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Abstract

Objectives. This project is an integrated research project. The main title of “The Integrated Risk
Assessment and Health Management in Workers of Synthetic Leather Manufactories”. The
integrated occupational exposure factors both in chemical and physical agents are evaluated in
labors of synthetic leather manufacturing through a cross-sectional study. The health outcome and
risk assessment are performed. The results of this research will provide a heath promotion strategy
for exposure. And, if possible, the official authority can be employed for regulated policy in health

risk assessment and management.
Methods: N,N-dimethylformamide(DMF), methyl ethyl ketone(MEK) and toluene(TOL ) are

common solvents used in synthetic leather manufacturing. Health of workers can be affected by
solvent and noise exposure. DMF can be exposed by skin. It’s very helpful to protecting health of
workers to realize the permeation rate, breakout time and washing decontamination methods. The
health effect of co-exposure to noise and solvents is unknown. We recruited a synthetic | eather
manufacturing company as our studying subjects. The exposure of workers was assessed by
analysis of biological sample of urine. We used the Logging noise dose meter (Type 4443) to
measure individual exposure to noise during the study periods, respectively. We collected some
confounders by self-administered questionnaire and their health checkup results. Linear regression
models were used to analyze effects of blood pressure, liver function and kidney function between
different-exposure groups.

Results: The purpose of this research is to devel op a solid-phase microextraction (SPME) method
for analysis of biological monitoring of urinary metabolites, DMF. Advantages of SPME are
simple steps and solvents free, fast, convenient and less matrix effect. In washing decontamination
methods for protective equipment, 40 ‘C @10H decontamination method is the more suitable
method in the study. We found that high-noise, low-chemical exposure group and high-noise,
extremely low-chemical exposure group had significantly higher systolic blood pressure than the
low-noise, extremely low-chemical exposure group. We also found that high-noise, low-chemical
exposure group and high-noise, extremely low-chemical exposure group had significantly higher
concentration of creatinine than the low-noise, extremely low-chemical exposure group in the
kidney function. And the high-noise, extremely low-chemical exposure group and |ow-noise,
low-chemical exposure group had significant differences in the concentration of urine acid
compared to low-noise, extremely low-chemical exposure group can be observed. However, there
was no significant group-difference of the liver function index (i.e., serum glutamic oxal oacetic
transaminase and glutamate pyruvate transminase) between the four groups.

Conclusions: Co-exposure to noise and organic solvents can affect blood pressure and kidney
function among synthetic |eather workers. The more complete protection strategy for workers both
exposure to noise and organic solvents and workers understanding the importance of protect gloves
for health keeping are required.

Key words: biomarker, solid phase microextraction, protective gloves, noise, blood pressure
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solvent DMF MEK
LQug/ermdmin) BTGmin)  D(em¥/s) K P(ecm’s) L Ggardminy BTemin)  D(em¥s) K P (cm%s)
pure 197.80 120.07 1.42 2.28 325 554.51 1941 561111 153 8.61
mixhure 245.13 33.60 2.37 1.33 315 186.12 3478 344667 085 2.93
Js, permeation rate, BT, breakthrough time, D, diffusion coefficient, K, solubility coefficient; P, permeation coefficient; Subscript means the organic solvent
(b) s /7{;‘ A B R
mixture DMF MEK
WASH o (ugiem¥mmin) BT {min) D (cmls) K Plems)  D/Pg Ty (ug/em“/min) BT fmin) D' (cta™s) X Flcmk) _ EPg
1 253.52 34.08 242 1.35 3.26 1.00 1RE.50 33.34 3.88 .72 1.7% 1.60
2 21746 18.52 130 0.5 2.79 0.86 15428 19.27 6.31 0.37 1.32 0.83
3 209.75 18.47 272 0.98 2.67 0.82 16R.40 18.64 427 0.58 148 0.89
4 231.6R 17.50 3.04 0.96 291 0.8% 178.6% 15.16 4.82 0.55 1.66 0.95
5 221.77 18.60 257 1.07 2.76 0.RS 169.30 19.37 4.R0 0.5% 2.62 0.94
40°C @2H
1 24274 33.44 269 1.4% 3.19 1.c0 1R7.65 34.0% 3Rl 1.08 1.90 1.00
2 21951 33.03 237 1.14 2.R1 0.RB 175.90 32.94 3133 0.7% 2.73 0.94
3 21834 i1.R0 209 1.23 2.R1 0.RR 167.00 2881 284 0.76 1.79 0.96
4 22820 31.7R 1.88 1.27 294 0.82 181.41 32.64 265 1.00 2.85 0.98
5 23769 32.03 1.65 1.04 3.30 1.03 17946 31.47 240 0.8 2.83 0.98
40 @ 108
1 23225 32.46 2113 1.21 2.93 1.c0 1R4 .30 34.04 266 0.57 273 1.00
2 22880 33.18 246 1.18 2.4 0.97 180.40 33.1R 146 0.BS 2.66 0.97
3 12552 33.3R 22R 1.28 2.76 0.94 171.84 33.36 1.56R8 0.88 148 0.91
4 22447 31.90 2132 1.15 2.70 0.82 173.97 33.23 285 0.84 2.49 0.91
5 24259 32.60 318 1.32 2.82 1.c0 18598 32.69 418 0.95 2.65 0.97
70T @2H .00
1 25857 33.85 242 1.20 3.23 1.c0 1R7.5R 32.R3 283 0.74 2.82 1.00
2 24141 228 246 1.2 2.9 0.93 1RD.46 33.0% 314 0.7 1.61 0.92
3 23542 33.29 Z1R 1.37 2.R6 0.89 1R1.36 3342 283 0.93 1.64 0.94
4 265.59 32.7¢ 235 1.7¢ .18 0.9% 187.0% 32.83 298 1.68 1.65 0.94
5 260.18 33.25 222 1.8% 3.11 0.96 207.47 33.47 278 1.24 1.9% 1.06
TCEI0H
1 238.60 34.22 ] 1.38 3.09 1.00 1R4.5G 32.81 4.07 0.76 .07 1.60
2 23751 2.97 23R 1.25 2.08 0.8 181.68 33.36 135 0.R0 2.67 0.87
3 232.08 i1.90 228 1.25 2.R§ 0.94 187.77 3222 275 1.02 1.85 0.93
4 25827 33.44 1.93 1.60 j.oe 1.62 209.16 1174 266 1.12 2.97 0.97
5 294.0% 33.24 158 2.13 3.37 1.11 242.04 il.69 212 1.55 3.29 1.07

