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Abstract 

The assessment of sediments quality from the Romanian part of MONITOX Network was performed using both 

single indices - Single Ecological Risk Index (ErMe), Contamination Factor (CF Me), Enrichment Factor (EF Me), 

Geoaccumulation Index (Igeo Me) - and integrated indices - Ecological Risk Index (RI), Global Pollution Index 

(PLI), Nemerow Pollution Index (PI N), Degree of Contamination (mCd), Probability of Toxicity (MERMQ), 

Contamination Security Index (CSI) - considering the heavy metals concentrations. The sediments were 

collected in 2019 and 2020 from 32 sampling points in the system of Danube river – Danube Delta - Black Sea, 

as follows: Lower Danube RO-BG (1), Lower Danube RO (10), Lower Prut RO-MD border (2), Danube Delta 

RO-UA border (7), Danube Delta –RO (2), Black-Sea area-RO (10). The selected heavy metals investigated in 

this work by the ICP-MS technique are: Cd, Cr, Cu, Pb, Zn, Mn. For the evaluation of defined indices, the 

standard quality levels and background concentrations corresponding to the selected heavy metals were used. At 

the individual and integrated levels, it was observed an annual decreasing trend. The sediments from the Black 

Sea area are much less contaminated with heavy metals than those from the Lower Danube (Romania), attributed 

to the historical pollution resulting from anthropogenic activities. CSI – an index that includes the biological 

effects – shows values indicating that in 2019 and 2020 the sediments were unpolluted with heavy metals; 

however, the CSI value for both years  (0.402 for 2019 and 0.398 for 2020) is very close to 0.5, the limit which 

separates the two quality classes/risk levels for heavy metals in sediments - uncontaminated and very low 

contaminated.  

 

Keywords: ICP-MS technique, sediment quality, heavy metals, integrated indices, Danube, Black Sea.  
 

1. INTRODUCTION  

 
In the last years, all other the world, for the aquatic ecosystems, pollution is an important 

problem [1]. One major class of pollutants are the heavy metals released in the environment by natural 

processes or by anthropogenic activities, that affect the water sediments and biota quality, so is very 

important to evaluate these contaminants. 

During the monitoring activities, sediments can be real indicators to evaluate the heavy metals 

in an aquatic ecosystem [2]. In the system Danube river - Black Sea coast, the sediments act as a real 

sink for pollutants like heavy metals. This type of contaminants, with a high degree of toxicity and 

stability against degradation, are accumulated in sediments and bioaccumulated in the trophic chain 

[2-4].  
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At the river-sea system level, it is very important to understand the risk assessment for heavy 

metals in sediments, in order to evaluate the specific concentrations and also the possible biological 

effects [4]. The Danube River collects pollutants, especially heavy metals like cadmium, chromium, 

copper, lead, and zinc, across its flow through Europe, affecting also the quality of the Black Sea [5].  

The main objectives of this research paper are to determine the concentrations of cadmium, 

chromium, copper, lead, and zinc in 32 bottom sediment samples from the system Danube River – 

Black Sea coast and to assess the ecological risks at the single level and associated with the combined 

contamination of these heavy metals using different indices [6-18]. 

All the results from this study were obtained during the monitoring activities of the ENI 

project with eMS code BSB27 MONITOX (2018-2021), Joint Operational Programme Black Sea 

Basin 2014-2020 [19]. 

 

2. EXPERIMENTAL 
 

In the Romanian MONITOX Network area, in the system Danube River – Black Sea coast 

(Fig.1), in the spring 2019 and 2020, 32 bottom sediments were sampled as follows: Lower Danube 

RO-BG (1), Lower Danube RO (10), Lower Prut RO-MD border (2), Danube Delta RO-UA border 

(7), Danube Delta –RO (2), Black-Sea area-RO (10). The samples were dried at room temperature, in 

the chemistry laboratory of Danube Delta National Institute for Research and Development (DDNI), 

Tulcea, Romania. According to ISO standard, one gram of each dry sediment was digested in 10 mL 

ultrapure nitric acid, using the microwave technique, at microwave oven Anton Paar 3000 and after 

that, it was diluted with ultrapure water to a 50 mL volume. The final extract was analysed using the 

ICP MS Elan DRCe Perkin Elmer mass spectrometry inductively coupled plasma equipment (Figs. 

