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The relationship between metabolites of polycyclic aromatic hydrocarbons
in urine and changes in cognitive function of steel mill workers: a long-
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[ Abstract] Objective To investigate the relationship between the metabolites of polycyclic aromatic hydrocarbons
(PAHSs) in urine and the changes in cognitive function of steel mill workers. Methods In 2019, 960 workers from a
coking plant in Shanxi province were selected to undergo basic information investigations, cognitive function tests, and
detection for hydroxylated metabolites of polycyclic aromatic hydrocarbons (OH-PAHs) in urine. During the follow-up in
2023, a total of 567 workers completed the cognitive function tests. The Beijing version of the Montreal Cognitive
Assessment (MoCA) was employed to test the cognitive function of the workers. High performance liquid chroma-
tography with tandem mass spectrometry (HPLC-MS/MS) was utilized to detect OH-PAHs in urine. The generalized
linear model and the generalized estimation equation were adopted to analyze the relationship between urinary OH-PAHs
and the cognitive function of the workers. Results Subjects were 49 (46, 53) years old at baseline, with 91.7% being the
male. In the longitudinal study, the high exposure groups of 2-hydroxynaphthalene (2-OHNAP) and 1-hydroxypyrene
(1-OHPYR) showed decreases in attention (f = —0.338, 95%CI: —0.454 to —0.222, P < 0.001; = —0.450, 95%CI: —0.557
to —0.343, P < 0.001), abstract thinking (f = —0.463, 95%CI: —0.549 to —0.377, P < 0.001; f =—0.360, 95%CI: —0.450 to
—0.269, P < 0.001) and the total score (ff = —0.863, 95%CI: —1.284 to —0.443, P < 0.001; p = —0.548, 95%CI. —0.987 to
—0.108, P = 0.015). Conclusions Long-term exposure to high concentrations of PAHs can lead to reduced cognitive
function in steel mill workers.

[ Keywords] polycyclic aromatic hydrocarbons; cognitive function; Montreal Cognitive Assessment; generalized
estimation equation; steal mill worker

TERRRAT Al i e — AN AR TTAD SCHEEE S S SO AT Mk TN B T 2 2 R R 2,
T, EA IR E A IREI R A, AFE EAM AR, KT e E R A AN
R (PM v PM, 5) ST HE K MEA HLA (COL SO, R RE I, 5 K R 45 0 5 8, 0 R R A AR AR D/
KR KB K2 KRN, 255 & DA S A5 | S AT i XA RO R BoR B
(polycyclic aromatic hydrocarbons, PAHs) A AL 5 X dsk gk 20 (31, 338 vy 348 Jin A 260 3 i s 5 J% At
FFHFREL: CC BY-NC-ND 4.0 DOI: 10.11847/zgggws1146511
EeWB: EREREIEEESE(82073526); W70 LR AIE 5 H (2024KY395)
F—1EH: THF(1999—), Wi+, BT A : BV,

i A 2024-11-25 {&EIBHA: 2025-07-25 FEFABHA: 2025-08-13
FIEE IR : TAFAE RIBEE: CIKR AR : A AAE R O g4 25 B R A DTk s 1 R L 1l



mailto:niejisheng@sxmu.edu.cn
mailto:niejisheng@sxmu.edu.cn
mailto:niejisheng@sxmu.edu.cn
https://doi.org/10.11847/zgggws1146511

- 1162 -

HE A SL T AE 2025 4F 10 A28 41 55 10

Chin J Public Health, Oct 2025 Vol.41 No.10

FH 22 95 1 ARG o0 o A A @ B, MR T
N TH] i 26 58 v v B HLSE 2 2% 1) PAHs % 2 KU .
E RN ORI WNE BB BOR TR I R NI TR
J% PAHs % 8% S5IAFI D)6 Z A (1 5k &, X T K
W% 57 T =W S PAHSs Y RME AHE, HoIN 0 D R
W IS [ 5 A2 10 A2 A0 B 9 m B TR AT AN AR . I
AW FE 53T 2019 4 A1 2023 4R A 1176 44 S 4N
BR) Ty TN, e et A, s T U TR
(generalized estimating equation, GEE) 43 #T 4W &k |~
TN K A 42 ik PAHS 0 A 501 T B8 00 98 75 52
DL Ay iz R 2 e N B ) 2 R o 5 B 7 4 44
ARIRBEWAT W KA

