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Abstract

BACKGROUND: Perchlorate(ClOy) is an anion that is
extremely water-soluble and environmentally stable. It
mostly exists in the form of sodium perchlorate, ammonium
perchlorate and potassium perchlorate which are used in
rocket fuels, propellants, ignitable sources, air bag inflation
systems and explosives. Perchlorate can be taken into the
thyroid glands and interfere with iodide uptake. The
determination of perchlorate in agricultural products is
important due to its potential health impact on humans. The
objective of this study was to determine the perchlorate
concentrations in the samples of various agricultural
products and soils.

METHODS AND RESULTS: In this study, samples of
cereal(Rice, Barley, Corn, Bean), vegetable(Spinach,
Lettuce, Sesame, Chives, Chili, Pumpkin, Tomato),
fruit(Apple, Pear, Tangerine, Grape) were analyzed for
perchlorate contents. Perchlorate concentrations were
analyzed by liquid chromatography-tandem mass
spectrometry. The results showed that agricultural products
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respectively contained perchlorate concentrations in the
range of : cereals N.D.~7.46 pg/kg, vegetables 0.52~
23.06 ug/kg, fruits 0.19~2.66 ug/kg. Bioconcentration
factor was in the order of : vegetables > cereals > fruits.
Bioconcentration factor was highest follwed by Sesame
37.88, Corn 21.51, Spinach 10.57, Tangerine 4.39, Chives
2.89 and Lettuce 1.90. The recoveries of perchlorate from
spiked agricultural products and soils ranged from 87.72 ~
111.26% and 102.09~111.23%.

CONCLUSION(S): The health risk assessment results
obtained in this study are lower than the RfD(Reference
Dose, 0.0007 mg/kg/body weight/day) value as suggested
by the Integrated Risk Information System(US IRIS). Our
results indicate that, people currently exposed to
perchlorate from agricultural products consumption are
considered as safe.

Key words: Agricultural products, Bioconcentration
Factor(BCF), Monitoring, Perchlorate, Soils
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AFA o AzErt. AL AHEE= AAA, 2sAt
offefd], HNE, oJefEa} Hg, ek Aol 7o W
glolr] 53] LCD Alx37d9] AgALE ofdAld 27gollA
W= Harh sevete] F eddo® B ¥tk Phlip
et al, 2004; Ellington and Evans, 2000; Ellington et al.,
2001). HEEHO|E: R HEZHOE(NHLCIOs), &
F HAEFZYC|ENaCIOy), Z FEZ2HU ) E(KCIO,), ¥4
22 A(HCIO,) T2 thekst o] Felz Artelm ZofA
st oz kel A EalEA kil Bt Fom
v doltt. W], B, AE, Aok Foll 14 o% &
AE]o] 244 B FAES oA AAlY Fo wF
2% B35 3 QItKEllington et al., 2001; Huber et al.,
2011). 299 AskrE §9ET O olgY HER
go|EE et HIRS] AREOR Q3 Eo] o 3l
om, ok oM 2Ee Bels g8 FrH, A=l &
%3 4= QItHuh et al., 2007). Q127 HEZHo|E] &
71 wE2HNS W, el e =9 o]F s Welste]
Wl sEee S A HdE 9 A Vs
Aolga Ao URHAlel Zels do7]ar, eorsl Foto
ZAfolle A 9 A3gS Walishs & A9 tiA 2L A
ol ks 713vkal R Ea QItiSanchez et al., 2005;
Alexander and Richard, 2004; Andrea 2006; National
Academy of Sciences / National Research Council
(NAS/NRC), 2005). =dlellx= 20061 &7 A1 L4
graellx] 17-18 pg/L w52 HEERYO|EZL AFE WA
ARB|A 02 tFEglom vl = 187 FollA AFE 47
N e} 3671 BfrellA 242t 2 pg /L9t 105 pg/Le] &

