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Abstract: This report presents the results of a study of chemical and biological
contaminants and ergonomic hazards in two (A and B) household waste treatment
centers (the only ones in the province). The goals of this study were to document the
nuisances (chemical and biological) in a composting and sorting plant, and to interpret
these data by comparing them to the standards and recommendations reported in the
scientific and technical literature. Microbial samples of air were collected using the
methodology recommended by the ASTM (American Society for Testing and
Materials) in their protocol E 884-82. Chemical contaminants were measured using the
IRSST's standard methods. In the reception areas of centers A and B, and in the
fermentation buildings, the total bacteria concentrations were higher than the maximum
suggested level of 10,000 colonies per cubic meter of air ®fisken for this type of
activity. When the concentrations of Gram-negative bacteria are compared to the
maximum level of 1,000 cfuffrof air, no sampling station exceeded this value. The
maximum concentration of thermopbhilic actinomycetes (15,000 +150 cfi/air) was

found in center B's fermentation building. Concentration&spiergillus fumigatusiere
significantly higher (= 0.05) than in the outdoor air in all workstations of plant B's and

in plant A's fermentation building. Total mold concentrations were significantly higher
(p<0.05) than in the outdoor air at center A's reception area, and in both centers'
fermentation buildings. The concentrations of chemical contaminants in center B's
fermentation building were 50% less than the regulated exposure value, and higher than
this 50% of the regulated exposure value for ammonia, carbon dioxide and hydrogen
sulfide in center A. Finally, the quality of the outdoor air, 100 meters downwind, does
not seem to be affected by the operations performed in these centers.
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INTRODUCTION relatively unknown, it is important to pursue research on
the evaluation of the aggressors, mainly those of a
This report presents the results of a study of chemicathemical, biological and ergonomic nature [11]. The data
and biological contaminants and ergonomic hazards @ollected can be useful in developing not only knowledge
two sorting and composting centers in the province @hbout these workplaces but also health programs adapted
Quebec. In fact, since this type of workplace is new arid the risks to which workers are exposed.
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The goals of this project are: MATERIALS AND METHODS
a) to document the nuisances (chemical, biological and
ergonomic) in sorting and composting centers, and The population served by center A is approximately

b) to interpret these data by referring to the standar88,000 people. The waste is first sorted by the citizens. To
and recommendations reported in the scientific arskgin, the waste is dumped into a pit inside the plant. The
technical literature. fermentation cylinder (bioreactor) where composting

According to the literature consulted, waste sorting atgkes place is continuously fe.d frqm this pit. At t_he

loreactor outlet, the compost is refined by mechanical

composting has risks of ~a chemical, physica orting, and the recyclable material recovered by manual
microbiological and ergonomic nature as well as risks fo 9, y y

worker safety [18, 24]. Sorting may be one of thsortmg. T_he compost Is placed m_vv_mdrows in the
. . fermentation building and turned until it matures. The
processes most likely to expose workers to hig

apacity of this system is 421¢° kilograms per year.

concentrations of Gram-negative bacteria [18, 21, 24]j:
The endotoxins released by these bacteria can prodddi Plant operates twelve hours per day, seven days per

symptoms ranging from irritation of the mucousVeek, and employs twelve people in operations and

membranes to gastrointestinal and respiratory pr0b|e|ﬂg:untenance. _The descrlp_tlon of cepter B is the following:

2. 4, 5, 14, 21, 22, 25, 33, 34]. In fact, according to )€ COMPosting operation consists of pretreatment
Danish report, several studies have indicated that workdpredding of waste and sorting with a trommel screen),

in recycling and sorting plants are exposed to increaségd then the actual composting. The waste is placed in
risk of musculoskeletal and respiratory problem&"”drows with a whe_el loader. Sub_sequently, the waste is
(bronchitis, chest congestion, etc.), organic dust toxigansported to a curing zone outside. Eventually there is
syndrome (ODTS), gastrointestinal problems, and skifother sorting with a trommel screen. The trommel

