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Abstract

This study aims at developing environmentally friendly foaming agents with high fire-fighting performance
by using natural surfactant compositions, and evaluating its basic property, environmental friendliness and
extinguishing performance. The basic property test was carried out on the newly-developed agent in accordance
with standards outlined by the Ministry of Public Safety and Security in Korea. As for environmental friendliness,
the toxicity tests were conducted with water fleas and earthworms. An independently developed device testing
wildfire suppression performance was used to assess extinguishing capability. The results showed the foaming
agent met all required properties in both experiments before and after the property change. In the toxicity
test on water fleas, immobilization occurred with 48.854mg/! foaming agent, but in the test on earthworms,
even the 1,000mg/kg foaming agent did not cause any fatal effect. Its extinguishing performance was found

to be 1.6 times greater than water.

Key words: wildfire, foam agent, environment- friendly, firefighting

I.ME

2 7|5 Hsto] o3t Altdske A AlAA R
AbEO] PR o] Wststal, HIEeE thgike= Q1Y
9 Ak s S7KIAL ik, S thgskEe]
PS4 Qs 2g0] 2AEHA A=A A Aks
R *ﬂtu Astel 137k Zehean Sick
2 20134 39 99 A=tA o & 32749 AlEo] AT
o g dhiysto] 32 mX| Aol APT 17, 54

Pmmm

~

==

1

it

.

29%, 7hE 111A7F AaEQltRyu, ef, al, 2014).

Ao W17} A ol 308 U] ERsH
BEUAS AL Qlek. et Askl] 7185
9] olAge] ALY Abo] WA - 27] 213

B2 23 7Rl ek Et 7Rl <lg) s
§471 B3 Aol Whslo] olo] thek ol 2]
A9 tizlo] Basick, utehd] Bere ol§3t A
2 A e EUHOE Rkl B
glomi Aol 22 Asjepile] Ao 353

ol

2

* The 1st author: Sung Yong Kim, Tel, +82-2-961-2686, Fax, +82-2-961-2699, e-mail. kitacol@korea kr
" Corresponding author: Byung Doo Lee, Tel, +82—2-961-2696, Fax, +82—2-961-2699, e—mail, byungdoo@korea kr



20 Crisisonomy Vol.12 No.11

avs Fosksloiol SHH(Kim, et al, 2007).
WA= adffAle AR/dR7ledEdl et
TAI7F o] PFOS(Perfluorooctanoic Sulfonate)S
5% oV eHroh= AlEel e EHUHKim, er, al,
2010), 1eu 2009 5 AdHtellA 2T AES
2HoF S04 PROSY| AMS-S FAI5= ] Gefshe
A B ot T 71 2 HS AR 71 g
e}, olofl whet sl abEore] B9 A2
242 EYSH) ke E Aslerz} Eigion], ol
of W ofA4 ¢l 7Ie: vhE At Ministry of
Public Safety and Securlty 2016), 1} AFAAYE]
o] S Tkt 4 e Sl ot 71%0] gio]
AEe] Mg o 3}7101] 27k ik
Abgo] uPElSAS 1) E 25oME ALgs1] Sio)
A o] AL 5 AB7 o] HAPElolo} Gk, 53]
AFRE AR o] 2ol SIRIBRAL Q7] wiizof AYE
AW = 2ol diFe® AN 79 ekl
240 ket S4%e] that Tjsit A5 0 5o
A S, 54 B o <l o4 ek g
Sk S0l ZARIE, ufelA oIS USDA A
Aol A 2007 d e 3 axjofro] gt Ak
o] sjahe a3l ia) WA 712G vl
o] 714 Flet ABUS AT 4 ES AL
9JCHUSDA, 2007). 291 7|28 7|224, 344,
sl 5 % 2] BEoR TAE glov], o

ol

ok
-l>

ol

e, freoll Bt AAARI7IA] EZFsaL Sl o]
3 LEso 1:!]-1} q1 xlw:mo] RAE ANERISE 2

oflt
>,
g ol
ro
:L
FN
3
o
=
r
i
2
;O
&
flo
i1k
X,
o,
i

ool §EHT o okAlole] A IS B3 48
e sfofstd sl

|, AKSZISIR RIS & Asjorro] JHgt

1. Z Asomlel Fol

A} A AR E ASloRl Abbolo] 4
2 A7) el AUEAA|, E oA 2 7
o} ORI B} QAT ER S, 3] Ee 2
WA 7 A, A0 2R T
Bl 7 %& 280 AMgH Alo|cHHenry, 2004)

