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Substance Flow Analysis of Mercury and Human Risk Assessment

Eun Sil Jang, Kyung Hwan Kim, Yoon Yung Hwang, and Tak Hur*
Dept. of Chemical and Biological Engineering, Konkuk University

Abstract

Concerned about the harmful effects of mercury on human, the flows of mercury need to be
analyzed to trace where it is used and decide how to manage it. In the study the substance
flows of mercury are identified through the SFA (Substance Flow Analysis) and the effects of
mercury on human are examined using HRA (Human Risk Assessment).

The MFA study shows that the total consumption of mercury in 2009 is reduced by 42%,
compared to 2000. It is used mainly in lighting appliances such as HID (High-Intensity
Discharge) lamp, fluorescent lamp, and cold cathode fluorescent lamp. It is mainly input to
construction and electronic & electricity industry and waste mercury is recovered from
descarded lighting appliances. At present, however, the collected mercury from the discarded
products is disposed because of technical and economical difficulties. In the past the domestic
demand of mercury was much larger than now and thus, the environmental emission of
mercury is mainly from the ‘manufacturing’ stage. On the other hand, at present proper
management of waste mercury becomes critical, since recently the demand of mercury
decreases significantly and at the same time the increased amounts of mercury containing
products are discarded.

The HRA is carried out to examine the probability and likely-hood of hazardous impact of
mercury to human for each region. The disposal plant of mercury-containing products shows
much higher potential risks on human than more populated place with high consumption of
mercury-containing products. It is due to that the amounts of discarded products with contain
mercury increase, while the amounts of new mercury-containing products decrease because of
international regulations. Thus, the management of waste mercury is critical in order to
reduce the risks of mercury to human. In addition, the amounts of mercury emission are
analyzed for 16 cities/provinces in Korea using the factors which consider the characteristics
of different mercury containing products. Human exposure assessment is performed
considering the amount of mercury exposed by air inhaled and water intake. The results of
risk characterization show that the most harmful place for human risk is different from the

place with the largest amount of mercury emission.
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= g AsA H8Hx geon, F&3A AHgHR Urk o)FA F3EAo] thydd Q7 A}
EEEA, ol ¥ 543 @A viAE FF ds BYo] FFTA AU olE #Hs}7]
A= S8 A FFHA AR} o2 A3 vA F Ae P AF 77 27

53 729 3%, A AFHoR wWEgATE Ad FALY Soz BIsuA = FAHAY
A0S dehl3 glen, old me FuUdAE 20060 BARANAN £ FFUYHL FYstd
T2 WE 54 2 WE7E, #EY 52 EF87] Y8 dF Fol Aok 2 dAAA
oz & dig AWE ] 75, WEASF § B LFHE HolHe RBFoz Hed oy
< A2 ok g FAHLA £ A el LTRFo 7] fAAE T FLd AP
AFAHA 589 33 old g AN/ 2FED o] 2 T B AAHA FLeFAY
30l 7hsd Ao qid

oj¢t Z& FAE A3y YA 2RHoz A A L AAGY BAT F =
43 wHE AT B4 7IYEe] ALHz: glen, o] F EAFEEN(SFA; Substance
Flow Analysis)2 Wi Al=d ZAA oAy AlLEHE B2 588 wHex, &4 AA A2d
At BAA/NEA 29 BES FAHE A, G Al2d AA del AgHE 249 49 IJF
EE YHeds X 29 dF 2L 7498 F Aok =F A4 F7HRA; risk assessment)S
T3 ABA =28 EAFoZ A8 A F e FAAA A& s, AA S B
AE AHEFoZHA Ao A VA 9L FFH oz Hrstauz o)

2. #7299 23

o

54

Mol Azt 87 Alole] £d T olyx9 5FL dAFaly] st 2A5A K
2 %1-4 23 5& £435 Aol dAAA —E AZEFEN diste] FAH
H oo ® od?onzﬂh ot 22 AAbo) uhet S35k

by W
MM
i)
i,
:E
rlo



Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80 68

7h A2 B 4E

Lt 22530 dEst
[ A ease e
$

22 BEASERAY 9

221 N29 AA AR

4+ YAEAR sto] Table 13 o] A2 ZAAE HAAsq FYsAch AgH ZA= =
U AaAzREe] d8AFe 229 wE2 Aoy JEFH YA old, FY-FE AT 3
el Wy O 229 g0 dis) Yehy, $2vete FS FEFHSE SYH Qo ALY
o] A FEH ZAN} FYAH7] @il AYH AAE FHo2 AAHAoH, AFH FA
= 2009302 AAs