>1

ZHlo]EZ} HEH ] o7t HSUtkKirk et al., 2005; Shin
et al, 2007). = - HjelolA HE 2| ER I3t 459 2
o 9 Al A A %ﬁiél P EAE A B
A =7 Al 715 sol vRE AL Stk vl A
9oF=H(U.S. FDA)2 2004 EPJ?& Aol st HE2 o]
B vk 9 Il wE3FsAE A datsto] FFo)A ol
FAFoEN IulEe] A AHES AT F UET
atal §lom, ml=3}tels] 7| THNAS) ] A Aol LAt
of Fx=olM el HERHUIE 58 FEE 245 pg/LE It
ASATHU.S. FDA, 2004). v]=F 743 (U.S. EPA)2 2006
d HERHOIEY U 4] EE% THstAE Al A7
AQ s A e, 7FedE AAs S el 7]
T =EHReference Dose, RfD)< 0.0007 mg/kg/body
weight/day 2.2 AAstgom, Fjel = 2008 4 2
o 24 F71 20106 $RE 3073 W B A
Fmow AAsigltt HERdolEx Al e
&5 e LAEARA, Sl HERCIES At
HffP chekst i 9 24N 9 At ol oA AL glon
AeZe] T8 AR AEel tigt edds 2 Sl OHL
= et =l slE E Aﬂiﬂ]OlE AR =
et 0.78~4.42 pg/kg, SATF= F 1.01~39.9 ug/kg
or HEESoH, BE¥ T Hﬂieﬂovft 31t N.D.~
18.24 pg/kgo 2 FAREATHKim et al., 2008). w]=2%
OJoF(FDA) S| AT, i B 050~4.27 pg/kg,
P57 0.15~8.58 pg/kg, AAFF 0.15~115 pg/kg >
2 AZHgon o2 yjEow Hy AFHFS 7ilsid
0.053 pg/kg/bw/dayd = AFHE Aoz YERATHUS

Table 1. Description of agricultural products sampled in nine different cities in Korea

Agricultural Region
products Gyeong Gang Chung Chung Gyeong Gyeong Jeon Jeon .  Total
Group gi won nam buk nam buk nam buk ¢
Rice 6 5 3 3 13 5 5 40
Barley 17 12 29
Cereals
Corn 3 13 4 3 31
Bean 2 2 2 2 10
"""""""""""""""""" Spinah 3 10 9 x
Lettuce 7 3 3 13
Sesame 10 10
Vegetables Chives 4 2 4 10
Chili 2 2 2 2 8
Pumpkin 5 4 6 3 31
Tomato 4 4 4 4 20
o Aappe 2 2 2 s 0
Pear 3 2 3 10
Fruits
Tangerine 10 10
Grape 5 5
Total 25 29 22 21 40 47 43 2 10 259
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FDA, 2004). 124 dA7A] A= 247] AiA ] sAk=
W Eok At glow, e AR oM B¢ saES
A3k s | Ed Aok E3t o]t e AEH T
AR B B AN SRR Ho] AT oA Bt
Aotk mhEbA] & Aol M= ulellA A= tlEAQl
sk 9 AR Eoks A ekl HEREC)ES] o4
£ yotstal, HEZeo|E odd A A3 Al A4
712 e Bkt aksick

ox X

R84
s
a

Mz o U

ZTAIY MY R A A

AW AlRE 7 458, B, S5, ), AT
TENTA, F A, i, 15, Y, BvkE), 3AF 4
TR, A, B, TR oR WS Or], SR o F
HE2YolE RFHEE welsly] I8 A= (AE, A7), %
4, 38 -5 AN B A 9 BE, AFE
7} QAR Qo)A 20109 5E 20123704 7h walEe] 405t
A7)o) EAET) 7) EAbEe] AulE Bk ) A8
tHTable 1). T 4k 115 disiA 212} 5-:307119) A5
£ 2 kg4 AFson EFES RS 718 S5 AAs
15 em ZololA] AFH 3

=

Ao RE STACHS Tste] ABSAT, et
Milipore water purification system(Le Mont-sur-Lausanne,
Switzerland) & AFg3l] Azl HEZFCIES] BF