mucous membrane and eye irritation [36, 37]. Other typSS'€€N waste is incinerated. Note that there are no
of microorganisms can also cause infectious illness Bforeactors. Household waste is sorted by the citizens.
have toxic effects by entering the respiratory system [21€ amount of waste treated is 145,000 kilograms per
24]. These microorganisms include thermophil eek during the summer, and between 68,000 and 90,700

actinomycetes, due to the temperatures reached by ti@grams during the winter. , _
compost, and thermoresistant molds suchAssergillus The_cqncentratlons of microorganisms measured du_rmg
fumigatus4, 21, 22, 24]. Lauwerys [16] mentions that thé® Preliminary study have shown that more than five
handling of compost in mushroom production companie@MPlings is enough to demonstrate statistically
may cause extrinsic allergic alveolitis (bagassosi§'9nificant differences with the recommended levels
farmer's lung)Aspergillus fumigatyswhich is sometimes (P < 0.05) [7, 38]. This number of samplings agrees with
pathogenic, may cause lung infections in immunodeficiefiat recommended by the ASTM (American Society for
individuals as well as aggravate the symptoms ihesting and Materials) in their protocol E 884-82 [3]. The
asthmatics [2, 16, 26, 27, 33]. microorganisms in the air were sampled using Andersen
The literature on sorting-composting centers reportgpactors (Andersen Instruments Incorporated, Atlanta,
concentrations of total bacteria above 20,000 colonies géPA), as recommended by the ASTM [3]. The total
cubic metre of air (cfu/f), concentrations of Gram- coefficient of variation for this method is 0.23 for waste
negative bacteria above 6,000 cfé/mof air, treatment plants [20].
concentrations of molds above 10,000 cfush air, and The microbiological contaminants measured in the air
concentrations of endotoxins varying from 480 to 998nd the culture media used were the following:
ng/nt of air [24, 25, 31, 36]. These values are of the same SDA (Sabouraud dextrose agar, Quelab Laboratories,
order of magnitude as those found in a Quebec sortinfontreal, QC, Canada). Total mold samples were
composting center during an IRSST study [18]. incubated for seven days at ambient temperature.
There are no Quebec or international standards éspergillus fumigatusamples were incubated for seven
microorganisms and their toxins. However, based aiays at 45C.
earlier studies on wastewater treatment and on composting TSA (Trypticase soya agar, Quelab Laboratories,
plants, the following guidelines have been proposed [2Mlontreal, QC, Canada). Total bacteria samples were

25, 31]: incubated for 48 hours at € Thermophilic actinomycetes
« Total bacteria: 1ocfu/nt of air.  (thermoactinomycetes) samples were incubated for 48
« Gram-negative bacteria: 36fu/n® of air, hours at 55C.

¢ MacConkey medium (Quelab Laboratories, Montreal,

The chemical contaminants involved in composting al§c, canada). Gram-negative bacteria were incubated for
nitrogen compounds (NO N,O, NHz), carbon dioxide 48 hours at 37%.

(COy), and if anaerobic conditions are present, hydrogen ;
sulfide (HS) [11, 21, 24, 30]. In waste handiing, the The samples were collected at each of the workstations

: r ions of th lant recommen in the ASTM
chemical substances that the workers could come Qr sections of the plant, as recommended e AS

Potocol [3]. In center A, there are nine workstations
contact with, either through inhalation or through ski 3] ' !

tact dallv d don th i f1h ¢ including the outdoor air which is used for comparison
contact, essentially depend on the nature ot the waste. during the summer only. In center B, there are five. The
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Table 1. Average concentrations of biological contaminants (+standard deviation) in center A.

