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ABSTRACT

Soil is a major element for organisms, as well as for human. Thus, to manage soil contamination, a system based on risk
assessment is needed. In 2017, ISO announced an international standard for site-specific soil ecological risk assessment
(SERA) based on the TRIAD approach. Based on TRIAD methodology, Korea is developing guidelines for site-specific
SERA tailored to domestic conditions. This study aims to provide information for the development of domestic guidelines
by analysis of TRIAD case studies. As results of analyses for 19 previous studies, it was found that ecological risks were
quantified by integrating chemical, ecotoxicological, and ecological factors as proposed in the TRIAD guidelines, and that
diverse analysis items were selected to reflect the characteristics of each site. Some studies excluded ecotoxicological or
ecological factors, which was found to increase uncertainty. On the other hand, four studies on Korean TRIAD case
studies were identified, all of which were for abandoned mine sites. To extend the applicability of Korean SERA
guidelines, it is necessary to evaluate the applicability of TRIAD to contaminated sites with diverse types and uses of

contamination.
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AR 18887 AFESS Table 13} 2ot wl=, 7iuct,
7, G vigdes 4l 28 7hsst Auielai w7t
I A=S 388} QL™ (USEPA, 1997; USEPA, 1998;
CCME, 1999; Government of Canada, 2012; NEPC, 2006,
EU, 2003; Environment Agency, 2008), = A 53} 7]+
ISO(International Organization of Standardizationy= 4@
&= A]%21 TEcological Risk assessment of contaminated
land (RIVM, 2006 7|RESZ & 7 AYe9ls) /3371l
W3t =4 2t TSoil quality — Procedure for site-specific
ecological risk assessment of soil contamination (soil quality
TRIAD approach); 2 L3E3FJTHISO, 2017).
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Table 1. Guidelines of soil ecological risk assessment in foreign countries

Country Organization

Guideline

Guidelines for ecological risk assessment (1998)

USA USEPA"

Ecological Risk Assessment Guidance for Superfund: Process for Designing and Con-

ducting Ecological Risk Assessments (1997)

Government of Canada

Ecological risk assessment guidance (2012)

Canada CCME? Ecological risk assessment guidance document (2020)
. Procedures for the Use of Risk Assessment under Part XV.1 of the Environmental Pro-
Goverment of Ontario .
tection Act (2021)
Australia  NEPCY The use of risk assessment in contaminated site assessment and management (2006)

UK Govermnet of United Kingdom Land contamination risk management (LCRM) (2020)

Netherlands RIVM?

Ecological Risk assessment of contaminated land (2006)

- 1SO”

Soil quality — Procedure for site-specific ecological risk assessment of soil contam-

ination (soil quality TRIAD approach (2017)

1) USEPA: United States Environmental Protection Agency

2) CCME: Canadian Council of Ministers of the Environment

3) NEPC: National Environment Protection Council

4) RIVM: National Institute for Public Health and the Environment

5) ISO: International Organization for Standardization
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Five steps of TRIAD

Step I: Decision Examples of TRIAD toolboxes
‘ Step II : Basic considerations | Chemical-LoE
» Calculation toxic pressure
= ‘ Step II : TRIAD performance | +  Bioavailability methods
R Tier Ecotoxicological-LoE
I-I . « Plant growth test (two species)
| V. + Earthworm reproduction test
A a « Springtail reproduction test
Ecological-LoE
D LoE + Vegetation survey
Step IV : = Bait-lamina test
Scaling/Weighting/Integrating
Step V :

Decision on how to proceed

Fig. 1. Site-specific soil ecological risk assessment process based on TRIAD approach and example of analysis items in TRIAD
performance (modified ISO, 2017).

