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Abstract : Objective To examine the association between exposure to ambient PM, 5 chemical components and semen quality
in Southwest China. Methods We conducted a longitudinal study to investigate 1 105 sperm donors who lived in Sichuan
Province, China and underwent semen examination in Sichuan Province human sperm bank from October 2019 to December
2021. Exposure to ambient PM, 5 and its chemical components in lag 0 -90 d, lag 0 -9 d, lag 10 — 14 d and lag 70 - 90 d
were assessed by extracting monthly PM, 5 and its chemical components values from a few validated grid datasets at each
subject’ s residential address. Spearman rank correlation analysis was used to evaluate the correlation between PM, s and its
chemical components. A linear mixed — effects model was used to analyze the relationship between exposure to PM, 5 chemical
components and semen quality parameters. Results PM, s is highly positively correlated with its chemical components. PM, s,
NH, *, SO,>", NO, , OM, and BC exposures were significantly associated with decreased total motility (P <0.05). OM
exposure was significantly associated with decreased in sperm progressive motility (P <0.05), and the mean change in sperm
progressive motility was —1. 166 (95% CI;: —2.174 — —0.171) for per IQR (3.1 pg/m’) increase in OM. Conclusion
PM, 5 and its chemical components are risk factors for sperm total motility.
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Table 1 Characteristics of study subjects
FHE ik
WFFEXT 4 (n) 3355
AR 2, M(Pys ,Prs) ] 24.00(21.00, 28.00)
TREEZ[n(%) ]

FH/ IR 218(6.5)

KE/AR 2 692(80.2)

At e UL b 445(13.3)
B[ n(% ) ] 3205(95.5)
BMI[ kg/m* ,n(% ) ]

<18.5 124(3.7)

18.5~23.9 2451(73.1)

24.0 ~27.9 676(20.1)

=28.0 104(3.1)
RIIEG [ n (%) ]

AR 2092(62.4)

R 1263(37.6)
AMRTEOL (%) ]

MR 48 2706(80.7)

W2 A 649(19.3)
[ n(% ) ]

Al J AR AR 313(9.3)

rhAFR B 1532(45.7)

T SR 1510(45.0)
BB K n(%) ]

3 707(21.1)

4 1292(38.5)

5 795(23.7)

6 355(10.6)

7 206(6.1)
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Table 2 Distribution of semen parameters

. ERiRiTE
ity x s 7. P Py P P IOR
KT A A(100) 445. 60 281.28 114.70 252.00 390. 40 577. 50 949. 77 325.50
FEWEE (ml) 3.89 1.47 2.00 2.90 3.70 4.70 6. 60 1.80
KT (10°/ml) 119. 70 71. 10 37.00 70. 00 103. 00 152. 50 260. 00 82.50
K TRIBE R (%) 66.93 11.72 44. 00 61.00 68. 00 75. 00 83.00 14. 00
KT aiE (%) 72.34 12. 44 49. 00 65. 60 74. 00 81.01 89. 00 15. 41

£3 1lag0~90d.0~9d.10~14 d.70 ~90 d iy PM, ; S H:

LAz 4153 NDVI A H 23l B AR 5% 8% 14 70 A1 7 0

Table 3  Distribution of individual exposure of PM, 5 and its chemical components, NDVI and daily mean temperature in lag 0 —90, 0 -

