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ABSTRACT

This work presents The results of the ecotoxicological characterisation of 22 defined
wastes from steel foundry activities. The wastes have been selected from three
processes, stee! mill (smelting), sand casting and cleaning and finishing of steel
products, with the common characteristics of represent an important industrial
activity in the area and generate a great amount of wastes. Two factories located in
Cantabria (Spain) generated the wastes considered in this study.

The ecotoxicological characterisation obtained applying the Spanish regulations on
hazardous waste is compared to the hazardous attributions considered by the

European Union in order to characterise a waste as hazardous (non hazardous). The
results allow to conclude that a acceptable concordance between both

methodologies is reached and remark the need to split the broad generic types of
wastes given by the Spanish regulation (Ecotoxic / non ecotoxic) into clearly

identifiable specific types of waste.

Key words: Foundry activities/ industrial wastes/ biological characterisation/ European
waste catalogue

INTRODUCTION

The different industrial activities are associated to a great production of industrial
wastes. The flow of products with commercial value is generated together with wastes
without any economic value. Steel foundry activities are considered generate environment
impact due to the great amount of atmospheric and liquid emission and the solid wastes
generated in their different processes. An environmental problem from Foundry activities
may be associated to the management of industrial wastes, which are generated in different
processes as foundry dust, refractaries, acid / basic slags , obsolete broken molds and
sludges from waste water treatment.

Environmental regulations all over the world are becoming more restrictive in those
aspects concerning water and soil conservation encouraging wastes management and as a
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consequence of the continuous changes in policy in relation to both, landfill of waste and
develops of reuse waste as a secondary raw material, wastes are being treated to meet
environmental criteria (1). From a technical point of view, toxicity evaluation according to
the current regulations is the first step to establish the correct management of each waste.

Those countries belonging to the European Union (E.U.) must attend the E.U.
regulations concerning to these aspects. The Directive 75/442/EEC(2) required to draw up a
list of wastes belonging to the categories listed in the Annex I of the Directive. This list was
defined in the Commission Decision of 20 December 1993(3). This list is commonly referred
to as the European Waste Catalogue (EWC), and applies to all wastes, irrespective of
whether they are destined for disposal or for recovery operations. The inclusion of a
material in the EWC does not mean that the material is a waste in all circumstances. The
entry is only relevant when the definition of waste given in the 75/442/EEC has been
satisfied, that is the

In order to construct a list which allows to identify hazardous wastes the consultant
experts group elaborating the EWC considered necessary to split the broad generic types of
wastes into clearly identifiable specific types of wastes, which makes the determination of

non hazardous without discussion, NH*, non hazardous but hazardous wastes may occur, H,
hazardous without discussion, H* hazardous but non hazardous waste may happen(4).

Wastes generated in steel Foundry activities are mainly included in the groups
10.02.00 wastes from the iron and steel industry and 10.09.00 wastes form casting of
ferrous pieces both included in the more general group 10.00.00 INORGANIC WASTES
FROM THERMAL PROCESSES. The EWC differences the following waste types inside
the groups 10.02.00 and 10.09.00. (Table 1). The hazard attribu'tion approach is given in
Table 1 as well.

Table 1. classification of wastes generated in iron and steel activities attending to the EWC

Wastes included in group 10.02.00

10.02.01

10.02.02

10.02.03

10.02.04

10.02.05

10.02.06

10.02.99

Waste from the processing of slag (H*)

Unprocessed slag (NH)

Solid wastes from gas treatment (H)

Sludges from gas treatment (H*)

Other sludges (H*)

Spent linings and refractories (NH*)

Wastes not otherwise specified (H*)

Wastes included in group 10.09.00
10.09.01

10.09.02

10.09.03

10.09.04

10.09.99

Casting cores and moulds containing

organic binders which have not
undergone pouring (H*)

Casting cores and moulds containing

organic binders which have undergone
pouring (NH*)

Furnace slag

Furnace dust

Wastes not otherwise specified (NH)
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The classification of a material as a waste involves the need of a correct management.
It is then necessary to classify the waste as hazardous or non hazardous. The Directive
91/689/EEC on Hazardous Waste (5) indicated that a list of Hazardous wastes should be
established and consequently the Council of the European Union adopted the Decision of 22
December 1994 establishing a list of hazardous waste (L.H.W.)(S>. The groups 10.02.00 and
10.09.00 are not included in this list, this means that the hazardous (non hazardous)
character of these wastes has to be determined in each case. Each member of the E.U.
regulates the way to determine the hazardous (non hazardous) character of a waste. The
Spanish regulation for characterisation of toxic and hazardous wastes prescribes the use of
the Toxicity Characteristics Leaching Procedure (TCLP) and evaluation of the leachate
ecotoxicity by means of a luminescence bioassay(7). The aim of this work is to compare the
results of biotoxicity obtaining according to the Spanish regulations and the information
from classification of foundry activities wastes based on the EWC.

