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MAX-DOAS spectral analysis 
The Differential Optical Absorption Spectroscopy (DOAS) was used to retrieve 

NO2 and O4 differential slant column densities (DSCDs) from the measured 

scatteredsunlight spectra (Platt, 1994). Each MAX-DOAS scanning cycle consisted of 

eight elevation viewing angles(2° , 3° , 6°, 8° , 10° , 20° , 30°and 90°) and lasted 

about 15 min. The spectra were analyzed using the QDOAS spectral-fitting software 

suite developed at BIRA-IASB (http://uv-vis.aeronomie.be/software/QDOAS/). NO2 

and O4 fitting windows ranged from 338 to370 nm. Trace gas absorption cross 

sections for NO2(Vandaele et al., 1998),O4(Hermans et al., 1999),O3(Bogumil et al., 

2003),BrO(Fleischmann et al., 2004),HCHO(Meller and Moortgat, 2000) and a Ring 

spectrum (calculated by QDOAS tools) were included in the spectral fitting analysis. 

The zenith spectrum of each elevation sequence was used as the reference spectrum. 

Detailed information about the spectral fitting for NO2 and O4is listed in Table S2. 

Figure S6 shows an example of our spectral analysis. 

 

Retrieval description 

In this study, NO2 vertical profiles were retrieved for each MAX-DOAS scanby 

using the HEIPRO (Heidelberg Profile) profiling tool developed by IUP 

Heidelberg(Frieß et al., 2006). HEIPRO is based on the optimal estimation method 

(OEM) (Rodgers, 2000)and includes the SCIATRAN radiative transfer model (RTM) 

(Rozanov et al., 2005)as aforward model. A two-step approach was implemented in 

HEIPRO: firstly, since aerosols strongly affect the effective light path in the 

atmosphere and the optical density of NO2, we need to retrieve aerosol vertical 

profiles before the retrieval of NO2 vertical profiles. For the aerosol retrieval, O4 

DSCDs from different elevations were fed into the aerosol inversion algorithm along 

with suitable atmospheric vertical pressure, temperature and aerosol a priori profiles. 

Secondly, measured NO2DSCDs and the retrieved aerosol extinctionwere fed into 

HEIPRO for the radiative transfer calculations. 

Figure S7 shows (a) the diurnal cycle of degrees of freedom of signal (DFS) and 

(b) the errors of the retrieval.DFS corresponds to the number of independent pieces of 
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information contained in the measurements,and retrieved DFS should be greater than 

0.7 (Wang et al., 2014).In this study, the mean DFS is about 3.72,suggesting that two 

independent piecesof information can be determined from the measurements.The 

noise error is related to the propagation of the noise in the measurements intothe 

retrieval.Thesmoothing error limits the ability of the retrieval to obtainsolutions far 

from the a priori (Rodgers, 2000).Theaveraging kernels give information on the 

sensitivity of the retrievals to the NO2vertical distribution. Figure S8 (right) shows 

that the NO2 retrieval is mainly sensitive to the layer close to the surface (0-220m). 

The retrieved aerosol extinction profile is shown in Figure S4 (left). We use 

derivative method to calculate the boundary layer height through the aerosol 

extinction profile (He and Mao, 2005). This method considers the fastest-changing 

partof the aerosol extinction coefficient as the atmospheric boundary layer height 

(Wang et al., 2008). The black line in the Figure S4 (left) represents the retrieved 

atmospheric boundary layer height on 20 November, 2013. 
  



  
Calculation of the production rate of NO2HgOH 

To simplify the solution of the rate equations, we use the steady state 

approximation to calculate the production rate of NO2HgOH. Based on HgOH as an 

intermediate product, the production rate of HgOH is equal to the removal rate of 

HgOH. Thus, we obtain the following equation: 

k1[Hg0][OH] = k2[HgOH] + k3[HgOH][NO2]                    (1) 

From Equation (1), the intermediate HgOH can be expressed as: 
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The production rate of NO2HgOH can be expressed as: 
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Substituting Eq. (2) into Eq. (3), we obtain Eq. (4) as follows: 
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In this case, rate coefficient settings are: k1=3.2×10−13 cm3molecule−1s−1, k2=3.2×103 

s−1(Goodsite et al., 2004) and k3=2.5×10−10 cm3molecule−1s−1(Calvert and Lindberg, 

2005). The concentration of the OH radical is assigned a fixed value consistent with 

the universal level in the troposphere: [OH]=5×106 molecule cm−3. [Hg0] is fixed at 

1.2×107 molecule cm−3 (approximates to 4 ng m−3).The NO2 concentration is allowed 

to chang, starting at 0 ppb and increase to several ppm (1ppb = 2.46×1010 molecule 

cm-3). 
  



Calculation of the height of atmospheric boundary layer (GB method) 

In addition to estimate the height of the atmospheric boundary layer based on 

aerosol extinction profile mentioned above, we used the national standard method 

(GB/T13201-91, referred to as The GB method) of China to calculate as well  (Du et 

al., 2014). The GB method assumes that the thermal condition of the surface layer  

greatly depend on the heating and cooling degreesof the ground.This method is thus 

directly based on ground conventional meteorological observation data. In this work, 

the entire year (from July 2013 to June 2014) of surface meteorological dataacquired 

by the China Meteorological Administration (CMA) data network was used to 

calculate the boundary layer height (BLK) in Hefei. Considering the heat and power 

factors, this method wouldobtain atmospheric stability classification through the solar 

altitude angle, cloud cover (total cloud cover/low cloud cover) and wind speed. The 

atmospheric stability is divided, using the Pasquill stability classification method, into 

6 levels: strong unstable, unstable, weak unstable, neutral, relatively stable and stable 

(A, B, C, D, E and F, respectively). 

