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Abstract

The objective of this study was to evaluate the effectiveness of using HR-GC/MS for the rapid
screening of dieldrin residues in soils. Persistent organic pollutants (POPs) of organochlorine
pesticides such as dieldrin, were analyzed in sedimentary rock and granite rock collected from
greenhouses, Niigata, Japan. Dieldrin remains in Japanese farming soils, more than 40 years
after their use as insecticides was prohibited. The averages in soil moisture ranged from
2.79% to 7.20% in soils derived from sedimentary rock and from 25.59% to 31.40% in soils
derived from granite rock. Mean concentrations of dieldrin residues in sedimentary rock and
granite rock were 39.7 ng g” and 40.51 ng g”', respectively. Dieldrin residue was detected at a
slightly higher concentration in granite rock than sedimentary rock samples. There was no
consistency between the two soils or between surface and subsurface soils. The coefficients
of variation of the two soils were 10.6% and 8.7%, respectively. These results suggest that our
high-resolution mass spectrometry detector (HR-GC/MS) is effective at analyzing residual
organochlorine pesticides in soil. In order to increase the precision and sensitivity for chemical
analysis of POPs, high-resolution gas chromatography coupled with a HR-GC/MS is highly
recommended.
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2ol =] Yot 2] 10%] Tl EQFoll A 9] Aol FatE|o] ZhrE] o] Qli= EFo] Ikl 5F3ITH(Seike, 2009).
FoR oA 0 & B Fof EAIZ = B0, 3ok BoFo] ¢, AR H &7 FollA wEali7hA] o] 1
of| thol P2 B7Hd Za7F QATH(Saika, 2011). o] 2f3t HEal A 24 9] 572 EGelA B 7]= 5\ ollA] 20
AIolal, o] & MAs| A= Ao = dejA Qlot. Y9] %9 Gas Chromatography/Mass Spectrometry (GC-MS)
3} Liquid Chromatography/Mass Spectrometry (LC-MS) &
Ch(Matsuoka et al., 2011). POPsE2 U2 7] 447 shtE Al A5A), AlxAd 2 A Ee sofe2 diie &
o] 100°C FEolu FAE R tho] &4l B Fak-R= 57101 300°C o[/ 2 &2 =}, TRt &0 tiet 8o =7} thes]
vt o]y st ZHRA 5712 B2 (POPs, Persistent Organic Pollutants)2 A Z1=-of| Ak =5 Zlo] opufat 4 A
AR ZA= QA=A FlgHE Aol AANEF 7| o =A7| oA 2 e d =49 bt we
£ Yol RE =7 A0 E AR 4 Sl AR 3 e ek BAIGEY QlTf(Song et al., 2008). 3 €6k
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O] ghel2 2h 0] ZAFE F7HRTE ofU ) Hof QEARE-S QI8 Xkt SHIA L w9 S gk At
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Materials and Methods
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Table 1. Physicochemical characteristics of dieldrin among POPs.

LDsy rats oral

o ACGIH TLV TDI WHO
administration

Classification Appsarance Boiling point  Solubility in water

(°C) (mg L) ma k') (mg m*) (g kg")
Insecticide ~ White crystal 175 - 176 0.186 4,660 0.25 0.0001
(25 - 29°C) ’
Table 2. HR-GC/MS conditions for analysis of dieldrin.
GC Column ENV-8MS, 60 m x 0.25 mm ld., film thickness 0.25 um
Carrier Gas Helium
Mode Constant Flow
Maximum oven T. 360.00
Equilibrium Time 0.00
Initial Temp. (°C) 120.00
Injection mode 1 pL splitless injection
Initial Pressure (kpa) 1.00
Purge Pressure (kpa) 45.00
Purge Time (min.) 1.00
HRMS lonization Micromass Auto-Spec Ultima
lon Source Temp. Electrospray lonization (EI)
Transfer line T. 240°C
lonisation energy 280°C
Filament current 45 eV
Resolution 0.7 mA

> 10.000 (10% valley definition)

Table 3. The comparison of MDL and LOQ using SPME-GC/MS and HR-GC/MS.