Table 2. Case study of soil ecological risk assessment based on TRIAD: abandoned mine

Site . Analysis items
Ref. Chemicals
(Country) Chemistry-LoE Ecotoxicology-LoE Ecology-LoE

Plant shoot growth, earthworm sur-

vival, collembola survival, soil nem-
atode survival, soil algae biomass, Vegetation survey, bait-lamina
Kim et al., Mine area Metals Total metals, nematode reproduction, waterflea test, collembola abundance, mite
2024 (Korea) extractable metals  survival, fish embryo abnormality, abundance, community level
hatching rate, nematode reproduction, physiological profiling (CLPP)

algae biomass, aquatic plant growth,

microorganism growth

Plant shoot growth, earthworm sur-
vival, collembola survival, soil nem-
atode survival, soil algae biomass

Kim et al., Mine area Total metals, . Collembola abundance, vege-
Metals waterflea survival, fish embryo abnor- . . ;
2022 (Korea) extractable metals . . tation survey, bait-lamina test
mality, hatching rate, nematode repro-
duction, algae biomass, microorganism
growth
Hong et al., Mine area Metals Total metals, Earthworm survival, bioaccumula- Soil basal respiration, soil
2021 (Korea) bioavailable metals tion, lettuve root-elongation enzyme activity

Buch et al, Mine tailings Collembola avoidance, survival,

2001 area (Brazil) Metals Total metals reproduction Hakanson index
Son et al., Mine area Total metals, . .
2019 (Korea) Metals extractable metals Collembola survival, reproduction -
Antunes et al., Mine area Metals Bioavailable Earthworm avoidance, bioaccumula- )
2008 (Portugal) metals tion
3. TRIAD 7|4t EQFHEfP|SHA I} ZA}, AR 2 e BRI Al
NMSAH 2M Z87Fse 845 ARKSAL ST 4 i A7

TRIAD 719H-g A8l EAH HIsi/dH71E 433
B A= TRIAD 7|8+ ERIElSIsiAd% 7} 28AlE=S AFE, 2008AFE 20243714 17719] Fo] I
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Table 3. Case study of soil ecological risk assessment based on TRIAD: industrial area

Site Analysis items
Ref. Chemicals
emistry-Lo cotoxicology-Lo cology-Lo
(Country) Chemistry-LoE Ecotoxicology-LoE Ecology-LoE
Klimkowicz-  Industrial area, lead Mlcroorgamsm, s,.hnrpp fltra- Soﬂ.en'zyme ?CUVI.ty’ 8911
Pawl melter fossil fuel Metals, Total PAHEs, tion, plant germination, root respiration, microbial bio-
awlas SMETer 108s N PAHs bioavailable PAHs  length, ostracod survival, growth mass, nitrification, carbon
et al.,, 2023  combustion (Poland) .. . ..
plant germination, root length, mineralisation
Collembola abundance,
Volchko et al., Urban contaminated PAHS Total PAH, ) soil nematode abundance,
2020 area (Sweden) total metals N-cycling microbial com-
munity
Klimkowicz-Pawlas  Industrial area Microorganism, shrimp filtra- Soil respiration, enzyme
et al.,, 2019 (Czech Republic) PAHs Total PAH tion activity
Total metals,
Ribé et al,, Metal industry site c_extraf: table m.etals? Mcroorgmnsm osttacgd sae Nitrification, carbon min-
2012 (Sweden) Metals  Diffusive Gradient in vival, plant germination, cralisation
Thin-films (DGT)_  growth

bioavailable metals

Table 4. Case study of soil ecological risk assessment based on TRIAD: others

Site Analysis items
Ref. Chemicals
(Country) Chemistry-LoE Ecotoxicology-LoE Ecology-LoE
Totubaeva et al.,  Waste landfill Plant germination, shoot length, Microorganism colony forming
2022 (Kyreyzstan) ~ Mewls - Total metals ot wnits (CFU)
. Earthworm avoidance, collembola
. Dumping stack .
Pereira et al., avoidance, plant emergence,
area Metals Total metal -
2021 . growth, algae growth, waterflea
(Tunisia) . . .
survival, microorganism
. Non-sealed Total soil msPAF, Earthworm survival, growth, Microtox, sc?ll‘basal r espiration,
Gutiérrez et al., . enzyme activity, soil commu-
2015 landfill Metals plant msPAF, plant growth, photoprotective nity-level physiological pro-
(Spain) earthworm msPAF  photosynthetic pigments Py £ p

files (CLPP)