Contaminant Total bacteria Gram neg. Thermoactino. A. fumigatus Molds
Guidelines* 10,000 1,000 - - -
n cfu/nd n cfu/m n cfu/mt n cfu/mt n cfu/nt
Upwind Summer 6 2,300 (1,150) 6 12 (18) 6 N.d. 6 20 (1) 3 6 (14)
Winter N.m. N.m.  N.m. N.m. N.m. N.m. N.m. N.m. N.m. N.m.
Downwind Summer 6 5,49@2,550) 6 N.d. 6 6 (14) 6 6 (14) 5 1,100 (90)
Winter N.m. N.m.  N.m. N.m. N.m. N.m. N.m. N.m. N.m. N.m.
Air intake Summer 6 6,9702,325) 6 12 (18) 5 8020) 6 11 (18) 6 1,190 (180)
Winter 5 4,400 (1,590) 6 110 (100) 6 12 (30) 6 25 (40) 6 50 (80)
Control room  Summer 6 4,75@®60) 6 N.d. 4 73Q300) 6 1,049(270) 2 2,230(580)
Winter 5 2,840 (1,740) 6 N.d. 4 21(@20) 5 176(110) 2 2,910(330)
Bioreact. out  Summer 6 2,210 (540) 6 N.d. 5 2 1640) 5 55(30) 6 1,650 (810)
Winter 4 3,360 (970) 6 N.d. 5 5(B0) 5 560 (560) 5 1,800(250)
Sorting Summer 6 3,940 (1,650) 6 18 (19) 3 2159) 6 N.d. 4 60 (20)
Winter 6 1,925 (1,025) 6 150 (10) 5 90 (90) 5 H{2Q0) 6 1,020(280)
Bioreactor Summer 6 4,715 (2,585) 5 N.d. 3 21P80) 4 76(30) 4 1,120 (150)
Winter 6 2,560 (820) 6 N.d. 5 9p10) 6 100 (60) 5 560 (130)
Reception Summer 6 53,690 3 316(80) 4  2,330(710) 5 N.d. 4  13,67@425)
(16,000)
Winter 4 68,920(20,340) 6 51§110) 5 340(270) 5 630(420) 6  14,380730)
Fermentation ~Summer 6 168,440,270) 2 70(45) 4 2,799(1760) 6 Invasion 4  13,67@25)
Winter 5 5,090 (1,590) 6 N.d. 5  4,61910) 5 12,0092,900) 6 10,1891,130)

@Average concentrations significantly greatee(@.05, Student t-test) than those in the upwind outdoor air; N.m.: Not measured; N.d.: Not detected;
*Recommended guidelines [24, 25, 31].

ASTM recommends collecting these outdoor samples 308ing high-volume pumps (Gilian Instrument Corp.,
metres upwind from the plant and 100 metres downwind [3\Wayne, NJ) and quantified by gravimetry. The detection
The chemical contaminants were measured in thienit and total coefficient of variation for this method was
compost fermentation area at the same time as tABpug and < 7%, respectively. The flow rate of the
biological contaminants, at a height of 1.5 msampling pumps was approximately 2 I/min and sampling
continuously for one day, with direct-reading monitorsimes were approximately one hour per filter. Flow rates
connected to a data collection module (Model DLX-100yere measured on-site using a Kurz precalibrated

D.E.S. Corporation, Quebec, QC, Canada). It should flewmeter (Kurz Instruments Inc., Carmel Valley, CA).
noted that these measurements covered the windrowResults are presented as mean + standard deviation
turning period. The procedures took place in summef$D) and because the data were best described by a
when the amount of waste is at maximum, and duringormal distribution, means have been compared by
winter, under different ventilation conditions,® NH;, Student’s t-test.

CO, and CO were measured with a multi-gas

photoacoustic spectroscopic monitor (Model 1302, Briiel RESULTS AND DISCUSSION

and Kjaer, Pointe-Claire, QC, Canada) with a detection

limit of 0.025 ppm for NO, 0.3 ppm for N, 3 ppm for present the results of air sampling analysis.
CO,, and 0.15ppm for CO. Hydrogen sulfide wasAmong other thingk, Tables]1 gnd 2 contain statistically
measured with an electrochemical monitor (Model 4173ignificant differences (g 0.05) between the average indoor
Interscan Corp., Chatsworth, CA) with a detection limit ofoncentrations and those found 300 metres upwind from
0.4ppm. NO and NOwere measured with personalthe plant, for the evaluations carried out in summer.
electrochemical monitors (Toxilog, Biosystems Inc.,

Middlefield, CT). Detection limits are 0.1 ppm for NO  Total bacteria. In summer, in the reception areas and
and 1.0 ppm for NO. Total dust samples were collected @&mentation buildings of the two centers, the average
polyvinyl chloride filters with a pore size of 0.8 Umitotal bacteria concentrations were greater than the
(Omega Specialty Instrument Co., Chelmsford, MA)suggested average level of 10,000 cfush air for this
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Table 2. Average concentrations of biological contaminants (+ standard deviation) in center B.