1 ¥R57F%

L1 AE £ KRB ITE, T 2019
1 HEBULTEE AN TR R E m 2
IR TARAG ) 952 44 TN, Wi AR LR A L A
KA A A PR R, T RARS I PR PAHSs AR 6 )
(polycyclic aromatic hydrocarbons hydroxyl metabo-
lites, OH-PAHs) & S PP NI ZIRE . 2023 44 H
BEAT 2 2 YO FR D REI, BBl B AL B B R R
PR AR 5 N AR TR L A 385 NIk TT, BA M
567 LR AT N o AN bR HE: TR Z AL T
PRI 8] 22 /b —4F, HAERIT 2 H A AR IR ar
RESZ M 22 RGN 25 o HEBRARE: B A RS #hak
PR P K L35 1 6 N H AT TE X T K 8L 2
WiEHRE IR ZERI RS Lk 48h NS 5w
SR EEAR DG B DA IR L B T RERE
B3 DI B B S VR e I s B
FB o AR C IR I PR BR A 1 2
#LHE(2020GLLO37), firfy © 5 & ¥4 L2 38 s IH]
A

1.2 AR FH*

121 WEFEE RAARBAHE KL E
SO A ) A, s Tl BRI A GO B
BE AT X —HRERFE . WG NA R
AAFOL EAERG . B AT A5 A L B
FHOC I O BEAT 5 S0 R B ARHR 0 55 o A BIF 5 4 4
RAEDWAH 1 3 HEFS KL B el 6 S H @
SONWRHH s KSR RO LIRS B2 4R
H R 8 KIA B sk 6 AN H E ORI #-F
By 3 ik B i sh LA B B A O KR i 30
BOE CNE B

1.2.2 ANFIZHRENNA  AF 9 —F s 2 BT S f i &
T H, SR 7K A F VAl & 2% (Montreal Cognitive
Assessment, MoCA ) T #% {iF BH 75 2 & I\ &1 I g [
B R BT 7 % i RS 90 B B AR A T B A A
P81, 5 2 4 5 AE 5 2 AN DA R AT AT 4 T

PRAEPL, AR YO 78 SR F B 58 il MoCA # 3%, 1% &
FALHE 8 A KN ATURL O W2 [ FIBAT B 7T A
Y AL ERE S S R B YE SR B AE ],
B3 30 73 73226 ONFIDRELL N, #E70<26
53 7€ R FE I\ R B A (mild cognitive impairment,
MCI) %

1.2.3 REWCE SN WA IE, Yk TARK
HBUR, FER I ARAE T80 C FFJ5 2-AT M . 7E KW
HI A it I AR R 5 S K il AR IAE — R 1 TR
Ab B, K F e OB £ 35 — e IEC 5 1% 15C 4% 8050
(high performance liquid chromatography with tandem
mass spectrometry 8050, HPLC-MS/MS 8050, H A
HEAF]) AR H ¥ 11 B OH-PAHs!? . AT
FORE S 1 R >50% [ 8 Fit OH-PAHs XA BT 5T, 7
A 1-¥2 5625 (1-OHNAP) . 2- #2525 (2-OHNAP)
2-$2 3£ 7j (2-OHFLU) . 3-#2 3 7jj (3-OHFLU). 1-
¥£ %L 3 (1-OHPHE) . 2—#% % 3 (2-OHPHE) . 9%
$£3E(9-OHPHE ) Ml 1-¥2 25 ¥ (1-OHPYR) .

