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a b s t r a c t

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
eywords:
azardous waste

ndicators
ry cleaners
ospitals
etroleum refineries

indicators were tested on three hazardous waste producing sectors in the Haifa Metropolis: petroleum
refineries, dry cleaners, and public hospitals. The findings reveal poor practice of hazardous waste man-
agement in the dry cleaning sector and in the public hospitals sector. Large discrepancies were found
in the dry cleaning sector, between the quantities of hazardous waste reported and the corresponding
indicator estimates. Furthermore, a lack of documentation on hospitals’ pharmaceutical and chemical
waste production volume was observed. Only in the case of petroleum refineries, the reported amount

stima
was consistent with the e

. Introduction

Hazardous waste (HW) management is a continuous challenge
n Israel. Until the 1990s disposal of HW was conducted voluntar-
ly without any obligatory legislative frame. In 1990 the Business
icensing Regulations [1] were promulgated, determining that any
W producer must remove his waste to the treatment and landfill-

ng site at Ramat Hovav.
Despite legislative changes, four major obstructions hinder the

ood practice of HW management from being achieved.
The first is the fact that the definition of HW in Israeli leg-

slation is vague and the sole requirement of the law is proper
isposal. By law, waste is considered hazardous if it contains haz-
rdous substances that are disposed of from a plant [1] where as in
eveloped counties HW is defined based on material characteris-

ics and properties. For example, in the USA, the Environmental
rotection Agency (EPA) defines HW based on physicochemical
haracteristics, viz. corrosivity, flammability (ignitability), reactiv-
ty or toxicity, and a set of lists (F-, K-, P- and U-codes) [2].

Abbreviations: EIPPCB, European Integrated Pollution Prevention and Control
ureau; EPA, Environmental Protection Agency; ESC, Environmental Services Com-
any; HW, hazardous waste; MoEP, Ministry of Environmental Protection; PERC,
erchloroethylene; TRI, Toxics Release Inventory; WHO, World Health Organization.
∗ Corresponding author. Tel.: +972 542445546; fax: +972 4 8249971.

E-mail address: efratelm@gmail.com (E. Elimelech).

304-3894/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2010.09.064
te.
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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 D300 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.

dx.doi.org/10.1016/j.jhazmat.2010.09.064
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:efratelm@gmail.com
dx.doi.org/10.1016/j.jhazmat.2010.09.064
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The lack of a reliable methodology to assess the amounts and
haracteristics of HW is a major obstacle in applying best prac-
ice of HW management in Israel. Our study suggests establishing
he use of practical indicators, which are needed to identify dis-
repancies between estimated and reported amounts of waste.

performance indicator is a numerical value used to evalu-
te factors concerning the function of a process or utility. The
evelopment of indicators is based on quantitative measure-
ents or statistics of environmental conditions that are tracked

ver time [4]. Indicators can reflect the current status of envi-
onmental management systems and have an important role
n assessing system’s situation since they can reveal whether
he system is functioning well and in compliance with legal
egulations. Indicators can be used to quantify HW generation,
reatment, minimization, and recycling and also serve in the pro-

otion of awareness and adoption of cleaner production practice
5].

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

Earlier studies have tried to formulate indicators for HW esti-
ation in Israel [7–10]. The first study [7] was conducted prior

o legislation of the Licensing of Business Regulations (Disposal
f Hazardous Substances), 1990, when no law regarding HW
isposal or treatment was in force. It estimated that approx-

mately 28,900 tons of HW were produced during 1989. This
tudy was followed by a HW survey, submitted to the ESC, com-
issioned to create an overall inventory of waste available for

reatment. The survey was based on the average waste pro-
uction rate per industrial employee (assessment according to
anish statistics) [8]. Its findings indicated that approximately
7,000 tons of HW were produced in 1990. Three years later,
oldshmid [9] conducted another survey in order to evalu-
te the potential for HW combustion in cement kilns of the
esher Israel Cement Enterprises Ltd. The results indicated that
pproximately 50,000–60,000 tons of organic HW were produced
nnually. The last survey, conducted in 2001 [10], was based
n employment statistics. According to this survey, the actual
nnual amounts are 64,000–87,000 tons higher than the amount
eported.