Table 1. 22| EASEEAQ Al2" FH HF

B e [
EEEE
L

222 E33§9 A%

ddgds ang Axd ve 583 F4%0 el AFHoD FYRE WAZ, A% W
3 ARAY 8458 F9, dolHyel 44 2 44, deld A% 2 AZAYL BN 3
%+ ek,

‘AR wAR ARA EASE 79

Fed 8 SATEE AFACL FIRE 7Y A Wl WAL, AYAL T} e =
setair] A8 29 ARAA 58 FESE DAtk ol FHH AN T Feo
BASERN SaAdd U HARY, HAA BLIN, ATEE B 2e U ¥
A AL Fo A4 TN dehhs 580l dsted FRsgh & $al A
oo ABAA 582 FHHAT

-

1

Hd

ox & & oo
2 ol e oap

o
2%
-h~



69 Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80

*HoEHES 43 2 3

T2 st AAAP dAE AFHA 58S AFHoR Y] MM E B4, £, AF
7b AE 5 HgE R HdE vy #3o] a7 dd. gy HolH £3L EFIEEY $d
Aol 7HE & At o] a7 HE dAolth o9 aFHA £HYL A 7 dAEE 3
7 TR dF da dolE MAE Ay, 4 dAY FHI2 523 dHoHE £
ot.

*Holg A 2 AF

AR dAel wegt Z FHE2 539 dolHE vigoes AFRFE] WAL uigoz A
Reow, £ A4Y wEFS AHAF57] 918 PBM(Population Balance Model)) 7]3-& A}£3t
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< TEsL AYgd FHEXE E559, &9 wEFS AAsA.

223 AFEA

20000 5 2009'd¢] oidt 29 AAA dAE dHolHE S 19 99 EAZEEE A4
34t the Fig. 28 29 EFESEANE 58 FAE 20098 L9 EAZE L0}, o} e
35X+ Material, ‘Manufacturing’, ‘Use(Industry)’, ‘Waste management’ 4GAZ T2 G o,
Zt A vEe T4, $EEE 3§, Use @49 34 W UEE (FFH+¢53)S v, z
Yz 4, 8 53§ F&EYE dvidliy, 4 dAd F4, d7], ES WS 20 gsiie A2d
A obefol JERAT.

D 3] 8ARTe) $AE ok B0, ¥ ATMME AFS THREE nfse) AU AP AF
o F& ANE + A



0L

Arepunog weisis

(6% :uun)

(eeL’sl)

BeOg
REY

nuewy

Buunoey

08-99 (1107) ZI VDT fo |punor uvaioy / [p j2 Suvf Ji§ unyg

SIENINEOTULELY
192'1-062 0L ||+ SE ) C s ) ot = r—
—(CEse )] _wuur_uv_M__z C 8z ) 6z
SOF Laaman jouuo
(16E_ ) dnumwainsemn fe—i{_ EEE }——
[
ot v6
T
LML ML)
Cmr e e
wn..m.a o == -
] v 962
sy i [eCers .
e =D, — sou
ez ZRle
feRlcie 5] .
Lm s zET
L]
Kiiiag —
3 Ml -
e
; L
ops 955°S r
| sss-09s'9c | 00€ 1 ?
—we—{ wers  [Cmee—— LG o022 o e CaEs——(oren— Yo
i (_vea'y ) L— s ==L .
492 vi9 ELIEL
T e GiH
o e Ceess —
T-ZEV : 10°0 958
STl e (o g
#% RAGNISELL) owe
Flvial s
8YZ'T

jeusnen



71 Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80

‘UYWL FYEE BY

Fig. 32 2000d %8 2009de] digh 4dd 29 EA#E el Aot FudA A2H|FHE
T2 100% T oE3n, ol& 2000t FS BT 60%=E M LS v &S A=A
fom, 1 9 ofuzt 22%, HID? 11% ¢2o8 F23 52 YUk v o= HID A
7} 50%, B35 °] 26%, CCFL(Cold Cathode Flourscent Lamp)3°] 20%= el gt 3A
o Hl3 @A FFTY HdAH FLFLS A WU} oy, AgFHoer F2 ARy £
Z9, Bol Y 2L 9 xgog 2olE HID A=Y 87 F718+a, 2000838 CCFLE
BLU(Back Light Unit)¥22 2%+ LCD Akle] S43] Ao wel 2 6| &o] F71a). u
A 29 ol 2 A FHZ AN =woz 2 dR, F 5 2L FHAZ gAI Y9
O F87F BAasE Aow Jedd

