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ABSTRACT

Objectives: Many cases of lung cancer have been reported by school kitchen workers as occupational cancer.
Twenty—eight schools in Gyeongsangnam—do Province were selected to evaluate the effect of improved kitchen
ventilation systems. Ventilation characteristics before and after renovation were compared and design techniques
were identified.

Methods: In the design stage for kitchen ventilation systems, expert intervention was used to improve the designs.
Ventilation characteristics and air quality were evaluated before and after the renovations. Hood face velocity and
fan flow rate were measured and the smoke visualization technique was used to evaluate the capability of
protecting worker’s breathing zone. The concentrations of PMoswere measured at points not adjacent to cooking
equipment because these concentrations fluctuate greatly.

Results: Mean hood face velocity increased from 0.29 m/s before renovation to 0.7m/s after renovation. The
concentrations of PMp3 showed a roughly 95% reduction. Concentrations of CO showed more than a 75%
reduction. Smoke visualization showed greater protection of workers’ breathing zone.

Conclusions: Advanced design technigues for school kitchen ventilation systems were applied to renovate old
kitchen ventilation systems. The performance of the new kitchen ventilation systems was nearly excellent. Further
improvement of design techniques is still needed, however.

Key words: Hood, kitchen, school, ventilation
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Table 1. Number of schools in each administrative districts

Administrative No. of renovation No. of modernization
Districts school school

Changwon 3 3
Gimhae
Tongyeong
Geoje
Goseong
Sacheon
Miryang
Yangsan
Uiryeong
Changnyeong

T O T O NN

Namhae
Total

O OO — O O = = ON

N
o

" Partial renovation
- Complete renovation
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Figure 1. Photo of measuring hood face velocities (x :
measuring point)
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Figure 2. Photo of evaluating hood exhaust performance
using smoke visualization
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Table 2. Ventilation performance data before renovation
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A 287 LY AH A 459, $57] 9
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of LrEhpIc.
FAILS 22~1,300902 B 507%0lg00,
£57)7} ofell Q= sk 32E glor], WA
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Measured fan Cooking equipments Hood face
sdos Mo, i siueknis e o flowrate (CMM) vvitf%J ng h%od velocity (m/s)

1 1,263 1 185 Rice cooker, dishwasher 0.21
2 1,135 1 255 Dishwasher 0.19
3 270 4 in-line fan 52 Rice cooker, dishwasher 0.10
4 125 2 371 Dishwasher 0.47
5 301 1 140 Dishwasher 0.19
6 465 1 124 Rice cooker, dishwasher 0.17
7 1,210 1 211 - 0.16
8 61 No hood and fan

9 291 1 430 Dishwasher 0.39
10 1,263 2 411 Rice cooker, dishwasher 0.30
11 225 2 222 Rice cooker, dishwasher 0.34
12 430 1 126 Dishwasher 0.15
13 384 2 305 Dishwasher 0.32
14 880 1 447 - 0.37
15 1,300 1 268 - 0.21
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Table 2. Continued

Measured fan Cooking equipments Hood face

School No. of students  No. of fans flowrate (CMM) vvitkgm ng hFc))od velocity (m/s)
16 905 1 159 Rice cooker, dishwasher 0.19
17 684 2 202 - 0.19
18 661 3 222 Dishwasher 0.23
19 337 2 389 - 0.62
20 610 1 228 Dishwasher 0.22
21 810 1 188 Dishwasher 0.19
22 755 1 286 Dishwasher 0.33
23 53 -
24 650 1 340 Dishwasher 0.60
25 1,102 1 151 Rice cooker, dishwasher 0.13
26 291 2 b32 Rice cooker, dishwasher 0.41
27 240 1 244 - 0.38
28 22 No hood and fan