Lavoie J, Alie R

Contaminant Total bacteria Gram neg. Thermoactino. . furhigatus Molds
Guidelines* 10,000 1,000 - -
n cfu/mi n cfu/mt n cfu/nt n cfu/nt n cfu/mt
Upwind Summer 6 870 (380) 6 20 (1) 3 60 (40) 6 20 (1) 3 1,690 (60)
Winter N.m. N.m. N.m.  N.m. N.m.  N.m. N.m.  N.m. N.m.
Downwind Summer 6 1,716 (430) 6 20 (1) 6 30 (10) 6 20 (1) 4 1,600 (60)
Winter  N.m. N.m. N.m. N.m.  N.m. N.m.  N.m N.m.  N.m. N.m.
Control room Summer 6 6,580 (1,000) 6 30 (10) 3 3,930 2 11G (50) 3 1,000 (180)
Winter 6 9,970 (3,520) 6 N.d. 4 (1,340) 6 175 (90) 4 1,100 (60)
200 (90)
Reception Summer 5 14,2906 (9,290) 6 190°(180) 5 3,720 3 607 (40) 5 2,330 (1,460)
Winter 5 27,000 (7,160) 6 410 (210) 4 (1,550) 5 2,980 (460) 5 11,900 (460)
80 (30)
Fermentation Summer 6 87,020(1,070) 3 200 (110) 6 15,0006 (150) 5 310'(190) 6 10,540 (1,720)
Winter 3 11,350 (900) 6 10 (20) 4 110 (60) 4 200 (60) 4 340 (175)

“Average concentrations significantly greater<(@.05) than those in the upwind outdoor air; N.m.: Not measured; N.d.: Not detected;
*Recommended guidelines [24, 25, 31].

type of activity. Respectively, they were 53,690 (¥16,000) Thermophilic actinomycetes.The average temperature
cfu/m® and 168,440 (+2,270) cfufof air for center A, of the compost is an ideal climate for thermophilic
and 14,290 (+9,270) cfufrand 87,020 (+1,070) cfufm bacteria to proliferate [14, 19, 22, 24, 25]. The maximum
of air for center B. During the winter, they were greater @verage concentration in this study was 15,000 (+150)
the same locations for center B, with 27,000 (x7,16@fu/m® of air, measured during the summer in center B's
cfu/m® and 11,350 (+900) cfuffmespectively, and greater fermentation building. In contrast to total bacteria and
only in center A's reception area with 68,920 (+20,34@Fram-negative bacteria, there are no suggested exposure
cfu/m® of air. Waste and compost storage appears to béeaels for this type of microorganism. In other types of
major source of total bacteria, regardless of the season. environments such as mushroom growing, concentrations
of thermoactinomycetes of 30 cfu/n? of air have
Gram-negative bacteria.When average concentrationsbeen measured [8, 13]. According to Miller [28],
are compared to the recommended level of 1,000 &fu/moncentrations in the order of &@fu/n? of air are
of air, none of the sampling stations exceeded this valuecessary for the development of acute symptoms. In
regardless of the season. The way the operations aeweral studies on composting, exposures to
carried out, it appears that emission into the air of ththkermoactinomycetes are in the range G&1¢ cfu/n? of
type of microorganism and possibly its toxins can bair, and Laceyetal. [14, 31] have suggested that
controlled. exposures greater than®ifu/nt of air would produce an
increased risk of extrinsic allergic alveolitis and ODTS.

Table 3. Average concentrations of chemical contaminants (+ standard deviation) in the fermentation departments of centers A and B.