_4

2. 7|2H|

7|& AlZo|| A 2] 7]2ZA|= Sodium laurylsulfonate,
Cocoabetaine 5 32 ES o] g8lF oL}, B I+t
W 0] £, ST ME], WES
of F& Gl 7|32 kS 715 sl oFR kol
A FE3 AQAR A E TFHRE ARSI 2E
L ool #55 AAVLAA 9579} ol
ASALE 9 LFelolg o= Eatels vl
H 59

5% st A3

3. AA5IH| U AFARICHE

AEA ] o8] 7128 40]
sla}7] gistol 4] 2LHERS AR AMgela
o}, Zejut SRS Aes ﬂ‘?‘: Aol A4 &
37} "ol 4= 97| o] A 11AIRE R} A
1, W8kl g et Hslel 3

o) YAEUE BY 4 YT Sk

i

O

ol

lo

4. 52 YA
AERlshe X Aol ASAoE Bgol s
sfofof S $AL AT 4 glolok Gk, weby
 ATolA s S4o] Aot ofguZeE, Sl
dIslef Apaiak, Bl wae Zge
P2 A B, pHE 22, S Aol



Development and Performance Evaluation of Environmentally Safe Foam Agents for Wildfire

t=o] Hed =4S W o Sle Al 3YMUER

= E 2910 78T

5. 2/ mbt

3L 2BOFA| = 713EA], ASHA| W AbRAlEA|, 52
AE 27] Axston, 2E2 0= (Table 1)}
-0 7)EA| 70~80%, ABHA| 2 AZFHA] 15~20%,
SHAFAA 1~6%2] vl &R wHlsto] AREXIShE- Z1%t
73 A ABRHAIE ST Table 1)),

HE, 95, B, 480 Au, qsky, L

=
Zrle, 25% SAARE 52 S Ad WS
A

21
202 Y2PAZ)IL, T —18°ColA 244171 Bzt
Mo HHAR F, /1% BRE Bk 4
Aujol Sfahl, & 23149 71 2B W AL
w38 g Aol WA FREWI} 1F F) B
E Aslopi|RA ATHE 24 BE BESHE A0
2 et REHRL 198 ROR SRS A
W 2,508, 5 2,250 NS LERglch 28
OfolAI 2EJIAIE Bol 39 Eglol ALg] 1)
2ol B4 54 A 398 71Z0R B/1E AF 9)
ouf, g 7152 6.004) o= AAEL 9

o}, Leju ANEISNE ASjRp) W34 BAlR

3 2 23S 19% Yol 27 AMgshne wa)
ol tiigt A1) 71a uhe

olof wket A&l

Table 1. Chemical substance ratio for development of eco foam concentrate

o

[e]

=
£ 7lzos Sasdrt
i | oA 4

A3}7] ofH%tH((Table 2)).

Components Material types Mixing ratio(%) Mlxélgi(:l;ii;oatc;f(;)o am
Natural Surfactants 95 0
(Palm Extract) :
Foaming agent Ethylene Oxide 2.5 75.0-79.0
Sodium Lauryl Sulfate 2.5
Total 100.0
) Sodium Phosphate Dibasic Anhydrous 56,0
z‘fge;;niljfﬁg Ammonium Sulfate 44.0 15.0~20.0
Total 100.0
. ) Propylene Glycol 50,0
Antlﬁl"eezmg Sodium Phosphate Tribasic Anhydrous 50.0 1.0-5.0
admixture
Total 100.0
Table 2. Properties of developed foam contrate
MPSS Before After Success or
Components - . . .
Approval criteria aging aging failure
Specific gravity 0.90 ~ 1,20 1.06 1,06 O
pH 6.50 ~ 8,50 8.37 8.03 O
Viscosity Under 200.0 cst 189.9 cst 136.0 cst O
Pour point -10.5 °C -11.5 °C -10.5 °C O
Surface tension - 25.5 245 -
Precipitation amount Under 0.2 vol % Under 0,05 vol % Under 0,05 vol % O
Flash point More than 60 °C More than 80 °C More than 80 °C O
Foaming 3% Standard, 1% Standard, 1% Standard, B
magnitude 6.00 times 2.59 times 2.25 times
Foaming test 25 %
Restoration More than lminute More than 2minute More than 2minute O
time