Table 2. LC-MS/MS conditions for perchlorate analysis

#2  Accustandard(AccuStandard, Inc. New Haven,
Darmstadt, USA)°lA 7-9)afo] ARg-8lth. A3 84
ASS 48] A8% Internal Standard: Perchloric
acid(180,, Cambridge Isotope laboratories, Inc. MA,
USA)E AH&-slSith HPLC grade®] Acetic acid+= Junsei
(Junsei Chemical Co. Ltd., Tokyo, Japan)°l*] Acetonitrile
& Merck(Darmstadt, Germany)®ll*] Methylamine-
Sigma-Aldrich(St. Louis, MO, USA)°l4] Fuljste] AR
a3t

LC-MS/MSE 0|28 HZ=2d0|1E &3

AHE A AEAA Ao wet 7S st
sto] ARgsiGith AT AR F IRe 54 Zof 443t
o 5 Al AT A FaEl AR Zof o
Azket & A3 AEE ARSIt Alse Eeddddl &)

ol WE(-20C olehEuste] FAEIGITE Ak AR
FRee] el 1 A5 1% Acetic aicdE, A5
NEE 1% Acetic acid®} Acetonitriles FEEXZ A}
Ptk A AR A AR vlE w9
o 7] witell TS AAEE] 213l Acetonitriles 3
7¥eolet. ZH2ke) Almel FEE9E Hrlste] AR WP E
o] g3l AlEg} FEEIo] T3] 4ol EF 200 rpmol/del
A 2A17HE<} 3535k 3000 rpmella] 1417 adie] A
A FENY 1P FEsto] FEA9 s S
71 SPE7FE2]A|(Supelco supelclean™ ENVI-Carb)Z *d
Asta A7 ZE(0.2 pm x 25 mm)ZE st F 2418
AQTHKFDA, 2010). E% A8& 34 % 02 mmE AZs

ol oo Hr rf 2

e

Parameter

Condition

Column

Mobile phase
Column flow rate
Injection volume

Column temperature
Perchlorate elution time
Ionization mode
Gas Flow
Nebulizer
Sheath Gas Temperature
Sheath Gas Flow
Capillary

Source collision energy

Precursor Ion (m/z)

Selected Ion

Dionex AS 21

(2x250 mm, 7 um ; Dionex AG 21)

231 mM Methylamine(isocratic)
0.3 mL/min
50 ym
40C
11 min
ESI(Negative)
8 L/min
40 psi
300 C
10 L/min
1500 V
24 V
Fragment Ion (m/z)

83
85
88(Internal Standard)
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o] A AEE ARSI EY AR 10 gofl 75 30
mLE F7Feto] 250 rpmOE 24A13F S| wRkekgl o
HEAZL A B 2000 rppm 0.2 13587 PR F
AS sk o FE(0.2 pm % 25 mm)E o7 &+
SFITHKIm et al., 2008). HEZHOIE 45 $l5te] A
AzrtET 9 (Agilent 1200, Hewlett-Packard Co., Palo
Alto, USA)9} A4 7](Agilent 6460, Hewlett-Packard)
5 A8l F99A M oR BAEh 248 Ay
Dionex AS21(2x250 mm, 7 pym), AH25+= 40 C, olF
Aoz gul 231 mM MethylamineS ©]&3t] #4513
o, §42 0.3 mL/min, FUFE 50 uLE st =43}
oltt. HEZHIES ERINGL HPARR A S o] 838t
Rom, LA m/z 99°] m/z 830]2°] tidt 85 o]-2]
WSS Hlste] £20%01HY 8-, HEZHC|E] tigh
FAINAS SIS K Table 2, Fig 1).

s

)
88

84.9

82.9

Fig 1. Chromatogram of perchlorate in standard
solution(left) and agricultural sample(right).

MESSHT L&

A E55A5(BCF, Bioconcentration Factor):= o 3}
ghago] S o R E AEAURE o7t I w57t oA
1, freflEde] Al F781E Jrlsh(Lee et al.,
2012), oli= Al Sl BV ARz ARH L ok HER
golES] BEsHATE t Als ol&ste] T8l

s T HERYIE 9% (mg/kg)
EY T ASRYCIE ¥ T (mg/kg)

A AFE QIS HERYIE nE2F AES Sl
AEAFE 9 G AT Aol ke iz

dYEEA} 371(2008\) AE D83l AT 55 kg
AHEEIITE HERHCIEY] v Wrke AREA WA
(determination approach)°l we} 353l on, ik
Bt HERYO|E TS ARSIt