13 it o4 {8 H Epi data 3.0 B4 & 57 %48
J% , iz Fl SPSS 2.0 it fl R 4.2.1 Jit 8¢ i1 20 1 $o 4
K FBE (/23 B0 ) il 5k oF 8 80, A A (ees) $
TR AL B 5 4 IR IE 35 0 A B T B BT RE, B A
£ (median, M) F1PU 73437 5 8] #F (interquartile range,
IOR) it iR AF 1E 35 7 A 1F 8 B0k SR H Bk A A B
EC 5 P9 2 1) AR IE 25 v B A0 1 22 7, A P M S A
NI R e o A N T T S TR R == A SO
S, 1B H 2 AR BT B AL o S R B 2 5
A TN R %% OH-PAHSs H A7 B0 FE ¥ TN
DRI EEHNEREH 2 UANERS A
DCWE T TN S bRt 00, B4R IE L 11 . BMIL
WA RIS 55 T g B VR AR BRI 3R o 9 R Fe AR 2 At
FNT R PAHSs % & 5N EN Dy e 2 IR Y IE 2R ) L2k
P [l PR, A2 AR B T R T SO T T R )
#r PAHs # 2 SINRIDIBEZ MK R o A i dy
KRS8, L P<0.05 N 2% 5B Gt = o

2 & B

2.1 EABAU(EL, 2) BAREVIS67 % TN, BT
NBEERS 5 T#2 3 h 49(46, 53) % F130(27, 36)
T, RUT NBEFRE 5 TH 43 0 49(44, 53) % F130
(25, 34)4F, R NBES 05 NFFAE A2 (£=6.200)
T4 (1=5.601) Rk & 8 (7=6.248) T Z H A
Giit 25 L (P<0.05), 7EME5H] (*=0.112) . BMI()*=
5.204) I (P=2.427) « WAH (,P=4.501) J5 Ifii % 5
BILG 575 XL (P>0.05). RREHMN S REA
TATEFER (=1.518) R H 8B (=15.023) . % IE
WK (7=3.637) J7 T £ 7 H i i % = L (P<0.05),
B3 #8240 TN DL A IR BE AR ] 2 3 T
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BFAT N RS (P=2.072) . BMI(>=2.715) 7k [ Z BB TG %5 L(P>0.05) .
TG4 150 (7=2.536) « WA 1% 150 (5=0.831) 77 HI ¥ 4H
F= 1 BEUT AR RO AREEAE B (n=952)
Table 1 Basic information of follow-up population and lost population (n=952)
B 1s NFE(n=567) %Ki NFF(n=385)
AR peicl Pl
N3 T EL % NHL ML %
LR 0.112 0.906
9 520 91.7 352 91.4
% 47 8.3 33 8.6
BMI/(kg/m2) 5.204 0.062
<185 7 12 6 1.6
18.5~<24 187 33.0 191 49.6
224 373 65.8 188 48.8
W1 L 2427 0.302
AT 311 54.9 218 56.6
PLLE 223 39.3 148 38.4
EEsvel] 33 5.8 19 4.9
8175 50 4.501 0.141
AN A 210 37.0 129 33.5
DAL A 299 52.7 214 55.6
B4 2RI 58 103 42 10.9
A Bk 6.248 0.031
i 157 27.7 121 31.4
/R 205 36.3 120 31.2
& 204 36.0 144 37.4
®2 I REARE R (n=567)
Table 2 Basic information of participants (n=567)
R TEH (n=283) 1R B 2H (n=284)
Ak BAH(n=567) R E/% ME Pfy
N 4 /% N FIRE /%
Rl 2.072 0.151
% 520 91.7 259 91.5 261 91.9
kS 47 8.3 24 8.5 23 8.9
BMI/(kg/m2) 2.715 0.336
<185 7 12 2 0.7 5 1.8
18.5~<24 187 33.0 93 32.9 94 33.1
224 373 65.8 188 66.4 185 65.1
REIR L 2.536 0.370
A 311 54.9 153 54.1 158 55.6
PAET 223 39.3 113 39.9 110 38.8
EEvell] 33 5.8 17 6.0 16 5.6
W17 5 0.831 0.810
A A 210 37.1 112 39.6 98 34.5
PR 299 52.7 132 46.6 167 58.8