Average 597 1.4 260 - 0.28

Table 3. Contaminant concentration data before renovation

PMos conc. in _kit_chen PMo conc. outside CO conc. in kjtc_hen CO; conc. in kit(_:hen
School (standard deviation) @ c())f particies Jliter) (standard deviation) (standard deviation)
(# of particles /liter) (ppm) (ppm)
1 450,493 (74,621) 367,231 45 (1.29) 1,012 (474)
2 88,563 (3,570) 65,059 2.1 (1.66) 645 (140)
3 498,139 (27,064) 507,836 7.5 (0.45) 1,741 (141)
4 52,462 (3,042) 53,987 0.3 (0.56) 447 (4)
5 301,870 (33,184) 384,634 0.6 (0.17) 595 (38)
6 1,073,619 (178,399) 641,700 1.0 (0.29) 828 (5b)
7 92,254 (44,678) 59,480 0.7 (0.68) 648 (76)
8 978,484 (243,579) 165,927 0.0 (0.00) 685 (35)
9 141,734 (5,230) 117,946 2.3 (0.89) 534 (44)
10 769,396 (37,871) 772,434 0.3 (0.41) 614 (52)
1 612,355 (28,419) 562,953 0.0 (0.00) 653 (51)
12 257,037 (120,063) 87,536 0.8 (0.04) 1,140 (190)
13 104,278 (23,023) 69,509 1.2 (0.77) 863 (361)
14 188,377 (166,783) 54,231 6.0 (3.02) 614 (37)
15 387,110 (80,355) 494,358 0.7 (0.33) 754 (61)
16 256,181 (53,183) 338,008 0.9 (0.22) 652 (125)
17 683,922 (880,698) 52,539 0.4 (0.25) 1,024 (352)
18 323,711 (88,031) 231,984 1.1 (0.70) 754 (52)
19 106,296 (16,456) 100,949 0.5 (0.51) 513 (43)
20 155,498 (86,697) 119,717 0.1 (0.13) 1,039 (197)
21 726,090 (104,254) 405,608 0.7 (0.56) 1,139 (350)
22 161,520 (101,978) 85,447 0.0 (0.00) 593 (20)
23 82,977 (3,089) 69,888 1.8 (0.30) 1,004 (129)
24 116,002 (67,707) 53,343 0.8 (0.60) 670 (71)
25 1,119,229 (17,653) 1,106,832 2.3 (0.43) 933 (59)
26 163,483 (33,693) 92,979 0.0 (0.00) 508 (13)
27 447,468 (8,557) 504,894 1.1 (0.75) 732 (113)
28 205,436 (7,173) 63,109 1.0 (0.05) 1,025 (67)
average 376,571 272,504 1.4 799
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Table 4. Contaminant concentration data after renovation
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Measured fan Hood face _PMo_g cong. in PMos conc. ' CO conc. in _COz conc. in
School Nfo. of flowrate velseliy kltcfzjen‘(s‘tandard out5|dg kltChen_(s‘tandard kltchen_(sf[andard
(CMM) (m/s) ewghon) _ (# of _par‘ucles deviation) deviation)
(# of particles /liter) /liter) (ppm) (ppm)

1 2 1,233 0.49 244,917 (9,877) 228,793 1.6 (1.54) 548 (49)
2 2 836 0.46 38,782 (2,174) 34,262 1.4 (1.18) 611 (67)
3 2 638 0.81 161,740 (21,966) 55,010 1.0 (0.47) 840 (155)
4 3 631 0.69 326,208 (5,524) 453,392 0.3 (0.48) 548 (29)
5 2 1,058 1.09 219,942 (9,177) 228,586 0.7 (0.52) 507 (18)
6 2 499 0.63 27,707 (1,805) 27,825 0.0 (0.10) 527 (25)
7 2 833 0.63 107,966 (1,745) 102,708 0.0 (0.00) 499 (34)
8 1 360 1.23 282,467 (15,178) 300,636 0.0 (0.00) 588 (43)
9 2 1,186 0.61 45,370 (2,121) 44,846 0.6 (0.58) 525 (28)
10 3 1,191 0.52 169,872 (7,761) 171,937 0.0 (0.00) 522 (28)
11 3 717 1.05 34,979 (5,386) 31,753 0.0 (0.00) 565 (42)
12 3 968 0.69 122,971 (6,673) 66,105 0.2 (0.26) 581 (22)
13 4 1,140 0.85 65,428 (3,050) 90,104 0.4 (0.38) 505 (60)
14 2 722 0.39 62,537 (20,725) 46,105 0.0 (0.07) 664 (178)
15 3 1,099 0.82 197,710 (93,914) 137,499 0.4 (0.46) 567 (43)
16 2 501 0.38 135,002 (5,581) 117,489 0.4 (0.70) 762 (146)
17 3 636 0.58 25,023 (2,429) 39,838 0.0 (0.07) 634 (126)
18 3 444 0.41 111,065 (3,418) 105,424 0.7 (1.02) 622 (72)
19 2 712 0.87 63,756 (6,964) 57,243 0.0 (0.07) 520 (46)
20 3 907 0.64 146,689 (1,876) 226,618 0.0 (0.00) 486 (32)
21 3 1,104 0.67 260,906 (3,270) 206,439 0.0 (0.07) 525 (25)
22 3 903 0.81 46,469 (7,697) 46,815 0.3 (0.42) 468 (17)
23 2 355 0.94 68,142 (1,288) 91,767 0.0 (0.00) 478 (4)
24 3 0.54 32,950 (2,189) 28,087 0.0 (0.03) 534 (bb)
25 2 980 0.87 45,499 (3,790) 37,659 0.1 (0.08) 502 (25)
26 3 781 0.85 66,128 (1,338) 72,156 0.0 (0.00) 473 (18)
27 2 961 0.98 139,329 (13,182) 116,367 0.5 (0.48) 525 (52)
28 1 56 0.63 365,396 (8,066) 345,762 0.6 (0.38) 570 (77)