SAHE M EY & HEEY0|E BMY HS

Al st fEAd AT A3 HA%A(Calibration
curve) 0.1-100 rg/kertold] sLollA %RSD(Relative
Standard Deviation) a4 1.67 ~5.33%, R %= 0.999°)/¢
o7 e 5475t A (linearity) S Rtk AE
Al W A= Al FS181(S/N ratio)] 33 10
gataL o, o]F olgste] AFTAE A=tk w1

o

o ok

¥

2

% Azel HFEAIES 47 LOQ ¥ LOQ 24} S}
HES EFEAS WS A8ed 24 39S AH 9
FEAYS FYSHON 30 2P e Y 9L
42 BRI B B9 10 pg/kg Ael5ee) A2

ZYo|Ed]| thet 3]=&o] 87.72~111.26%(Table 3), £
2 10 pg/kg AEe] HEFZH|E dist g4-§o]
102.09~111.23%% YFEFTtHTable 4).

Table 3. Validation result of perchlorate in agricultural
products and soils

LOD LOQ Certified Value Recovery

(ng/kg) (ng/kg)  (ng/kg) (%)
Cereals 1.0 5.0 10.0 87.72
Vegetables 1.0 10.0 10.0 111.26
Fruits 1.0 10.0 10.0 98.48

Table 4. Validation result of perchlorate in soil

LOD? LOQ® Certified Value Recovery

(ng/ke) (ng/kg)  (ng/kg) (%)

Cereals 1.0 5.0 10.0 111.23
Vegetables 1.0 10.0 10.0 106.28
Fruits 1.0 10.0 10.0 102.09

a) Limit of Detection : S/N ratio x 3
b) Limit of Quantatation : S/N ratio x 5~10

StE € il EY & HEZL0|E &

T T HERUOIE HEES N.D.~342.67 ng/kg
(At 6.85)°]1, 11 T AMaF] HAEH W AAAE &
A=2 90.8%%= A8kl HAF 6.5%, i 2.6%wO% L
Estth(Table 5). =r7ollA= 3ol 7.46(0.00~22.36) pg/kg,
AaFrelris 7Ae] 23.06(1.09~46.85) pg/kg, ZA5rel
M H#o] 2.66(0.00~7.86) ng/kg o2 71 A ZAME )
th F 1535 5 A > 38 > Bk > AlgA] > 39 &
ox AMAFA vlwA FA UepEth S ATEIA
(KFDA, 2010)9} Hliskd 452l 749 1.01~39.9 pg/kg,
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Table 5. Concentraion and Bio-Concentration Factor (BCF) of perchlorate in agricultural products and soil

. Con. of perchlorate Soils . .
Agricultural Products Bioconcentration Factor
& (ng/kg) (ng/kg)
Rice
(n=40) N.D N.D -
Barley 0.46" ) .
(n=29) (0.00-3.38)
Cereals
Corn 0.19 0.63 21.51
(n=31) (0.00~1.79) (0.04~0.58) (3.89~67.42)
Bean 7.46 16.13 1.60
(n=10) (0.00~22.36) (0.84~44.80) (0.00~8.00)
Spinach 9.79 2.39 10.57
(n=20) (1.46~95.70) (0.14~32.89) (1.58~78.20)
Lettuce 0.71 9.57 0.48
(n=13) (0.00~4.45) (1.19~32.74) (0.00~3.73)
Sesame 23.06 1.09 37.88
(n=10) (1.09~46.85) (0.19~3.71) (0.29~122.63)
Vesetables Chives 6.31 0.34 2.89
& (n=10) (2.75~10.40) (0.00~0.76) (0.00~6.56)
Chili 0.52 ) )
(n=8) (0.00~2.16)
Pumpkin 18.77 12.60 1.90
(n=31) (0.04~342.67) (0.97~96.62) (0.00~10.01)
Tomato 13.07 - -
(n=10) (0.26~37.08)
Apple 0.19 1.25 0.23
(n=20) (0.051~0.38) (0.47~3.31) (0.02~0.21)
Pear 1.17 0.82 0.89
) (n=4) (0.31~3.42) (0.00~1.72) (0.43~1.99)
Fruits
Tangerine 2.66 0.97 4.39
(n=10) (0.00~7.86) (0.00~4.49) (0.00~273.65)
Grape 1.70 ) )
(n=5) (0.77 ~3.68)

