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Study on the Property of Detergents in Industrial Wastewater
- Focused on Car-Washing Wastewater -

You-Jeong Choi* | Eun-Hwa Jang, Min-Kyung Kim, Kyung-Sim Lee, Jae-Hun Bin and Hong-Sik Cheigh

Wat er Conservation Division

Abstract

The object of this research is to identify the specific properties of anionic surfactant and nonionic surfactant from
wastewater generated fifty car-washing shops in Busan area. The nonionic surfactant experimental method using PAR-metal
complexes showed good reproducibility in this study. Anionic surfactant, Zn, Cu, and Fe were checked as interferences in
this method. Anionic surfactant concentration ranged from 0.00mg/L to 11.30 mg/L and nonionic surfactant concentration
ranged from 0.00mg/L to 45.36 mg/L. And nonionic surfactant concentration was higher than anionic surfactant
concentration at twenty six car-washing shops. The coefficient of correlation(R?) of nonionic surfactant to COD and SS were
0.6727 and 0.0637, respectively. Contributory ratio of nonionic surfactant to COD was 0.726 mg COD/mg AE7 and that of
anionic surfactant to COD was 0.086 mg COD / mg SDS. In the result of this study, we found that the nonionic surfactant
possibly exists in car-washing wastewater. Hereafter we may need more detailed and various research on the nonionic
surfactant. Anionic surfactant was currently regulated on wasterwater efflunt standard, but nonionic surfactant is needed to

include on wasterwater efflunt standard in the future.

KeyWords: nonienic surfactant, anionic surfactant, car—washing wastewater, detergents
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Table 1. Classification of nonionic Surfactants

Compound

Structure

Polyoxyethylen alkylether(POEA)
Polyoxyethylen alkylphenylether(POEP)

—(CH2CH20In—-H
R—(Q) —0-(CH2CH20)n—H

Polyoxyethylen polyoxypropylene glycol (P OEPP) HO-(CH2CH20la— (CH2CHO)b— (CH2CHZ20O)c—
Polyoxvethylen fatty acid esterPOEP) R-CO-0O-(CH2CHOIn—-H
Glycerine fatty acid monoester(MG) CH20COR
|
CHOH
|
CH20H
Polyoxyethylen sorbitan fatty acid ester(POES) HO-(CH2CH2a-O-CH-CH-O-(CH2CH2Ob—

Sorbitan fatty acid ester(SF)

|
H2C CH-CH-CHZOCOR

N/
O OICH2CH20)cH

HO-CH-CH-0OH

H2C CH-CH-CH20OCOR

Fatty acid alkanol amide(FAA)

|
OH

R-CO-NH-CH2CH20H

% CHZCHZOH

R-CO-N

™~ CH2CH2

Table 2. Chemical analysis of nonionic surfactants

Method Colorimetric determination Compound
Cobalt thiocyanate test blue Polyoxyethylen alkylether
Hydroxamic acid test violet, deep red Fatty acid alkanol amide
Acrolein test pink Glycerine fatty acid monoester
Skatole test blue ppt Sorbitan fatty acid ester
Fehling test orange Sucrose fatty acid ester
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Table 3. Classification of Anionic Surfactants
Classification Compound Structure
Sulfate Alkylsuf ates ROSO3_
Alkylethersufates RIOC2H4)nOS0O3
Sufatedalkanolamides RCONHC2HOSO3
Monoglyceride sulfates RCOOCH2CHOCH20S03
Sulfonated hydrocabon Alkylbenzene sulfonates RC6HASO3
Alkane sulfonates RSO3
Alpha—olefin sulfonates RCH=CHRSO3_
Sulfonated esters Acyl isethiionates ROOC2HASO3
Fatty ester ¢—sulfonates RCOOR
|
503
Nonoalkylsulfosuccinates ROOCCHSO _
|
CH2COO _
Sulfonated amides Acyl methyltaurates RCON (CH3)C2HA4SO _
Soaps RCOO _
Alkyl ethoxy carboxylate RIOC2H4) nOCH2C OO
Acylsarcosinates RCON (CH3)CH2C OO _
Alkyphosphates RO - PO - (OH)2
IRO) 2P OOH
IRO)3PO
Table 4. Classification of cationic Surfactants
Compound Structure
Alkylamine salt R—-NHx  Ac x:0-2 : acid
stearylamine acetic acid
Quaternary annonium salt [RI-N(CH3I3] - X
stearyltrimethyammoniumchloride
stearvldemethylbenzylammoniumchloride
cetylpyridinuimamin es
The others polycxyalkylamines
Lol BREw, o FoA X Linear alkylbenzene @A Lo A HBAA th& o2 T AMEFo] W Fa T A
sulphonats (LAS), alkyl ethoxy sulphates (AES), alkyl HE A olth B4 Hlo] A HBAA Y {712 o AW
sulphates (AS), alkylphenol ethoxylates (APE), alkyl A} ZL Ao 7 BRIt Lo Hlo] A HBAAA =
ethoxylates (AE), quaternary ammonium compounds 7o = Bxsto] olE EH ethyleneoxide(EO) 713
QAOYEl AU Ao 71 gol A4S T Qs AWBHA o dU7] BOL B2 RO RAHE BRIt HslA Ho| L
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A o529 LR -EA HAL Auigof Wa=xel q¢lolg)f (POEPP), Polyoxyethylen fatty acid ester(POEP) 5©]
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Table 5. Acute toxicity to aquatic creature from surfactants