Niemeyer et al.,

Smelter area

Total metals,

Potworm reproduction, earth-
worm reproduction, collembola

Microbial biomass, enzyme
activity, nitrogen transformation,

2015 (Brazil) Metals extractable metals rt?productlon, .plant shoot length, soil invertebrate abundance, lit-
biomass, microalgaec growth,
. ter bag test
waterflea reproduction
PHC Plant germination, aquatic plant
Sovari et al., Landfill area TPH’ TPH, growth, earthworm survival, pot- Soil invertebrate abundance,
2013 (Finland) Metafs total metals worm survival reproduction, earth- diversity
worm survival, reproduction
Collembola avoidance, earth-
Niemeyer et al., Smelter area worm avoidance, waterflea im- Bait-lamina test, soil respira-
. Metals Total metals o . . . .
2010 (Brazil) mobilization, survival, microor- tion, vegetation survey
ganism
. Plant germination, root elonga-
Karjalainen et al., W(?Od impregna- .Total metals, tion, aquatic plant growth, earth- Nematode abundance,
tion facility Metals bioaccumulation . . .
2009 . worm survival, potworm survival enchytraeidae abundance
(Finland) metals

reproduction
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THTable 24). 7| AROIA F7HPd FAR= S, 249,
Zgs, BEld ol fIRIg A GellA o, tit
HFAE AR, wj @A), AEA 59 olo] Q= Ao
Uelsith. B4 2 ie 315H4, Ael5Adsha, Ae sk
4 s S ) obde AAs Hrisith

3.1. HIZFX| chat EQMENPIoHAEHI} AL

HFFAE ez 3 A7 AR 770 ER1=ATH
(Table 2). Antunes et al.(2008)= $EFF3iF FA=
oz 4l AHS dAsle] EREAS d39E o
gt EGoIX 1EEe] TEE A mE A" o]
(Eisenia andrei) 3]|9Wr-g3} =& 579 AWFZ o]
RIS AAE T3l A|Fo]%7} 718k Ecotox-LoE
228 Z-3hY, Eco-LoE 3-8 H R4S A Son
et al. 2015y HFEF4 B4 103252 OS2 Tierld]
AR 9887 Flstat EYY 55 TEY
FE7s TEE HrIRow, EE 7| (Paronychiurus
kimiy®] A& H71slAnh SEREE A9 7Rke R
QAL E MASH 2}, Chem-LoE, Ecotox-LoES] =&
RFUAE o ©A1Y Jrt Badks AAS
Buch et al.(2021)= ¥ 5HZ HFoz Yol z|dq
et ARRPES Fil B AF TEE5 SEE
23], EE7](Proisotoma minuta)2] AES-, A2E,
3|9H71E a8 21, Ecotox-LoES 7|HFO.E A2
AEiehy ks Hrkslstt. e A= Chem-LoE 2
I} B 93l Ecotox-LoES] H A4S AAsiHoH, &
£ATE 53l Eco-LoE 2 284S AASHAT. Hong
et al.(2021) HFFH SR 7] RPN EYS
Azl EY 55 2 AAol8rFssEE 483
o, AGo|(Eisenia fetida)2] AW THE5EES} A5+
(Lactuca sativa sp.)] 2123782 715190} Eco-LoE=
EY 712585 248 ¥4 A94E &8s sie
AT tierl 2] EFAFS=E Q18| AI7EA9] LoEE
283t tierll HAIS FAst 98l 7S Rt
Chem-LoEE 7|Hte 2 AX|E ez 8848 4=
5 B, IFHARE Sol7] A8l 59 59 2
845 AXEATE Kim et al(2022) =) Al AT7=E,
HFRAE o R Y] ESS AFS 555 55
o} F27bs FEE AL EY e A& (Vigna
radiata, Oryza sativa), A|FOV(E. andrei), SE7(Folsomia
candida), A% (Caenorhabditis elegans), E FZ=F(Chloro-
coccum infusionum) 57333712} EYFE dide] EHE

