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Abstract: Many phthalic acid esters (PAEs), including DMP, DEP, DBP, BBP, and DEHP, as well as DEHA are
widely used as plasticizers in plastics. An analytical method was developed and used to analyze these compounds
at 41 industrial facilities. The coefficient of determination (R’) for each constructed curve was higher than 0.98.
The method detection limit (MDL) values were 0.4-0.7 pg/L. for PAEs and 0.6 pg/L for DEHA. In addition,
the recovery rate was shown to be 77.0-92.3%, while the relative standard deviation was shown to be in the
range of 5.8-10.5%. DMP (n=3), DEP (n=2), DBP (n=2), BBP (n=2), and DEHA (n=3) were detected in
the range of 2.2-11.1% in the influent. DEHP was a predominant compound and was detected at > MDL in both
the influent (n=16, 35.6%) and the effluent (»=4, 10.0%) at a high removal efficiency (92-100%). The highest
levels of residue in industrial wastewater influent were 137.4 ng/L. of DEHP at plastic products manufacturing
facility, 12.5 pg/L of DEHA at a chemical manufacturing facility, and 14.0 pg/L of DEP at an electronics facility.
The highest concentration of effluent was 12.5 ug/L. of DEHP at a chemical manufacturing facility, which indicated
that the effluent was below the allowable concentration (800 pg/L). Therefore, the levels of PAEs and DEHA
that are discharged into nearby streams could not influence the health of the ecosystem.
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200.0 pg/L, & X9 800.0 ug/LE A3t AU}’

=9 FFeTA g oM o] ZEito| e 2] F
SEEE AYEY dnk=a9] 79 DBPE 2 E004
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X FHFEF B PCBAETHS it on, A
“F(distilled water)= J.T Baker (USA)ol Al 7-uj 313t}
A el AHe-3 A3 EF(sodium chloride)?t F4
32} E F(sodium sulfate anhydrous) Wako Pure
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Aot FAskATE F1ol ¢Ed FYPxAF= AT
= WERE-S o] 8-3te] thA] AlA S, 500 °CAllA] 8 Al
ZF Bt 7HEE H, AR EA Aol =udLo R A
sled AME-3ATE BEEHS Accustandard (USA)OT A
¥ %52 (M-525-4-5X, DEP, DBP, BBP, DEHP, DEHA,
DMP, hexachlorobenzene, hexachlorocyclopentadiene 0.5
mg/mL, pentachlorophenol 2.0 mg/mL in acetone)}
W5 %522 (M-525.2-1S, acenaphthene—d10, chrysene-
d12, phenanthrene-d10 0.5 mg/mL in acetone)S i
ske] ARg-sh3iTt.
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WEAAAEEZES, AA e A7YA, 1), 13
M3 AZB, 4), WA AZA(C, 3), 712348
24 AZJD, 7), 13 27 AZJE, 1), 4HAE -
A Al gl epre] TR, 3), 2 Fol B BA] A
294G 4), 71EBHEAIE AZAH, 8), S F
AZAQ, 2), A ZAFE AZAC, 1), G2L S5 A
29K, 3), % - 77k 2 AZALAL, 1), T4
I ke B A2AM, 4), TFAE 2 S

EAIE AZAAWN, DE o] A8 TR

p

st

23, {dml ARe| FA{dHH

QA S AE T 559 ZEto 2H Z(DMP,
DEP, DBP, BBP, DEHP) ¥ t]o| g3 dolt]Ho]E &
e FALATHAANH 7| Z(ES 04501.1b)537 EPA
Method 606 (US EPA, 2015)'%l Z=3}o] 4885}t

9 T wbdol wat, ZF A9 ESE 200 mLE 250 mL
o] & Zuj7]o] st WIEFEH (10 mg/L, 100
pulL)& ESPHEF(10 g)S H7HeE & =23 AK(10 mL)

Table 1. Instrument analysis condition and monitoring lons of target compounds using GC/MS

GC

6890N GC

Injection temperature
Injection mode
Oven temperature program
Carrier gas

280
Split (5:1), 1 pL
50 10 /min 290 (10 min)
He (1.0 mL/min)

MS
Ionization mode
Ion source temperature

5975C inert XL. MSD
Electron impact, 70 eV
230

Ion mode SIM (Selected ion monitoring)