2,3) [20]. The selected heavy metals are cadmium, chromium, copper, lead, and zinc. Using a 

multielement standard, for each heavy metal, a calibration curve in 5 points was built, with R2 between 

0.9995-0.9999. For quality assurance flow charts were performed, using a certified reference material. 

 

 
Fig. 1. Romanian MONITOX sampling points 

 

  
source: DDNI 

Fig. 2. Multiwave oven Anton Paar 3000 

source: DDNI 

Fig. 3. ICP-MS Elan DRC-e Perkin Elmer 
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In order to assess the sediments’ quality in the Romanian MONITOX Network area between 

the Danube River and Black Sea Coast, it was selected and computed a set of single indices and 

integrated indices (Tables 1-2), reported to five heavy metals concentrations. 

 
Table 1. Single indices for heavy metals pollution evaluation in sediments 

 
Name Formula Explanations 

Ecological Risk 

Factor  

(Hakanson, 1980) 

[6] 

Cf
Me = C Me/ C SCM

Me  

 

Er 
Me = Tr

Me * Cf
Me 

 

C Me = heavy metal concentration 

CSCM
Me=quality standard for a single heavy metal, according to 

Romanian legislation 

Tr
Me= toxic-response factor for a single heavy metal (Cd: 30, Cr:2, 

Cu:5. Pb: 5, Zn:1) 

Cf
Me= contamination factor for a single heavy metal 

Enrichment 

Factor 

(Reiman & de 

Caritat, 2000) [7] 

EF= (Ci / Cie)S / (Ci / Cie)RS  

 

Ci S = = heavy metal concentration from sediment 

Cie S = imobile heavy metal concentration, from the same sediment  

Ci RS = heavy metal concentration from the sediment considered as 

standard sample 

Cie RS = imobile heavy metal concentration from the sediment 

sample considered  as standard sample 

Geoaccumulation 

Index 

(Muller, 1969)[8] 

I geo Me= log2 [CMe /1.5* C Bk Me ]  

 

CMe       =  heavy metal concentration in the sediment 

C Bk Me= background value for the corresponding heavy metal) 

 (Cd: 0.25, Cr:30, Cu:35. Pb: 26, Zn:130) 

1.5 =factor used for the possible variations of the background data 

 

 

 
Name Quality class 

Ecological Risk 

Factor, Er
Me 

 

Ecological risk class Er
Me 

Low potential ecological risk Er
Me  < 40 

Moderate potential ecological risk 40 ≤ Er
Me  < 80 

Considerable potential ecological risk 80 ≤ Er
Me  < 160 

High potential ecological risk 160 ≤ Er
Me  < 320 

Very high potential ecological risk Er
Me  ≥ 320 

 

Enrichment 

Factor, EF 

 

EF values Enrichment class 

EF   < 2 Depletion to mineral enrichment 

2 ≤ EF < 5 Moderate enrichment 

5 ≤ EF < 20 Significant enrichment 

20 ≤ EF  < 40 Very high enrichment 

EF ≥ 40 Extremely high enrichment 
 

Geoaccumulation 

Index, I geo Me 

 

Sediment quality class Values 

Uncontaminated I geo Me≤ 0 

Uncontaminated to moderately contaminated 0 < I geo Me < 1 

Moderately contaminated 1 ≤ I geo Me < 2 

Heavily contaminated 2 ≤ I geo Me < 3 

Heavily to extremely contaminated 3 ≤ I geo Me < 4 

Extremely contaminated I geo Me ≥ 4 
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Table 2. Integrated indices for heavy metals pollution evaluation in sediments 

 
Name Formula Explanations 

Ecological Risk 

Index 

(Hakanson, 1980) 

[9] 

RI = ∑ Er 
Me 

 

Er 
Me = single ecological risk for the selected heavy metals 

 

Global Pollution 

Index 

(Liu et al., 

2005)[10] 

          5 

PLI=(∏ (Cf Me 
i ))1/5 

         i=1 

Er 
Me = single ecological risk for the selected heavy metals 

Nemerow 

Pollution Index 

(Cheng et al., 

2007)[11] 

PI N = √ (((Cf Me max)2 + (Cf Me average)2)/2) Cf Me max = maximum contamination factor for all heavy 

metals 

Cf Me average=average of contamination factors for all 

heavy metals 

Degree of 

Contamination 

(Abrahim & 

Parker, 2008 [12]; 
Kowalska et al., 

2018 [13]) 

              5 

mC d =(∑Cf 
i)/5       

            i=1 

 

Cf = C Me/C Bk 

Cf i = contamination factor for  heavy metals 

C Me = heavy metal concentration in sediment 

C Bk = background concentrations (Cd: 0.25, Cr:30, Cu:35. 

