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The quantity control of hazardous waste in Israel relies primarily on the Environmental Services Com-
pany (ESC) reports. With limited management tools, the Ministry of Environmental Protection (MoEP)
has no applicable methodology to confirm or monitor the actual amounts of hazardous waste produced
by various industrial sectors. The main goal of this research was to develop a method for estimating the
amounts of hazardous waste produced by various sectors. In order to achieve this goal, sector-specific
indicators were tested on three hazardous waste producing sectors in the Haifa Metropolis: petroleum

Ilf[?;‘::drgjs waste refineries, dry cleaners, and public hospitals. The findings reveal poor practice of hazardous waste man-
Indicators agement in the dry cleaning sector and in the public hospitals sector. Large discrepancies were found
Dry cleaners in the dry cleaning sector, between the quantities of hazardous waste reported and the corresponding
Hospitals indicator estimates. Furthermore, a lack of documentation on hospitals’ pharmaceutical and chemical

Petroleum refineries waste production volume was observed. Only in the case of petroleum refineries, the reported amount

was consistent with the estimate.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Hazardous waste (HW) management is a continuous challenge
in [srael. Until the 1990s disposal of HW was conducted voluntar-
ily without any obligatory legislative frame. In 1990 the Business
Licensing Regulations [1] were promulgated, determining that any
HW producer must remove his waste to the treatment and landfill-
ing site at Ramat Hovav.

Despite legislative changes, four major obstructions hinder the
good practice of HW management from being achieved.

The first is the fact that the definition of HW in Israeli leg-
islation is vague and the sole requirement of the law is proper
disposal. By law, waste is considered hazardous if it contains haz-
ardous substances that are disposed of from a plant [1] where as in
developed counties HW is defined based on material characteris-
tics and properties. For example, in the USA, the Environmental
Protection Agency (EPA) defines HW based on physicochemical
characteristics, viz. corrosivity, flammability (ignitability), reactiv-
ity or toxicity, and a set of lists (F-, K-, P- and U-codes) [2].

Abbreviations: EIPPCB, European Integrated Pollution Prevention and Control
Bureau; EPA, Environmental Protection Agency; ESC, Environmental Services Com-
pany; HW, hazardous waste; MoEP, Ministry of Environmental Protection; PERC,
perchloroethylene; TRI, Toxics Release Inventory; WHO, World Health Organization.
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The second obstruction concerns the gap between official
policy and practiced management. The stated Israeli policy,
favors treatment methods, such as source reduction and recov-
ery for energy production, over waste disposal (landfill). However,
in practice most produced HW is disposed of according to
law.

Another barrier is the fact that there is only one authorized
site for disposal of hazardous waste. This site is located at Ramat
Hovav, in southern Israel. The site location (300 km from the coun-
try’s major industrial zones) and gate fee (about €300 per ton of
organic HW) make disposal very expensive. The combination of
these two factors is more than likely to make other (not necessarily
legitimate) options of disposal more appealing.

The last major obstacle of HW management in Israel is a result
of the complexity of assessing the extent of the problem. Statistics
from the Ministry of Environmental Protection (MoEP) [3] indicate
that approximately 330,000 tons of HW were produced in Israel
during 2006. However, these figures have not been verified and are
based solely on reports by the manufacturers themselves (accord-
ing to the “hazardous substances permits”) and the Environmental
Services Company (ESC), which operates the Ramat Hovav site. ESC
is a government owned company founded in 1990. One of its main
activities is operating a treatment plant for hazardous industrial
waste at Ramat Hovav.

Due to legal constraints and limited financial and human
resources, the Israeli MoEP has inadequate enforcement abilities
and limited management means to confirm this data.
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The lack of a reliable methodology to assess the amounts and
characteristics of HW is a major obstacle in applying best prac-
tice of HW management in Israel. Our study suggests establishing
the use of practical indicators, which are needed to identify dis-
crepancies between estimated and reported amounts of waste.
A performance indicator is a numerical value used to evalu-
ate factors concerning the function of a process or utility. The
development of indicators is based on quantitative measure-
ments or statistics of environmental conditions that are tracked
over time [4]. Indicators can reflect the current status of envi-
ronmental management systems and have an important role
in assessing system’s situation since they can reveal whether
the system is functioning well and in compliance with legal
regulations. Indicators can be used to quantify HW generation,
treatment, minimization, and recycling and also serve in the pro-
motion of awareness and adoption of cleaner production practice
[5].

There is lacking evidence in the scientific literature of a
comprehensive study on HW indicators based on sector-specific
features. Most studies [6-10] have used employment data in
order to estimate HW production rates in different industrial sec-
tors.