W 2RI 58 10.2 39 13.8 19 6.7




1164 - FEASL A 20254 10 H4 41 %5 1081 Chin J Public Health, Oct 2025 Vol.41 No.10
&R 2
Table 2 Continued
AR B4 (n=283) Tk FR 4 (n=284)
A BEAE(n=567) ML/ % oA PlE
N FIRREE/% N FIRLEE /%
PAH B 15.023 <0.001
MAS 157 27.7 55 19.4 97 34.2
(TN 205 36.2 108 383 97 342
2y 204 36.1 114 4.3 90 31.6
ERCE: 386 91.0 264 93.3 122 62.9 3.637 0.049
FELEMCIES H 15 5t 2.304 0.117
MCIBH 238 42.0 98 34.6 140 49.3
MCIBIE 329 58.0 185 65.4 144 50.7
BE VTMCIES Hi A& 0 0.724 0.476
MCIBH 319 56.3 142 50.2 177 62.3
MCIF 248 43.7 141 49.8 107 37.7

2.2 MoCA & FMHFN(%.3) #1448 MoCA
BRSS9 5 KL, a8 S HATEE (=
1.882, =-3.277) 1544 (1=0.885, =-2.318) . #1% (1=

&3 WA R MoCA BRAIEIL(F+5/7))
Table 3 MoCA scale scores of participants

2.838, =-2.552) FI5E ] (£=2.103, =-3.012) ]#54)

=l
=l

5 A Gt 5 L (P<0.05), HAKZ 88 4115 77
LN R ey

A MAE(n=567) R (n=283) R (n=284) i P
FLEMoCA B £S5
M 8] 54T RE 3.87+1.08 3.95£1.05 3.78+1.11 1.882 0.002
4 2.94+0.27 2.95+0.22 2.93+0.31 0.885 0.046
=W 5.60+0.72 5.63+0.68 5.58+0.76 0.818 0.422
BE 2.29+0.68 2.34+0.66 2.24+0.69 1.765 0.316
IS 1.50+0.68 1.58+0.62 1.42+0.72 2.838 0.021
KERF A2, 3.37+1.36 3.47+1.36 3.27+1.36 1.751 0.136
SE 1] 5.97+0.17 5.99+0.12 5.96+0.21 2.103 0.015
MoCA &5 25.54+2.77 25.91+2.64 25.17+2.86 3.202 0.109
BEMoCA R 15 5
M 8] 54T RE 3.6+1.34 3.48+1.38 3.84+1.23 -3.277 0.002
A 2.87+0.43 2.84+0.47 2.92+0.34 -2.318 0.046
=W 5.47+0.97 5.47+1.04 5.40+1.01 0.809 0.422
EE 2.01+0.85 1.98+0.88 2.06+9.80 -0.141 0.316
IS 1.15£0.80 1.09+0.81 1.26+0.78 —-2.552 0.021
KERF A2, 2.99£1.59 3.06+1.56 2.85+1.68 1.544 0.136
SE 1] 5.86+0.54 5.82+0.63 5.94+0.26 -3.012 0.015
MoCA 43 23.96+4.11 23.76+4.32 24.34+3.68 -1.716 0.109
2.3 JkF OH-PAHs ot L (& 4) TEJRWOH- ALK 2 79 0.314 A1 0.263 ng/mL, A 1 % Ay

PAHs ', 2-OHNAP 5 9-OHPHE ¥ & AH X} ¢ &

96.8% A1 98.7%.
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F 4 WA R IRF OH-PAHs Hrll1% 5 (n=567) 2.4 k¥ OH-PAHs 5T ANiAfdhrbtd X % (£ 5. 6)
Table 4 Detection of OH-PAHs in urine of participants

(n=567) MR & OH-PAHs ¢ 2 1 v 2 i 73 4, ] B8 R %

=y KR/ (ng/mL) K Hi%/% P,s/(ng/mL) Psy/(ng/mL) P;5/(ng/mL) % E ’ % Z)AZ it 7{ EP » 2-OHNAP % % E’;g' 4 E(J L j\ w_l“