9, 10 - 14 and 70 - 90 days

S R % s MCIQR) M FoM okl
PZU P4U Pﬁ() Px()
lag 0 ~90 d
PM, 5 ( ;_Lg/m3 ) 36.40 +12. 60 33.60(11.70) 8.97 27.02 31.36 35.70 42.74 77.25
NH4+(;L o/m’ ) 4.20 +2.30 3.44(2.00) 1.28 2.54 3.12 3.78 5.18 12. 55
(Mg/m%) 5.80 £2.20 5.30(2.00) 1.72 4.16 4.98 5.67 6. 83 13. 08
Nog - (pg/m’) 7.10 +3.80 5.78(3.40) 1.55 4.29 5.25 6. 34 8.80  20.64
OM(pg/m3) 10. 60 £2.90 9.98(3.10) 2.30 8.33 9.48 10. 57 12. 21 19. 41
BC(Mg/mB) 2.00 +£0.50 1.96(0.50) 0. 46 1.61 1. 87 2.04 2.26 3.48
NDVI 0.36 £0.08 0.36(0.10) 0.10 0. 30 0.34 0.38 0.43 0.74
H IR (C) 20.79 £4.63 22.40(6.17) 5.35 16.70 21.30 23.30 24.79 25.94
lag0~9 d
PM, 5( p,g/m3 ) 29.87 +8.20 27.10(10.70) 7.60 24. 80 26. 00 29.20 37.20 55. 60
H4+(p,g/m3) 3.18 +£1.19 2.78(1.62) 1. 00 2.20 2.57 3.15 4.18 6.97
0,2 (pe/m*) 4.59£1.37 4.20(1.86) 151 3.61 3. 86 4.52 5.74 8.93
N037(;.Lg/m3) 5.41 £2. 11 4.80(2.44) 1.26 3.61 4.33 5.30 7.16 12.22
OM(,_Lg/m3) 9.00 £2.27 8.38(3.06) 1.97 7.28 8.05 8.93 11.20 15.15
BC(Mg/m3) 1.72 £0. 42 1.68(0.54) 0.43 1. 38 1. 61 1.72 2.11 2.78
NDVI 0.39+0.11 0.38(0.13) 0.03 0.31 0. 36 0.41 0.47 0. 82
HIREE(C) 22.95 +£3.89 24.92(4.11) 1.83 18. 04 24.139 25.34 25.64 27.15
lag 10 ~ 14 d
PM, s ( pym3 ) 31.23 £9. 80 27.84(11.35) 7.43 24. 84 26.78 30. 40 37.87 79.73
H4+(Mg/m3) 3.37 £1.49 2.86(1.66) 1.02 2.39 2.62 3.18 4.31 11.32
5042’(Mg/m3) 4.85+1.67 4.42(1.96) 1.44 3.68 4.13 4.75 5. 86 13.42
NO, ~ (pg/m?) 5.45 +2.07 4.70(2.20) 1.21 3.89 4.42 5.27 712 12.66
OM(Mg/m3) 9.33 +£2.61 8.44(3.31) 1.95 7.49 8.09 9. 41 11. 46 22.25
Bc(pg/nl}) 1.73 £0.40 1.67(0.55) 0.42 1.42 1. 60 1.76 2.10 2.71
NDVI 0.39 +0. 10 0.38(0.12) 0.03 0. 31 0.36 0. 40 0. 46 0.77
HIIRE(C) 22.75 +4. 15 24.87(4.28) 1. 83 17. 63 24. 39 25.32 25. 66 27.07
lag 70 ~90 d
I’Mz_s(pg/mg) 42.41 £15.92 37.9(15.12) 8.30 32.48 36.98 39.12 53.51 95. 96
H,* (Mgnﬁ) 5.29 £3. 14 4.32(3.54) 1.02 3.00 4.09 4.67 7.04 16. 66
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51N 5 Fas W(I0R) M — A Rk
20 40 60 80
0,2 (pg/m*) 6.93+2.75 6.22(2.63) 1.57 5.02 5.93 6. 69 8.61 16.02
N037(p,g/m3) 8.90 £5.16 7.71(6.91) 1.21 4. 81 7.07 8.01 12.35 27.04
OM(ug/m*) 11.85 £3. 63 10.89(3. 14) 2.22 9.39 10. 67 11. 46 14.30 27. 14
BC(pg/m®) 2.21 £0.63 2.10(0.58) 0.45 1.74 1.99 2.22 2.55 4.75
NDVI 0.35+0.10 0.34(0.12) 0.05 0.27 0.32 0.36 0.42 0.75
H R (C) 18.23 £6.33 17.58(10. 14) -1.18 13.72 16. 61 21.01 24.73 27.74
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Fig. 2

Spearman correlation coefficients between average concentration of ambient PM, 5 and its chemical compositions,

daily mean

temperature and NDVI in lag 0 -90, 0 -9, 10 — 14 and 70 —90 days

2.3 PM, R A ALF a5 R EAH R R 66 XK
M R4 R R AE WS BML EH R WA
Y QUL - RN NI R INE S8 N N S o g
NDVI ZEIR =R 3R 5 1 2 P TR 15 2000 A5 78 43 B 4%

Z5RWIR KT ETE 15 lag 0 ~90 d WY PM, 5
NH, * \S0,>” \NO, ~ .OM Fil BC %z 2 [A] ¥ 77 7 {1 [f]
KWk, 220 FDR KLIEJ 6 T 6% 1 5 PM, 5 NH, © |