Earlier studies have tried to formulate indicators for HW esti-
mation in Israel [7-10]. The first study [7] was conducted prior
to legislation of the Licensing of Business Regulations (Disposal
of Hazardous Substances), 1990, when no law regarding HW
disposal or treatment was in force. It estimated that approx-
imately 28,900tons of HW were produced during 1989. This
study was followed by a HW survey, submitted to the ESC, com-
missioned to create an overall inventory of waste available for
treatment. The survey was based on the average waste pro-
duction rate per industrial employee (assessment according to
Danish statistics) [8]. Its findings indicated that approximately
77,000tons of HW were produced in 1990. Three years later,
Goldshmid [9] conducted another survey in order to evalu-
ate the potential for HW combustion in cement kilns of the
Nesher Israel Cement Enterprises Ltd. The results indicated that
approximately 50,000-60,000 tons of organic HW were produced
annually. The last survey, conducted in 2001 [10], was based
on employment statistics. According to this survey, the actual
annual amounts are 64,000-87,000 tons higher than the amount
reported.

These surveys were conducted over a decade ago, and provided
a wide range of assessments, casting doubt on their reliability. In
order to better predict and control HW production rates, a reliable
methodology is needed.

In general, it is common to distinguish between two kinds of
waste producers. The first kind, large industries, such as polymers
industry, oil refineries etc., are usually located within central indus-
trial zones, adjacent to population centers. In most cases, these
industries are operated by public companies that are commit-
ted to stakeholders and obligated to present periodical economic
reports. These reports also include data on investments related
to environmental issues. The MoEP closely monitors these large
industries. Therefore, the assumption is that large industries have
an incentive to meet environmental standards and legal liability
and as a result, implement state-of-the-art technologies, in order
to avoid bad publicity and/or heavy fines. The second kind, small
industries, e.g. dry cleaners, metal coating facilities, garages etc.
usually located within population centers and in most cases are
supervised by the local authorities (e.g. municipal environmen-
tal departments). Compared with their large counterparts, small
industries are subject to less intensive and less strict enforce-
ment, although, in fact, they may present an equal or even greater
environmental hazard, in light of their proximity to residential
areas.

2. Methodology

The current research uses unique quantitative indicators based
on typical production procedures. The methodology was tested on
eight industrial sectors in the Haifa Metropolis. Three case studies
are discussed in this paper: oil refineries, dry cleaners, and hospi-
tals. The discussed case studies represent two types of sectors. The
first kind, large industries, i.e. oil refineries and the second kind,
small industries, i.e. dry cleaners.

The research was comprised of two major stages. The first stage
was to design a methodology by identifying typical indicators. The
second stage was to compare the estimated quantities of HW and
those reported by the factories. Data was collected by intensive lit-
erature review, questionnaires, interviews and field observations.

The assumption was that discrepancies would be found between
the calculated quantities of HW and those reported. However, since
the indicator is basically a predictor, a 30% margin of error was
considered reasonable.

For each of the industrial sectors, a unique indicator was iden-
tified, based on typical production procedures.

3. Theory
3.1. The case of petroleum refineries

3.1.1. General description

Petroleum refining involves a multistage process in which
crude oil is fractionated into liquefied petroleum gas, naphtha,
kerosene/aviation turbine fuel, diesel oil, and residual fuel oil
[11,12]. Oily materials are the primary source of waste for most
refineries and are generated when oil coalesces on solids [13].
Oil refinery waste streams normally fall into three categories: (a)
sludge—oily sludge, e.g. tank bottoms, desalter sludge, and non-oily
sludge (waste water treatment sludge); (b) other refinery waste,
e.g. contaminated soil, spent catalyst, oily wastes, spent caustic,
spent chemicals, etc., and (c) non-refining wastes, i.e. domestic,
demolition, and construction waste [14,15].

Israel has only two petroleum refineries which were recently
privatized—Oil Refineries Ltd. within Haifa Metropolis and Paz
Ashdod Oil Refinery Ltd. Oil Refineries Ltd. is one of the largest
industries in the Haifa Metropolis. Most of the company’s prod-
ucts carry a “Green Label” of the Israel Bureau of Standards, which
insures compatibility with environmental standards. The environ-
mental management of the Oil Refineries Ltd. complies with ISO
14001 [16].

3.1.2. Relevant indicators

A comprehensive literature review [12,17] revealed that the
quantity of HW resulting from oil refining can be estimated accord-
ing to the amount of crude oil processed.

According to the California EPA [17], the HW generation rate
in 1998 was 1.2 kg per ton of crude oil, while in 2002, the waste
generation rate was 36% less—0.8 kg per ton of crude oil. The Euro-
pean Integrated Pollution Prevention and Control Bureau (EIPPCB)
[12] suggests a different estimation, according to which the solid
waste generation rate equals 0.01-2 kg per ton of crude oil, 80% of
which may be considered hazardous due to the presence of toxic
organics and heavy metals. The EIPPCB estimate is based on the
1995 CONCAWE report [18] on the 1993 European refinery waste
position. The former is outdated, and no longer distributed by CON-
CAWE. Since the EIPPCB document refers to a wide range estimate,
it is a problematic reference. Therefore, the California EPA indica-
tor was adopted for the purpose of the present research. However,
based on the assumption that the HW management system in Cal-
ifornia refineries is much more advanced than their counterpart in
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Table 1
Estimated hazardous waste generation rate in dry cleaners.