24~96 hr LC50 (mg/L)

chemical
fish invertebrate

LAS (Linear alkylbenzene sulphonats) 1-10 1--1000
AS (Alkyl Sulphates) 5~20 2~200
AQOS (Alpha Olefin Sulfonates) 1-15 22
SAS (Secondary Alkane Sulfonates! 1-50 9-300
AES (Alkyl Ethoxy Sulphates) 1~-10 5~20
AFE (Alkyl Fthoxylates) 1-6 1~-100
APE (Alkylphenol Ethxylates) 4--12 1--100

(AOCS, World Conference on Oleochemicals intothe 21st century, 1990)

i
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LAS)= &4 ol AHZAAR 7 "ol ARgEW,
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Fig. 1. The prospects for the world market of surfactants.
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= AAZ A & St AlY e s e B4eA
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Table 6. Number of facilities and Quantity of waste water from car washing or repairing business in domestic [Z4] : &7 £ 2006]

A== () HeRRE (mye)
Al 14,852 61,252
15 3 352
25 7 143
35 11 824
1= 43 2,089
E 14,788 57,845

Table 7. Number of facilities and Quantity of waste water at various size area in Busan [EA : 3F 5 2006]

2= (M) o AR (m'/Y)
Al 3,671 93,970
EulelE- PAPS| 1,357 123
252] 872 1,771
SAEE 248 7,300
Hl =% 36 499
=% 151 4,214
a4 102 29,113
shst 71 4553
71 E} 247 1,410
CEE2AA 215 634
HAA A 48 436
ESPARSPAS 8 819
IEST~E 47 541
HhEEE 92 20,720
A A& 44 70
=3 DS A R= 11 21
EIRSEhe 8 3,366
M EA] & 15 304
b =R =T 55 6,303
2 A A 2 60
MESEAE 11 88
EII =Xz 15 7.800
EYAR=! 1 0
] “éﬂl 10 65
RHE T 5 3,758

k%t A7 AgF otk (Knepper et al.,, 2003 ;
Routledge and Sumpter, 1996).
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2oisa)| [eoisE)]  [2desn)]  —{EdesE)]
B Eve Nz g8 =
NazB407 10 mL | CHCE 10 L | &4t 3mL
HEHER 5 mL
CHCls 10 mL ‘ 7&'%}! =3 ‘ ‘ 7&'%}, =8t ‘
3z, &8 | |
1 EEINEEE
33, 22 1 1
| —
- CHCIs ®z| — |0zt §3E
CHCR b2l 25(6500m)
[Zixa] (2]

Fig. 2. Procedure of analysis for SDS.

| £240i=(A) 350 mL
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Table 8. Analytical instruments
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LA ZABHEL 510 nmollA S EE

Zhere MY WAL Fig, 33 U,

ArZEH

A off AME-E A= Table 87 Zr},

Instruments

Model NO.