(Daphnia magna), XYi5"d%(Danio rerio embryo), 1%

B F

(C. elegans), Z=5+(Chlamydomonas reinhardtii), V|*8=
(Escherichia coli) 5/3%7F& 33ttt AR =2 =
RS BEEY] 5 3THE, 2AZAL bait-lamina testS:
AT G AFeME BRI teiAs
ooz FHLNMEE A3t sl el sk
B34S Zo)ara} 319tk Kim et al(2024y AP
TH(Kim, 2022)cl4] ASFE TRIAD 7]9ke] Aefs)a) 4537}
Wil W} HBRAE g0 tierl, 1T 5529 H71E
A2 S=aP3lict. 1 A, EE9)swol wheh REE s
FZo sl o, AAE A o B TEEpt
Elo) Aste) 2ol sl AL Blsn.
ol 3l TRIAD Falolq Takeh 14 whgo] 249
e 429 WP} 8 Lol deS As.

o

3.2. MAFX| che EUENRISHE T} Al

AAFAE e r g Ak 400= AR1HN
THTable 3). Ribé et al. 2012y LAY Eoke] 3
5 F2Fs FEE WY EY 7=
o2 vXIE(A. fischeriPd7 12t B tde] wliS-F(H.
incongruens), 2Y=(Rhaphanus sativus L., Trifolium repens) =
A7V o, Aist B ehagEstEs A6}
Atk B7EAR ] we} LoE Atele] AxpE M= T2 A
1A=t o) A el e Av=E, H-st
LoEe] 7}FsX|7F Hofd o Ado] ASS AT
Klimkowicz-Pawlas et al.(2019) tierl 2] H71E
P35t =dl, PAH &% 7|8k Chem-LoE®}, A-~«(T
platyurus)2} VIAE(A. fischeri) 712 53+ Ecotox-LoE,
EY 559 548 W7t 7|Hko 2 2P Eco-LoE a4k
&t fleieE AHse AHE feiles =2
Chem-LoEdl| 71Q1g+ 2102 ERIHI o, ol wz} T
E2 T HPL sEolor & BadS AN
R A B 0 S wet $4F 7RI okd
Ecotox-LoE®} Eco-LoEd| H =& 715X Fogd 29
o] A28 AXBIITE. Klimkowicz-Pawlas et al.(2023)
AN dATFM gE AFEN tierll T A
HWHe TSI PAH F 5ot AAlol8vke w5
B89, B vVde] sl5F-(Heterocypris incongruens),
X E(Sinapis alba L., Lactuca sativa L.), EFFZ )
Ao wlRE(Aliivibrio fischeri), W-(Thamnocephalus platyurus
larvae), 2 & (Sinapis alba L., Lepidium sativum L.) B7}=
33199t} Eco-LoE= EY 353 S48, rdE A
A, A} 8l ggEwst WrkE 7NkeE Siginh IR
g Al ELE 7RIS Fofstlod, PAH S4&

12 o
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123}e] Chem-LoEell & 715415 H43h= 7%, S3l
&= AR A flele B Egde] @Rk o e WA

3FATE. Volchko et al.(2020)- tierlll 7} 280 w2
ojFE ANk Ae BF o & St s AelM=
O =& 9 WPt FEo] B2 vl8 A7t 4
[E, Ao R B9l XX W8 2471 wiETES
FAA710 QRS HAaseks AXsAT)