MATERIALS AND METHODS

Two factories situated in Cantabria (North Spain) dedicated to Foundry activities are
considered in this work, 22 wastes generated in three different processes, described in
Figures 1-3, carried out in the factories are evaluated. Table 2 shows the identification and
origin of each waste.

Table 2. wastes considered in this work

Waste
Code

Wl

W2

W3

W4

W5

W6

W7

W8

W9

W10

W l l

W12

W13

W14

W15

W16

W17

W18

W19

W20

W21

W22

Waste description

slags

Acid slags

Cr steel basic siags

C steel basic salgs

Fining dusts

Electric arc furnace dusts

Cyclone particles

sludges

Wet gas treatment waste

Homogeneous mixed sands

Cement +

Cement + chromite

Resin +

Resin + chromite

dusts

Hot-box process waste

Cold-box process waste

Screnign sand

Molding sand purge wastes

dusts

Shot blasting waste

Molding sand waste

Generation process

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

EWC
Code

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.01

10.09.01

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

Included
in LHW

No
No

No
No

No
No

No
No
No
No

No
No

No

No

No
No
No
No

No

No

No

No

Amount
(TWyear)

13,510

9,000

2,880

720

360

2,700

251

15,717

5,687

124

3.191

1.056

5.609
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Figure 1. Steel mill (smelting) section flow chart
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Figure 2. Sand casting section flow chart
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Figure 3. Cleaning and finishing section flow chart

Characterization methodology

In order to characterize the former wastes attending to the Spanish regulations on
hazardous waste a TCLP leaching test and biological characterization of the leachates have
been performed.

Leaching tests have been carried out according to the standard protocol TCLP
described by the U.S. EPA(8). Luminescence bioassays have been carried out in TCLP
leachates according to the Microtox test which is based in the inhibition of the
luminescence of the marine bacterium Photobacterium phosphoreum. The lyophilised
bacterial reagent was supplied by Microbics. The Microtox bioassay was conducted at
recommended time and temperature (15min, 15 (7). Bioassays were performed according
to the instructions (Microbics 1992) in a Microtox- M-tftter500. Results
were expressed as 15 minutes EC50 values calculated with the Microtox reduction software
supplied by Microbics Corp. where ECS0 (mg/1) is expressed as the effective concentration
of toxicant (leachate) that causes 50% decrease in light output. Results are compared to the
values imposed by the Spanish regulations (EC5Os 3.000 mg/1) to consider a waste as
hazardous(T>.

In order to characterize the hazardous (non hazardous) behavior of these wastes
according to the E. U. considerations a review of the hazard attibutions determined for each
group of the E.W.C. has been carried out. The codes NH, NH*, H, H*, formely described(4)

have been attibuted to thw wastes.considered in this study according to the attibution given
to these wastes in the elaboration of the E.W.C.
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RESULTS AND DISCUSSION

Results from the biological characterization and EWC hazard attribution of the wastes
considered in this work is showed in Table 3.

Table 3. Results form wastes characterization attending to Spanish and E.U.
methodologies.

Waste

Wl

W2

W3

W4

W5

W6

W7

W8

W9

W10

Wll

W12

W13

W14

W15

W16

W17

W18

W19

W20

W21

W22

PH
(TCLP,leachate)

5.30

9.70

10.17

7,26

12.05

6.75

6.41

5.26

8.47

4.71

5.91

4.86

4.67

4.65

11.29

5,04

5.05

4.75

5.90

5.40

6.25

4.80

EC50(mg/l)

12,106

196,500

501,007

440,130

1.717

2.232

3,470

475

1.585

11,992

224,850

8,274

7,532

8,792

52,744

4,771

6,183

8,779

8,348

22,642

48,980

6,718

EC5(A000

4.03

65. .50

167.00

146.71

0.57

0.74

1.15

0.15

0.52

3.99

74.95

2.74 '

