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Attention-deficit hyperactivity disorder (ADHD) is a common, childhood-onset, neuropsychiatric disorder with an estimated prevalence
of 2-7.6% in Korean children. Although the etiology of ADHD is not well understood, evidence from genetic factor and environmental
factor studies suggests that ADHD results from a gene environmental interaction. In the current study, we reviewed the evidence for and
clinical implications of the hypothetical roles of organophosphate pesticides, organochlorine pesticides, polychlorinated biphenyls, phthal-
ate, bisphenol, polyfluoroalkyl chemicals, polycyclic aromatic hydrocarbons, mercury, lead, arsenic, cadmium, manganese, tobacco, alcohol

as harmful risk factors in the development of ADHD.
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20~30% A=) QL ekl 4 918 Aoz FAEch
2 AFA= ADHDY 9= 13 5=
71 QUAE0] oA 2itoll AEof) A ES FEA
© & AtwE 1%} ghey 2kE= 20164 8ol PubMed, Med-
QIEYl Alo]Eo) A ‘ADHD), ‘attention’,
‘hyperactivity, ‘harmful substance, ‘heavy metal, ‘environ-
mental harmful factor 52| FAAE o] &sfo] HA Tt
gJolZ AAE =iS 7|Zo 2 slglon 1 9] ¢lojz 2}
A = E e AlQjsielth A2 A ADHDY|
sigd aclo s 7h wol 7lsH FEREHS 137190
organophosphate pesticide, organochlorine pesticide 22
polychlorinated biphenyls(PCBs), phthalate, bisphenol,
polyfluoroalkyl chemicals(PFCs), polycyclic aromatic hy-

line, google scholar

drocarbons(PAHs), mercury, lead, arsenic, cadmium, man-

ganese, tobacco, alcohol 5] tHTable 1).
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Table 1. Summary of main studies about the association between harmful environmental factor and ADHD

Organophosphate Organochlorine Mercury Lead
KO KO Ha et al. (2009)*, (=) Ha et al. (2009)*
Kim et al. (2010)*
Cho et al. (2010)*”
Choi et al. (2016)*
NA Rauh et al. NA  Sagiv et al. NA  Plusquellec (2010), (-) Braun (2006)°"
(2006)” (2008, 2010)"? Froehlich et al.
Eskenazi et al. Jacobson and (2009)%
(2007)% Jacobson (2003)"” Chiodo (2007)
Marks et al. Stewart ef al.
(2010) ? (2003, 2005, 2008)'®
Bouchard et al. Daniels et al.
(2010 (2003)%, (-)
Sanchez (2008) Lee et al. (2007),
(7)20)
EU EU Vreugdenhiletal. EU Nicolescu et al. (2010)*, (-)
(2004)"¢ Daniels et al. (2003)*
Liop (2012), (-)
AS Guodongetal. AS Nakajima et al. AS  Cheuk and Wong (2006)* Wang et al.
(2012)"? (2006)?" Suzuki et al. (2010)* (2008)*?
ocC OC Grandjean et al. OC Debesa (2006), Faroe islands Roy (2009)
(2001)'", Myers et al. (2003)*”, Julvez et al. (2010)%,
Faroe islands Seychelles
Plaumbo (2000), (-),
Davidson (2010), (), Seychelles
Marquesa (2007), (—), Brazil
Arsene Cadmium Manganese Phtalate Bisphenol
KO KO KO  Kim (2009)%, KO  Kim (2009)% KO  Kim (2009)%,
cognitive Park et al. cognitive
function, (+) (2014, 2015)? function, (+)
Hong et al.
(2015)*
NA NA  Wright (2006), (=)  NA Bouchard (2007)”® NA Engel et al. NA  Braun et al. (2009)*”
Ericson et al. (2009)* Longnecker et al.
(2007)" (2009)*"
EU EU Torentte (2005), (-) EU EU  Holling (2008)
AS  von Ehrenstein AS  Tian et al. (2009 AS  Khan et al. AS AS  Khanetal. (2011)"
et al. (2007)” Bao et al. (2009)"" (2011)7
Abbas et al. (2012)% Cao et al. (2009)*,
Tsai et al. (2003)*” )
Wang et al. (2007)¢”
Wasserman et al.
(2004, 2007)%>%
Parvez et al.
(2011)%*
Hamadani (2010)
OC Roch-Amador OC Yousef et al. OC Farias et al. OoC OocC

(2007), Mexico
Rosado et al.
(2007)%¢, Mexico

(2011)%, (=),
Arab Emirate

(2010)*, Brazil
Yousef et al.