These surveys were conducted over a decade ago, and provided
wide range of assessments, casting doubt on their reliability. In
rder to better predict and control HW production rates, a reliable
ethodology is needed.
In general, it is common to distinguish between two kinds of

aste producers. The first kind, large industries, such as polymers
ndustry, oil refineries etc., are usually located within central indus-
rial zones, adjacent to population centers. In most cases, these
ndustries are operated by public companies that are commit-
ed to stakeholders and obligated to present periodical economic
eports. These reports also include data on investments related
o environmental issues. The MoEP closely monitors these large
ndustries. Therefore, the assumption is that large industries have
n incentive to meet environmental standards and legal liability
nd as a result, implement state-of-the-art technologies, in order
o avoid bad publicity and/or heavy fines. The second kind, small
ndustries, e.g. dry cleaners, metal coating facilities, garages etc.
sually located within population centers and in most cases are
upervised by the local authorities (e.g. municipal environmen-

al departments). Compared with their large counterparts, small
ndustries are subject to less intensive and less strict enforce-

ent, although, in fact, they may present an equal or even greater
nvironmental hazard, in light of their proximity to residential
reas.
s Materials 185 (2011) 626–633 627

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.
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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].
Reference Indicator

[20,23,24,25] Quantity of clothes (by weight)
[20] Quantity of PERC (by weight)

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

.2. The case of dry cleaning

.2.1. General description
The current most used dry-cleaning solvent is perchloroethy-

ene (PERC) [19]. PERC is a volatile, nonflammable, colorless liquid
hich is toxic, environmentally harmful and a possible human car-

inogen [19,20]. Though the use of PERC is being phased out of
he dry cleaning process worldwide [21], most Israeli dry cleaners
till use it. The dry cleaning process produces bottom residues and
ooked powder residues (from powder filtration systems), which
re defined as hazardous waste. Bottom residues contain grease,
il, detergent, dyes, sizing, waxes, filter materials, and other non-
olatile residues [22].

.2.2. Relevant indicators
Based on the scientific literature, several typical indicators were

dentified [20,23–25]. These indicators predict the amount of HW
roduced according to the weight of clothes dry cleaned and/or the
ERC consumed. Table 1 shows the different indicators found in the
iterature.

.3. The case of hospitals

.3.1. General description
Health-care waste includes all the waste generated by health-

are establishments, research facilities, and laboratories. In
ddition, it includes the waste originating from “minor” or “scat-
ered” sources, such as that produced in the course of health care
ndertaken at homes (dialysis, insulin injections, medication, etc.)
26–28]. According to the World Health Organization (WHO) [27],
lmost 80% of the total waste generated by health-care activities is
omparable to domestic waste. The remaining is considered haz-
rdous materials that may be infectious, toxic, or radioactive. The
aste and byproducts cover a diverse range of materials, such as

nfectious waste, pathological waste, cytotoxic waste, pharmaceu-
ical and chemical waste, and the like.

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

In this context, it is essential to mention that though infec-
ious waste presents a major proportion (15%) of health-care waste,
t is well regulated under the Public Health Regulations (Waste
reatment in Medical Institutions), 1997, controlled by the Min-
stry of Health. Under these regulations, infectious waste is treated

ithin the medical institution by sterilization (autoclave treat-
ent). Therefore, it was not accounted within this study.
.3.2. Relevant indicators
The literature review [28–38] revealed that medical waste man-

gement and development of indicators to assess its amount are
xtensively studied. The most significant factor affecting the gener-
tion rates of health-care waste is the occupancy rate (the number
Machine Type Hazardous waste generation rate (kg/kg)

Dry-to-dry 0.01–0.08
Dry-to-dry 4.2

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], 7,540,316 tons 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-
Estimated hazardous
waste (ton/year)

Reported
hazardous waste
(tons/year)

Discrepancy (%)

9048 8759 (−)3%
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Table 3
Main findings on dry cleaners in Haifa Metropolisa.

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 NAb NA NA 850
Amount of hazardous waste (kg) reported per year 1,000 45 20 120 240 90

a 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 (%)

c
c
o

(
t
c
T

t
m
a
t
b
r

C
c
F
a
t
a
t

d
o
H
a

T
F

A 769
B 481
F 27

After analyzing the data gathered from the questionnaire, a
omparison between estimated and actual amounts of wastes was
onducted and the data was further verified by interviews and field
bservations.