Function Compounds Monitoring ion(m/z) Retention time
DMP 163, 77, 194 11.587
1 Acenaphthene-d10 (IS) 162, 158, 66 12.096
DEP 149, 177, 76 13.326
) DBP 149, 150, 104 17.347
Fluoranthene-d10 (IS) 212, 213, 106 18.530
BBP 149, 91, 206 20.942
3 DEHA 129, 57, 147 21.285
Chrysene-d12 (IS) 240, 236, 120 22.053
DEHP 149, 57, 167 22.442
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O 1087 JEste] FE3Th F Fo] EEE < BFEAES AT AFE st 50, 100, 200,
7HA] 1087 AAA T v, =g 32 Tl 500, 1000, 1500, 2000 pg/Le] F==Z A|zgh § 24
UYEFS 5IAA FE& AASGH 15 15 mLY st
Aol gt o AA7EEE o] €3te] | mL7kA
5 $ 7171848 skl 243 YHAESH o HESH|
ZeAl 22 2 o gd Holtym o] EL] AHA EA R B &S] (Method  detection  limit,
2 A BHL J&W Scientific?] DB-5MS (30 m, MDL) 2 A 3 (Limit of quantification, LOQ)E
0.25 mm id., 025 pm film thickness)E 23+ GC- Ao} s AA Gl 500 pg/l T= EFEAS
MS (6890N/5975C, Agilent Technologies, USA)S A} HA7FslaL 709 AlEE wHE EA sl de =3
Stk A S 7171 ol ek 2L Table 19 o] EFAX 3.148 F3 §S WHAEEA P
HERN AT o, 108 F #S AFA #HoZ it
AYEe A e = Ao EFHAHRSD)<}
24, A o] e 5|82 off 20 AFEsIodrh®

] 2R dE BEAA
DEP % DEHPQ] BF AR FHEA s RSDOA) = —gee a1

APA oz vgA FoA HEEE FoE dHA A

oma 7 B A e AP e 5 dE 8% = IBXEEATE

od s sefstaat A GAMEBI~18)E HFe =

ANEE EA AT (Fig 1). 3. Zn o nE
242, AY=M =Y 3.1. Adml= & PAEs X DEHA 2A{uf =g
5%9] ekalol| 2~H Z(DMP, DEP, DBP, BBP, DEHP) 311, HIEA|RS HEY

9 gl fogddolt]so|EL] FS 98 AR FA AFGAEE 18 /H(BI1~B18)Y] HIEA] B (reagent

I
("--' Separating funnel (300 mL) is washed with hexane (10 mL)
Sample \t“. and nitrogen concentration in the receiving tube (B1)

e i Shaking NaCl and n-hexane in washed beaker (B2)
NaCl 10 g *f----'l and nitrogen concentration in the receiving tube (B3)

,"--' Distilled water and hexane in separating funnel and

\l"l nitrogen concentration in the receiving tube (B4)
I,

Liquid-liquid distribution

i

4.1 Shaking Na,SO, and n-hexane in washed beaker (B5) and
Remove water with Na,SO, K ... hitrogen concentration in the receiving tube (B6)

1 Nitrogen concentration after cleaning the fiter paper (B7)
I

R

Cleaning solution for nitrile gloves with hexane (10 mL) and
concentration (B8), Cleaning solution for pasteur pipettes with
hexane (10 mL) and concentration (B9), N-hexane (10 mL)
concentration (B10)

Nitrogen concentration

Using test tubes (12 mL) (B11~18) used after washing with
hexane (2 mL) before use, then experiment on samples

GC/MS

Fig. 1. Preparation and experimental procedure of phthalates and endocrine disruptors.
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blank)E #A4st A, FEldf AgA 9 volEE &
ztol| A A #aA wRke] DEHP/F A& H Tk 28 v
FEA - AR A5 3|stRA A 7FE F (500 °C/
24hr) =Lk 2 A A3t 4% A3 DEHP=
HEFHA &ttt 34, Yol EE A1te] A goll=
PAEs7} A&E 71sAdo] slemz A8 A o o)t
LHAR ERlo] H3| e Eofof & Aolt}, upbA
£ AFAAME 7t AlEH(batch)Th HIRAIEE F71
=

st B4& Jdsen, 52 sgtEe] HEHUE
al

312
zelo~H 2 9 tedddoltso|E F 65
50~2000 pg/LollA] EAale] Ao AP TP AA

AFRY)E 0.98904 0992 RF 0.980]42] %53
A4S Jefo] AT A AL 7|F DEHPE
2o AFGAF 7NEL U= 24E A9y
(Table 2).

