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|환경발자국
2

❑ 탄소발자국

제품, 서비스및시스템
등에대한평가

❑ 물발자국
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❑ 미세먼지발자국 ❑ 중금속인체/생태 독성발자국

|환경발자국
4

❑ 중금속인체/생태 독성발자국
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제주도대기오염측정망 (대기중중금속 x)

|제주도대기오염측정망 (대기중중금속 x) 6

출처 탄소중립시대기후대기환경연구현황과지자체간공동연구방향검토세미나집
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❑ Urban system and toxicity footprint

7
중금속독성발자국평가

1) Assessment of heavy metal pollution in urban topsoils from the metropolitan area of Mexico City, O. Morton-
Bermea et al., Journal of Geochemical Exploration, Volume 101, Issue 3, June 2009, Pages 218-224

Element Mexico (this work) Bangkok Hamburg Madrid Oslo Palermo Central London Hong Kong

Cr 117 26.4 95.4 74.7 34

Cu 100.8 41.7 146.6 71.7 123 63 73 24.8

Ni 39.8 24.8 62.5 14.1 41 17.8

Pb 140.5 47.8 168 161 180 202 294 93.4

Zn 306.7 118 516 210 412 138 183 93.9

Average heavy metal concentration (mg/kg) in urban soils from different cities in the world.

2) Assessment of heavy metal pollution and human health risks in urban soils around an electronics manufacturing 
facility, Wei Wu et al., Science of The Total Environment, Volume 630, 15 July 2018, 53-61

|

❑ Urban system and toxicity footprint

8

The concentration of Hg, Cd, As, Pb, and Cr in the (a) air, (b) water, and (c) soil in the different areas tested.
3) Assessment of residents’ total environmental exposure to heavy metals in China Scientific Reports volume 9, 16386 (2019) 

중금속독성발자국평가
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❑ Urban system and toxicity footprint
✓ Classification and Characterization in Life Cycle Assessment

10
중금속독성발자국평가
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✓ Soil and tree leaves (bio-indicators) sampling and analysis
✓ Emission mapping
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❑ Urban system and toxicity footprint

중금속독성발자국평가

|

✓ Soil and tree leaves (bio-indicators) sampling and analysis
✓ Emission mapping

12

❑ Urban system and toxicity footprint

중금속독성발자국평가
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✓ Ecotoxicity and human toxicity impacts in urban area and system
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❑ Urban system and toxicity footprint

중금속독성발자국평가
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❑ Case of city of PARIS

Grimmia pulvinata
(very common species of cushion moss with a 
worldwide distribution; can often be found on 
walls and concrete surfaces, 10-15 years life 

time)

Montparnasse Cemetery 
in Paris urban area

(21 cemeteries in Paris) 

▪ Moss sampling and chemical elements analysis: Trace metals data

중금속독성발자국평가
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❑ Case of city of PARIS

Figure 1. Box-and-whisker plot of: a) ordered elements concentration (ppm) in all moss samples at regional scale; b) ordered crustal enrichment factors in all moss
samples at regional scale computed with respect to Al (left end) taking the average composition of the upper continental crust as reference; c) ordered background
enrichment factors in all moss samples at regional scale taking Al (at center) as normalization element and comparing the element ratios to the ones of background
site NEM. The range and 25th percentile/median/75th percentile box are shown for all plots. Extreme values are given and plotted as full diamonds.

중금속독성발자국평가
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❑ Case of city of PARIS: Trace metal data from the samples (20 elements)

0,00

0,01

0,02

0,03

0,04

0,05

AU
T

BA
T

BE
L

BE
R

CH
E

GE
N

GR
E

LA
V

MO
N

MP
G

MP
P

MR NE
M

PA
S PL

SM
S

ST
L SV VA
L

VA
U

VN
D

kg
/m

2

0,00

2,00

4,00

6,00

8,00

10,00

12,00

AU
T

BA
T

BE
L

BE
R

CH
E

GE
N

GR
E

LA
V

MO
N

MP
G

MP
P

MR NE
M

PA
S PL

SM
S

ST
L SV VA
L

VA
U

VN
D

kg
/m

2

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90

AU
T

BA
T

BE
L

BE
R

CH
E

GE
N

GR
E

LA
V

MO
N

MP
G

MP
P

MR NE
M

PA
S PL

SM
S

ST
L SV VA
L

VA
U

VN
D

kg
/m

2

0,00
0,20
0,40
0,60
0,80
1,00
1,20
1,40
1,60

AU
T

BA
T

BE
L

BE
R

CH
E

GE
N

GR
E

LA
V

MO
N

MP
G

MP
P

MR NE
M

PA
S PL

SM
S

ST
L SV VA
L

VA
U

VN
D

kg
/m

2

중금속독성발자국평가
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❑ Case of city of PARIS: Toxicity Footprint

Increase of human (non-carcinogenic) 
toxicity and ecotoxicity levels

The order is showing an 
increase in significance of 
each element in the total 
(human and eco) toxicity
levels (CTU*/km2 unit)**

Pb →→ V →→ As →→ Cr →→ Cu 
→→ Zn

중금속독성발자국평가
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❑ Case of city of PARIS: Trace metal data from the samples (20 elements)
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중금속독성발자국평가
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❑ Urban system and toxicity footprint

| 20

❑ Urban system and toxicity footprint

Current study: Monitoring of air pollutants using plants and co-located soil - Egypt: characteristics, 

pollution, and toxicity impact (Environmental Science and Pollution Research, 2021 

https://doi.org/10.1007/s11356-021-17218-7)

중금속독성발자국평가
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❑ Urban system and toxicity footprint

Environmental Footprints

Current study: Monitoring of air pollutants using plants and co-located soil - Egypt: characteristics, 

pollution, and toxicity impact (Environmental Science and Pollution Research)

|토양오염측정망 (토양중금속) 22
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❑ 년토양측정망위치 곳

|토양중금속자료를활용한독성발자국
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인간독성발자국
생태독성발자국

❑ 제주도 년인간독성발자국및생태독성발자국비교
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❑ 국내지자체에서의인간독성발자국비교

년국내지자체에서의인간독성발자국

년평균값
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❑ 국내지자체에서의인간독성발자국비교

년국내지자체에서의인간독성발자국
서울시 대전시 인천시 세종시자료는 년자료

년평균값
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❑ 국내지자체에서의인간독성발자국비교 측정망
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❑ 국내에서도 탄소발자국, 물발자국등의개념과같이미세먼지발자국, 독성발자국개념제시

및계속적인적용과활용이필요함

❑ 토양측정망 DB가정기적으로잘구축되어져오고있지만대표성을가질수있도록지점을

더확충해나가야함

❑ 제주도에서의 인간독성발자국은 2010년에비해 2022년에는 10% 감소가있었지만, 

생태독성발자국은 22% 증가하였음

❑ 지자체비교결과에서도 2010년도에서는전국평균보다높게 4번째로높은인간및

생태독성발자국 결과값을가졌지만 2022년도에는평균보다낮은

❑ 토양자료를바탕으로한인간독성및생태독성발자국 결과를바탕으로토양중금속배출원인

규명과중금속발생저감을위한여러방안들제시가필요함

결론