SPME-GC/MS" HRMS?
Compounds = - =i
MDL (ng g ') LOQ (ng g ) MDL (ng g ')
HCB 0.01 0.029 0.002
Aldrin 0.025 0.075 0.001
Dieldrin 0.027 0.081 0.01
Endrin 0.029 0.087 0.002

YBeceiro et al. (2007)
*Kim et al. (2007)

Results and Discussion

E| 4% EF(H71E 1%)] Dieldrin ZH-2A 0| 4] E|4 9t EQFO] A58 RESF A ER JLEato] Z87F 8yhs )
FHoto] B W £B5S HH(Table 4), 1A EQF HEO] $-HEF0 (.14 g- 036 g0 2 B om AEL
080 g-1.03 gO = HASIch & EY HES] £HE22.8% - 7.2% ©|3.H *LEA FREL16.0% - 20.5% ©]
At a&!ﬂ, A EFHIE 6%)i BESF HER JLHEsto] 217} sukE 2 F|sto] Eaf 9 ~E-E-2 Table 57

EJHEES SHTFL 130g-1.57g BAXSHOHAEE=178g-192¢ OIO*E} EFOYTEEZE
EOM 26.0% - 31.4%°]0. 00 EF HEC] £HE0 3560 -384% o]t EF TR HH LRy SH0E
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o HAeto] HETL 747 0.19 g, 3.8%, AETF0.92 g, 18.4%0]H.0H, 314 RIS 6%)2] HETL 147 g,
29.3%, HE7}1.85 g, 36.95%% #7]= S W2 =4 IEL"k(l"/)ol ZYZEuiokal, REoF HEAM O] - E it

SRES RE FE o] st

Table 4. Water contents of soil in sedimentary rock.

Sample Repetition Before dry soil After dry soil A-B Water rate
weight (A) (g) weight (B) (g) ©)) (%)
Surface soil 1 5.00 4.78 0.22 4.40
2 5.01 4.82 0.19 3.79
3 5.02 4.88 0.14 2.79
4 5.02 4.84 0.18 3.59
5 5.01 487 0.14 2.79
6 5.02 4.85 0.17 3.39
7 5.02 4.88 0.14 2.79
8 5.00 4.64 0.36 7.20
Mean 5.01 4.82 0.19 3.84
Sub soil 1 5.02 4.10 0.92 18.33
2 5.02 4.04 0.98 19.52
3 5.00 4.08 0.92 18.40
4 5.01 412 0.89 17.76
5 5.00 4.20 0.80 16.00
6 5.02 4.09 0.93 18.53
7 5.01 4.09 0.92 18.36
8 5.02 3.99 1.03 20.52
Mean 5.01 4.09 0.92 18.44

Table 5. Water contents of soil in granite rock.

Sl Rl Before dry soil After dry soil A-B Water rate
weight (A) (g) weight (B) (g) ) (%)
Surface soil 1 5.01 3.7 1.30 25.95
2 5.00 3.48 1.52 30.40
3 5.00 343 1.57 31.40
4 5.00 3.54 1.46 29.20
5 5.01 3.53 1.48 29.54
Mean 5.00 3.53 1.47 29.30
Sub soil 1 5.01 3.15 1.86 37.13
2 5.00 3.08 1.92 38.40
3 5.00 3.13 1.87 37.40
4 5.00 3.19 1.81 36.20
5 5.00 3.22 1.78 35.60
Mean 5.00 3.15 1.85 36.95

B 4o} EFO] R Ihr-s I o] Wt HEWALE Fig. 17 291 2ok H A EYOIA Dieldrin®] 1Ht e
64.20 - 21.87 ng g W 9lo] oM Bt R 39.71 ng g 'l ATE F71E 1% TR0 e HAY EFO] &
ESMMEHRERE EYO R 5554076 ng g, HE EF238.87 ng ¢! 2 BE EFOA IF st tha