Analytical conditions

UV —=Visible Spectrophotometer
Shaker
Centrifuge

CARY 3Varian)
SR—2W(Taitec) -
HA -1000 - 3(Hanil)

510 nm, 620 nm

2,000 rpm
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Table 9. Type of Reagents

Class Chemical Industry
Sodium lauryl sulfonate Sigma
o Sodium tetraborate decahydrate Merck
anionic surfactant Methulen blue Merck
Chloroform Merck
Hepta oxyethylen dodecyl ether Fluka
Ammonium thiocyanate Sigma
nonionic surfactant Cobalt(II) nitrate hexahydrate Sigma —aldrich
4—(2—=Pyridylazo) —resorcinol Dojindo laboratories
Toluen Merck
Table 10. Properties of standard reagents
Sample Name Name Moculral Formula Avg, MW
SDS Sodium dodecyl sulfate CHs(CHz1:OSOsNa 288
AE7 Hepta oxyethylen dodecyl ether Ci12H2s 0 (C2H4O)H 494
1.4000
o 8 = AoE = A ¥ ¢ Heptaoxyethylen
1.2000 - - .=
//? Dodecylether (CioH2s0 (CoH4OYH)(C13} AETR ATHE 9]
1.0000 o ~
7 g3kt

0.8000 //

0.6000

Abs.
\

0.4000

0.2000

0.0000
0 0.1 0.2 0.3 0.4 0.5 0.6

Concentration (mg/L)

Fig. 4. Standard curve for AE7.

of 112 EFstglch

PAREN-2 4-(2-Pyridylazo)-resorcinol (C11HoNzO2)
0.1g& 3% /= SAIA 1L HELL, A7)0 2% &
APPHE R HUAW/ VRS ¥ol pH7F T=7t H=& s
Hom, AP Aoz o] HE 109 FA st} HA| A= 8o
A S T

BEHLE Fo| 2A HB AL Sodium DodecylSulfonate
(CH3(CH2)x10S803Na)(¢]3} SDSE Aghel Hlo| 24 HE A

L ABA, RIA BORE F2 yol AFHY Ut Fel 24

Table 11. Abs of AE7 with SDS cocentration

Zt 9 0

= =~

Kl

AHBMN EAUHEZRE
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g
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) 4
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4 Hepta oxyethylen Dodecyl ether(]
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Aol AdeHel QqAAE 2] Al 0.1, 0.3, 0.5

e Azl 123 AR Fig. 4°f

£ o] Ao gt HAFAS AR Fit FRASR)

099972 S&EI A4S Yedllth, AdA4 =T S5k
Huo

2 25t o2 AR
o] £A WA A2 N AE : AR AR w5 AL v
AATIAA B of et Lo LAWBHAZ EFHT 4

e Ao| B ofo] W2 Hlo| AW IA A A HA |
o)A = e vebalR A che T} o] AF & A e

X
=]
o]

o
N
)

Injection measure
AE7/SDS
Conc. of AE7img/L) Conc. of SDSIimag/L1 Abs error (%)
0.2 0.30 0.06 0.6799 2.7
0.6 0.18 0.6793 2.7
1 0.30 0.6752 2.0
0.60 0.5839 11.7
5 150 05218 21.0
10 3.00 0.4873 26.3




134

I
°
error(%)

AE7/SDS

Fig. 5. Effect of SDS concentration to AE7 determination
method.

Table 12. Interference of Zn, Cu and Fe at AE7(0.3mg/L)

o144 - WAE - 234
0.6
——7n
05 -=Cu
A Fe
A 04
z
Y S R E—— -,
2 AET(03MG/)
0.2
0.1
0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Zn, Cu and Fe(mg/L)

Fig. 6. Effect of Zn, Cu and Fe to AE7 determination method.

Injection conc.

Calculated conc. of AE7 (mg/L)

of Zn, Cu and Fe(mg/L) Zn Cu Fe
0.5 0.301 0.303 0.301
1 0.304 0.302 0.302
2 0.301 0.306 0.291
3 0.301 0.297 0.301
5 0.299 0.300 0.298
Table 11014 9} o] ARTS %27} 0.3 mg/LE YR 6 "e“?_ A g BASE 49, A SHY