SO,*” \NO,~ ,OM #l BC Z [a] f) B AT SR B4 Gi i
BEME(P<0.05), HTFHTizs)% 5 lag 0 ~90 d
WIRIAY OM 2 8 Z A7 AE B A g it2 b 25 Pk i 17 1)
JCHE, OM FE 4 fin—A> IQR (3. 1 pg/m®) A F i iz
BF O IEAS AL - 1.166 (95% CI: -2.174 ~ —
0.171, P <0.05) ;1fii PM, ; NH, " .SO,>~ \NO, ~ #1 BC

8 5K 1T 1 B F Z [ A AE A OC  (H DGR G
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Gt R EYE(P >0.05) KPR A1 DB lag
0 ~90 d W[l PM, 5 .SO,>” \OM BC % #& 7 1E fiHl
K AHRER TSI (P >0.05) . Kl E"Y lag
0~90 d iy PM,, NH,* . SO,>” ,OM ,BC # & & 1 #H
K BCHR TG 2 & (P >0.05)

A ARSI L AL lag 0 ~9 d $[H],NO, ™ 2%
FE L A TS T 2 B O DG, R B SR A

WInTREsE NO; - ZER AR E 1], AE lag 10 ~ 14
d M), BC 68 50 1 A0 ) 5 i 3 0O OC , 32 0kG
TR AT AE S BC R ER AR 1] 1 lag 70 ~
90 d ], S0,” " 5 S F S Il 2 i 2 AR O,
7RG AN B 7 B 39 AT AR S SO,” T 2R 5 i U BT 11
.

R4 ARG E W PM, s KA 4103 5% 88 5K W2 2m) i 5Bk

Table 4 Regression coefficients (8) and 95% Cls of semen parameters associated with PM, 5 and its chemical compositions during

different lag days

% (pg/m®) IR (pg/m’*) B(95%CI)
) KT B8 (10%)° Kt (ml)
lag 0 ~90 d
PM, 5 11.70 -0.033 ( -0.093 ~0.026) ~0.007 ( -0.036 ~0.022)
NH, * 2.00 0.001 ( -0.076 ~0.076) ~0.004 ( -0.042 ~0.034)
S0,%- 3.40 -0.058 ( —0.157 ~0.038) -0.017 ( =0.065 ~0.031)
NO; ~ 2.00 0.004 ( -0.038 ~0.045) 0.000 ( -0.021 ~0.021)
oM 3.10 -0.042 ( -0.098 ~0.015) -0.010 ( -0.039 ~0.018)
BC 0.50 -0.040 ( -0.088 ~0.007) -0.010 ( -0.034 ~0.014)
lag0 ~9 d
PM, 5 10.70 0.020( -0.020 ~0.060) 0.020(0.000 ~0.040)
NH, * 1.62 0.051( -0.002 ~0.103) 0.024 ( -0.002 ~0.050)
S0,%" 1.86 0.033( -0.011 ~0.076) 0.017( -0.004 ~0.039)
NO, - 2.44 0.047(0.000 ~0.093) 0.021( —0.002 ~0.044)
oM 3.06 0.007( —0.031 ~0.045) 0.018( —0.001 ~0.037)
BC 0.54 0.001( -0.033 ~0.035) 0.015( -0.002 ~0.032)
lag 10 ~14 d
PM, 5 11.35 0.018( —-0.018 ~0.054) 0.016( —0.002 ~0.034)
NH, * 1.66 0.026( -0.017 ~0.068) 0.018( -0.003 ~0.039)
S0,%- 1.96 0.029( -0.009 ~0.067) 0.016( —0.003 ~0.034)
NO, - 2.20 0.041(0.002 ~0.080) 0.018(0.000 ~0.035)
oM 3.31 0.017( -0.019 ~0.051) 0.018(0.000 ~0.035)
BC 0.55 -0.006( -0.043 ~0.029) 0.016( —0.002 ~0.034)
lag 70 ~90 d
PM, 5 15.12 -0.026( —0.066 ~0.015) -0.012( -0.032 ~0.007)
NH, * 3.54 -0.002( -0.070 ~0.064) ~0.012( —0.045 ~0.020)
S0,%" 2.63 -0.023( -0.065 ~0.020) -0.013( -0.034 ~0.008)
NO, ~ 6.91 -0.008( -0.086 ~0.070) -0.012( -0.050 ~0.025)
oM 3.14 -0.023( -0.052 ~0.005) -0.011( -0.025 ~0.003)
BC 0.58 -0.024( -0.054 ~0.005) ~0.01( -0.025 ~0.004)
R (/) ———— SRR —
K F B (10°/ml) K FRTInIZ3% (%) K EIE 1 (% )
lag 0 ~90 d
PM, 5 -0.019 ( -0.073 ~0.034) -0.814 ( -1.869 ~0.225) -2.095 ( -3.202 ~ —0.998)°
NH, * 0.012 ( -0.057 ~0.080) -0.519 ( -1.882~0.823) -2.366 ((=3.792 ~ —0.949)°
S0,2" -0.030 ( —0.118 ~0.057) -0.534 ( -2.276 ~1.181) —~3.742 ( -5.584 ~ —1.935)4
NO, - 0.008 ( —0.030 ~0.045) -0.318 ( -1.066 ~0.419) -1.004 ( -1.789 ~ —0.224)"
oM -0.025 ( -0.077 ~0.026) —1.166 ( -2.174 ~ -0.171)" —1.717 ( =2.773 ~ =0.666)°
BC -0.025 ( -0.068 ~0.018) -0.829 ( -1.677 ~0.009) -1.652 ( =2.543 ~ —0.770)°
lag0 ~9 d
PM, 5 0.005( —0.032 ~0.041) 0.067( -0.653 ~0.777) ~0.707 ( -1.463 ~0.040)
NH, * 0.032 ( -0.016 ~0.079) 0.037( -0.900 ~0.965) -0.812( -1.800 ~0.165)
S0,%- 0.02( -0.020 ~0.059) 0.193( -0.582 ~0.961) -0.768( —1.586 ~0.040)
NO; - 0.031( -0.012 ~0.073) 0.049( -0.781 ~0.870) -0.875( -1.748 ~ —=0.010)"