* Mean (Min-Max)

A7 45 0.78~19.8 pg/kg, "= FDA QA-HA 9}
H| W = LOD~4.27 pg/kg, A+ LOD~115
pg/kg, HUF+ LOD~8.58 ng/kg T C.& 2 Ael|A]
ZAHE FEt fAkeAl ARSI AlEA 9] 73 AR
A3t ok -] S el AulE AleAE AFH s
o] A5 Hlwal wokout AlEA|eM e HERYIE I
= AI7E A skt

FE A B T HERU0E ¥ 1
Table 59 AASIAEE 1585 F 3 > 38 > A5 > A
A > AR} o QJAFE AuE Bl ki EA4 A
Z5 90t 2004'd US FDACIA 5, EvkE, AlgX|, 2
T 5 ALAME & AR A3 N.D.~107.6 ug/kg7H
thFe FERSE HEESNoH, ¥ AT AielM e sk
0.04-342.67 ng/kg, AMIESS 0.97-96.62 pg/kgo & T}
ot Wz HEHUT v vpiet Fellx= 5170 Ao
il BUElR g A 247 pg/g O Hl FA AER A

=z ]
=

it

die e i

el vlwskd =l EgelMe wlg w2 #s ®elt
(Smith et al., 2004). =H] IF EQF 244 tjsA] 2y
Bl 8t Ay} it ND.~1824 pg/kgl 2 AEH Ay} 2
AT Al fAkE AE UERTE Eoko A, FH
TP HE SOE A eAHE AUt JoerE F
AA Soll thet AE7} Bask o7 Alg o) T3, tE
AR g By, 15, BrlE, 359 Bk uE
ZHO|EZL HEHA Fpoy sHEAAME HAEEE AT
7} Qo). ol HEZYP|ESY] ¢, tE AAdR7IEL T
] Bkt AdEo] v, Aak 9 AuTF 55 T &
o] £ e9fgo] & o7 dddtHuh et al., 2007).
A4 B T HFZHCIE gt Zfo] =l = - 9l
Al obA Ao HA| ok FEjoltt.
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Table 6. Daily dietary exposure and risk of perchlorate by agricultural products

Age %RFD of

Agricultural Products

<2 3~6 7~12

Average

13~19 20~ 64 >65 Perchlorate

Daily intake(mg/kg/bw/day)

Spinach 221x107°  1.82x1073 1.97x107° 0.92x107° 1.43x107% 0.87x107% 1.54x1073 0.22

Lettuce 0.01x1073 0.02x107% 0.04x1073 0.03x107® 0.07x107® 0.04x107® 0.06x1073 0.00

Sesame 0.05x1073 0.07x107% 0.16x1073 0.21x107® 0.39x107® 0.27x107® 0.19x1073 0.03

Vegetables Chives 0.15x1073 0.17x107% 0.15x1073 0.13x107® 0.27x107® 0.14x107® 0.17x1073 0.02
Chili 0.01x107 0.01x107%® 0.01x1073 0.01x1073 0.05x107 0.04x1073® 0.02x1073 0.00

Pumpkin  6.58x1073 3.71x107% 3.74x107% 2.12x107% 3.36x107% 3.58x107% 3.85x1073 0.55

Tomato  10.86x1073 6.20x107% 2.67x107% 225x107% 321x107% 2.71x107% 4.65x1073 0.66

Apple 0.36x107® 0.26x107% 0.19x107% 0.05x1073 0.10x107® 0.06x107® 0.17x1073 0.02

. Pear 2.59x107% 0.99x107° 0.87x107® 0.12x1073 0.50x107% 0.35x107% 0.09x1073 0.13
Fruits Tangerine  4.58x107% 2.93x107° 1.91x107 0.95x107 0.81x107® 0.71x1073 1.98x1073 0.28
Grape 1.39x107% 0.80x107° 0.37x107% 0.13x1073 0.39x10° 0.14x107* 0.51x1073 0.07

