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Analysis of chemical substances in the leachate of landfill by LC/MS

Atsuko HASEGAWA, Shigeru SUZUKI*
(Environmental Conservation Division, *National Institute for Environmental Studies)

Summary

An analytical method was developed for the determination of tetrabromobisphenol A(TBBP-A) , tribromophenol
(TBP), tris (dibromopropyl) diisocyanate (TDBPIC), hexabromocyclododecane (HBCD), dibromopropyl TBBP-A
(DBP-TBBP-A), decabromodiphenylether (DBDE); major brominated flame retardant (BFR) , N,N'-ditolyl-p-
phenylenediamine (DTPD), N,N'-dixylyl-p-phenylenediamine (DXPD), N,N'-diphenyl-p-phenylenediamine (DPPD);
antioxidants of rubber, in a leachate sample by liquid-chromatography/mass spectrometry (LC/MS). TBBP-A, DTPD
and DPPD were detected at a high rate in leachate samples from landfills containing plastic and rubber waste.
TBBP-A in leachate may be an indicator that screening landfill sites where waste flame retardant plastics were
deposited. Successively, samples were analyzed by LC/TOF (time of flight)-MS and mass spectrum data were

retrieved to identify some unknown compounds in the leachate. Five compounds were identified.
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Fig. 1 Target compounds
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Cambridge Isotope Laboratories f), TBP | Fa'?]ﬁfl:?
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PrikA > DTPD Wi & & A A G0 o 7z MR T
&5, DXPD(3,5 D) (X Aldrich %, DPPD IZ it
ISR NESHEREYE & L CHW D LERNRD 7 &
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Table 1 Operation conditions of LC/MS
HPLC (Agilent1100)
Mobile phase
BFRs 5% CHsCN/water (1min) —

100% CH:CN (20 — 30min)
5% CHsCN/water (1min) —
100% CH:CN (10 — 15min)

antiozonants

Flow 200 u L/min
Oven temp. 40C
Injection volume 10 u L

MS (API3000)

lon source Heated nebulizer

lonization mode

BFRs Negative-APCI-SIM

antiozonants Positive-APCI-MRM

Monitor ion m/z 543 (TBBP-A)
331 (TBP)
728 (TDBPIC)
641 (HBCD)

986 (DBP-TBBP-A)
894, 487 (DBDE)

555 (*C-TBBP-A )
287 — 180 (DTPD)
315 — 195 (DXPD)
259 — 167 (DPPD)
395 — 153 (DEHP-d4)
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Fig.2 Single mass spectrum of BFRs APCI- negative
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Spectrum of DTPD  lett: single mass,
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Fig.3 Mass spectrum of antiozonants APCI-positive
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B2\ ZER LT, SEHEIN I 54 ~ 105 %, FHXTHE
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Table 2 Recovery and relative standard deviation

(RSD, n=5)

Compounds  Amount Recovery RSD

(ng) (%) (%)