Pb: 26, Zn:130) 

Probability of 

toxicity, mean 

ERM quotient 

(Gao & Chen, 

2012)[14] 

     5 

MERMQ=  ∑ Ci Me/ERM i 

    i=1 

 

Cf Me = heavy metals concentration from sediment 

ERM i =effect range median values (Long, 1995) [15] 

(ERM, mg/kg: Cd:9.6, Cr:370, Cu:270, Pb:218, Zn: 410) 

Contamination 

Security Index 

(Pejman et al., 

2015)[2] 

          5 

CSI= ∑ wi*(√(Ci Me/ERL i)+ (Ci Me/ERM i)2) 

        i=1 

 

 

 

Cf Me = heavy metals concentration from sediment 

ERM i =effect range median values (Long, 1995) [15] 

ERL i =effect range low values (Long, 1995) [15] 

wi=computed weight of each heavy metal 

(ERM, mg/kg: Cd:9.6, Cr:370, Cu:270, Pb:218, Zn: 410) 

(ERL, mg/kg: Cd:1.2, Cr:81, Cu:34, Pb:46.7, Zn: 150) 

 
Name Quality class 

Ecological Risk 

Index, RI 

 

Potential ecological risk RI values 

Low ecological risk RI<150 

Moderate risk 150 ≤ RI< 300 

Considerable risk 300 ≤ RI< 600 

Very high risk 600 ≤ RI 
 

Global Pollution 

Index, PLI 

 

PLI values Pollution level 

PLI < 1 Not polluted 

PLI = 1 Baseline levels of pollution 

PLI > 1 Polluted 
 

Nemerow 

Pollution Index, 

PI N 

 

PI N value Pollution level 

PI N≤ 1 Not polluted 

1 < PI N≤ 2 Slightly polluted 

2 < PI N≤ 3 Moderately polluted 

3 < PI N Severely polluted 
 

 

 



ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI – FASCICLE II 

█████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████ 
 
 

 
 
. 

179 

Table 2. continued 
 

Name Quality class 

Degree of 

Contamination, 

mCd 

 

mCd value Contamination degree 

mCd≤ 1.5 Nil to very low degree of contamination 

1.5 < mCd≤ 2 Low degree of contamination 

2 < mCd≤ 4 Moderate degree of contamination 

4 < mCd   ≤8 High degree of contamination 

8 < mCd≤ 16 Very high degree of contamination 

16 < mCd≤ 32 Extremely degree of contamination 

32< mCd Ultrahigh degree of contamination 
 

Probability of 

toxicity, mean 

ERM quotient, 

MERMQ 

 

MERMQ value Risk level Probability of being toxic 

MERMQ≤ 0.1 Low priority 9% 

0.1 < MERMQ≤ 0.5 Medium-low priority 21% 

0.5 < MERMQ≤ 1.5 High-medium priority 49% 

1.5 < MERMQ High priority 76% 
 

Contamination 

Security Index, 

CSI 

 

CSI value Risk level 

CSI< 0.5 Uncontaminated 

0.5 ≤ CSI< 1 Very low contaminated 

1 ≤ CSI< 1.5 Low severity 

1.5 ≤ CSI<2 Low to moderate severity 

2≤CSI< 2.5 Moderate severity  

2.5 ≤CSI< 3 Moderate to high severity of contamination 

3 ≤ CSI < 4 High severity of contamination 

4 ≤ CSI<5 Very high severity of contamination 

5≤CSI Ultra-high severity 
 

 

3. RESULTS AND DISCUSSION 
  

In order to assess the sediments’ quality in terms of single indices and integrated indices, it 

was taken into account 5 heavy metals concentrations, in total form, expressed in mg/kg of dry 

substance. 