* Note : MPSS is Ministry of Public Safety and Security
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Table 3. ECsy values of Daphnia magna test

H, 48A17F A3 Al 10 B 16mg/L A 2ltoll A 794
37 R R] Qokeh ey 26, 41, 66 % 100mg/L
A2latoll M= 2k 15%, 30%, 65%, 100%2] FF A7}
WS, =, 48.854mg/L7} R FA S =2
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Ao s ASAIZE A Hat (0,496 £ 0.054)g
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ECs(mg/L)"
Substance i o
Foam Concentrate 75,397 48,954
(62.167-100.084) (41.807-57.546)
: 1.605 1,198
. . 2 ] .
Potassium dichromate (12802, 064) (0,957 511

* Note : 1) 95% confidence interval
2) KTR study number : TGW-0413-15
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Table 4. Change of Eisenia foetida bady weight and soil characteristics

c " Negative control Foam Concentrate
omponents 0 day 14 day 0 day 14 day
Concentration (mg/kg, dry weight) - - 1,000 1,000
FEisenia foetida Body weight (g) 0.498 £ 0,055 0.448 + 0,055 0,496 £ 0,054 0,458 £ 0,060
Soil pH 5.97 6,07 6,10 5,98
Soil water contents (%) 38.1 41,4 35.0 36.0
Table 5. Lethal concentration 50% values
Subst LC50 (mg./kg, dry weight)
ubstance Tdays l4days
Foam Concentrate >1,000 >1,000
. 29.61 23.49
2— Chloroacetamid (26.31-32.87) (21.18-26.07)
A T 10,00 AABIR, oA HTNL Bk e B WAEIA] S ACE Lehth((Table 5)).
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Figure 1. Wildfire suppression test on unit
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Table 6. Wildfire suppression performance of foam agent

Time required for fire Standard Relationship between Foam performance
Components No. of test . ..
suppression (sec) deviations (sec) and Water performance
Water 5 69,93 t 3,22 1,00
Developed foam
(Korea) 5 38.51 T 452 1,82
E foam
+
(korea) 5 45,62 T 6,11 1,80
K foam
+
(Korea) 5 38.88 * 5,35 1,64
M foam 5 38.21 + 6,37 1.83
(Japan)
P Foam
+
(USA) b) 30,51 T 3.62 2.29
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5= QA A FOlA 2m ol = AASISIT AXY S I AlES ol vlsf 1828 &BhA|{le] WE A ow
o e UG AL RSSES 2vfold FHkE BAEIQ, Tl B AR 1806, S} KAL1L64sh, o
AeHstglom, %% 2017} A 5 SZlEﬂ 3}‘2‘;@. + MAF 1,838, Wl PAF 2, 2942 EA QI AL

AR ez dASIA E¥ “741 7]?:: x5 AR
(Tlem><8cm>3em, 7|AEANE ©]83to] F 20TH90
M= sZeA Bot 22l= 3
e 1% 7122 SIS
AREBIYITE X ASRORAE XStorA| SRl W
T &2 A5 BAREES Al datio] 7
%‘: 52 29 ¥ 3 | Az Ee =

017} A =s RARE 7 A9 3¢
1]74g741+ EAcke] AA&=7} 300°C olal7t &
NSRBI ApE S350}, FE2Ae 7
JEH(0.5m/s ofshollA st on, EAf ZIskrt
2l ojufoll Aeslrt Y E=A] o5 2t
oh 23S R

o
oo
HE i

;F‘é_-lll
N

i o{M

¢

iz

o8

o
2\_5
52

Asfel=t] A2l 284

F—\é
o
—
it
N
ox
Prl"
£
(>
iy
_O‘L

2
o

o] AA|LEE 300°C o3}
o] AZto] Q5= 08 Y'hst
A S A= 30~45% Ato]o]]
SR ] &=7} 300°C o]stE RolHtH(Table 6)).
ES 2 AtolA e E Astorl= 71E AlEat
FARRE 0] 435S Kol ZA0E FAE