3.3. 7|El FX| CHet EAMENSIoH &I ALl

7l A5 gde R 3 A7ARe 71 ER1EAT
(Table 4). Karjalainen et al.(2009)2 #H&5A] $HIAlA
E B2 W 958 AFsIReH, HlA& F2o] ks
Sk 2E(horsetail )& OV 2 434S 8ISt A
gole} ofx|PFo] F4HrIe} FHEE e 7S 4
HE 7o R SPEE WAoo, w2 faElgEol
RIE A FAH o= STt 71 T U=
AAIBFATE. Niemeyer et al.(2010) A|HA FR|2 oz
238d 759 ABlEE ksl o =2 9l w7t
7F Bagt FAE SRIstAt. 17l A-ES st &
FH5EEE WU, SEV(E candida), A5 O)(E.
andrei)?} EGFZNE- 0|83 EWE(D. magna), U=
(Vibrio fischeri) 337} 71RFOE Ecotox-LoES AHF3IA
t}. Eco-LoE= bait-lamina, EXSE, 2AZAL 2HE=
7IHEe 2 St IR AR A, dF AHoA w2 9
=7t gRlE e} o= AlEAFH AR AR} wEE
B3 do g gdEo] O &2 4570 Hrle] e
AAIBFATE. Niemeyer et al.(2015)2 A8§Atol] o]o]
AN S H7FkA} tierll B7Hs 47333139TE Chem-
LoE 285 93t 54 559 727 5% w4
< FYsIFoH, EGEAAL], BEY)) E EYSF=E
A SAFTHEHSE, 2H)E B9l U588 FrkE
T3}t Eco-LoE= PAE 2279} litter bag 3
71 B3l S8E f71E BElES 7Rk 2 2SS 4t
=8 FE8Ie A= tierHo}h B2 E82Ao] El
HRlo, =2 =R W Z=A7F Baghs SklIsk
t}. Sorvari et al.(2013)2 WPA|E the 2 TRIAD A
219} v}l A A -4 (Multi-Criteria Decision Analysis),
EH7IERE 248 283l slies oSstaat st
Ed U 2539 PHC F5E 7[Wke] 3l&grie} A&
AFolE oz g =897 EGFHFEE9]

WS HrIs 7S ko= M, TRIADS] Al 7)
LoE®] B&5 Fal 9ol mE EE8S 9=

Uee AXSAT. 3 2t sl 2Pge fs B
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AR7} gRE oAl ANSIITE. Gutiérrez et al.(2015)
= HA] £l 2 TRIAD ¥PHE A7star wig=A] =3
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Mg Rl At FREE Aike] U 1
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U3 7152171 ohd Ecotox-LoEdl U] &2 71571 &
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|5 Al wet g W7H] 28735 A
Totubaeva et al.(2022)= FAJH|71&E wWHAE dlifoz
TRIAD #7He 3ttt 34 72 W EXS 43
(20112014 )0l Z2A AFsI 55 T2 B4= 38
3FO ZM Chem-LoEE 2FJ3IATE. Ecotox-LoEE 2)&2
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TRIADE 288 Al FAlo]ejel we} 2|

e Y] dEHe] W BeAA] 2ol wet
712AR1 B olspehiAld i ES W 559 T
A& Y3t TRIAD %7F WS 283 Alele
5 Chem-LoEZ AHFsI3l=H], B W 5558= ©]
9o F= 7153 35 B BAS £33 49 A=)
AW =4 23S H7FsHHAntunes, 2008; Hong,
2021). Ecotox-LoE 7} B3k A4 FA|= ALjH 1712
Al (Volchko, 2020)5 Al&jstal 25 2HgE A=
FRI=ATE. Eco-LoE H7h= 78l wet #4550
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gz oF Ftejojol & FQrt vk

o Agolx 2=3ed 52 TRIAD B37Hs
Tt fi=E WA=, B AN =2 &
FAPoR el Al ] FHrrEAY Bads A
siant. g AEHow F ) oo WA WkE
gt AT AR, O = DAY H7E Al BEHAo] B
oS 15K Gutiérrez et al., 2015; Niemeyer et
al., 2015; Hong et al., 2021; Kim et al., 2024). o]l w2}
BejsH o Fad 2A9 A Hoh O 3E
2g3te] &2 FES TRIAD H7Hs Fd5k= 3
A4,

A, TR B A0l 7Hl EUS TR TRIAD
B7HE A8 5919 AHEH 2] Sl 39
TRIAD 7} a7 EF HPEFAIR ZR1EATH(Son et
al., 2019; Hong et al., 2021; Kim et al., 2022; Kim et al.,
2024). TUE B A7t A)3lo] S a
857 M Fad LLARA] ol9dE TA] 5
o) R 7], IA s ARge] ATH $78A 5 o
A &= 2 LAFHE 7H FAo] 5 WiE TRIAD Al
AE 288 et Aok