01260 03140 07520 AIFIPATRE SIS FB 1350 AR . AW TTH,

2-OHNAP  0.0053 96.8
I-OHNAP 00240 93.9 00510 00830  0.1500 & OH-PAHs /1 % 5% 2 VR 7. dh %45 5 PR 1K
3-OHFLU  0.004 1 93.9 00230 00510  0.1190 2-OHNAP 5 &2 EZHMEE 1. B, 258400
2-OHFLU  0.0017 979 00710 01070  0.1630 {£: 1-OHPYR & B = HMIVEE /1. % . 2184
2-OHPHE  0.001 4 98.3 00720 01430 03150 PR, H4E3R B 127345 TF &5 1-OHNAP &5 % 5%
9-OHPHE  0.044 1 987 01800 02630 04220 Y (0 7 7 R0 IE IR A7 8 4 FF 5 . 1-OHNAP &5 52
1-OHPHE  0.0142 789 00240 00640  0.1160 L[ B 77540 Fl 9-OHPHE 125 5 55 411 [ 41 2
1-OHPYR  0.009 8 976 00830 01310 02330 5 AT B ) 74 T 5
5 ELHHAH IR OH-PAHs 5IMEIIIREZ MBI R (n =567)

Table 5 Association of urinary OH-PAHs with cognitive function at baseline (n=567)
. W (] S AT RE AT frd EN=Wl mE
i Pl 95%CI PlE Pl 95%CI P pE 95%CI PHE B 95%CI PlE
SOH-PAHs  0.055 —0200~0310 0672  0.003 —0.060~0.066 0925  0.013 —0.153~0.023 0.879  0.024 —0.136~0.183  0.772
2-OHNAP  —0230 —0.455~-0.005 0.045 -0.014 —0.070~0.042 0.618  0.083 —0.063~0.230 0263 -0.044 —0.185~0.097 0.541
1-OHNAP 0.120 —0.106~0346 0299  0.016 —0.040~0.072 0585  0.064 —0.083~0.211 0393 -0.019 —0.160~0.123  0.796
3-OHFLU 0.025 —0.177~0228 0807 -0.028 —0.078~-0.023 0281  0.016 —0.116~0.148 0811  0.019 —0.108~0.146  0.768
2-OHFLU  —0.055 —0.286~0.175  0.638 -0.012 —0.069~0.045 0689 —0.056 —0.206~0.094 0465 —0.100 —0.044~0.244 0.174
2-OHPHE ~ —0.095 —0.325~0.134 0415 0.014 —0.043~0.071 0.629 -0.080 —0.229~0.069 0.293 —0.093 —0.236~0.051  0.206
9-OHPHE 0.173 —0.035~0381  0.102  0.047 —0.004~0.099 0072  0.022 —0.113~0.157 0.753  0.016 —0.114~0.146 0.811
1-OHPHE ~ —0.020 —0.262~0.221  0.868 —0.009 —0.069~0.050 0.762  0.030 —0.127~0.187 0.707 -0.070 —0.221~0.081  0.363
1-OHPYR  —0.009 —0.227~0.208  0.934  0.004 —0.049~0.058 0.873  0.032 —0.110~0.173 0.661  0.039 —0.097~0.175 0.572
SOH-PAHs —0.026 —0.182~0.104 0747 -0.274 —0.593~0.045 0.093 -0.007 —0.046~0.032 0.732 -0.217 —0.875~0.441 0.519
2-OHNAP  —0274 —0.412~0.135 <0.001 -0.092 —0.374~0.190 0522 —0.023 —0.057~0.012 0.193 -0.059 —1.176~-0.130 0.045
1-OHNAP 0.058 —0.082~0.197  0.417  0.148 —0.135~0.432 0305  0.024 —0.110~0.058 0.175 0352 —0.233~0.937 0.238
3-OHFLU 0.047 —0.077~0.172 0455  0.024 —0.230~0.278 0.853  0.011 —0.020~0.042 0499  0.109 —0.414~0.632  0.683
2-OHFLU 0051 —091~0.192 0484 0.050 —0.239~0.338 0736  0.016 —0.051~-0.01 0385  0.079 —0.517~0.67  0.795
2-OHPHE  -0.038 —0.179~0.103  0.601 —0.118 —0.405~0.170 0422  0.012 —0.023~0.047 0492 -0.385 —0.978~0.208 0.203
9-OHPHE  —0.066 —0.194~0.061 0309 —0.011 —0271~0249 0933 —0.003 —0.035~0.029 0.843 0.138 —0.399~0.675 0.615
1-OHPHE 0.084 —0.064~0232 0267 0212 —0.090~0.514 0.168 0.010 —0.027~0.046 0.611 0358 —0.266~0.981 0.261
1-OHPYR ~ —0.012 —0.146~0.121 0858 0212 -0.06~0.484 0127 -0.009 -0.042~0.024 0588 0251 —-0.310~0.813 0.380