Reference Indicator Machine Type Hazardous waste generation rate (kg/kg)
[20,23,24,25] Quantity of clothes (by weight) Dry-to-dry 0.01-0.08
[20] Quantity of PERC (by weight) Dry-to-dry 4.2

Israel (where there is no formal obligation to reduce the quantity
and/or hazardous characteristics of routinely generated HW), it was
decided to refer to the 1998 indicator (1.2 kg per ton of crude oil).

3.2. The case of dry cleaning

3.2.1. General description

The current most used dry-cleaning solvent is perchloroethy-
lene (PERC) [19]. PERC is a volatile, nonflammable, colorless liquid
which is toxic, environmentally harmful and a possible human car-
cinogen [19,20]. Though the use of PERC is being phased out of
the dry cleaning process worldwide [21], most Israeli dry cleaners
still use it. The dry cleaning process produces bottom residues and
cooked powder residues (from powder filtration systems), which
are defined as hazardous waste. Bottom residues contain grease,
oil, detergent, dyes, sizing, waxes, filter materials, and other non-
volatile residues [22].

3.2.2. Relevant indicators

Based on the scientific literature, several typical indicators were
identified [20,23-25]. These indicators predict the amount of HW
produced according to the weight of clothes dry cleaned and/or the
PERC consumed. Table 1 shows the different indicators found in the
literature.

3.3. The case of hospitals

3.3.1. General description

Health-care waste includes all the waste generated by health-
care establishments, research facilities, and laboratories. In
addition, it includes the waste originating from “minor” or “scat-
tered” sources, such as that produced in the course of health care
undertaken at homes (dialysis, insulin injections, medication, etc.)
[26-28]. According to the World Health Organization (WHO) [27],
almost 80% of the total waste generated by health-care activities is
comparable to domestic waste. The remaining is considered haz-
ardous materials that may be infectious, toxic, or radioactive. The
waste and byproducts cover a diverse range of materials, such as
infectious waste, pathological waste, cytotoxic waste, pharmaceu-
tical and chemical waste, and the like.

With regard to health care, the present research was focused
on pharmaceutical and chemical waste, which is legislated under
the Israeli Licensing of Business Regulations (disposal of hazardous
substances), 1990 [1]. According to the WHO, pharmaceutical and
chemical waste amounts to about 3% of all waste from health-care
activities [27].

In this context, it is essential to mention that though infec-
tious waste presents a major proportion (15%) of health-care waste,
it is well regulated under the Public Health Regulations (Waste
Treatment in Medical Institutions), 1997, controlled by the Min-
istry of Health. Under these regulations, infectious waste is treated
within the medical institution by sterilization (autoclave treat-
ment). Therefore, it was not accounted within this study.

3.3.2. Relevant indicators

The literature review [28-38] revealed that medical waste man-
agement and development of indicators to assess its amount are
extensively studied. The most significant factor affecting the gener-
ation rates of health-care waste is the occupancy rate (the number

of occupied beds) of a hospital. It has been established that the
generation rate increases proportionally to the increase in bed
occupancy. Bed occupancy varies during the year according to
actual figures of hospitalized patients. Therefore, the indicator is
based on actual annual bed occupancy.

According to the literature [26], the daily health-care waste pro-
duction rate in Western Europe is 3-6 kg per bed, per day. Recent
research [38] suggests even a smaller range of 2.4-3.2 kg of gen-
eral medical waste per bed, per day. Pharmaceutical and chemical
waste amounts to about 3% of the waste resulting from health-care
activities [27]. In other words, the average daily pharmaceutical
and chemical waste generation rate is 0.09-0.18 kg per bed.

4. Results and discussion
4.1. The case of petroleum refineries

A comparison between the indicator based estimate, and the
reported quantity was conducted. According to the Annual Report
of the Haifa District Municipal Association for the Environment
[39], 7,540,316tons of crude oil were processed by Haifa Oil
Refineries Ltd. during 2006. Table 2 shows the estimated and
reported amounts of HW in Oil Refineries Ltd.

The findings reveal a negligible discrepancy between the esti-
mated and the reported amounts, suggesting that Oil Refineries
practice good HW management. Further support for this conclu-
sion is the factory’s reduction of waste disposal by nearly 50% over
the last years, through voluntary implementation of land farming
for sludge treatment [40]. However, the absence of a comprehen-
sive national plan for HW source reduction negatively affects the
incentive of the industry to implement best practice. For this rea-
son alone, the Israeli oil refinery industry cannot be compared with
refineries abroad. The difference, as discussed earlier, is reflected
in the HW generation rate. While 1.2 kg waste per ton crude oil is
the applicable indicator in the Haifa Metropolis, the California oil
refineries managed to reduce this rate by nearly 40% (i.e., 0.8 kg per
ton)—an objective that should be adopted in Israel as well.