Contaminant TPM (e{0} NH; N.O CcO HS NO NQ
Standards 10 5000 25 50 35 10 25 5
n mg/m n ppm n ppm n ppm n ppm n ppm n ppm n ppm
Centre A
Fermentation Summer 9 0.8 (0.1) 33 1,740 (440) 32 20(6.5) 33 2.0(0.5) 33 201.28(1.1) 33 0.5(0.5) 66 0.1
(1.0) (0.1)
Winter 5 0.3742 4,030 (540) 42 20.643 6.2(0.9) 41 7.317 3.5(0.5) 60 N.d. 60 N.d.
(0.1) (1.5) (2.6)
Centre B
Fermentation Summer 7 0.23 575(60) 21 8.1(2.7) 20 09(0.1) 21 01y N.d. 56 N.d. 34 N.d.
(0.04) (0.3)
Winter 1 0.1(0.1) 30 1,020 (130) 30 3(0.6) 30 1.9(0.2) 30 k{0 N.d. 30 N.d. 30 N.d.

4

()

*Total Particulate Matter; N.d.: Not detected.
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Aspergillus fumigatus.This species of thermoresistant CONCLUSIONS
mold is mainly encountered when there is compost or
substrates with a temperature greater than or equal tdrhe average concentrations of total bacteria in the
45°C, such as in farms where moldy hay is stored [13, 2dgception areas and in the fermentation buildings of the
22, 25, 28]. The precise dose that produces health effebu® centers were greater than the suggested level of
in healthy or sensitized exposed individuals is not yét,000 cfu/m of air. Waste and compost storage therefore
known [27, 28, 34]. Clarketal. [6] measured appears to be a major source of bacteria. For Gram-
concentrations of this mold in the order of t8u/nt of negative bacteria, none of the workstations, regardless of
air in some composting plant departments. In this studytlke season, exceeded the suggested exposure level.
maximum average concentration of 12,000 (+2,900) The maximum average concentration of thermo-
cfu/m® of air was measured in winter in center A'@ctinomycetes of 15,000 (+150) cfu/rof air, measured
fermentation building. Also, during the summer, significantlgluring the summer at center B, does not appear to produce
higher average concentrations<(.05) than upwind in health effects in the workers, according to the literature
the outdoor air were measured at all workstations in bof@nsulted. A maximum average concentration of 12,000
centers. However, these concentrations remain low wh&f2,900) cfu/ni of A. fumigatusin the air was measured

compared to those found in the scientific literature on thi§ winter in center A's fermentation building. The precise
type of plant. dose that produces health effects in workers does not

appear to be known. The average concentrations measured

Molds. Molds were present at average concentratiod this study are nevertheless low when compared to those
varying from 60 (+20) cfu/fhof air in center A's sorting found in the scientific literature on this type of activity.
area during the summer, to 14,380 (+730) cfufrair in Molds were present at average concentrations varying
the reception area of the same center during the wint§iom 60 (£20) cfu/m of air to 14,380 (+730) cfu/frof
Concentrations in the order of 200°cfu/m® of air have air- Concentrations in the order of*2@@ cfu/n? have
been measured in other studies on composting centafgady been measured in other studies on composting.
[31]. In another Quebec study in a composting center, Due to the high concentrations of total bacteria and the
Marchandet al. [26] measured concentrations of molds iPresence of thermoactinomyceted, fumigatus and
the order of 1dcfu/n? of air. Exposure to mold spores hadnolds, it has been suggested that effective respiratory

been linked to allergic alveolitis and ODTS [10]. protection should be worn in the fermentation buildings
Due to the high concentrations of total bacteria and t#d the reception areas of both plants.
presence of mo'dsy thermoactinomycetes/anﬁhmigatus In center B, the Chem|ca| contaminants were beIOW

it has been suggested that a breathing mask that5@% of their regulated exposure value, regardless of the
effective against dusts larger than one micron and that @&son. In center A, some contaminants such as ammonia,
a layer of active carbon to eliminate odors should be woltydrogen sulfide and carbon dioxide exceeded this level.
in the fermentation building and in the reception area. it has been suggested that all exhaust fans should be
would also be preferable to use disposable masks to avBRerating when the windrows are turned in order to dilute
the proliferation of organisms when the masks are nHt€ concentrations of these contaminants.
being worn. Finally, outdoor air quality at the mlcr.oblal Iev_el does.

Finally, at the microbial level, outdoor air quality 1000t appear to be affected by the operations carried out in
metres downwind does not seem to be affected by tHiese centers.
operations carried out in these two centers.
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