Average 24 794 0.72 129,105 125,401 0.3 561
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(1): 35-47
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St EA2 gA =t
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/liter@ oy WHE= 129,10570/liter= Z8A Wi A
A vAHA] FEE ot R ztolQl 571174
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W Before(average : 260) [ After(average: 794)
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Figure 3. Fan flowrate before and after renovation

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(1): 35-47

www.kiha.kr



42 2= - ZEfE - oIeiH - ZHE - Kritana Prueksakorn

(o]
%
[
uich
)
PN
)
N
-
N
i
|
=
-
g
(o]

).

(0]
=
2
2

VEEFE 7to|=ote H| W52
A A gt F= AT <40 0.28m/s@o A
3 0.72m/sZ Z7FF92-S YERIL JrhFigure 4).

ofef o= 374 st o] X7l FEANTH %
< H|watgch Asto] F9 FHAE 5o 18kF
B2 Jlols Hot AYd] £ oz yepgon i
f&50] 7ho|=9] 28fof Eok= A& YErstth Buo
7ol et 47IM1F7] f&0] YR F2 Bhd
of ¥kEo] §52 W oo EA YERth Cie
QB 442 LR =2 o 2]7|AH27]9] f<0]
U A et olfst dvks Souith IS
28T $ Y= 9HE A oY FAF A &
oA HHE XAotA] ot A7l Ao wetErt

_l

z2g A% DAot= IR (PMos)E 3T 2
= JfA AP 5 ¥]wske] Figure 59 YERH ST

9 I8 Table 39] /i A 24 WHE PMos &
ZoJA QF PMy; =5 ¥ g2 A A 5:
“‘Before” (84 witfj1gim)= Yehfiglal, Table 49
M & 24 WE PMos S=004 25 PMos 5%
£l e YA T B “After’(FA4 g1 m)
2 YePfQItE EE0] 2179 stwo] A9 A A
SZ7F oF 3249t 7/literR ot 7R & oF 5RH4A
/liter2 AT}, §FH “13"9H stwe] 39+= 7iA
Aol 18 E4] 92 555 Hou /fHd oA
VT EEE Hth ekt B olf= 971 &
T7F 294 YR sEHY B =4 SHE 7] w2l
et Z3tolt}. o A3t yERd olf+= xEA

hood face velocity {m/s)
© © o BooR
Y (4] = -] = (&) Y

o
i

Al

IJIHIW (11

123456 7 8 91011121314151617 18192021 222324252627 28

O Before(average : 0.28)

school

W After{average: 0.72)

Figure 4. Hood face velocity before and after renovation

Table 5. Comparison of hood face velocities(m/s) of cooking equipment in three schools

Hood face velocity in Minstry of

School A School B School C [ o

Griddle and gas range 0.70 0.40 0.90 0.7
Soup cauldron 0.53 0.40 0.60 0.5
Frying cauldron 1.00 0.90 0.80 0.7
Oven 0.60 0.20 1.40 0.5
Dish washer 0.70 0.35 0.30 0.7
Rice cooker 1.00 0.80 0.70 0.5
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Figure 7. Photo of server table
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