4.2. The case of dry cleaning

In order to characterize the Haifa Metropolis dry cleaning sec-
tor, a questionnaire was distributed among six active on-site dry
cleaners (see annex 1). The questionnaire (partly based on Ref. [20])
was designed to elicit the following issues: (a) business information
(license number, hazardous substances permit, contact details);
(b) process information (solvent type used); (c) equipment infor-
mation (machine type); (d) extent of activity (quantity of clothes
dry cleaned, quantity of solvent consumed); (e) waste information
(amount, disposal destination). Table 3 summarizes the character-
istics of the dry cleaners in the Haifa Metropolis (Due to commercial
constrains the actual names are not specified in this paper).

Table 2
Estimated and reported amounts of hazardous waste of Oil Refineries Ltd. [17].

Estimated hazardous
waste (ton/year)

Reported
hazardous waste
(tons/year)

9048 8759

Discrepancy (%)

(-)3%
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Table 3
Main findings on dry cleaners in Haifa Metropolis®.
Dry cleaner
A B C D E F
Quantity of PERC (kg) consumed per year 1,500 1,200 100 130 261 163
Quantity of clothes (kg) dry cleaned per year 25,000 15,000 NAD NA NA 850
Amount of hazardous waste (kg) reported per year 1,000 45 20 120 240 90

2 All dry cleaners operate dry-to-dry machines using PERC.
b NA—not available.

Table 4

Estimated and reported amounts of hazardous waste of dry cleaners in Haifa Metropolis, based on the “PERC indicator” [20].

Dry cleaner Estimated hazardous waste (kg/year) Reported hazardous waste (kg/year) Discrepancy (%)
A 6150 960 (—)84%
B 4920 45 (—)99%
C 410 20 (—)95%
D 535 120 (-)78%
E 1069 240 (-)78%
F 668 90 (—)87%
Table 5

Estimated and reported amounts of hazardous waste of the dry cleaners in Haifa Metropolis, based on the “clothes indicator” [25].

Dry cleaner Estimated hazardous waste (kg/year) Reported hazardous waste (kg/year) Discrepancy (%)
A 769 960 25%

B 481 45 (-)91%

F 27 90 233%

After analyzing the data gathered from the questionnaire, a
comparison between estimated and actual amounts of wastes was
conducted and the data was further verified by interviews and field
observations.

In light of the wide variance among the different indicators
(see Table 1), it was essential to isolate the applicable indica-
tor for dry cleaners. In the first stage, a basic calculation was
conducted according to the “PERC indicator,” as summarized in
Table 4.

Table 4 reveals large discrepancies for all dry cleaners between
the estimated and the reported quantities. In contrast, the esti-
mate based on the “clothes indicator” (see Table 5) shows that the
amount of HW produced by Dry Cleaner A was in accordance with
the University of Tennessee indicator [25]. This indicator was the
basis for the calculation in Table 5 (only Dry Cleaners A, B, and F
reported the amount of clothes dry cleaned).

As Table 5 reveals, only the quantity of HW produced by Dry
Cleaner A was within the accepted margin of error. In the other two
cases, large discrepancies were identified. In the case of Dry Cleaner
F, two possible explanations can be provided: (a) this dry cleaner
accumulated waste, though regulations prohibit this practice; (b)
this dry cleaner may have reported inaccurate data; it either treated
a larger quantity of clothes or produced a larger quantity of waste
than was reported.

Further inquiry was required in order to verify the questionnaire
data and determine the most reliable indicator. Interviews and field
observations were conducted at the two largest dry cleaners in the
Haifa Metropolis (Dry Cleaners A and B, which together account for
a 40% market share).

Table 6
Field observation results in Dry Cleaners A and B in Haifa Metropolis.

According to the interview with the manager of Dry Cleaner A,
the facility removes about 960 kg of HW per year. The manager of
this facility estimated that, on average, 0.04 kg of HW is produced
per 1kg of clothes dry cleaned [41]. An interview and a field obser-
vation were also conducted concerning Dry Cleaner B [42], but the
answers revealed a substantial lack of understanding of the issue.
Table 6 summarizes the results of the field observation.

The difference between the HW management systems in Dry
Cleaners A and B can clearly be seen in Table 6. While Dry Cleaner
A produces HW comparable with the literature specifications, Dry
Cleaner B, according to its report [42], disposes only lint.

To conclude, the analysis revealed large discrepancies (78-99%)
between the amounts of HW reported and the estimates based
on the “PERC indicator”. In comparison, a high correlation (only
25% gap) was found between the amounts of HW reported by Dry
Cleaner A, and the “clothes indicator” [25] (0.03 kg HW per kg
clothes).

Interviews and field observations revealed a considerable dif-
ference between the HW management system of the two largest
dry cleaners in the Haifa Metropolis—A and B. Three findings led
to the conclusion that Dry Cleaner B practices poor HW manage-
ment: (a) the type of HW in the bottom distiller container; (b) the
difference between the types of waste in the bottom distiller con-
tainer and the storage container, respectively; and (c) low amounts
of waste compared with the reported scope of the activity. These
findings lead to the conclusion that the “clothes indicator” is reli-
able in predicting the amount of HW resulting from dry cleaning
activity. Our results indicate that a dry cleaner operating a dry-to-
dry machine will produce approximately 0.03 kg of HW per 1 kg of

Dry Cleaner B

Findings Dry Cleaner A
Type of waste—bottom distiller container Oily sludge
Type of waste—storage container Qily sludge

Storage container volume
Storage container location

3 barrels of 2001
Fenced, locked, signboard

Lint

Qily sludge

1 container of 501

Open area with no signboard
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Table 7

Estimated and reported amounts of hazardous waste produced by public hospitals in Haifa Metropolis.