When the atmospheric stability is A, B, C and D, the boundary layer height can 

be expressed as: 
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When the atmospheric stability is E and F, the boundary layer height can be expressed 

as: 
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Here h is the boundary layer height (unit: m); U10 is the averaged wind speed at 10 m 

altitude (unit: m s-1, if higher than 6 m s-1, U10=6 m s-1); as, bs are the coefficients of 

the mixing boundary layer (look-up table, which can be found in (Du et al., 2014); f is 

the geostrophic parameter, f=2ΩsinΦ, Ω is geostrophic angular velocity, Ω=7.29×10-5 

rad s-1, Φ is the latitude of observed site (unit: °). Figure S3 shows the diurnal 

variation of BLK on non-haze and haze days in Hefei. And Figure S4 (right) shows 

the BLK on 20 November,  2013. 



 

 

 

Table S1. Rate coefficient related to the Hg reaction with OH radical in the 

presence of NO2 

 

Reaction Rate constant (1 atm, 298K) Reference 
(R1) Hg0+OH→HgOH k1=3.2×10-13 cm3molecule-1s-1 Goodsite et al.(2004) 
(R2) HgOH→Hg0+OH k2=3.2×103 s-1 Goodiste et al.(2004) 
(R3) HgOH+NO2→NO2HgOH k3=2.5×10-10 cm3molecule-1s-1 Calvert and Lindberg et al.(2005) 

Notes: k1 and k2 refer to the theoretical estimates of Goodsite et al. (2004). 

k(Hg+OH→HgOH,180-400K)=3.2×10-13(T/298K)-3.06 cm3 molecule-1s-1 

k(HgOH→Hg+OH,180-400K)=2.7×109 exp(-4061/T) s-1 
 
 
 
 
Table S2. DOAS retrieval settings for NO2 and O4. 
 

Parameter NO2 and O4 settings 

Fitting interval (nm) 338-370 

Wavelength calibration Based on reference SAO solar spectra (Chance and Kurucz, 2010) 

Polynomial degree 5 

NO2 Vandaele et al. (1998), 220K, 298K, I0-corrected 

O4 Hermans et al. (1999), 296K 

O3 Bogumil et al. (2003), 223K, 243K, I0-corrected 

HCHO Meller and Moortgat (2000), 297K 

BrO Fleischmann et al. (2004), 223K 

Ring RING_QDOAS_SAO2010 
Calculated with QDOAS according to Chance and Spurr (1997) 

 
  



 

 
 

Fig. S1. Frequency distribution of GEM, GOM and PBM on non-haze and haze days. 
  



 

 

 

 

 

 

 

Fig. S2. GEM, GOM and PBM concentrations on non-haze and haze days. The GEM 

data were at a 5-min resolution, the GOM and PBM data were two-hour averages. 

Notes: the bottom and top of the box represent the 25th and 75th percentiles, 

respectively; the line within the box represent the median; the dot represents the mean; 

the whiskers below and above the box stands for the 10th and 90th percentiles. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
Fig. S3. Diurnal variation of the boundary layer height (BLH) onnon-haze and haze 

days in Hefei.The atmospheric boundary layer height data were calculated by the GB 

method as detailed in the text. 

 
 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S4. Retrievedaerosol extinction profile for a case study on 20 November, 2013. 

The black line represents the height of atmospheric boundary layerduring daytime (left). 

The atmospheric boudary layer height (BLK) calculated from China Meteorological 

Administration (CMA) meteorological observation data on 20 November, 2013 (right). 

 

 

 

 

 

  



 

 

 

 

 

Fig. S5. The production rate of NO2HgOH (d[NO2HgOH]/dt) in response to the 

change of NO2. 

  



 

 

 

 

 

Fig. S6. An Example of the NO2 retrieval (at 30° elevation angle) taken at 12:25 LT 

(=UTC+8 hr) on 2 January 2014, with NO2 differential slant column density (DSCD) of 

3.58×1016 molecules cm-2. The black lines represent the reference spectrum scaled to (a) 

NO2, (b) O3, (c) O4, (d) BrO, (e) Ring absorptions (red lines). The difference between 

measured spectrum and fit results is shown on (f) residual. 

 

  



 

 
 

Fig. S7. (a) DFS diurnal cycles corresponding tothe NO2 profile retrievals; (b) Errors 

of NO2 vertical profile retrieval from MAX-DOAS measurements at Hefei (20 

November, 2013 at 10:25LT). 

 
  



 

 

 

 

 

 

 

 

 

 

 

 

Fig. S8. Example of NO2 vertical retrieved profile and averaging kernels from 

MAX-DOAS measurements at Hefei (20 November, 2013 at 10:25 local time).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
Fig. S9. Seasonal variation of (A) GEM, (B) GOM and (C&D) PBM concentrations in 

ambient air at Hefei, Science Island. Notes: the bottom and top of the box represent the 

25th and 75th percentiles, respectively; the line within the box represent the median; 

the dot represents the mean; the whiskers below and above the box stands for the 10th 

and 90th percentiles. 
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