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

Table 4 reveals large discrepancies for all dry cleaners between
he estimated and the reported quantities. In contrast, the esti-

ate based on the “clothes indicator” (see Table 5) shows that the
mount of HW produced by Dry Cleaner A was in accordance with
he University of Tennessee indicator [25]. This indicator was the
asis for the calculation in Table 5 (only Dry Cleaners A, B, and F
eported the amount of clothes dry cleaned).

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

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

able 6
ield observation results in Dry Cleaners A and B in Haifa Metropolis.

Findings Dry Cleaner A

Type of waste—bottom distiller container Oily sludge
Type of waste—storage container Oily sludge
Storage container volume 3 barrels of 200 l
Storage container location Fenced, locked, si
960 25%
45 (−)91%
90 233%

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 1 kg 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

Lint
Oily sludge
1 container of 50 l

gnboard 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 occupancya Estimated hazardous waste (ton/year) Reported hazardous waste (ton/year) Discrepancy (%)

Hospital A 795 26 NAb –
Hospital B 447 15 12.54 (−)15%
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Hospital C 349 11
Hospital D 41 1

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

lothes. Dry Cleaners A and B, which represent a 40% market share,
reat 40 tons of clothes annually; therefore it is estimated that the
otal dry cleaning market in the Haifa Metropolis processes about
00 tons of clothes, which equals to 3.2 tons of HW. According to
he data gathered from the questionnaires, dry cleaners in the Haifa

etropolis produced only 1.5 tons of HW during 2006. Thus, more
han half of the HW, being produced from dry cleaning activity, was
ot properly disposed of at the national site for HW at Ramat Hovav.
onsidering that there are hundreds of dry cleaners in Israel, these
ndings are troubling, indicating dozens of tons of PERC waste that
vaporates and not treated properly.

.3. The case of hospitals

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

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

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

Transfer stations are intermediate facilities at which HW is
ransferred from collection vehicles and then temporarily stored
r merged before being transported to the HW disposal site at
amat Hovav. Transfer stations are authorized to merge similar
aste streams from different small-quantity generators. A small-

uantity generator is defined as one that generates less than 5 tons
f HW annually. The mixing process is subjected to a compatibility
est according to the EPA chemical reactivity worksheet [46]. Once
pproved, the transfer station is authorized to merge waste streams
nly within the same waste types, such as organic acids (except for
ulphides and chromium), inorganic acids, organic bases, inorganic
ases, solvents, resins, etc. The merged waste stream is considered
s HW, attributed to the transfer station and not the original waste
roducers. It is clear that by omitting the full waste record, the pro-
ucer liability is undermined, which indirectly affects the producer
esponsibility principle. According to Table 7, both Hospitals A and
cannot be regarded as “small-quantity generators”, since it is esti-
ated that they produce 26 and 11 tons per year, respectively, but,

n the records their waste was merged and attributed to the transfer
tation.
The Information and Operation Center of the MoEP had no doc-
mentation on pharmaceutical and chemical waste being disposed
f by these hospitals. In fact, according to the data provided, all three
ospitals (A, C and D) removed only cytotoxic waste and used gas
ontainers.
NA
NA –

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.



ardous Materials 185 (2011) 626–633 631

A

t
t
s
E

A

E. Elimelech et al. / Journal of Haz

cknowledgements

The authors wish to thank the Sustainable Development for
he Negev, the ESC Ltd. and Ecosol-Ecological Solutions Ltd. for
heir financial support. The authors also appreciate the professional
upport of The Haifa District Association of Municipalities for the
nvironment.

nnex 1.



6 ardous Materials 185 (2011) 626–633
32 E. Elimelech et al. / Journal of Haz



ardou

R

[

[

[

[

[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
[
[

[

[

E. Elimelech et al. / Journal of Haz

eferences

[1] Israeli licensing of business regulations (disposal of hazardous substances),
1990.

[2] A. Musee, L. Lorenzena, C. Aldrich, New methodology for hazardous waste clas-
sification using fuzzy set theory. Part I. Knowledge acquisition, J. Hazard. Mater.
154 (2008) 1040–1051.

[3] 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.

[4] Environmental Protection Agency, Environmental Indicators Gateway, What
is an Environmental Indicator, Retrieved: 13/12/2008, from: http://www.
epa.gov/indicator/whatIndicator.html.

[5] A.J. 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-ARI, 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] A.K. 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] M.J.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.

[

[

s Materials 185 (2011) 626–633 633

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/.
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