4.4 B

£ Aellx= 1800 ASHE TRIAD 71HS #4185
EHEEE7LE a3 AlelE ARkl 4%
24 =y EFAEEEgErE A% 2 F el 3l
71228 E Awstaat skde. TRIAD B7}F A=
B2 Sgol} 24o] meh AP Ao AU
P9, Q3 AT AV Lok B8 % Al w4
BS54 8912 Al shged ol B9 we ¥
S8 Bol A} W SINES Bk w4124
S TRIAD %7 ai)7] Slalie S8, Ausa,
AE) QRS B o] BiHeln, A SHL
G W} Gue A o] Fasih. olo] T
QU IETE AN A7) e BrHow
3= ARt ool & Aolrt. Hgh TRz Ael7EE
g HRME RS Fa AEE s TRIAD H71H&
FHS 7 U=F AR ook gt FHA, FfjellA F=3d
TRIAD 7|8t EFEIISIE 7 Allle 25 #1354
TSt e Siletl, AR 284s s 9
M= okt o F B FAolES TR ERE
do= gyt o] Fad Aol

2

o

2|

A A

2 ANES 3R AdoR Srdaielvede]
A ds wrol AFEAFUTE 2022002450002(RS-2022-
KE002074).

References

Antunes, S. C., Castro, B. B., Nunes, B., Pereira, R., Gongalves,
F. 2008. In situ bioassay with Eisenia andrei to assess soil tox-
icity in an abandoned uranium mine. Ecofox. Environ. Safe.,
71(3), 620-631.

Buch, A. C., Niemeyer, J. C., Marques, E. D., Silva-Filho, E. V.
2021. Ecological risk assessment of trace metals in soils affected
by mine tailings. J. Hazard. Mater., 403, 123852.

CCME, 2020, Ecological risk assessment guidance document.
GOV.UK, 2023, Land contamination risk management (LCRM)

Government of Canada, 2012, Ecological risk assessment guid-
ance.

Government of Ontario, 2021, Procedures for the Use of Risk
Assessment under Part XV.1 of the Environmental Protection
Act.

Gutiérrez, L., Garbisu, C., Ciprian, E., Becerril, J. M., Soto, M.,
Etxebarria, J., Madariaga, J. M., Epelde, L. 2015. Application of
ecological risk assessment based on a novel TRIAD-tiered
approach to contaminated soil surrounding a closed non-sealed
landfill. Sci. Total Environ., 514, 49-59.

Hong, Y. K., Yoon, D. H., Kim, J. W., Chae, M. J,, Ko, B. K., Kim,
S. C. 2021. Ecological risk assessment of heavy metal-contam-
inated soil using the triad approach. J. Soils Sediments, 21,
2732-2743.

ISO, 2017, Soil quality — Procedure for site-specific ecological
risk assessment of soil contamination (soil quality TRIAD
approach).

Karjalainen, A. M., Kilpi-Koski, J., Viisdnen, A. O., Penttinen,
S., van Gestel, C. A., Penttinen, O. P. 2009. Ecological risks of
an old wood impregnation mill: application of the triad approach.
Integr. Environ. Assess. Manag., 5(3), 379-389.

Kim, D., Kwak, J. I., Hwang, W,, Lee, Y. H., Lee, Y. S., Kim, J.
L., Hong, S., Hyun, S., An, Y. J. 2022. Site-specific ecological
risk assessment of metal-contaminated soils based on the TRIAD
approach. J. Hazard. Mater., 434, 128883.

Kim, D., Kwak, J. I., Lee, T. Y., Kim, L., Kim, H., Nam, S. H.,
Hwang, W., Wee, J., Lee, Y. H., Kim, S., Kim, J. 1., Hong, S.,
Hyun, S., Jeong, S. W., An, Y. J. 2024. TRIAD method to assess
ecological risks of contaminated soils in abandoned mine sites.