Mol Az SDS F=E 0.06 ~ 3 mg/LEH] 0.2 ~ 10)
2 A% B AR EAT 5 dlo] LA ANBAA ) bEE 5
Ast ek, L A7 Fig, 59F Z©] 0.06, 0.18, 0.3 mg /LM
W02, 0.6 DUME BEEAY = FFeN B
2.4% HE 2 o] 2AWMBAA ) Ao Agle] o] &
WA 2A e SR Aol gAHTh & 4 gtk e,
Lol A WM AAL) FEI 0.3 mg/Loltow Zrgel
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Table 13. Surfactants Conc. of car-washing waste water in Busan

Sample Name AE7 (mg/L) SDSIimg/L) AE7+SDS Iimg/L) AE7/SDS
Max 45,36 11.30 51.38 36.89
Min 0.00 0.00 0.03 0.00
SA 1 1.00 0.22 1.22 455
SA 2 2.78 0.00 2.78 —
SA 3 45,36 6.02 51.38 7.53
SA 4 6.05 11.05 17.10 0.55
SA B 0.32 5.00 5.32 0.06
SA 6 4.70 3.00 7.70 1.57
SA 7 1.24 0.21 1.45 5.90
SA 8 0.19 0.74 093 0.26
SA 9 1.02 0.25 1.27 4.08

SA 10 052 0.27 0.79 193
SA 11 3.11 0.87 398 3.57
SA 12 0.94 4.88 5.82 0.19
SA 13 0.37 2.31 2.68 0.16
SA 14 243 11.20 13.73 0.22
SA 15 1.29 0.17 1.46 7.59
SA 16 0.05 0.22 0.27 0.23
SA 17 0.47 2.03 2.50 0.23
SA 18 3.32 0.09 3.41 36.89
SA 19 6.07 1.77 7.84 3.43
SA 20 8.84 1.31 10.15 6.75
SA 21 0.78 2.35 3.13 0.33
SA 22 0.07 7.80 7.87 0.01
SA 23 9.75 0.78 10.53 12.50
SA 24 0.02 1.68 1.70 0.01
SA 25 0.46 3.12 358 0.15
SA 26 053 0.20 0.73 2.64
SA 27 0.09 0.05 0.14 1.76
SA 28 0.05 0.09 0.14 055
SA 29 058 056 1.14 1.03
SA 30 0.11 0.36 0.47 0.30
SA 31 0.00 0.03 0.03 0.00
SA 32 0.02 0.84 0.86 0.02
SA 33 0.04 0.25 0.29 0.16
SA 34 0.11 0.08 0.19 1.44
SA 35 0.14 0.72 0.86 0.19
SA 36 1.59 1.34 2.93 1.19
SA 37 1.42 0.93 2.35 154
SA 38 5.12 1.63 6.75 3.14
SA 39 2.63 0.47 3.10 5.55
SA 40 1.07 1.94 3.01 0.55
SA 41 0.06 0.38 0.44 0.16
SA 42 0.43 0.21 0.64 2.05
SA 43 0.87 0.38 1.25 2.29
SA 44 0.37 2.12 2.49 0.17
SA 45 0.04 2.16 2.20 0.02
SA 46 0.01 1.75 1.76 0.01
SA 47 1.06 0.44 1.50 2.41
SA 48 0.00 1.52 1.52 0.00
SA 49 1.87 0.29 2.16 6.45
SA 50 2.32 1.75 4.07 1.33

= 7Pgsiel wol A HBAA T2 S5 FEE HuE A FE= o 5 V) WEl AU A =otd A=
Act. Fig. 108 B ATAHR)0] 0.0632% wi$- @A et AZA%ck