_ =
[

5 H%@%J AAE B3 AAE 712 ATte] Aol A
13l AsoFA Q] A0] oF 1 98H] W2}

A7 A 2 A7 Ao} S 4415 velflh
V. Z2 U o

AREISHE: UE E Aslob] A w A7}
T A} oheo] ARS B2 &%ﬁﬂ%— 2

Egys 7H‘?j_k 4:3}¢]
G WL AvlofA R A BELQ =
. e Aselde =v% 94 bl
A3l 57} 48,854mg/ | & \/}E}Mg , ;qa;o] =4
9] 735 9FAl 1,000mg= EF 1kgoll Fofatoite 2[A
Bl Aot fIie. E aofofA|e] gt des £
ARt Aol HE OFAlof|A] =i HIg oF 1.64j o]
A deol ftt A0R LERTE & dtolAs A
d A T 2ae) shEA Hetans lﬂiﬂ
T S AIE NSl e AQPWIE
Aberle) del &8t fleire @ 4
L 7dAS 4 5ol F7H o2 =3 E]ofof f&t}
T 2 23lofA7E Abe @Rl A= 28T, 2

2L ek

jui)
ok -{N' ruz m



Development and Performance Evaluation of Environmentally Safe Foam Agents for Wildfire 25

References

Henry, P. 2004. Tank Fires-Review of Fire Incidents 1951-2003.
BRANDFORSK  Project 513-021. Sp Swidish National
Testing and Research Institute.

Kim, Jeong Hoon, Jeong Youn Lee, Hung Kim, Eung Sik Kim,
Myung Bo Lee, Dong Hyun Kim, and Ki Chang Jung. 2007.
The Development of an Environmental-Friendly Foam
Extinguisher Using a Natural Surfactant. Journal of Korean
Institute of Fire Science and Engineering. 21(1): 69-73.

Kim, Ha Young, Joon Suk Nam, and Dong Ho Rie. 2010. Analysis
of Performance and Development of Environment-friendly
High Expansion Foam Concentrate. Journal of The Korean
Society of Safety. 25(4): 25-29.

Lee, Jae Hyun, Mi Sun Kim, Jae Goo Cho, and Kyun Kim. 2013.
Acute Toxicity Test of Various Material Using Korean Fresh
Water Shrimp, Neocardina Denticulata. The Korean Society
of Environmental Agriculture. Proceedings of KSEA Meeting.
274.

Moon, Yun Young. 2012. Toxicity Test and Risk Assessment of
Contaminated Soils with Different Petroeum Using Eidenia
Fetida. Master’s thesis. Pusan National University.

Ministry of Public Safety and Security. 2016. http://www.mpss.
go.kr/.

OECD. 1984. Earthworm, Acute Toxicity Tests. OECD Guideline
for Testing Chaemacals 207.

Ryu, Gye Sun, Byung Doo Lee, Myung Soo Won, and Kyung
Ha Kim. 2014. Development of Crown Fire Propagation
Probability Equation Using Logistic Regression Model.
Journal of the Korean Association of Geographic Information
Studies. 17(1): 1-12.

USDA. 2007. Specification for Fire Suppressant Foam for Wildland
Firefighting(Class A Foam). Specification 5100-307a.

Korean References Translated from the English

UHE o He AT B34, olBH, UFU 71 2007

HAAHBIAIE o] 83t 21e3 4] 2aslofA] 7.
S sl s A). 21(1): 69-73.
Aok, "4, oS 2010, ehy itk aslopd] 7

9 s B4 AT SebAstE]A]. 25(4): 25-29.

s} 2014, EXAE 3HRFYS
o- g3t e IErEA 9] TSR] 2] 1 etE] 4],
17(1): 1-12.