Hospital Bed occupancy? Estimated hazardous waste (ton/year) Reported hazardous waste (ton/year) Discrepancy (%)
Hospital A 795 26 NAP -

Hospital B 447 15 12.54 (=)15%
Hospital C 349 11 NA

Hospital D 141 1 NA -

2 Source: The Ministry of Health, Information Department [43].
b NA—not available.

clothes. Dry Cleaners A and B, which represent a 40% market share,
treat 40 tons of clothes annually; therefore it is estimated that the
total dry cleaning market in the Haifa Metropolis processes about
100 tons of clothes, which equals to 3.2 tons of HW. According to
the data gathered from the questionnaires, dry cleaners in the Haifa
Metropolis produced only 1.5 tons of HW during 2006. Thus, more
than half of the HW, being produced from dry cleaning activity, was
not properly disposed of at the national site for HW at Ramat Hovav.
Considering that there are hundreds of dry cleaners in Israel, these
findings are troubling, indicating dozens of tons of PERC waste that
evaporates and not treated properly.

4.3. The case of hospitals

In order to examine the indicator reliability, the amount of HW
that was reported [39] was compared with the amount estimated
by the indicator. A cautious estimation was calculated on the basis
of a daily generation rate of 0.09 kg per bed. Four public hospi-
tals were sampled: A-D (the actual names are not specified in this
paper). Table 7 describes the results of our analysis.

As shown in Table 7, it was estimated that 54 tons of pharma-
ceutical and chemical waste should have been produced by the 4
public hospitals in Haifa during 2006. A high correlation (only 15%
gap) was found between the reported and estimated amount of
waste of Hospital B, but there was no available documentation on
pharmaceutical and chemical waste disposed of by Hospitals A, C,
and D.

In order to complete the missing data, a formal request for
information was directed to the MoEP [44,45]. According to the
response, Hospitals A, C, and D removed health-care waste via
transfer stations.

Transfer stations are intermediate facilities at which HW is
transferred from collection vehicles and then temporarily stored
or merged before being transported to the HW disposal site at
Ramat Hovav. Transfer stations are authorized to merge similar
waste streams from different small-quantity generators. A small-
quantity generator is defined as one that generates less than 5 tons
of HW annually. The mixing process is subjected to a compatibility
test according to the EPA chemical reactivity worksheet [46]. Once
approved, the transfer station is authorized to merge waste streams
only within the same waste types, such as organic acids (except for
sulphides and chromium), inorganic acids, organic bases, inorganic
bases, solvents, resins, etc. The merged waste stream is considered
as HW, attributed to the transfer station and not the original waste
producers. It is clear that by omitting the full waste record, the pro-
ducer liability is undermined, which indirectly affects the producer
responsibility principle. According to Table 7, both Hospitals A and
C cannot be regarded as “small-quantity generators”, since it is esti-
mated that they produce 26 and 11 tons per year, respectively, but,
in the records their waste was merged and attributed to the transfer
station.

The Information and Operation Center of the MoEP had no doc-
umentation on pharmaceutical and chemical waste being disposed
of by these hospitals. In fact, according to the data provided, all three
hospitals (A, C and D) removed only cytotoxic waste and used gas
containers.

Due to lack of documentation of merged waste streams, it is
not possible to determine the exact amount of pharmaceutical and
chemical waste that was (or was not) disposed of according to reg-
ulations. The assumption is that roughly 42 tons of pharmaceutical
and chemical waste were credited to the transfer stations, instead
of to Hospitals A, C and D (Table 7).

5. Conclusion

HW is produced by different industrial sectors, each charac-
terized by typical waste streams. In the current study, a method
was developed to assess the amount of HW produced by differ-
ent sectors. Former studies in Israel have been based primarily
on employment statistics for the estimation of HW generation
rates [7-10]. The current research is based on sector-specific indi-
cators, according to specific industries. The estimation method
for each sector was determined according to its typical pro-
cesses.

The research findings indicate several weak points in Israel’s
HW management system: (a) waste generators do not always keep
track of production amounts; (b) transfer stations merge waste
streams, precluding identification and control of specific genera-
tors; and (c) the MoEP neither controls nor verifies the quantities
and the disposal destinations of HW from small and medium-sized
enterprises.

In Israel, the control of the quantities of HW disposed is based
mainly on the annual reports of ESC, which documents any waste
streams received at the Ramat Hovav site and reports this data to
the MoEP. However, the wastes delivered to transfer stations are
not fully documented.