Je, purmeation rate; BT, breakthrough time; D, diffuston coefficiant K, solubility confficiant, P, permeation coafficient, Subscript means the organic salvant
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Hypertension Liver function Kidney function

Models SBP DBP sgot sgpt cre ua

B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value
Glnpmr V.SG4y pur 3048t1398  0.0456* 1229651  0.07t  4.8915.21 0.36 13.81+1154 0.25 0.27+0.11  0.0339*  -0.22+0.76 0.77
GZnowr  V.SGAN, pvF 325141152 0.0129*  7.73t5.36 0.16 -0.82+4.45 0.85 -1.75+9.86 0.86 0.29t0.10  0.0113* 1.24t065  0.07t
G3npmr V.SGANDMF  soe1r1213 011 6074565 029  048t468 091 27741037 079 021010 006t 100068  0.16
Age (years) -010t0.52  0.84  -009t0.24  0.69 0.1610.19 0.43 0.1610.44 0.71 0.01+0.01 0.25 0.0210.03 0.47
Body massindex (kg/m?) 054+1.30 0.68 0.1310.60 0.82 0.22+0.47 0.63 1.72+1.04 0.11 0.02t0.01  0.06t  0.14t0.07 0.056%1
Smoke (yes/no) 1.8619.34 0.84 -0.89+4.35 0.83 0.08+3.26 0.97 -3.10+7.24 0.67 0.01+0.07 0.79 0.38+0.47 0.42
Alcohol (yesno) 8.70£9.70 0.38 -4.29+4.51 0.35 -5.311+3.68 0.16 -8.2518.16 0.32 -0.03+0.08 0.68 -0.28+0.53 0.6
Regexercise (yes/no) -6.90+10.00 0.49 -4.48+4.65 0.35 4.25+3.40 0.23 6.7817.53 0.38 -0.01+0.07 0.96 0.3740.49 0.45
Coffee (yesno) 549t1075  0.61 5.67+5.00 0.27 0.7814.08 0.84 8.4619.04 0.36 0.04+0.09 0.61 -0.2810.59 0.64
Active (yesno) 3.6517.78 064  -068t362  0.85  -140t2.97 064  -7.3746.60  0.28 0.0810.06 025  -032t043  0.46
Tea (yes/no) -1.89t7.36  0.80 0.69+3.42 0.84 2.34+2.76 0.40 -1.651+6.12 079  -003t0.06 057  -024t041 054
HBsAg (yes/no) - - - - -3.3614.52 0.46 -3.65+10.02 0.72 -0.01+0.11 0.94 -0.75+0.66 0.27
Hbpfam (yes/no) 11.81110 0.25 12.28t4.68  0.0193* - - - - ; - ] .

