Journal of the Korean Geo—Environmental Society ISSN 1598-0820
15(7): 39~50. (July, 2014)  http://www.kges.or.kr DOI http://dx.doi.org/10.14481/jkges.2014.15.7.39

X{geet(Low Impact Development) 7| =& x| EY- X|5l =tA
&S Ty} WHE HO A7

(=} — =

Proposed Methodological Framework of Assessing LID (Low Impact
Development) Impact on Soil-Groundwater Environmental Quality

2ze’-248 0 s uzs

Jongmo Kim - Seonghoon Kim * Yunkyu Lee - Hanna Choi * Joonhong Park

Received: April 24", 2014; Revised: May 8", 2014; Accepted: June 11%, 2014

ABSTRACT : The goal of this work is to develop a framework of methods to entirely evaluate effects of LID (Low Impact Development)
on soil-groundwater environmental quality as well as land-scape and ecological factors. For this study, we conducted an extensive
literature review. As outcomes, soil-groundwater environmental quality is newly conceptualized as a comprehensive index reflecting
(1) groundwater pollution sensitivity (hydrogeological factor), (ii) biochemical contamination, and (iii) biodegradability. The methods
of classifying and indexing is shown by combining selection of the items to be measured for soil-groundwater environmental quality
and integrating the resulted items comprehensively. In addition, from soil-groundwater environmental quality, land-scape and ecological
factors in existing environmental impact assessment a method was developed an overall index which can evaluate effects to environment
by using GIS (Geographic Information System) and AHP (Analytic Hierachy Process). For optimizing LID planning, designing and
post-evaluation, LCIA (Life Cycle Impact Assessment) was regarded as an appropriate method.
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Fig. 1. Factors influencing soil-groundwater environmental quality
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Table 1(a). Physical indicators for soil environmental assessment

Parameter

Korea

USA

Canada

Europe

Australia

Scotland

Aggregate

(0)

(0)

Aggregate size

Aggregate stability

Available water holding capacity

Bulk density

Oo|0|0|0

Clay content

Depth of soil

O|0|0|O |0

Slaking

Drainage

Gravel of content of topsoil

Hydraulic conductivity

Infiltration

Porosity

Profile depth

Root depth

Saturated

Slope

Soil erosion

Soil protective cover

Soil sensitivity

Soil structure

Stability

Texture

Volumetric water content

Water repellence

Soil crusts

Waterlogging

Table 1(b). Chemical indicators for soil environmental assessment

Parameter

Korea

USA

Canada

Europe

Australia

Scotland

Available phosphoric acid

(0)

Available silicate acid

(0]

o)

Boron

Acidity

Cation exchange capacity

Clay content

Composition and parent material of the soil

Electrical conductivity

Element adsorption to clay surfaces and organic matter

Exchangeable cation

Extractable macronutrients

Heavy metal

K, Ca, Mg

Nitrogen balance

Organic C and N

Organic matter

pH

Phosphorous

Plant available N, P, K

Potassium

Potentially toxic elements

Soil nitrate

Soil salinity

Sum of exchange bases

Total nitrogen and carbon to nitrogen ratio
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Table 1(c). Microbial indicators for soil environmental assessment
Parameter Korea USA Canada Europe Australia Scotland

Bacteria (6]

Bacterial growth rates (0]

C:N ration of organic matter (6]

CO2 production (6]

Earthworms (0) (0} (6}

Fatty acid profiles (¢}

Fungi (0]

Insects (6]

Microathropods (6]

Microbial biomass (0) O (6] (6] (6]

Microbial biomass C and N (@) O

Microbial communities 0]

Microbial diversity O O

Microbial quotients (6]

Nematodes (6]

Particulate organic matter o

Potential C mineralization (6]

Potential N mineralization o (6]

Respiration (0} (6] O

Soil enzymes (0} (6]

Soil organic matter (6]

Soil total C and N (6]

Total organic carbon (¢}

Table 2. International common indicators (soil)

Bulk density / Depth of soil / Infiltration / Soil erosion / Texure

Physical indicator (9
ysical indicator (9) Topography | Drainage / Slope / Rock volume

International - - . - -
. . Potassium / Electrical conductivity / Cation exchange capacity
common indicators Chemical indicators (7) . : .
23) pH / Salinity | Organic matter | Acidity

Potential N mineralization / Soil enzymes / Earthworms / Respiration

Microbial indicat 7
icrobial indicators (7) Microbial biomass C, N / Microbial biomass / Microbial diversity
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Table 3. Indicators for groundwater assessment
Parameter Korea U.S.A. Europe New Australia Republic ,0 f Canada
Zealand South Africa
Alkalinity (6] O
As (¢} o
Benzene o
Ca®’ 0 0 0
Cd (o)
Cr (0) (0) (0) (0) (0) (0) (0)
CN ()
o 0
DO (0) O
Electrical conductivity (6] (6] (6] O
Ethyl-benzene o
Fe™' o] 0 0
Hg (o) (0) (0]
K" (0] ()
Mg 0 0 0
Mn (0) (o) O
Na" O
NH4-N (6] (6}
NOs-N (0) (0) (0) (0) (0) O
Organic phosphorous (¢}
Pb (o) (0]
PCE (o)
Pesticides (6}
pH (0) (0) (0) (0}
Phenols 0o
so,’ 0 0 0
TCA o
TCE (o)
TDS (0) (0] (0)
Toluene O
Total coliform bacteria (0) (6} (0)
Xylene O
Table 4. International common indicators (groundwater)
Cr Electrical conductivity NOs;-N pH As