filtrate  filter total

TBBP-A 10 85.0 556 905 72
TBP 10 87.6 00 876 88
TDBPIC 10 680 240 920 12
a-HBCD 11 729 125 854 16
B -HBCD 12 507 158 665 11
v -HBCD 60 370 171 541 19
DBP-TBBP-A 100 65 902 967 80
DBDE 100 24 103 105 5.0
DTPD 1 806 174 980 59
DXPD 1 529 13 542 6.7
DPPD 1 718 239 957 6.7
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Table 3  Analytical results of target substances in leachate : ng/L
leachate | TBBP-A TBP TDBPIC HBCD DBP-TBBP DBDE DTPD DXPD DPPD
sample -A
A 4.9 0.3 <0.2 <1 <3 <3 N.A. N.A. N.A.
A2 0.5 0.4 <0.2 <1 <3 <3 7.9 <0.02 33
B 2.8 14 <0.2 <1 <3 <3 N.A. N.A. N.A.
B2 15 <0.1 <0.2 <1 <3 <3 <0.01 <0.02 <0.02
B3 1.0 N.A. N.A. 5 N.A. N.A. 9.6 <0.05 9.5
C 14 6.2 <0.2 <1 <3 <3 N.A. N.A. N.A.
D 2.7 N.A. N.A. N.A. N.A. N.A. 2.7 <0.02 13
E 43 N.A. N.A. N.A. N.A. N.A. <0.01 <0.02 <0.02
F 17 N.A. N.A. N.A. N.A. N.A. <0.01 <0.02 <0.02
G <0.1 N.A. N.A. N.A. N.A. N.A. 0.14 <0.02 0.06
H N.A. N.A. N.A. N.A. N.A. N.A. <0.01 <0.02 0.25
| 0.3 N.A. N.A. 4 N.A. N.A. 1.1 <0.05 3.0
J 0.5 N.A. N.A. 4 N.A. N.A. <0.05 <0.05 0.1
K 540 N.A. N.A. 8 N.A. N.A. 0.1 <0.05 0.8
L 130 N.A. N.A. 3 N.A. N.A. 0.1 <0.05 0.2
max 540 14 — 8 — — 9.6 — 13
detec}/ 14/15 4/5 0/5 5/10 0/5 0/5 7112 0/12 7112
sample
N.A.: not analyze
“-f mBep 3. 4 KRHAMEOBRELEM
SR B R RE &2 Hr > TOF-MS % Wy Tt Ak & Rk
™ (Table 3 sample B3) =421 A v 44T L 7=,
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Fig.4 LC/MS chromatograms of target compounds
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Table 4

Measurement result of leachate sample by LC-TOF/MS/MS

peak | retention| fragment ions standard retention time | fragment ions of | result reason

No. time of standard standard

1 12.4 Ethyl 1-piperidineoxoacetate 17.96 X retention time
Ethyl 6-isocyanatocaproate 18.56 X retention time

2 BOC-Alpha-Methylalanine nd(20.8) X single ion
L-2-(BOC-amino)butiric acid nd(24.17) X single ion
BOC-L-beta-homoalanine nd(22.5) X single ion

9 17.19 Benzil monohydrazone 20.652 x retention time

15 18 124 | 119 | 109 |2-Benzothiazolol 16.9 80 | 92 |124| O
2-Mercaptobenzoxazole 22 X retention time

19 18.6 119 | 105 | 147 | Eugenol 20.84 x retention time
Duroquinone nd(22.93) X single ion
2-Phenylbutiric acid nd(22.5) X single ion
4-Phenylbutiric acid nd(23.5) X single ion

20 18.74 | 106 4,4'-Methylenedianiline 17.79 106 | 77 X retention time
3,3'-Methylenedianiline 18.74 106 | 77 | 165 O
4,4'-Trimethylenedipyridine 17 x retention time

26 2045 | 195 139 | 57 |3,5-di-t-butyl-3-Hydroxy 29 X retention time
benzoic acid

27 2117 | 119 | 91 N,N-Diethyl-m-Toluamide 20.5 119 | 91 O

29 21.85 94 | 136 4-Diethylaminobenzaldehyde 18.677 X retention time

31 2195 | 143 | 100 | 83 |N,N'-Dicyclohexylurea 21.19 100 | 55 | 83 @)

32 23.17 N,N-Diethyl-m-Toluamide 20.5 119 | 91 x retention time

38 26.04 | 144 | 132 | 158 |Julolidine 27.04 X retention time

39 26.32 | 133 | 91 | 162 |Diisopropylaniline 29.23 X retention time
4-Hexylaniline 26.8 91 | 93 | 89 X tandem ion

40 26.71 BNB; TributylInitrosobenzene 33.07 X retention time

44 29.74 161 | 193 | 203 | 2,6-di-tert-butyl-p-Benzoguinone 29.03 165 | 193 | 137 @)

(negative ionization)
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Fig.6 Tandem mass spectrum of 2- Benzothiazolol
precursor ion m/z=152
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