313 WHASSH/AZSH ¥ HEz/yUz
FANE F ZEA2HE 2 ogd el
o|E9] WHAZE A M= 04~0.7 pg/L oH,
AEFTA HE 1.3~2.0 ugL2 e TH(Table 2).
ol ALY FTGAE 7| F(ES 04501.1)2] DEHPL]
AESAC 25 g/l B} e A4S B
FANH Y E Y

o

= 348 W
77.0~923 %= YEO™, ALEE Vel dox
FHARSD)E 5.8~10.5%2 HHE YElY, =22

Table 2. Linearity, MDLs, LOQs, accuracies (recoveries) and precitions (RSD%) for target compounds

Calibration MDL? LOQ" Recove RSD*
Compounds R’ curve equation (ug/L) (ug/(E) (%) > (%)
DMP 0.9967 Y=0.33X-0.0071 0.7 2.0 89.5 9.3
DEP 0.9930 Y=0.76X-0.0200 0.6 1.8 92.3 7.8
DBP 0.9901 Y=0.80X-0.0210 0.5 1.6 85.2 7.4
BBP 0.9806 Y=0.28X-0.0046 0.6 1.8 82.7 8.8
DEHP 0.9961 Y=0.48X-0.0680 0.4 1.3 90.4 5.8
DEHA 0.9875 Y=0.27X-0.0001 0.6 2.0 77.0 10.5
“Method detection limit
®Limit of quantitation
“Relative standard deviation
Table 3. PAEs and DEHA average concentrations in the wastewater influent and effluent
PAEs(ug/L)
Catego DEHA(ng/L)
i fugry DMP DEHP
In Out In Out In Out In Out In Out In Out
A n.d.? n.d. 14.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
B n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 58.7 1.0 n.d. n.d.
C n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
D 0.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 26.2 2.1 n.d. n.d.
E n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
F n.d. n.d. n.d. n.d. n.d. n.d. 4.6 n.d. 1.0 n.d. 5.1 n.d.
G n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 145.6 1.0 n.d. n.d.
H 1.7 n.d. 4.0 n.d. n.d. n.d. n.d. n.d. 31.5 0.5 12.5 n.d.
I n.d. n.d. n.d. 5.1 n.d. n.d. n.d. n.d. 1374  nd. n.d. n.d.
J n.d. n.d. n.d. n.d. 13.3 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
K n.d. n.d. n.d. n.d. 33 n.d. n.d. n.d. 1.0 n.d. n.d. n.d.
L n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 13.1 n.d. n.d. n.d.
M 5.8 2.4 n.d. n.d. n.d. n.d. 1.2 n.d. 45.8 n.d. 8.7 n.d.
N n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

“n.d.: not detected
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Water treatment efficiency (%)
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A B C D E F G H I J K L M N

Category of industry

Fig. 2. Water treatment efficiency(%) for PAEs and DEHA
in the industrial wastewater.
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7] G, FUFM HEE A GE RS
NHE HAEEA ol BF 100.0 %S &S Ve
AtH(Fig. 2).

4.4 =
2 d7E Shaye sfedR de) AHE Y 9l
£ Z22bol| 2 H Z(DMP, DEP, DBP, BBP, DEHP) 5
Z3} to|gdgdoltso|Ee] £ F BEAuiS 3t
g3tz e, ¢t SEFE AT T e
el AHAoR 9B WAL AdAF T 22
bol 22E| 29} v g oo ES BAE] Akg]
HAGAA Ml 71 staat et
AAZFH F 999 71540 9L Aoz Aot
= 029 187 ©AYE ulgA g A8 A3}
ol =R AETA olake] meke) e 27}
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77.0~923 %, AEEE 58~10.5 %E e}
AN =S BT UESHATH
o] AFAIE KT 458, WRT 4085
7}, 5950l E DMP (n=5), DEP (n=2),
DBP (n=1), BBP (n=2), DEHA (n=3)7} AAZ =
22~11.1 %2 AZEEJA T, DEHPE FU<5 (1=16)°]
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