There were computed three single indices and the obtained values were reported to the 

corresponding quality classes.  

Ecological Risk Factor (Er 
Me) is quantitatively calculated to express the potential ecological 

risk with heavy metals, developed by Hakanson (1980) [6,16]. 

All the selected heavy metals have a low potential ecological risk to sediments (Er 
Me<40). 

Comparing the selected MONITOX areas, the sediments from the Black-Sea area of Romania have the 

minimum ecological risk factors, so the heavy metals have the lowest ecological risk to these 

sediments. The values obtained in 2019 are higher than the values obtained in 2020, probably due to 

hydrological conditions and the COVID-19 pandemic lockdown. In general, taking into account the 

values of this indicator, we can establish a general trend, in 2019 and 2020: 
 

Er Zn< Er Pb< Er Cu< Er Cr< Er Cd (Table 3). 
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Table 3. Ecological Risk Factor values determined in sediments from Romanian MONITOX 

Network Area 

 

 Sampling points Er Cd Er Cr Er Cu Er Pb Er Zn 

 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Lower Danube RO-BG 2.417 2.135 0.482 0.556 0.232 0.265 0.272 0.323 0.100 0.096 

Lower Danube RO 3.406 2.515 0.747 0.515 0.639 0.560 0.375 0.328 0.157 0.114 

Lower Prut RO-MD 

border 5.986 3.054 0.707 0.473 1.483 0.870 0.443 0.347 0.245 0.120 

Danube Delta RO-UA 

border 6.082 3.492 0.650 0.442 1.205 1.048 0.422 0.412 0.223 0.131 

Danube Delta -RO 7.359 0.611 0.764 0.299 1.829 0.114 0.530 0.112 0.284 0.028 

Black Sea area – RO 0.618 0.352 0.241 0.073 0.389 0.045 0.168 0.053 0.068 0.001 

 

Enrichment factor (EF Me) is used to show the enrichment degree and metal contamination of 

an environmental media. EF normalizes the trace element content with respect to a sample reference 

metal, like manganese [7,17]. 

In 2019 and 2020, all the sediments are depletion to mineral enrichment with cadmium, 

copper, and zinc. The sediments from the Lower Danube between Romania and Bulgaria are moderate 

enrichment with chromium in 2019 and 2020. Significant enrichments have the sediments from the 

Lower Danube between Romania and Bulgaria with chromium in 2019, lead in 2019 and 2020, Lower 

Danube of Romania with lead in 2019 and 2020, Lower Prut between Romania and Moldova border 

with lead in 2020, Danube Delta between Romania and Ukraine border with lead in both years and 

Danube Delta (Romania) in 2019 with lead. Moderate enrichments have the sediments from Lower 

Danube RO-BG with chromium, Danube Delta (Romania) with lead in 2020 and Black sea area – RO 

with lead in 2019 and 2020. A general trend, according to Enrichment Factor values, is:  
 

 

EF Cu< EF Zn< EF Cd< EF Cr< EF  Pb (Table 4) 
 

 

Table 4. Enrichment Factor values determined in Romanian MONITOX Network Area 
 

 Sampling points EF Cd EF Cr EF Cu EF  Pb EF Zn 

 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Lower Danube RO-BG 1.331 1.215 2.155 2.569 0.511 0.604 7.949 9.757 1.234 1.223 

Lower Danube RO 1.688 0.975 7.787 1.661 0.636 0.849 5.585 7.327 1.028 1.051 

Lower Prut RO-MD border 1.151 1.152 1.153 1.450 1.086 1.312 4.450 6.969 1.049 1.023 

Danube Delta RO-UA 

border 1.565 1.307 1.576 1.343 1.154 1.569 6.507 8.187 1.419 1.101 

Danube Delta -RO 1.528 0.470 1.319 1.868 1.523 0.351 5.977 4.577 1.342 0.486 

Black Sea area – RO 0.618 0.352 0.908 0.772 0.504 0.237 3.760 3.704 0.609 0.043 

 

Geoaccumulation Index (Igeo
Me) defines metal contamination in sediments by comparing 

current concentrations with the background concentrations preindustrial levels, developed by Muller 

(1969) [8]. According to this single indicator, all the sediments are uncontaminated with cadmium, 

chromium, copper, lead, and zinc. As in the case of the two other indicators, the minimum pollution 

level is shown by the sediments from the Black-Sea area, Romania. Copper has the minimum 

geoaccumulation index and chromium the maximum value, and the general trend is:  
 

Igeo Cu < Igeo Zn  < Igeo Pb  <I geo Cd  <Igeo Cr (Table 5). 
 

