrcene and limonene. The other findings 

consisted of trace (less than 1%) amounts of acetate, aldehydes, 

alcohols, phenols, toluene, and other aromatics.

Liquid waste was collected on a daily basis from SLATE’s 

waste holding tank using a coliwasa (large tank sampling tube). 

Six inch columns of fluid were retrieved. These columns were 

then stored in 200 mL tinted jars with minimal headspace and 

refrigerated to reduce volatility until analysis. 

Liquid waste samples were first analyzed by immersing 

TOPHK drinking water test strips in them for 10 seconds, 

causing them to undergo color changes that were then read to 

measure the mixture’s pH, hardness, total alkalinity, and 

concentrations of nitrates, nitrites, free chlorine, total chlorine, 

calcium, bromine, chromium, lead, iron, fluoride, vinyl 

chloride, carbonate root, and cyanuric acid. Samples were also 

subject to a total suspended solids (TSS) sensor.

Once this data was collected, 2 mL of each sample was combined with 2 

mL of dichloromethane and vortexed for 10 seconds, then allowed to settle. 

The resultant mixture separated into layers, and 1 mL of the dichloromethane 

layer was extracted with a pipette and placed into a vial with a 

semipermeable seal so that it could be tested via combined gas 

chromatography/mass spectrometer (GC/MS). Samples were run using the 

apparatus parameter MassHunter\ GCMS\1\methods\DFTPP.M and full scan 

analysis of results were performed on an Agilent gas chromatographer/mass 

spectrometer. To collect air data, Tenax adsorbent tubes were attached to a 

DAAMS air pump and calibrated to have a flow rate of 200 mL/min via a 

DryCal flow rate monitor. This system was set such that the tubes were 

inside the exhaust stack on top of SLATE’s brewing facility face down for 30 

minutes before being checked again to ensure the flow rate of the tubes did 

not vary by more than 10 mL/min from the 200 mL/min calibration. The 

tubes were then refrigerated until analysis. Once in the lab, tubes were 

desorbed onto a trap via a DynaTherm desorption system, then run through 

the Agilent GC/MS using the method stated above. Figure 1 below explains 

why the samples were taken this way.

The purpose of this study was to analyze the waste of SLATE 

farm brewery. SLATE’s liquid waste lacks nutrients, so it will 

not contribute to eutrophication. The waste is an irritant but not 

damaging to release in surface water, so it can be recycled with 

ease once filtered. The low concentrations of aerial organics 

released will not harm workers, as they do not exceed long term 

exposure limits. More work should be done to measure the total 

volume of waste and ensure that the amount does not threaten 

local water sources. The cause of above average alkalinity and 

fluoride content should be investigated.
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Graph 1 (right): When 

tested with GC/MS, the 

samples collected (n = 27) 

had a mean composition of 

0.34% alcohols, 0.38% 

alkenes, and 0.28% phenol. 

Much more relevant are the 

mean composition of 

3.27% aromatics (vast 

majority cyclopropane) and 

5.30% carboxylic acid 

(CBA), mostly pentanoic

with some hexanoic and 

butanoic, and some traces 

of more complex acids.
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Figure 1 (left): At SLATE, the 

steeping, mashing, wort processing, 

fermentation, conditioning, and 

kegging all take place within one 

facility. This means that fumes from 

this facility represent the full process 

emissions weighted by how much of 

any given emission there are. All 

process waste and cleaning fluids 

from the brewing process are either 

directly dumped or flow through the 

floor to the waste tank, hence liquid 

samples being taken from there.
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Graph 2 (above): SLATE’s effluent waste (n = 27) contained no nitrogenous 

compounds including nitrates and nitrites, no chlorine or bromine, and no lead, 

iron, chromium or cyanuric acid. It had a mean pH of 2.64 and alkalinity of 156.30 

ppm. Average calcium content was 60.0 ppm, with fluoride at 28.57 ppm and 

carbonates at 26.43 ppm. Vinyl chloride content remained low at 3.57 ppm 

because only a few samples contained VC at all. Mean TSS was at 1854 ppm, with 

some samples reaching as high as 5000 ppm and containing visible particulates.