SAHE W HEZY0|E MESFAHI

HEZYO|EL =2 o|EA T LA oR o wEgo

2HE EHY By 74, U] § FEE L9AXIH
+ 97F @ol Baxfo] SItHHuh et al., 2007). ©]of w2}
©® 04?011 A A AH e ko mRE sAbERS] AEE
ZA5S A= th(Table 5). 1 43} 44 21.51(3.89~
67.42), % 1.60(0.00~ 8.00), AITZLX] 10.57(1.58~78.20), %
Z 0.48(0.00~3.73), 7Y 37.88(0.29~122.63), ¥
2.89(0.00~6.56), ZH2F 1.90 (0.00~10.01), A} 0.23 (0.02
~0.21), ¥ 0. 89(0 43~1.99), & 4.39(0.00 ~273.65) % A&

RO, AL > G55 > AT > 3> ¥4 > 2 o
2 ALFA E2AFE Lebi

SAE MFof wE HEZ20(E "t

B Aol AR FAkE ] disiA Al 2 A
ATl AT 9 AT aElste] AoldHE F
3 HIEZo|E Lzﬁ7}~ T35 thTable 6). 5ollA
= 157 0.11x10°, €557 0.28x10° 0= B Ag 3ol ula) 2
Al olate] el Ee mEHS Yo FReld:
0.19x10°2% 3~64 IFoA =S =HFS Q(O]o]-oﬂli]-
AaFroE A 0.07x10°, 249 0.39x10°, H-5 0.27x10°,
LT 0.05x10° ©.& 20~ 6449 1#4]*1 V& iff?_ &

S UEpion AEA 221x10°, 38 6.58x10°, ErbE
10 86x107° O 24 w|wte] oM M HE wETS L}
epdith BAFAAE Al 036x10°, Hl 2.59x10°,
458x10°, E5 1.39x10° 0.7 24 w|wke] JFoA 71 =
S REEE UrEME} Jeu olgfst ANES VEHEeE
o vlwsEw 4, FLR, AT BT 1.0 ofsk® <k
3} 2~ 200 p:lo]g}%\i;]__

T o=E J U

o
=

0]

HEZHO)ES A =FHE F ﬂ%ﬁ%i Qe
BE7F A wE2ARY diFEE
L FUelAE AEel gk A7 hﬂ]f& Jefolt}. gl
U edEdel tist St ko w e SRS AE
SEAT st vlolE o] A7t v ek Aejo]2E Hlo]H
Hlo|A AA FEE 9% AFE g Aok # ot
Ae HERYCIE Al AEs fE shkEe] Al Eok
= W AFst FAEI Bl st %A HEZH o]
E IS Akt I ARE o83 AEsE
B7HE A

I A A 7 :L—‘:—l‘iﬂ HEEYo|ES Hghake]
F 270, AF 143, AxF 1032 ug/kg_Ofa =AY AT
oA 7 & o] ZAbE o, & ATtelA dojxl 4
o gk 718 Ay - 9 AT AR gkt vl ghs e
s 218 gl 3 5 itk B A9 35 8.38, WU
1.01, A2 520 pg/kgel ol ZAMHITL oA dof
7 FAET B AE o] g8 EYeIA SAHERS] o
ZRYIE AEFSATE s A3 79(37.88) > &
421.51) > AlEA|(10.57) > @(4 39) > ¥-5(2.89) > u}
(1.90) 2% AAaFolM w2 BesFA55 e A
Al EelA= sakEmitt 5*016" w= dido] thEr] o
ol HEZ o] EA o] miAYUE 1Y Tl #e A7t
g 9% Zlow Al Bgh A HEZYC|ET}; S
FSAES AFEE A HEZeIE tid Al =
S AR A, F57, Alas, BYF BF 24 Rk 1
I 3~6A19] Gfrob dFelA w2 mEFS G 3l
Aom =, HUF, xﬂi% EF 10]8t2 QkdE F<Fol7]
skt —?ﬁar, AR, HaF o] Fiob I5elA =
EYS L}Ehh 10_& FHepAZel gk A7 o
Hod o7 AlmHrh

i

N i

i)

we rlo e
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