25,000

20,000 f\

e N A [\
2 N/ AN Al N\
N X

5,000 - .

s

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
—e—Z|PAE —o—-i= —a— [7|ITR ——os

Fig. 3. Mgl $29 Foz

‘e 574 2 WEsE 24
AN & 4dd FAB) 2
o}

o 2HETE Hedd, 529 £2ALY £ AL
] & (A Z-8-F+ 5l 71 )l 5t Fig.

kel
29 Fig. 4% 2ol Uehiigich 522 AHgsts AF 2 4

de PRS2l $9¢ 91 QA7) W) FE /12 ol WS Yol w FHLo] FA yu
U3 d7 %ol gRES AN Utk A2 £eo AgFo) Badel me £5AFo] Ve
Jez, o A% 254 E¢ 2L 288 tehlT Ao

2) okA(arc) B4 A7 dFLo2A, (MWFY §3 TR &FvlE TR 42 g2¢ A3 ofa 5oz ¥

she 9y
3) g%olx B3 Aol o3l Y2E AA7 AANBAE BEoE LCDY B4

4 473 H2E|(LCD)E AAE W& WA R3l7] dFo] LCD A% g u|F okt LCDI e stHg &
e, o] o LCD &l 2AA7|= 38 ARY



Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80 72

120,000

100,000 &

W

A ——— A — 4

80,000

60,000

40,000 [ ]
20,000 2002 2003 2004 2005 2007 2008 2009

-40,000

_—xny WEysgy gy Sy A EINY

Fig. 4. 22 &3 % HE358

o

| A48 ¥%F, HDAZ, 47 AA4AEF, 124 Axe Q7% 3¢ e F vjas
& 23 Q.

LI
o ro
o

AZzRAEL #&9 713 & 358 z: FEoE, 8357 EPRY d3AFo=2 £dsEA
dxzFALLIALE T3l FFHT o, ohA7A O BgEo] of 20%2 %A e S
om o] F frEwe] ARLEHY £ AF HZHI Ao o] F2 dE IJF7|E0] oHF
& 0 Este] Yeve d4oz, 3¢ F ARAVER HrlEte 58S #HeT olg o] L
of g e 5FE AXdE =H7|7|AA F29 AZEo] o]FoAT YA FL AH0
o A7) - ARAFS 2S¢ E=F BLUZE AHSEE dEAA AFol TVel diate] 2009d 95%9
AYEES Holn oy, o]F BLUZ AM&EE CCFLY b e slazxa o]Fo|xA o}
z%7]7] AEEIAAR FFE o|FoAAA &3 e FH ol

li} Az o] A= FANE A Hrleo L] AZIH wet dxe & % F3 A

Zz2 9. 22y 20039 R-E EPR tidF50] £3dd w2t w71 g @27 A
5]21031 200939 = Akste Az o] ZAgole 39%, Bt/ d@E] T AA Fpde oF 10%
b AL Aoz YEEt 28y o] Y o] F HE JFo AEE 2 B, o T FL&9]
AZLHE 55 YA &3 gloh

F&o s Bl "oy wel FLo] FasA AHEHE =HAFF 134 AA W@
B A=t AP oy, AF F20 gg #e L JFE o]FoAT YA ¥E Al

A4 wA2 87 NEsE 24

Ao Aol 2R BAMES £& 23, oldlo Fig. 59 2o| Vet A5 MEF Fo

= WA PasTl 0059 E 27k 2AE YehlE, ok £80] A8 AFo A7E
2 WAl uet #Ao = wWEFol A YentA ot



73 Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80

2R3MEF T ME L HES AAGE RS EY HIEER, o] F fREL ‘Waste
management @A A YERYI ot dutA oz AldA A F£L20] EY HIEZ HAGE A
T+, A4 Hrlez2 =2 #Estd A=A goh g3y A uEFe EF wjE Fo] 7}
Z EA YEYY, £24 359 #E BHAME EG A7ERgE #87) o8 Uy ¢
FA W EFol i #Est s Fd.