won, #Ha=o] A4 SS7F ot EX e A" A A AL SSof F2kE sk wlo] 2A4 HE A2

gEol Aot A"BAAAL S =t W& Aolal, 88 B3 s Al Aoy Ha A e A 2] Hlo] 2A

7F W e A" A Aol wod A"BEA & dof tsiMe 5 Fu w2 d¥ o] dasit A=
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Table 14. Chemiclal measurement of car-washing waste water in Busan
Sample Name AE7 (mg/L) CODimg/L) SS(mg/L)
SA1 1.00 37.0 5.8
SA 2 278 82.0 12.5
SA 3 45.36 142.9 42.0
SA 4 6.05 55.0 13.2
SA 5 0.32 35.0 19.4
SA 6 4.70 28.0 25.7
SA T 1.24 22.7 5.6
SA 8 0.19 15.0 7.0
SA 9 1.02 44.0 72.0
SA 10 052 23.3 20.0
SA11 3.11 25.2 3.2
SA 12 0.94 18.5 22.8
SA13 0.37 32.7 13.3
SA 14 2.43 185 39.2
SA 15 1.29 20.8 41.0
SA 16 0.05 10.5 21.6
SA 17 0.47 18.8 18.8
SA 18 3.32 47.0 10.4
SA 19 6.07 28.0 3.8
SA 20 8.84 61.4 0.8
SA 21 0.78 5.8 7.6
SA 22 0.07 9.3 0.4
SA 23 8.75 57.3 23.2
SA 24 0.02 24.5 7.2
SA 25 0.46 29.3 5.6
SA 26 0.03 10.1 19.0
SA 27 0.00 2.8 1.2
SA 28 0.05 6.8 12.6
SA 29 0.58 21.5 1.2
SA 30 0.11 10.3 20.4
SA 31 0.00 2.6 1.1
SA 32 0.02 4.4 9.1
SA 33 0.04 10.0 1.7
SA 34 0.01 7.4 6.1
SA 35 0.14 20.0 7.7
SA 36 1.59 25.5 5.2
SA 37 1.42 17.5 6.6
SA 38 512 73.3 68.0
SA 39 2.63 27.3 4.1
SA 40 1.07 27.0 54.0
SA 41 0.06 4.0 16.3
SA 42 0.03 6.4 17.8
SA 43 0.87 22.0 16.0
SA 44 0.37 14.0 2.5
SA 45 0.04 37.0 13.5
SA 46 0.01 37.0 6.7
SA 47 1.06 21.5 8.0
SA 48 0.00 48.0 33.3
SA 49 1.87 287 1.0
SA 50 2.32 35.3 6.4
AEGA =) W& COD 79 = ¢l : oA COD  &olth

e o) o] A & A —EEPJ A BAE sl ol

ARBYA FUE "] AWE Y CODFEE AUFEAS
shelsty) 913 Pe AAATE whebd SoleAHIY
Al - o] A MBA A £FEHE A% Fo] CODwmE 24
3900 CODwE A ol SH LY w42 Bhs A4k
207 HYHORA 28 G Hol AAE FHolr o

Tahle 153 Zo] AE7, SDSE& &4 10 mg/L= A& 8f
)b &AL A Q PERS SA 6] W9kt AE 10 mg/LE CODwm
7.26 mg/Lo] & B on oA Wil AESTE o 1 mg/L%
°F 0.726 mg/L9] CODE F¢T 4 U2 4 4 Ak &
3k SDS 10 mg/LE CODwn 0.86 mg/L2 ARNCE @2
e By



138 78 - 223 - AN - o)AA - RIAE - H 54
Table 15. Interference of Zn, Cu and Fe at AE7(0.3mg/L)
COD
Theorical xperimental Reaction
AE7 2.3 0.726 Ce6Hs40s + (71/2102 — 26C 02 + 27H:20
SDS 0.68 0.086 Ci12H25048 + (35/2)02 — 12C0O2 + 12H:0 + HSOs
AE7, SDS 2= A% o3 A H A Y2 AS 2l 2AHEAGA 0] FE7F 3 mg/L =2 5 mg/L o5/ HEE
B 9 ol AEAR AR WL AL G| W @ W SE o] A Flol LA ulol A e HAl Tk
Bo® AZbEn] | WoF CODCrHo® 2w 0|22 & 387152 obd gl AHOR ofo] et thuol &
Aol 7H7k& Aol et ol Ak, olofl s A= F7F2% ¥ o] Hoh E3L, FE o] LA HBAAAE A 5 J= HH 2
Al Hojof & Ao 7 YzhHrh AL I A=A, 3 5 AASE Y Asol B 2
Ul ® 5 chopat Ak Wa s o 2 AlrHt,
4 =
o2 #Hlg=dFoll Hah AAl ARg-o] B AR e F4 A0 o o5
o2 go|2AWMBAA L Hlo| LA HBAA FEE Aol ==
R olof wE AAEAL S gotsie] A S e W A
B o a0 B drs ansieon o g L BT @R A A2004-1885 U LA FHAY
T che g gl el 2004, 256-257.
| a e ed AR e] e g og D WA Bl WA el 2005, 21, 163-275,
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He A5
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