The single indices establish the quality classes at an individual level for the selected heavy 

metals. The next level is to integrate all the heavy metals concentrations in different indices to have a 

general view about sediments quality in the Romanian MONITOX Network Area. There were selected 

and computed 6 complex integrated indices: Ecological Risk Index, Global Pollution Index, Degree of 

Contamination, Probability of Toxicity, Contamination Security Index (Table 6). 
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Table 5. Geoaccumulation Index values determined in the Romanian MONITOX network area 
 

 Sampling points I geo Cd Igeo Cr Igeo Cu Igeo Pb Igeo Zn 

 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Lower Danube RO-

BG -2.540 -2.720 -0.900 -0.694 -4.822 -4.628 -3.021 -2.773 -3.707 -3.767 

Lower Danube RO -2.324 -2.633 -0.442 -0.900 -4.674 -3.967 -3.417 -2.788 -3.716 -3.586 

Lower Prut RO-MD 

border -1.265 -2.206 -0.352 -0.929 -2.248 -2.919 -2.368 -2.668 -2.452 -3.433 

Danube Delta RO-

UA border -1.479 -2.010 -0.497 -1.026 -2.967 -2.646 -2.438 -2.422 -2.624 -3.313 

Danube Delta -RO -1.024 -4.525 -0.237 -1.589 -1.917 -5.847 -2.059 -4.299 -2.223 -5.531 

Black Sea area – 

RO -4.714 -5.710 -3.111 -3.632 -6.673 -7.184 -5.368 -5.374 -5.870 -9.805 

 

Table 6. Integrated indices values determined in sediments from the Romanian MONITOX network 

area 
 

Sampling points RI PLI PI PIN mCd MERMQ 

 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Lower Danube 

RO-BG 3.503 1.493 0.188 0.199 0.241 0.278 0.252 0.289 0.281 0.307 0.027 0.030 

Lower Danube 

RO 5.324 2.350 0.292 0.232 0.381 0.258 0.401 0.274 0.555 0.200 0.043 0.022 

Lower Prut RO-

MD border 8.863 3.669 0.463 0.278 0.367 0.237 0.403 0.257 0.188 0.233 0.056 0.023 

Danube Delta 

RO-UA border 8.582 3.346 0.413 0.308 0.353 0.221 0.386 0.246 0.415 0.283 0.045 0.028 

Danube Delta -

RO 10.767 4.266 0.543 0.073 0.428 0.150 0.471 0.154 0.403 0.362 0.065 0.038 

Black Sea area – 

RO 2.498 1.016 0.137 0.019 0.122 0.036 0.132 0.037 0.705 0.466 0.017 0.040 

 

According to the Ecological Risk Index determinations, developed by Hakanson (1980) [6], 

with values in 2019 higher than in 2020, all the sediments from the Romanian MONITOX Network 

Area have low ecological risk. As a general view, the sediments from Danube Delta – RO have the 

maximum values of this index, and the sediments from Black Sea Area – RO have the minimum 

values. 

Global Pollution Index, PLI, was calculated as the 5th root of the product of the 5 single 

indices. The pollution load index (PLI) provides a simple and comparative means for assessing the 

level of heavy metal pollution [9,10,18]. In 2019 and 2020, all the sediments are unpolluted with 

heavy metals (PLI<1), and the minimum values were obtained in the sediments from the Black Sea 

coast of Romania. The general trend of annual decreasing pollution was highlighted by Gati et al. in 

2016 [5]. The value obtained for this indicator was 1.04 for the sediments from Danube Delta [5], 

higher than 0.308 (2020) and 0.413 (2019).  