60,000

40,000

2 30,000

20,000

10,000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Mrojr) B4y D=

Fig. 5. A# Ao A FL29 7|-FA-EY &3

3. 429 A AN B}

A (Risk)el & FallEde SFFEY €30 =59 AA == AHAAd U] Fsid a3}
W% &E(Probability) =& 7FeA(Likelihood)2 Aol®th ol 4 F£IAE AAZ 3=
QA A48 H7HHuman Risk Assessment; HRA)S AHEAZ 3= AeA Y443 H7t
(Ecological Risk Assessment; ERA)Z T#9 4+ ¢t

31 29 QA s HF7h AA

AME FBrle QAL e A7 #7334 #3](Environmental Hazard)d] =2 H UL 7S LA
7ted 4FE AR £ AFAHLE FAHSSE AL FlstEAd dF 98d, 3, F
4% R B3 dTAAZTEH QA4S T FAR = FelA AA L AEHAS 9 F
Ae AMEAE dSF3tn Frhste Aoz FgF F Qo & dFdAE A8 H7 F Az
A7l dig AsiAd G2, 8adgAd Ed o3 sid Frv1ge wEl 35, 94
Ql, &%F-4¢ Bl =& H/tE B AHE =&

32 29 AA A3 Bt +3

321 934 FA

FAFAME $AAA Ao oMo /1 B2 33E2F ARL A HGEA SHeY A
A A9 ZZ 33 (Chemical Ranking and Scoring ; CRS)S A&t B A 2€e 94 Hr}
8 dASAE goyd VAL Z1n e Ade, A2d YoM $H(hazard)F =F
(exposure)®] 2 AYEHE 33229 d(threa) S ANER FAEYE =235 dyoln.
3 A% £L29 Fe, Ul AMEFE v HE EdoY 87 F =FHALS A 94 2 A
o uAE f3 JFe] 27| dFo] F ALY 26F 22 F 199 A4 #Ho gy 22 =



Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80 74
% 17%9 x50 AR = AH19]

olo wa B AFNE 0 HeEA F #eld BaHo| FHANTE AA FEF U
e WEsSn Jotn Besn, £e9 AHF vAd 2 T80 B LAY F s =27
28 sefatz, oo g A4 BHE Fasd

322 §3-%¢ Y7}

EPAS ¢t 2F AAd wa2d, $£29 3F F2 =3 2 43 22 =32 U fAEs B
= uwel o g nH YUk gEA B AFgME F2o2 A% Yz E HEgA 3
of ti3t H7} Wye 7122 F X (reference concentration)E ©] &3] HFgES A& HIs
Aok, FaA9 FS A FAF T2 AL F A= VEAZE, 7HH, A9FH Ao v
G Ao] obd AA ¥l oI go R Fulde oo dFd ATFAAI FA wet v
EPAS do]HE #8433t

F&9 g7 F FaA

sod Y FY FuAE AT 40] ojud Eho] ©he] FE(mg/m)E QY 7)ol I
A Eo =E2HAL A, o2 U8 FalF FFo] YElA EE Hd =EFo=, B AFdAAE
US EPA IRISAIA AHA% e Q&35 o AL&sdd. IRISIAAE 54 438 2342 =54
NOAELY| £&44 48 AEstd FaXNE =&3en, 1 %ﬂr =29 7] F 29 F
e g FuAE 3948 4F A3 =% NOAEL@o| EZAA A+E &3t A4Es%ch
a A, h71F 29 F4o did FuAE 4 8)F 2o] 3.0+10-4 (mg/kg-day)2 rERRET

5 NOAELor LOAEL(p= mg/m®)
F2A o/ = T R 4% < AR ke
9

= — -4 3
T 3.0 x10™ *(mg/m®)

‘529 E F ZuF
Feo Ao g FuAe AZI AUAo] ojd - T FE(mg/L)E 29d &9 7Id
I YAFS vz F BE, ol A& FEidt dFo] vEhtA FE Ao =EFES T
A IRISOIA A€ 321 7§E§7s} 54 282437 Q7] @i, & d7dAe =Y &5
7152 Bt FHAAA o] &H FL9 FuXNE AHLI}AY B FaAE £ AL €GA 9
Aoz Qi AF EA4o) g FFo| 7|zt =FQ #Fo2, 3.0%10-4 (mg/kg-day)® E=F
=3