(2011)2,

Arab Emirate
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Table 1. Summary of main studies about the association between harmful environmental factor and ADHD (Continued)

Tobaco Alcohol

. Polycyclic aromatic
Polyfluoroalkyl chemicals
hydrocarbons

KO Choetal (20100, (-) KO Hanetal. (2015)%
Han et al. (2015)*

NA Hill et al. (2000, (-) NA
Day (2000)
Braun et al. (2006)°"
Arnold and DiSilvestro

(2005)*, etc

Knopik et al. (2005)%”
Hill et al. (2000)%2, (-)
Mick et al. (2002)"?, (=)
Sood et al. (2001)™
Bhatara et al. (2006)°"”

NA Hoffman et al. (2010)*" Perera et al. (2011)%”

Delaney-Black et al. (2000)%?, etc

EU  Kofimaa et al. (2003)*”  EU
Thapar (2003)
Lindblad and Hjern
(20100%, etc
AS AS
ocC ocC

Romano et al. (2006)%, etc

EU Feietal. (2008)%, (-)

AS
oC

ADHD: attention-deficit hyperactivity disorder, KO: South Korea, NA: North America, EU: Europe, AS: Asian countries, OC: other

countries, (—): negative result, (+): positive result
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Organophosphate pesticide

Organophosphate(OP)= %A 5¢ko] shifo|n] =2 ¥
do] A17& EAAT = SAE-o L gho] Al sj5o] of
et WB I} AolA A o2 AFAIY A=Al AHE-E
th OP= 34 £& A9 acetylcholinestreraseS Aal|ghe.
BA AS &7, B3 BlE At ofgith OP
£ SEAToA BelaET} QA7 S fEEla”
el FARRE 7S Holm B0t Q1% AY 5o 417
A 715 EAE UERIn”

OP£} ADHD®| Aol gt A= ml=toll4] 5742
2 237} 9Idck Rauh 572 2549] obga} BE tjAko
23 IS EAFOA A BiE2] @3 chlorpyrifos 5= 7}
6.17 pg/g o<l 7ol 3417l H7IeE o}59] ADHD,
og] A, 5/8A1EE XA, AvrE dggof o] AddE
2 3}9ek Salinas Valley 33 EQY = 372%99] obgat
RZ o g Aded AR 2 ARE OP thAb=E<l
dialkylphosphate(DAP)2} 2471 of-5-2] A, %9k
ol ote] ATAdS K stk =3t o] A to = 35
A, A= AP W ARS OP tiAbER} B Haisk 329
2 EAe} AvAe 4o sy’ 8~15419] obE
113978 o & 3 =739 Fdd-tolAs = al-
kylphosphate 5% (53] dealkyl phosphate, DMAP)%}
ADHD Ak} eAyhge B uskgleh o] dAtollA 10 4
9] DMAPE Hol& o523 ADHDE HdE= 7540l
1554 A% =Qkh05% Al=|FH7E 1.14~2.10). E4 ofg]zut

o o
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% ARG 74 5125 oFF 485L O R & ek
AV be DAPSE 912241 R Aol A] o2
3} s ) BAS Gehhglch B A FolA 301
O] 24] o}5-& YARO 2 3 FTATA L ke OP ThALE
3} Gesell WA oA §-013F clabilo] LhehbA) gkt