* sl P<0050 t %Y P<0l-



# = DMF £ Toluene 2 £ IF f %~ 2% 4p B &' ] $20 0 B ~ 35 50 2 B3 50 2 B2 58
Hypertension Liver function Kidney function

Models SBP DBP sgot sgpt cre ua

B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value
group 2.16+12.74 0.86 -063t524  0.90 -1.6413.71 0.66 -8.4018.11 0.31 0.01£0.10 0.88 0.63+0.61 0.32
Age (years) -0.13+0.61 0.83 -0.09t0.25 0.70 0.18+0.18 0.33 0.27+0.40 0.51 0.005+0.05 0.29 0.02+0.03 0.51
Body massindex (kg/m?) 0.83t1.48 0.58 0.15+0.61 0.80 0.2110.43 0.62 1774095 008t 002001 007t 0.16t0.07  0.03*
Smoke (yes/no) 13.01+9.52 0.18 4.02+3.91 0.31 1.82+2.67 0.49 2.4815.89 0.67 0.12+0.07 0.13 0.29+0.44 0.51
Alcohol (yesno) 12.59+11.8 0.30 -2.41%+4.85 0.62 -4.28+3.59 0.24 -4.72+7.90 0.55 -0.01+0.11 0.95 -0.47+0.61 0.44
Regexercise (yesno) -3.28+12.18 0.79 -1.4615.00 0.77 5.9813.29 0.08+ 12.55+7.24 0.10 0.02+0.09 0.79 -0.01+0.55 0.97
Coffee (yesdno) -5.54+12.56 0.66 -0.19+5.16 0.97 -3.51+3.80 0.38 -5.9218.55 0.49 -0.0510.11 0.65 0.6210.64 0.35
Active (yesno) 1.5618.92 0.86 -0.35t3.66 0.92 -0.5812.76 0.83 -5.4416.08 0.38 0.04+0.07 0.54 -0.670.46 0.15
Tea (yes/no) -1.98+8.83 0.82 0.04£3.63 0.98 1.74+2.66 0.52 -3.8415.87 0.52 -0.0410.07 0.59 -0.12t0.44 0.77
HBsAg (yes/no) - - - - 3071432 048  -168t951  0.86 0.08+0.12 0.51 -0.52+0.72 0.47
Hbpfam (yes/no) 10.00+12.19 0.42 13461501  0.0156* - - - - - - - -

* F Rt ¥ P<0.05¢

t EuEE P<0l-
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Zw  wkF 2 DMF ~Toluene 22 £ Fp A &~ 222 PR o' 7] {308 B W8 L 2 T #2258

Hypertension Liver function Kidney function

Models SBP DBP sgot sgpt cre ua

B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value B = Sep p-value
Glnpr V.SG4n ot 3764t1675  0.0402*  1043t7.75  0.19 0.3816.31 0.95 -6.27+13.68 0.65 0.33t0.14  0.0392*  1.19+0.86 0.18
G2npr V.SG4npr 3159t1228  0.0213*  8.07+5.68 0.17 0.63+4.87 0.89 -3.69+10.55 0.73 0.31t0.11  0.0168*  1.49t0.66  0.0398*
G3n, ot V.SG4Apnpr 18.75+13.22 0.17 3.2246.11 0.61 -1.74+5.18 0.74 -12.69+11.22 0.27 0.1910.12 0.12 1.86t0.70  0.0185*
Age (years) 0.18+0.54 0.73 -0.02+0.25 0.93 0.18+0.20 0.38 0.2140.43 0.64 0.01#0,01 0.09t  0.04+0.02 0.17
Body massindex (kg/m?) 1.30+1.31 0.33 0.34+0.60 0.57 0.26+0.46 0.57 1.8941.00  0.08t  0.02t0.01 0.0231* 0.15t0.06  0.0239*
Smoke (yes/no) 1.8319.06 0.84 0.51+4.19 0.91 1.363.11 0.66 2.0416.74 0.76 0.0310.07 0.63 0.1240.42 0.77
Alcohol (yesno) 6.82+10.23 0.51 -4.12+4.73 0.39 -4.52+3.84 0.25 -4.8148.32 0.57 -0.05+0.08 0.57 -0.58+0.52 0.28
Regexercise (yes/no) -12.55+1097 0.27 -4.4815,07 0.39 5.60+3.61 014 1228781 0.3 -0.04+0.08 0.64 -0.16+0.49 0.75
Coffee (yesdno) 14.5+12.74 0.27 5.7815.89 0.34 -2.3515.08 0.64 -5.08+11.01 0.65 0.14+0.11 0.23 1.05+0.69 0.15
Active (yesno) 1.27+7.61 0.86 -0.53t3.52 0.88 -0.58+2.92 0.84 -5.72+6.32 0.37 0.06+0.06 0.37 -0.59+0.39 0.15
Tea (yes/no) -0.77+7.56 0.91 0.27+3.49 0.93 1.65+2.83 0.56 -4.51+6.14 0.47 -0.02+0.06 0.68 0.02+0.38 0.95
HBsAg (yes/no) - - - - -3.38+4.81 0.49 -0.91+10.42 0.93 -0.01+0.11 0.87 -0.94+0.65 0.17
Hbpfam (yes/no) 7.51+10.88 0.50 12.1145.03  0.0295* - - - - - - - .

* gl Y P<005

t 2% ¥ P<0l-
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