323 =& 37}

AAe] =F=E F2o WEF 4FS AdA EZ5EEA
AAEa o2 QAT LAEE =EdY, 4 2d€ U] - A
Az 3F 2 AFdE ¢ =233

o g 29d WEFe

A3E
o =2HJUE B¢ 2AFH2z



75 Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80

“d7) - A LAE A

J84 BHE ANAE EBAC MEHNE W 47 uyl - A - EFes Ivh} 58S
geA 2 Azl g sete] Holof s, MEHNE A TS ZE A WAS FI5 )
Fol 0@ sEe o) Bash

B dAFdAE 2000d] ol BAEERNE FHE 7] - A @ EFE 083}
7 AGA DA e WEFS 4 Agdz Rujstd A9E FEFE A4S

A AYd wEF AFL s BAEERAY AFE T3 =€ 7 FFuMEZA o
&9 Table 29} 22 @FAAE A4 A=d wEFS AASAY. 253 AR B¢ &
g579 o] et #RuEFo| b2 detdez, 74 wE32d g9IAE AT

Table 2. M ZY &AW EL X eIt

Hl &2 A A9 AFH7 dHF| FENGF
e 1949 ¥35 AL
Waste management Z R :
(HID, CCFL %) 2257 Bureil
a4
2Z2AE,
Manufacturing 219 HR] A=A
o g
A= v F25A A9d H71EMdR 335
Waste
A998 AA FH 2 %)
management A
A28 A A &893
Manufacturing A x4 5 HAEAR
Use(Industry) AqE Q1T A3
ol 7+
Waste
A9 AT+ F A%
management
Waste
254 v &g A Add Hr12Xdg| BAF
management
Manufacturing - = =
o Waste
A9d g4 HARA S
management
7144l Waste A9 A%37F 993 T ES FT




Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80 76

management

Waste
9o A9y A7

management

A3

~r

A 29k, F FE A4S A3 A 2l #F wWEZo 4 AQEE =29 e T
o] 4gg vt i HAE AAFADL d71e] Froe A9E FE dHd dWrEFLEY
20|(1000m)E H&3te Z+ a2 7] wjEEo] E¥Ho| Yt RYm)E =FdUeH, &
A ASde FEHGFRF ‘FALFF 2 o]&IF " F ol ¥ £IFE FUEE
AF, Asty, D2 gebstxn, AQ9E A9 Zoj(22], AHE He AFAAFZ22], AFE A
3t o] &F23]S T3 AGHE o] & ¥ FFE EEIHA

‘FAAFF E o] FAYY B /M2 A2 dolHZE 200619 thE Fge=, Heoly dHdE
ste] 1 99 dlo]E HA] 20068 & 7|E2E AE3AT

BASERNS ugoE NEF WEFE 1d 94 WEY FRkgyne AviEE, AA 9
A4 W7h AolE 2 BnAG S AN Askel AY W& F(mg/day)Z ARt} A4
sheich.

‘A == B}
EE2E QA =E2FS vgez dAHer TFH AF AT F29 AdA =FFE AASA
o.

W7 3 529 £FL B¢ =539 A%, 38T 2L $4E o83 AFsA o o 4
9le] AL 628kg, YYEEFL Y 3589 71597 S 58 £ 1425m’/dayE 2 &3
o =2aATH2A) Bee A De Aol 2R Age 7] WEFel el AN Aol

L AE (mg/m®) X QA ZFZ(m’/day)

- £ inhal,;, s =
QA =& F ™ (mg/kg—day) = A% (kg)

2 1)

_ 2.17x10"°(mg/m?) x 14.25(m’/ day)

= -7
62.3(kg) 4.93x10

dutroz B F &9 4F 22 §F =& AF ANYHo TFHE /HEFE 9 oF
AAA frt. webAd & AFdAe FA vEd EAZ A5 AL 9%E A&t A
A7r AFste 84S AAFAHAAN G2 BFFAA T4, 2001). o] | AU AFL di”
T 2T A FYE 628kegol AEHNeH, dYSETAHAL LS 158 A& ARG
[24]. &2 AR 2R Mg FA WEZol dst] A Ao,



77 Eun Sil Jang et al. / Korean Journal of LCA 12 (2011) 66-80

AA =20, (mg/kg—day) A 2)
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