Organochlorine pesticide

Organochlorine-> Aol FHSHA AHEEINE 52k
YFo|n] PCBs¢} dichloro-diphenyl-trichloroethane(DDT)
9] A=<l dichlorodiphenyl dichloroethylene(DDE)= &
oreteh DDT thAbE2 Ao A3l fafedols W&
H| 71381 AVt —fstAl - S e FFS vA=
Ao &2 dHA glom, Eel TR A7 QIA7]
5ol kS mFIck? PCBs= & A% A7) -, BHol=
gholy, #RIE, e Aw 5ol del 2ol= Ed=A] 20971
9] oA = Holth PCBe= S4lEol ZgEo] QA9
=o7Hd HA F4E = A2 A thiAbEA] grow A
Ao A A|&E o] i o= ofFofA AaEr: AHA
PCB &5 Abg Ul A3AIH, o5, ), 2jofe] shllE: A
A S A A, Slme] B A T et
UERSITt PCBse] Add 9 =upyl AJAdof njx]= g
FE o] AZEAFo|A HaEglow, ApA o g PCBs
o] Al Zo] e &2
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Y wubpl s g UE

%"”E
» Nl
FE'LA;EH
-
o L 1
® 1o
OR;EN
E%rlrﬁ
POV )
S
R
o
ox R W

il
fr ofn

= o
<
ol
igv)
@)
ws]
3,
s
i
1}
oM.
o

Ao 2 HuEle) muyl

http://www.jkacap.org 269



Environmental Factors of ADHD

2 ADHD¢} 71 o] w2 ARG ELR dejA qltk
1977A%E] v]=tol| A= PCB AJAke] SA= AL o] % 2 A
AH o2 ARG 9 Aato] FAEQUAE #7155 AzFAHolut
e A S] HolalL FollA] Al leE =L Q= Aotk
717+ PCB2F ADHD®] i3Hde]] tigh = of2 o7}
AAIATE A AL F o] IS EAT|A BlE PCBs/
organochlorine AA|(DDE)2} ADHD FAFS59] o134
o] HIHGLE” PCB LHA|A 0 2 tehd s FHErs
Aol ] 788 <] AlgotE tAFO R g T ET oA &
% PCB ¥ DDE 59} 5~22% & AlXjote)5 5712 w2
719173, 7IRIeEg-o] A, =998, 27| WY, s2F s Sl
Al AES YERSIT AL B arskglon, o] 7~114]9] of
% 60740l A =& PCBs %%=(1.26 ng/g lipid ©]4) ¥ DDE
5(1.58 ng/g lipid ©14D)eF ADHD fARES2] A S 1
BHTE OA| oFE 2078 tAC 2 3 ERtE SIS EY
oA Abd PCBs =} 7.54] oFsollA ok & g4
22l o], ook T FAAQl ookl S UER
om 9N obFollA= HEERY Aol 4] W A Rk
7k 9 RESAIZE Ho o] F7F S UrERGITE TS A
SR 44| obF 1543} 11A4] oFs 148W-S HiAke.
gk ABE ZAMAToA A&EH A 21F Ha
AL §1AFA 7EERE T AL aokg dled AsHA =
|83t QIA7]6& B7FsF=tl AP PCBs =&t 114
obg oA HFE Al Adol/1H/Az 2719 A3t S0l b
EPstt}” olgfgt Ayl= PCBs e&o] 554 2AIS vehd
4 QS-S HAFE Flolot 1892 AlAYotE iAo = 3t
Oswego A< gljo} Ao} Wigh 15 EA-= AP PCBs¢t