OM -0.007( —0.041 ~0.027)
BC -0.011( -0.041 ~0.02)

-0.203( -0.877 ~0.462)
-0.086( -0.696 ~0.514)

-0.656( —1.361 ~0.044)
-0.593( -1.234~0.04)
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R (/) — BLSELTL —
MR E (10°/ml) KT IIB 3 (% ) KT B T1(% )

lag 10 ~14 d
PM, s 0.005( —0.027 ~0.038) 0.214( —-0.431 ~0.846) -0.382( —1.059 ~0.284)
NH, * 0.011( -0.027 ~0.049) 0.112( -0.645 ~0.856) -0.470( -1.267 ~0.315)
S0,2" 0.017( —0.017 ~0.051) 0.455( —=0.221 ~1.12) ~0.337( =1.051 ~0.363)
NO; ~ 0.033( -0.002 ~0.069) 0.228( —0.472 ~0.923) -0.54( -1.280~0.193)
oM 0.002( —0.030 ~0.033) 0.174( -0.458 ~0.793) -0.209( —-0.870 ~0.442)
BC -0.019( -0.052 ~0.013) -0.194( -0.842 ~0.441) -0.688( —1.368 ~ -0.018)"

lag 70 ~90 d
PM, s -0.011( —0.048 ~0.025) -0.475( -1.200 ~0.246) -0.742( -1.508 ~0.025)
NH, * 0.011( —0.049 ~0.071) -0.285( -1.475 ~0.897) —-0.654( -1.909 ~0.607)
S0,2" ~0.007( -0.046 ~0.031) ~0.244( —1.003 ~0.51) —0.843( —1.648 ~ —0.043)"
NO; ~ 0.006( —0.064 ~0.075) -0.689( -2.067 ~0.683) -0.801( —2.254 ~0.662)
OM -0.011( -0.037 ~0.015) -0.365( -0.877 ~0.143) -0.396( —0.936 ~0.145)
BC -0.012( -0.038 ~0.014) -0.269( -0.789 ~0.247) —-0.483( -1.033 ~0.066)

TE o AR ROFR RIS BMT AR AR B0 ORI I 00 WK 03 3l R G2 0T 1R] 14 I 220 B2 01 NDVT 328 A BRI 08 G A 58 B 1) BE LA 91

b P<0.05; ¢ P<0.01; d P<0.001,

3 ®
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