The Israeli HW management system is utterly different from
that of other developed countries. In the USA, for example, the
waste generator must disclose its releases of chemicals to air,
water, and land, as well as the quantities of chemicals recycled,
treated, or otherwise disposed of on-site and off-site. The Tox-
ics Release Inventory (TRI), publicly available database, contains
information on toxic chemical releases and waste management
activities reported annually by certain industries, as well as USA
federal facilities [47]. Other differences are that HW in Israel is
(a) legislated under general licensing regulations, whereas in other
countries it is subject to specific legislation; (b) managed by The
Hazardous Substances Department of the MoEP, whereas in most
developed countries it is managed by specialized waste depart-
ments; and (c) defined according to the method of treatment, rather
than by its characteristics.

To conclude, the research findings demonstrate the need for
developing performance indicators in order to control the amount
of HW being produced by different industrial sectors. Indicators
are important tools that assist decision makers in formulating and
implementing policies for management at local and national levels.
The main conclusion is that the HW management system in Israel
should be significantly improved. It is recommended to mandate
toxic release inventories from both HW generators and treatment
facilities, to improve control of transfer station activity, and to leg-
islate source reduction and the best available technology.
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Annex 1.

Dryv Cleaners' Questionnaire

13°207 MK - 79°10 MIR 0V TR :
Haifa District Association of Municipalities for the T Vi
Environment :

0°057 ;11021 AU NP ,PRYI NP LW L0 1P LR Np L RDK IR a0

04-8428197 'opn 04-8428201 v ,31250 119°11,25028 7"n,7 3py *>wm M
7 Moshly Yacov St., POB 25028, Haifa 31250, Israel, Tel: 972-4-8428201
8 Fax: 972-4-8428197
www.envihaifa.org.il mail@envihaifa.org.il e- mail:

1. Business Information

A. Company name:

B. Local authority license number:

C. Hazardous substances permit number:
D. Address:

E. Phone number:

F. Fax number:

G. E-mail address:

H. Contact person:

2. General Information
Does the facility have a dry cleaning machine on-site? YES 0 NO 0.
If you are only a drop-oft shop, please indicate the contact details of the dry cleaning facility:
A. Company name:
B. Local authority license number:
. Hazardous substances permit number:
Address:

m o N

.

Phone number:

=

Fax number:

[}

. E-mail address:

631
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H. Contact person:

Only on-site dry cleaners should answer the following questions:

3. Operational Information - Solvents

A. What types of solvent(s) are used in the machine(s)? Please mark the right box:
Q  Perc

O Other- please indicate commercial name:

(If you mark X in the above box please answer the following question and then skip to
section 5)

B. Please indicate the total amount of solvent purchased in 2006 (Kg):

4. Operational Information — Machines

A. Number of dry cleaning machines in the facility:

B. Please indicate machines capacity (Kg):

If you own more than one machine please use the following table:

Machine 1 2 3 4

No.

Capacity
(Kg)

C. Machine Type: Please mark X in the correct box (If you own more than one machine
please indicate next to the relevant box the number of machines from the same type)
O  Transfer - an "open" machine with no final drying stage

d  Dry-to-dry - a "closed" machine

D. Please indicate what kind of devices do the drying machine has:

O A water cooled condenser

O

An air cool condenser (a refrigerated condenser)

An active carbon absorber for the PERC
Regeneration of the active carbon

Door locks

Inductive door fan

Other (specify):

0OO00OO0ODo

5. Operational Information — Clothes

A. Please indicate the total amount of clothes dry cleaned during 2006 (Kg):

6. Waste Information

A. Please indicate the total amount (Kg) of hazardous waste produced in 2006:

B. Please indicate the disposal destination:




E. Elimelech et al. / Journal of Hazardous Materials 185 (2011) 626-633 633

References

[1] Israeli licensing of business regulations (disposal of hazardous substances),

1990.

A.Musee, L. Lorenzena, C. Aldrich, New methodology for hazardous waste clas-

sification using fuzzy set theory. Part . Knowledge acquisition, J. Hazard. Mater.

154 (2008) 1040-1051.

Ministry of Environmental Protection, Generation and Management of Haz-

ardous Waste in Israel—Annual Report (2005), Last Update: 09/08/2007, from:

http://www.sviva.gov.il/Enviroment/Static/Binaries/Articals/psolet_d_2006_1.
pdf.

Environmental Protection Agency, Environmental Indicators Gateway, What

is an Environmental Indicator, Retrieved: 13/12/2008, from: http://www.

epa.gov/indicator/whatIndicator.html.

[5] AJ. Granados, P.J. Peterson, Hazardous waste indicators for national decision
makers, J. Environ. Manage. 55 (1999) 249-263.

[6] D.J. Monahan, Estimation of hazardous wastes from employment statistics:
Victoria, Australia, Waste Manage. Res. 8 (2) (1990) 145-149.

[7] Y.Korenberg, Israel toxic waste survey, Licentiate Thesis, Technion-Israel Insti-
tute of Technology, Faculty of Civil Engineering, 1989.

[8] R. Messalem, P. Rieman, Hazardous Waste Survey, Joint Report-Chemcontrol,
Denmark and BGUN-AR], Israel, 1990.