2.51

2.93

17.58

1.59

2.06

2.92

2.78

7.54

16.32

2.23

Ecotoxicity
behaviour

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Ecotoxic

Ecotoxic

Non ecotoxic

Ecotoxic

Ecotoxic

Ecotxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Hazard
attribution

NH

NH

NH

NH

H

H

H

H

H

NH*

NH*

NH*

NH*

NH*

NH*

H*

H*

NH*

NH*

NH*

H*

H*

The EWC criteria consider five wastes to present a hazardous character (H code), four
are expected to be hazardous but non-hazardous samples can appear (H*), nine wastes are
expected to be non hazardous although hazardous samples may appear (NH*), and 4 wastes
are considered non hazardous (NH). The percentage distibution of hazard attribution bases
in the EWC code is shown in Figure 4,
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Figure 4. hazard attibution for steel foundry wastes

In the same way, the biological characterization carried out with photobacterium
phosphoreum and, applaying Spanish regulation, characterises four wastes as ecotoxic as
they give EC50 values iower than 3,000 mg/1. Eighteen wastes have to be considered non
ecotoxic as their ECSO values are higher than 3,000 mg/1, but some authors(9'10) indicate the
convenience of consider a broader distribution considering than wastes with EC50 values
ranging 3,000-30,000 mg/1 should be considered as moderate ecotoxic and wastes with
EC50 values higher than 30,000 could be considerered non ecotoxic. Attending to this
distribution four wastes are ecotoxic, twelve wastes present moderate ecotoxicity and six
wastes are non. ecotoxic. The percentage distribution is shown in Figure 5.

• EC50 < 3,000 mg/1 133,000 < ECSO < 30,000m g/l [3EC50 > 30,000 mg/1

Figure 5. ecotoxicological characterization of steel foundry wastes

Considering each generation process separately it can be observed that the Steel mill
(smelting) processes generate two different types of wastes and both, the Spanish regulation
and the E.U. codes, give the same characterization for both types:

i) Non ecotoxic / non hazardous (NH) wastes corresponding to slags from the shaft
furnace (Wl-4, W7).
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ii) ecotoxic /hazardous (H) wastes correponding to fly ashes and sludges from wet
gas treatment.

From this results a great concordance in the characterisation criteria of both
regulations is obtained.

In the sand casting processes the Spanish regulation classifies all the wastes as non
ecotoxic and the E.U. code indicate two hazardous cateories for these wastes, NH* and H*,
both of them indicate that despite a non hazardous behavior is expected in most cases
hazardous wastes could appear usually as a function of the characteristics of each particular
production process and raw materials used.

It can be observed that despite the character of the wastes given by the Spanish
regulation is always Non ecotoxic, the EC50 values given by the Iuminiscence bioassay
range from 4,771 to 224,850 mg/l. This fact indicates that the use of an only limit value to
determine the ecotoxic character of any type of wastes can lead to incorrect characterization
and consecuently mismanagement of the wastes.

A similar behaviour is observed in those wastes from cleaning and finishing
processes, the Spanish regulation classifies all the wastes as non ecotoxic and the E.U. code
indicate two hazardous cateories for these wastes, NH* and H*. The range of EC50 values is
narrower in this group (6,718 48,980 mg/l) but still can lead to characterisation problems.

CONCLUSIONS

22 wastes generated in steel foundry activities in Cantabria (Spain) have been
characterised according to the actual Spanish regulations on hazardous waste in order to
determine their ecotoxic (non ecotoxic ) character. The hazardous (non hazardous) character
of this wastes has also been determinated attending to the hazard attibutions considered in
the elaboration of the European Waste Catalogue (E.W.C.).

The results obtained using both methodologies show a great concordance. Steel mill
(smelting) processes generate ecotoxic / hazardous wastes clearly identificated with both
regulations and the study can lead to the conclusion that a deeper study focussed in these
wastevS should be carried out in order to consider the convenience of including these wastes
in the List of Hazardous Wastes.

The results obtained in the sand casting and cleaning and finishing processes lead to the
conclusion that althought all the wastes considered in this work show the same ecotoxic
/hazardous character the hazard attibution considered by the E.U. gives a more detailed
description of the possible hazadous behaviour of the waste and consecuently is a better tool
to help to decide the appropiate management of steel foundry wastes.
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