T b sy DUIR R 3 21 Dy S S e 1) v 2 B AL R DD BE AR AL

=6 Attt Rt OH-PAHs 5iAITHRE Z [ K% £ (n=567)

Table 6 Association of urinary OH-PAHs with cognitive function in a longitudinal study (#=567)

- W7 ) S5 AT RE ) (S ERD wE

£ plE 95%CI PiE PlE 95%CI P P 95%CI Pla plE 95%CI PlE
YOH-PAHs  0.081 —0.143~0.178 0.831  0.053 0.007~0.099 0.025 —0417 —0.526~-0.307 <0.001 —0.024 —0.124~0.075 0.634
2-OHNAP  —0.072 —0.229~0.085 0.368  0.028 —0.018~0.074 0226 —0.338 —0.454~-0.222 <0.001 —0.055 —0.152~0.041 0.259
1-OHNAP 0.022 —0.141~0.184 0.07  —0.004 —0.049~0.041 0.848  0.200 0.0140~0.385  0.035 —0.042 —0.141~0.057 0.41
3-OHFLU 0.032 —0.127~0.191 0.694 —0.001 —0.045~0.042 0.956  0.044 —0.082~0.171 0493  0.037 —0.064~0.138 0.471
2-OHFLU 0.028 —0.132~0.189 0.731  0.021 -0.022~0.064 0.338 —0.021 —0.146~0.103  0.735 —0.010 —0.109~0.089 0.846
2-OHPHE 0.025 —0.123~0.173 0.740 —0.003 —0.048~0.042 0.891 —0.017 —0.134~0.100  0.779 —0.024 —0.123~0.075 0.636
9-OHPHE 0252 0.097~0.407 0.001  0.029 —0.015~0.073 0.199  0.028 —0.087~0.226  0.634  0.038 —0.061~0.136 0.452
1-OHPHE 0.080 —0.088~0.248 0352 —0.036 —0.081~0.009 0.117 —0.071 —0.189~0.046  0.232  0.026 —0.069~0.121 0.595
1-OHPYR 0.029 —0.135~0.194 0.726  0.039 —0.007~0.084 0.098 —0.450 -0.557~-0.343 <0.001 —0.009 -0.109~0.035 0.852
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Table 6 Continued

- EiHES FEIR [ 17, SE I MY

w PlE 95%CI Pla plE 95%CI PlE plE 95%CI PlE PplE 95%CI PlE
SOH-PAHs —0.026 —0.182~0.104 0.747 —0.274 —0.593~0.045 0.093 —0.007 —0.046~0.032 0732 -0.217 -—0.875~0.441 0.519
2-OHNAP  —0274 —0.412~0.135 <0.001 -0.092 —0.374~0.190 0522 -0.023 -0.057~0.012 0.193 -0.059 —1.176~-0.130 0.045
1-OHNAP 0.058 —0.082~0.197 0.417  0.148 —0.135~0.432 0305 0.024 -0.110~0.058 0.175 0352 —0.233~0.937 0.238
3-OHFLU 0.047 —0.077~0.172 0.455  0.024 -0230~0.278 0.853 0.011 -0.020~0.042 0499 0.109 —0.414~0.632 0.683
2-OHFLU 0.051 —0.91~0.192 0.484  0.050 -0239~0338 0.736 0.016 —0.051~-0.01 0385 0.079 —0.517~0.67 0.795
2-OHPHE  -0.038 —0.179~0.103 0601 —0.118 —0.405~0.170 0422 0012 -0.023~0.047 0492 -0.385 —0.978~0.208 0.203
9-OHPHE ~ —0.066 —0.194~0.061 0309 —0.011 —0.271~0.249 0.933 —0.003 —0.035~0.029 0.843 0.138 —0.399~0.675 0.615
1-OHPHE 0.084 —0.064~0232 0267 0212 -0.090~0.514 0.168 0.010 —0.027~0.046 0.611 0.358 —0.266~0.981 0.261
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