[9] J. Goldshmid, Environmental Engineering & Design Corp Ltd., Hazardous Waste
Combustion in Cement Kilns, The Chief Scientific Publications, Ministry of Envi-
ronmental Protection, Catalog no. 1993-22, 1993.

[10] Enosh Environmental Systems, National Survey for Estimation of Hazardous
Waste Production Amounts, 2001.

[11] IFC, Petroleum Refining, Pollution Prevention and Abatement Hand-
book, 1998, Retrieved: 28/9/2006, from: http://www.ifc.org/ifcext/enviro.
nsf/AttachmentsByTitle/gui_petroref WB/$FILE/petroref PPAH.pdf.

[12] EIPPCB, Reference document on best available techniques for mineral oil
and gas refineries, 2003, Retrieved: 15/10/2006, from: http://eippcb.jrc.es/
pages/FActivities.htm.

[13] AK.Karamalidis, E.A. Voudrias, Cement-based stabilization/solidification of oil
refinery sludge: leaching behavior of alkanes and PAHs, J. Hazard. Mater. 148
(2007) 122-135.

[14] USA Environmental Protection Agency, Profile of the petroleum refining
industry, EPA office of compliance sector notebook project, 1995, Retrieved
01/05/2006, from: http://www.epa.gov/oecaerth/resources/publications/
assistance/sectors/notebooks/petrefsnpt1.pdf.

[15] CONCAWE, Best available techniques to reduce emissions from refineries,
Document no. 99/01, Brussels: CONCAWE, 1999, Retrieved: 12/08/2007,
from: http://www.concawe.org/DocShareNoFrame/Common/GetFile.asp?
PortalSource=156&DocID=367&mfd=off&pdoc=1.

[16] Oil Refineries Ltd., Periodical & annual report 2006, Companies messages
internet system, Tel Aviv stock exchange, 2007, Retrieved: 22/3/2007, from:
http://maya.tase.co.il/bursa/report.asp?report.cd=252706.

[17] California Environmental Protection Agency, California petroleum refinery haz-
ardous waste source reduction—2002 assessment report, Department of toxic
substances control office of pollution prevention and technology develop-
ment, 2006, Retrieved: 16/09/2007, from: http://www.dtsc.ca.gov/Pollution
Prevention/upload/P2_REP_-SB14-Refineries.pdf.

[18] G. Stalter, CONCAWE, Personal communication, 2007.

[19] MJ.E. van Roosmalen, G.F. Woerlee, G.J. Witkamp, Amino acid based surfac-
tants for dry-cleaning with high-pressure carbon dioxide, J. Supercrit. Fluids
32(2004) 243-254.

[20] California Environmental Protection Agency, California dry cleaning
industry—technical assessment report, State of California Air resources
Board, Stationary source division, Emissions assessment branch, 2006,
Retrieved:  04/03/2007, from: http://www.arb.ca.gov/toxics/dryclean/
finaldrycleantechreport.pdf.

[21] California ARB, California to phase out the use of perchloroethylene from dry
cleaning process, State of California Air Resources Board, News release, 2007,
from: http://www.arb.ca.gov/newsrel/nr012607b.htm.

[2

3

[4

[22] Environmental Protection Agency, Conducting contamination assessment
work at dry cleaning sites, State Coalition for Remediation of Drycleaners
(SCRD), 2004, Retrieved: 05/03/2007, from: http://www.drycleancoalition.
org/download/assessment.pdf.

[23] Environmental Protection Agency, Dry Cleaning, AP 42, Fifth ed., I (4): Evapo-
ration Loss Sources, 1981, Retrieved: 05/03/2007, from: http://www.epa.gov/
ttn/chief/ap42/ch04/final/c4s01.pdf.

[24] Environmental Protection Agency, Dry cleaning and laundry (1990)
(530SW90027B), Retrieved: 04/03/2007, from: http://nepis.epa.gov/
EPA/html/Pubs/pubtitleOSWER.htm.

[25] The University of Tennessee, Clearing the Air on Clean Air: Strategies for
Perc Drycleaners, Institute for Public (1997), Retrieved: 05/03/2007, from:
www.epamact.tennessee.edu/library/pdf/dryclean.pdf.

[26] A. Pruss, E. Giroult, P. Rushbrook (Eds.), Safe Management of Wastes from
Health-Care Activities, World Health Organization, Geneva, 1999.

[27] World Health Organization, Wastes from health-care activities (Fact sheet No
253) (2000), from: http://www.who.int/mediacentre/factsheets/fs253/en/.

[28] N. Marinkovi¢, K. Vitale, N.J. Holcer, A. DZakula, T. Pavi¢, Management of haz-
ardous medical waste in Croatia, Waste Manage. 28 (6) (2008) 1049-1056.

[29] Y.-C. Jang, C. Lee, O.-S. Yoon, H. Kim, Medical waste management in Korea, J.
Environ. Manage. 80 (2006) 107-115.

[30] A. Bdour, B. Altrabsheh, N. Hadadin, M. Al-Shareif, Assessment of medical
wastes management practice: a case study of the northern part of Jordan, Waste
Manage. 27 (2007) 746-759.