4.5A0l| 4] W7LE] FAe] e @5 FA|QF Fofgt A At
S B 95HIolA A|&5H S35 vk oA £A)
oA HFAHL HATEY o= uk-S AL A 2pEYEle] e
UHSE e Hrs vehd Ao 8 ADHDe| o
Halgl Autoloh E3l 9540 AlHE A5 Aol A=
PCBs =&} A5 S3/A01259] Aetete Auide vhet
Woict 435788 tjAFO & 3t Faroe AlE A IEATLo|A=
B PCBs@} 7H| obs-ollA] X424 =352 k] w-g-AIE
olAu} gtAo] = oz vpehth I 2789
12~154] oFe& o2 & 7P dYd Fdatols=
PCB %2} ADHD?| $1¥H4do] UefA] ekgheh? Ao
A 134749] AR} obs-& tO 2 3 LT EALollA= PCB
AHE 670 ot MY e HALY] A e 4/ A
59} Z47F A7k YERIGILE gh nj=o] 127 Ho]
A =35 106579] obsS e R g AT EAA =
AP PCBs€} 870 o5 il dejaAte] WA 4== di/dol
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2958 IO R 3 & uhE Ao] omtysle] o}
AF I EAFA 1A ko] ZEHO|E A 5=} 5
A H Algote] 5 HrkeHet e ZEEo]EQt
ofotef| Aol ol gjx|utetseoa AWAFS UERH
oh? E3} a1 Ekgo] E S} ofot] 7l (alertness) 4
oA AstE AaHE UeERUQIct E3F TEAT oA AP =
HHO|E =EF2 4~0M|9] obgollA] Y 7l W WFEA
o} AAdE Bt} 2oy Aske ZE o] E= H|FY EA40
TF YIS ®Bolch 8~11A] oFg 2612 o2 gk Kim
S2990] sl kel TLo|| A= i DEHP 20| ADHD 2% A
420} AAo] 9&-& W 115k9).0H, r DBP(dibutyl phthal-
ate) WAHE s=7t A|&4 s date] 2t 9 g o
o} ATAS YERYGITaL 2 8l9ie) g Park 5772 180
2] ADHD Zgkol| A DEHP thAHE =7} =7 Uelge
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BTt A5 & Ao} ito] Qlolon] Hut/wARE7E ADHD
Ty E/554 HEollA Folst AudS skt
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WA & Hote =55 ¥ 59 Eo2E 871,
Al A, A, A 1p AE Fof| FRIsA AHS-ETh
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TAYA, A A T &A= Ao 2 YEkth
H|AH57 ADHDO] dol tigt A+t ml=olA +
7N} AT} QASick 249 9| He} obEE t O R g AlA]
UE] ZEEATFAE= YAl 165 YAl 2659 ke H|AHE
A 58} ofotoll ] JFs} o] APHe B st E
gk T&EAFol|A YAl 5 108 FEO] EE HlATE e
O Sof-Hit Y= H7IAABIA T (Behavior Assesment Sys-
tem for Children—Parent Rating Scale) ¥ #%7]% 5%
7} % (behavior rating inventory of executive function)2]
Eob FoJdls 7R A, soA A datao] dgle
‘11 "}O}HEP‘ ofofol Al F-gAC] Aol =L YAl