International common Benzene Cd CN o’ Ethyl-benzene

indicators (20) Hg Organic_phosphorous Pb PCE Phenols

TCA TCE Toluene Total coliform bacteria Xvlene
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Table 5. Soil environmental standard indicators and quality classification (Korea)

) Anxiety level Emergency Level

Contaminant area | area 2 area 3 area | area 2 area 3
Cd 4 10 60 12 30 180

Cu 150 500 2,000 450 1,500 6,000

As 25 50 200 75 150 600

Pb 200 400 700 600 1,200 2,100
Cro+ 5 15 40 15 45 120

Zn 300 600 2,000 900 1,800 5,000

Ni 100 200 500 300 600 1,500

F 400 400 800 800 800 2,000
Organic phosphorous 10 10 30 - - -
PCBs 1 4 12 3 12 36
CN 2 2 120 5 5 300
Phenol 4 4 20 10 10 50
Benzene 1 1 30 3 3 9
Toluene 20 20 60 60 60 180

Ethylbenzene 50 50 340 150 150 1,020
Xylene 15 15 45 45 45 135

TPH 500 800 2,000 2,000 2,400 6,000
TCE 8 8 40 24 24 120
PCE 4 4 25 12 12 75
Benzo[a]pyrene 0.7 2 7 2 6 21
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Table 6. Groundwater quality standards (Korea)

Measurement items Residential water (mg/L) Agricultural water (mg/L) Industrial water (mg/L)
pH 58 -85 6.0 - 8.5 50-9.0
Total coliforms 5,000 = (group/100 ml)
Contaminant
NO;-N 20 = 20 = 40 =
Cl 250 = 250 = 500 =
Cd 0.01 = 0.01 = 0.02 =
As 0.05 = 0.05 = 0.1 =
CN 0.01 = 0.01 = 02 =
Hg 0.001 = 0.001 = 0.001 =
Organic phosphorous 0.0005 = 0.0005 = 0.0005 =
Phenol 0.005 = 0.005 = 0.01 =
Pb 0.1 = 0.1 = 02 =
Specific ' 0.05 = 0.05 = 0.1 =
contaminant
TCE 0.03 = 0.03 = 0.06 =
PCE 0.01 = 0.01 = 0.02 =
1,1,1-TCA 0.15 = 03 = 05 =
Benzene 0.015 =
Toluene 1 =
Ethylbenzene 045 =
Xylene 0.75 =
7% @ Tof| w2 29 o= AATl] a4 -51e12]- A Table 7. Groundwater quality standards (lllinois)
5o HLS st 9= vh, 3k=to] A EY Y o9& Measurement ifems Water quality standard (mg/L)
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Table 8. Concentration thresholds and classes used in the assessment of the groundwater quality data (Europe)

Parameter Class 1 Class 2 Class 3 Class 4 Class 5
Nitrate (mg/L) <10 > 10, <25 > 25, <50 > 50
Pesticides (1g/L) =0.1 > 0.1
Chloride (mg/L) <25 > 25, <50 > 50, = 100 > 100, = 250 > 250
pH-value =55 > 55 =65 > 6.5, =75 > 175, <85 > 8.5
El.Conductivity (xs/cm) < 200 > 200, = 500 > 500, = 1,000 > 1000, = 2,000 > 2,000
Alkalinity (mval/L) =<1 >1, =4 >4
Table 9. Remediation of contaminated soil analysis
Country Analysis items Place
- Changes of pollutant concentration in soil-groundwater
Korea - Biochemical characteristic in groundwater (DO, NOs, SO42’, Fe2+) Field
- Soil gas concentration (O, CO,, VOCs)
- Changes of pollutant concentration by groundwater flow Field
UK + Analysis of breakdown product and pollutant concentration using Mass Balance Equation
+ Analysis of microbial community structure Laboratory
-+ Changes of pollutant concentration
- Physico-chemistry characteristic in soil-groundwater (DO, nitrate, dissolved manganese, ferrous iron, sulfate, methane, Field
alkalinity, ORP, pH, temperature, conductivity)
+ Analysis of microbial community structure Laboratory
- Analysis of contaminant plume
USA - Changes of pollutant concentration by well i
- Biochemical characteristic in soil (DO, Fe*', SO.7, NOs, alkalinity, ORP, pH, CL., temperature, conductivity) Field
- Breakdown product concentration change
- Analysis of microbial community structure
- Gene analysis of specific pollutants decomposition Laboratory
- Isotope
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