[31] M. Tsakona, E. Anagnostopoulou, E. Gidarakos, Hospital waste management
and toxicity evaluation: a case study, Waste Manage. 27 (2007) 912-920.

[32] H. Taghipour, M. Mosaferib, Characterization of medical waste from hospitals
in Tabriz, Iran, Sci. Total Environ. 407 (2009) 1527-1535.

[33] LF. Mohamed, S.A. Ebrahim, A.A. Al-Thukair, Hazardous healthcare waste
management in the Kingdom of Bahrain, Waste Manage. 29 (8) (2009)
2404-2409.

[34] Z.Yong, X. Gang, W. Guanxing, Z. Tao, ]. Dawei, Medical waste management in
China: a case study of Nanjing, Waste Manage. 29 (2009) 1376-1382.

[35] M.A. Patwary, W.T. O'Hare, G. Street, K.M. Elahi, S.S. Hossain, M.H. Sarker,
Quantitative assessment of medical waste generation in the capital city of
Bangladesh, Waste Manage. 29 (8) (2009) 2392-2397.

[36] G. Sanida, A. Karagiannidis, F. Mavidou, D. Vartzopoulos, N. Moussiopoulos, S.
Chatzopoulos, Assessing generated quantities of infectious medical wastes: a
case study for a health region administration in Central Macedonia, Greece,
Waste Manage. (2009), doi:10.1016/j.wasman.2008.11.019.

[37] S. Jahandideh, S. Jahandideh, E.B. Asadabadi, M. Askarian, M.M. Movahedi, S.
Hosseini, M. Jahandideh, The use of artificial neural networks and multiple
linear regression to predict rate of medical waste generation, Waste Manage.
29 (2009) 2874-2879.

[38] Y.W. Chenga, F.C. Sungb, Y. Yangc, Y.H. Loc, Y.T. Chungd, K.-C. Li, Medical waste
production at hospitals and associated factors, Waste Manage. 29 (1) (2009)
440-444.

[39] Haifa District Municipal Association for the Environment 2006 Annual Report
(2006), from: http://www.envihaifa.org.il/heb/pdf/dohO6all.pdf.

[40] S.Admon, M. Green, Y. Avnimelech, Biodegradation kinetics of hydrocarbons in
soil during land treatment of oily sludge, Bioremediat. J. 5 (3) (2001) 193-209.

[41] Dry Cleaner A Manager, Interview (2007).

[42] Dry Cleaner B Manager, Interview (2007).

[43] M. Aburbeh, Information Department, Ministry of Health, Personal communi-
cation (2007).

[44] R. Blitman, Information and operation center, Ministry of Environmental Pro-
tection, Personal communication (2007).

[45] R. Blitman, Information and operation center, Ministry of Environmental Pro-
tection, Interview (2007).

[46] The National Oceanic and Atmospheric Administration (NOAA), CAMEO
Chemicals, Database of Hazardous Materials, Retrieved: 09/07/2010, from:
http://cameochemicals.noaa.gov/.

[47] Environmental Protection Agency, Toxics Release Inventory Program,
Retrieved: 13/12/2008, from: http://www.epa.gov/tri/.


http://www.sviva.gov.il/Enviroment/Static/Binaries/Articals/psolet_d_2006_1.pdf
http://www.epa.gov/indicator/whatIndicator.html
http://www.ifc.org/ifcext/enviro.nsf/AttachmentsByTitle/gui_petroref_WB/$FILE/petroref_PPAH.pdf
http://eippcb.jrc.es/pages/FActivities.htm
http://www.epa.gov/oecaerth/resources/publications/assistance/sectors/notebooks/petrefsnpt1.pdf
http://www.concawe.org/
http://maya.tase.co.il/bursa/report.asp
http://www.dtsc.ca.gov/PollutionPrevention/upload/P2_REP_SB14-Refineries.pdf
http://www.arb.ca.gov/toxics/dryclean/finaldrycleantechreport.pdf
http://www.arb.ca.gov/newsrel/nr012607b.htm
http://www.drycleancoalition.org/download/assessment.pdf
http://www.epa.gov/ttn/chief/ap42/ch04/final/c4s01.pdf
http://nepis.epa.gov/EPA/html/Pubs/pubtitleOSWER.htm
http://www.epamact.tennessee.edu/library/pdf/dryclean.pdf
http://www.who.int/mediacentre/factsheets/fs253/en/
http://www.envihaifa.org.il/heb/pdf/doh06all.pdf
http://cameochemicals.noaa.gov/
http://www.epa.gov/tri/

	Hazardous waste management and weight-based indicators—The case of Haifa Metropolis
	Introduction
	Methodology
	Theory
	The case of petroleum refineries
	General description
	Relevant indicators

	The case of dry cleaning
	General description
	Relevant indicators

	The case of hospitals
	General description
	Relevant indicators


	Results and discussion
	The case of petroleum refineries
	The case of dry cleaning
	The case of hospitals

	Conclusion
	Acknowledgements
	References
	References