Z o] 7lo] ZH o}l TS dwAde] EeEY Fudd
%Loﬂﬁ Hong 572 8~114] 108912 o}g-& Ao & oF gt
AT ke H]AHE =9} ob g a5 7= (Child Be-
havior Check List, CBCL)®] & A5 ABAdE Let
Welekar B skl

¢

Polyfluoroalkyl chemicals

PFCse= AHZIA, F3A|, S4124, W 75, 3t %1%t
£ XY Fo] B2 A& IF, NAdEEE 5ol ZEA &
eIt} ZEALo) A PFCs:= choline acetyl-transferase 2H4

S Ao 2 AFTESEE d AAGALE &7 A
AEAE Yepder”?

PFCs2} ADHD SA3te] el digh A+ dh= & A
o] B 317} Ik 12~154] 482 ADHD o}s-S tijite 2
Hlor BAENA AR A= PFCs =23 A4
ADHD Agtato] Aol Q&S Hustglel™ 1t
140072 4H ob S thFe & 3t dinfa 515 Ed- Lol A
= AP E3 6~1870 obsollA] 28 9 Q1X] &4ke] o
HAdo] LERA] ekgiet

Polycyclic aromatic hydrocarbons
PAHsE= U3 At oA, gl 5
B AAEEA A= w7E

-

7HEE SR AR
Zolc} PAHs= AAF
ghalslom, efut Adkaglel
of AbAo} Fo] Wk Aalstal, WERHIAAIE o
A7, PAS0 A S8l Asto] AlEAbEab,
$/9A auk AlSkA EL% $H93HA|7]= DNA IS &
FAATH®
PAHs®} ADHD/] Aol gk A+t
Atk 21585 W R o = S T EATe| nEd
AP oA s PAH 9 H9 WFEEat 484 obs
oA oFEEEH7FHE(CBCL)2) Eot @ 9-80] AtAo]

oM Aol Fafgt Aoz

Asts
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AR, 4.84] L A4 DSM-TV 7|20 Hats= o8
A, 48404 EE A o] 2zt EEH%E}.”)
Mercury

dafolf= 72 e {72l F550] gler o=

F= W = =
4l ol Ao A E4Ew eiRks
o}, 28 b WA Alst AEH A, AA peroxidation
B4, vEREo} 1 Ra, AAATELe] ANs AT

alA| At A, ofa|Al A, A3 o]F Foll Y-S vlAH
Az o 2 opgo| v vidho] gL vpehdlch?

23 ADHD/ADHD frARY &l Wt A= 22 &

=+ 2ujo}, 3kt Faroe A=, Seychelles S-olA] $3%]31
t}. 87872 tIAfO 2 3t Faroe A= IS EATof| A= AR
methyl & =Fo] &7ket Fug|7] £ A4 38594
ALS] WEGAIRE TA7E F20i o] F F27] 59 AAblA &
oI5t A4S VFERHRICEY ok T4 ol A 2|42 1714
2 EAle} AL BAEY o] AR Io|A] Ak o] S22
F 524 557 4.3 ppm¥ %‘—?—Oﬂ TA, 144 oFg-ollAl A

_Q_E Eﬂiloqqﬁs) l]:,]/\_g__g_ ?:}
Basto] dotollA] 23]

.1_4

N7 RGRY 75 H Fo=7]59 EAIE el 717
go] o5& e & g Seychelles FTEAFANAE A

5 2of =2 7490 25 A
FHeE %4—?% UeEigler, 30709 ot
S eERQIoh? =3 AR o)
e &2 9N obFollA] FEp] eisE AsHE LRy
A Conners B7HHEof| A= 23] YR F2E M
o] AT} APAS YeERRGITE 2L 8~124] 837 <] Fuf
Yol ol 5L T2 3 FTAFoME £ Fro)
ADHD®| ¢igHAo] Uehtr] ggkem® F 3 ojx ADHD
kS 2Ro 184 u|gt o} 22H 9] IRf 2l A =
29 nmol/L o]/49] EF =2 kFo] watAQle] B Tof i
ADHD $1&84d0] 9698} A LeRdehAl=27F 2.57~36.5)."
FHtol|l A Ha 52 177899 ol 52 diAC 2 3t IS5 EH
Fo A & Frel I ADHD w9 ddtido] yeht
A] oFoytiarl B ustic) dEof A= 4989 ket 3 H Al
AotZ O &2 3 AZEAFoA A mih =23t A4
ol FH A wof A o] S-FAAL Aol vERgThY 1
Qlof| G=1, Hapd, Seychelles, 7HUt), 2391 F-oll A =333t
Ao $& mEI} AUEEA Q] Aol Ve
o¥okch
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Lead

T 2AEe F Al g EAE ek 53] ofFoll
A FA0] st A AR 7 28 FEaA19 skt &
A Qiok HE AFRpSo] oA 2ol BYRE, PR
ARRL A5 &4, 799 &4 59 ADHD AR A=
FEAZIE Ao 2 B AEC vl 1978L4 o] o]
Aol RESoA o] T WS} ALgEom, T
2 W7ol ol ARGk ol % of2igt HlE R 71
B W A48E A3 At 43 dsert ¢
45190r}, Th7lo]l WHOS} 1]t S ANIE = ob5o] @

HE 10 ug/dLE FUAZ FASIGA Y 22 o\j.‘_lL‘é‘Oﬂ
A 10 ug/dL oJate] HsoAE k| ol J3FS n 4=
om, A7t P EAE 2T = A g
wtek® 20124 o]Fol= WALXE 5 ug/dL =9Ik Jusko
592 64| o}59] ZHTEATA Y=} 5~99 ug/dLe]