A
S

=t EEHEAE 10.6%=2 B4 5 M, /715 6% &-Rotal e 3P £ Dieldrin®] ZHr S =

Moo

3
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54.98-22.52ng g H9Jo| o Wt ZH7 = 40.51 ng g 0] Q1) S EOFO] RE A Q] TR E = 37.52
ng g, MEE 43.50 ng g' 2 SPFOlAE A ET} tha =9kt vt TESF 592 oA 2ARE ATt A=
Dieldrin®] %7} 10 ng g 0] 1TH(Park et al., 1982) 1 H 15}l =t] 290 @ o]2t77F AEH A4 = o|HL}
= AEEH A BEEAE EAHGT sPetol A ZH2E 10.6%, 8.7%=2 = 7|5 E A4 B4 919 3] (Codex)
O] ZHFRAY 7 ]%(Guidelines on Good Laboratory Practice in Residue Analysis, CAC/GL 40-1993, Rev. 1-2003)01]
H AR EZHE (< 20%7]5) 0l F-&5HA tHKwon et al., 2012). Dieldrin®] B35 HH7]= 6714 o]
VR AL, Tl A A E = AFAIES A 9 7HRA f71 A AF A ol Blste] EYS B 7 uh
o oo whet 71 ZHRAd o = QIgh 2 @ 9] 7hsAd o] ] Wkl 5H3ith(Lee, 1991). 71& oF
o Ef RV & dgo] w2 SPe F BRIl 53], 83 HHEof| A 242t Wt st 39. 71 ng ¢!
! o EO] ZhRoll A BEHAPF ohA
F2 EFO B4, /40015 2 2= A
2} kS ¥t 1 5FTHKyung et al., 2004). QuHA 0 g EoF= g2 n =0 et Aue
1, 590 oAl A BT} Qs ST o] TATE e B e B Hore] Eoll
Axto] sl o]l Al gt F2]71 = @ 5l SFATHO et al., 1984). T12jut A7 o] F7of o]t 24

ol A= TAVFFZETLC-MS/MS o8¢l o]t A| 2A4] ZHFEA oA HLB A H 3 PS-24 42
A=} Lol o] whal 2po] 7} Q1iThal 5Hdth(Hwang et al., 2009). Fig. 3-& E] ¢t E¢
Dieldrin®] A 20tE 1382 ¥ Drin'F=2 Aldrin, Dieldrin, “12] 1! Endrin -°]|4] Dieldrin
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Fig. 1. Concentration of dieldrin residue of surface and sub soil in Sedimentary rock and Granite rock.
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Fig. 2. Concentration of dieldrin residue of soil in Sedimentary rock (Coefficient of variation 10.6%) and Granite rock (C.V.; 8.7%).
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Fig. 3. HPLC chromatogram of dieldrin residue of soil in sedimentary rock and granite rock. A (standard), B (sedimentary),
C (granite).

Conclusion

F71& Tl te EYEF 2 EUC Z ol Dieldrin®] ZH-41-& 919l & 24 & HR-GC/MSE ©]-85
of ot 42 A0S AUt EY SRE SR TR ES HAYY BEZH0.19 g, 3.8%, HE7F0.92 ¢, 18.4%
o|glom, S1Aete] HET}1.47 g,29.3%, A ET}F1.85 g, 36.95% % 475 gaFo| W B2t EoFo] Z}7} Wk,
RESL HENAY] 4R EES BT HE EYo| B8t §71= 7 =2 EA8Y ESOA BEE
Dieldrin®] 7H7 55+ 40.76 ng g, A EE 38.87 ng g' 2 0]l oH, 4718 TH7F B2 st EolA] BEQ
Dieldrin©] Z}E%E% 37.52ngg!, AEE43.50 ng g' 2 A 5| oA AwFst = A0t 77| & daFo] =d
et EQFoll A FR-s e/t EEHEAFE 8.7%2 771& dho] Wotd EA S EQko] IRs ko] BEWAE10.6%
EREYREIR -Er*#‘?é 71%0) Febots 27 4tk
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