Nemerow Pollution Index (PI N) was used to assess the total contamination of sediments from 

the MONITOX network area with heavy metals [11]. According to the values of this complex 

indicator, all the sediments are not polluted with heavy metals in both years of monitoring in the 

Romanian MONITOX Network. The minimum pollution has the sediments from the Black Sea coast 

of Romania and the maximum pollution has the sediments from Danube Delta in 2019. 

The Degree of Contamination (mCd) is used for the assessment of the overall degree of 

contamination with heavy metals in sediments [12,13]. From this integrated index point of view, all 

the sediments present nil to a very low degree of contamination with heavy metals. The sediments 

from the Black Sea Coast of Romania have the minimum contamination with heavy metals and the 

sediments from Lower Prut between Romania and Moldova border the maximum contamination in 

2019 and 2020. 
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The Probability of Toxicity, mean ERM quotient (MERMQ) was used as an instrument to 

recognize the harmful impact of the heavy metals on sediments [14,15]. The risk level of heavy metals 

to sediments is very low and the probability of the selected heavy metals being toxic is under 9%. The 

values of MERMQ were obtained, like in other cases, on the Black Sea Coast of Romania. 

Contamination Security Index (CSI) is helpful to determine the limit of toxicity of heavy 

metals, and include also the adverse biological effects [2]. Using the PCA statistics software, 

Eigenvalues were computed for 2019 (4.166) and 2020 (4.081), values that were necessary to evaluate 

the CSI Index. Table 10 presents the PC loading values necessary for CSI computing. We evaluated 

this integrated index in order to establish the quality of all the sediments from the Romanian 

MONITOX Network. Our results proved that all the sediments in 2019 and 2020 are uncontaminated 

with heavy metals (Table 11). 

 

Table 10. Loading values for CSI determinations in this work 
 

  Cd Cr Cu Pb Zn 

Loading value (PC)-2019 0.467 0.368 0.448 0.464 0.480 

Loading value (PC)-2020 0.484 0.328 0.442 0.476 0.486 

 

Table 11. Contamination Security Index(CSI) values in 2019 and 2020 
 

Romanian MONITOX network area 2019 2020 

CSI 0.402 0.398 

 

4. CONCLUSIONS 
 

In 2020, the selected heavy metals have a low ecological risk for sediments, with values of 

Ecological risk factors below the values determined in 2019.   

In 2019 and 2020, all the sediments are deficient to minimal enrichment with Cd, Cu, Zn. All 

the sediments have significant enrichment with lead, except the sediments from the Black Sea area 

(moderate enrichment).  In the sediments from the Black Sea area, the trace metal concentration may 

come entirely from natural weathering processes. The sediment from Lower Danube RO-BG is 

moderate enrichment with chromium. The sediments from Lower Danube RO have significant 

enrichment with chromium due to anthropogenic activities. 

According to Geoaccumulation Index values, all the sediments are unpolluted with Cd, Cr, Cu, Pb, 

Zn in 2019 and 2020. 

In 2019 and 2020, at the integrated levels, taking into account the Risk Index, the heavy metals 

have a low ecological risk for sediments. The values of the Global Pollution Index indicate that the 

sediments are unpolluted with heavy metals and from Nemerow Pollution Index values, the sediments 

are not contaminated with heavy metals. Taking into account the new integrated indices, the sediments 

are nil to a very low degree of contaminations with heavy metals (degree of contaminations values). 

The probability of heavy metals to be toxic for sediments is 9%, so the risk level is low.   

At an individual level, but also at an integrative level, the sediments from the Black Sea area have 

the minimum contamination with heavy metals and the sediments from the Lower Danube RO area 

have the maximum contamination, a fact possible attributed to the historical pollution resulting from 

anthropogenic activities.  

Considering the sediments from the Romanian MONITOX Area as a system, we evaluated the 

Contamination Security Index, CSI, that includes the biological effects, whose values indicated in 

2019 and 2020 that the sediments were unpolluted with heavy metals; however, the CSI value for both 

years is very close to the limit of 0.5, which separates the two quality classes/risk levels for heavy 

metals in sediments - uncontaminated and very low contaminated.  

Further work is needed at the network level in order to study the spatial-temporal dynamics of 

heavy metal levels in sediment and correlations with those in water and biota and for other pollutants 

and microbiological load, recorded after COVID-19 pandemic lockdown and in the pre-lockdown 

period. 
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