7} 5 ug/dL w|Rkel Zd--ofl wlal 1Q =7} 5%lo] Wkl
Em} act G o] AFAGEAY S vjAH F
A9 ik HAEH 5 AlWA 34, $¢§} 7HEE
gl thAl Sofl s, o]2fgh 7182 ARA-HFS 3=
o] wupyl A ARl G- mx|e AlE)d H Hhg o
A, 9h3-A17E Hol o} AkAS vreRHL:

H3t ADHDO| Aybdol thgh thEAR] A= 4~154]
4704752] o5& HAe 2 gt vt 27 B
olt}, o] tof WEw, 2.0 ug/dL oAF9] HisolAl 0.8 o]
slo] Wisieof| mlgjA Rurl B ADHDO| ATAollA
41AFFZE 1.2~10.0)2] 2=H]E YeRQlch E3F 8~154)
258885 e &2 gt AollA AR AT} Hol A k&
B Aot g1AIFTTE 35~187)2 © =H|E Ueh)glom
1.3 ug/dL oJAFe] W =22 0.8 ug/dL °0J51] Ysr =
Zo] H]8j4] ADHDE] 9I@E0] 2.38) =UThAIR 77 1.5~
387 o|% 3t Ft ¢, n|= & ofY] yheke] T4
oA fFARE At ATEo] HuEQlc) 17789 obs-< tH
Ao g gl e B EAF A= Y ek I
ADHD A4=¢} o4 A3dS BaL, 1.0 nlvhe] Hs=d
vl A 1~1.5 ug/dl= 1.381A1= 57T 0.6~2.9), 1.5~2.5 ug/
dL= L7HIA1ZE7E 0.8~3.6), 2.5~3.5 ug/dL= 2.08) (A =+
7H0.8~5.1)9] 2 =5 22 Yepgick™ =3t Kim 57&
8~10A] o} 2567 iAo = 3 AdhdollA] 2.2 ug/dL
ool Hirzol 2.2 ug/dL w|FHe] HeE mEtol Hls|
ADHD %H7F4 9] £o]2 4= 9 ADHD F3ellA] 25t
zto| & YEpiickar B sttt 8~114] 6672 ob5-< of
Ao 2 gk Cho 5772 dolME d9 Yol wApt B
% gk ADHD A =9] F3:0], mpjads, 5] o

x/\]

7
§
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A frefat ko] WrERstTh Wang 572 4~124] 630%-<]
ADHD $HA -t 2ol 4] 5 ug/dL ©lste] Hse =Eo
H3JA 10 ug/dL o|AF9] Y =22 6ufjo] @ ZH|E el
W, 5~10 ug/dLe] % k=& 4991 @ =u|E Z}7}
Uehigicka B skt 22 Choi 5772 2195%-S tiAt
O 2 3 AT EAFA N f HEe 2.17 ug/dL ool
A1 ADHD #I@E°] 1.55A1=5H1F 1.00~2.40)Q1 Ao Hal
akaich.

Arsenic

Ml ATl Add 0w EAfee FEEdolt o
PO RE 0 uglg HEO] BER EASIY B4 8% Ayt
T HAEoA w2 w2 WEEANE A= vl =
a3 =80 A, A, Al2A|, B4 BHEA, A A,
2e7] a2t Foln F=at Hel7t 8 A=A A AA
Fe] 21%9l| o2t

B)4:0] 2R EIE obE i}
ofujet 557), g Bel, 70, Al A7, melAe] del i

.. 1o
ofy
o
2
oM,
=
rO
D)
k3
i
ME
0,

= 5~15419 o}Eﬂiﬁoﬂxﬁ ZA43} 7)o SR
us=s »}EMO‘EP@ 6~10A] 1328-& iAo 2 3t WA|s Slct
Aol A ko} S0 A] F71E Hlak=Zo] [Q 2HO A

o} AAo] Q18-S HBIILE” wh]Agh} F30] ¢l
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