J. Soil Groundwater Environ. Vol. 30(3), p. 71~78, 2025



78 ] - 3]

J. Hazard. Mater., 461, 132535.

Klimkowicz-Pawlas, A., Maliszewska-Kordybach, B., Smrec-
zak, B. 2019. Triad-based screening risk assessment of the agri-
cultural area exposed to the long-term PAHs contamination.
Environ. Geochem. Health, 41, 1369-1385.

Klimkowicz-Pawlas, A., Smreczak, B., Maliszewska-Kordybach,
B. 2023. Integrated Ecological Risk Assessment of the Agricul-
tural Area under a High Anthropopressure Based on Chemical,
Ecotoxicological and Ecological Indicators. Agriculture, 13(7),
1353.

NEPC, 2006, The use of risk assessment in contaminated site
assessment and management.

Niemeyer, J. C., Moreira-Santos, M., Nogueira, M. A., Car-
valho, G. M., Ribeiro, R., Da Silva, E. M., Sousa, J. P. 2010.
Environmental risk assessment of a metal-contaminated area in
the Tropics. Tier I: screening phase. J. Soils Sediments, 10,
1557-1571.

Niemeyer, J. C., Moreira-Santos, M., Ribeiro, R., Rutgers, M.,
Nogueira, M. A., da Silva, E. M., Sousa, J. P. 2015. Ecological
risk assessment of a metal-contaminated area in the tropics. Tier
II: detailed assessment. Plos one, 10(11), e0141772.

Pereira, R., Bouguerra, S., Lopes, L., Santos, B., Marques, C. R.,
Silva, C., Mestiri, A., Frankenbach, S., Hentati, O., Khadraoui,
M., Rombke, J., Ksibi, M., Haddioui, A., Sousa, J. P., Gongalves, F.
J. 2021. Application of a standard risk assessment scheme to a
North Africa contaminated site (Sfax, Tunisia)-Tier 1. Chemo-
sphere, 263, 128326.

Ribé, V., Aulenius, E., Nehrenheim, E., Martell, U., Odlare, M.
2012. Applying the Triad method in a risk assessment of a for-

J. Soil Groundwater Environ. Vol. 30(3), p. 71~78, 2025

mer surface treatment and metal industry site. J. Hazard. Mater.,
207, 15-20.

RIVM, 2006, Ecological Risk assessment of contaminated land.

Son, J., Kim, J. G, Hyun, S., Cho, K. 2019. Screening level eco-
logical risk assessment of abandoned metal mines using chemi-
cal and ecotoxicological lines of evidence. Environ. Pollut., 249,
1081-1090.

Sorvari, J., Schultz, E., Haimi, J. 2013. Assessment of ecologi-
cal risks at former landfill site using TRIAD procedure and mul-
ticriteria analysis. Risk Anal.: An International Journal, 33(2),
203-219.

Totubaeva, N., Tokpaeva, Z., Kojobaev, K., Usubalieva, A., Ter-
ekhova, V. 2022. Ecological Assessment of Technogenically
Disturbed Soils of the Mountain Ecosystems of Kyrgyz Repub-
lic based on the TRIAD method. Pol. J. Environ. Stud., 31(3).

USEPA, 1997, Ecological Risk Assessment Guidance for Super-
fund: Process for Designing and Conducting Ecological Risk
Assessments.

USEPA, 1998, Guidelines for ecological risk assessment.

Volchko, Y., Kleja, D. B., Back, P. E., Tiberg, C., Enell, A., Lars-
son, M., Jones, C. M., Taylor, A., Viketoft, M., Aberg, A., Dahl-
berg, A-K., Weiss, J., Wiberg, K., Rosén, L. 2020. Assessing
costs and benefits of improved soil quality management in
remediation projects: A study of an urban site contaminated
with PAH and metals. Sci. Total Environ., 707, 135582.

Qe 2019, EXF A S A =) A
SRS, 2020-2023, ESF ARSIV EE F AlE =