. 2012, A|FoE o

A d olaiA

Ju
)
C)*
o
ok
4
rie
o
%
rﬁ

3t ofe] 7H §RodRcel &
) SRS oot HAele)
I, 24T 2 2013, FHEE9] Aol S
1 chokh 2ol g FAEA Wk B

MRy 274

oA, AulAL, 2R

¢
OO

o
o
Joll

Received: Oct. 12, 2016 / Revised: Nov. 14, 2016 / Accepted: Nov. 22, 2016



26 Crisisonomy Vol.12 No.11

= x|5 N I A3l0 HF O = I
H=etE 2EE E AUH I X 45 EIt

Z2ZE B AT AL AAARBAA 2HE 5L o|8ste] BN Ho| L, A3 S0| ST T 23}
FAZ A, 7|2, WA, A3 BHS AASHATE ALE Aotk Fuled A
7z wet 71224 ARel, BuET Kgo] B4R AALS BT Aot
e QAo st ARG A7 o gd AASIYTE 1 A 7|28 A
WA A, Ao BE E 2sopRA Q7EE BAS BE wEsigr B 54 Ao
M 3 ABfefA 48.854mg/L o]stoll A HEfd A s @AFo] WAYSHA] Rkl ARl =42 49
ANME E 28FFAl 1,000mgkg 2ZA = AL F&e vAE 890] TASHA] ot + U
B A 7)ol TSl Ads Hd2 ol vl Lew) ol Asol %t Aem
LER T
A0 - ARSI AN, TIEEY, METIS

Profiles Sung Yong Kim : He received his Ph.D. in agriculture from Kongju National University in august 2015 with his Ph.D.

paper titled “A Study on the Analysis of Fuel Characteristics for Forest Fire Hazard Assessment”. He is currently working
for Forest Disaster Management Division of the National Institute of Forest Science as a researcher. His current research
interest includes forest fire prediction and forest fire fuel model and fire danger assessment(kitacol@korea.kr).

Hee Young Ahn : She received her master’s degree in arts from Korea University in february 2016 with her master’s paper
titled “Location of Royal Tombs of the Joseon Dynasty and its Ecological Interpretation”. She is currently working for Forest
Disaster Management Division of the National Institute of Forest Science as a researcher. Her current research interest includes
development of forest fire suppression techniques. In particular, she is now focusing on upgrading fire occurrence location
map, fire danger map, and fire vulnerability map through GIS analysis on fire data(ahnhy@korea.kr).

Won Ho Cho : He majored in chemical engineering at Yonsei University and worked for Hanwha and Samyang Chemical
R&D centers to develop military explosives and study various explosive devices over the past three decades. He is currently
working for development of extinguishing bomb using explosive power at Sooa R&D center(cwh@sooa.com).

Jae Seong Lee : He majored in bio-industrial mechanical engineering at Chungnam National University and worked for
VSI R&D center to conduct researches on CNT-based ionizer, GM Tube and technology on atomic energy. He is currently
working for development of extinguishing bomb using explosive power at Sooa R&D center(ljs@sooa.com).

Chun Guen Kwon : He received his Ph.D. in engineering from Kangwon National University in august 2014 with his Ph.D.
paper titled “A Study on the Estimations of Forest Surface Fuel Moisture Content Change on Affecting Forest Fires- Focus
on the Gangwondo Yeongdong area” He is currently working for Forest Disaster Management Division of the National Institute
of Forest Science as a junior researcher. He has conducted various research projects on forest fire and building on it, published
many academic papers. His current research interest includes forest fire prediction and fuel moisture contents, and suppression
techniques(chungeun@korea.kr).

Byung Doo Lee : He received his Ph.D. in agriculture from Seoul National University in august 2005 with his Ph.D. paper
titled “Analysis of Behavior Characteristics of the 2000 Samcheok Forest Fire Using GIS/RS and Development of a Forest
Fire Growth Prediction Model”. He is currently working for Forest Disaster Management Division of the National Institute
of Forest Science as a senior researcher. He has conducted various research projects on forest fire and building on it, published
many academic papers. His current research interest includes forest fire prediction and suppression techniques and forest

danger assessment(byungdoo@korea.kr).



